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OCCURRENCE OF LlBELLULID DRAGONFLIES IODONATA:
UBELLULIDAEj IN SOUTHEASTERN MICHIGAN AND
ADJACENT ESSEX COUNTY, ONTARIO
Michael A. Kielb 1
ABSTRACT
During 1994-1995 extensive field work was conducted in southeastern
Michigan in an attempt to assess the species population and composition ofli
bellulid dragonflies. Additional field work was conducted on dragonflies from
southwestern Ontario migrating into southeastern Michigan. Comparisons
were made with the species listed for this area 37 years earlier in Kormondy
(1958) anticipating changes due to wetland reductions and the effects of pes
ticides. With one exception, all species listed in Kormondy were observed. Ad
ditionally, one species, unknown from this area as of 1958, was encountered.
Most dragonfly study in Michigan and adjacent Ontario, Canada was con
ducted prior to the 1960s, with numerous references to Michigan and Essex
County, Ontario in the classic Odonata texts (Needham and Westfall 1955,
Walker 1958, Walker and Corbet 1975). These publications precede the vast
wetland destruction and the deleterious effects of pesticides that have oc
curred since the 1950s. Historically, over 70% of southern Michigan's preset
tlement wetlands have vanished (MIRIS 1995, Comer [in prep]), although
losses in Monroe County may approach 89% (P. J. Comer pers. comm.). If
healthy, unpolluted wetlands are vital to a healthy Odonata population, I ask,
how does the present species composition of libellulid dragonflies compare to
that prior to the environmental degredation of the 1950s-1970s in southeast
ern Michigan? In addition, the fall population of Odonata in southeastern
Michigan dramatically increases as migrants follow the state's Great Lakes
shores southbound and as individuals cross the Detroit River into Michigan
from southwestern Ontario. This study represents the current status of the
family Libellulidae in southeastern Michigan and migration in southwestern
Ontario as it pertains to species entering the study area in Michigan.
Twenty-five species of Libellulidae have been recorded from southeastern
Michigan (Kormondy 1958) and southwestern Ontario (Walker 1958, Walker
and Corbet 1975), with two additional species recorded only in Essex, Ontario
(Walker and Corbet 1975). During the field seasons (May through October) of
1994 and 1995 twenty-four of the species listed for southeastern Michigan
were recorded in Washtenaw, Jackson, Monroe, Wayne counties, Michigan,
and Essex County, Ontario (Figure 1). Records include sightings, specimens
collected, and specimens caught and released at numerous locations in the
above-mentioned counties (Appendix 1).
lInsect Division, Museum of Zoology, The University of Michigan, Ann Arbor, MI
48109-1079.
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Figure 1. Distribution of sites within the study area

METHODS
Sites were selected in areas of known dragonfly occurrence (Figure 1),
without effort to secure an equal number of sites in each county. For all sites
a one-way, non-redundant route was followed and all dragonflies encountered
were identified and tallied in an attempt to determine relative abundance.
One exception was Holiday Beach Conservation Area, Essex, Ontario, where
an initial route was covered, then migrants were tallied as they proceeded
west in migration. Individuals were captured for identification when neces
sary and voucher specimens were collected at most sites.
The great difficulty in identifYing many of the members ofthe genus Sym
petrum necessitated catching and collecting numerous individuals. Several
species are easily identified "on wing", while others are fairly easily identified
"in hand" but others, possibly hybrids or atypical specimens, were virtually
unidentifiable, resulting in 188 unidentified Sympetrum spp. (compared to
710 identified to species, leaving 21% unidentified). Briefvisual identification
criteria were developed in order to quickly determine if collecting was neces
sary (Appendix 2),
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SPECIES ACCOUNTS
For each species there is a number in brackets following the name; this
represents the total number of individuals recorded during the study. Speci
mens were secured for all species, except Sympetrum corruptum (Hagen) and
Tramea carolina (Linn.).

Celithemis elisa (Hagen) - [14] Common between 17 June and 2 Sept. in
Washtenaw, Jackson, Monroe, Wayne, and Essex.

Celithemis eponina (Drury) - [9] Uncommon 9 June to 13 Sept. in Washt
enaw.

Celithemis monomelaena Williamson [9] Uncommon 26 May to 30 July in
Washtenaw.

Erythemis simplicicollis (Say) - [141] Very common summer and early fall
resident in all counties. Recorded in all counties 9 June to 18 Sept., with
a maximum of 43 on 28 August at Holiday Beach Conservation Area
(HBCA) where there is an apparent, and previously unrecorded, migra
tion similar to that recorded in New York (Walter 1996).
Leucorrhinia intacta (Hagen) - [9] Locally common 15 May - 17 June in
Washtenaw.
Libellula cyanea Fabr. - [3] Locally uncommon 8 - 24 June in Lyndon Twp,
Washtenaw.
Libellula incesta Hagen [15J Generally uncommon, although locally com
mon in Lyndon Twp., Washtenaw, 6 - 25 August, with one other record on
2 Sept. from Brown Park, Washtenaw.
Libellulajulia (Uhler) - [4] Uncommon 22 May - 13 August in Washtenaw.
Libellula luctuosa Burmeister - [13] Common in Washtenaw, Wayne, and
Monroe 9 June - 25 August.
Libellula pulchella Drury - [58J This large, common, easily identified
dragonfly was recorded in all counties 9 June - 18 September.
Libellula quadrimaculata Linn. - [5] Uncommon 21-25 May in north
western Washtenaw.
Libellula semifasciata Burmeister - [5] Uncommon 13-20 August in
Washtenaw, Monroe, and Wayne.
Nannothemis bella (Uhler) [OJ Listed in Kormondy, but not recorded dur
ing this study, although habitat exists in western Washtenaw and eastern
Jackson counties.
Pachydiplax longipennis (Burmeister) - [48] Common in all counties 17
June - 30 September.
Pantala {lavescens (Fabr.) [40] Common in Washtenaw and Monroe 13
August - 18 September, with a maximum of 18 on 31 August at Fursten
burg Park, Washtenaw.
Pantala hymenaea (Say) - [1] Although it is not listed in Kormondy, a spec
imen from southeastern Michigan (11 August 1968 Ann Arbor, Washte
naw ) was examined at the University of Michigan Museum of Zoology
(UMMZ). This species commonly occurs in Essex (Walker and Corbet
1975, Corbet and Eda 1969). One was recorded at Campau Rd., Pt.
Mouillee State Game Area (SGA), Wayne, on 18 September 1995, and a
specimen was examined that was taken within the study area (Monroe)
by 'Ibm Heatly on 30 July 1995.
Perithemis tenera (Say) - [14] Generally uncommon, although locally com
mon, in Washtenaw 19 July - 11 August.
Plathemis lydia (Ih1n'Y) - [75] Another common, large, and easily-identi
fied species founain all counties 20 May - 4 September.
Sympetrum ambiguum (Rambur) - [3] Uncommon in this area with
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records on 25 August in Jackson, and 11 and 17 September at Four Mile
Lake, Washtenaw.
Sympetrum corruptum (Hagen) [1] One observed at Erie Gun Club, Mon
roe on 27 August 1995.
Sympetrum obtrusum (Hagen) - (25) Uncommon in Washtenaw and Jack
son 17 August - 22 September.
Sympetrum rubicundulum (Say) - (103) One of the most abundant drag
onflies in the study area. Recorded in all counties 19 July - 29 Sept., with
a maximum of 31 on 4 September at M-14 Ann Arbor Public School Prop
erty, Washtenaw.
Sympetrum semicinctum (Say) - [41 This uncommon dragonfly is the easi
est of the genus to identifY and was found in small numbers at three sites
in Washtenaw during 6 - 26 August, with one additional occurrence on the
very late date of 3 September in Monroe.
Sympetrum vicinum (Hagen) [574] The most abundant dragonfly in the
study area, overlapping in habitat and season with S. rubicundulum, al
though peaking later in the season. Recorded in all counties 6 August - 23
October with maxima of 79 on 1 Sept. in Washtenaw and 73 on 21 Sept.
in Jackson. Twelve pairs in tandem observed on 30 Sept. 1995 at a small
pond at Erie Metropark, Wayne, with five pairs observed ovipositing.
$ympetrum species [188]
Tramea carolina (Linn.) [4] There were few records of this beautiful
species 27 Aug. - 5 Sept. at Matthaei Botanical Gardens (MBG), Washte
naw, Erie Gun Club, Monroe, and HBCA, Essex. In addition to those in
dividuals identified as T. carolina, several believed to be T. onusta were
observed. Needham and Westfall (1955) include Ontario, Illinois, Indiana,
and Ohio in the range of T. onusta, but not Michigan. Walker and Corbet
(1975) cite a single occurrence at Pt. Pelee, Essex, Ontario. Dunkle (1989)
gives southern Ontario as the northern limit of this species, stating that
"It is generally scarce in the eastern U.S., but is common in the south
western U.S .... " Additionally, Kormondy (1958) does not list this species
for Michigan. Unfortunately, efforts to secure a specimen failed.
Tramea lacerata Hagen - [314] A common, and locally abundant (as a mi
grant), late summer, early fall species recorded from Washtenaw, Wayne,
Monroe, and Essex 23 July - 30 Sept. This species gathers in large mi
gratory swarms, as has been documented in other parts of eastern North
America (Borror 1953), and occurs in large numbers in southern Ontario
(Corbet and Eda 1969), moving across the mouth of the Detroit River into
Wayne and Monroe County, where it is also quite abundant. Over 100
were recorded actively migrating on 4 Sept. at HBCA, Essex. New latest
date of occurrence: 30 September 1995 Erie Metropark, Wayne
DISCUSSION
Twenty-four of the 25 species listed in Kormondy as occurring in south
eastern Michigan were recorded during 1994 and 1995. Additionally, Pantala
hymenaea was observed in Wayne County; a specimen collected in Monroe
and a specimen at UMMZ, from Washtenaw County, were examined. Many of
the species from southeastern Michigan were also recorded at the Holiday
Beach Conservation Area in Essex County, Ontario, Canada, where the main
purpose of study was to document the fall migration of a variety of dragonfly
species, including non-libellulids. Additionally, numbers recorded at each site
allowed an approximation of species abundance in relative terms.
It appears that the occurrence of libellulid dragonflies has changed very
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little in southeastern Michigan over the 37 years since Kormondy's 1958 Cat
alogue of the Odanata ofMichigan. What is impossible to assess is the change
in the numbers or population structure since that time. It is difficult to believe
that the reduction in wetlands in the counties ofsoutheastern Michigan could
have failed to have an adverse affect on these numbers. However, this cannot
be determined. The results ofthis study show the species composition and rel
ative population of each species in the study area as of 1994-95, establishing
a regional baseline for future study.
There also appears to be an active large-scale migration among a number
of dragonfly species southward along the Great Lakes shores in the fall. The
movement in southern Ontario appears two-phased. One presumed strategy
is island-hopping from Pt. Pelee to Pelee Island, on to Kelley's or the Sister Is
lands (Ohio). Others follow the Essex coast westward and cross the mouth of
the Detroit River into Michigan. There appears to be no difference in the
species composition of these two pathways. This migration is dominated by a
non-libellulid, Anaxjunius (Drury), as has been documented elsewhere (Bor
ror 1953, Corbet and Eda 1969). Secondarily, a number of Iibellulid species
form a large component of this fall migration. The five species in Pantala and
Tramea dominate the libellulid portion. Also, there may be a movement of
Erythemis simplicicollis, although this has been documented elsewhere (Wal
ter 1996) it requires further study in Ontario and southeastern Michigan. Un
like sites in Japan (Miyakawa 1994), Europe (Gatter 1975), and Siberia (Bely
shev and Belyshev 1976) I have yet to find evidence ofSympetrum migration.
An interesting result of the study was the discovery of the great number
of dragonflies in the genus Sympetrum which could not be identified to a given
species. Historically, there has been a great deal of difficulty in dealing with
the complex of Sympetrum internum Montgomery, S. abtrusum, and S. rubi
cundulum (Williamson 1933, Montgomery 1943, Kormondy 1958). While Ko
rmondy (1958) shows that the nearest Michigan specimens ofS. internum are
from Ingham County, to the north of the study area, there are specimens from
Indiana (Williamson 1917) and Ohio (Borror 1937, Price 1950), much farther
to the south. Yet, I have not found S. internum in southeastern Michigan.
Throughout their ranges these three species appear to form disjunct areas of
sympatry as has been observed in other species of Sympetrum (Michaels and
Dhondt 1987). Additionally, there is great variation in wing veination and
hamule size and shape, suggesting either that hybridization may be occurring
. (Barber 1994), or that a new species may be involved (Carle 1993). Obviously,
much work is needed in this area regarding the species composition in the
genus Sympetrum.
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Appendix 1. Locations of specimens collected and sight records of Libellulidae in south
eastern Michigan and Essex County, Ontario.
Jackson Co.
Waterloo 'l'wp.: Waterloo Recreation Area
Monroe Co.
Berlin Twp.: Point Mouillee State Game Area; Dundee 'l'wp.: Erie Gun Club;
Milan Twp.: Summerfield Twp.: Petersburg State Game Area,
Washtenaw Co.
Ann Arbor: Barton Park, Brown Park, Furstenburg Park, Geddes/Gallup Park,
M-14 Public School Property, Pioneer High School Prairie, Scarlett-Mitchell
Woods, Matthaei Botanical Gardens. Augusta Twp.: Bielec property. Dexter
Twp.: Half Moon Lake, Hankerd Rd., Stinchfield Woods. Lima Twp.: Four Mile
Lake/Chelsea State Game Area. Lyndon Twp.: Boyce Rd., Cassidy Lake Rd., Em
bury Rd., Park Lyndon North, South Lake. Manchester Twp.: Bialecki property.
Saline Twp.: Maple Rd., Saline Nature Park. Sharon Twp.:Rank Rd. Sylvan
Twp.: Eddy Geological Center
Wayne Co.
Erie Metropark. Point Mouillee State Game Area, Campau Rd ..
Essex Co.
Holiday Beach Conservation Area

0)

Appendix 2. Identification criteria of dragonflies of the genus Sympetrum occurring in Michigan and Ontario.
Hind
Scientific name
Wing
Common name
Sympetrum ambiguum
Blue-faced Meadowfly
26-28
Sympetrum corruptum 1
Variegated Meadowfly
29-30
Sympetrum costiferum
Saffron-winged Meadowfly
25-28
2
Sympetrum dana
Black Meadowfly
20-27
Sympetrum internum
Cherry-faced Meadowfly
23-27
Sympetrum obtrusum
20-29
White-faced Meadowfly
Sympetrum rubicundulum
24-30
Ruby Meadowfly
Sympetrum semicinctum3
18-23
Band-winged Meadowfly
Sympetrum vicinum
21-23
Yellow-legged Meadowfly
IDistinctive abdominal color pattern mottled with reds and browns.
2Distinctive abdominal color pattern of black and yellow.
3Hind wings banded with translucent orange.

Abdomen
Length

'Ibtal
Length

23-25
29-30
21-26
18-24
23-27
22-26
21-23
16-20
21-22

36-38
39-42
31-37
21-23
23-36
31-39
33-34
24-31
31-35

Face
bluish-white
red
pale
black
red
white
yellow
yellow
red

Tibia
yellow
dark
pale
black
black
black
black
black
yellow

-I

:::r:
m
Q
m

:>0"

~
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m
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m
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0
0

r

9
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Appendix 3. Visual key for quick tentative identification of dragonflies in the genus
Sympetrum. (The final separation of many specimens in groups 5&6 still requires in
spection of the genitalia.)
la. Adbomen mottled in red and olivelbrown. . ..................... .corruptum
lb. Abdomen predominantely yellow, olive, orange, or reddish ..................2
2a. Abdomen color yellow and black ................................. .danae
2b. Abdomen reddish, orange, or olive and black. . ..........................3
3a. Wings banded with transparent orange for half the length, basally .. .semicinctum
3b. Wings unmarked. . ............................................... .4
4a. Tibia pale or yellow ................................................5
4b. Tibia dark or black ................................................6
5a. Face red .................................................. .uicinum
5b. Face bluish-white or white ................................. .ambiguum
5c. Face pale ............................................... .costiferum
6a. Face red ................................................. .internum
6b. Face white . . . . . . . . . . . . . . . .. . ............................ .obtrusum
6c. Face yellow .......................................... .rubicundulum

Appendix 4. Counties in which each species was recorded.
Species
Wayne
Jackson
Washtenaw
elisa
Celithemis eponina
Celithemis monomelaena
Erythemis simplicicollis
Leucorrhina intacta
Libellula cyanea
Libellula incesta
Libellula julia
Libellula luctuosa
Libellula pulchella
Libellula quadrimaculata
Libellula semifasciata
Pachydiplax longipennis
Pantala flauescens
Pantala hymenaea
Perithemis tenera
Plathemis lydia
Sympetrum ambiguum
Sympetrum corruptum
Sympetrum obtrusum
Sympetrum rubicundulum
Sympetrum semicinctum
Sympetrum uicinum
Tramea carolina
Tramea lacerata

•
•

•
•
•
•

•
•

•

•
•
•
•
•
•
•
•
•
•

•

•

•
•
•

•
•

•

•
•
•
•
•

Monroe

•
•

•
•
•
•
•

•
•

Essex

•
•

•

•

•
•

•

•

•

•

•
•

•
•

•
•

•
•

•

•
•
•
•
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TERRESTRIAL ISOPODS (ISOPODA: ONISCIDEA) OF WISCONSIN
Joan Joss & Barbara Klausmeier

1

ABSTRACT
Eleven species of terrestrial isopods are recorded from Wisconsin. Species
treatments include morphological, habitat and life history data. Wisconsin
county distribution records are presented.
Past authorities have concluded that the common terrestrial isopods en
countered in North America are non-native species. The morphological simi
larities of these North American forms to their European cousins are so close
as to make them practically indistinguishable (Garthwaite & Sassaman
1985). Additionally, some of our most common species are ones which in the
Old World are considered synanthropes-species found in domestic rather
than wild habitats, thus facilitating the explanation of their unintentional in
troduction by early immigrants. However, in North America, distributions of
some of these species include sites far from supposed centers of introduction.
One theory explaining this difference is that synanthropes stick close to civi
lized spots in Europe because of all the other competing species found out in
the countryside. Here in the absence of such competition these species may
find it easier to expand their ranges farther afield (Van Name 1936). More ac
curate mapping of the distributions of species found here may help to eluci
date the nature and origin of the North American isopod fauna.
Hatchett published "Biology of the Isopoda of Michigan" (1947) which in
cluded a key and distribution records of both aquatic and terrestrial species
as well as life history information. This admirable work was commended to us
as a model for our own studies by William Rapp with the expectation that in
Wisconsin we would find "all the. species that Hatchett found in Michigan"
(Rapp, pers.comm. 1987). We have attempted to follow this recommendation
(Jass & Klausmeier 1987, 1990 and Jass, et al. 1991). In this paper we treat
each terrestrial Wisconsin species by briefly summarizing its outstanding
morphological and habitat preference characteristics, based largely on the lit
erature. A table of Wisconsin life history data as well as county distribution
records based on our collecting are included. Distribution data are presented
in Figures 1, 2 and 3. Figure 1 names Wisconsin counties and the three
species we have found in every one of them. Figures 2 and 3 plot the distrib
utions of the other 8 species. Our field experience is that species may occur
alone or in a mixed group of one or more other species; where appropriate we
have added a list of associated species summarized from all our collecting
data.
In 1883, Bundy reported "Oniscus sp. Abundant everywhere"-the as
sumption being that he was referring to the group Oniscidea, not a particular
genus. Other than Bundy, the distribution of terrestrial isopods in Wisconsin
lZoology Section, Milwaukee Public Museum, Inc., Milwaukee, Wisconsin 53233.
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l..A FAYETTE GREEN:

Figure 1. Wisconsin counties named. The MPM collection contains specimens
from each county for: CylisticU9 convexus, Porcellio spinicornis and Tracheli
pus rathkei.

has not been treated in the literature. Our collecting represents only a cursory
survey compared to the more thorough studies of European, especially
British, terrestrial isopods (Harding & Sutton 1985, Hopkin 1991). See Jass
and Klausmeier (1990) for distribution records of these species in adjacent
states.
It is our intent to encourage others to study Wisconsin isopods both by in
troducing the subject and by pointing out the deficiency of information re
garding these common crustaceans. Field identification may be complicated
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fM.ONlSCUS RIPARIUS

(b)

MIKrONISCUS MEllCOFi
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(c)

ONISCUS ASEU.US

(d)

Figure 2. Shading indicates county records for these species in the families
Trichoniscidae and Oniscidae, as represented by specimens in the Milwaukee
Public Museum collection.

by the occurrence of mixed species groups in the same habitat, the wide vari
ability of color patterns within a species, and the difficulty of observing some
of the key morphological features without magnification. We recommend Sut
ton (1980) for its thorough introduction to terrestrial isopod biology and well
illustrated chapter on identification. We also offer common names, following
Hopkin's (1988) study, which determined that these facilitated the education
of a wider public to the diversity of this common but inconspicuous group of
animals.
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(a)

(b)

AAMAOlUJOIUM VULGARE

PORCELlJONIOES PRUINOSUS
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PORCEUJO SCAaER

AAMADILUOIUM NASATUM

(c)

(d)

Figure 3. Shading indicates county records for these species in the families Ar
madillidiidae and Porcellionidae, as represented by specimens in tbe Milwau
kee Public Museum collection.

SPECIES TREATMENTS
TRICHONISCIDAE

Hyloniscus riparius (Koch), riparian isopod
Distinguishing characteristics: mature length to 5.5 mm; eye of cne
ocellus; body surface shiny; color dark wine-red.
Characteristic habitat: leaf litter near wooded streams and river bot
toms. Schultz (1965) redescribed and summarized the ecology of this species
in the eastern United States.
Life history data: breeds April-June and August-September with 3
broods per year (Warburg et al. 1984). See Table 1 for Wisconsin data.
Wisconsin associates: Trachelipus rathkei, Trichoniscus pusillus
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Miktoniscus medco/i (Van Name), Medcof's pigmy isopod
Distinguishing characteristics: mature length to 5 rom; eye of one
ocellus; body surface dull with many tiny bumps; color pale.
Characteristic habitat: greenhouses, humus beneath well rotted logs.
Life history data: Schultz (1976) summarized knowledge of all members
of this genus in North America. Detailed life history data is available only for
the closely related M. halophilus which breeds spring-early summer and has
only a few of the larger adults over-wintering to the following season. See
Table 1 for Wisconsin data.
Wisconsin associates: Trichoniscus pusillus
Trichoniscus pusillus (Blake), common pigmy isopod
Distinguishing characteristics: mature length 5.5 mm; eye of three
ocelli; color reddish. Most populations are composeaof females only, since the
species reproduces parthenogenetically.
Characteristic habitat: leaf litter of wooded river bottoms.
Life history data: breeds February-April, with two broods per year and
a two year life span (Warburg et a1. 1984). See Table 1 for Wisconsin data.
Wisconsin associates: Cylisticus convexus, Hyloniscus riparius, Mik
toniscus medca{i, Porcellio spinicornis, Trachelipus rathkei
ONISCIDAE
OniBcuB asellus Linneaus, woods isopod
Distinguishing characteristics: antennal flagellum three-segmented;
no pseudotracheae; color gray with yellow spots; shape flat and elliptical;
uropods extend beyond terminal abdominal segment; eye of many ocelli; ma
ture length to 12 mm.
Characteristic habitat: dead wood, particularly under loose tree bark,
where it characteristically clings motionless when disturbed.
Life history data: breeds May-September and has a potential 4.25 year
life span (Warburg et a1. 1984). See Table 1 for Wisconsin data.
ARMADILLIDIIDAE
Armadillidium nasatum Budde-Lund, beaked pill isopod
Distinguishing characteristics: capable of rolling into a ball; uropods
do not extend beyond terminal abdominal segment; very distinct process on
forehead projecting prominently between antennae; eye of many ocelli; ma
ture length to 13 mm.
Characteristic habitat: sunny spots in old quarries, gardens, exposed
grassland (Hopkin 1991). Often observed when it moves into the open to avoid
very wet soil conditions.
Life history data: see Table 1.

Armadillidium vulgare (Latreille), pill isopod
Distinguishing characteristics: capable of rolling into a ball; uropods
do not extend beyond terminal abdominal segment; forehead without distinct
process projecting prominently between antennae; eye of many ocelli; mature
length to 14 rom.
Characteristic habitat: very dry habitats as well as a wide range of dry
to moist habitats. A. vulgare is very abundant around the foundations of
buildings, rarely occurring far from human habitations.
Life history data: breeds May..July, with 2-3 broods per year and a poten
tial 3-4 year life span (Warburg et al. 1984). See Table 1 for Wisconsin data.
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CYLISTICIDAE
CyUsticUB conveXUB (DeGeer), convex isopod
Distinguishing characteristics: dorsal surface of body smooth and
strongly convexed; able to roll the body into a ball except for uropods which
extend beyond terminal abdominal segment; bright white legs; little or no gap
between fifth abdominal segment and uropods; uropods often orange; anten
nal flagellum two-segmented; five pair of distinct (when alive) pseudotra
cheae; eye of many ocelli; mature length to 16 mm.
Characteristic habitat: moist habitats that must remain moist through
dry periods, especially late summer. C. eonuexus often inhabits decayed logs
after carpenter ants have left. (Schultz 1982)
Life history data: 2-3 broods per year and a potential three year life
span (Hatchett 1947). See Table 1 for Wisconsin data.
Wisconsin associates: Poreellio seaber, Poreellio spinicornis, Porcellion
ides pruinosus, Traehelipus rathkei, Trichoniseus pusillus

PORCELLIONIDAE
Porcellio Beaber Latreille, rough isopod

Distinguishing characteristics: color variable; distinct tubercles
(scabers) prominent on dorsal surface including head; head with three ante
rior lobes, the middle lobe almost as pronounced as the laterals; posterior
margin of first thoracic segment fairly straight; two pair of distinct (when
alive) pseudotracheae; pleopodal region widest near its anteriormost point;
antenna! flagellum two-segmented; uropods extend beyond terminal abdomi
nal segment; eye of many ocelli; mature length to 16 mm.
Characteristic habitat: leaf litter and under logs in upland forests, also
abundant around human habitations.
Life history data: breeds February-March with three broods per year
(Warburg et a1. 1984), and has a potential 2.5 year life span (Sutton et al.
1984). See Table 1 for Wisconsin data.
Wisconsin associates: Cylisticus eonvexus, Trachelipus rathkei
Porcellio BpinicorniB Say, dark-headed isopod

Distinguishing characteristics: head and abdomen distinctly darker
than thorax; abdomen also dark ventrally; double longitudinal row of yellow
patches on dorsal surface; two pair of distinct (when alive) pseudotracheae;
antennal flagellum two-segmented; uropods extend beyond terminal abdomi
nal segment; eye of many ocelli; mature length to 15 mm.
Characteristic habitat: Limestone or sandstone seem important in the
habitat selection of this species. However, it is mainly synanthropic, linked
with the presence of mortar and with limestone walls.
Life history data: see Jass et al. (1991) for a detailed study of the life his
tory of this species. See Table 1 for Wisconsin data.
Wisconsin associates: Cylistieus eonvexus, Trachelipus rathkei, Tri
ehoniseus pusillu8
PorcellionideB pruinoBuB (Brandt), frosty isopod

Distinguishing characteristics: antennal segments white at distal and
proximal ends giving appearance of joints banded with white; antenna! flagel
lum two-segmented; frosty narrow body with abruptly narrow abdomen; two
pair of distinct (when alive) pseudotracheae; uropods extend beyond terminal
abdominal segment; eye of many ocelli; mature length to 12 mm; very quick.

~--

---- ---------
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Characteristic habitat: Many records are from manure piles, compost
heaps and around buildings. P. pruinosus also occurs under bark of decaying
hardwood trees on pasture land. (Hopkin 1991)
Life history data: breeds March-October with 3-6 broods per year (War
burg et al. 1984). See Table 1 for Wisconsin data. A Wisconsin greenhouse pop
ulation collected in December contained males, females and females with
eggs.
Wisconsin associates: Cylistieus eonvexus, Traehelipus rathkei
TRACHELIPIDAE

Trachelipus rathkei (Brandt), mottled isopod
Distinguishing characteristics: wide variability in color-often mot
tled with three distinct double stripes along body length; pleopodal region
widest near its midpoint; head with three anterior lobes, the middle lobe less
pronounced than the laterals; margin of first thoracic segment strongly
curved; 7th leg of male with prominent keel-like expansion on dorsal border
of third segment from distal end; five pair of distinct (when alive) pseudotra
cheae; antennal flagellum two-segmented; uropods extend beyond terminal
abdominal segment; eye of many ocelli; mature length to 12 mm.
Characteristic habitat: under dead bark, logs, boards, rocks, etc. Its
wide distribution is correlated with fairly unspecific habitat requirements,
though Rapp (1988) says it shows a preference for deciduous woodlands in
North America.
Life history data: 1-3 broods per year (Hatchett 1947). See Table 1 for
Wisconsin data.
Wisconsin associates: Cylistieus eonvexus, Hyloniseus riparius, Poreel
lio seaber, Poreellio spinieornis, Poreellionides pruinosus, Triehoniseus pusil
Ius
DISCUSSION
As Wisconsin's only terrestrial crustaceans, isopods are unique in the ex
tent to which they are challenged by the difficulties of survival in a dry envi
ronment. The smallest species are the most vulnerable and thus are usually
found only in fairly wet habitats such as river bottoms. The risk for loss of
body moisture is greatest at the point where the isopod must interface with
the dry air containing the oxygen it needs to breathe. Some of the larger
species have a special adaptation to protect themselves at this point: pseudo
tracheae, which are abdominal organs acting as miniature humidity cham
bers for oxygen exchange. Even though species with pseudotracheae are bet
ter able to tolerate some dryness, the tendancy is for all isopods to seek niches
which are high in humidity.
The state's most abundant and widespread species, Traehelipus rathkei, is
the least specific in its habitat requirements. This broad tolerance is at least
in part related to its five pairs of pseudotracheae which give it the ability to
survive a greater range of conditions of dryness/humidity. However, as impor
tant as the ability to tolerate dryness may be, no doubt the complete picture
of a species' distribution in the state is due to a complicated mosaic of factors,
including cold tolerance, habitat preference, and specific life history require
ments.
Appendix 1 lists the number of pairs of pseudotracheae for each of Wis
consin's terrestrial isopods. Appendix 2 correlates average monthly precipita
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Table 1. Life history data for Wisconsin isopod populations.
Species
F M A M J
J
J
Hyloniscus riparius
male
female
female with eggs
female with young
Miktoniscus medcofi
male
female
female with eggs
female with young
1richoniscus pusillus
male
female
female with eggs
female with young
Oniscus asellus
male
female
female with eggs
female with young
Armadillidium nasatum
male
female
female with eggs
female with young
Armadillidium vulgare
male
female
female with eggs
female with young
Cylisticus convesus
male
female
female with eggs
female with young
Porcellio scaber
male
female
female with eggs
female with young
Porcellio spinicornis
male
female
female with eggs
female with young
Porcellionides pruinosus
male
female
female with eggs
female with young
Trachelipus rathkei
male
female
female with eggs
female with young
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tion and temperatures to isopod activity in Wisconsin. Unsurprisingly, the
four months with average temperatures below freezing are also those with the
least activity since isopods surviving through the winter generally do so by re
maining below the frost line. During the rest of the year, the month with the
most activity (July) is also that with the highest average temperature, while
the poor collecting in November corresponds to the lowest non-freezing aver
age. There may also be a secondary correlation with precipitation. Months in
which we have collected 64% or more of the state's species have an average
total precipitation of 2.40 inches or greater; months in which we have col
lected 45% or fewer of the species have 1.90 inches or less.
ACKNOWLEDGMENTS
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APPENDIX 1. Species grouped by the numbers of pairs of pseudotracheae
NONE
Hyloniscus riparius
Miktoniscus medcofi
Oniscus asellus
Trichoniscus pusillus

TWO PAIRS
Armadillidium nasatum
Armadillidium vulgare
Porcellio &Caber
Porcellio spinicornis
Porcellionides pruinosus

FIVE PAIRS
Cylisticus convexus
Trachelipus rathkei

APPENDIX 2. Precipitation & temperatures* correlated with percent of species col
lected
Percent ofSpecies
Mean Precipitation
Mean Temperature
("F)
(inches)
Collected
Jan
1.20
Feb
1.20
Mar
1.65
Apr
2.50
May
3.50
Jun
4.15
Jul
3.45
Aug
3.45
Sep
3.75
Oct
2.40
Nov
1.90
Dec
1.25
*Source: WI Dept. Nat. Resources. The Natural

14
17
29

42

55
65
70

68
60
48
33

20
Resources of Wisconsin.

09
18

45
64
64
64
82

64
73

64
45
09
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SPREAD OF ACENTRIA EPHEMERELLA
(LEPIDOPTERA: PYRALlDAEIIN CENTRAL NORTH AMERICA
B. G. Scholtens 1 and G. J. Balogh 2
ABSTRACT
The aquatic moth, Acentria ephemerella, was first reported from North
America in 1927. Recent records from widespread localities in central North
America indicate that the range of this European introduction continues to
expand. The moth is well established in the western Great Lakes region and
is recorded west to the Missouri River valley in Iowa.

The earliest North American record for the pyralid moth Acentria
ephemerella (Denis & Schiffermiiller)[=A. nivea (Olivier)] is from Montreal in
1927 (Sheppard 1945). It was reported from New York localities in the 1930's
and 40's (Forbes 1938, Munroe 1947), southern Ontario localities in the vicin
ity of Lakes Ontario and Erie in the 1940's (Judd 1947, 1950), Massachusetts
in the 1950's (Treat 1954), Wisconsin in the 1960's (Batra 1977), and most re
cently was reported from Minnesota (Newman and Maher 1995). From 1990
through 1995 this species was collected at multiple localites in Michigan, Iowa
and Wisconsin. Subsequently, older specimens from Otsego Co., MI and both
Thbermory and the Thunder Bay Region of Ontario were found in the collec
tions of Michigan State University and the Canadian National Collection. All
new localities are listed in Table 1.
At one time Munroe (1947) considered A. ephemerella a native species
that had been overlooked prior to the 1920'S, but recent authors refer to the
species as introduced from Europe (Batra 1977, Buckingham and Ross 1981),
where it is well known (Goater 1986, Palm 1986). The relatively recent dis
covery of the moth in a historically well collected region of North America, the
record of its spread into the Great Lakes and other regions (Lange 1956) and
the fact that the moth occurs in great abundance at some localities (Judd
1949) argue against A. ephemerella being an overlooked native.
Because most adult females of A. ephemerella are short lived and entirely
aquatic with only rudimentary wings, rapid range expansion would seem to
be precluded. However, diapausing larvae form hibernacula attached to host
stems [a variety of aquatic plants including the introduced Eurasian water
milfoil, Myriophyllum spicatum (Haloragaceae)] which break up in severe
weather, especially in fall and winter (Batra 1977). Several authors have in
dicated the likelihood that these plant fragments are dispersed by currents
and boat traffic (Aiken et al. 1979, Smith and Barko 1990). Pieces of trans
ported host stems may become established providing a food supply. It is likely
that this is the means by which Acentria has spread along the St. Lawrence
and Great Lakes drainage. The rarer winged female form provides an addiIBiology Deparment, College of Charleston, Charleston, BC 29424.
26275 Liteolier, Portage, Michigan 49002.
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Table 1. New records of Acentria from central North America.
Location

Date

Collector

Ont., 'lbbermory

31 Aug 1989

K. B. Bolte

Ont., Thunder Bay Region
Stanley Area and Stanley

2 & 12 Aug 1980

J. P. Walas

MI, Cheboygan Co.
Univ. of Mich. Bio. Station
T37N R3WS33

4 Aug 1990

B. G. Scholtens

MI, Chippewa Co.
Maxton Plains, Drummond 1st
T43NR6E S34

25 Aug 1990

G. J. Balogh

MI, Kalamazoo Co.
Portage, bog on West Lk.

3 Jul1993
17 Jun 1994

G. J. Balogh

MI, Mackinac Co.
Summerbee Fen

14 Aug 1993

G. J. Balogh

MI, Mason Co.
Luddington St. Pk.

12 Aug 1995

G. J. Balogh

MI, Otsego Co.
T29NR2WS18

22 Aug 1969

M. C. Nielsen

WI, Waukesha Co.
Ottawa Lk. Fen
T6NR17E S34

26 Jul1993

T.Barina

IA, Monona Co.
Loess Hills State Forest
Sioux Twp., S26/27

a Jul1992

G. J. Balogh

IA, Woodbury Co.
Liberty Twp., S6

1 Jul1992

G. J. Balogh

tional means of dispersal, especially across drainage basins. However, poten
tial dispersal is limited because adults lack a proboscis and do not feed, and
they are short lived (up to 24 hours) (Batra 1977).
Acentria ephemerella has recently been implicated in the biological control
of Eurasion watermilfoil, an aquatic weed with significant nuisance potential
(Painter and McCabe 1988, Creed et al. 1992, Creed and Sheldon 1994). Thus
the spread of Acentria and other insect herbivores associated with Eurasian
watermilfoil is of considerable interest (Newman and Maher 1995). Unfortu
nately, a number of factors limit historic monitoring of both insect and plant.
Despite the presence of Acentria in North America for most of this century,
few lepidopterists are familiar with it, and surveys for small moths (Acentria
has a wingspan of 13-17mm) are geographically and temporally spotty. Lepi
doptera are also given limited attention by most aquatic biologists. Eurasian
watermilfoil can be confused with native watermilfoil species and may go un
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noticed for many years. Reports of plant occurrence may not be vouchered
with herbarium specimens (Aiken et a1. 1979, Voss 1985).
At first glance A ephemerella is easily confused with a trichopteran be
cause of the lack of markings, the plain light gray to whitish color (Fig.
the
reduced number and shape of wing scales and the lack of a proboscis.
lat
ter fact has caused the species to be placed in the Schoenobiinae, but Passoa
(1988) has recently shown that, based on characters of the immatures, its cor
rect placement is with the aquatic moths of the Nymphulinae.
The biology of A ephem.erella was described in detail by Batra (1977) and
Judd (1950). In North America and Europe adults occur from late May to
early September with peak adult emergence in July and August. Moths are
occasionally observed to swarm in wetlands on favorable warm summer
nights. Adults can be collected at light, by sweeping vegetation, and in live
traps set over marsh vegetation. In addition to Myriophyllum in the Halor
agaceae, larvae, in various parts of the range, will also feed on aquatic plants
in the families Ceratophyllaceae, Elatinaceae, Hydrocharitaceae, Najadaceae,
Potamogetonaceae, Trapaceae and Zannichelliaceae (Buckingham and Ross
1981). Larvae are active from the middle of May into September. Onset and
cessation of winter diapause, in the cocoon-like hibernaculum, is dependent
on water temperature.
A ephem.erella should be looked for in other localities where aquatic
plants are abundant.
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Figure L Male Acentria ephem.erella (scale bar = 2 mm).
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EVIDENCE OF PRE·IMAGINAL OVERWINTERING OF
DIAMONDBACK MOTH, PWTELLA XYLOSTELLA
(LEPIDOPTERA: PlUTELUDAE) IN MICHIGAN
A B. Idris 1 and Edward 1. Grafius2
ABSTRACT
We investigated the possibility of overwintering of the diamondback
moth, Plutella xylostella Lo, in central Michigan. In the spring of 1993, counts
of immature stages on brassicaceous weeds in a field previously planted to
broccoli revealed a small but significant number of late instars that could not
be attributed to oviposition of immigrant moths from the southern United
States. We suggest that crop debris and snow cover played an important role
in sheltering the larvae, which are known to tolerate sub·freezing tempera
tures. There was no indication of adult survival.

The diamondback moth, Plutella xylostella L., is a major cabbage pest
worldwide. In Michigan, it commonly occurs at relatively low population den
sities, rarely reaching outbreak levels. This is probably due to the abundance
of Diadegma insulare (Cresson)(Hymenoptera: Ichneumonidae), a larval par
asitoid, that regulates diamondback moth populations. Parasitism rates of
70-100 percent have been reported in the US (Biever et at 1992, Idris &
Grafius 1993) and Canada (Harcourt 1986).
The diamondback moth is believed not to overwinter in the Great Lakes
region. For example, in southwestern Ontario, Smith & Sears (1982) found
that no life stages survived winter conditions in the field, or simulated winter
conditions in the laboratory. In southeastern Ontario, populations are thought
to die out completely each year to be replaced in spring by migrants from the
south (Harcourt 1986). Recent observations have indicated that pre-imaginal
stages of the diamondback moth may successfully overwinter in western
Canada, and that volunteer canola plants provided an early larval food source
(Dosdall 1994).
In temperate areas of the United States, the diamondback moth overwin
ters as adults. In the upper midwestern states (Michigan, Wisconsin and
Minnesota), diamondback moth populations are not thought to overwinter but
early infestations often occur near cabb
debris, indicating that overwin
tering of adults in protected areas is p
Ie (Mahr et al. 1993).
The objectives of our study were to determine whether the diamondback
moth overwinters in Michigan, and to identifY possible overwintering life
stages.
IDr. Idris Abd. Ghani, Dept. of Zoology, Faculti Saims Hayat, Universiti Ke
bungsaan, Malaysia, 43600 UKM, Bangi, Selangor MALAYSIA.
2Department of Entomology, Michigan State University, East Lansing, Michigan
48824-1115.
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MATERIALS AND METHODS
In early spring 1993, volunteer plants of three weed species, Barbarea
vulgaris R. Br., Thalspi arvense L. and Capsella bursa-pastoris (L.) Medic
were abundant in a field previously planted in broccoli at the Michigan State
University Collins Road Entomology Research farm and in other areas at the
Michigan State University Farm. On 10, 15, 20 and 25 May, we selected 50 to
70 plants of each species at random. The plants were pulled out ofthe ground
and inspected for the presence of diamondback moth larvae or pupae by plac
ing individual weeds on white paper placed on the ground. We recorded the
number oflarvae and pupae found on each weed species separately. We reared
larvae in 25 x 15 x 10 cm covered rearing pans in the laboratory at 25 ± 2'C
and photoperiod of 16:8 (L:D) h until pupation, to evaluate parasitism.
Th determine the presence of diamondback moth eggs, we randomly se·
lected and detached leaves from each plant collected above. These were kept
in the laboratory as described above and checked daily for 5 d for egg hatch.
Overwintering of adults was evaluated in early April of 1993 by setting up
five cages (180 x 165 x 165 cm) in and near a field previously planted with
broccoli. We pulled up the residue of 50 to 70 broccoli plants by hand and
placed them in each cage. Th trap emerging moths we hung white sticky traps
(Pherocon™ lC - bottom; Trece Inc., Salinas, CA) on wooden stakes within
each cage. These were inspected every other day. We also put five potted broc
coli plants in each cage as a substrate for oviposition. The presence of eggs or
larvae on broccoli leaves was checked using a lOx magnifying glass once every
3 d until the end of May 1993.
The Michigan State University Climatological Resources Center (Dr. Jeff
Andresen) provided air and soil temperature data. Degree-Days (DD) accu
mulation above 7.3'C, developmental threshold for the diamondback moth
(Butts & McEwen 1981), was calculated following Zalom et al. (1983).
RESULTS
Most of the life stages were found on B. vulgaris. We found a total of 24
fourth instars on the four sampling dates (Table 1). They were found begin
ning on the first sample date, 10 May. In addition, one late third instar was
found on 10 May. No eggs were collected before 20 May (based on the larvae
from detached leaves collected on this date, Table 1). We did not find any first
or second instars before 25 May, when three first instars were recorded from
B. vulgaris. On the same day we found a total of four pupae (three from B. vul
garis and one from C. bursa-pastoris). There were 11 and 23 first instars from
the detached leaves collected on 20 and 25 May, respectively. No diapausing
Diadegma insulare or other parasitoids were recorded from weeds inspected
in the field or reared from diamondback moth larvae. No diamondback moth
adults were caught by the sticky traps in the field cages. We did not find eggs
or larvae on the broccoli plants placed inside the cages.
The average daily maximum air temperatures and soil surface tempera
tures were similar during the winter of 1992-1993 (Fig. 1 A & B). However,
the surface minimum temperature above debris was higher than the air tem
perature. From December 1992 through March 1993, air and soil surface tem
perature were below 7.3'C, and there were more days below freezing than in
the fall of 1992 and the spring of 1993 (Fig. 1, A to C). In February 1993, it
snowed for 17 d causing an accumulation of snow and soil surface tempera
tures were warmer than air temperatures (Fig. lC). The total degree-days ac
cumulated (DD) above 7.3·C was 45.8 from December through March, as op
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Table 1. Diamondback moth stages recorded from weeds and detached weed leaves,
Michigan State University Farm, 1993.
Larvae
First instars from
Weed species
2nd
3rd
4th Pupae detached leaves*
Dates
1st

Barbarea vulgaris

Thalspi arvense

CapseUa
bU1'8a-pastDris

10 May
15 May
20 May
25 May
10 May
15 May
20 May
25 May
10 May
15 May
20 May
25 May

0
0
0
3
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0
0
0
0
0

2
3

0
0

6

1

4
1
0

2
0
0
0
0
0
0
0
1

1

2
0
1

0
1

0
0
11
23
0
0
3
6
0
0
2
8

TOTAL 3
0
0
24
4
53
*Diamondback moth first instars from eggs laid on weed leaves that were detached
and brought to the laboratory on the stated date.

posed to 217 DD from October through December plus January through April
(Fig.1D).
DISCUSSION
The above results indicate that larvae may have overwintered in the
study plots. There were no eggs or early instars found until long after the
third or fourth Gate) instars (Table 1), which supports this. The late instars
are reported to have very low super cooling points (-14.3'C), indicating that
some of them can tolerate sub-freezing temperatures (Hayakawa et al. 1988).
Higher temperatures in or below the crop debris and higher accumulations of
snow in February than in the other months (Fig. 1C) may have protected the
larvae. The surviving individuals may have begun to enter diapause or be
came inactive in November when weeds were dead (no food available), and the
minimum and maximum air temperatures were less than 7.3°C (Fig. lA). The
larvae then continued their development in late April 1993, when early sea
son weeds flourished (food became abundant) and temperatures were moder
ate (Fig. 1A).
The developmental period of diamondback moth larvae from hatch to the
third or fourth instar requires 110 or 170 DD above 7.3'C (Butts & McEwen
1981). The degree-days base 7.3°C accumulated in late April was 80.2 DD and
in May was 422.8 DD ('C)(Fig. 1 D). According to these heat unit accumula
tions, the third and fourth instars we found in May could have come from
overwintered first or second instars. In the laboratory, however, we observed
these two larval stages survived for only a week when placed in empty 15.0
cm diam Petri dishes and kept at 4'C, while the third and fourth instars sur
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vived over two months (unpublished data). This suggests that the third and
fourth instars were the ones that successfully overwintered. However, fourth
instars require only 40 DD to become pupae (Butts & McEwen 1981); they
should have been pupae by May 1 but we didn't find pupae until 20 May. The
development ofdiamondback moth during April and early May may have been
prolonged because of poor quality food.
Diamondback moth pupae could possibly overwinter within or under the
crop debris. They can also tolerate super-cooling down to -19.2"C (Hayakawa
et al. 1988). However, at above 7.3"C, the development from pupae to adult
would require 100 DD (Butts & McEwen 1981). Mortality of an egg is 100% at
below 10'C (Hardy 1938)(the maximum air temperature between mid-October
1992 to week three of April 1993 was lower than 10'C, Fig. lA) or if exposed
to cold temperature for 60 d (Honda 1992). This suggests that our field col
lected larvae did not originate from adults emerged from pupae.
In our field cage study, there were no diamondback moth eggs observed or
adults caught even though they were monitored until the end of May. This
suggests that adult moths did not overwinter in Michigan in 1992-1993. Sim
ilarly, in Alberta, Canada, diamondback moth adults were first caught by the
emergence traps on 26 May, indicating adults may originate from the suc
cessful overwintering larvae (DosdallI994).
In southern Ontario, where temperatures are similar to mid-Michigan, di
amondback moth adults arrive from the southern United States around mid
May (Harcourt 1986). In our study, considerable numbers offirst instars were
recorded from the detached leaves collected on 20 and 25 May (Table 1), sug
gesting that oviposition began in mid-May. Ifoviposition occurred at this time,
the developmental time from egg hatch to third or fourth instars would have
been 23 d at 20'C (Salinas 1986). This indicates that larvae collected in this
study were the offspring of these migrants.
The average daily maximum air temperatures were below 7'C in March
1993 (Fig. lA), and no oviposition has been observed at this temperature
(Hardy 1938). Oviposition by the successful overwintered diamondback moth
adults could occur in late April when the average daily maximum air temper
ature was at 12'C, but it would require 13 d for egg to hatch (Hardy 1938). If
this happened then the diamondback moth first instars should have been in
the field and collected on 10 May (our first sampling date). On this date, how
ever, only third and fourth ins tars were found (Table 1). Therefore, if any
adults successfully survived the winter they could not be the source for the
larvae that we collected.
This is the first evidence of diamondback moth overwintering in the Great
Lakes region. However, numbers of successful individuals may be signifi
.
cantly reduced in colder winters.
Our results indicate the importance of proper treatment on the previous
cabbage field for managing the diamondback moth. Tilling of field before
planting is a common practice that could destroy overwintering diamondback
moth larvae, D. insulare pupae or parasitized larvae although no D. insulare
pupae or parasitized larvae were found in this study. Further research on
overwintering sites for the diamondback moth and D. insulare should be con
ducted.
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A MIGRATION STUDY OF STELIDOTA GEM/NATA
(COLEOPTERA: NITIDULIDAE)
Roger N. Williams 1, M. Sean Ellis 1, Dan S. Fickle 1, and Scott T. Bloom 2

ABSTRACT
The strawberry sap beetle, Stelidota geminata (Say), is a major pest of
strawbernes in the northeastern United States. Further knowledge of the mi
gratory habits of this insect pest can enhance the effectiveness of pest man
agement strategies. This nitidulid was shown to migrate from its overwinter
ing sites to one of its primary reproductive sites, strawberry fields, in late
May. The beetle population peaked in the third week in July, 1993 in the
strawberry field and then gradually declined. In 1994, the peak, as well as the
total population, was much greater than in 1993. Furthermore, S. geminata
was concentrated in the transition areas surrounding the strawberry fields
prior to the ripening of the fruit.
The strawberry sap beetle, Stelidota geminata (Say), is a major pest of
strawberry fruit in the northeastern United States. The economic losses due
to this pest can be devastating. Strawberry growers in Michigan were re
ported to have lost $3 million in 1966 due to the damage of this beetle (Jantz
et aI. 1967).
Chemical control of this pest can be complicated by the following factors;
(1) the migration of S. geminata into strawberry fields occurs while the fruit
is ripening; however, spraying at this time, in many cases, is not feasible due
to harvest restrictions; (2) the dense leaf cover of strawbernes that prevents
pesticides from reaching targeted bernes where beetles feed; and (3) the EPA
regulations that govern the use of pesticides on specific crops such as straw
bernes to prevent excessive residues in foods (Gertz 1968).
Knowledge of the migration habits of S. geminata can enhance the effec
tiveness of pest management strategies. Miller and Williams (1982) conducted
a preliminary study in which the number of S. geminata in four different habi
tats during the beetle's breeding season was investigated. Nitidulid Inventory
Technique (NIT) traps (Williams et al. 1993) were placed on the perimeters of
strawberry, corn, and raspberry fields, and also in nearby wooded areas in
Wayne County, Ohio. The traps were run from May to October. The first bee
tles in this study were caught in the wooded areas in late May. Peak captures
of S. geminata in the strawberry fields were during the first week of August,
3-5 weeks after the peak of the strawberry season. They concluded that S.
geminata does not overwinter in strawberry plantings, but rather in woodlots
or protected thickets in order to escape the harsh winter weather. These wood

lDepartment of Entomology, Ohio Agricultural Research and Development Center,
The Ohio State University, Wooster, OB 44691.
2Department of Biology, College of Wooster, Wooster, OB 44691.

32

THE GREAT LAKES ENTOMOLOGIST

Vol. 29, No.1

lots are the site of emergence for adult beetles in the spring. Gertz (1968) and
Weiss (1979) performed similar studies and also have data which support the
theory that S. geminata has an extensive spring migration.
MATERIALS AND METHODS
These investigations were conducted over a period of 20 weeks in both
1993 and 1994. The field portion of the study was conducted at the Moreland
Fruit Farm in Moreland, Ohio, approximately 8 miles south of Wooster. The
laboratory phase of the study was conducted at the Ohio Agricultural Re
search and Development Center in Wooster, Ohio. In 1993, traps were set out
on 10 May, and run until 28 September. Similarly, in 1994, traps were set out
on 11 May, and removed on 28 September.
During both years, NIT traps were used to collect beetles. These traps con
sisted of wide-mouthed, pint canning jars containing a food attractant. A ma
sonite rain shield was attached to the lid of the jar to prevent excessive water
from entering the trap and to prevent bait desication. Hardware cloth was in
serted in the lid of the canning jar to prevent animals such as raccoons from
removing the bait. A tapered, plastic drinking cup, with its bottom removed,
was placed in the mouth of the jar to act as a restraining device for captured
beetles (Williams et al. 1992). A golf-course, cup-cutter was used to excavate
holes in the soil where the traps were placed. Jars were set upright, with their
tops even with the ground surface, in order to allow easy access.
Whole-wheat, bread-dough was used as bait for the entire study. Approx
imately 30 g of dough was wrapped in fiberglass screen to prevent S. geminata
and other nitidulids from becoming embedded in the dough. This facilitated
removal of the beetles.
The study site was composed ofthree habitats surrounding, and including,
a commercial strawberry, Fragaria x ananassa Duch., planting. The first habi
tat was a woodlot which bordered the fruit farm. The woodlot was composed of
many species oftrees, shrubs, and vines dominated by white oak, Quercus alba
L., and red maple, Acer rubrum L. The floor of the woodlot was covered with
leaf litter and fallen trees. The second habitat was a transition area between
the woodlot and the strawberry patch. This transition area was composed ofor
chard grass, Dactylis glomerata L., apple trees, Malus domestica Borkhauser,
and a raspberry, Rubus idaeus L., planting. The third habitat was a strawberry
field, approximately 0.4 hectares in size. The strawberry planting was located
approximately 260 meters away from the nearest woodlot.
In 1993, three traps were placed in the woodlot, 8 were placed in the tran
sition area, and 7 were placed in the strawberry planting. In 1994, the
arrangement was modified slightly placing 4 traps in the woods, and 6 traps
each in the transition area and strawberry field. All traps were collected
weekly and replaced with clean jars with fresh bait. The traps were taken to
the laboratory where they were frozen until they could be processed. The
trapped insects were later separated, identified, and counted.
RESULTS AND DISCUSSION
During both years of the study, the S. geminata populations followed the
same basic trend. We were able to confirm the early spring migration from the
woodlot into its early season reproductive habitat, strawberry plantings,
which was reported by Miller and Williams (1982). The 1993 and 1994 results
shown in Figures 1 and 2, respectively, seem to confirm the findings of Gertz
(1968) that the migration is accomplished by a series of short flights or even
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Figure 1. Stelidota geminata migration at the Moreland Fruit Farm, More
land, Ohio in 1993.
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by ground movement rather than by one long migratory flight. During a 1991
study which included trap height data, aerial NIT traps captured 10 times
fewer S. geminata than NIT traps at ground level (Williams et al. 1993). Fur
thermore, aerial NIT traps utilized during this study caught 80 times fewer
strawberry sap beetles than the respective ground traps.
The difference in the number of traps in each area over this two year
study was unavoidable due to changes in crops and their locations on the farm
during this period. The numbers collected were averaged, however, for each of
the three areas (woods, transition, and strawberries) to compensate for this
difference. For purposes of comparison, Figure 2 was scaled down to the same
level of Figure 1 (max. 9000). However, it should be noted that the peak of
17,155 beetles in week 10 has been truncated in order to keep both figures on
the same scale.
The results of this study support results in previous studies. During the
initial trapping week, the majonty of beetles were taken in the wooded areas.
Next, a gradual increase through weeks 3 to 5 occurs in all three areas. Dur
ing the third week in July (week 10), in both years, a major population explo
sion occured in the strawberries. This peak was nearly a 100-fold increase
over the total for week 8 in both years. Furthermore, the population peak oc
cured approximately 5 weeks after peak strawberry production, the length of
time required for S. geminata to complete its life cycle (Weber and Connell
1975). We speculate that the peak in week 10 is the result of reproduction in
the strawberry patch and represents adult movement as they emerge. The
raspberries in the transition area, although unlikely, could be a secondary
breeding site (Miller and Willams 1982); however, our observations suggest
that S. geminata will aggregate in raspberries in relatively small numbers un
less extensive amounts of fruit are left to rot on the ground.
The data indicate that the captures in late May and early June are the mi
gration of adult S. geminata from their overwintering site to their reproduc
tive site. The first peaks in the strawberry plantings were around 3 to 5 weeks
after ripe berries were present in the field. This time period between migra
tion and the first new adult generation reflects findings by Gertz (1968) which
claimed that S. geminata development time was between 2 and 4 weeks.
There were some differences between the populations of the two years.
The biggest change was the S. geminata population increased dramatically to
43,862 in 1994 over the 28,559 caught in 1993. Through this drastic increase,
however, the percentage of S. geminata in relation to the total nitidulids cap
tured per year remained nearly constant (62% in 1993 and 59% in 1994). This
suggests that, presumably due to either favorable climate or an abundant food
supply, 1994 was simply a good year for sap beetles in this particular area. An
additional variation occurred in the magnitude of the smaller peaks. In 1993,
during the last week in May and the third week ofAugust, minor peaks were
observed. In 1994, however, this trend was not detectable with the higher
population. Finally, the transition area peak during week 10 of 1994 was
much greater proportionally than its respective peak in 1993. One possibility
for this difference was the addition of another strawberry patch approxi
mately 100 meters south of the study patch but within 10 meters of two of the
transition area traps.
In conclusion, this study gives further support to the hypothesis that S.
geminata has a spring migration from its overwintering sites to its primary
reproductive site. The migration is accomplished by a series ofshort flights or
walks. Migration occurs in mid to late May. There is a period of time, prior to
the ripening of the berries, when S. geminata are concentrated in areas sur
rounding the strawberry plantings. A basic understanding of the movement
and migration of the strawberry sap beetle facilitates pest management
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strategies such as biological or cultural control methods, or the use of toxic
baits. Concentrating properly timed control measures on the transition areas
where the migration occurs will reduce the damage to ripening fruit caused by
this pest and reduce chemical residues on the fruit. A post harvest application
of an appropriate insecticide, targeted at the newly emerging beetles, will re
duce carry over of this pest to crops that mature later in the season. This
would also help to reduce the population in subsequent years. This practice of
disrupting the migration of S. geminata may prove helpful in the control of
other pest insects as well.
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CALL/BAETIS PRETIOSUS (EPHEMEROPTERA: BAETIDAE)
FROM PENNSYLVANIA: NEW DISTRIBUTION RECORD
R.D. Waltz 1 James B. Munro 2
ABSTRACT
Larvae of Callibaetis pretiosus were collected from a wet-weather pool in
Monroe County, Pennsylvania. This record represents a significant northward
increase in the known distribution of this species which had previously been
reported only from Alabama, Florida, Georgia, North CarolIna, Tennessee,
Texas, and Virginia.
The larva of Callibaetis pretiosus Banks was first described by Berner and
Pescador (1988), who summarized the currently known biological and distrib
utional data for this species based on their studies of southeastern mayflies.
One of us (JBM) encountered several larvae of a Callibaetis Eaton species
which matched the description of C. pretiosus provided by Berner and
Pescador (1988) and failed to match descriptions of other known Callibaetis
larvae (e.g., Berner and Pescador 1988, Burks 1953). The larva of C. pretiosus
possesses at least one distinctive morphological character which makes it
unique among known Callibaetis larvae, i.e., a shortened maxillary palp (see
Berner and Pescador 1988 for characterization and figures).
Callibaetis pretiosus was originally described from Virginia by Banks
(1914), reported by Berner (1977) from Alabama, Florida, Georgia, North Car
olina, and Tennessee, and was most recently reported by McCafferty and
Davis (1992) from Texas. The collection ofC. pretiosus from Pennsylvania ex
tends the known distribution of this species northward beyond the southeast
ern-restricted distribution previously known (McCafferty and Waltz 1990).
Report of this northeastward distribution is similar to that of Procloeon viri
docularis Berner (Waltz and Munro 1996), also a species whose previously
known distribution was only from the southeast.
The habitat from which the Pennsylvania larvae were collected was a
small pool in the middle of an open, mown field. Mature larvae were collected
on 18 July, 1995, from a wet weather pool, subject to drying in late spring or
summer. The pool had completely dried by 25 July.
Voucher specimens are deposited at Purdue University, Purdue Entomo
logical Research Collection, West Lafayette, Indiana.

lIDNR, Division of Entomology and Plant Pathology, 402 West Washington, Room
W-290, Indianapolis, IN 46204.
2East Stroudsburg University, Department of Biological Sciences, East Strouds
burg, PA 18301.
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A NEW LARVAL RECORD OF PERL/NELLA DRYMO
[PLECOPTERA: PERLIDAE) FOR MICHIGAN
Ethan Bright l

ABSTRACT
The presence oflarvae of Perlinella drymo in Michigan is documented for
the first time. A total of7 individuals were collected from Iron Creek, a tribu
tary of the River Raisin watershed located in southeastern Michigan. Gut
analysis of one specimen provided evidence for a carnivorous diet. The loca
tion from which larvae were collected indicate a preference during winter for
stabilized undercut banks with little or no flow and accumulated organic de
bris upon sand and gravel substrate.
Perlinella drymo (Newman) is a widespread but infrequently encountered
perlid stonefly ranging from Nova Scotia westward to Minnesota, and south
ward to Florida and Texas (Stewart and Stark 1988). Three previous records
of P. drymo exist for Michigan (Kondratieff et aL 1988): two adult females
from the Rifle River in Arenac Co. (lower peninsula), one adult female from
the Sturgeon River in Baraga Co. (upper peninsula), and one adult male from
an unknown locality and described as Perla trivittata by Banks (1895), since
synonymized with P. drymo by Needham and Claassen (1925). Two species of
genus Perlinella are found in the western Great Lakes region: P. drymo and
p. ephyre (Newman) - and are primarily recorded from streams draining into
the Mississippi watershed (Fig. 1). There are as yet no records of P. ephyre
from Michigan. Both species have been more frequently encountered in
streams in Illinois, Indiana, Wisconsin and Ohio (S. Szczytko, S. Krauth, and
D. Yanega, pers. comm.), although no records are known from Ontario (D. Bar
ton, pers. comm.).
On 4 September 1994, a small « 3 mm length) Perlinella larva was col
lected at Iron Creek at Sheridan Rd. (Washtenaw Co., T4S R3E, Sec. 29,
SE1J4). Because of the small size of the specimen, it was impossible to iden
tify it to species using known morphological characters (Kondratieff et al.
1988). Sampling was undertaken at a site ca. 750 m upstream (Van Tyle Rd.,
Washtenaw Co., T4S R3E, Sec. 29, SW1J4) to collect later instar specimens in
order to verify species identity.
SITE DESCRIPTION
Iron Creek is a small tributary of the River Raisin, a largely agricultural
watershed located in southeastern Michigan. With an eastward aspect, the
stream flows from areas of glacial till (moraine and ground moraines) into the
lInsect Division, Museum of Zoology, University of Michigan, Ann Arbor, MI48109
1079.
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Distribution of Pertinella
• P.drymo
... P.ephrye
• P. drymo (new record)

Figure 1. Distribution of Perlinella drymo and P. ephyre in the western Great
Lakes Region. Circles denote previous records of P. drymo; triangles denote P.
ephyre, and the star denotes the new record for P. drymo.

outwash and glacial channels of the River Raisin. The stream is approxi
mately 4.5 m wide and approximately 0.25-0.50 m deep in the thalweg dur
ing winter baseflow. Stream water quality is generally good: conditions mon
itored during this study indicated percent oxygen saturation in excess of 95%,
specific conductance < 280 pS cm-!, and turbidity <4.0 NTU. Compared to
many other streams in the River Raisin watershed, Iron Creek remains
largely unaffected by agricultural land-use practices such as channelization,
removal of riparian vegetation, and field tiling. The meandering channel flows
through an area of relatively undisturbed riparian forest, and there appears
to be little human-related disturbance to vegetated stream banks.
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METHODS
Leaf packs were constructed by placing leaves of deciduous riparian trees
(principally Acer saccharum, A saccharinum, A rubrum, and TWa ameri
canus) into nylon nets weighted down by bricks. These were then placed, on B
October 1995, into stream habitats - undercut banks, rimes, pools and areas
of silt deposition - and collected approximately nine weeks later. A D-net was
placed immediately downstream during lifting of leaf packs to capture any
dislodged specimens. A 1 m2 area around each habitat in which the leaf pack
was placed was kick-sampled after leaf pack removal. Other stream habitats
- pools, rimes, logjams, and depositional areas - were also sampled with the
D-net. All specimens were preserved in 70% alcohol for later identification.
One collected specimen of P. drymo was cleared for gut analysis by heating in
BN KOH for approximately 12 min, then dehydrated in 200% ethyl alcohol for
2 min, after which it was placed in cedar oil for 3 min, and slide-mounted in
Euparal.
RESULTS AND DISCUSSION
A total of six larvae of P. drymo were collected from Iron Creek between
27 December 1995 and 1 March 1996. These were collected only nearby «
0.25 m) and below undercut banks well-stabilized with woody roots of ripar
ian vegetation with little or no flow during baseflow conditions (0.00 - 0.05 m
3S·1), and had accumulations ofleafand wood material upon sand and gravel
substrates. A leaf pack placed under a stream overhang yielded one male P.
drymo larva, with subsequent kick sampling at that spot yielding an addi
tional male specimen. A second leaf pack placed just above (ca. 1 m) a sub
merged log <0.25 m from another stream overhang yielded three additional
specimens, one male and two females. Specimens collected at the end of De
cember ranged in size from 9.B - 10.5 rom in length (one specimen damaged),
with females slightly larger than males. Kick sampling below another under
cut bank on 1 March 1996 yielded an additional female, 14.8 mm in length.
Leaf packs and D-net sampling in other stream habitats-rimes, depositional
areas, and pools - yielded no specimens of P. drymo.
The cleared specimen revealed a well-preserved chironomid head capsule
(Orthocladiinae) towards the rear of its gut, and remains of Allocapnia (Ple
coptera: Capniidae) cerci, palpi and a lacinia throughout the gut. Frison
(1935) reported chironomids in a dissection of a P. drymo larva, but other taxa
obviously form a part of its diet as well. Indeed, the high density of both win
ter stoneflies (one leaf pack contained more than 800 Allocapnia individuals!)
and chironomids in the habitats where larvae were collected afford plentiful
prey.
Perlinella drymo larvae in Iron Creek during winter apparently prefer
stabilized undercut banks with little or no flow and accumulated leaf and
wood debris. Both Frison (1935) in Illinois and Stewart and Stark (1988) in
Texas and Oklahoma have also collected P. drymo in substrates with accu
mulated debris. Whereas the former author found larvae in areas ofswift cur
rent, the latter authors have made collections from the stream-bank interface.
Kondratieff (pers. corom.) has also taken specimens from undercut banks.
These habitats typically are found in undisturbed, meandering southern
Michigan streams. It is expected that sampling in nearby undisturbed
streams will yield additional specimens. Unfortunately, agricultural activities
- particularly channelization, field tiling and disturbance or removal of ripar
ian vegetation - can degrade or eliminate stream habitats apparently favored
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by P. drymo larvae in winter by affecting fluvial parameters such as storm
flow, bank stability, sediment delivery and substrate conditions. These factors
may contribute to its rarity in southern Michigan.
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NEW RECORDS OF FIVE GROUND BEETLES FROM OHIO
(COLEOPTERA: CARABIDAE)
Foster F. Purrington and R. Chris Stanton 1

ABSTRACT
Five ground beetles (Carabidae), Carabus sylvosus, Elaphrus american us,
Cyclotrachelus incisus, Piesmus submarginatus and Amara crassispina are
reported from Ohio for the first time.
We newly report Carabus sylvosus Say (Carabini), Elaphrus americanus
Dejean (Elaphrini), Cyclotrachelus incisus (LeConte) (Pterostichini), Piesmus
submarginatus (Say) (Pterostichini) and Amara crassispina LeConte (Zabrini)
from Ohio. These captures represent new records of ground beetles for the
state (Bousquet & Larochelle 1993). Davidson (1995) mentions having seen
specimens of P. submarginatus from Ohio, without noting provenience, col
lector, repository or collection dates. Voucher specimens of all six species are
kept by F. F. Purrington at the Department of Entomology, The Ohio State
University, Columbus.
Carabus syluosus, C. incisus andP. submarginatus were taken in 1995 by
pitfall trapping, and by black-light as part of a joint U.S. Forest Service/Ohio
State Uruversity project in the Vinton Furnace Experimental Forest near
Dundas, Vinton County (leased from Mead Paper Co.), and near Kitts Hill in
Lawrence Count}', both locations within the Wayne National Forest, where a
long-term ecolOgical study is underway to generate information on impacts of
prescribed burning upon plant and animal communities. During the trapping
season (mid-May to October 1995), 43 C. sylvosus were taken, all at the Vin
ton Co. site: 23 during June, 13 in July, one in August and six in September.
Like most Carabus it is flightless. C. incisus also was found only in Vinton
Co., a total ofeight in all months from May to September. Davidson (1995) re
ported C. incisus from forest litter in western Virginia (June and July 1991)
and confirmed older Pennsylvania records, noting significant non-elinal dif
ferences in aedeagal armature between these easternmost specimens and oth
ers from Nebraska and Illinois. It is flightless like all other Cyclotrachelus.
We collected three P. submarginatus, at both the Vinton Co. site and in
Lawrence Co. at Kitts Hill, during August, September and October. Davidson
(1995), in newly reporting this species from Virginia, notes having seen Ohio
!!pecimens, probably referring (at least in part) to a male he identified for
F.F.P. taken September 1992 in Ross Co. (Scioto Trail State Park). Kip Will (in
litt.) collected two adults 9 October 1993 in Fairfield Co. (Madison Twp.). This
uncommon ~ound beetle, evidently associated with a mesic forest habitat, is
distributed In southeastern states (Bousquet & Larochelle 1993). Since this
species is not treated by Lindroth (1961-1969), we include the following notes:

IDepartment of Entomology, The Ohio State University, Columbus, OH 43210.
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Adult (length: 13 mm) shiny brown with slight dorsal and ventral irides
cence. Elytra nearly parallel-sided, each with two dorsal setiferous punctures,
both situated behind the midpoint on the third interval; striae strongly punc
tulated; humeral tooth sharp and prominent. The pronotal base is more-or
less completely punctate, and weakening punctuation extends forward in the
slight lateral explanations; pronotal sides sinuous posteriad, rear angles
prominent and about right; basal foveae linear; meso-sternum laterally pun
tulated. Ultimate tarsomeres are ventrally non-setose. The clypeus and
labrum are somewhat emarginate; mandibles slightly produced; mentum
tooth prominent and simple; palps fusiform. The flight wings seem fully de
veloped, with reflexed tips, so it may prove to be flightworthy.
Elaphrus americanus was collected 15 May 1977 in Ashland Co. by R.M.
Ritter (determined by D. Shpeley) andAmara crassispina in Wooster, Wayne
Co. by F.F.P. 10 July 1988 (det. G.E. Ball). [Note: the major portion of the R.M.
Ritter Insect Collection, including many Carabidae, is maintained at The
Stark Wilderness Center, Wilmot, Stark Co., Ohio (Purrington et al. 1989)].
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POLISTES DOMINULUS (HYMENOPTERA: VESPIDAEj
FOUND IN MICHIGAN
Timothy M. Judd! and James M. Carpenter2

On 25 May 1995, a single foundress colony of Polistes dominulus (Christ)
was discovered on a study site at Oakland University in Rochester, Michigan
(Oakland County). This is the first record of Polistes dominulus in the state of
Michigan. The nest was constructed in a nest box set out for Polistes fuscatus
(Fabricius), The nest boxes are small wooden boxes with a screen on one end
to allow wasps to fly in and out but to prevent vertebrates from reaching
them. They are painted brown on the outside and white on the inside. The
boxes are suspended from a wooden cross piece attached to a metal
the
box hangs about 1 meter from the ground. 'Ib minimize any threat
sur
vival of the newly-discovered colony, a worker was collected at night on 31
July for identification when the colony contained about 20 workers. The
voucher specimen has been deposited at the American Museum of Natural
History,
Polistes dominulus is a Palearctic species, where it is common from the
Mediterranean region to China (Guiglia 1972). Polistes dominulus was first
reported in the United States from Cambridge, in Middlesex Co., Massachu
setts (Hathaway, 1981, under the name Polistesgallicus). By 1981, it had
spread to other nearby towns in the Boston area. Since then, this species has
been reported from New Jersey (Jacobson 1986), Maryland (Staines and
Smith, 1995), Pennsylvania and upstate New York (Jacobson 1991a), north
ern Ohio and probably Vermont (Jacobson 1991b, 1994), and Connecticut
(Menke 1993). Aside from the United States, the species has established itself
in Australia (Richards 1978) and Chile (Willink and Chiappa 1993),
This species appears to prefer sheltered nesting sites in the U.S., mostly
around human habitations. For example, in New York City it is now the most
common paper wasp in such exotic locales as Central Park, and this is also
true in the Boston area. TMJ has also seen it in abundance in suburban Buf
falo. In these cities, the adventive P. dominulus may have displaced the na
tive P. fuscatus to some extent, or may simply be an more accomplished synan
thrope, much like Vepsula germanica (Fabricius), which is now a very
widespread and common vespine in North America (Akre et aI, 1981). Unfor
tunately, both the pathway of entry into the U.S., and the mode of spread, are
unknown. Commercial freighter shipping through the Great Lakes region
should be viewed as a possible mode of distribution. Clearly, the range of P.
dominulus is expanding, and continued documentation of its spread and in
teraction with native species is desirable.

lDept. of of Biology, Oakland University, Rochester, MI48309.
2American Museum of Natural History, Department of Entomology. Central Park
West at 79th Street, New York, NY 10024.
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