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PRELIMINARY SURVEY OF THE TERRESTRIAL ISOPODS (ISOPODA),
MILLIPEDES (DIPLOPODA), HARVESTMEN (OPILIONES), AND
SPIDERS (ARANEAE) OF TOFT POINT NATURAL AREA, DOOR
COUNTY, WISCONSIN
Bruce A. Snyder1, Michael L. Draney1*, John L. Kaspar2, Joel Whitehouse3

ABSTRACT
Toft Point Natural Area is a National Natural Landmark owned and
managed by the University of Wisconsin – Green Bay and located on the Lake
Michigan shore of Wisconsin’s Door Peninsula. With twelve biotic communities
on 700 acres, Toft Point contains considerable biological diversity. We conducted
a preliminary survey of the arachnids (spiders and harvestmen, excluding mites
and pseudoscorpions), millipedes (diplopods), and terrestrial isopods (Isopoda:
Oniscoidea).
Sampling occurred on three dates in 2001 using leaf litter collection with
Berlese extraction and a timed collection by hand that incorporated a variety of
techniques. Specimens from a 1992 survey and assorted collecting events were
also used to compile a species list. The list includes five isopods, four millipedes, six harvestmen, and 113 spiders, including 16 new state records (two
millipedes and 14 spiders) and 90 new Door County records. Litter collection
and sampling in wetland habitats were both especially productive.
____________________
Toft Point Natural Area, a National Natural Landmark, encompasses
700 acres on Wisconsin’s Door Peninsula. It is owned and managed by the University of Wisconsin – Green Bay and is protected as a State Natural Area
(Wisconsin Department of Natural Resources 1999). Toft Point is on the Lake
Michigan shore just east of the town of Baileys Harbor (Figure 1, inset). This
peninsular location on the shore of this immense lake results in a climate that
is unusually cool in summer and relatively mild in winter, supporting natural
communities that are unique to northeast Wisconsin.
Two unpublished studies by UW – Green Bay students examined noninsect arthropods at Toft Point. In 1991, Dreux Watermolen reported five individuals of the millipede Narceus annularis (Rafinesque). Watermolen (1995a)
reported this species from another location in Door County. In 1992, Whitehouse
reported 31 spider species in 11 families. These two studies provided a baseline
for our work.
Our objective was to conduct a preliminary survey of the terrestrial isopods, millipedes, harvestmen, and spiders at Toft Point. Knowledge of these
groups is important in the study of community structure as they include predators, herbivores, and detritivores, groups that are very diverse (Araneae) and
depauperate (Isopoda) and highly mobile taxa (Araneae) and relatively poor
dispersers (Diplopoda). The spider survey of Blasczyk et al. (1992), conducted in
a similar setting and nearby location, led us to anticipate finding at least 100
spider species in 16 families at Toft Point.
1
Department of Natural and Applied Sciences, UW – Green Bay, 2420 Nicolet Dr,
Green Bay, WI 54311.
*Corresponding author E-mail: draneym@uwgb.edu.
2
Biology Department, UW-Oshkosh, 132 W. 25th Ave., Oshkosh, WI 54902
3
W6410 Tall Pines Ln, Shawano, WI 54166.
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Figure 1. Map of Toft Point Natural Area showing approximate sampling locations
and natural communities.

METHODS & MATERIALS
Toft Point (Door County, Wisconsin: 45°04´00´´ N, 87° 05´30´´W) is comprised of twelve different biotic communities within 700 acres (Figure 1). G.
Fewless and J. Trick of the UW – Green Bay herbarium provided the following
descriptions of the communities. Upland conifer forest was dominated by Pinus
strobus and Thuja occidentalis. Boreal forest was dominated by Thuja occidentalis,
with Abies balsamea, Picea glauca, Pinus strobus, and Betula papyrifera also
present. Young forest (mountain maple and young conifers) was dominated by
Acer spicatum with a few individuals of Pinus strobus and Betula papyrifera.
White cedar swamp was also dominated by Thuja occidentalis and supported a
few individuals of Larix laricina, Fraxinus nigra, and Betula papyrifera. The
shrub-carr community was dominated by the shrubs Myrica gale, Potentilla
fruticosa, Betula glandulosa, and Salix candida. Sedge meadow was dominated
by Carex stricta, Carex aquatilis, and Calamagrostis canadensis. Open portions
of the open sedge mat were dominated by Carex lasiocarpa and Carex buxbaumii.
The disturbance of waves and the presence of stones of variable size affect the
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vegetation found on the cobble beach. Plant species found there include Veronica
Anagallis-aquatica, Cardamine pensylvanica, Rorippa palustris, Juncus arcticus,
Carex viridula, and Ranunculus flammula. The old field community was dominated by the species Poa pratensis, Poa compressa, Elytrigia repens, Chrysanthemum leucanthemum, Hieracium aurantiacum, and Equisetum arvense with many
other forbs.
Sampling occurred on 8 May, 17 July, and 22 September 2001, at locations indicated in Figure 1. Nine communities were sampled; four (upland conifer, white cedar, young forest, and open sedge mat) were selected for intensive,
replicated sampling using both litter collection and timed collection by hand.
Only litter collection took place in the boreal forest and only collection by hand
took place on the cobble beach and in the sedge meadow. A few specimens were
collected during travel between habitat types. A total of 35 samples were collected: 15 litter samples and 20 collections by hand.
The litter collection method consisted of one concentrated, pooled sample.
Handfuls of litter taken from various microhabitats at the site were shaken
through a sieve into a cloth bag. This concentrated litter was transferred into a
standard 4 L canvas bag and heat/light extracted via Berlese funnel for three
days. Specimens were extracted into a 50/50% propylene glycol/water mixture,
which was subsequently rinsed with water in a standard 200 µm sieve and
transferred into clean 70% ethanol.
The timed collection by hand consisted of 0.5 person-hour of collecting.
This technique is a variation of the methods used by Coddington et al. (1991). A
combination of techniques were used which, depending on a site’s vegetation,
included sweeping herbaceous vegetation, brushing/shaking woody vegetation
onto a nylon beating sheet, searching by hand within vegetation and at ground
level, and turning over rocks and logs. These techniques were intended to produce arthropods not revealed by other methods. These were put directly into
70% ethanol upon collection. All specimens were separated from vegetative
material, sorted into groups (isopods, millipedes, harvestmen, and spiders),
and placed in clean 70% ethanol for determination.
Whitehouse’s 1992 survey consisted of three three-day collecting trips
(18-21 June, 10-12 July, and 14-16 August). Sweep netting was conducted in the
sedge meadow, shrub carr, and old field communities. Pitfall traps, each a 2 L
plastic bottle with its top portion removed, set into the ground were used in the
upland conifer forest and old field communities. Ethanol was used as a preservative. Traps were used on two of the sampling trips and were left for three days
before collection. Leaf litter searches consisted of selecting several 0.5m × 0.5m
areas, placing all litter from this area on a white bed sheet and sorting all
spiders from this litter. On two of the sampling trips, five to seven points were
selected in the upland conifer forest and three to five points were selected in the
boreal forest. Visual day searches were conducted in the old field, sedge meadow,
shrub-carr, white cedar swamp, upland conifer forest, and boreal forest, with
special attention being paid to cryptic habitats. Visual night searches were also
conducted in the upland conifer forest, old field, and boreal forest on one sampling trip.
Other specimens from Toft Point were also included in our study: those
collected by Whitehouse in 1992, by Draney in 2002, and specimens referred to
Draney by G. Fewless from collection by hand in 1994 and A. Opiola from litter
collection in 2002. Draney determined harvestmen and spiders; some determinations were provided or confirmed by Kaspar and D. Buckle. Kaspar and Draney
reexamined specimens from Whitehouse’s 1992 work. Snyder determined millipedes based on original descriptions (Chamberlin 1922, Shear 1972, Hoffman
1974, Shelley 1998) and isopods using a key (Jass and Klausmeier 1996b)
aided by Hopkin’s (1991) descriptions and drawings. Spider nomenclature is
based on Platnick (2004); plant nomenclature on Gleason & Cronquist (1991).
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New spider state and county records are based on Cokendolppher & Lee (1993),
Buckle et al. (2001), Kaspar’s unpublished county level list, and that of J. Jass
of the Milwaukee Public Museum. All specimens have been deposited in the
Richter Museum at UW – Green Bay.
RESULTS
Isopoda: Of 11 known Wisconsin species (Jass & Klausmeier 1996a), five
were found in our survey, that yielded 423 individuals. New county records are
Trichoniscus pusilius Brandt and Hyloniscus riparius (C. L. Koch) (Jass &
Klausmeier 1996a). The most abundant were Trachelipus rathkei (Brandt) and
H. riparius with T. rathkei most widespread. This reflects the fact that T. rathkei
is the most common and widespread isopod in Wisconsin (Jass & Klausmeier
1996a). Isopods were effectively collected by both methods.
Diplopoda: Among 326 specimens were four species. Ophyiulus pilosus
(Newport) was the most common. Two new state records were Cleidogona celerita
Williams & Hefner and Pseudopolydesmus sp. Of special interest is Petaserpes
mutabilis (Causey): this species has rarely been reported from Wisconsin, and is
a new county record (Watermolen 1995b). Cleidogona celerita and P. mutabilis
were only collected by the litter method, while the other two species were collected with both methods.
Opiliones: Six species in three families were collected, all collected by
hand. Caddo agilis Banks appears to be a parthenogenetic species: males have
never been found (Shear 1975). Our survey also only found females.
Araneae: We determined 113 species in 17 families, including four species
determined only to genus and three probably undescribed species of Linyphiidae.
Eighty-five species are new county records, 14 of which are also new state records.
Most new state records (86%) were collected in the wetland habitats of the open
sedge mat, sedge meadow, or white cedar swamp. All three of the probable new
species were also collected in a wetland habitat (open sedge mat).
Three new state records are also range extensions. Southern range extensions are Araneus groenlandicola (Strand), which is found as far north as
Greenland and near Hudson Bay in Canada (Levi 1971), and Glyphesis idahoanus
(Ch. ), which has been found in Idaho and several Canadian provinces (Buckle et
al. 2001). A western range extension is Cheniseo fabulosa Bishop & Crosby
which has only been reported from New York, from the type specimen and paratype
(Bishop & Crosby 1935, Buckle et al. 2001).
Nineteen species in 11 families were determined only from Whitehouse’s
1992 material and four species, including three new county records, were from
specimens not collected in either the 1992 or 2001 surveys (Table 1). Eleven
species in five families were found in both the 1992 and 2001 surveys. In total,
the material from Whitehouse represents 30 species in 11 families including 21
new county records, six of which are also new to Wisconsin.
The 2001 survey collected 90 species in 17 families, of which 79 species
were found only during this survey. These 90 species include 67 new county
records, 11 of which are also reported here as new to Wisconsin (Whitehouse
collected three of these in 1992). Approximately 19% of 1316 individuals collected were adults. Fifty (55.6%) species were collected by hand and 35 (38.8%)
were taken by the litter method. Only 5 (5.6%) species were collected by both
methods. Thirty-nine (58.2%) new county records were collected only by hand,
including four new state records and 25 (37.3%) were taken only by the litter
method, including seven new state records. All three probable new species were
taken using litter collection. Three (4.5%) new county records were collected
using both methods.

Araneae
Agelenidae
Amaurobiidae
Araneidae

Phalangiidae

Opiliones
Caddidae
Gagrellidae

Diplopoda
Cleidogonidae
Julidae
Polydesmidae
Polyzoniidae

Isopoda
Cylisticidae
Porcellionidae
Trachelipidae
Trichoniscidae

Family

MJ
MJ
M

M

BF

Agelenopsis utahana (Ch. & I.)*
Amaurobius borealis Emerton*
Araneus groenlandicola (Strand)**
Araneus marmoreus Clerck*
Araneus saevus (L. Koch)*
Araniella displicata (Hentz)*
Argiope aurantia Lucas

Caddo agilis Banks
Leiobunum vittatum (Say)
Leiobunum ventricosum (Wood)
Leiobunum calcar (Wood)
Phalangium opilio L.
Odiellus pictus (Wood)

Cleidogona celerita Williams & Hefner** M
Ophyiulus pilosus (Newport)
MJS
Pseudopolydesmus sp.**
Petaserpes mutabilis (Causey)*
MJS

Cylisticus convexus (DeGeer)
Porcellio spinicornis Say
Trachelipus rathkei (Brandt)
Hyloniscus riparius (C. L. Koch)*
Trichoniscus pusilius Brandt*

Species

JS
J

S

M
S

S
MS

CB

Table 1. Species List for Toft Point Natural Area, Door County, Wisconsin.
LS

A1

MS
M
M

S

Habitats
OF
OS
SC

S

S

J

SM

MS

SW

W
W

J

MS
MJS

MJS
MJS

M

UC

MS
MJS

YF

J
M

S

J

JS

J
J

MS MJS
MJS MJS
MS

M

WC

H
H

H
L
H
H

H
H
H
H
H

L
HL
HL
L

L
H
HL
HL
L
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Argiope trifasciata (Forskal)
Cyclosa conica (Pallas)*
Hypsosinga pygmaea (Sundevall)*
Hypsosinga rubens (Hentz)*
Larinioides cornutus (Clerck)
Larinioides patagiatus (Clerck)*
Mangora gibberosa (Hentz)*
Mangora placida (Hentz)*
Neoscona arabesca (Walckenaer)
Zygiella nearctica Gertsch*
Clubiona norvegica Strand**
Clubiona riparia L. Koch
Castianeira descripta (Hentz)
Phrurotimpus alarius (Hentz)*
Phrurotimpus borealis (Emerton)*
Cicurina arcuata Keyserling*
Cicurina brevis (Emerton)*
Emblyna annulipes (Blackwall)*
Emblyna hentzi (Kaston)*
Gnaphosa parvula Banks*
Herpyllus ecclesiasticus Hentz*
Sergiolus sp.
Zelotes sp.
Antistea brunnea (Emerton)*
Bathyphantes pallidus (Banks)*
Centromerus denticulatus (Banks)**
Centromerus longibulbus (Emerton)**
Centromerus persolutus (O. P.-Cambr.)*
Centromerus sylvaticus (Blackwall)*

Species

S

W

BF

J

S

J

J

CB

LS

W

W

S

M

J

J

S

J

J

Habitats
OF
OS
SC

W

W

JSW

JSW

W

SM

MS

W

J

M

S

UC

MS
M
MS

S

M

M

WC

S
S

M

H

J

L
L
L
L

L
L
L

H

L
L

H
H

H
H

H
H
H
H
H
H
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Gnaphosidae

Dictynidae

Corinnidae

Clubionidae

Family

Table 1. Continued.
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Family
Ceraticelus emertoni (O. P.-Cambr.)*
Ceraticelus fissiceps (O. P.-Cambr.)*
Ceraticelus micropalpis (Emerton)*
Ceratinops sp. Prob. N.
Cheniseo fabulosa Bishop & Crosby**
Erigone atra Blackwall
Glyphesis idahoanus (Ch.)**
Grammonota gigas (Banks)**
Grammonota ornata (O. P.-Cambr.)**
Grammonota pictilis (O. P.-Cambr.)*
Grammonota vittata Barrows*
Helophora insignis (Blackwall)*
Hybauchenidium cymbadentatum
(Crosby & Bishop)*
Hypselistes florens (O. P.-Cambr.)*
Incestophantes calcaratus (Emerton)**
Islandiana flaveola (Banks)*
Unknown sp. cf. Islandiana
Lepthyphantes alpinus (Emerton)**
Meioneta fabra (Keyserling)**
Neriene clathrata (Sundevall)*
Oreonetides sp. Prob. N.
Pityohyphantes costatus (Hentz)*
Pocadicnemis americana Millidge*
Satilatlas arenarius (Emerton)*
Sisicottus montanus (Emerton)*
Sisicus penifusifer Bishop & Crosby
Tapinocyba simplex (Emerton)
Tenuiphantes sabulosus (Keyserling)

Species

Table 1. Continued.

S

S

BF

M

J

CB

LS
A2

S

S

M
M

M
S
J

Habitats
OF
OS
SC

W

W

W

JW

SM

W

M
J

W

SW

JS

MJ

UC

MS
S

M

M

S

M

J

L
L
H
L
H
L
L
L
L

H
L
L

L

M

HL
L
L
L
HL
L
L
L
H
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MJS

YF

S

M

M

WC
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BF
M

Species
Tenuiphantes zebra (Emerton)
Walckenaeria communis (Emerton)*
Agroeca ornata Banks*
Pardosa distincta (Blackwall)
Pardosa fuscula (Thorell)*
Pardosa moesta Banks*
Pirata insularis Emerton
Pirata montanus Emerton*
Pirata piraticus (Clerck)*
Schizocosa sp.
Trochosa terricola Thorell*
Philodromus imbecillus Keyserling*
Philodromus placidus Banks*
Philodromus rufus quartus Dondale &
Redner*
Tibellus maritimus (Menge)*
Tibellus oblongus (Walckenaer)*
Pisaurina prob. brevipes (Emerton) **
Admestina wheeleri Peckhams*
Eris militaris (Hentz)
Naphrys pulex (Hentz)*
Pelegrina flavipes (Peckhams)*
Pelegrina insignis (Banks)*
Pelegrina proterva (Walckenaer)*
Phidippus clarus Keyserling
Salticus scenicus (Clerck)
Synageles noxiosus (Hentz)*
Zygoballus nervosus (Peckhams)*
Leucauge venusta (Walckenaer)*
A3

N

J

CB

M

LS

W

S

J
J

Habitats
OF
OS
SC

M
S

W

W

W
S
W

MJ

SM

M
M

M

MS

UC

W

S

S

J
J

J
S

S
M

WC

S
S

S

M
M

YF

H
H
H

H
L
H
H
H
H
H

H

H
H
H
L
H
L
H
H
H

HL
L
HL
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Tetragnathidae

Pisauridae
Salticidae

Philodromidae

Liocranidae
Lycosidae

Family

Table 1. Continued.
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Pachygnatha xanthostoma C. L. Koch*
Tetragnatha caudata Emerton*
Tetragnatha elongata Walckenaer*
Tetragnatha extensa (L.)**
Tetragnatha laboriosa Hentz
Tetragnatha pallescens F. O. P.-Cambr.*
Tetragnatha versicolor Walckenaer*
Argyrodes trigonum (Hentz)*
Enoplognatha caricis (Keyserling)*
Enoplognatha ovata (Clerck)*
Euryopis sp.
Robertus banksi (Kaston)*
Steatoda albomaculata (De Geer)*
Steatoda borealis (Hentz)
Takayus lyricus (Walckenaer)*
Theridion differens Emerton
Theridion glaucescens Becker
Misumena vatia (Clerck)
Ozyptila distans Dondale & Redner*
Xysticus ellipticus Turnbull et al.**
Xysticus gulosus Keyserling*

Species

M

W

BF

A3

J

J

CB

LS

W
W

M

J

Habitats
OF
OS
SC

W

W

JW
J
JW
W

J

SM

A2

J

JW

J
JS

UC

M

JW

S

WC

J
J

J

J

YF

H

L

H
H
H

H
H
H
H
H
H
H
H
H
H
L
L
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*=Door County Record; **=Wisconsin State Record.
Habitats: BF - Boreal Forest; CB - Cobble Beach; LS – Lakeshore; OF – Old field; OS - Open Sedge Mat; SC – Shrub-carr; SM – Sedge
Meadow; UC - Upland Conifer Forest; WC - White Cedar Swamp; YF - Young Forest;.
Phenology data: M=May, J=July, S=September, N=November (Snyder/Draney data); italics refers to immature specimens, otherwise
only adult specimens were used; W=Collected by J. Whitehouse, 1991-1992; A=Additional specimens from various collectors. A1 = G.
Fewless, October 1994, Open area on sandy soil. A2 = A. Opiola, Summer 2002. A3 = M. Draney, October 2002.
Methods (refers to Snyder/Draney data): L = Litter H = Collection by hand.

Thomisidae

Theridiidae

Family

Table 1. Continued.
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DISCUSSION
Our combination of methods produced many spider species with little
overlap: only five species were collected by both methods. Litter collection yielded
the most new state records and many rare species. Temporal spacing of sampling events was necessary to find the most spider species in an adult state,
since many spiders cannot be identified to species in an immature state. Every
habitat subjected to repeat sampling yielded species unique to that habitat.
The vast majority of new state record species were found in certain habitat types: sampling wetlands proved a very important component of this survey.
Discovery of so many new spider state records in wetland habitats suggests that
Toft Point has a truly unique wetland spider fauna, but more likely suggests
that wetland habitats in Wisconsin are undersampled relative to other habitat
types. The results shown here represent only a few days of fieldwork on a site
rich in habitat diversity. Both the minimal amount of overlap between the 1992
and 2001 surveys and a large number of unique species found in auxiliary collections (those by Fewless or Opiola) are evidence that many more species remain
to be reported here. Clearly, much work remains in order to provide a complete
list of the fauna at Toft Point and throughout Wisconsin.
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TOLERANCE OF PLANT MONOTERPENES AND DITERPENE ACIDS
BY FOUR SPECIES OF LYMANTRIIDAE (LEPIDOPTERA)
EXHIBITING A RANGE OF FEEDING SPECIFICITIES
Kenneth F. Raffa1 and Jaimie S. Powell1,2

ABSTRACT
Lymantriidae (Lepidoptera) is a family of leaf-feeding insects that includes some of the most damaging forest pests worldwide. Species within this
family vary widely in feeding specificity. We evaluated the ability of four species, Douglas fir tussock moth (Orgyia pseudotsugata McDunnough), nun moth
(Lymantria monacha L. ), rusty tussock moth (Orgyia antiqua (L.)), and whitemarked tussock moth (Orgyia leucostigma (J. E. Smith)), to contend with one of
the most ubiquitous and effective groups of plant defense compounds, terpenoids. We selected these species to provide a range of feeding specificities on
conifer hosts, from obligate to occasional. We evaluated the effects of three
monoterpenes (bornyl acetate, limonene, and myrcene) and two diterpene acids
(isopimaric acid and neoabietic acid) on larval performance. Although these
four species differ in their feeding ranges, utilization of conifers as hosts, and
other life history processes, each shows a relatively high tolerance for conifer
terpenes. The mean relative growth rates, relative consumption rates, and
development times were not affected by these monoterpenes and diterpene acids when administered at concentrations present in the foliage of conifers in
which they are most abundant. The most likely explanation seems to be metabolism, as a) no limonene or myrcene were recovered from frass or larvae, and
b) borneol, an apparent metabolite of bornyl acetate, was recovered from frass of
Douglas fir tussock moth, rusty tussock moth, and white-marked tussock moth,
and from tissues of Douglas fir tussock moth and white-marked tussock moth.
____________________
Lymantriidae (Lepidoptera) is a family of folivorous insects with worldwide distribution. It contains some of the most important pests affecting trees
in forest and urban settings (Schaefer 1989). In addition to native defoliators,
several invasive species pose particular challenges to environmental quality
and forest resources. This family of over 350 genera and 2500 species contains
members ranging from monophagous to polyphagous. This diverse range of host
breadths includes both angiosperm and conifer genera. Consequently, lymantriid
larvae encounter a broad range of phytochemicals.
Terpenes are among the largest groups of defensive chemicals occurring in
plants (Gershenzon and Croteau 1991, Langenheim 1994). They occur in both
angiosperm and gymnosperm trees (Staudt et al. 2001), but are generally more
prevalent in the latter, especially conifers. In particular, monoterpenes and
diterpene acids common in conifers exhibit a wide degree of efficacy against a
broad range of herbivores, bacteria, and fungi (Trapp and Croteau 2001). Terpenes can negatively impact herbivores through toxic and deterrent effects
(Gershenzon and Croteau 1991, Langenheim 1994). Toxicity may result from
several mechanisms, including inhibition of ATP formation, interference with
hormone production, and binding proteins or sterols in the gut (Langenheim
1994). Mechanisms of deterrence are less well characterized but may involve
interaction with sensory receptors (Gershenzon and Croteau 1991).
1
University of Wisconsin, 1630 Linden Dr., Department of Entomology, Madison, WI
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Insect herbivores may metabolize phytochemicals, excrete them unchanged,
passively accumulate them in body tissues, or actively sequester them for defense against predators (Blum 1981). Different species employ different mechanisms to process the same phytochemicals. Several characteristics have been
proposed to explain this variation, including feeding breadth (Krieger et al.
1971, Gould 1984, Berenbaum 1991, Osborn and Jaffe 1998) and strategies of
predator avoidance (Bowers and Puttick 1986). It is difficult to draw conclusions based on feeding breadth because most studies have compared taxonomically distant species, or species that feed on distantly related plants or
phytochemicals. Therefore, we evaluated four species within a single family,
that have overlapping host ranges, and whose behaviors range from specialist to
generalist. In a more detailed study, we conducted similar evaluations of a fifth
lymantriid, the highly polyphagous gypsy moth, Lymantria dispar (L. ), (Powell
and Raffa 2003).
The Douglas fir tussock moth, Orgyia pseudotsugata (McDunnough), is a
specialist on conifers, feeding on only 2 genera. It is one of the most important
pests of Douglas fir, Pseudotsuga menziesii, white fir, Abies concolor, and grand fir,
Abies grandis, in western North America (Wallner 1989). The nun moth, Lymantria
monacha (L. ), feeds primarily on conifers, and to a lesser extent on angiosperms.
Preferred conifer hosts include Picea, Pinus, Larix, and Abies (Grijpma 1989). Its
native range extends from Western Europe to Siberia, and from southern
Scandinavia to northern Spain, Portugal, Italy, Greece and Bulgaria (Grijpma
1989). The rusty tussock moth, Orgyia antiqua (L. ), is found worldwide in northern regions. It feeds on all conifer genera except Juniperus, and on over 50 species
of angiosperms (Wallner 1989). White-marked tussock moth, Orgyia leucostigma
(J. E. Smith), feeds on over 140 tree species. Host trees are primarily angiosperms,
but include some conifers. Its geographic range includes most of the central and
eastern United States, and southern Canada (Wallner 1989).
The purpose of this work was to a) evaluate effects of various terpenes on
lymantriid larvae displaying a range of feeding specificities, and b) explore
general categories by which lymantriid larvae likely contend with these
phytochemicals.
MATERIALS AND METHODS
Insect sources and rearing. Douglas fir tussock moth egg masses were
field collected in Idaho and Oregon, and obtained from a laboratory colony maintained by the Canadian Forest Service in Victoria, British Columbia, Canada.
Nun moth egg masses were obtained from laboratory colonies maintained by
the USDA Forest Service in Ansonia, Connecticut, USA. Rusty tussock moth
and white-marked tussock moth egg masses were obtained from laboratory
colonies maintained by the Canadian Forest Service in Sault Sainte Marie,
Ontario, Canada. All experiments were performed at the University of Wisconsin, Madison, Wisconsin, USA, except those with nun moth, which were performed at the USDA Forest Service Laboratory in Ansonia due to quarantine
restrictions.
Upon receipt, egg masses were surface sterilized in a solution of 97% (v/v)
deionized water, 1% (v/v) tween (Polyoxy-sorbitan monooleate) and 2% (v/v)
bleach (Chlorox: 5% hyperchlorite) for 3 minutes, then rinsed 3 times in deionized water. Egg masses were allowed to air dry for 30 minutes and placed
individually in large petri dishes (d = 14.0 cm, h = 3.9 cm; TriState Plastics,
Dixon, KY). Upon eclosion, larvae were fed an agar- and wheat germ-based
artificial (ICN gypsy moth) diet. Larvae were reared in growth chambers at 16:8
(L:D) h and 25° C. Larvae were offered fresh diet every other day until they
reached the appropriate stadium. Nun moth larvae were fed agar- and wheat
germ- based artificial diet amended with 3 ml of linseed oil per liter.
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Bioassays. The monoterpenes bornyl acetate, limonene, and myrcene
(Aldrich Chemical Company, Milwaukee, WI) were diluted individually in a
0.75% solution of Triton X 405 (triton) (Aldrich Chemical Company, Milwaukee,
WI) in dH2O before being added to artificial diet (Powell and Raffa 1999). The
diterpene acids isopimaric acid and neoabietic acid (Helix Biotechnologies,
Canada) were dissolved in HPLC grade methanol (MeOH; Fisher Scientific)
before being added to artificial diet (Powell and Raffa 1999). Excess methanol
was evaporated under a gentle stream of nitrogen. Diet was amended with 0. 75
ml treatment per mg wet weight artificial diet.
Larvae showing head capsule “slippage” just before ecdysis were isolated
and placed in large petri dishes as above, without food. After 24 h, newly molted
larvae were weighed and used in experiments. Individual larvae were placed in
40 ml cups (Polar Plastics, Winston-Salem, NC) and fed amended artificial
diet. Newly amended diet was provided every 24 hours for the duration of the
stadium. All uneaten diet was collected daily, dried, and weighed. Development time, relative consumption rates, and relative growth rates were calculated for each instar (Waldbauer 1968). Frass was collected daily and frozen
until chemical analysis. Larvae and exuviae were collected after each larva
molted into the next stadium, and kept frozen until chemical analysis.
Three sets of experiments were performed. In the first set of experiments,
bornyl acetate, limonene, and myrcene were tested individually at 0.01%, 0.1%,
and 1.0%. The controls were distilled water and triton, separately. These
experiments were conducted separately with second, third, and fourth instar
Douglas fir tussock moths, rusty tussock moths, and white marked tussock
moths. An additional group of 10 second instar larvae were tested at 5.0%
bornyl acetate. In the second set of experiments, piperonyl butoxide (PBO), a
broad inhibitor of P450 enzymes (Brattsten and Metcalf 1970), was added to
artificial diet (0.1%) in combination with monoterpenes to explore potential
involvement of these enzymes in terpene metabolism. These experiments were
performed using Douglas fir tussock moth, nun moth, rusty tussock moth, and
white-marked tussock moth. Controls consisted of distilled water, triton, and
PBO. The third set of experiments was conducted with the diterpenes isopimaric
acid and neoabietic acid at 12.5 mg/ml, 25 mg/ml, and 125 mg/ml. The controls
were distilled water and methanol. These experiments were conducted with
second instar Douglas fir tussock moths. Due to uneven availability of insects of
different species, the exact treatment combinations varied within experiments.
Therefore the exact treatments for each insect species – geographic source instar combination are shown at the bottom of Table 1. Likewise, sample sizes
also varied depending on insect availability, with the totals being 449 Douglas
fir tussock moths, 125 rusty tussock moths, 571 white marked tussock moths,
and 88 nun moths. Exact sample sizes for each terpene – dose – instar - geographic source-species combination are in Powell (2002).
Chemical analyses and fate of phytochemical substances. Larvae
were macerated before chemical analysis; frass and exuviae did not require
grinding. Monoterpene analyses were performed as described in Powell and
Raffa (2003). Briefly, monoterpenes were extracted with hexane from frass or
larval tissues for 24 h. The extract was analyzed using a Shimadzu GLC 17A,
fitted with an AOC 20i autosampler (Shimadzu Scientific Instruments, Inc.
Columbia, MD). Separations were performed on a 25 m x 0. 25 mm bonded
fused silica open tubular polyethylene glycol column (Alltech Assoc., Deerfield,
IL). Oven temperature was 60°C for the first 10 minutes, and was increased
10°C per minute for 10 minutes, until 160°C. Helium, the carrier gas, was
maintained at 30 cm per second. Compounds were quantified by comparing
their percentage of the total with the percentage of a known amount of the
internal standard para-cymene (Aldrich Chemical Company, Milwaukee, WI).
The details of our approach to evaluating the fate of terpenes are in
Powell and Raffa (2003). Briefly, terpenes were considered excreted if they
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0.1642
0.4106
0.9527
0.6418
0.1085
0.347
0.2362
0.6265
0.4256

10, 38
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4, 18
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0.5702
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0.78
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1.13
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0.17

0.78
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3.45
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1.08
1.15
0.923
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0.0386

0.756
0.3161
0.9904

0.4434
0.0166
0.077

0.4034
0.2234
0.978

0.1808

0.8112
0.207
0.1143

0.019
0.5915
0.5253

P

3.27

0.62
1.21
0.185

1.01
2.33
1.77

1.08
1.39
0.11

1.59

0.49
1.51
2

2.51
0.72
0.83

F

Stadium Duration
(days to molt)

0.055

0.0963
0.289
0.353

0.4042
0.8862
0.5649

0.1526
0.038
0.4553

0.1045
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0.1972
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P
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0.5
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2.32
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1.55
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4, 16

0.8651
0.0097
0.263

0.43
0.3681
0.4751

10, 40
4, 17
4, 16
6, 35
6, 32
6, 20

P

df

Relative Growth Rate
(g/g/day)a

Table 1. Analyses of variance of effects of terpenoids on four species of tree-feeding tussock moths (Lepidoptera: Lymantriidae)
species: DFTM= Douglas Fir tussock moth; RTM= Rusty tussock moth; WMTM= White marked tussock moth; NM= Nun moth
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4g

NM (USDA)
2i

2g
3g
4g

WMTM (CFS)

DFTM (BC)

Instar

Insect
(Source)

0.0031

8, 79
0.4186

0.3742
0.3167
0.9147

8, 63
8, 72
8, 79
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P
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1.1
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0.41
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Relative Growth Rate
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0.0001
0.9373
0.4464
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1.36

3.43
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0.362
0.1
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0.4449

0.1995

0.0256
0.1156
0.5686

P

1.0

1.43

2.44
1.69
0.84

F

Relative Consumption
Rate (g/g/day)b

a: RCR = [weight of diet consumed / weight of insect at the beginning of the stadium] / duration of the stadium
b: RGR = [weight gain over stadium / weight of larva at the beginning of the stadium] / duration of the stadium
c: Treatments = 1, 0.1, 0.01% each of bornyl acetate, limonene, myrcene, plus water and triton controls
d: Treatments = 1, 0.1, 0.01% bornyl acetate, plus water and triton controls
e: Treatments = 1, 0.1, 0.01% bornyl acetate, 1 % each of limonene and myrcene, plus water and triton controls
f: Treatments = 5, 1, 0.1, 0.01% bornyl acetate, plus water and triton controls
g: Treatments = 1% bornyl acetate, limonene, myrcene, each w/wo piperonyl butoxide (PBO), plus water, triton, and PBO controls
h: Treatments = 1% bornyl acetate, w/wo PBO, plus water, triton, and PBO controls
i: Treatments = 125, 25, 12.5 ug/ml each of isopimaric and neoabietic acid, plus methanol and water controls

3

Exp.

Table 1. Continued.
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were recovered from frass or exuviae, accumulated if they were recovered from
larvae, or putatively metabolized if they were not recovered from frass, exuviae
or larvae, or if metabolites of the parent terpenes were detected. Procedures for
evaluating volatiles and other potential sources of degradation are likewise in
Powell and Raffa (2003). Briefly, recovery rates after diet incorporation average
87%, 72%, and 84% for myrcene, limonene, and bornyl acetate, respectively, and
recovery rates for these compounds average 66%, 59%, and 57% after 24 h under
these conditions.
Statistical analysis. All insect performance and chemical data were
analyzed using SAS (1988). A significance level of P < 0.05 was used for all
analyses. All analyses were conducted separately for each insect species.
Insect performance data were analyzed using one-way ANOVA, with treatment as the independent variable. Treatments included all concentrations of
terpenes and controls. Variables were tested for assumptions of normality and
homogeneity of variance by graphical analysis of residuals for all variables. No
insect performance data required transformation.
Chemical data were analyzed using two complementary methods: TwoWay ANOVA (Treatment, Instar, Treatment × Instar) and chi-squared analysis of binomial data. Chemical data were not normal and could not be transformed due to high numbers of zeroes. Therefore, to ensure that interpretations
were correct, all chemical data were re-analyzed using binomial regression.
Data were transformed into binomial data (0 = absence, 1 = presence of compound), and four possible models were tested for fit using chi-squared analysis:
1) treatment, instar, treatment × instar; 2) treatment; 3) instar; and 4) treatment × instar. Once the chi-squared model yielding the best fit was determined, it was compared with the results of the ANOVA. In all cases, the results
of the binomial and ANOVA analyses agreed.
RESULTS
Insect performance. Overall, monoterpenes and diterpene acids had
little to no effect on larval performance of any of the species tested. Table 1
summarizes these results. Complete statistical analyses are reported in Powell
(2002). There were several instances of statistical significance, but these were
not consistent. Because our data led us to the unexpected conclusion of no
treatment effect for any species (Table 1), we report results of analyses using
the most liberal approach possible, i.e., the most likely to counter our conclusion, evaluating each experiment independently. Even under these conditions,
only 10 of 66 relationships were significant.
The relative growth rates, development times, and relative consumption rates
of these four tussock moth species are shown in Table 2. Because Douglas fir
tussock moth larvae obtained from different sources did not differ in growth, development time, or consumption (Powell 2002), their data are pooled. To be conservative, we removed those larvae in treatments for which there were putative treatment effects (Table 1), although this did not substantially alter any values.
Chemical analyses and fate of phytochemical substances. Neither
limonene nor myrcene were recovered from frass or larval tissue of any species
tested. Bornyl acetate (Retention Time (RT) = 16.7 min) was recovered in small
quantities from frass of some Douglas fir tussock moth, rusty tussock moth, and
white marked tussock moth larvae fed bornyl acetate, but not from any fed
limonene, myrcene, or the triton or dH2O controls. Borneol (RT = 18.4 min), a
likely metabolite of bornyl acetate, also was recovered in small quantities from
frass and/or tissues of some larvae of all three species fed bornyl acetate, but not
from any fed the triton or dH2O controls, limonene, or myrcene. There was some
variation in quantities of borneol and bornyl acetate due to instar, species,
population, and concentration, but these differences were inconsistent, and
showed no overall pattern (Powell 2002).

2
3
4
2
3
4
2
3
4
4

DFTM

256
137
56
49
53
23
179
195
197
88

N
0.55
0.352
0.2
0.38
0.19
0.26
1.01
0.65
0.56
0.347

Mean
0.4-0.7
0.2-0.6
0.1-0.4
0.2-0.6
0.1-0.3
0.2-0.3
0.9-1.1
0.5-0.8
0.5-0.6
0.4-0.5

Range
5.011
6.42
8.37
5.18
9.93
2.39
3.65
4.196
4.69
4.95

Mean
4.4-5.8
5.3-8.5
7.0-10.1
4.8-5.6
7.2-9.0
5.3-5.7
3.3-4.3
4.1-4.4
4.1-5.2
4.7-5.3

Range

Development Time
(days to molt)

2.18
1.23 3
1.21
1.29
2.874
1.5
1.16
0.92
0.88
0.64

Mean

0.9-3.3
0.6-2
0.6-3.4
0.7-1.9
0.8-3.2
0.4-3.5
0.5-1.7
0.6-1.9
0.7-1.1
0.4-0.9

Range

Relative Consumption
Rate (g/g/day)b

a: RCR = [weight of diet consumed / weight of insect at the beginning of the stadium] / duration of the stadium
b: RGR = [weight gain over stadium / weight of larva at the beginning of the stadium] / duration of the stadium
1: N = 248; 2: N = 114; 3:N = 128; 4: N = 26; 5:N = 119; 6:N = 146; 7: N = 68; 8: N = 60

NM

WMTM

RTM

Instar

Insect

Relative Growth Rate
(g/g/day)a

Table 2. Relative growth rates, Development times, and Relative consumption rates of four tree-feeding tussock moth (Lepidoptera:
Lymantriidae) species. DFTM = Douglas Fir tussock moth (pooled); RTM = Rusty tussock moth; WMTM = White marked tussock
moth; NM = Nun moth
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In addition to the association of borneol and borneal acetate with consumption of boreal acetate, six compounds (RT = 2.6, 3.1, 3.7, 4.5, 5.0, 17.8) were
detected in Idaho, three (RT = 3. 5, 5.0, 8.5) in Oregon, and five (RT = 2.6, 3.7, 4.5,
9.1, 10.2) in Goose Lake, Douglas Fir Tussock Moth treated and control larvae.
Twelve compounds (RT = 2.6, 3.1, 3.7, 4.0, 4.2, 4.5, 5.0, 5.5, 6.0, 6.9, 7.5, 10.2) were
found in frass from both treated and control rusty tussock moth larvae. Two
compounds (RT = 9.1, 17.8) were present in frass of both treated and control
white-marked tussock moth larvae. In addition to the association of borneol with
boreal acetate feeding, several compounds were present in both treated and control larval tissues. Among Douglas fir tussock moths, these were RT’s 2.6, 3.1,
3.7, 4.0, 4.5, and 6.0 from Idaho, RT’s 3.5, 5.0, and 8.5 from Oregon, and RT’s 2.6,
3.7, 4.5, and 9.1 from Goose Lake larvae. Ten compounds (RT = 2.6, 3.1, 3.7, 4.0,
4.2, 4.5, 5.0, 6.9, 10.2, 22.1) were recovered from rusty tussock moth larval, and
eight (RT = 2.6, 3.1, 3.7, 4.0, 4.2, 4.5, 5.0, 6.7) were recovered from white-marked
tussock moth larval tissues, in both treated and control samples. By comparison,
the internal standard para-cymene had a retention time of 8.6 min.
Overall, the addition of PBO had little or inconsistent effects on larval
performance and monoterpene recovery. Douglas fir tussock moth and white
marked tussock moth showed no effects. In nun moth, almost twice as much
bornyl acetate was recovered from the frass of larvae fed bornyl acetate + piperonyl butoxide as from larvae fed bornyl acetate alone. No borneol was recovered.
In rusty tussock moth, more borneol was recovered from frass and larval tissue
of larvae fed bornyl acetate + PBO than bornyl acetate alone. Complete statistical analyses are reported in Powell (2002).
No compounds were recovered exclusively from frass or larval tissues of
larvae fed diterpene acids. Neither the parent diterpene acids (neoabietic RT =
8.52; isopimaric RT = 9.58) nor their potential metabolites were recovered from
frass or larvae.
DISCUSSION
These four tussock moth species appear highly tolerant of monoterpenes
and diterpene acids, despite the adverse effects these compounds exert on many
other herbivores, including Lepidoptera. A fifth species, L. dispar, is likewise
highly tolerant (Powell and Raffa 2003). This tolerance is independent of the
wide range of feeding breadths, degrees of association with conifers, and life
history strategies among these five lymantriids. The ability to contend with
compounds that so strongly deter other insects may partially explain why tussock moths undergo outbreaks across such a diversity of habitats, and their
ability to invade new regions.
Metabolism appears to be the most likely mechanism of tolerance in all five
of these generalist and specialist lymantriids (Powell and Raffa 2003). Metabolism is likewise the most important mechanism some other lepidopterans, such
as Spodoptera litura Fabricius (Noctuidae) and Peridroma saucia (Hubner)
(Noctuidae) use to contend with monoterpenes (Harwood et al. 1990, Miyazawa
et al. 1996). In systems where specific mechanisms of terpene metabolism have
been studied, P450 enzymes were the most important group, and these enzymes
were induced by terpenes (Rose 1985). Several studies show that the toxicity of
phytochemicals (Wheeler et al. 1993) or insecticides (e. g. Brattsten and Metcalf
1970, Martin et al. 1997) to lepidopteran larvae increases when they are combined with PBO. However, PBO did not affect insect performance or terpene
recovery in Douglas fir tussock moth, white-marked tussock moth, or gypsy moth.
Further, gypsy moth performance and terpene recovery were not affected by consuming S,S,S-tri-n-butyl phosphorotrithioate (DEF), an enzyme inhibitor of esterases (Powell and Raffa 2003). We cannot rule out the possibility that P450
enzymes are involved in terpene degradation, as insects possess many isoforms,
not all of which are inhibited by PBO (Feyereisen 1999).
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Physical and chemical properties have been proposed as important determinants of how insect herbivores contend with host compounds (Duffey 1980,
Gardner and Stermitz 1988, Shapiro 1991). In our study, the two more lipophilic monoterpenes, limonene and myrcene, appear completely metabolized.
The relatively hydrophilic compound, bornyl acetate, was metabolized in part to
borneol, and also was excreted in small amounts. Borneol was both accumulated in larvae and excreted. Our results, in combination with the above studies
suggest that physical properties of phytochemicals may be a better predictor
than feeding specificity of how an insect contends with them.
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FIRST RECORDS FOR AESHNA SITCHENSIS
(ODONATA: AESHNIDAE) AND ENALLAGMA CLAUSUM
(ODONATA: COENAGRIONIDAE), AND A NORTHWESTERN
RECORD FOR THE STATE-ENDANGERED SOMATOCHLORA
INCURVATA (ODONATA: CORDULIIDAE) IN WISCONSIN
Robert B. DuBois*1, Julie M. Pleski1, William A. Smith2,
Eric J. Epstein2 and Kurt Mead3

ABSTRACT
While surveying for Odonata in coastal peatlands and associated shoreline areas adjacent to Lake Superior in Wisconsin, we documented populations
of two new state record species, the zig-zag darner (Aeshna sitchensis Hagen) and
the alkali bluet (Enallagma clausum Morse). We also located a robust population of the state-endangered incurvate emerald (Somatochlora incurvata Walker)
at the northwestern edge of the known range of this species. Adults and exuviae
of A. sitchensis and S. incurvata were found at an insular fen on Stockton Island,
Ashland County, within the Apostle Islands National Lakeshore (AINL). Breeding of both species had occurred in areas of the fen where small pools had dried
by summer. Additionally, a single adult male A. sitchensis was collected in the
City of Superior in Douglas County. Adult E. clausum were found at two sites:
on the Lake Superior beach near the mouth of the Sand River within the AINL in
Bayfield County, and along the northeast shore of Allouez Bay in the City of
Superior in Douglas County.
____________________
Aeshna sitchensis and Somatochlora incurvata
The zig-zag darner (Aeshna sitchensis Hagen) is a boreal dragonfly distributed across Canada and the northern United States. It has been reported from
northern Minnesota close to Wisconsin in the city of Duluth and the Upper
Peninsula and northern Lower Peninsula of Michigan, but not from Wisconsin
(O’Brien 2002, Smith et al. 2003, Donnelly 2004a). It prefers small pools or
puddles that may dry during summer, usually 10 m2 or less in size, without
emergent plants, in sedge-dominated bogs or poor fens (Walker 1953, Cannings
1982). We collected adults and exuviae of A. sitchensis from a poor fen on Stockton Island in Ashland County, which represent first records for the species in
Wisconsin. Additionally, a single adult male A. sitchensis was collected from a
sidewalk in downtown Superior in Douglas County on 1 October 2004. The location of the breeding site that produced this specimen is unknown.
The state-endangered incurvate emerald (Somatochlora incurvata Walker) is
distributed throughout the northeastern United States, its range extending only as
far west as Wisconsin (Donnelly 2004b). Here, the species is known from small
numbers of individuals at about two dozen sedge- and sphagnum-dominated poor
fens in 10 of Wisconsin’s 72 counties (Wisconsin Odonata Survey 2005). Most of
these sites are located in the bed of former Glacial Lake Wisconsin in several of
1
Department of Natural Resources, Bureau of Endangered Resources, 1401 Tower
Avenue, Superior, Wisconsin 54880.
2
Department of Natural Resources, Bureau of Endangered Resources, 101 South
Webster Street, Post Office Box 7921, Madison, Wisconsin 53707.
3
Wolf Ridge Environmental Learning Center, 6282 Cranberry Road, Finland,
Minnesota 55603.
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Wisconsin’s central counties (Smith et al. 2003). We discovered a robust population of this species co-existing with A. sitchensis at the Stockton Island poor fen,
which is at the northwestern edge of its known range. Other northern populations of S. incurvata are known from the Upper Peninsula of Michigan, including
areas adjacent to the Lake Superior shore (Walker 1925, Donnelly 2004b, Michigan Odonata Survey 2005).
The Stockton Island Tombolo (T52N-R1W, Sec. 36) is a designated State
Natural Area within the Apostle Islands National Lakeshore (AINL), which is
managed by the National Park Service. The Apostle Islands lie in the Wisconsin
waters of Lake Superior, with Stockton Island located about 7 km offshore in
Ashland County. The Stockton Island Tombolo contains a complex combination
of aquatic communities with many rare species of plants and animals (Epstein
et al. 2002). Two sandspits connect Presque Isle Point to the main body of the
island. The spits enclose a large wetland and lagoon, which are traversed by a
series of narrow, parallel, sand ridges.
A large insular poor fen is located at the base of the Tombolo. We made
four visits to this fen, on 29 June, 16 July, 20 July, and 25 August 2004. Although we searched the entire fen for exuviae and adults of Odonata, most of our
efforts were focused along the slightly wetter south and east margins to which
breeding activity of the two rare species appeared to be limited. Exuviae of both
species were found in close proximity, indicating use of the same habitat. No
surface water was present during any of our visits, but water was readily found
just below the surface. The breeding areas of the fen were comprised of small
islands of Sphagnum mounds, which were surrounded by interconnected, canallike areas and drying pools of damp, dark peat forming a reticulated pattern.
The pools averaged less than 10 m2 in size with peaty banks of 2 to 5 cm. The soil
had a dark, silty composition and was thickly interlaced with plant roots. The
open mat was dominated by fine sedges, including running bog sedge (Carex
oligosperma) and beaked sedge (C. utriculata), as well as cotton grasses
(Eriophorum spp. and Scirpus hudsonianus), and pod-grass (Scheuchzeria
palustris). The mounds of Sphagnum spp. also contained coast sedge (C. exilis),
white beak-rush (Rhynchospora alba), and twig-rush (Cladium mariscoides). In
or along the damp, peaty canals were bladderworts (Utricularia spp.) and sundews (Drosera spp.). The fen was edged with black spruce (Picea mariana), tamarack (Larix laricina), leatherleaf (Chamaedaphne calyculata), and pitcher plant
(Sarracenia purpurea).
Two exuviae of A. sitchensis were collected on 29 June and again on 16 July,
and a single exuviae was taken on 20 July. A total of 43 S. incurvata exuviae
were found on 29 June, 16 July, and 20 July, and a single exuviae was found on
25 August. All exuviae of both species were found on sedge (Cyperaceae) stems
in or along the edges of the damp, peaty canals and drying pools described above.
Cannings (1982) and Walker (1922) previously documented breeding of A.
sitchensis in shallow bog pools, largely devoid of vegetation, that had dried by
summer. Shiffer (1969) also described oviposition of S. incurvata in small pools
within a Pennsylvania bog that were nearly dry in summer. Adults of both
species were seen in flight in the same areas during the July and August visits.
At least 16 adult A. sitchensis and at least 6 dozen adult S. incurvata were
observed in the fen during our visits. This evidence indicates at least a twomonth flight period and asynchronous emergence for both species.
Five adults (4 males, 1 female) of A. sitchensis were netted and retained as
vouchers. Considerable effort was required to net them because they would fly
50 m or more when startled by our approach. They often perched horizontally in
sedges, mainly near the pools, or vertically in the nearby trees. Mating behavior
of A. sitchensis was not observed. We netted more than 20 adult S. incurvata at
the site. Most were examined in hand and released, with some vouchers retained. Many S. incurvata were observed while emerging, mating, and ovipositing. In mid-July females oviposited by tapping their abdomens in wetter areas
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where a thin film of water lay over the peat. Shiffer (1969) also noted that
females tapped their abdomens only into wet mud or water, not into Sphagnum.
On 20 July, three newly emerged tenerals were flushed from small areas of
damp peat where their exuviae were subsequently found. Male S. incurvata
behaved aggressively toward each other and toward A. sitchensis males, chasing
them out of defended territories. Males of A. sitchensis did not respond aggressively toward males of S. incurvata or each other. A lack of aggressive behavior
on the part of A. sitchensis males was similarly observed by Cannings (1982).
Other Odonata observed and likely breeding in the same areas used by A.
sitchensis and S. incurvata were sedge sprite (Nehalennia irene (Hagen)),
Hudsonian whiteface (Leucorrhinia hudsonica (Selys)), white-faced meadowhawk
(Sympetrum obtrusum (Hagen)), and ebony boghaunter (Williamsonia fletcheri
Williamson).
Enallagma clausum
The alkali bluet (Enallagma clausum Morse) is a damselfly found throughout the northern and western United States and southern and western Canada
(Donnelly 2004c). It is typically found at lakes with saline or alkaline waters, or
at large, freshwater lakes with little vegetation (Kennedy 1917, Walker 1953,
Cannings and Stuart 1977, Westfall and May 1996). E. clausum is known from
northern Minnesota and had been reported in previous years from several central Wisconsin counties (Donnelly 2004c). However, all previous Wisconsin
records were of larvae and we were unable to confirm that any of them were this
species. We collected adult and teneral E. clausum from sites in Bayfield County
near the mouth of the Sand River, and in Douglas County on Wisconsin Point
along the northeast shore of Allouez Bay.
The mouth of Sand River in Bayfield County (T51N-R6W, Sec. 32) is
located in a complex of wetlands separated from Lake Superior by a narrow,
forested sandspit. The lower portions of the Sand River are bordered by northern sedge meadow and an alder thicket. A mostly open peatland with coastal
fen, coastal bog, and tamarack swamp habitats lies east of the river mouth.
This wetland complex supports a diverse assemblage of plants, animals, and
communities including many rare species (Epstein et al. 2002). On 19 August
2004, an adult male and adult female E. clausum were collected near each other
on the Lake Superior beach among grasses close to the coastal fen. Conditions
were sunny and cool with strong winds. The Lake Superior shore at this site has
a sand and gravel substrate with no aquatic vegetation in the immediate vicinity. The breeding site was not discovered, and it is possible that the strong
winds could have blown the pair from a considerable distance.
Wisconsin Point in Douglas County (T49N-R13W, Sec. 28) forms the eastern part of a long coastal barrier spit that separates Lake Superior from Allouez
Bay. Allouez Bay is part of the St. Louis River estuary and is situated between
the City of Superior’s east-side neighborhood of Allouez and Wisconsin Point.
Major site features at Wisconsin Point include several miles of open sand beach
and dunes, small interdunal wetlands, and a pine forest. The northeast shoreline of Allouez Bay contains beds of graminoid plants, including lake sedge
(Carex lacustris), water sedge (C. aquatilis), creeping spike-rush (Eleocharis
palustris), softstem-bulrush (Schoenoplectus tabernaemontani), water-bulrush
(S. subterminalis), broad-leaved arrowhead (Sagittaria latifolia), and cat-tails
(Typha spp.). On 14 July 2004, a newly emerged teneral E. clausum was collected from an area of this shoreline containing mostly softstem-bulrush. Conditions were sunny and warm (26 °C). Adult white-faced meadowhawk, marsh
bluet (Enallagma ebrium (Hagen)), Hagen’s bluet (E. hageni (Walsh), and eastern forktail (Ischnura verticalis (Say)) were collected or observed in same area.
On 7 August 2004, three adult E. clausum were collected from the 2-km northeast shoreline of Allouez Bay during a bioblitz by citizen volunteers. Thus, the
exact locations where they were collected could not be determined. Conditions
on this date were overcast and windy with intermittent light rains. Other adult
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Odonata collected or observed on this date in the same general area were tule
bluet (E. carunculatum Morse), familiar bluet (E. civile (Hagen), Hagen’s bluet,
eastern forktail, northern spreadwing (Lestes disjunctus Selys), sedge sprite,
variable darner (Aeshna interrupta Walker), and white-faced meadowhawk. Subsequent searches for E. clausum larvae and exuviae at this site did not yield any
specimens.
Although the exact breeding sites of E. clausum were not confirmed with
larvae or exuviae at either site, the presence of a newly emerged teneral at
Allouez Bay indicates that this species did breed in Wisconsin at that site in
2004. Large, open water habitats along the Lake Superior shoreline and its
bays are consistent with published reports of E. clausum breeding at large,
freshwater lakes with little vegetation at other locations. Further surveys should
be conducted along additional shoreline areas of Lake Superior in Wisconsin to
determine the status of E. clausum in the state.
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DISRUPTANT EFFECTS OF 4-ALLYLANISOLE AND VERBENONE
ON TOMICUS PINIPERDA (COLEOPTERA: SCOLYTIDAE)
RESPONSE TO BAITED TRAPS AND LOGS
Robert A. Haack1, Robert K. Lawrence2, Toby R. Petrice1, and Therese M. Poland1

ABSTRACT
We assessed the inhibitory effects of the host compound 4-allylanisole
(release rates = 1 and 2 mg/d in 1994, and 1 and 10 mg/d in 2001) on the
response of the pine shoot beetle, Tomicus piniperda (L.), adults to funnel traps
baited with the attractant host compound α-pinene (release rate = 150 mg/d) in
two pine Christmas tree plantations in Michigan in spring 1994 and two other
plantations in spring 2001. In three of the four plantations, all doses of 4allylanisole significantly reduced T. piniperda attraction to α-pinene-baited traps
by 46 to 76%. We also tested the inhibitory effect of the antiaggregation pheromone verbenone (release rates = 2 and 4 mg/d) on T. piniperda attack density on
pine bolts (average bolt length was 62 cm and diameter was 19 cm) at three
sites (two pine forest stands and one Christmas tree plantation) in Michigan in
1994. Verbenone significantly reduced T. piniperda attack density by 37 to 60%
at the two pine stands, but not at the Christmas tree plantation.
____________________
Bark beetles (Coleoptera: Scolytidae) are among the first subcortical insects to colonize weakened host trees (Haack and Slansky 1987). Timing of host
colonization is an important factor determining the reproductive success of bark
beetles. In situations where bark beetles attempt to colonize trees that are still
relatively vigorous, the first to arrive commonly encounter high levels of host
resistance, which often leads to high rates of colonization failure. On the other
hand, for bark beetles that are among the last to arrive at a tree undergoing
colonization, host resources are often limited and the remaining phloem tissue
may be insufficient to sustain their progeny. Many conifer-infesting bark beetles
exploit host- and insect-produced semiochemicals to aid in judging host vigor
and the degree to which a tree has been colonized (Borden 1982). Two
semiochemicals that have been implicated in bark beetle assessment of host
suitability are 4-allylanisole and verbenone. 4-Allylanisole is associated with
high host vigor, whereas verbenone is associated with hosts in which colonization is well underway (see references below). If 4-allylanisole and verbenone
cause a strong inhibitory response in bark beetles, then such compounds could
theoretically be used to protect logs and trees from bark beetle attack.
4-Allylanisole is an aromatic ether or phenylpropanoid and is commonly
called estragole or methyl chavicol. 4-Allylanisole is a natural compound found
in a variety of plant species, including the oleoresin of many North American
(Mirov 1961) and Eurasian species of hard pines, Pinus spp., such as Scots pine,
Pinus sylvestris L. (Bardysav et al. 1970). In a study by Cobb et al. (1972), foliar
concentrations of 4-allylanisole in ponderosa pine, Pinus ponderosa Laws, were
significantly lower in trees suffering pollution damage, and the authors speculated that the lower levels of 4-allylanisole may partially explain why these
trees were preferentially attacked by Dendroctonus bark beetles (Stark et al.
1968). Similarly, 4-allylanisole levels were reported to be significantly lower in
1
USDA Forest Service, North Central Research Station, 1407 S. Harrison Road,
Michigan State University, East Lansing, Michigan 48823.
2
Missouri Department of Conservation, 1110 South College Ave., Columbia, MO
65201.
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diseased compared with healthy pine trees (Nebeker et al. 1995) and in chemically-treated compared with untreated control pines (Hayes et al. 1994a); moreover, the diseased and chemically-treated pines suffered more intense
Dendroctonus attack in both studies. In addition, Bridges (1987) noted that 4allylanisole was the most effective host compound tested in retarding growth of
the symbiotic fungi associated with Dendroctonus frontalis Zimmermann. In
field studies, 4-allylanisole has been shown to inhibit bark beetle attraction to
pheromone-baited traps (Hayes and Strom 1994, Hayes et al. 1994b, Strom et
al. 1999, Werner 1995), and lightning-struck pines (Hayes and Strom 1994).
However, in two recent field studies by Strom et al. (2002, 2004), 4-allylanisole
concentrations in oleoresin were found not to be significantly higher in pines
that escaped D. frontalis attack compared with trees from the general population, and that 4-allylanisole when applied to the trunks of individual pine trees
was not able to protect them from D. frontalis attack.
Verbenone acts like an antiaggregation pheromone in several conifer-infesting scolytid bark beetles, e.g., species of Dendroctonus, Ips, and Tomicus
(Byers et al. 1989, Holsten et al. 2001, Poland et al. 2004a, Sun et al. 2003).
Verbenone is produced by microorganisms in the guts of adult bark beetles and
in bark beetle galleries (Hunt et al. 1989, Hunt and Borden 1990, Leufven et al.
1984). Typically, as host colonization proceeds, concentrations of verbenone
increase and eventually reach levels that inhibit further colonization. In this
way, verbenone limits overcrowding of host trees (Ryker and Yandell 1983).
Several studies have shown that verbenone limits attraction of certain scolytid
species to traps baited with attractive host compounds or pheromones (Bertram
and Paine 1994, Holsten et al. 2001, Lindgren and Miller 2002, Miller et al.
1995, Paiva et al. 1988, Rappaport et al. 2001, Salom et al. 1992, Strom et al.
2001, Sun et al. 2003, Zhang et al. 2001). In addition, several other studies have
been conducted to test verbenone as a protectant for logs (Bakke 1987, Kohnle et
al. 1992), individual trees (Bertram and Paine 1994, Huber and Borden 2001,
Sun et al. 2003, Watterson et al. 1982) and stands of trees (Borden et al. 2003,
Clarke et al. 1999, Devlin and Borden 1994, Jakus et al. 2003, Lindgren and
Borden 1993, Progar 2003, Shea et al. 1992). Although verbenone was shown to
inhibit bark beetle attraction in the above studies, it had little effect in field
studies conducted by Bentz et al. (1989) and Shore et al. (1992).
The pine shoot beetle, Tomicus piniperda (L.) (Coleoptera: Scolytidae), is a
major pest of pines in its native range of Eurasia and North Africa (Långström
1983, Ye 1991). Established populations of T. piniperda were first discovered in
North America in 1992 (Haack 2001, Haack and Poland 2001), and as of March
2005, it was known to occur in 14 US states and 2 Canadian provinces. In the
northern parts of its range, T. piniperda overwinters in the outer bark at the
base of live pine trees (Långström 1983, Kauffman et al. 1998, Petrice et al.
2002). In early spring, as temperatures begin to exceed 10-12°C, adults initiate
flight and search for suitable host material, such as recently cut or fallen pine
trees or severely weakened pine trees (Salonen 1973, Poland et al. 2002). The
host monoterpene α-pinene is one of the key attractants for T. piniperda (Byers
et al. 1985, Poland et al. 2003), and typically has been the only attractant used
in T. piniperda trapping programs in the United States and Canada (Haack and
Poland 2001, Lindgren 1997). In this study, we tested the inhibitory effect of 4allylanisole on T. piniperda’s response to traps baited with α-pinene, and the
inhibitory effect of verbenone on T. piniperda attack density of pine logs.
MATERIALS AND METHODS
1994 4-Allylanisole Study. A trapping study was conducted at two Scots
pine Christmas tree plantations in southern Michigan. One plantation was near
Eaton Rapids, Eaton County (42°33’N, 84°37 W) and the other was about 25 km
north near DeWitt, Clinton County (42°47’N, 84°31 W). We set out 12-unit
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multiple funnel traps (PheroTech Inc., Delta, BC, Canada) in early March 1994,
which was before initiation of T. piniperda spring flight that started in the area
on 22 March 1994 (Haack et al. 2000). The experiment included four treatments, with four replicates per plantation: (1) α-pinene (150 mg/d at 23°C), (2)
α-pinene and a low dose of 4-allylanisole (1 mg/d at 22-24°C), (3) α-pinene and
a 2×-dose of 4-allylanisole (2 mg/d), and (4) unbaited control. α-Pinene lures
were obtained from PheroTech Inc. and were reported by the company to have
more than a 98% purity, and a 93%(-):7%(+) enantiomeric ratio. 4-Allylanisole
(Aldrich Chemical Co., Milwaukee, Wisconsin) was dispensed from closed 1.5ml plastic Eppendorf microcentrifuge tubes, each with a single 2-mm hole in the
lid. We determined the release rate of 4-allylanisole gravimetrically. A single
tube was used per trap for the low dose of 4-allylanisole and two tubes were used
for the high dose. Traps were laid out in randomized complete blocks and were
placed a minimum of 15 m apart. Adults were collected and the tubes were
refilled with 4-allylanisole at 2 to 3 week intervals throughout the trapping
period from March through early June 1994. The α-pinene lures did not require
replacement during the study period. This trapping period was sufficiently long
to collect parent adults during both their initial spring flight and their later reemergence flight from brood material. The sum of all T. piniperda adults collected from each trap was calculated for the entire collection period.
2001 4-Allylanisole Study. A second trapping study was conducted at
two Scots pine Christmas tree plantations in southern Michigan. One plantation was near Mason, Ingham County (42°37’N, 84°22 W) and the other was
about 110 km north near Shepherd, Isabella County (43°35’N, 84°41 W). As in
1994, we set out 12-unit multiple funnel traps in March 2001 before initiation
of T. piniperda spring flight. The experiment comprised four treatments with 10
replicates per plantation: (1) α-pinene (150 mg/d), (2) α-pinene and a low dose of
4-allylanisole (1 mg/d), (3) α-pinene and a 10×-dose of 4-allylanisole (10 mg/d),
and (4) unbaited control. Again, we used standard α-pinene lures from PheroTech
Inc. However, in 2001, the release device for 4-allylanisole consisted of “flexrope” impregnated with 4-allylanisole (PheroTech, Inc.). The release rate from
the flex-rope was ca. 1 mg/d for every 2-cm length of rope. Therefore, to obtain
release rates of 1 mg/d and 10 mg/d, we used lengths of 2 cm and 20 cm, respectively. The trap contents were emptied at 1-2 week intervals during March and
April. The study was terminated after T. piniperda peak flight had occurred.
The sum of all T. piniperda adults collected during the trapping period was
calculated for each trap.
1994 Verbenone Study. A trap-log study was conducted at three sites in
southern Michigan that were known to be infested with T. piniperda. The sites
included a Scots pine stand near Augusta, Kalamazoo County (42°21’N,
85°20’W), a red pine (Pinus resinosa Ait) stand about 85 km to the east of
Augusta near Dansville, Ingham County (42°32’N, 84°19’W), and a Scots pine
Christmas tree plantation about 8 km north Dansville near Mason, Ingham
County (the same site that was used for the 4-allylanisole study in 2001). We
felled healthy Scots pine trees in February 1994 and cut bolt sections from the
trunks. The bolts were cut between branch whorls and measured 59-67 cm long
and 15-27 cm in diameter (outside bark). There were three treatments and six
replicates per site. The treatments were (1) one verbenone dispenser per bolt (2
mg/d), (2) two verbenone dispensers per bolt (4 mg/d), and (3) untreated control
bolts. We used verbenone bubble-cap dispensers from PheroTech that were
reported to have a 98% purity and an 84%(-):16%(+) enantiomeric ratio. The
bolts were positioned horizontally and supported a few centimeters above the
ground by wire supports. Elevating the bolts allowed bark beetles to completely
colonize the entire bolt surface area. The verbenone dispensers were attached
near the center of each bolt along the upper surface. Replicates were spaced a
minimum of 20 m apart. Within each replicate, bolts were spaced 4-5 m apart.
All bolts were recovered in mid-April after initial T. piniperda spring flight had
occurred, and were held frozen until dissected. We recorded the length of each

134

THE GREAT LAKES ENTOMOLOGIST

Vol. 37, Nos. 3 & 4

bolt as well as diameter inside-bark at each cut end. After removal of the
outside bark, we recorded the number of T. piniperda galleries. Using the values
for bolt length and average diameter inside-bark, we calculated the surface area
of each bolt as a cylinder. Tomicus piniperda attack density was calculated for
each bolt by dividing the number of T. piniperda galleries on a given bolt by the
surface area for that bolt.
Statistical Analyses. The data sets for each study were initially analyzed by two-way analysis of variance (ANOVA) to test for significant effects of
treatment and site (PROC GLM; SAS Institute 1988). If site was not significant, the data were pooled with respect to site and a one-way ANOVA was
performed to test for significant treatment effects. When treatments varied
significantly at P = 0.05, a means separation test was conducted with the Student-Newman-Keuls multiple range test.
RESULTS
1994 4-Allylanisole Study. Attraction of T. piniperda to α-pinene-baited
traps was significantly reduced by both doses of 4-allylanisole. An initial twoway analysis of variance (F = 3.01; df = 7, 24; P < 0.021) indicated the mean
number of T. piniperda collected per trap varied significantly with respect to
treatment (F = 6.09; df = 3; P < 0.004), but not site (F = 0.79; df = 1; P > 0.38) or
their interaction term (F = 0.66; df = 3; P > 0.58). After pooling the data with
respect to site, a one-way ANOVA indicated both 4-allylanisole treatments
significantly reduced attraction to α-pinene-baited traps (Table 1). Of the original eight replicates, only seven were used in the final analyses because two
collection cups within the same replicate had fallen during part of the study.
Overall, for the entire March to June flight season, 922 T. piniperda adults
were collected in the 28 funnel traps, with 560 adults collected in the 7 traps
baited with only α-pinene, 211 in the 7 traps baited with α-pinene and low dose
of 4-allylanisole (1 mg/d), 137 in the 7 traps baited with α-pinene and the high
dose of 4-allylanisole (2 mg/d), and 14 in the 7 unbaited control traps. On
average, the low dose of 4-allylanisole significantly reduced T. piniperda attraction to α-pinene-baited traps by 62%, while the high dose of 4-allylanisole significantly reduced attraction by 76% (Table 1). There was no significant difference in trap catch between the low dose and high dose of 4-allylanisole (Table 1).
2001 4-Allylanisole Study. An initial two-way analysis of variance (F =
22.5; df = 7,72; P < 0.0001) indicated the mean number of T. piniperda collected
per trap varied significantly with respect to treatment (F = 49.0; df = 3; P <
0.0001) and site (F = 7.6; df = 1; P < 0.0074), but not their interaction term (F =
1.02; df = 3; P > 0.38). Considering the above, we performed a separate one-way
ANOVA for each site. Attraction of T. piniperda to α-pinene-baited traps was
significantly reduced by both doses of 4-allylanisole at the Shepherd site, but by
neither dose at the Mason site in 2001 (Table1).
At the Shepherd site, 6598 T. piniperda adults were collected in the 40
funnel traps, with 3296 adults collected in the 10 traps baited with only α-pinene,
1769 in the 10 traps baited with α-pinene and low dose of 4-allylanisole (1 mg/d),
1503 in the 10 traps baited with α-pinene and the high dose of 4-allylanisole (10
mg/d), and 30 in the 10 unbaited control traps. On average, the low dose of 4allylanisole significantly reduced T. piniperda attraction to α-pinene-baited traps
by 46%, while the high dose of 4-allylanisole significantly reduced attraction by
55% (Table 1). There was no significant difference in trap catch between the low
dose and high dose of 4-allylanisole at Shepherd (Table 1). At the Mason site,
8856 T. piniperda adults were collected in the 40 funnel traps, with 3759 adults
collected in the 10 traps baited with only α-pinene, 2594 in the 10 traps baited
with α-pinene and low dose of 4-allylanisole (1 mg/d), 2448 in the 10 traps baited
with α-pinene and the high dose of 4-allylanisole (10 mg/d), and 55 in the 10
unbaited control traps. Although not significantly different, the mean number of
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Table 1. Mean (+SEM) number of Tomicus piniperda adults collected in baited
multiple funnel traps in 1994 (March - June) and 2001 (March - April) at two pine
Christmas tree field sites per year in Michigan.

Treatment 1
α-pinene, no 4-allylanisole
α-pinene, low 4-allylanisole
α-pinene, high 4-allylanisole
Blank control
F, df, P <
No. reps (no. adults)3

Mean (+SEM) number of adults per trap
2001 study sites
1994 study
Shepherd
Mason
80.0
30.1
19.6
2.0

+
+
+
+

27 a2
5b
5b
1c

25, (3,24), 0.001
7 (922)

329
177
150
3

+
+
+
+

29 a
18 b
22 b
1c

376
259
244
6

+
+
+
+

53 a
28 a
39 a
1b

43, (3,36), 0.0001 19, (3,36), 0.0001
10 (6598)
10 (8856)

Twelve-unit funnel traps were baited with α-pinene (150 mg/d in both years); low
4-allylanisole (1 mg/d in both years), or high 4-allylanisole (2 mg/d in 1994 and 10
mg/d in 2001).
2
Means followed by the same letter (within columns) are not significantly different
at the P = 0.05 level (SNK mean separation test).
3
There were 4 replicates per site (= reps) in 1994; however, 2 traps in one replicate
were disturbed during one trapping period and thus, after pooling, only 7 replicates
were analyzed. There were 10 replicates per site in 2001.
1

T. piniperda captured was reduced by 31% in traps with the low dose of 4allylanisole, and by 35% in traps with the high dose of 4-allylanisole compared
to the control traps (Table 1).
1994 Verbenone Study. Attack density of T. piniperda was significantly
reduced on Scots pine bolts treated with verbenone compared to untreated bolts
at two of the three study sites. An initial two-way analysis of variance (F = 3.50;
df = 8, 45; P < 0.003) indicated that mean T. piniperda attack density varied
significantly with respect to treatment (F = 8.59; df = 2; P < 0.007), and site (F =
3.35; df = 2; P > 0.045), but not their interaction term (F = 1.04; df = 4; P > 0.39).
Given the above, we performed a separate one-way ANOVA for each of the three
sites and found verbenone reduced significantly attack density at two of three
sites (Table 2). Bolts averaged (+ sem) 62.4 + 0.3 cm in length and 19.0 + 0.4 cm
in diameter (inside bark). Bolt size did not vary significantly among sites (F =
0.35; df = 2,51; P > 0.70 for length, F = 0.31; df = 2,51; P > 0.73 for diameter).
Similarly, bolt surface area did not vary significantly among treatments (F =
0.44; df = 2,51; P > 0.64).
Overall, we counted 2540 T. piniperda attacks (egg galleries) on the 54 bolts
used in this study, 1113 attacks on the 18 control bolts, 824 attacks on the 18
bolts with 1 verbenone bubble-cap per bolt, and 632 attacks on the 18 bolts with
2 verbenone bubble-caps per bolt. At the two forested sites, Augusta and Dansville,
the addition of verbenone at either rate significantly decreased T. piniperda attack density; however, verbenone did not reduce attack density at the Christmas
tree site near Mason (Table 2). At the two forested sites, addition of a single
verbenone dispenser decreased attack density on average by 37 to 53%, whereas
addition of two dispensers decreased attack density by 49 to 60%. At the Christmas tree site, addition of a single verbenone dispenser per bolt had virtually no
effect on attack density when compared to the control bolts, whereas average
attack density was lowered by 25% when two verbenone dispensers were added
per bolt, although this difference was not significant (Table 2).
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Table 2. Mean (+SEM) Tomicus piniperda attack density (attacks per square meter
of bark surface area) on red pine bolts treated with 0, 1, or 2 verbenone dispensers
each at two forested sites (Augusta and Dansville) and one Christmas tree plantation (Mason) in Michigan in spring 1994.
Treatment 1

Augusta

Control, no verbenone
One verbenone dispenser
Two verbenone dispensers

197.5 + 29 a
123.5 + 15 b
99.7 + 21 b

F, (df), P >
No. bolts (no. attacks)

5.0, (2,15), 0.021
18 (824)

Study site
Dansville
159 + 24 a2
75 + 26 b
63 + 18 b
5.2, (2,15), 0.019
18 (745)

Mason
155.8 + 31 a
155.4 + 24 a
117.5 + 15 a
0.8, (2,15), 0.46
18 (973)

1
Pine bolts were treated with 0, 1, or 2, verbenone release devices (2 mg/d per
device).
2
Means followed by the same letter (within columns) are not signioficantly different
at the P = 0.05 level (SNK mean separation test).

DISCUSSION
The current study demonstrates T. piniperda responds negatively to both
4-allylanisole and verbenone. The overall level of reduction (46 to 76% ) in
number of T. piniperda captured in traps baited with α-pinene and various
release rates of 4-allylanisole (Table 1) is similar to reductions published for
other conifer-attacking bark beetles. For example, 4-allylanisole was reported
to decrease attraction to pheromone-baited traps by 35% in Dendroctonus
brevicomis LeConte (Hayes and Strom 1994); 37-56% in Dendroctonus frontalis
(Hayes et al. 1994b, Strom et al. 1999), 77% in Dendroctonus ponderosae Hopkins
(Hayes and Strom 1994); 82% in Dendroctonus rufipennis (Kirby) (Werner 1995),
73% in Dendroctonus simplex LeConte (Werner 1995), and 43% in Ips pini (Hayes
and Strom 1994). In another field study, Joseph et al. (2001) reported 4allylanisole significantly reduced attraction to baited traps for seven scolytids
species: Gnathotrichus retusus (LeConte), Hylastes longicollis Swaine, Hylastes
macer LeConte, Hylastes nigrinus (Mannerheim), Hylurgops porosus (LeConte),
Hylurgops reticulates Wood, and Ips latidens LeConte.
Although 4-allylanisole has been shown frequently to reduce bark beetle
attraction to baited traps, there have been two field trials where 4-allylanisole
failed to protect pine stumps in one case and live trees in another. In the first
study, McCullough et al. (1998) found no difference in T. piniperda attack density on freshly cut pine stumps that had one 4-allylanisole dispenser attached
to each stump during the March-April T. piniperda flight season compared with
control stumps that had no 4-allylanisole dispensers. Similarly, Strom et al.
(2004) reported that all formulations of 4-allylanisole that they tested failed to
protect individual loblolly pine, Pinus taeda L., trees from D. frontalis attack in
a large-scale field trial. In the above two studies, it is possible that 4-allylanisole
slowed the rate of colonization, but over time the adult bark beetles fully colonized the host material. Alternatively, it is possible that the 4-allylanisole
release rates used in the above two studies were too low to significantly reduce
colonization of trees and stumps, because brood material is generally much
more attractive than traps.
Verbenone, a recognized antiaggregation pheromone for many species of
bark beetles, has been shown to reduce bark beetle attack in some field studies
(Clarke et al. 1999, Lindgren and Borden 1993, Shea et al. 1992), but not others
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(Bentz et al. 1989, Shore et al. 1992). In the case of T. piniperda, Kohnle et al.
(1992) reported lower attack density on bolts sprayed with an emulsion of
verbenone, and Baader and Vité (1990) noted lower attack densities on trees
that had their lower trunk wrapped with a slow-release, verbenone-impregnated strip. In addition, Schlyter et al. (1988) reported that verbenone reduced
T. piniperda attack on pine logs in forest stands. In our study, verbenone lowered T. piniperda attack density on pine bolts in the two forest stands but not at
the Christmas tree plantation. Our observations could be related to local T.
piniperda population levels or to UV inactivation of verbenone. For example,
Lindgren and Borden (1993) noted that verbenone was most effective when bark
beetle populations were low. Considering our three study sites, the overall
number of attacks was highest at the Christmas tree plantation (973 T. piniperda
attacks on 18 bolts) compared with the two forest sites (824 attacks at Augusta,
and 745 attacks at Dansville). It is interesting to note that it was at the same
Christmas tree site near Mason, Michigan, where verbenone failed to reduce T.
piniperda attack density in 1994 and 4-allylanisole failed to reduce T. piniperda
trap-catch in 2001. Given that verbenone is known to break down under UV
light (Kostyk et al. 1993), it is possible that more verbenone was inactivated by
UV light in the open Christmas tree plantation compared with the shaded
forested sites. PheroTech now adds a UV stabilizer in their verbenone products,
but this was not the case in early 1994.
Considering the findings of the present study, and those by others that
dealt with T. piniperda (Baader and Vité 1990, Kohnle et al. 1992, McCullough
et al. 1998, Schlyter et al. 1988), it appears that T. piniperda adults are more
strongly inhibited by verbenone than 4-allylanisole. However, in no study has T.
piniperda attraction been reduced to zero. This is an important factor, considering that the current US federal quarantine regulates the movement of pine host
material that can potentially harbor any life stage of T. piniperda. Nursery and
Christmas tree managers within the infested portion of the US must pass
inspection prior to shipping pine trees to uninfested portions of the US. The
presence of a single T. piniperda adult results in a failed inspection and shipment is prohibited (Haack and Poland 2001). Given these circumstances,
semiochemicals may not prove useful to fully protect host material from T.
piniperda attack, which is essential to growers who ship out of quarantined
areas and who must meet the current requirements for pest–free host material.
Nevertheless, semiochemical-based management may be effective in reducing
T. piniperda attack to levels below an aesthetic damage threshold for local
growers who do not ship trees out of quarantined areas. Furthermore, integrated pest management programs that combine both semiochemical deterrents and attractants as a push-pull tactic (Borden et al. 2003, Lindgren and
Borden 1993, Poland et al. 2003, 2004a, 2004b, Sun et al. 2003) may be useful
in reducing overall T. piniperda populations in managed areas.
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ANATOMY AND HISTOLOGY OF THE MALE REPRODUCTIVE
COMPLEX OF THE ONION MAGGOT FLY, DELIA ANTIQUA,
(DIPTERA: ANTHOMYIIDAE) INCLUDING SOME COMPARISONS
WITH D. PLATURA AND D. RADICUM
Karin A. Grimnes1 and James R. Miller2

ABSTRACT
In Delia antiqua (Meigen) (Diptera: Anthomyiidae), the male reproductive
complex is composed of a pair of testes, paired vas deferens connecting the
testes to the anterior ejaculatory duct, and a pair of paragonial (accessory)
glands. Each D. antiqua paragonial gland consists of a single layer of secretory
epithelial cells surrounded by a thin sheath of muscle tissue. The paragonial
cells appear to be largely homogeneous in form, however a minor number of cells
exhibit unique staining characteristics distinct from the main cells of the gland.
This is preliminary evidence for a secondary cell type as has been found for
Drosophila and Aedes paragonial glands. In contrast to the testis and vas deferens, where most of the growth occurs during the pupal stage, the D. antiqua
paragonial glands expanded markedly due to secretory accumulation during the
first days of adult life. Based on histochemical analyses, the paragonial secretion contained abundant protein, with evidence of glycoprotein. The reproductive complex in all three Delia species (D. antiqua, D. radicum (Bouche) and D.
platura (Meigen)) appears similar, with the exception of size differences and
timing of paragonial secretory accumulation and sperm maturation. Paragonial
glands of D. radicum were the largest in both length and width, and only this
species possessed abundant sperm upon eclosion. Of the three species, D. radicum
appears most capable of mating immediately after eclosion based on the histology of its reproductive complex, which is consistent with biochemical and behavioral observations made earlier in this laboratory.
____________________
In addition to sperm, semen of male insects in various insect orders contains factors known to influence mating and oviposition (Leopold 1976, Chen
1984, Kalulenas 1992). This phenomenon is particularly well studied in the
Diptera, where the active substances have been dubbed “sex peptides” (Gillott
1988). These sex peptides may function for chemical “mate guarding” in some
species by reducing the females’ receptivity to additional mating attempts by
male flies, which may result in female monogamy. An additional effect as an
ovipositional stimulant is often seen. The source of sex peptides is the paragonial
gland system in mosquitoes and fruit flies (as reviewed by Chen 1984) as well
as in onion maggot flies (Delia antiqua (Meigen)) (Spencer et al. 1992).
In contrast to behavioral characterizations, paragonial glands have been
anatomically or histologically characterized for relatively few Dipteran species:
Musca domestica (Leopold 1970), Drosophila (as reviewed by Chen 1984) and
Aedes (Dapples et al. 1974) are the primary exceptions. The study reported here
broadens the number of species for which detailed ontogeny and maturation
data are available and provides evidence for the development of secretory capability that can be correlated with existing behavioral data (Spencer et al. 1992,
1995, 1997, Spencer and Miller 2002). In addition, comparisons will be drawn
between D. antiqua and two closely related species, the cabbage maggot fly,
Department of Biology, Alma College, Alma, MI 48801.
Department of Entomology and Center for Integrated Plant Systems, Michigan
State University, E. Lansing, MI 48824.
1
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Delia radicum (Bouche) and the seed corn fly Delia platura (Meigen). Some data
on electrophoretic similarity of enzymatic loci already exist for these Delia species (Harris et al. 1986). Additional data on biochemical relatedness has been
collected via reciprocal injections of paragonial secretions among Delia species,
which resulted in mating inhibition and oviposition stimulation (Spencer et al.
1997). Collectively, these three species may serve as a general model for Delia
flies, so we can expand our understanding of this economically important genus.
MATERIALS AND METHODS
Sources of Insects and Rearing Methods. Onion maggot flies (D.
antiqua) were collected from a field population in Grant, Michigan and have
been maintained in laboratory culture since 1986 as described by Havukkala
and Miller (1987). Seedcorn maggot flies (D. platura) were obtained from Dr. J.
W. Whistlecraft of the Agri-Food Canada Research Center in 1993 and were
maintained in the laboratory on soaked lima beans. Two cultures of cabbage
maggot flies (D. radicum) were used in this study: one was obtained from Dr.
Whistlecraft (above), and a second was obtained from Dr. Erich Stadler at the
Swiss Federal Research Station for Fruit-Growing, Viticulture and Horticulture (Wadenswil). Both cultures were maintained on rutabaga slices (Spencer
et al. 1997). All Delia flies were maintained at 22± 2°C, 35±10% RH and under
a (L:D) 16:8 hr photocycle.
Histological methods. Reproductive complexes of male D. antiqua, including testes and paragonial glands, were dissected from intermediate (mid)
pupae (defined in this study as those pupae where only the eyes were clearly
visible through the puparium) and from late pupae (near eclosion, with eyes,
legs and wings clearly visible). Newly eclosed adult males were segregated from
females and held in group culture at 22±2°C until dissection.
Animals were anesthetized with carbon dioxide or by exposure to cold and
dissected in Delia saline (Spencer et al. 1992). Measurements of fresh accessory
complexes (10 per stage) were made using an ocular micrometer. Tissues were
fixed for histological study in either 10% buffered formalin (Fisher, Pittsburgh,
PA) or in 3% gluteraldehyde (Sigma, St. Louis, MO) freshly prepared in Delia
saline. Tissues were dehydrated through increasing alcohol concentrations to
xylene and embedded in TissuePrep 2 (Fisher). Slices were cut at 6 µm on an
rotary microtome, and stained with one of the following: Gill’s triple strength
hematoxylin (Sigma) and eosin or Cason’s trichrome for structural features,
Coomassie blue or Fast green (trichloroacetic acid omitted) for proteins, or Alcian
blue for acidic mucopolysaccharides (all methods from Kiernan, 1990). Periodic
acid-Schiff’s base staining (PAS) for carbohydrates was performed with an EM
Diagnostics kit (Fisher). Structural features on serially sectioned tissue were
measured with an ocular micrometer. Twenty measurements were taken from
no fewer than five individual glands.
Analysis of variance was performed on the data using the JMP statistical
program (SAS Institute 1995). Comparisons of means was accomplished with
the Tukey - Kramer’s HSD statistic.
RESULTS AND DISCUSSION
Male Reproductive System. The reproductive complex of male D. antiqua
is composed of a pair of testes, paired vas deferens connecting the testes to the
anterior ejaculatory duct, and a pair of paragonial glands. The paragonial glands
deposit their secretions into the anterior ejaculatory duct lateral to the vas deferens
attachment (Fig. 1). Each paragonial gland of D. antiqua consists of a single layer
of epithelial cells surrounded by a thin sheath of muscle tissue. Upon dissection
into saline, random muscular pumping of the paragonial glands was seen frequently.
Secretions accumulate in the lumen of the gland during adult life.
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Fig. 1 Digitized image of the reproductive accessory complex from 7-day adult male
Delia antiqua. Scale bar is equal to 200 µm. EJD, ejaculatory duct, PAR, paragonial
gland, TES, testis, VD, vas deferens.

Because the general reproductive anatomy of all three species is very
similar, primary emphasis is given to D. antiqua in the following analysis.
Differences between the three species will be summarized near the end of this
report.
Testicular Development. Ocular measurements of the testes from all
D. antiqua stages examined are listed in Table 1. The majority of the testicular
volume is established before the intermediate pupal stage (eyes visible through
the puparium). Only a 12% increase in testicular length (with no change in
width) was seen among the stages investigated in this study. Growth of testicular tissue preceded sperm development. Numerous differentiated sperm were
not detected until around day 5 of adult life. While the absolute onset of sperm
maturation was not determined, it was clear that D. antiqua flies did not emerge
with a significant number of mature sperm present in their testes. This is
consistent with behavioral studies in which D. antiqua males tend to become
sexually active and routinely successful in mating after day 3 of adult life
(McDonald and Borden 1995, Spencer et al. 1995).
Vas Deferens Development. In contrast to the testes and the paragonial
glands of D. antiqua, the vas deferens that connects the testes to the anterior
ejaculatory duct underwent no significant changes during the developmental period covered in this study (Table 1). The tissue itself did not appear to be secretory
and likely functions merely as conduit for the sperm to the ejaculatory duct.
Paragonial Gland Development. Of all the structures characterized in
this study, the paragonial glands showed the most dramatic changes. In measurements of whole freshly-dissected glands, both paragonial length and width
increased significantly between the intermediate pupal and 7 day adult stage

± 112
± 11
± 18
± 12
± 11
265
261
272
258
265

± 112
±6
± 12
±8
±7

Testis
width
241
233
233
223
226

± 10 2
±9
± 13
± 20
± 14

Vas deferens
length
200
212
300
293
330

± 6b3
± 6b
± 11a
± 26a
± 9a

Paragonial
gland length
67
68
88
103
128

± 3c3
± 2c
± 4b
± 6b
±a

Paragonial
gland width

2

1

n = 10 individuals.
Means in this column were not significantly different at P < 0.05.
3
Means sharing a letter within a column were not significantly different at P < 0.05 in the Tukey-Kramer HSD test.

426
435
453
445
476

Testis
length

Mean size (micrometers ± S.E.1)

Sizes of the components comprising the male reproductive complex in Delia antiqua.

Intermediate pupae
Late pupae
0 day adult
5 day adult
7 day adult

Stage

Table 1.
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(Table 1). One increase in length and width took place around eclosion, and
substantial gains occurred during adult development, especially in paragonial
width. Given that the flies studied were virgin males isolated from females, it
is not surprising that paragonial secretions accumulated over time without
evidence of emissions. This was further documented in the histological study
below.
Histological examination of tissue stained with hemotoxylin and eosin
revealed several interesting changes in morphology during the course of
paragonial gland maturation (Table 2). Although the lateral margins of individual epithelial cells could not be determined, some information was gained
about the size of cells through their large and clearly defined nuclei. Height of
the single cell layer also was measured. Over the first seven days after eclosion,
the size of nuclei present in the paragonial gland remained constant, with the
exception of a significant lengthening (major axis) of the nuclei by day 7 compared to day 0 of adult life. Minor axis size (width) did not change significantly
during this period. In contrast, nuclear spacing (as estimated by the average
distance between the edges of adjacent nuclei) increased steadily and significantly during the first 7 days of post-eclosion development. Mean cell height
declined approximately 63% in a linear fashion between eclosion and 7 day
adult glands for males isolated from females (linear regression formula was
mean cell height = 17.0 - 0.94 age in days, r2 = 0.99).
No mitotic figures were observed in adult paragonial tissue, apparently
because the majority of the necessary mitoses occurred in the pupal stage. We
noted that the cells flattened and the nuclear distances increased by 450%
during the adult stages, suggesting the epithelial layer was stretching to accommodate the secretory accumulation.
To test the hypothesis that gland size increase was due to secretory accumulation, we calculated the volume of the entire gland, of the cell layer and of
the secretion (the lumen) by approximating the general gland shape as an ellipsoid sphere. For total gland volume, the external measurements were used. Cell
heights were subtracted from measurements of the glands, and the volume of
the remaining central area of the gland was considered to be secretion volume.
The cell heights were taken from Table 2 and supplemented with preliminary
calculations of the intermediate pupal stage cell height (mean = 15.6µm, n = 8),
late pupal cell height (mean = 18.9µm, n = 8) and 5 day adult height (12.3µm,
estimated from the cell height regression line). The cell volume was taken to be
the difference between the total and the secretory volumes. The results of these
calculations indicate that while the cell volume increases only slightly after
eclosion, the secretion volume increases dramatically and accounts for the majority of size increase in the paragonial glands (Fig. 2). By day 7 of adult life, the
size of the glands from the precisely staged flies used in this study approximated paragonial gland size of adult virgin males randomly selected from open
culture (data not shown). We conclude from these data that secretory accumulation levels out at approximately day 7 of adult life if males are isolated from
females. This finding contrasts with Drosophila where rate of synthesis of some
accessory gland proteins declines around day 3 of adult life in the absence of
mating (Monsma et al. 1990).
The amount of secretory material doubles between newly eclosed flies and
5 day adult flies (Fig. 2), and there is evidence that the titer of active ingredients
also increases during early adult life. When homogenized glands were injected
into virgin females, the 1 day old glands were not as effective (at 1/10th male
equivalent) as the 3 day adults in stimulating oviposition and inhibiting remating
(Spencer et al. 1995). It is unclear if the difference between newly eclosed males
and 3-day males is due only to the amount of secretion or some difference in the
biochemical synthetic patterns of the glands.
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Table 2. Cell height, nuclear size, and nuclear spacing for paragonial glands of
variously aged Delia antiqua males.
Mean size (micrometers ± SEM1)
Adult age

Cell height

Major nuclear
axis

Minor nuclear
axis

Space between
adjacent nuclei

0-24 hr
48-72 hr
7 day

16.8 ± 0.4a 2
14.6 ± 0.7a
10.3 ± 0.7b

8.2 ± 0.2b 2
8.7 ± 0.2ab
9.4 ± 0.3a

6.7 ± 0.2 3
7.2 ± 0.2
7.3 ± 0.3

1.6 ± 0.5c 2
3.4 ± 0.3b
8.9 ± 0.6a

n = 20 measurements.
Means sharing a letter within a column are not significantly different at P < 0.05 in
the Tukey-Kramer HSD test.
3
Means in this column were not significantly different at P < 0.05.
1
2

Fig. 2 Comparison of total cell and secretion volumes for the paragonial glands of
male Delia antiqua flies. Values were calculated using the mean values for cell
height and gland size at each age.
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Histochemical Analysis of D. antiqua Paragonial Glands and Secretions. Several histochemical stains were used to characterize the paragonial
cells and their secretory material. The presence of basophilic cytoplasmic staining in the hemotoxylin and eosin slides indicated considerable synthetic activity
in the epithelial cells. Nuclei were clearly visible within the secretory cells.
Two stains were used to detect proteins in the tissues and secretions. Staining with Coomassie blue revealed that although the nuclei excluded stain to a
certain extent, both epithelial cytoplasm and secretory material of the paragonial
glands contained abundant and uniformly distributed protein sources. Fast green
without trichloroacetic acid (as suggested in Leopold, 1970) stained secretory
material more intensely than the surrounding cells. No appreciable protein accumulations were detected in testes, vas deferens or ejaculatory duct tissue, although the cells of each tissue stained positively for protein, as would be expected.
Alcian blue, a histological stain with an affinity for acidic mucopolysaccharides, has been used to indicate secretory materials in other dipteran
paragonial glands (Leopold, 1970). In D. antiqua, no appreciable sources of
acidic mucopolysaccharides were present in the paragonial glands, although
some staining of testicular tissue was seen.
The paragonial gland secretion contained abundant PAS positive material as evidenced by the intense purple reaction after addition of Schiff’s base
during Periodic acid-Schiff’s staining. Tissue may show a positive PAS reaction
for several reasons: extant aldehyde linkages, glycogen deposits, or glycoprotein
staining. No reaction was observed without the oxidation step, which indicates
a total lack of pre-existing aldehyde linkages. Although it is unlikely that our
preservation methods retained tissue glycogen, it is important to rule out glycogen presence as a cause for the intense reaction observed in the secretory material. Pre-treatment with human saliva for 1 hr at 37°C (salivary amylase
destroys glycogen reactivity) did not reduce the staining intensity, which indicates that the PAS reactive material is probably not glycogen. Based on these
data, we believe that there is abundant glycoprotein material in the paragonial
gland secretion. This finding supports data from initial sex peptide purification
attempts in D. antiqua, in which there was evidence of glycoprotein presence
(Spencer 1994). Some of the functionally significant proteins in the accessory
glands of Drosophila are glycosylated or contain glycosylation sites in their
transcripts (Monsma et al. 1990).
In contrast, the paragonial gland cytoplasm did not show any PAS reactivity. Perhaps the glycosylation steps occur close to the time of secretion, or maybe
only minute levels of secretory material exist in the cells at any one time. If the
latter were true and the rate of synthesis is relatively slow, then accumulation
kinetics may play an important role in preparation for successful mating. In
contrast to the paragonial gland, no PAS reaction was seen in the testes, vas
deferens or in anterior ejaculatory duct tissue.
Cason’s trichrome stain (on formalin-fixed material) showed homogeneous
secretion in the paragonial glands, except for areas of distinctive bright pink
staining which were located at the distal tip of each gland. This unusual staining
was noted in both accumulated secretory material and in isolated cells in the
same area as the secretion. The bright pink color was detected in glands from 78 day adult males, but not in 0 or 4 day adults. We considered whether a difference in cellular pH could account for the unusual staining, but found that pretreatment of sections with a strong base did not diminish staining intensity.
Cason’s trichrome stain (on gluteraldehye-fixed complexes) reveals striking color differences in the muscle layers around the testis, and sperm tails were
stained very distinctly. In the paragonial gland, the secretion stained a rich
purple, but there was a crescent of pink staining material along the distal edge
of the gland and an occasional pink cell was noted. This result is consistent with
the findings in the formalin-fixed material.
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We conclude that most of the stains used in this study indicate that D.
antiqua cells are of a uniform type and produce a homogeneous secretion. The
exception is seen with the trichrome stains, where unusual pink staining might
be related to aging of secretory material in virgin males isolated from females.
Or these data might indicate a minor cell type, as has been noted for Aedes
aegypti (Dapples et al. 1974), possibly with distinct biochemical synthetic abilities, as in D. melanogaster (Bertram et al. 1992). Although staining differences
due to aging within the gland cannot be entirely ruled out, it seems more likely
given the distribution characteristics of the unusually staining cells (broadly
dispersed over the distal ends of the paragonial glands analogous to the cells in
Drosophila) that these represent an authentic minor cell type in D. antiqua
paragonial glands.
The interplay between synthesis kinetics and accumulation phenomena was not the subject of this report, but it is clear that both processes will be
important in preparing the fly for successful mating. We suggest Delia antiqua
will make a good model system for investigation of paragonial gland events,
both in terms of biochemical characterization and physiological effects of sex
peptides on female physiology and behavior.
Comparative data within the Genus Delia. Anatomically, the reproductive complexes of D. radicum and D. platura closely resemble that of D.
antiqua. Some differences between the species consisted of size characteristics
of the mature reproductive systems (Table 3) and timing of sperm production
and secretory accumulation events. Complete histochemical comparisons were
not made between all three species and the age study undertaken for D. platura
and D. radicum was not as detailed as that of D. antiqua.
Physically, D. platura has the smallest body length and mass of the three
species, and that relationship holds for the size of the mature accessory structures and testes as well. The largest species, D. antiqua, also has the largest
testes (both length and width). Delia radicum is of moderate size, but its
paragonial glands appear to be the largest in terms of length, width and, by
inference, volume. Paragonial gland sizes of D. antiqua and D. platura males
were more similar to each other than to D. radicum. When paragonial gland
secretions from D. antiqua and D. platura were reciprocally injected into virgin
females of the other species, full inhibition of mating and stimulation of oviposition was seen (Spencer et al. 1997). Reciprocal injections with D. radicum
were not as behaviorally active, suggesting a greater evolutionary distance between these species and D. radicum. Genetic distances calculated from electrophoretic enzyme analyses also indicate that D. antiqua and D. platura are more
closely related to each other than to D. radicum (Harris et al. 1986). Sequence

Table 3. Size of the reproductive complex for mature males of Delia antiqua, Delia
platura and Delia radicum.
Mean size (micrometers ± SEM1)
Species

Testis
length

Testis
width

Vas deferens
length

Paragonial
Paragonial
gland length gland width

D. antiqua
D. platura
D. radicum

476 ± 11a
393 ± 17b
406 ± 16b

265 ± 7a
160 ± 8b
148 ± 5b

226 ± 14a
220 ± 7a
130 ± 12b

330 ± 9b
255 ± 9c
440 ± 11a

128 ± 4ab
115 ± 7b
153 ± 8a

1
n = 10 individuals; means sharing a letter within a column are not significantly
different at P < 0.05 in the Tukey-Kramer HSD test.
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analyses of paragonial gland products will undoubtedly further illuminate the
relationship among the Delia species.
Additional differences were seen in the pattern of maturation of the
testis and the accessory glands between D. antiqua and D. radicum. The
testes of D. antiqua contained few clearly differentiated sperm at eclosion and
the size and secretory volume of each paragonial gland was small. These facts
correlate well with the observations noted earlier that D. antiqua begins mating at approximately 3 days post eclosion, and is much more successful when
mating at day 6 or later Spencer et al. 1995). In marked contrast, D. radicum
testes contained abundant sperm at eclosion (also reported by Salem et al.
1989), and their accessory gland lengths were larger in the late pupal stage
(x=370 ± 19µm, n=10) than D. antiqua glands in the 7 day adult stage. For D.
melanogaster, a positive correlation has been established between body size,
accessory gland size and mating frequency (Bangham et al. 2002), but these
relationships appear more complex among species of Delia investigated here.
In our experience, young D. radicum males are more aggressive than the other
two species and have frequently been observed mating on the first day after
eclosion. Mating activity for D. radicum appears to peak on day 3 of adult life
(Swailes 1971). Although D. radicum is not the largest fly of the three species
investigated here, it is clear that the abundant secretion and early sperm
maturation could significantly contribute to mating success. Our anatomical
data suggest that mate competition may be more severe for D. radicum than
for D. platura or D. antiqua flies.
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SURVEY FOR ETOMOPATHOGENIC NEMATODES AND
ENTOMOPATHOGENIC FUNGI IN ALFALFA SNOUT BEETLE,
OTIORHYNCHUS LIGUSTICI (L.) (COLEOPTERA: CURCULIONIDAE),
INFESTED FIELDS IN HUNGARY AND IN NEW YORK STATE
Gabor Neumann1 and Elson J. Shields2

ABSTRACT
A survey for etomopathogenic nematodes and fungi in alfalfa snout beetle
Otiorhynchus ligustici (L.) infested fields was conducted in Hungary, where this
beetle is native, and in New York State, where the alfalfa snout beetle is an
invasive species. Soil samples were collected in Hungary and in New York in
alfalfa snout beetle infested alfalfa fields in spring 2002. Galleria mellonella
(L.) larvae were used as bait insects. The entomopathogenic fungi Beauveria
bassiana and Metarhizium anisopliae were found in Hungary and New York.
The frequency of plots with entomopathogenic fungi was not significantly different between locations in Hungary and New York. The entomopathogenic nematodes Steinernema carpocapsae and Heterorhabditis sp. were found in Hungary
and New York and S. feltiae was only found in Hungary. The frequency of plots
with entomopathogenic nematodes was not significantly different between locations in Hungary and New York. S. carpocapsae and S. feltiae were found in
coexistence at one location in Hungary.
____________________

INTRODUCTION
The alfalfa snout beetle, Otiorhynchus ligustici (L)., is the single most
serious insect pest of alfalfa and clover in North America. This insect was
introduced from Europe by trading ships from Europe that carried soil as ballast (York 1974). This insect was first recorded in New York state in 1896 near
Oswego, New York (York et al. 1971, Ferguson et al. 1995). Alfalfa snout beetle
has a two-year life cycle with the larvae feeding on the tap root of alfalfa plants
ultimately resulting in the death of the plants (Lincoln and Palm 1941, Ferguson
et al. 1995). Frequently, entire fields are destroyed in a single growing season.
Within the infested area, alfalfa snout beetle cannot be contained or managed
with currently available insecticides and the infested area is increasing in size
every year. To date, the infested area remains relatively small, covering only
nine counties in New York State and extends across the St. Lawrence River into
Canada (Loan et al. 1986).
The alfalfa snout beetle is not considered a serious enough alfalfa pest in
Hungary to use chemical or biological control methods to reduce population
numbers. Mass movements of the adults have been observed several times in
Hungary (Manninger and Csehi 1963, Jermy and Balázs 1990), but yearly,
range-wide mass movements, when the emerged adults walk in great numbers,
as observed in northern New York state, have not been recorded in Hungary in
the last decade. There was no empirical data available on the population densities of alfalfa snout beetle in Hungary in recent years but the fact that farmers
were unaware of this pest in Hungary (with the exception of the area near to
1
Department of Entomology, Comstock Hall, Cornell University, Ithaca NY 14853,
E-mail: gn28@cornell.edu.
2
Department of Entomology, Comstock Hall, Cornell University, Ithaca NY 14853,
E-mail: es28@cornell.edu97201.
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Mezõhegyes in southern Hungary) suggests that the populations of the alfalfa
snout beetle may be lower in Hungary than in New York.
A survey was carried out in Hungary and in New York State for the parasitic microsporidium Nosema otiorhynchi (Weiser) (Neumann 2003) that was
reported to have affected alfalfa snout beetle populations significantly in the
Czech Republic (Weiser 1961). This survey yielded results of limited value;
however, infections by entomopathogenic nematodes and fungi were found in
some of the adult beetles. Our objective was to conduct a broader survey of
entomopathogenic nematodes and fungi in Hungary and in New York State in
2002 during the beetle’s spring emergence.
MATERIALS AND METHODS
Soil sampling and isolation. Soil samples were taken in alfalfa fields at
four different locations in central Hungary (Szada, Valkó), southern Hungary
(Hódmezõvásárhely), and south-eastern Hungary (Mezõhegyes,) and at four different locations in New York State (sites in Oswego County, Wayne County, and
two sites in Jefferson County). All sites had sandy type soils. The sampling was
conducted during the spring emergence of adult alfalfa snout beetles (22-27
March 2002 in Hungary and 4-21 May 2002 in New York State). Ten random 1m2 plots were chosen in each field and, within each sample plot, 10 random soil
samples were taken. GPS readings were taken at each plot. A 2.5 cm diameter
soil core sampler was used to collect 10 cm deep soil samples. The soil cores
were divided into 0-5 cm and 5-10 cm depths, so each soil core yielded two
samples (same soil core, different depths). The sampling depth targeted the
upper regions of the soil where adult alfalfa snout beetle is found during the
spring emergence and oviposition. The soil samples were then placed into 180
ml plastic cups. The soil cores were broken up with a fork and lightly moistened
with water mist if necessary. Two healthy wax moth, Galleria mellonella (L.),
last instar larvae were placed on top of each soil sample. The cup was closed
tightly and was incubated at room temperature in an inverted position. The
larvae were monitored every 24 hours for 72 hours and dead larvae were removed and placed individually into small plastic tubes. The G. mellonella larvae used in Hungary were from a wild population and these larvae often formed
cocoons which had to be removed to force the larvae to remain in contact with the
soil. Larvae that survived the three-day exposure time were also transferred
individually into plastic tubes and transported back to the US for further observation. This protocol ensured the detection of the infections by entomopathogenic
fungi. All dead larvae that showed no externally detectable signs of fungal
infections were placed onto White traps (White 1927). Fungal infections were
recorded and the fungi were isolated on SDAY (Sabouraud dextrose agar supplemented with 1% yeast extract) media. Dead larvae on the White traps that did
not show any signs of fungal infection or emergence of infective juveniles (IJ)
from cadavers were dissected 18 days after death.
If IJ emergence occurred, healthy G. mellonella larvae were infected by
transferring the recently emerged IJs onto autoclaved soil in a 180 ml plastic
cup, placing 10 G. mellonella larvae on top of the soil and then incubating the
cups at room temperature in an inverted position. Dead larvae were transferred
onto White traps immediately after death. A few dead larvae were dissected
three to five days after death in order to isolate adult nematodes for identification. Entomopathogenic fungi on the SDAY media were identified after sporulation and deposited with the USDA-ARS Collection of Entomopathogenic Fungal
Cultures (ARSEF) at Cornell University.
The frequency of infections by entomopathogenic fungi and nematodes
were based on the number of plots with positive soil cores because the plots were
chosen randomly within a field and the soil cores were randomly chosen within
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the plots. Frequencies were evaluated by comparing the actual frequencies of
positive plots between Hungary and New York. The chi-squared test was used
to analyze the data.
The focus of this soil bioassay was to survey and identify entomopathogenic
nematodes and fungi. Saprophytic fungal and bacterial infections were not investigated.
RESULTS
Entomopathogenic fungi in Hungary. Metarhizium anisopliae
(Metsch.) was found in one plot in Szada and in one plot in Hódmezõvásárhely.
Beauveria bassiana (Vuill.) was found in three plots in Szada, six plots in Valkó,
and one plot in Mezõhegyes. Cladosporium sp. and Fusarium sp. were also
recovered in Szada, Valkó, and Hódmezõvásárhely but these fungi were considered to be weak pathogens. Entomopathogenic fungi were found in 60% of the
plots (6 positive plots out of 10 in total) in Valkó, 50% of the plots (3 positive
plots out of 6 in total) in Szada, and 10% of the plots (1 positive plot out of 10 in
total at each location) in Hódmezõvásárhely and Mezõhegyes.
Entomopathogenic fungi in New York State. M. anisopliae was found
in eight plots at the first location in northern Jefferson County, two plots at the
second location in southern Jefferson County, four plots in Oswego County, and
three plots in Wayne County. B. bassiana was found in one plot at the first
location in northern Jefferson County, one plot at the second location in southern Jefferson County, two plots in Oswego County, and three plots in Wayne
County. Entomopathogenic fungi were found 80% of the plots (8 positive plots
out of 10 total) in northern Jefferson County, 30% of the plots (3 positive plots
out of 10) in southern Jefferson County, and 50% of the plots (5 positive plots out
of 10 in total at each location) in Oswego and Wayne Counties.
The frequencies of entomopathogenic fungi in Hungary and in New York
State based on the number of plots with entomopathogenic fungi (species pooled)
are summarized in Table 1.
There was no significant difference between the frequencies of positive
plots (plots with
entomopathogenic fungi, species pooled) in Hungary and in
2
New York (χ = 3.743, df = 1, P = 0.053).

Table 1. The frequencies of entomopathogenic fungi in Hungary and in New York
State.
Location
Hungary
Hódmezõvásárhely
Valkó
Mezõhegyes
Szada
New York State
Oswego County
Wayne County
Jefferson County (north)
Jefferson County (south)

# of Plots

% of Positive Plots

36
10
10
10
6
40
10
10
10
10

30.5
10.0
60.0
10.0
50.0
52.5
50.0
50.0
80.0
30.0
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Entomopathogenic nematodes in Hungary. Heterorhabditis sp. was
recorded in three plots in Szada. Steinernema carpocapsae (Weiser) was recorded in two plots in Valkó. S. feltiae (Filipjev) was recorded in four plots in
Valkó, and one plot in Hódmezõvásárhely. Entomopathogenic nematodes were
found in 50% of the plots (3 positive plots out of 6 in total) in Szada, 50% of the
plots (5 positive plots out of 10 in total) in Valkó, 10% of the plots (1 positive
plot out of 10 in total) in Hódmezõvásárhely, and 0% of the plots (0 positive
plots out of 10 in total) in Mezõhegyes. All attempts failed to recover one of the
nematode infections from Hódmezõvásárhely (another sample from the same
plot contained S. feltiae).
Entomopathogenic nematodes in New York State. S. carpocapsae
was found in four plots in northern Jefferson County, one plot in southern
Jefferson County, and one plot in Wayne County. S. feltiae was not recorded at
any of the locations in New York State. One nematode-infected G. mellonella
larva from Oswego County failed to produce IJs. This nematode was identified
as Heterorhabditis sp. based on the brick red coloration of the infected wax moth
larva. Entomopathogenic nematodes were found in 40% of the plots (4 positive
plots out of 10 in total) in northern Jefferson County and 10% of the plots (1
positive plot out of 10 in total at each location) in southern Jefferson, Oswego
(considering the lost nematode), and Wayne Counties.
The frequencies of entomopathogenic nematodes in Hungary and in New
York State based on the number of plots with entomopathogenic nematodes
(species pooled) are summarized in Table 2.
There was no significant difference between the frequencies of positive
plots (plots with
entomopathogenic nematodes, species pooled) in Hungary and
2
in New York (χ = 0.641, df = 1, P = 0.423).
Vertical distribution of nematodes. When entomopathogenic nematode occurrences were pooled by species from all locations, S. carpocapsae was
found in the top 5 cm of soil in 90% of cases, S. feltiae occurred in the top 5 cm
in 60% of cases while Heterorhabditis sp. was found 50% of cases in the top
layer of soil.

Table 2. The frequencies of entomopathogenic nematodes in Hungary and in New
York State.
Location
Hungary
Hódmezõvásárhely
Valkó
Mezõhegyes
Szada
New York State
Oswego County
Wayne County
Jefferson County (north)
Jefferson County (south)

# of Plots

% of Positive Plots

36
10
10
10
6
40
10
10
10
10

25.0
10.0
50.0
0.0
50.0
17.5
10.0
10.0
40.0
10.0
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DISCUSSION
Entomopathogenic nematodes and fungi. The occurrence of
entomopathogenic fungi and nematodes may have been underestimated in Hungary due to the wild G. mellonella larvae used as trap insects. These larvae
formed cocoons in the soil cups and/or often climbed to the top of the container
before forming the cocoon, shortening the exposure time. It was not feasible to
continuously remove the cocoons so, in some cases, the larvae may have escaped
infection. The limited number of available host larvae in Hungary also reduced
the sample size.
All species of entomopathogenic fungi (M. anisopliae and B. bassiana)
found in Hungary were also found in New York State. The frequency of
entomopathogenic fungi tended to be higher in New York State (52.5%) than in
Hungary (30.5%) when species were pooled (Table 1), but this difference was not
statistically different. The occurrence of entomopathogenic nematodes tended
to be higher in Hungary (25%) than in New York State (17.5%) but this did not
prove to be statistically different (Table 2). A larger sample size may show a
significant difference with sites sampled in New York having a higher frequency
of entomopathogenic fungi.
The generally high frequency of entomopathogenic fungi compared with
entomopathogenic nematodes suggests that the conditions may be more favorable to fungi than nematodes. There are no data on nematophagous fungi that
may affect entomopathogenic nematode frequencies at the sites surveyed or on
the interactions of microbial agents. Also, it must be noted that the results
presented here are based on one-season data with limited number of replications.
Preliminary testing with all recovered fungi showed that they are capable
of infecting and killing alfalfa snout beetle adults and larvae but no quantitative testing was done.
All nematodes found in Hungary and New York State were found to infect
and kill adult alfalfa snout beetle in a different research project (Neumann
2003) and ongoing experiments are investigating the penetration rates of IJs of
these nematodes into adult and larval alfalfa snout beetle.
One important finding was that S. feltiae occurred in Hungary at two sites
infested by the alfalfa snout beetle while this nematode species was not recovered anywhere in New York State during the survey. Alfalfa snout beetle populations at these sites in Hungary were at lower levels than at the sites in New
York State. Koulova et al. (1998) reported that S. feltiae was able to infect 543% of adult alfalfa snout beetles under laboratory conditions at temperatures
as low as 10 oC and S. feltiae was mentioned to attack adult beetles when they
enter the soil for oviposition. Generally, steinernematids remain active at lower
temperatures than heterorhabditids (Molyneux 1986). Therefore, it seems possible that S. feltiae has an advantage over Heterorhabditis sp. attacking adult
beetles in the soil during the spring emergence.
Although the main focus of this survey was to identify potential natural
enemies that may affect the alfalfa snout beetle adults early in the spring, the
importance of Heterorhabditis sp. as a biological control agent should not be
underestimated (Schroeder et al. 1994). Ferguson et al. (1995) found that H.
bacteriophora (Poinar) was more persistent than the two steinernematid species mentioned. Schroeder et al. (1994) also found that H. bacteriophora dispersed deeper into the soil than S. carpocapsae and S. feltiae. The ability of H.
bacteriophora to persist over the long term and to reach greater depths in the
soil probably makes this nematode the best candidate for decreasing the number of alfalfa snout beetle larvae in later instars that move further down into the
soil. H. bacteriophora could also attack ovipositing adults when they enter the
soil and the soil temperatures are higher later in the spring.
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S. carpocapsae and S. feltiae were found in coexistence at the site in Valkó
where the alfalfa snout beetle was present but not in great numbers suggesting
acceptable natural control. Whether the presence of these two species of nematodes can provide better control than a single species cannot be determined by
this study. Alatorre-Rosas and Kaya (1990) discussed whether there was an
advantage to using two or more species of nematodes for the control of soilinhabiting insect pests. They suggested that depending on the location of the
host, the dispersal ability of the nematode will determine its effectiveness. For
example, if the pest is deeper in the soil, a well dispersing, cruiser type nematode would be most effective. Therefore, no advantage is gained by the use of
more than one nematode species. The alfalfa snout beetle, however, during its
two-year life cycle, can be a target of nematodes with different foraging strategies. S. carpocapsae is an ambusher nematode while S. feltiae adopts both
ambushing and cruising strategies (Lewis et al. 1995). S. carpocapsae therefore,
may be more effective infecting the adult beetles moving on the soil surface
during the spring emergence and oviposition while S. feltiae may be more effective infecting the larvae as they move deeper down into the soil. The alfalfa
snout beetle in alfalfa may be a suitable system for the study of the effectiveness of using more than one species of nematodes with different foraging behaviors against a soil-inhabiting pest.
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ARANEAE AND OPILIONES FROM TYPHA SPP. AND PHRAGMITES
AUSTRALIS STANDS OF GREEN BAY, LAKE MICHIGAN, AND AN
EXOTIC SPIDER SPECIES NEWLY REPORTED FROM THE U.S. GREAT
LAKES REGION
Michael L. Draney1 and Jeanette M. Jaskula1,2

ABSTRACT
Invertebrates were sampled using pan traps in three paired sets of Typha
spp. (cattail) and Phragmites australis (giant reed grass) habitats in Lake
Michigan’s Green Bay in June and September 2002. The collection included 34
harvestmen belonging to one species (found at all three sites), and 180 spiders
belonging to 25 species in eight families. The two habitats yielded similar
numbers of spider taxa, and 16 species were restricted to one of the two habitats. Between 10 and 15 species were found at each site, and only five spider
species were collected at all three sites.
Four species appear to be new records for the state of Wisconsin, including
the linyphiid spiders Hypomma marxii (Keyserling) and Sitalcus ruralis Bishop
& Crosby, and the salticid Synageles noxiosus (Hentz). Of particular interest is
the first report from the U.S. Great Lakes region of the clubionid spider Clubiona
pallidula (Clerck), a species introduced from Eurasia.
____________________
Giant reed grass, Phragmites australis (Poaceae), is native to North America,
but an introduced Eurasian genotype has been rapidly and aggressively expanding, in many cases by displacing other native wetland vegetation types
(Saltonstall 2002). Little is known about the effects of Eurasian P. australis in
the Great Lakes Region, where it is now rapidly displacing Typha (cattail) habitat. We collected invertebrates using pan, or water traps as part of a study to
compare invertebrate biodiversity between stands of cattail (Typha spp.) and
giant reed grass (P. australis) in the Great Lakes region (Jaskula 2003). The
purpose of the present paper is to report on the species of spiders collected
during this research. Most importantly, we report here several species new to
Wisconsin, including an exotic species that has not yet been reported from the
Great Lakes region of the United States. Although this collection does not
represent the complete spider fauna of these habitats (more intensive sampling
and addition of ground-level sampling would undoubtedly reveal many more
species), it represents the first reports of spiders from these habitats in the
western Great Lakes region, and includes species that are abundant and conspicuous on vegetation in these habitats. Because the study was not designed to
sample the spider community, we make no quantitative attempt to compare the
spider assemblages from these two habitats, although the results do suggest
some differences between the assemblages.
MATERIALS AND METHODS
Three wetlands each with paired monotypic stands of P. australis and
Typha latifolia were located in Brown County, Wisconsin along the southwestern shore of Green Bay, Lake Michigan using criteria discussed in Jaskula
1
Department of Natural & Applied Science, and Cofrin Center for Biodiversity,
University of Wisconsin-Green Bay, Green Bay, WI 54311.
2
Current Address: 5098 Red Cloud Ct. Apt. 10, Oxford, OH 45056.
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(2003). These sites were Ken Euers Nature Area (N44.56011°, W88.03703°),
Duck Creek (N44.56541°, W88.04524°), and Peter’s Marsh (N44.58851°,
W88.01626°). The P. australis at each site was determined morphologically and
by recent growth history to be of the non-native, aggressively invasive haplotype
(Blossey 2003; G. Fewless, UW-Green Bay Herbarium Curator, pers. comm.). At
each stand, all plants from ten 0.5 × 0.5 m quadrats in June and from ten 0.25
× 0.25 m quadrats in September were harvested, counted, and weighed (unpublished data). All samples contained at least 90% (by stem count) of either P.
australis or T. latifolia. Secondary plant species included Impatiens capensis
(Balsaminaceae), Urtica dioica (Urticaceae), Lythrum salicaria (Lythraceae),
Calystegia sepium (Convolulaceae), and Cirsium sp. (Asteraceae). Each species
was found in all stands, except for Cirsium sp., which was only found in T.
latifolia stands.
Terrestrial invertebrates were obtained from pan traps, yellow bowls 20
cm in diameter and 8 cm deep, positioned 1 m above the marsh surface with wire
tomato stands (Fig. 1; see also Ditlhogo et al. 1992). The traps were filled with
water and a few drops of detergent (to facilitate invertebrate capture) and deployed for two 5-day periods (17-22 June and 9-14 September 2002). Pan traps
were inspected on the second day of deployment, emptied of all invertebrates,
refilled with water then inspected and emptied again on day 5. The collected
invertebrates were retained by pouring through a sieve and stored in 70% ethanol before identification and counting.

Figure 1. Yellow plastic pan trap suspended on wire tomato stand, within a
Phragmites australis plot. The plastic bowl or pan is 20 cm diameter.
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Ten pan traps were deployed in stands of each plant species for a total of
120 samples (10 replicates × 2 plant community plots × 3 sites × 2 seasons).
Pan traps were randomly located in a 50 m × 50 m plot in Typha spp. stands
using a numbered grid. As P. australis grows in long, fence-like rows greater than
50 m long and less than 20 m wide, pan traps were positioned along a transect
that ran through the middle of each stand. Each trap was positioned no closer
than 5 m from each other or the edge of the stand.
In addition to pan traps, arthropods were collected from the quadratbased plant samples detailed above. These yielded few arachnid specimens, so
data from this method (detailed in Jaskula 2003) is not here presented. However, one species, Haplodrassus hiemalis (Gnaphosidae) was collected exclusively by this method: A single female specimen was captured wandering on the
sorting table so it cannot be determined which habitat it came from.
All animals were identified to species level by the senior author or workers listed in the acknowledgements, and vouchers are deposited in the Field
Museum of Natural History, Chicago. Further information on methods and
sites can be found in Jaskula (2003).
RESULTS AND DISCUSSION
A total of 180 adult and immature spider specimens (Order Araneae)
were collected, comprising 1.5% of the 12,049 invertebrate specimens in the
entire data set of Jaskula (2003). Eighty-eight specimens (49% of collected
spiders) were adults. Spiders (Order Araneae) were the 6th most abundant
order in the assemblage, after Diptera, Hymenoptera, Coleoptera, Collembola,
and Acari.
The 88 adult spiders (and all immature specimens, when possible) were
identified to species, and represent 8 families and 25 species (Table 1). The
Typha spp. samples yielded more of the adult specimens (50, or 57%) than the P.
australis samples (38, or 43%), and 64% of the specimens were collected in June.
The Typha spp. samples yielded slightly more families and species (19 species
in 7 families) than P. australis samples (15 species in 6 families), a difference of
doubtful significance. Ten species were restricted to Typha spp. habitats and
six species were restricted to P. australis habitats (Table 1). Interestingly, all
six species of Salticidae (jumping spiders) were restricted to Typha spp. habitats, although all are elsewhere known from other habitat types.
The three sites (Ken Euers Nature Area, Duck Creek, and Peter’s Marsh)
each yielded 10 to 15 species (Table 1). Only five spider species were collected at
all three sites: Clubiona maritima L. Koch, Clubiona pallidula (Clerck),
Larinioides cornutus (Clerck), Pachygnatha dorothea McCook, and Tmeticus
ornatus (Emerton). More extensive sampling will probably reveal that many of
the collected species are present in most coastal wetlands of Green Bay.
A total of 34 individual harvestmen (Arachnida: Opiliones) were also collected and the adults were identified to species. All individuals were Leiobunum
sp., and all identifiable individuals (adults) belonged to one species, Leiobunum
flavum Banks (family Gagrellidae). This species appears to be common in both
habitats, with 15 adults collected in Typha spp. habitats and 4 in P. australis
habitats, and was found at all three sites (Table 1).
Four spider species appear to be new Wisconsin state records. First, the
linyphiid Hypomma marxii (Keyserling) is only known from Massachusetts,
Michigan, New York, North Dakota, Washington, British Columbia,
Saskatchewan, Manitoba, Ontario, Quebec, and Newfoundland. The current
record is among the southernmost known (Buckle et al. 2001). Two specimens of
H. marxii were trapped in Typha spp. habitats and one in P. australis habitat.
Second, a single female linyphiid believed to be Sitalcus ruralis Bishop & Crosby
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Table 1. Macroarachnids (Opiliones and Araneae) collected in Typha and
Phragmites stands in Brown County, Wisconsin. This list includes only specimens
that could be identified to species or assigned a definite morphospecies. Immatures
are included only when an adult is not present at a stand/sampling period (simply to
indicate possible presence, marked as *). “Sites” column lists presence at each of the
three locations; locations are pooled for stand and month figures. Site abbreviations: DC = Duck Creek; KE = Ken Euers Nature Area; PM = Peter’s Marsh.
Taxon

Typha
Phragmites
June Sept June Sept

Order Opiliones (Harvestmen)
Gagrellidae
Leiobunum flavum Banks
Order Araneae (Spiders)
Araneidae
Larinia borealis Banks
Larinioides cornutus (Clerck)
Neoscona arabesca (Walckenaer)
Clubionidae
Clubiona maritima L. Koch
Clubiona pallidula (Clerck)
Gnaphosidae
Haplodrassus hiemalis (Emerton) †
Linyphiidae
Ceraticelus limnologicus Crosby & Bishop
Erigone autumnalis Emerton
Hypomma marxii (Keyerling)
Hypselistes florens (O. P.-Cambridge)
Islandiana flaveola (Banks)
Sitalcus ruralis Bishop & Crosby
Tmeticus ornatus (Emerton)
unknown sp. “C”
Philodromidae
Philodromus cespitum (Walckenaer)
Tibellus maritimus (Menge)
Pisauridae
Pisaurina mira (Walckenaer)
Salticidae
Eris militaris (Hentz)
Marpissa grata (Gertsch)
Synageles noxiosus (Hentz)
Pelegrina proterva (Walckenaer)
Sitticus floricola palustris (G & E Peckham)
Zygoballus nervosus (G & E Peckham)
Tetragnathidae
Pachygnatha dorothea McCook
Tetragnatha caudata Emerton
Tetragnatha elongata Walckenaer
Theridiidae
Thymoites unimaculatus (Emerton)

Sites
KE DC PM

9

1

5

0

6

3

6

0
5
*

*
0
1

1
2
0

0
0
0

0
1
1

0
1
0

1
4
0

4
0

6
0

4
10

7
1

7
1

12
3

2
7

0

0

0

0

?

?

?

0
0
2
6
1
1
0
0

0
0
0
*
0
0
5
0

0
0
1
0
0
0
0
1

1
1
0
*
0
0
1
0

1
0
1
6
1
1
2
0

0
1
2
0
0
0
3
1

0
0
0
0
0
0
1
0

0
4

0
0

1
1

0
0

0
2

0
2

1
0

0

*

0

0

0

0

0

1
1
0
1
0
0

0
0
1
0
2
2

0
0
0
0
0
0

0
0
0
0
0
0

1
0
0
1
0
2

0
1
1
0
2
0

0
0
0
0
0
0

1
4
1

2
0
0

3
*
0

2
0
0

2
0
0

2
2
0

4
1
1

0

0

1

0

0

0

1

† H. hiemalis habitat presence not certain, see text.
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was trapped in Typha spp. habitat in June. This determination is not a certainty, as the species is not well known, females are difficult to identify, and no
specimens of S. ruralis were available to us for comparison, but this would be a
new Wisconsin state record and a western range extension, as it is known only
from New York (Buckle et al. 2001). Third, our record confirms the presence in
Wisconsin of Synageles noxiosus (Hentz), a small jumping spider that ranges
from northern California to the lower peninsula of Michigan and southern Ontario
and south to southern Mexico. The species has been reported from Wisconsin
previously (Levi & Field 1954), but confusion between this and other Synageles
species makes records pre-dating Cutler’s (1987) revision questionable without
re-examination.
Of particular interest is our collection of 12 specimens of the sac spider C.
pallidula in P. australis at all three sites. An exotic species from Eurasia, it is
believed to be a recent arrival in North America with the earliest record from
1949 (Roddy 1966; Dondale and Redner 1982). C. pallidula has been previously
reported from coastal British Columbia and Washington as well as southern
Ontario (Dondale and Redner 1982). This represents the first United States
record for the Great Lakes region. Interestingly, C. pallidula were the most
abundantly collected adult spiders in our samples (Table 1). Additional directed searches in P. australis and Typha spp. habitats, as well as other wetland
communities, will help to further clarify the distribution and abundance of this
relatively new species in North America as well as determine its effects on the
marsh ecosystems it has invaded.
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SOME ASPECTS OF THE NATURAL HISTORY OF LONGITARSUS
SUBRUFUS (COLEOPTERA: CHRYSOMELIDAE)
Andrew H. Williams1

ABSTRACT
This is a synthesis of historic specimen data, published information, and
the results of observation and experimentation in the field and greenhouse. The
primary food plant of Nearctic L. subrufus is Onosmodium molle (Boraginaceae)
and the known distribution of the beetle includes most of the plant’s wide
midcontinental range. Adults feed on all above ground tissues except seeds;
larvae feed on roots. The species is univoltine, spending winter as larvae. Daily
activity patterns of adults are presented and three predators reported (Sinea,
Nabicula, Enallagma).
____________________
Over 1992-1996, I studied Longitarsus subrufus LeConte (Chrysomelidae)
and its primary food plant Onosmodium molle (Boraginaceae), resulting in my
MS thesis (Williams 1996) which, as pertains to the beetle, is summarized
here. Data were gathered from historic specimens, the literature, and from
observation and experimentation in the field and greenhouse.
MATERIALS & METHODS
Historic beetle specimens were sought from all institutional collections in
the U.S. and Canada as well as from individual U.S. collectors with a known
interest in Chrysomelidae. References to L. subrufus were found in eight works
(LeConte 1859, Horn 1889, Blatchley 1910, Duckett 1920, Craighead 1923,
Fattig 1948, Wilcox 1954, Kirk and Balsbaugh, Jr. 1975) dated prior to my
thesis (Williams 1996) and in three more recent references (Clark 2000, Riley et
al. 2003, Clark et al. 2004).
Field work over 1992-1996 led to the collection of many L. subrufus specimens now in the Insect Research Collection (IRC) of the University of Wisconsin
- Madison. My initial determinations of these as L. subrufus were confirmed by
D. G. Furth and E. G. Riley. Most field work was conducted in Wisconsin.
The range-wide distribution of O. molle was mapped (Fig. 1) using data
from 135 U.S. and Canadian herbaria and from that part of the literature
vouchered by specimens. The historic distribution of O. molle in Wisconsin was
mapped (see Williams 1996) and the discovery of current populations was made
using herbarium data and botanical literature, surveying Wisconsin field botanists, and through extensive field work. Habitat information was collected from
the literature, from plant specimen labels, and through field work. By talking
with property owners, the land use history of each O. molle site was documented.
The O. molle plants were counted and the vascular flora thoroughly surveyed on
each current Wisconsin site. Most sites were visited a minimum of three times.
Specimens of O. molle from each site were deposited in the Wisconsin State
Herbarium at University of Wisconsin - Madison. To a lesser degree, I sought
and studied O. molle sites in other states. All above ground O. molle fauna were
studied (Williams 1999). Plant nomenclature generally follows Gleason and
Cronquist (1991).
1

Department of Entomology, University of Wisconsin, Madison, WI, 53706.
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Figure 1. Specimen collections of Onosmodium molle in 1996. Data were contributed by 135 herbaria, listed here by herbarium codes (New York Botanical Garden
1990): ALTA, APSC, ARIZ, ASTC, ASU, AUA, BAYLU, BDI, BHO, BHSC, BUF,
BUT, CANM, CHI, CLEMS, CLM, CM, COCO, COLO, CSB, DAO, DAV, DBG, DEK,
DHL, DMNH, DUKE, DUL, ECH, EIU, ETSU, F, FARM, FLAS, FUGR, FWM,
GFND, GH, GMUF, GRI, H, HNH, HNWU, HPC, HPH, IA, ILLS, IND, ISC, ISM,
ISU, KNK, KNOX, KSP, LCDI, LLC, LSU, MASS, MICH, MIL, MIN, MISS, MMMN,
MODNR, MONT, MONTU, MOR, MOVC, MSC, MT, MU, MUHW, MWI, NCBS,
NCSC, NEB, NEMO, NLU, NMC, NO, NPWRC, NY, NYS, ODU, OKLA, OWU,
PAC, PH, PUL, RMWC, RSA, SASK, SAT, SBSC, SCHN, SEMO, SLRO, SMU,
TAES, TAMU, TENN, TER, UAM, UARK, UCHT, UCR, UNA, UNCC, UNM, US,
USF, UT, UVST, UWFP, UWM, UWO, VCU, VDB, VMIL, VPI, VT, WARM, WET,
WILLI, WIN, WIS (specimens collected in this study), WJC, WNC, WTS, WTU,
WVA, WVW, YU, Beloit College, and University of Wisconsin - Green Bay. Data
were also drawn from that part of the literature vouchered by specimens (Deam
1940, Steyermark 1963, Das 1965, Radford et al. 1965, Booth and Wright 1966,
Great Plains Flora Association 1977, Mohlenbrock and Ladd 1978, Martin and
Hutchins 1981, Baskin et al. 1983, New York Flora Association 1990, Ownbey and
Morley 1991, Rhoads and Klein, Jr. 1993).
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In addition to the results of my general field work, those of three discrete
projects are presented here: two rearing experiments and a study of daily activity patterns of adults in the field.
Experiment One
The purposes of this experiment were to see whether or not adult beetles
would emerge from potted and overwintered O. molle roots, and when.
On 29 November 1994, seven large, senescent O. molle plants were dug
and their tops discarded. Each rootcrown was cut to 10 cm and positioned
vertically in soil in its own pot that was buried that same day in a Wisconsin
garden for the winter. On 21 April 1995, pots were dug up, cleaned, individually
caged, and brought into the lab, where they were cared for daily under artificial
light until 20 September 1995.
Experiment Two
One purpose of this experiment was to test adult female behavior. Would
females oviposit in such a way that their larvae could develop using only O.
molle? Other purposes were to show that these larvae can develop using only O.
molle roots, to produce adult beetles from these potted plants, and to learn when
the adults would appear.
On 24 May 1995, small O. molle plants were dug, carefully cleaned and the
bare-rooted plants potted, two or three per pot. Their roots showed no evidence
of larval feeding. Pots were individually caged and tended daily in a greenhouse.
On 12 July 1995, 38 pairs of L. subrufus collected in copula from O. molle in the
wild that same day were introduced to the 11 caged pots, three or four pairs per
pot. These adults were removed in early August. On 11 October, these pots were
buried, still caged, in a Wisconsin garden. Pots were dug up, cleaned, individually caged, and returned to the greenhouse on 11 April 1996. The daily routine
of plant care was resumed through 1 October 1996.
Study of Daily Activity Patterns
To learn about adult behaviors around the 24-hour daily cycle, a field
study was conducted over 13-23 August 1995. Ten isolated O. molle plants —
five plants on each of two sites — were each observed for a two minute period
once per hour. Air temperature was recorded hourly. At each site, observations
were made over 00:00-11:00 hrs. on one occasion and then over 12:00-23:00 hrs.
on another. Site I14 (plants 1-5) had an extraordinarily high beetle population,
which could alter more usual behavior, so the study was duplicated on site
GN31 (plants 6-10). I stood in the same position relative to each plant during
each observation and did not handle the plants. It did not rain over the periods
of observation and wind was absent to very light.
This study was designed to answer several questions. How many beetles
were present at each of the 24 hourly observations? What percentage of those
present were mating? When was feeding observed? Do data differ between sites?
RESULTS
Historic beetle specimens were obtained from 29 sources — museums and
individuals. These data and my own, both summarized in Table 1, outline the
known distribution of L. subrufus, which is mapped (Fig. 2). Some historic specimens could not be ascribed to counties, but 82% of those that could were collected
in counties in which O. molle has also been collected, in some cases by the same
person who collected the beetle. Blatchley collected the beetle in 1893, and the
plant in 1889 (plant specimen at New York Botanical Garden), in Vigo Co., Indiana. Schwarz collected the beetle on 10 April and again on 16 April, in an unrecorded year, and the plant in April 1902 (plant specimen at Smithsonian Institution), in Victoria Co., Texas. Graenicher collected the beetle over 5-10 August
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Table 1. Summary of specimen data for Longitarsus subrufus in 1996. Museums
and individuals contributing data to this table are ANSP, Academy of Natural
Sciences at Philadelphia; BCCC, University of Minnesota; CNCI, Agriculture and
Agri-Food Canada; CUIC, Cornell University; DEUN, University of Nebraska Lincoln; EGRC, E. G. Riley’s collection; FGAC, University of California - Riverside;
FMNH, Field Museum of Natural History; FSCA, Florida State Collection of
Arthropods; INHS, Illinois Natural History Survey; IRC, University of Wisconsin Madison (specimens collected in this study); KSUC, Kansas State University;
MCPM, Milwaukee Public Museum; MCZC, Harvard University; MSUC, Michigan
State University; NDSU, North Dakota State University; OSUC, Ohio State
University; PSUC, Pennsylvania State University; PURC, Purdue University; SDSU,
South Dakota State University; SEMC, University of Kansas; SMCC, S. M. Clark’s
collection; TAMU, Texas A & M University; TNSC, T. N. Seeno’s collection; UAIC,
University of Arizona; UICM, University of Idaho; UMMZ, University of Michigan;
UMRM, University of Missouri; USNM, U. S. National Museum; and WSUC,
Washington State University.
Museum State County
MCZC
WSUC

Date

Additional Label Data

T. B. A. Co.
U, O. S. Westcott Collection, L. s.
LeC. 16033
Colo. 638
Clear Creek 1 July 1897
Liebeck Coll.
Denver
Denver 7
Denver
7 July
Coll Hubbard & Schwarz
Denver
5 September 1892 Denver Colo.
Otto Lugger Collection
26 June 1940
County #12
Benton
Benton
4 July 1928
G. P. MacKenzie Collection, 16033
Benton
4 July 1928
D. K. Duncan Collection, 16033
Benton
4 July 1928
16033
Dickinson
1 July
Miller’s Bay, W. Okoboji L.,
Longitarsus subrufus LeC. 7011
Marshall
24 June 1995
on O. molle, S. Sauer collector
Story
29 July 1995
on O. molle, A. H. Williams
collector

SEMC
MCZC
MCZC
USNM
USNM
BCCC
UMMZ
MCZC
FGAC
UAIC
UMMZ
USNM

CO
CO
CO
CO
CO
IA
IA
IA
IA
IA
IA
IA

IRC
IRC

IA
IA

ANSP
BCCC
MCZC
MCZC

IL
IL
IL
IL

MCZC

IL

USNM

IL

UAIC
INHS
IRC

IL
IL
IL

La Salle
Peoria
Will

IRC

IL

Winnebago

FMNH

IN

Koscinsko

Otto Lugger Collection
Liebeck Coll.
N. Ill., Frederick Blanchard
Collection
C. Ill., Frederick Blanchard
Collection
S. Ill., Collection C. V. Riley,
Collection F. Knab
15 August 1908
Ottawa, Ill., F. G. Werner
28 June 1878
188
9 July 1995
on O. molle, A. H. Williams
collector
18 September 1994 on O. molle, A. H. Williams
collector
19 August 1917
Mineral Spgs., Mus. Exped., C. L.
Hubbs col
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Table 1. Continued.
Museum State County

Date

Additional Label Data

FMNH

IN

Lake

20 May 1906

MCZC
PURC

IN
IN

Tippecanoe
Vigo

19-20 July 1925
15 June 1893

ANSP
ANSP
MCZC
MCZC
PURC
ANSP
SEMC
KSUC
KSUC
UICM
KSUC
KSUC
MCZC
IRC

KS
KS
KS
KS
KS
KS
KS
KS
KS
KS
KS
KS
KS
KS

Pine, Ind., F. Psota Coll. ex A. B.
Wolcott Coll.
Lafayette, E. M. Stirrett Collector
W. S. B., 1253, Purdue Blatchley
Collection

Douglas
Douglas
Riley
Riley
Riley
Riley
Riley
Riley
Riley

MCZC
SEMC
KSUC
KSUC
USNM

KS
KS
KS
KS
KS

Shawnee
Shawnee
Shawnee
Shawnee
Shawnee

KSUC
CNCI
IRC

KS
Trego
MAN
MAN

17 July 1925
16 July 1996

IRC

MAN

17 July 1996

BCCC
BCCC
IRC
EGRC

MN
MN
MO
MO

Big Stone
Traverse
Crawford
Holt

? 1887
? 1887
1 August 1996
16 June 1979

TAMU

MO

Holt

16 June 1979

UMRM

MO

Holt

16 June 1979

EGRC

MO

Holt

2 July 1992

UMRM
IRC

MO
ND

Jackson
Foster

15 July 1996

Snow

June
17 June 1895
June
July
4 July
4 July
14 July 1994

July

Snow, Liebeck Coll.
Ashton Collection
900 ft., F. H. Snow
F. H. Snow
Popenoe
Popenoe
Popenoe
F. Marlatt
Popenoe, 91
Liebeck Coll.
on O. molle, A. H. Williams
collector
Topeka, Popenoe
Topeka, Popenoe
Topeka, Popenoe, 1094
Topeka, Popenoe
Topeka, Popenoe, on Onosmodium,
Collection of C. V. Riley
Aweme, N. Criddle
on O. molle, A. H. Williams
collector, 1 site
on O. molle, A. H. Williams
collector, 2 sites
O. W. Oestlund
O. W. Oestlund, 46, 2373, 1335
on O. molle, J. Sullivan collector
on Onosmodium occidentale,
Loess Prairie Habitat, 1.8 miles
S. Mound City
on Onosmodium occidentale,
Loess Prairie Habitat, 1.8 miles
S. Mound City
on Onosmodium occidentale,
Loess Prairie Habitat, 1.8 miles
S. Mound City
on Onosmodium occidentale,
Loess Prairie Habitat, 1.8 miles
S. Mound City
Kan. C., Mo., L. s. Lec. 7011
on O. molle, A. H. Williams
collector
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Table 1. Continued.
Museum State County

Date

Additional Label Data

IRC

ND

Griggs

15 July 1996

IRC

ND

Nelson

15 July 1996

IRC

ND

Rolette

17 July 1996

IRC

ND

Towner

16 July 1996

IRC

ND

Traill

15 July 1996

MCZC
MCZC
BCCC
DEUN
ANSP
MCZC
SEMC
SEMC

NE
NE
NE
NE
NE
NE
NM
NM

on O. molle,
collector
on O. molle,
collector
on O. molle,
collector
on O. molle,
collector
on O. molle,
collector

Fillmore
Fillmore
Otero
San Miguel

EGRC

NM

Union

2 July 1989

FSCA
TNSC

OH
OH

Greene
Greene

23 June 1947
23 June 1947

PSUC

PA

Franklin

30 June 1922

USNM

PA

Franklin

30 June 1922

MCZC

PA

Franklin

20 July 1921

NDSU

PA

Franklin

20 July 1921

PSUC

PA

Franklin

20 July 1921

USNM

PA

Franklin

20 July 1921

SDSU
NDSU

SD
SD

Brookings
Brookings

23 July 1922
25 July 1968

SDSU

SD

Custer

August 1952

NDSU

SD

Custer

9 August 1967

NDSU

SD

Deuel

24 July 1969

SDSU

SD

Lawrence

4 August 1952

SDSU

SD

Lawrence

4 August 1952

NDSU

SD

Lawrence

2 August 1967

July
27 June 1940
August 1882

A. H. Williams
A. H. Williams
A. H. Williams
A. H. Williams
A. H. Williams

on Onosmodium, Dr. Shimer
Otto Lugger Collection
Pine Ridge
Cloudcroft, L. J. Lipovsky
near Hot Springs, Las Vegas, N.
M., 7000 ft., F. H. Snow
Clayton Lake State Park, night
sweep, R. S. Anderson
J. A. Wilcox Collr.
J. A. Wilcox Collr., from J. A.
Wilcox Collection
St. Thomas, Pa., E. M. Craighead
Coll.
St. Thomas, Pa., E. M. Craighead
Coll., Geo. M. Greene Collection
St. Thomas, Pa., E. M. Craighead
Coll.
St. Thomas, Pa., E. M. Craighead
Coll.
St. Thomas, Pa., E. M. Craighead
Coll.
St. Thomas, Pa., E. M. Craighead
Coll., Geo. M. Greene Collection
White, S. D., H. C. Severin
White, S. D., V. M. Kirk, S., V. M.
Kirk Collection
State Game Lodge, H. C. Severin
Coll.
Wind Cave Nat’l. Park prairie dog
town, E. U. Balsbaugh, Jr.
Gary, S. D., V. M. Kirk, S., V. M.
Kirk Collection
Spearfish Canyon, H. C. Severin
Coll.
East of Spearfish Canyon, H. C.
Severin Coll.
Spearfish Canyon, 2 mi. S. of US
14, E. U. Balsbaugh, Jr.
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Table 1. Continued.
Museum State County

Date

Additional Label Data

NDSU

SD

Lawrence

5 August 1969

CUIC
MSUC

TN
TN

Madison
Wilson

Higgins Gulch, Black Hills, E. U.
Balsbaugh, Jr.

9 June 1946

TNSC

TN

Wilson

11 June 1946

UAIC

TX

USNM

TX

Bexar

23 June

USNM

TX

Bexar

22 June 1895

USNM

TX

Bexar

23 June 1895

TAMU
MSUC
USNM
USNM

TX
TX
TX
TX

Brazos
Dallas
Dallas
Dallas

18 May 1932

Lebanon, Tenn., R. R. Dreisbach,
16033
Lebanon, Tenn, R. R. Dreisbach,
from Collection of J. A. Wilcox
Tex., 7006, C. W. Leng Collection,
16033, Longitarsus subrufus ks
7011
S. Antonio Tex., Coll Hubbard &
Schwarz
S. Antonio Tex., Collection H.
Soltau
S. Antonio Tex., Collection H.
Soltau
College Station, H. J. Reinhard

USNM

TX

Dallas

USNM
USNM
USNM
USNM
USNM
OSUC
TAMU

TX
TX
TX
TX
TX
TX
TX

Dallas
Dallas
Dallas
Dallas
Dallas
Goliad
Gonzales

TAMU

TX

Gonzales

TAMU

TX

Gonzales

TAMU

TX

Gonzales

USNM

TX

Victoria

USNM
IRC

TX
WI

Victoria
Buffalo

IRC

WI

Dane

MCPM
IRC

WI
WI

Grant
Grant

IRC

WI

Green

IRC

WI

Iowa

18 June 1906
April 1907

W. D. Pierce Collector
Onosmodium carolinianum, W. D.
Pierce Collector
16 April 1907
on Onosmodium carolinianum,
Schwarz & Pratt Coll.
20 April 1907
F. C. Pratt Collector
8 May 1908
C. E. Hood Collector
8 May 1908
C. R. Jones Collector
22 May 1907
F. C. Pratt Collector
11 June 1907
elder, W. D. Pierce Collector
10 April 1950
D. J. & J. N. Knull Collrs.
9 April 1967
Palmetto State Park, J. C.
Schaffner
18 April 1970
Palmetto State Park, J. C.
Schaffner
4 May 1970
Palmetto State Park, J. C.
Schaffner
25 April 1971
Palmetto State Park, J. C.
Schaffner
10 April
on Onosmodium bejariense, E. A.
Schwarz collector
16 April
E. A. Schwarz collector
on O. molle, A. H. Williams
collector, 1 site
on O. molle, A. H. Williams
collector, 6 sites
5-11 August 1911 Museum Exped., Old Cat #57512
on O. molle, A. H. Williams
collector, 19 sites
on O. molle, A. H. Williams
collector, 3 sites
on O. molle, A. H. Williams
collector, 12 sites
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Table 1. Continued.
Museum State County

Date

IRC

WI

Lafayette

IRC

WI

Pierce

SMCC

WV

Grant

7 July 1994

SMCC

WV

Grant

2 August 1995

MCZC

WY

Goshen

1845

Additional Label Data
on O. molle, A. H. Williams
collector, 1 site
on O. molle, A. H. Williams
collector, 13 sites
Cave Mountain near Laudes, S.
M. Clark
Cave Mountain near Laudes, S.
M. Clark
Type, #4431, J. L. LeConte
collector

Figure 2. Specimen collections of Longitarsus subrufus in 1996. Data were taken
from specimens included in Table 1. The 28 sources contributing data to this map
are the Academy of Natural Sciences at Philadelphia, Agriculture and Agri-Food
Canada, Cornell University, Field Museum of Natural History, Florida State
Collection of Arthropods, Harvard University, Illinois Natural History Survey,
Kansas State University, Michigan State University, Milwaukee Public Museum,
North Dakota State University, Ohio State University, Pennsylvania State University, Purdue University, South Dakota State University, Texas A & M University,
University of Arizona, University of California - Riverside, University of Idaho,
University of Kansas, University of Michigan, University of Minnesota, University
of Missouri, University of Wisconsin - Madison (specimens collected in this study),
and U.S. National Museum. Also included are data from the personal collections of
S. M. Clark, E. G. Riley, and T. N. Seeno.
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1911 and the plant on 8 August 1911 (plant specimen at Milwaukee Public
Museum), at Rutledge in Grant Co., Wisconsin. Criddle collected the beetle in
1925 and the plant in 1926 (plant specimen at Canadian Museum of Nature), at
Aweme, Manitoba. Werner collected the beetle in 1908 and the plant in 1939
(plant specimen at Illinois Natural History Survey), in La Salle Co., Illinois. In
Grant Co., West Virginia, the beetle and the plant were collected at one place by
two people. Bartgis collected the plant in 1987 (plant specimen at West Virginia
Wesleyan College). Clark, who collected the beetle in 1994 and 1995, confirmed
(pers. comm.) that Bartgis’ description of the plant’s habitat perfectly fits that of
the beetle: “dry, prairie-like pasture on Cave Mountain.”
Longitarsus subrufus was described by LeConte (1859) from his own collection of the species in 1845, in Goshen Co., Wyoming. Horn (1889) wrote that
this species had been collected by Snow in Kansas and that, according to Shimer,
it lived on Onosmodium. Blatchley (1910) wrote that L. subrufus, “our largest
species of the genus, described and known heretofore only from Kansas,” was
common locally on the stems and leaves of O. molle on 15 June in Vigo Co.,
Indiana. Duckett (1920) included L. subrufus in a list of beetles in the vicinity of
College Park, Maryland. Craighead (1923) provided detailed information:
“During July, 1921, hundreds of adults were collected by
sweeping false gromwell (Onosmodium hispidissimum Mackenzie).
Many of the adults were dissected and the females contained
eggs. Egg-laying habits were not observed, but it is probable that
the eggs are placed at the base of the plant on the surface or just
under the ground.
The larvae feed on the roots and are not very active. On examining infested roots one may find the larvae in their galleries or
among the roots and when about to pupate they move a little
distance away from the host.
“The larva has a well-developed labrum, three-jointed maxillary palpus, ninth abdominal segment well developed, legs present,
antennae two-jointed, body straight and cylindrical; 0.7 mm. to
1.2 mm. long and 0.1 mm. wide. It resembles the larva of Diabrotica.
The larvae move around until they have formed well-defined cells
in the soil and two days later pupate. Larvae remain in pupal
stage from 9-15 days, averaging 10.6 days. Hibernate as larvae.
“The adults feed on the leaves of Onosmodium and cut small
irregular holes through them. Where the host was found the
beetles were very abundant and by the latter part of August defoliation was complete. The adults are very active and when disturbed jump to another part of the host plant or fall to the ground
where they conceal themselves under leaves. Previously recorded
from Kansas and Indiana.”
Fattig (1948) reported L. subrufus from Georgia. Wilcox (1954) wrote that
L. subrufus had been collected on O. molle in Greene Co., Ohio. Kirk and
Balsbaugh, Jr. (1975) included this species in a catalog of South Dakota beetles.
Clark (2000) reported his own collections in West Virginia. Riley et al. (2003)
simply listed the states and province where the beetle occurs. Clark et al.
(2004) repeated earlier reports of this species using O. molle and reported for
the first time that adults have been collected from Onosmodium helleri in central Texas.
Collections of L. subrufus made over the course of this study are summarized in Table 1.
Longitarsus subrufus occurred on 55 of the 59 Wisconsin sites supporting
wild O. molle plants, but on neither of the two Wisconsin sites where O. molle
had been introduced using seeds prior to the period of this study. In Crawford
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Co., O. molle seeds were sown in 1987. When I visited this introduced colony, the
plants were up to nine years old and L. subrufus was absent; the nearest beetle
population was 18 miles away. An O. molle population in Dane Co. was started
with seeds in 1962, yet L. subrufus was absent over 1994-1996. This site was 12
miles from the nearest beetle population. One of the four wild O. molle populations in Wisconsin lacking L. subrufus is the most disjunct, growing 125 miles
from the nearest extant beetle population. This site harbored O. molle in 1977
(specimen at University of Wisconsin - Green Bay) and supported 187 O. molle
plants in 1993, but despite the population’s age and size, beetles were absent
over 1993-1995. Beetles can colonize new O. molle populations, as shown by
their presence on two proximal sites in Story Co., Iowa, where the plant had been
introduced only by seeds, yet grows wild as close as one mile away. When I
visited these Iowa sites, the oldest of these plants were in their seventh growing
season.
Populations of L. subrufus can persist even if very few O. molle plants are
present. Four of the 59 wild O. molle sites in Wisconsin harbored a single plant,
yet L. subrufus persisted at each of them. The beetle was present at 12 of the 14
Wisconsin sites harboring fewer than nine wild O. molle plants.
The habitat of O. molle, and so of L. subrufus, is characterized by welldrained calcareous soils in full or partial sun, especially in areas where mammalian grazing provides disturbance. Light to moderate grazing by cattle and
horses benefits O. molle, which is not eaten. Only when stocking levels reach the
point where O. molle plants get routinely trampled do cattle and horses negatively impact these plant and beetle populations. I found 494 plant taxa growing with O. molle. These included several species in Boraginaceae: Lithospermum
incisum (31 sites), L. canescens (30 sites), Hackelia virginiana (15 sites),
Cynoglossum officinale (13 sites), Lappula squarrosa (2 sites), Echium vulgare
(1 site), and Lithospermum carolinense (1 site).
Many thousands of Longitarsus subrufus beetles were observed over the
course of this study, but only a few young adults were found feeding on plants
other than O. molle and these others are also perennials in Boraginaceae:
Cynoglossum officinale, Echium vulgare, and Lithospermum canescens. Whether
or not the beetle can reproduce on any of these three other plants was not tested.
On 26 June 1994, three beetles were found on C. officinale. One of these was
teneral, which, given the date and the short period over which adults emerge,
indicates these were young adults. Cynoglossum officinale is an alien pasture
weed that has been in Wisconsin since at least 1849 (Lapham 1850). On 20
June 1995, one teneral beetle was found feeding on E. vulgare, another alien
pasture weed that has been in Wisconsin since at least 1877 (Swezey 1877). On
4 July 1994, seven beetles were found mating and feeding on the native prairie
plant Lithospermum canescens on a site adjacent to, but isolated from, an O.
molle site. This was a steep bluff prairie above a dense belt of Juniperus virginiana
above a pasture in which O. molle and Longitarsus subrufus occurred. Onosmodium
molle was not found on this bluff prairie but was found in such habitat elsewhere in Wisconsin.
Longitarsus subrufus adults feed on all above ground O. molle tissues
except seeds, leaving shot hole damage. They often enlarge existing holes, creating an array of holes of irregular size and shape. On site I13, beetles were
especially abundant while, on some other sites, beetles were hard to find. Density measurements were not systematically made.
These beetles can be found in summer and autumn in Wisconsin. Adults
usually begin to emerge in late June or even early July, appearing first on warmer,
south-facing microsites. Typically, the plants begin to flower shortly before the
beetles emerge. Mating was observed soon after adults emerged in early summer and throughout summer into autumn, as long as adults survived. Beetles
can live as long into autumn as green O. molle tissue remains. As the leaves
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blacken from frost, only the stems, which stay green a bit longer, provide food for
the beetles and this is when most stem feeding occurs. Dwindling numbers of
adults, as determined by the increasing difficulty of finding them, may survive
even into November in Wisconsin; my latest fall collection was on 10 November.
Three predators of L. subrufus beetles were observed in the field: Sinea
diadema (Fabricius) (Reduviidae), Nabicula subcoleoptrata (Kirby) (Nabidae),
and Enallagma carunculatum Morse (Coenagrionidae). Sinea diadema adults
and fourth and fifth instar nymphs fed on L. subrufus. This assassin bug preyed
on L. subrufus morning, noon, and night over most of the period when beetles
were present. Nabicula subcoleoptrata adults fed on L. subrufus and were twice
seen to attack living beetles without success. This damsel bug was found on O.
molle throughout the day and night during that period when beetle populations
were highest. On 18 June 1994, the diurnal damselfly E. carunculatum snatched
with its legs a beetle off the upper surface of an O. molle leaf. It flew to another
perch, set the beetle down, landed, and sat moving its mandibles. The beetle lay
on its side, barely moving. Then the damselfly flew, picked up the beetle with its
legs to devour it in flight.
All above ground O. molle fauna were studied and pertinent to discussion of L. subrufus are two other beetles: Meligethes saevus LeConte (Nitidulidae)
(Williams 2002a) and Longitarsus melanurus (Melsheimer) (Williams 2002b).
Experiment One
All seven rootcrowns sprouted soon after being brought into the lab on 21
April 1995. Beetles appeared on six of these caged plants over 19-31 May. The
plants later died, apparently due to my poor care. The caged pots were maintained until 20 September 1995, but no more beetles emerged.
Experiment Two
After removal of the introduced adults in early August 1995, no adults
were evident on daily inspections throughout that field season. Plants resprouted
in only seven of the 11 caged pots that had been returned to the greenhouse on 11
April 1996. One of these soon died, leaving six pots with robust sprouts. Beetles
emerged from each of these six pots over 22-31 May. Pots were checked through
1 October 1996, but no more beetles emerged. The other five pots produced no
beetles. No feeding damage to leaves was observed in the absense of adults.
Study of Daily Activity Patterns
Beetles were present on each of the 10 plants at each of the 24 hourly
observations. The variation in abundance by hour was more pronounced at site
I14, where the beetle population was very high, than at site GN31, but the
pattern of adult presence around the 24-hour cycle was similar on these two
sites (Fig. 3). Beetles were least numerous on the plants during the hottest part
of the day, but the nature of this correlation was not tested.
The percentage of mating beetles among those present on individual plants
at each hour varied from 0-88% (Fig. 4). Mating was much reduced on both sites
from 10:00-17:00 hrs. At site I14, no mating was observed from 13:00-15:00 hrs.
At site GN31, no mating was observed from 11:00-16:00 hrs. Feeding was
observed at each of the 24 hourly observations.
DISCUSSION
Data from historic specimens and the literature suggest the beetle’s obligatory relationship with O. molle extends across the beetle’s wide midcontinental
range and my findings in the field and in the greenhouse confirm that O. molle is
currently the only normal food plant of L. subrufus in Wisconsin. Young adults
found feeding in Wisconsin on three other perennial borages — C. officinale, E.
vulgare, and Lithospermum canescens — were so few in number relative to my
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Figure 3. Hourly sum of beetles present on five plants on two sites. Left bar is site I14; right bar is site GN31.
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Figure 4. Average hourly percentage of beetles mating on five plants on two sites. Left bar is site I14; right bar is site GN31.
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opportunities to so observe them that their behavior can only be seen as abnormal. In Texas, Longitarsus subrufus adults have recently been collected on O.
helleri on which they might be presumed to develop (Clark et al. 2004).
All references to Onosmodium on historic specimen labels (Table 1) and in
the literature except O. helleri in Clark et al. (2004) actually refer to O. molle.
Probably the first specimen reference to Onosmodium was Shimer’s, from Nebraska; another early reference is on some Popenoe specimens from Kansas.
Schwarz referred to O. bejariense from Texas, and E. G. Riley to O. occidentale
from Missouri. Onosmodium carolinianum appears on labels from Dallas Co.,
Texas. Craighead (1923) reported the beetle from Pennsylvania on O.
hispidissimum. Blatchley (1910), from Indiana, and Wilcox (1954), from Ohio,
reported their own collections on O. molle. Throughout this region, the sole
Onosmodium is O. molle; O. bejariense, O. occidentale, and O. hispidissimum are
subspecies or varieties of O. molle (Das 1965, Cochrane 1976, Gleason and
Cronquist 1991) and O. carolinianum is simply misnamed — no plant bears
this name. The only other plant listed on examined specimen labels is Pierce’s
Dallas Co., Texas, collection on elder, but Pierce also collected L. subrufus on
Onosmodium in Dallas Co., earlier that same year. I deem the elder reference
spurious.
Though relatively few collections of L. subrufus had been made prior to
this study, historic specimens delineate the distribution of the species well, if
we accept its obligatory association with O. molle. With the exception of a single
specimen from Cloudcroft in Otero Co., New Mexico, this beetle has been collected only in the region where O. molle has also been collected, based on examined specimens. Cloudcroft is at sufficiently high elevation to support a ski
resort today. Perhaps a disjunct population of O. molle grows there in the more
moist, higher elevation along the dry western fringe of the plant’s range. Perhaps L. subrufus also feeds on Macromeria viridiflora (Boraginaceae), a southwestern species that has been collected at Cloudcroft (specimen at New Mexico
State University - Las Cruces). Perhaps this one beetle specimen was
mislabelled.
Five of the few historic collectors of the beetle — Blatchley, Schwarz,
Graenicher, Criddle, and Werner — also collected O. molle. Clark collected the
beetle at the same site in the same habitat as Bartgis had collected the plant
several years earlier.
LeConte did not refer to O. molle on his specimen labels or in his description of the beetle (1859), but his having collected on that same 1845 trip across
our midcontinent (and described in that same 1859 paper) a second beetle that
feeds only on O. molle, Meligethes saevus (Williams 2002a), suggests that LeConte
encountered and collected off this plant.
Duckett (1920) included L. subrufus in his list of flea beetles found near
College Park, in eastern Maryland. I have seen Maryland specimens determined by others as L. subrufus, but none of these is L. subrufus. Though it seems
likely that the beetle lives in Allegany County, in western Maryland, as O. molle
has been collected there and both the plant and the beetle have been collected in
nearby Franklin Co., Pennsylvania, and Grant Co., West Virginia (Table 1),
there is no reason to believe it lives in eastern Maryland, where O. molle does
not occur. Duckett’s (1920) report of L. subrufus from Maryland was almost
certainly in error.
Fattig (1948) reported L. subrufus from Georgia, on the basis of a specimen collected by Lund and housed at the University of Georgia. I have studied
the University of Georgia specimens determined as L. subrufus, including one
collected by Lund. None of these is L. subrufus. Though O. molle has been
collected in northern Georgia in Catoosa Co. (specimen at University of Tennessee - Chattanooga), and is said to occur in adjacent Walker Co. (J. R. Allison,
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pers. comm.), allowing the possibility of the beetle occurring in Georgia, I have
not seen Georgia specimens of L. subrufus. Fattig’s (1948) report of L. subrufus
from Georgia was in error.
Riley et al. (2003) reported L. subrufus from all of these states and
Manitoba without discussion. Whether their Georgia reference is taken from
Fattig (1948), which I state here is inaccurate, or from more recent, genuine
collections is unclear. Louisiana, where O. molle occurs (Fig. 1) and so where L.
subrufus could well be present, and the District of Columbia, where the beetle
almost certainly does not occur, are also listed in Riley et al. (2003).
Some historic beetle specimens are teneral, which elucidates the beetle’s
phenology. Schwarz collected a series of beetles in Victoria Co., Texas, on 10
April and another series there on 16 April. The beetles of 10 April are all paler
than those of 16 April. This is the most southern collection of L. subrufus and is
essentially as far south as O. molle has been collected, which shows that at the
southern edge of the beetle’s range adults emerge in early April. In Dallas Co.,
Texas, a bit north of Victoria Co., Schwarz and Pratt collected a series of beetles
on 26 April, several of which are teneral, suggesting that adults emerge a bit
later as spring moves north. In Franklin Co., Pennsylvania, Craighead collected
a series of beetles on 20 July 1921 and again on 30 June 1922, and these latter
beetles were teneral. This indicates that at the northeast limit of the beetle’s
known range adults emerge in late June, as my collecting in Wisconsin confirms
for a similar latitude.
In Texas, L. subrufus has been collected in April, May, and June (Table 1).
North of Texas, no collections were made as early as April. The only May
collection outside Texas is in Lake Co., Indiana. June specimens are more
common, being collected in Texas and farther north in Missouri, Kansas, Tennessee, Illinois, Indiana, Iowa, Ohio, and Pennsylvania, as well as at higher
altitude in New Mexico. July specimens don’t exist for Texas but do for many
states. I collected the most northern specimen on 17 July in southern Manitoba,
and some specimens collected at high altitude in Colorado were collected in
July. August specimens are fairly common and a single specimen was taken in
early September. These collection dates suggest a wave of adult emergence
from south to north and from low to higher altitude, as one would expect of a
univoltine species, a fact confirmed in Wisconsin through my second rearing
experiment.
In both of my rearing experiments, adults emerged over a period of a few
days well after the plants had resprouted in spring and grown robust, confirming the pattern I observed in the field. In my first rearing experiment, it was
shown that L. subrufus associated with O. molle roots in autumn can produce
adults after exposure, at some stage of life, to winter’s cold. In my second rearing
experiment, it was shown that females oviposit in association with O. molle in
such a way that larvae are able to develop, that larvae develop with only O. molle
roots available as food and that these larvae produce adults in spring after
exposure, at some stage of life, to winter. I have not shown that this cold diapause is required, but simply that it happens in Wisconsin. Craighead (1923)
wrote that these larvae feed on the roots of O. molle and that L. subrufus hibernates as larvae in Pennsylvania. Both my rearing experiments yielded adults in
spring only from those plants that had survived the winter and resumed sustained growth in spring, suggesting that these larvae may need to feed in spring
prior to pupation. Craighead’s (1923) report of average pupation time of 10.6
days in Pennsylvania, coupled with my observations of the plants having time to
grow robust, usually to the point of flowering, before the emergence of adults,
would allow time for larvae to feed on roots invigorated by spring.
In my second rearing experiment, adults that had been introduced into the
11 caged pots were later removed. This removal process had to be repeated over
several days as beetles appeared in cages that had been purged of beetles on one
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or more previous days. These hidden beetles could only have been underground.
Craighead (1923) suggested that females oviposit at the bases of O. molle plants
or just underground there. The reduced numbers of beetles present on wild
plants in the hottest part of the day (Fig. 3) and the more sharply reduced
incidence of mating at this same time (Fig. 4) suggest that many of the absent
beetles are females and that their absence from the foliage may be explained by
their ovipositing under ground.
At times when mating occurred, a higher percentage of beetles present at
site I14 was mating at nearly every hour than were beetles at site GN31, suggesting that denser beetle populations support higher mating frequencies than
do less dense populations.
Despite the extraordinarily high beetle population at site I13, where the
noise of these tiny beetles leaping off plants when disturbed sounded like rain
drops spattering adjacent plants, I did not see complete consumption of foliage
as reported by Craighead (1923).
Perhaps L. subrufus will be shown to reproduce on O. helleri in Texas but,
at present, it has been shown to reproduce only on O. molle. That may change
over time, as has happened with L. melanurus, which once depended on O. molle
(Williams 2002b) but which has been reported to reproduce on E. vulgare (Furth
1994). I reported L. melanurus adults feeding on C. officinale on sites also
supporting O. molle (Williams 2002b). Echium vulgare and C. officinale are
alien pasture weeds in Boraginaceae, perennials that have been available to L.
subrufus, in Wisconsin, for over a century (Lapham 1850, Swezey 1877). That I
rarely found teneral individuals of L. subrufus feeding on leaves of E. vulgare and
C. officinale on sites where O. molle also grew suggests how these might become
acceptable food plants for this beetle, as they have to some degree for L. melanurus,
and presents a model for this process generally. My finding these beetles feeding only once in early summer on the leaves of the native Lithospermum canescens
does not suggest this is a suitable food plant as it often grows with O. molle and
probably has over millenia.
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EFFECT OF SHORT TERM COLD STORAGE ON THE QUALITY OF
TRICHOGRAMMA BRASSICAE, T. CACOECIAE, AND T. EVANESCENS
(HYMENOPTERA: TRICHOGRAMMATIDAE)
N. Özder1 and Ö. Saglam

ABSTRACT
Trichogramma cacoeciae Marchall, T. brassicae Bezdenko and T. evanescens
Westwood (Hymenoptera: Trichogrammatidae) could be useful in biological control programs of agricultural insect pests. The possibility of storing Trichogramma
species at low temperatures and the effect of such storage on the quality of the
parasitoids and their fecundity were studied. Trichogramma cacoeciae, T. brassicae
and T. evanescens pupae were stored 1, 2, 3, and 4 weeks at 4 ± 1 °C in a refrigerator, 60-70% R.H. and full darkness. Parasitoid emergence was 98.80%, 99.33%
and 99.60% for T. cacoeciae, T. brassicae and T. evanescens, respectively, after 1
week of storage. Storage at 4 ± 1 °C resulted in a significant decline in parasitoid
emergence after 3 weeks. Subsequent trials focused on fitness of stored pupae in
terms of percentage of parasitized eggs and longevity of females. Storage at 4 ±
1°C reduced fecundity and longevity of female parasitoids.
____________________
Egg parasitoids of the genus Trichogramma (Hymenoptera:
Trichogrammatidae) are among the most commonly used natural enemies in the
world against lepidopteran pests (Hassan 1993, King 1993, Smith 1996). They
are gregarious endoparasitoids with the majority of species attacking eggs of
Lepidoptera, although some also have the potential to attack dipteran and coleopteran eggs (Hoffmann et al. 1955, Mansfield and Mills 2002). Codling moth
(Cydia pomonella, L.) (Lep., Tortricidae), grapevine moth (Lobesia botrana, Den.
and Schiff.) (Tortricidae) and European leafrollers (Archips rosanus, L.) (Tortricidae)
have been considered potential targets for Trichogramma inundation in orchard
crops (Hassan 1992, Cossentine and Jensen 2000, Hommay et al. 2002).
Trichogrammatid egg parasitoids are generally used for inundative biological control, as annual releases. Storage of natural enemies assures their
availability in sufficient number at the time of release. Storage techniques
must ensure the availability of high quality natural enemies (Bigler 1994).
Therefore, the development of storage techniques for biocontrol agents is considered of utmost importance to provide flexibility and efficiency in mass production, to synchronize a desired stage of development for peak release and to make
available standardized stocks for use in research (Greco and Stilinovic 1998,
Leopold 1998). Although there are numerous investigations about storage of
trichogrammatid species (Jalali and Singh 1992, Greco and Stilinovic 1998,
Pitcher et al. 2002, Tezze and Botto 2004), natural variation among species
necessitates individual studies to determine species-specific parameters. The
effect of different periods of cold storage on the quality of the stored parasitoids
was evaluated by measuring the following variables: adult emergence time,
adult emergence proportion, female proportion, fecundity and longevity.
Thus, the aim of this research was to determine whether T. cacoeciae
Marchall, T. brassicae Bezdenko and T. evanescens Westwood could be stored at
cold temperatures for various lengths of time without significant reductions on
parasitoid quality.
1
Trakya University, Faculty of Agriculture, Department of Plant Protection,
Tekirdað, Turkey. e-mail:nozder@tu.tzf.edu.tr.
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MATERIALS AND METHODS
Parasitoids originally collected from Archips rosanus L.(Tortricidae) eggs
in Turkey were identified as T. cacoeciae (N. Kilinçer, University of Ankara,
Faculty of Agriculture, Department of Plant Protection) and reared on Ephestia
kuehniella Zeller (Pyralidae) since 1998. T. brassicae and T. evanescens were
obtained from the Plant Protection Research Institute in Izmir and in Adana
(Turkey). All Trichogramma species were reared on E. kuehniella in a climatic
chamber at 25 ± 1 °C, 60-70% R.H. and L16:D8. E. kuehniella were reared on
wheat bran at 25 ± 1 °C and 60-70% R.H.
Twenty-four hour old eggs of E. kuehniella were sprinkled over a fine gum
film on paperboard strips, with 100 host eggs per strip. The strips were placed
separately in glass vials (15 × 2.5cm) with ten newly emerged parasitoids and
held for one day at 25 ± 1 °C temperatures, 60-70% R.H and 16:8h (L:D) photoperiod. After four days of parasitization (the parasitized eggs turn black as
parasitoids pupated), the strips were placed separately in glass vials (15 ×
2.5cm), plugged with cotton, and stored at 4 ± 1 °C, 65-70% R.H. with a complete
dark photoperiod for 1, 2, 3 and 4 weeks. Parasitized eggs were removed every
week for all parasitoid species and incubated for emergence of parasitoids at
climatic conditions described above. The number of adult parasitoids emerging
from host eggs was recorded. All of the treatments at each storage period and
parasitoid species were replicated ten times.
Freshly emerged adults (< 12h old) were used for determining longevity
and fecundity of the adults emerging from pupae stored at cold temperatures.
The fecundity and longevity of parasitoids exposed to cold storage was determined using fresh eggs of E. kuehniella (< 12 h old). For each parasitoid species
and for each replicate, a single fertilized and unfed female, less than 6 h after
adult emergence was confined in a glass vial (1.5 cm diameter by 3.5 cm height)
with an egg card that had > 50 host eggs. The inside of the vial was streaked
with diluted 70% honey to provide a food source for the parasitoid. After 24 h,
the egg card was removed and placed in a new vial which was incubated under
laboratory conditions (25 ± 1 °C, 60-70% RH and a photoperiod of L16:D8 ) until
emergence of the parasitoid offspring. Fresh host eggs were provided daily; the
number of eggs offered was more than the maximum daily female capacity of
parasitism. For each combination of parasitoids, the number of eggs parasitized was determined by counting the number of eggs which had turned black on
the egg card. After hatching of progeny, all black eggs were dissected to confirm
the hatching of a wasp or determine mortality based on dead Trichogramma
pupae. As a control for this experiment, we used parasitoids which emerged
from host eggs held at the laboratory conditions (25 ± 1 °C, 60-70% RH and
L16:D8 light photoperiod). Each treatment for all parasitoid species and temperature regimes was replicated 10 times. The effect of time and temperature
on the longevity and fecundity of parasitoids was analyzed using ANOVA. Means
were compared using Tukey’s Tests.
RESULTS AND DISCUSSION
Storage period had a significant effect on the emergence rate of adults of T.
cacoeciae (F = 18.89, df = 4, P < 0.05), T. evanescens (F = 23.59, df = 4, P < 0.05) and
T. brassicae (F = 10.20, df = 4, P < 0.05). Emergence rates of adults from stored
hosts decreased with cold for all three parasitoid species compared to the control.
Development time from pupa to adult emergence was 5 days for all samples
in the control group and 6 days for all samples in each of the treatments. These
results are similar to those for T. nerudai Pintureau and Gerding (Tezze and
Botto 2004). While cold storage had little affect on development time it, affected the proportion of emerged adults as well as their quality.
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Emergence rates of T. cacoeciae which had been stored at 4 ± 1 °C for 0, 1,
2, 3 and 4 weeks were found to be 99.40%, 98.80%, 98.20%, 85.00% and 73.80%,
respectively. Similarly, emergence rates for T. evanescens were 99.80%, 99.60%
98.20%, 89.60% and 85.60%, respectively for the same storage conditions. T
brassicae emergence rates were found to be 100%, 99.33%, 99.20%, 85.80% and
85.40%, respectively for the same storage conditions (Table 1). Emergence rates
decreased with increasing cold storage for T. cacoeciae (F = 18.89, df = 4, P <
0.05), T. evanescens (F = 23.59, df = 4, P < 0.05) and T. brassicae (F = 10.20, df =
4, P < 0.05).
A reduction in the emergence due to the cold storage was also seen in other
Trichogramma spp. by Jalali and Singh (1992), Pitcher et al. (2002). Emergence
rates for T. cacoeciae, T. evanescens, and T. brassicae stored for 4 weeks at 4 ± 1°C
were similar to rates obtained for T. nerudai stored for 25 days at 4 °C (Tezze
and Botto 2004), but higher than rates determined by Jalalý and Singh (1992)
for T. chilonis Ishii and T. japonicum Ashmead stored at 5 °C for 28 days.
Longevity of emerging adult parasitoids decreased significantly with increasing storage times for T. evanescens (F = 7.03, df = 4, P < 0.05) in comparison
to the control (Table 1). This is similar to results found for T. ostriniae Pang and
Chen by Pitcher et al. (2002). However, storage period was not found to affect
longevity of T. achaeae Nagaraja and Nagarkatti and T. chilonis by Jalali and
Singh (1992). Likewise, duration of cold storage resulted in a significant decrease in fecundity for T. cacoeciae (F = 15.77, df = 4, P < 0.05), T. evanescens (F =
27.86,df = 4, P < 0.05), and T. brassicae (F = 3.63, df = 4, P < 0.05) (Table 1). This
Table 1. Mean (± SE) emergence rates, longevity and fecundity of Trichogramma
cacoeciae, T. brassicae and T. evanescens held in cold storage for various lengths of
time (N=10 replicates).
Storage period
(Weeks)

Emergence
rates (%)

Female longevity Female fecundity
(days)
(number of eggs)

Trichogramma cacoeciae
Control
99.40
1 week
98.80
2 weeks
98.20
3 weeks
85.00
4 weeks
73.80

±
±
±
±
±

1.34 a
0.84 a
1.09 a
3.32 b
12.49 c

15.60
15.25
15.25
10.80
5.75

± 1.14 a
± 1.71 a
± 10.81 a
± 8.61 a
± 2.22 a

65.33
50.20
49.20
47.00
13.33

±
±
±
±
±

2.52 a
1.92 a
1.93 a
8.92 a
19.65 b

Trichogramma evanescens
Control
99.80
1 week
99.60
2 weeks
98.20
3 weeks
89.60
4 weeks
85.60

±
±
±
±
±

0.45 a
0.55 a
1.30 a
5.55 b
3.58 b

21.25
16.25
14.00
7.00
4.60

±
±
±
±
±

a
ab
ab
b
b

76.20
64.66
58.33
30.75
12.00

±
±
±
±
±

15.07 a
1.53 a
5.13 a
2.22 b
10.00 b

Trichogramma brassicae
Control
100 ± 0.00 a
1 week
99.33 ± 1.15 a
2 weeks
99.20 ± 0.84 a
3 weeks
85.80 ± 8.79 b
4 weeks
85.40 ± 6.53 b

17.50
16.67
14.00
9.40
4.80

± 9.85 a
± 11.67 a
± 7.94 a
± 8.68 a
± 4.09 a

74.67
67.00
49.20
32.40
8.33

±
±
±
±
±

20.65 a
22.60 a
16.16 ab
37.32 ab
10.12 b

3.86
5.91
9.84
4.97
1.52

Within columns, the same letters indicate no significant differences between
treatments Tukey’s multiple comparison test, (P < 0.05).
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result agrees with results for T. ostriniae (Pitcher et al. 2002) and for T. nerudai
(Tezze and Botto 2004). Others have found that fecundity by T. achaeae, T.
eldanae Viggiani, T. chilonis ,and T. japonicum declined rapidly after storage for
14 days at 2 ºC (Jalalý and Singh 1992).
According to this study, T. cacoeciae, T. evanescens, and T. brassicae pupae
are amenable to short term cold storage. Longer storage periods caused a significant decrease in percent emergence, longevity and fecundity of parasitoid
species. Storage of T. cacoeciae, T. evanescens and T. brassicae pupae at low
temperature for short time could be useful for inundative biological control
strategies. Moreover, since the quality of F1 longevity and fecundity were not
affected, this storage technique could also be useful in release programs since
these species are already adapted to the local environmental conditions.
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EVALUATION OF EXPERIMENTAL POPULATIONS AND
GLANDULAR-HAIRED VARIETIES OF ALFALFA FOR ALFALFA BLOTCH
LEAFMINER (DIPTERA: AGROMYZIDAE) FEEDING INJURY
R.C. Venette1, W. D. Hutchison1,2 , E.C. Burkness1 and C.C. Sheaffer3

ABSTRACT
Following the spread of the alfalfa blotch leafminer, Agromyza frontella
(Rondani) (Diptera: Agromyzidae), into Minnesota and Wisconsin U.S.A. during 1994-1997, three field trials were conducted in Minnesota to assess the
potential for leafminer resistance among several sources of alfalfa (Medicago
sativa), germplasm. In 1998, 86 entries were evaluated, most of which were
experimental populations. In addition, six commercial varieties of alfalfa were
evaluated. Of the six varieties, four had been bred for various levels of glandular-hair expression, specifically for resistance to the potato leafhopper, Empoasca
fabae (Harris)(Homoptera: Cicadellidae). In two of three trials, we found no
significant differences in leafmining injury to trifoliolates among the 86 entries,
or among glandular-haired and traditional commercial varieties. At one location, ‘Arrest,’ ‘Ameriguard 301,’ and ‘DK 121 HG’ incurred significantly less
pinhole injury than the glandular-haired variety ‘5347 LH’ or the commercial
standard, ‘5454.’ However, after accounting for both pinhole and leafmining
injury, only ‘Arrest’ and ‘Ameriguard 301’ had less injury than ‘5347 LH,’ ‘DK
121 HG,’ or the standard ‘5454.’ The low levels of resistance to A. frontella
injury, among glandular-haired commercial alfalfa varieties and numerous experimental populations M. sativa, confirm the need for alternative A. frontella
management strategies such as biological control and possible manipulation of
harvest schedules.
____________________
Agromyza frontella (Rondani) (Diptera: Agromyzidae) is a pest of European origin that was first detected in alfalfa, Medicago sativa L., in North America
in 1968 (Miller and Jensen 1970; Harcourt 1973). In the early- to mid-1970s,
the insect was a significant pest of alfalfa in the northeastern United States
and eastern Canada (e.g., Hendrickson and Day 1986; Harcourt et al. 1988).
However, the economic impact of this insect on alfalfa yield and quality has
been difficult to estimate. MacCollom (1980) observed no significant yield
effect but reported losses of 0.7 to 2.4% in crude protein. Thompson (1981) found
no significant impact by A. frontella on alfalfa yield, yet quantitative estimates
of A. frontella density were not reported. Byers and Valley (1981) reported
reductions in digestible dry matter of 11.04%, a 12.07% loss in crude protein,
and a 22% reduction in chlorophyll for leaflets infested with mines when A.
frontella densities were high. Summarizing several yield impact studies, within
the context of a sustained A. frontella infestation in the northeastern U.S.,
Hendrickson and Plummer (1983) concluded that even small reductions in yield
resulted in annual regional losses of ca. $13 million.
Both the larvae and adult females of A. frontella cause injury (e.g., Guppy
1981). After emerging from eggs laid on the underside of alfalfa leaflets, larvae
consume the mesoderm of the leaflet, and, in the process create a uniquely
shaped mine or blotch, typically resembling a large comma (Bereza 1979). Adult
Department of Entomology, University of Minnesota, St. Paul, MN 55108.
Address correspondence to: hutch002@umn.edu.
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Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul,
Minnesota 55108, USA.
1
2

2004

THE GREAT LAKES ENTOMOLOGIST

189

females wound the plant by puncturing leaflets with their ovipositors. The
females then imbibe the fluids. After some time, the injured tissues will senesce,
leaving distinctive “pinholes.” An individual leaflet may have as many as 1,000
pinholes (Bereza 1979).
Agromyza frontella was first detected in northern Minnesota in 1994 and
rapidly spread to southern Minnesota and western Wisconsin by 1996 (Hutchison
et al. 1997). The leafminer was subsequently detected in southern Wisconsin
and northern Illinois in 1997 (Venette et al. 1999). By 1998-1999, we also
confirmed infestations in North Dakota, South Dakota, and northwest Iowa
(Venette et al. 1999). Lundgren et al. (1999) subsequently documented a westward movement of the leafminer across Manitoba, Canada; additional surveys
confirmed the presence of A. frontella as far west as Saskatchewan, Canada
(Soroka et al. 2000).
Research in Minnesota indicated that currently registered alfalfa insecticides, including the pyrethroids, provided inconsistent control of A. frontella
(Burkness et al. 1999a,b). In addition, although several parasitoids have been
shown to attack the leafminer in the eastern U.S. and in Canada (Drea and
Hendrickson 1986; Harcourt et al. 1988), a relatively low incidence of parasitism has been reported thus far in Minnesota (Hutchison et al. 1997).
Given the need for consistent management strategies for A. frontella, we
initiated studies to assess the potential for varietal resistance to the leafminer,
using multiple sources of Medicago sativa germplasm and selected glandularhaired commercial varieties. Glandular-haired experimental populations, with
activity against the potato leafhopper, Empoasca fabae (Harris)(Homoptera:
Cicadellidae), were first developed in the 1970s (e.g., Shade et al. 1979); commercial varieties were first released in the late 1990s (Ranger and Hower 2001;
Sulc et al. 2001). Although several glandular-haired varieties confer resistance
to E. fabae (Sulc et al. 2001), the mechanisms of resistance are poorly understood. For A. frontella, the trichomes may provide a physical barrier to adults
seeking oviposition or feeding sites (MacLean and Byers 1983), or they may
produce substrates that repel the insects when searching the leaf surface. If
either mechanism were true, it is possible that the glandular hairs that affect E.
fabae could also confer some level of resistance to A. frontella. The purpose of
this study was to assess the potential of several glandular-haired varieties and
recent M. sativa germplasm for tolerance to A. frontella.
MATERIALS AND METHODS
In 1998, we sampled three established alfalfa variety trials in Minnesota
for plant damage caused by A. frontella. The trials were located at the Rosemount
Agricultural Experiment Station (Dakota Co.), University of Minnesota, and on
a commercial farm near St. Martin, in central Minnesota (Stearns Co.). All
trials were designed to evaluate cultivars for agronomic characteristics and
forage quality following established protocols (Sheaffer et al. 1998).
The general design of each trial (designated by its location and original
purpose) and the specific parameters we measured are described below. The
number of parameters was adjusted by the size of the trial and the size of the
plants. Sample dates for all locations were selected to coincide with periods of
pinhole and leafmining activity in July-August (e.g., Venette et al. 1999). In all
variety trials, 20 stems were collected at random from each plot. Stems were
cut at the soil surface. Samples were cooled to 16°C and brought to the laboratory for processing. Each trifoliolate on a stem was examined for pinholes or
mines. The percentage of stems with at least one injured trifoliolate (pinhole or
mining), a measure of the incidence of plant injury, was noted. Percentages were
arcsine (sqrt)-transformed and analyzed using PROC GLM to compensate for
missing observations (SAS 1998); means separation was done using the RyanEinot-Welsch multiple range test (SAS 1998). All remaining variables for each
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location also were analyzed by PROC GLM and the Ryan-Einot-Welsch multiple range test (SAS 1998).
Rosemount, Multiple Entries. This trial consisted of 86 entries, which
were planted 3 May 1995, in a randomized-complete-block design. ‘Vernal’ and
‘5454’ were included as common, non-glandular-haired, commercial varieties for
comparison. Each entry was replicated four times, of which we sampled the first
three replicates. In total, 5,160 stems were examined. Individual entry plots
within a replicate were 0.9m x 6.0m. Within a block, no border separated the
length of each plot. Blocks were separated by 3-m borders of alfalfa. Plots were
sampled 10 July 1998, just before the second cutting. None of the plots were
treated with insecticides.
Rosemount, Glandular-haired Varieties. Data for commercial varieties were collected from a variety x insecticide study designed to assess the
impact of glandular-haired varieties and insecticidal control on E. fabae. However, based on preliminary data obtained from insecticide treated plots (RCV,
unpublished) showing minimal impact of permethrin (Pounce 3.2EC, FMC Corp.)
on A. frontella, we only collected A. frontella data from the untreated alfalfa
plots. The trial consisted of six entries, including four glandular-haired varieties (‘5347’, ‘Ameriguard 301’, ‘Arrest’, and ‘DK121 HG’) and two standard varieties (‘5454’ and ‘Vernal’). Each variety was planted 12 May 1997, using standard
production practices for Minnesota (Sulc et al. 2001). A 3-m fallow border
separated the untreated block of varieties from the insecticide-treated block.
Each complete block was replicated four times for a total of 48 plots, each 1.8m
x 6m. Blocks were separated by a 3 m fallow border. Plots were sampled 16 July
1998, just before the second cutting. In addition to measuring the incidence of
injury caused by A. frontella, we also measured the fresh and dry weights of each
20-stem sample. Samples were oven dried for 48 h before weighing.
St. Martin, Glandular-haired Varieties. This trial was designed much
like the Rosemount experiment including insecticidal control for E. fabae. The
same varieties were used in the same-sized plots. However, the varieties were
planted 13 May 1998, with A. frontella data recorded during the first establishment year. Plots were sampled on 19 August 1998, before any cuttings were
taken. Only one-half of the experiment was sampled because no insecticides
had yet been applied to the plots. Severity of A. frontella injury was assessed by
determining the percentage of trifoliolates with pinholes or mines. A trifoliolate with both pinholes and mines was simply classified as mined. Additionally, because the plants were relatively small, we also used a 0-9 maturity
rating scale (Fick and Mueller 1989) to measure potential delays in maturity.
Due to the small size of the plants, weights were not recorded.
RESULTS
Rosemount, Multiple Entries. Nearly all entries incurred over 90%
injury, with at least one trifoliolate per stem injured by A. frontella (Table 1); no
significant differences in injury were observed (F = 0.79; total df = 256, P = 0.90).
In addition, all stems of ‘3452 ML’, ‘5454’, ‘BPR 365’, ‘C/W 4206’, ‘ICI 620’, ‘PGI
3512’, and ‘ZC 9339’ were injured by A. frontella (Table 1).
Rosemount, Glandular-haired Varieties. The proportion of stems with
at least one trifoliolate injured per stem, ranged from 83.8 to 100%, with no
significant differences observed among glandular-haired and traditional alfalfa
varieties (Table 2; P > 0.05). There were also no significant differences in fresh
or dry weights among glandular-haired and traditional varieties (P > 0.05).
St. Martin, Glandular-haired Varieties. The glandular-haired varieties ‘Arrest,’ ‘Ameriguard 301,’ and ‘DK 121 HG’ had significantly fewer
trifoliolates with pinhole injury than did the glandular-haired variety ‘5347 LH’
or the traditional variety ‘5454’ (Table 3; P < 0.05). However, only ‘Arrest’ had
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Table 1. Percentage of stems (mean ± SEM) with at least one trifoliolate injured by
Agromyza frontella among alfalfa experimental populations and varieties, 1998,
Rosemount, Minnesota.
Entry
5312
WL 252H
WI 95-1
ZC 9346
C/W 3414
ZM 9431
Viking 1
3B21
C/W 3307
DS 9501
Enhancer
W110
C/W 3416
GH 787
ZC 9348
3T26
C/W 4409
3B19
3B12
3L48
4L65
ABI 9134

%
Injured

Entry

%
Injured

Entry

%
Injured

85 ± 1
88 ± 2
92 ± 2
92 ± 2
92 ± 3
92 ± 3
93 ± 2
93 ± 3
93 ± 3
93 ± 3
93 ± 3
93 ± 3
93 ± 4
93 ± 4
93 ± 4
95 ± 0
95 ± 0
95 ± 1
95 ± 3
95 ± 3
95 ± 3
95 ± 3

ABT 405
BPR 371
C/W 3231
C/W 4308
C/W 4319
DS 907
DS 9502
Guardian
ICI 645
Oneida
PGI 3522
3L18
4T63
5262
93-39
BPR 372
DS 9504
DS 9505
Vernal
ZC 9445
ZN 93AA
3T44

95 ± 3
95 ± 3
95 ± 3
95 ± 3
95 ± 3
95 ± 3
95 ± 3
95 ± 3
95 ± 3
95 ± 5
95 ± 5
97 ± 2
97 ± 2
97 ± 2
97 ± 2
97 ± 2
97 ± 2
97 ± 2
97 ± 2
97 ± 2
97 ± 2
97 ± 3

ABI 9220
ABI 9222
ABT 205
AlfaStar
C/W 3322
C/W 3327
C/W 4324
C/W 4413
Ciba 2888
Defiant
GA-APGC
MP 2000
Sterling
TMF Gene
ZN 93DD
Oneida VR
2555 ML
5246
631
92-31
94GG
ABI 9220

Entry

97 ± 3 ABI 923DD
97 ± 3
BPR 373
97 ± 3
BPR 374
97 ± 3 C/W 3408
97 ± 3
Demand
97 ± 3
Dividend
97 ± 3
DK 127
97 ± 3
DS 9503
97 ± 3
GH 767
97 ± 3 Lightning
97 ± 3 PGI 2512
97 ± 3 Ultraleaf 8
97 ± 3
ZC 9335
97 ± 3
3452 ML
97 ± 3
5454
97 ± 4
BPR 365
98 ± 2 C/W 4206
98 ± 2
ICI 620
98 ± 2 PGI 3512
98 ± 2
ZC 9339
98 ± 2
98 ± 2

%
Injured
98 ± 2
98 ± 2
98 ± 2
98 ± 2
98 ± 2
98 ± 2
98 ± 2
98 ± 2
98 ± 2
98 ± 2
98 ± 2
98 ± 2
98 ± 2
100 ± 0
100 ± 0
100 ± 0
100 ± 0
100 ± 0
100 ± 0
100 ± 0

Analysis of variance indicated no significant differences among means (F = 0.79;
total df = 256, P = 0.90).

Table 2. Severity of injury (mean ± SEM) caused by Agromyza frontella among and
glandular-haired and traditional alfalfa varieties, 1998, Rosemount, Minnesota.
Variety1

% Stems with
injured trifoliolates

5347 LH*
5454
Ameriguard 301*
Arrest*
DK121 HG*
Vernal

93.8 ±
84.9 ±
88.8 ±
85.0 ±
83.8 ±
100 ±

3.8a
10.1a
5.5a
6.1a
13.1a
0.0a

Fresh weight (g)
106.7 ±
90.4 ±
106.8 ±
110.1 ±
94.5 ±
82.8 ±

6.2a
6.9a
2.4a
11.7a
8.0a
5.2a

Dry weight (g)
25.0 ±
21.0 ±
25.8 ±
25.6 ±
21.9 ±
20.0 ±

1.7a
1.7a
1.0a
3.4a
1.7a
1.5a

Means followed by the same letter are not significantly different (P > 0.05); ANOVA
and Ryan-Einot-Welsch multiple range test (SAS 1998).
1
Entries marked with an * refer to glandular-haired, commercial varieties.
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significantly less pinholing injury than the traditional variety ‘Vernal’ (P <
0.05). After accounting for both pinhole and mining injury, only ‘Ameriguard
301’ and ‘Arrest’ incurred significantly less injury than ‘5347 LH,’ ‘DK 121 HG,’
and ‘5454.’ However, the reduction in total trifoliolate injury in ‘Arrest’ and
‘Ameriguard 301’ was not significantly different from that of ‘Vernal’ (P > 0.05).
‘Ameriguard 301’ and ‘5347 LH’ were significantly taller than most of the other
varieties, but only ‘Ameriguard 301’ had a higher maturity rating than all other
varieties (Table 3).
DISCUSSION
Although glandular-haired varieties have been investigated during the
past 30 years for other alfalfa pests, such as E. fabae (e.g., Shade et al. 1979;
Sulc et al. 2001) and the alfalfa weevil, Hypera postica (Gyllenhal) (Johnson et
al. 1980), very little work has been published regarding the potential impact of
glandular-haired germplasm or traditional alfalfa varieties on A. frontella (Hill
and Byers 1979; MacLean and Byers 1983). Our results with more recent
germplasm and glandular-haired commercial varieties are similar to those of
Hill and Byers (1979), who found low levels of leaf mining resistance in six
commercial varieties commonly grown in the 1970s (‘Cherokee,’ ‘Saranac,’ ‘Culver,’ ‘Team,’ ‘Lahontan,’ ‘Vernal’). Of all varieties tested over two years, only
‘Cherokee’ showed a moderate level of resistance on one of four sample dates
(Hill and Byers 1979). Moreover, leaf mining injury among the commercial
varieties was similar to the progeny mean injury level of 54 polycross families of
M. sativa. These authors found that heritability of resistance to A. frontella,
among the 54 families, was low (4.2%).
Although we observed no significant differences in larval mining or adult
pinhole injury within the 86-entry test, in the St. Martin study, a few of the
glandular-haired varieties incurred less adult pinhole injury, and subsequently
reduced mining injury at one location (Table 3). For example, significant reductions in pinholing were observed for ‘Arrest,’ ‘Ameriguard 301’and ‘DK 121 HG.’
The lower incidence of adult pinholing in some of the glandular-haired varieties
is in agreement with the results of MacLean and Byers (1983). In their no-choice
Table 3. Severity of injury (mean ± SEM) caused by Agromyza frontella on
glandular-haired and traditional alfalfa varieties, during the establishment year,
1998, St. Martin, Minnesota.
Variety1

%
%
Total %
Trifoliolates Trifoliolates trifoliolates
Stem
Maturity
with pinholes with mines with injury height (cm) rating2

5347 LH*
5454
Ameriguard 301*
Arrest*
DK121 HG*
Vernal

42.8 ±
48.3 ±
29.3 ±
28.0 ±
29.7 ±
33.7 ±

2.5a
2.5a
1.6bc
1.9c
2.4bc
1.9b

12.4 ±
13.8 ±
11.3 ±
9.9 ±
16.1 ±
9.1 ±

1.1ab
1.5ab
1.2abc
1.1bc
1.5a
1.4c

55.2 ±
62.1 ±
40.6 ±
37.9 ±
56.6 ±
42.7 ±

2.7a
2.7a
2.0b
2.3b
3.6a
2.4b

21.7 ±
19.7 ±
23.3 ±
20.1 ±
19.5 ±
18.4 ±

0.6ab
0.6c
0.6a
0.5bc
0.6c
0.4c

0.9 ±
0.8 ±
1.0 ±
0.8 ±
0.7 ±
0.7 ±

0.04b
0.05b
0.05a
0.04b
0.06b
0.05b

Means followed by the same letter are not significantly different (P > 0.05); ANOVA
and Ryan-Einot-Welsch multiple range test (SAS 1998).
1
Entries marked with an * refer to glandular-haired, commercial varieties.
2
Maturity Rating System (0-9 scale; where 0 = early vegetative, 1 = mid-vegetative,
and 2 = late vegetative; Fick and Mueller 1989).
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laboratory test for oviposition preference, they found a significant correlation
between reduced pinholing and an increase in glandular hairs among Medicago
spp. germplasm. In addition, Sawyer and Fick (1987) concluded that adult
pinhole feeding, rather than larval mining, was more likely to contribute to yield
losses over a wide range of environmental conditions. In summary, each of the
studies evaluating pinhole injury suggest that additional breeding work to improve alfalfa resistance to A. frontella should focus on mechanisms that will
inhibit adult feeding or oviposition.
Given the results of our study showing few differences in alfalfa resistance
to A. frontella, as well as previous research confirming inconsistent insecticidal
control (Burkness et al., 1999a,b), we agree with Hendrickson and Day (1986)
that additional work with beneficial parasitoids may be the most promising
long-term management strategy. Establishment of Dacnusa dryas (Nixon) and
other parasitoids have been very effective in the eastern U.S. (Drea and
Hendrickson 1986) and in Canada (Heimpel and Meloche 2001). In addition to
biological control, the simulation study of Sawyer and Fick (1987) indicates
that early-harvest could be used to reduce yield loss, before larval mining becomes excessive. Finally, insecticide use for A. frontella should be limited to
outbreak situations, which would minimize disruptions to effective biological
control of the alfalfa weevil in Minnesota (Flanders and Radcliffe 2000).
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FIRST RECORD OF OCHLEROTATUS JAPONICUS
(DIPTERA: CULICIDAE) IN ST. JOSEPH COUNTY, INDIANA
Catherine L. E. Young1 , Jesse A. Beery, Robert E. Sheffer2, Kelly M. Rand2

ABSTRACT
A single female specimen of Ochlerotatus japonicus (Theobald)(formerly
Aedes japonicus), the Asian bush mosquito, was captured in St. Joseph County,
IN on 29 July 2004. This is the first report of that species in northern Indiana.
Additional specimens were subsequently collected, indicating probable establishment throughout the county.
____________________
Ochlerotatus (Finlaya) japonicus japonicus (Theobald) (Diptera: Culicidae),
formerly Aedes (Finlaya) japonicus, was first reported in the United States in
New Jersey in 1998 (Peyton et al. 1999). The first confirmed report of the
species in the state of Indiana cited specimens collected 4-10 July 2004 in Clark
County on the state’s southern border (Moberly et al. 2005).
Collections were part of the St. Joseph County public health surveillance
program. One gravid trap (John W. Hock Co.) baited with an infusion of grass
clippings and one dry ice-baited CDC-style light trap (American Biophysics
Corp.) were set at each of ten sites two nights per week, from 11 May to 29
October 2004. Specimens were identified by morphological characters (Siverly
1972, Peyton et al. 1999, Darsie 2002).
On 29 July 2004, a female specimen collected in St. Joseph County, on the
extreme northern border of Indiana, was identified as Oc. japonicus, indicating
that the species is likely established throughout the state. Over the remainder
of the 2004 trapping season, a total of 28 female and one male Oc. japonicus was
collected from six sites throughout the county, with the first collection occurring
on 29 July and the last on 8 October 2004.
Of the 29 specimens collected, 25 (86.2%) were collected in gravid traps.
Fifteen specimens were sufficiently intact to determine gravid status, and of
these, 12 (80.0%) were gravid and three (20.0%) were non-gravid. Three nongravid females and one male were collected in CO -baited light traps. Collec2
tion numbers showed a slight peak in early September,
with a maximum of
three individuals occurring in a single trap on 16 September 2004, but were
relatively constant throughout the trapping period.
The introduction of Oc. japonicus into the Great Lakes region may have a
significant impact on public health as well as being an event of ecological interest. While field data to date are necessarily limited, experiments under laboratory conditions indicate that the species is a competent vector of West Nile
(Turell et al. 2001), Eastern equine encephalitis (Sardelis et al. 2002), and St.
Louis encephalitis viruses (Sardelis et al. 2003), three of the most significant
arboviruses affecting our area.
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ADDENDUM
First-instar larvae of Oc. japonicus were collected on 4 April 2005 from
abandoned tires located in a wooded area from which adult specimens of O.
japonicus were collected in July-October 2004. Larvae were reared to adulthood
in the laboratory and two adult females and one adult male were identified by
morphological characters. This finding indicates that Oc. japonicus has successfully survived the winter in northern Indiana and should be considered a permanent addition to the mosquito fauna in this area.
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FIRST RECORD OF THE SOYBEAN APHID, APHIS GLYCINES
(HEMIPTERA: STERNORRHYNCHA: APHIDIDAE) IN CONNECTICUT
AND MASSACHUSETTS
Claire E. Rutledge1

ABSTRACT
The soybean aphid, Aphis glycines Matsumara, was first found in the
United States in Wisconsin in the summer of 2000. Since that time it has
spread to 21 states, primarily in the upper Midwest and 3 Canadian provinces.
The predicted range of soybean aphid includes all of New England, but it had not
yet been reported from Connecticut and Massachusetts. I surveyed two sites in
each state during the summer of 2004: Hamden, CT on 4 August, Cromwell, CT
on 1 September, and Plainfield, MA and Conway, MA on 10 September. Soybean aphids were present at all four sites. This is the first report of soybean
aphid for Connecticut and Massachusetts.
____________________

INTRODUCTION
The soybean aphid, Aphis gylcines Matsumara, is a pest of soybeans in
Asia that has recently been introduced into North America. Soybean aphids
were discovered infesting soybean fields in 5 states in the upper Midwest in the
summer of 2000 (Ragsdale et al. 2004). The soybean aphid reduces yield directly via plant feeding and indirectly through virus transmission, reduction in
seed protein content, and through effects on photosynthesis (D’yakonov 1975,
Halbert et al. 1986, Wang et al. 1994, Macedo et al. 2003). By 2003 the aphid
had been found in over 21 states and 3 Canadian provinces (Ragsdale et al.
2004). New England lies within the predicted geographical range of soybean
aphid in North America (Venette and Ragsdale 2004). Before 2004, the presence of soybean aphid in Connecticut and Massachusetts had not yet been documented. Soybean is a minor crop in both states and production is limited to
small-scale producers catering to the local market for edamame (fresh, edible
soybean), or using soybean as a cover crop. Thus, soybean aphid is not an
economic concern for producers in this region. It may, however, have importance
as a vector of plant viruses for crops such as green beans or potatoes (McGraw
2002), or have ecological consequences for native aphid communities (Heimpel
et al. 2004). The purpose of this study was to determine if soybean aphid had
expanded its range to southern New England.
MATERIALS AND METHODS
Soybeans were sampled in 2004 for the presence of soybean aphids and
associated natural enemies at four small farms, two in Connecticut and two in
Massachusetts. Briefly, the sample sites were as follows:
The first Connecticut site consisted of a small soybean field (10 m x 40 m)
that was being grown as a cover crop in New Haven County (41.36 N, 72.94 W).
The site was initially sampled on 4 August, 2004.

1
Department of Entomology, The Connecticut Agricultural Experiment Station,
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The second Connecticut site consisted of a 2 row x 20 m patch of soybeans
grown for edamame, located in Middlesex County (41.61 N, 72.66 W). The site
was sampled on 1 September, 2004.
The first Massachusetts site consisted of a 1 row x 5 m patch of soybeans
grown for edamame located in Hampshire County (42.45 N, 72.95 W). The site
was sampled on 10 September, 2004.
The second Massachusetts site consisted of a 2 row x 100 m patch of
soybeans grown for edamame in Franklin County (42.51 N, 72.69 W). The site
was sampled on 10 September, 2004.
At all sites, 10 soybean plants were examined visually for aphids, and
three plants with aphids were taken to the laboratory. Aphids were placed in
alcohol and after preliminary identification by the author were sent to David
Voegtlin of the Illinois Natural History Survey for confirmation. Additional
sampling was conducted to monitor aphid abundance and the presence of natural enemies at the New Haven County site. Ten randomly chosen plants were
examined weekly from 28 August – 27 September 2004. The numbers of aphids
and natural enemies on each plant were counted.
RESULTS
Soybean aphids were found at all sites and on all plants sampled. At the
New Haven County site, aphid numbers ranged from 0 – 130 per plant (Fig. 1).
Natural enemies were present at all sites, including coccinellids, predaceous
dipteran larvae (Syrphidae and Chamaeymyidae), spiders, chrysopids, and predaceous bugs (Orius insidiosus Say, and nabid spp.). At the New Haven County
site the anthocorid predator, Orius insidiosus, was the predominate predator,
comprising 48% of 46 natural enemies present on sampled plants. Predaceous
dipteran larvae were nearly as abundant comprising 43% of natural enemies
seen (Fig. 1). I also found several mummies (Aphelinidae: Hymenoptera) in
soybean aphids at the New Haven County site.
DISCUSSION
Soybean aphids were present at all four sites sampled in Connecticut and
Massachusetts. Infestations were below the economic threshold for soybean
aphid on soybeans in the upper Midwest (250 per plant). At none of the sites
had the producers noticed soybean aphids on their plants, or any adverse impact
of the aphids. Numbers of aphids per plant were higher than that found in
central Indiana in summer 2004 by an order of magnitude (ca. 100 aphids per
plant in CT vs. ca. 10 aphids per plant in IN) (HJS Yoo, personal communication). Populations of soybean aphid fluctuate dramatically from year to year in
the Midwest (Rutledge et al. 2004), and future monitoring will be required to
determine if similar patterns are found in New England. One of the primary
(over wintering) hosts of soybean aphid, common Buckthorn, Rhamnus cathartica
L., is found in both Connecticut and Massachusetts (USDA, NRCS. 2004), but it
is not yet known if soybean aphid overwinters in New England. The aphids may
disperse annually on prevailing winds from the Midwest. All sites sampled had
natural enemies of soybean aphid present. At the New Haven County site, the
number and community of natural enemies were similar to those found in Indiana (Rutledge et al. 2004).
Connecticut and Massachusetts are within the predicted geographical
range of the soybean aphid (Venette and Ragsdale 2004). The aphid was found
in two New York state counties that adjoin Connecticut and Massachusetts as
early as 2001 (Losey et al. 2002). Therefore, it is not surprising that soybean
aphid has expanded its range to include Connecticut and Massachusetts. It is
likely that soybean aphid has been present in these two states prior to summer
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Figure 1. Soybean aphid abundance per plant (± SE), and predator number per plant
for a 10-plant sample at the New Haven County site, late summer 2004.

2004, and was unnoticed until recently. The ability of soybean aphid to locate
the small patches of soybeans that are present in the two states is noteworthy.
With the exception of the New Haven County site, all of the soybean patches in
which I located the aphid were well under 0.1 ha in size. In addition these sites
were on small farms (< 16 ha, the New Haven County site is 29.5 ha) that were
not adjacent to other farms, and were situated in woodlands.
Future monitoring of soybean aphid in Connecticut and Massachusetts will
be needed to determine if the aphid is over wintering in New England, and to
determine if this invasive insect is impacting agricultural or natural communities.
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ARDOINIA NOM. NOV., A REPLACEMENT NAME FOR
THE GENUS ORGHIDANIA ARDOIN, 1977 (COLEOPTERA:
TENEBRIONIDAE) NON CAPUSE, 1971
Hüseyin Özdikmen1

ABSTRACT
A replacement name Ardoinia is proposed for the genus Orghidania Ardoin,
1977 in the family Tenebrionidae.
____________________
The genus Orghidania was described by Capuse (1971) in the family
Coleophoridae (Lepidoptera). This name is still a valid genus name in Lepidoptera. Subsequently, Ardoin (1977) established the genus Orghidania in the
family Tenebrionidae (Coleoptera); therefore, it can not be used as a valid genus
name in Coleoptera by homonymy.
The genus-group name Orghidania Ardoin 1977, is a junior homonym of
Orghidania Capuse 1971, and under the International Code of Zoological Nomenclature (ICZN) it must be rejected and replaced. In accordance with Article
60 of the ICZN, Fourth Edition (1999), I propose to substitute for the junior
homonym name Orghidania Ardoin, 1977, the nomen novum Ardoinia dedicated
to Ardoin who is the current author of the genus name.
Order: Coleoptera
Family: Tenebrionidae
Genus: Ardoinia (nom. nov.)
The replacement name for Orghidania Ardoin, 1977.
Orghidania Ardoin, 1977 (syn. n.)
Orghidania Capuse, 1971, (Lepidoptera: Coleophoridae) and Orghidania
Ardoin, 1977, (Coleoptera: Tenebrionidae) are recorded in Nomenclator
Zoologicus vol. 8 by Edwards & Tobias (1993).
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