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The native and introduced bark and ambrosia beetles of
Michigan (Coleoptera: Curculionidae, Scolytinae)
Anthony I. Cognato1, Nicolas Barc1, Michael Philip2, Roger Mech3, Aaron D. Smith1,
Eric Galbraith1, Andrew J. Storer4, and Lawrence R. Kirkendall5

Abstract
Our knowledge of the biogeography of Scolytinae of eastern temperate
North America is very patchy. We used data from hand collecting, trapped
material (from 65 of 83 counties), and museum collections, supplemented by
literature records, to compile a list comprising 107 bark beetle species in 45
genera for Michigan, a state with an especially rich diversity of woody plants.
We provide detailed collection data documenting 32 species not previously catalogued for Michigan, 23 of which are new state records; the genera Trypophloeus
and Trischidias are reported from Michigan for the first time. Fifteen Michigan
scolytines are not native to North America; Ambrosiodmus rubricollis (Eichhoff), Crypturgus pusillus (Gyllenhal), Euwallacea validus (Eichhoff), Xyleborus
californicus Wood, Xylosandrus crassiusculus (Motschulsky) have not previously
been found in the state. We report Michigan hosts for 67 species, including 49
new host associations for the 93 native species. Despite identifying over 4000
specimens for this study, we fully expect to find many more species: over 30
additional species occur in the Great Lakes region.
____________________

Faunistic studies are a first step towards a deeper understanding of the
ecology of local biotic communities. These studies provide records of diversity
and serve as reference points for the assessment of faunal differences due to
time, space, or environmental conditions. To increase the understanding of
regional scolytine faunas, we present a study begun in 1978 of the bark and
ambrosia beetles of Michigan. The state is heavily forested and particularly
rich in woody plants, with over 100 species of trees (Barnes and Wagner, Jr.
1981) and over 200 species of shrubs (Billington 1949).
Bark and ambrosia beetles (Curculionidae, Scolytinae) are primary decomposers of wood which occur throughout the forests and suburban landscapes of
North America (Wood 1982). Wood’s landmark monograph (1982) of North and
Central American Scolytinae was based upon three decades of his taxonomic
work (but see also Bright 1976, 1981) and greatly expanded the only previous
general treatment of the bark beetles of North America (Chamberlin 1939).
Wood’s monumental summary provided a foundation of knowledge about the
diversity and host plant usage of bark beetles of the north temperate zone. Nonetheless, gaps in our knowledge of both biogeography and host affinities remain.
Scolytinae are tiny insects which spend most of their lives hidden inside plant
tissues, and many species are seldom if ever encountered by general collectors;
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furthermore, bark beetle collecting has focused on economic pests and as a result
has been strongly biased towards species breeding in conifers.
Although the overall distributions of most species are well known for North
America, finer details of regional distributions are often lacking, especially
for the northeastern U.S. Thorough regional studies of temperate forests are
relatively few, and recent works have covered the western states (California,
Bright and Stark 1973; Idaho, Furniss and Johnson 1987; Montana, Gast et al.
1989; Oregon, Furniss et al. 1992; Washington, Furniss and Johnson 1995) more
thoroughly than eastern (Indiana, Deyrup 1981, Deyrup and Atkinson 1987;
Maryland, Rabaglia 2003; Delaware, Rabaglia and Valenti 2003).
Documentation of regional scolytine faunas is increasing due to advances in
collecting methodology, and in particular to large scale trapping studies designed
to detect and monitor the spread of exotic species. Trapping is based largely
on attraction to ethanol, tree volatiles (such as a-pinene) or turpentine, or bark
beetle pheromone components (Atkinson et al. 1988, Hoebeke 1994, Humble
2001, Rabaglia 2003, Rabaglia and Valenti 2003, LaBonte et al. 2005). While
many, perhaps most, scolytines can be trapped by these methods, some can not:
populations may simply be in too low numbers or too locally distributed, or the
species may differ in their biologies such that they are not attracted by these
chemical compounds (Kirkendall, unpublished data). Furthermore, trapping
tells us little or nothing about host relationships. Comprehensive faunal lists,
then, are best achieved by a combination of (1) trapping, (2) examining dead
branches and stems from as many different woody plant species as possible, and
(3) identifying the bark beetles present in older, local collections.
The only previous work dealing specifically with the distribution of
Michigan scolytines is from the 19th century (LeConte 1878), though Roeper
(1995) reviews the feeding behavior and host plants of the scolytine ambrosia
beetles then known from the state. In recent works, approximately 78 species
are recorded from Michigan (Wood 1982, Wood and Bright 1992, Bright and
Skidmore 1997, 2002), but many widespread species native to northeastern US
or southeastern Canada are not listed as occurring in the state.
Materials and Methods
This study of the bark and ambrosia beetles of Michigan includes extensive
hand collected, trapped, and identified museum specimens. From 1978–1980,
Kirkendall collected widely from potential host plants, focusing especially on
the poorly documented bark and ambrosia beetles breeding in hardwoods.
Most collecting was done in Michigan’s Lower Peninsula, especially on the E.
S. George Reserve near Pinckney, in Livingston Co. (http://sitemaker.umich.
edu/esgr/home) incidental to Kirkendall’s thesis research; only one three-day
trip to Michigan’s Upper Peninsula was made, and only one daytrip to southernmost counties.
Two decades later (2007–2009), researchers from Michigan State University (MSU,), Michigan Technological University (MTU), Michigan Department
of Natural Resources and Environment (MDNRE), and Michigan Department
of Agriculture (MDA), sponsored by US-Forest Service and US- Animal and
Plant Health Inspection Service (APHIS), trapped several thousand scolytine
specimens during statewide (65 of 83 counties) surveys for exotic bark beetles
and Sirex noctilio F. Each Lindgren 8-unit funnel trap was baited either with
1) ethanol; 2) ethanol and a-pinene; 3) a-pinene and β-pinene (sirex lure); or
4) ipsdienol, cis-verbenol and 2-methyl-3-buten-2-ol (exotic ips lure) (Rabaglia
2008). Also, unbaited Lindgren 8-unit funnel traps were hung from chemically
stressed trap trees (Anonymous 2007).
Finally, we identified hundreds of specimens in each of the two major
insect collections in Michigan: the A.J. Cook Arthropod Research Collection
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of Michigan State University (MSUC), and the entomology collection of the
University of Michigan Museum of Zoology (UMMZ).
Authors Cognato and Kirkendall identified beetles using keys (Bright
1976, Wood 1982, Rabaglia et al. 2006) and when available, compared material
with specimens authenticated by S. L. Wood and D. E. Bright. Expert botanists
identified plant hosts of difficult genera or species complexes (e.g., Quercus,
Salix) (see Acknowledgments). Information on larval feeding behavior and
host plant relationships was taken from Wood (1982), Wood and Bright (1992),
Bright and Skidmore (1997, 2002) and, for Pityophthorus, from Blackman (1919,
1922) or Swaine (1918).
Much of the information for MSUC specimens is available at http://www.
arc.ent.msu.edu/holdings.php in a searchable database, which is periodically
updated. To date ca. 4500 Michigan specimens representing 53 species are included in that database. Voucher specimens from trapping are deposited in the
MSUC and most of Kirkendall’s collections (ca. 1200 specimens) are deposited
in the UMMZ with some material remaining in his research collection.
Results and Discussion
Based on literature records and the specimens examined for this study,
there are 45 genera comprising 107 species of Scolytinae in Michigan (Table
1). Ninety-three species are native, and 14 are species introduced to North
America. We report 32 species not previously catalogued for Michigan in Wood
and Bright (1992) or its supplements, six of which were recently documented
elsewhere (Haack and Poland 2005; Manor 2005, 2006; Sullivan 2006; Haack
and Petrice 2009), three of which were mentioned in an overlooked paper by
retired Alma University professor Richard Roeper (Roeper et al. 1980) and one
of which (Xyleborus volvulus F.) we consider a failed introduction: thus, 22 species are new for Michigan. Five of the 22 newly recorded are alien species now
well established in North America. In addition to providing new state records,
our surveys increase the knowledge of species distributions within Michigan
(as recorded in the database). In addition, Carphoborus dunni Swaine was the
first record for the U.S. and was only the second collection ever of this species
(Kirkendall 1982).
There are at least 30 additional native species and several recently introduced exotic scolytines which occur elsewhere in the Great Lakes region (e.g.,
Deyrup 1981, Wood 1982, Deyrup and Atkinson 1987, Hoebeke 1994, Hoebeke
and Acciavatti 2006, Lightle et al. 2007). These species breed in hosts present in
Michigan, and we believe many are likely to be found in this state with further
collecting. Two represent genera not yet recorded from Michigan (Scierus annectans LeConte, recorded from Ontario, and Xylechinus americanus Blackman,
known from Ontario and New York). Fully 20 species have been collected in
Indiana but not Michigan (Deyrup 1981, Deyrup and Atkinson 1987).
The 107 scolytine species recorded from Michigan is quite similar to most
of those from other temperate state inventories: Washington (105), Oregon (121),
Idaho (105), Montana (96), Indiana (92), and Maryland (110). The diversity for
Oregon is strikingly higher; contributing factors include the long history of bark
beetle research in the state and the unusually diverse woody vegetation (Furniss
et al. 1992). At the low end of the range is Indiana (92 spp.) despite intensive
collecting by bark beetle specialist Mark Deyrup; however, given that Indiana
is considerably smaller in area than the other states (except for Maryland), and
its forests are small and fragmented, this number is surprisingly high.
Michigan host records from this study, for 67 scolytine species, are reported
in Table 1, including 49 new host associations for the native species. The Michigan scolytines are about evenly divided between hardwood-breeding species
(53) and those utilizing conifers (49); three alien species breed regularly in both

Hylastes porculus Erichson
Hylurgops rugipennis (Mannerheim)
Hylesinus aculeatus Say
Hylesinus criddlei (Swaine)

Native species

*Hylastes opacus Erichson
Hylastinus obscurus (Marsham)
Tomicus piniperda (Linnaeus)
*Scolytus mali (Bechstein)
Scolytus multistriatus (Marsham)
Scolytus rugulosus (Muller)
*Scolytus scheryrewi Semenov
*Crypturgus pusillus (Gyllenhal)
*Ambrosiodmus rubricollis (Eichhoff)
*Ambrosiophilus atratus (Eichhoff)
*Euwallacea validus (Eichhoff)
*Xyleborinus alni (Niisima)
*Xyleborus californicus Wood
*Xylosandrus crassiusculus (Motschulsky)
*Xylosandrus germanus (Blandford)

Introduced species

Scolytine species

----*Fraxinus pennsylvanica
Fraxinus pennsylvanica (2)

------Malus pumila (exotic)
exotic and native Ulmus sp. (4)
Malus pumila, Prunus serotina
--*Pinus sp.
------------Pinus sp.

Michigan host

Inner bark
Inner bark
Inner bark
Inner bark

Inner bark
Clover roots
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi

Feeding Habits

THE GREAT LAKES ENTOMOLOGIST

Hylastini
Hylastini
Hylesinini
Hylesinini

Hylastini
Hylesinini
Tomicini
Scolytini
Scolytini
Scolytini
Scolytini
Crypturgini
Xyleborini
Xyleborini
Xyleborini
Xyleborini
Xyleborini
Xyleborini
Xyleborini

Wood’s tribes

Table 1. The Scolytinae fauna of Michigan. For the sake of continuity and ease of comparison with older literature, the species are arranged
alphabetically within Wood’s system of subfamilies and tribes or subtribes (Wood 1982). Scolytine species whose occurrence in Michigan is
not indicated in Wood (1982), Wood and Bright (1992), or Bright and Skidmore (1997, 2002) are preceded by the symbol *. Michigan hosts:
hosts recorded by the authors of this study, or given on specimens we examined, with number of independent collections in parentheses; for
complete host lists, see Wood (1982) and Wood and Bright (1992), and for additional Michigan hosts see Hazen and Roeper (1980), Roeper
et al. (1980), and Roeper et al. (1987). Host species not given in Wood (1982) are preceded by the symbol *. All are verified breeding records.
Host records not in the text are from collections made by Kirkendall (1978-1980).
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Scolytine species

Hylesinini
Hylesinus pruinosus Eichhoff
Tomicini
Dendroctonus murrayanae Hopkins
Tomicini
Dendroctonus rufipennis Kirby
Tomicini
Dendroctonus simplex LeConte
Tomicini
Dendroctonus valens LeConte
Tomicini
Hylurgopinus rufipes (Eichhoff)
Bothrosternini Cnesinus strigicollis LeConte
Phloeotribini
Phloeotribus dentifrons (Blackman)
Phloeotribini
Phloeotribus frontalis (Olivier)
Phloeotribini
Phloeotribus liminaris (Harris)
		
Phloeotribini
*Phloeotribus piceae Swaine
Phloeotribini
*Phloeotribus scabricollis (Hopkins)
Phloeosinini
*Chramesus hicoriae LeConte
Phloeosinini
Phloeosinus canadensis Swaine
Phloeosinini
*Phloeosinus dentatus (Say)
		
Phloeosinini
Phloeosinus pini Swaine
Polygraphini
Carphoborus dunni Swaine
Polygraphini
Polygraphus rufipennis (Kirby)
		
Scolytini
*Scolytus muticus Say
Scolytini
Scolytus piceae (Swaine)
Scolytini
Scolytus quadrispinosus Say
Micracini
Hylocurus binodatus Wood
Micracini
Hylocurus rudis (LeConte)a
Micracini
Micracis suturalis LeConte
Micracini
*Micracis swainei Blackman
Micracini
Micracisella opacicollis (LeConte) a
Micracini
Pseudothysanoes rigidus (LeConte)

Wood’s tribes

Table 1. Continued.

----Picea glauca (2)
Larix laricina
Pinus strobes
----Celtis occidentalis
--*Malus pumila (exotic), Prunus sp. (2),
P. serontina
Picea glauca (2), *P. mariana
Ptelea trifoliata
Carya glabra (2), C. ovata (2), C. sp. (4)
Thuja occidentalis
Juniperus virginiana (3),
Thuja occidentalis
--Larix laricina (4)
*Larix laricina, Picea sp.,
*Picea mariana, *Pinus banksiana (4)
Celtis occidentalis
*Larix laricina
----Carya sp.
Cercis Canadensis
Salix discolor
--Tilia americana (2)

Michigan host
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Inner bark
Inner bark
Inner bark
Sapwood
Sapwood
Sapwood
Sapwood
Hardwood pith
Inner bark

Inner bark
Inner bark
Inner bark

Inner bark
Inner bark
Inner bark
Inner bark
Inner bark

Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Hardwood pith
Inner bark
Inner bark
Inner bark

Feeding Habits
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Ipini
Ips calligraphus (Germar)
Ipini
Ips grandicollis (Eichhoff)
Ipini
Ips perroti Swaine
Ipini
Ips perturbatus (Eichhoff)
Ipini
Ips pini (Say)
Ipini
Orthotomicus caelatus (Eichhoff)
Ipini
*Orthotomicus latidens (LeConte)
Ipini
Pityogenes hopkinsi Swaine
Ipini
Pityogenes plagiatus (LeConte)
Ipini
Pityokteines sparsus (LeConte) a
Dryocoetini
Dryocoetes affaber (Mannerheim)
Dryocoetini
Dryocoetes autographus (Ratzeburg)
Dryocoetini
Dryocoetes betulae Hopkins
Dryocoetini
*Dryocoetes granicollis (LeConte)
Dryocoetini
Lymantor decipiens (LeConte) a
		
Crypturgini
Crypturgus borealis Swaine
Xyloterini
*Trypodendron betulae Swaine
Xyloterini
Trypodendron lineatum (Olivier)
Xyloterini
Trypodendron retusum (LeConte)
Xyloterini
*Trypodendron rufitarsus (Kirby)
Xyloterini
Xyloterinus politus Hagedorn
		
		

Wood’s tribes

Table 1. Continued.

--Pinus banksiana (2), *P. strobus (2)
Pinus banksiana (5)
Picea glauca (2)
Pinus banksiana (3), *P. resinosa
Pinus resinosa (2), P. strobus
*Larix laricina
Pinus strobus (4)
Pinus banksiana (2)
Abies balsamea (3)
--Larix laricina, Picea mariana
Betula papyrifera
--Acer sp., *Ilex verticillata, *Prunus sp.,
*Robinia pseudoacacia (5)
Picea mariana
*Betula lutea, B. papyrifera
Picea glauca
Populus grandidentata (5), P. tremuloides (7)
--Acer rubrum, A. saccharinum, Betula lutea,
Fagus grandifolia, Quercus alba,
Quercus sp. (2), Tsuga canadensis

Michigan host

Inner bark
Sapwood/Fungi
Sapwood/Fungi
Sapwood/Fungi
Sapwood/Fungi
Sapwood/Fungi

Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
Fungi

Feeding Habits
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Scolytine species

Xyleborini
*Anisandrus obesus (LeConte)
Xyleborini
Anisandrus dispar (Fabricius)
Xyleborini
Anisandrus sayi (Hopkins)
Xyleborini
Xyleborinus saxeseni (Ratzeburg)
Xyleborini
Xyleborus affinis Eichhoff
Xyleborini
*Xyleborus celsus Eichhoff
Xyleborini
Xyleborus ferrugineus (Fabricius)
Xyleborini
*Xyleborus planicollis Zimmermann
Xyleborini
Xyleborus xylographus (Say)
Cryphalini
Cryphalus ruficollis Hopkins
Cryphalini
*Hypothenemus dissimilis (Zimmermann)
		
Cryphalini
Hypothenemus eruditus Westwood
Cryphalini
*Trischidias atoma (Hopkins)
Cryphalini
*Trypophloeus populi Hopkins
Cryphalini
*Trypophloeus striatulus (Mannerheim)
Corthylini
Conophthorus coniperda (Schwarz) a
Corthylini
Conophthorus resinosae Hopkins
Corthylini
Pityophthorus balsameus Blackman
		
Corthylini
*Pityophthorus briscoei Blackman
Corthylini
Pityophthorus cariniceps LeConte a
Corthylini
Pityophthorus concavus Blackman a
Corthylini
Pityophthorus consimilis LeConte a
		
Corthylini
Pityophthorus crinalis Blackman
Corthylini
Pityophthorus intextus Swaine
Corthylini
Pityophthorus lautus Eichhoff
		
		

Wood’s tribes

Table 1. Continued.

*Populus grandidentata (2)
*Populus tremuloides
Acer rubrum (3), *Carya glabra,*C. ovata
Prunus serotina
Populus grandidentata
--------Picea mariana
Carya glabra, C. sp. Quercus alba (3),
Q. macrocarpa, Q. prinus
--*Morus rubra, *Sambucus canadensis
Populus tremuloides
*Salix discolor, *S. subsericea
----Pinus banksiana, P. resinosa,
*Picea mariana
*Picea mariana
Pinus resinosa, P. strobus (2)
--*Larix laricina (2), *Picea mariana, P. strobes
Pinus banksiana (2),
*Toxicodendron radicans
*Picea mariana
Acer saccharinum, Hamamelis virginiana,
Rhus copallina, R. glabra, R. typhina
(many records R. glabra and R. typhina)

Michigan host

Inner bark
Inner bark
Inner bark

Inner bark
Inner bark
Inner bark
Inner bark

Inner bark
Fungi
Inner bark
Inner bark
Pinus cones
Pinus cones
Inner bark

Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Inner bark
Inner bark

Feeding Habits
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Pityophthorus opaculus LeConte a
Pityophthorus puberulus (LeConte)
Pityophthorus pulchellus Eichhoff a
Pityophthorus pulicarius (Zimmermann)
Pityophthorus pullus (Zimmermann)
Pityophthorus ramiperda Swaine
*Pseudopityophthorus asperulus (LeConte)
Pseudopityophthorus minutissimus
(Zimmermann)

Corthylini
Corthylini
Corthylini
Corthylini
Corthylini
Corthylini
Corthylini
Corthylini

a

Species described from Michigan.

Corthylini
Pseudopityophthorus pruinosus (Eichhoff)
Corthylini
*Corthylus columbianus Hopkins
Corthylini
Corthylus punctatissimus (Zimmermann)
		
		
Corthylini
Gnathotrichus materiarius (Fitch)
Corthylini
Monarthrum fasciatum (Say)
		
Corthylini
Monarthrum mali (Fitch)
		

Scolytine species

Wood’s tribes

Table 1. Continued.

Picea glauca (2), *P. mariana
Pinus resinosa (6), P. strobus (2)
--P. resinosa
----*Fagus grandifolia, Quercus bicolor
*Carpinus caroliniana, *Fagus grandifolia,
*Prunus sp., *Quercus alba, *Q. bicolor (3),
*Q. ellipsoidalis, Q. velutina (4)
----*Acer rubrum (2), *A. saccharum, *Amelanchier sp.
*Carpinus caroliniana, *Cornus racemosa,
*Corylus americana, *Quercus velutina
Pinus sylvestris (exotic)
*Populus grandidentata, *Quercus velutina,
Quercus sp. (2)
*Populus grandidentata, *Quercus alba (2),
Q. rubra, *Quercus velutina

Michigan host

Sapwood/Fungi

Sapwood/Fungi
Sapwood/Fungi

Inner bark
Sapwood/Fungi
Sapwood/Fungi

Inner bark
Inner bark
Inner bark
Inner bark
Inner bark
unknown
Inner bark
Inner bark

Feeding Habits
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conifers and hardwoods; Euwallacea validus (Eichhoff), Xyleborinus saxeseni
(Ratzeburg), Xylosandrus germanus Blandford, and one alien species in clover;
Hylastinus obscurus (Marsham); and the host usage of one rare native species
(Xyleborus planicollis Zimmerman) has not been documented. These beetles
breed in a variety of host plant tissues: 64 species are true bark beetles, breeding
in the inner bark; 27 species are ambrosia beetles, cultivating fungi in tunnels
in sapwood; 8 species breed in the pith or wood of twigs; and 4 species breed in
sapwood without the aid of mutualistic fungi. In addition, two Conophthorus
species attack developing pine cones and the exotic H. obscurus breeds in the
roots of clover. Lymantor decipiens (LeConte) and Trischidias atoma (Hopkins)
occur in ascomycete fungus-infested wood of twigs whether they feed on both
wood and fungi is unclear (Deyrup 1987, Kirkendall unpublished). The habits
of one species, Pityophthorus ramiperda Swaine, are not known.
Below, we present full collection data for species not recorded from Michigan in Wood’s monograph (Wood 1982) or the world catalogue (Wood and Bright
1992) or its supplements (Bright and Skidmore 1997, 2002).
Exotic Scolytinae species
Ambrosiodmus rubricollis (Eichhoff). USA: Michigan, Allegan Co.,
Saugatuck State Park, N 42° 42.043’, W 86° 11.780’, (+)-α-pinene and ethanol,
24.VII.2008, Col: N. Barc and A. Smith (2). Ionia Co., Saranac-Lowell State
Game Area, 3 miles NE of Lowell, N 42° 57' 39”,W 85° 18' 32”, Elev. 248 m,
exotic ips lure,18.VI.2007-02.VII.2007, Col: N. Barc & A. Smith (3).
This species is endemic to Asia (Wood and Bright 1992). Since its discovery in Maryland in 1968, it has spread throughout the eastern U.S. seaboard
and into the Midwest (Rabaglia et al. 2006, Lightle et al. 2007). These records
represent its most northern distribution.
Ambrosiophilus atratus (Eichhoff). USA: Michigan, Clinton Co., E.
State Rd., 2 mi. N of Lansing at UV light trap, 27.V.2008, Col: G.L. Parsons
(1). Ionia Co., Saranac-Lowell State Game Area, 3 miles NE of Lowell, N 42°
57’ 39”, W 85° 18’ 32”, Elev. 248 m, ethanol, 19.V.2007-02.VI.2007, Col: N. Barc
and A. Smith (2). Kalamazoo Co. N42.2185, W85.5351, 12.VI.2008-24.VI.2008,
funnel trap baited with ips trilure, Col: J. Ryan (1). Kent Co., Cannonsburg
State Game Area, 5 miles East of Grand Rapids, N 43° 2’ 8”, W 85° 29’ 27”, Elev.:
258m, ethanol, 19.V.2007-02.VI.2007, Col: N. Barc and A. Smith (1). Oakland
Co. 2.VI.2008, funnel trap baited with sirex lure, Col: Mike Philip (1).
A specimen of this species was first collected from Oakland Co. in 2004 (Manor
2006). It was recently transferred from Xyleborus to this newly recognized genus
(Hulcr and Cognato 2009). Hulcr and Cognato (ibid.) report the species from Cassopolis, MI and Clinton Co., MI; the latter record is erroneous. This species is endemic
to Asia and is distributed throughout the eastern U.S. (Wood and Bright 1992,
Rabaglia et al. 2006). These records represent its most northern distribution.
Crypturgus pusillus (Gyllenhal). USA: Michigan, Crawford Co., N 44°
31’ 33”, W 84° 44’ 44”, a-pinene, 11.VII.2007, Col: M-JB (1). Ingham Co., E.
State Rd., 2 miles North of Lansing, N 42° 47’ 3”, W 84° 32’ 10”, Elev. 261m, (+)
α-pinene and ethanol, 19.V.2007-02.VI.2007, Col: Gary L. Parsons (6). Jackson
Co., Site 608F EDRR siricid study, girdled Pinus sp., 28.VI.2008 (2). Livingston
Co., Livingston State Recreation Area, N 42° 26’ 14”, W 83° 58’ 42”, α-pinene,
28.VI.2007 (5). Oakland Co., Commerce, 3500 Wixom Rd., N 42° 34' 13”, W 84°
33' 10”, (+)-α-pinene and ethanol, 07.VI.2007-20.VI.2007, Col: Roger Mech (1).
This species occurs throughout the Holarctic (Wood and Bright 1992).
These records represent its most northern and western distribution in eastern
North America. Crypturgus are tiny and cryptic, and are uncommon in collections. They are found in small or large colonies and use the tunnels of other
wood-boring beetles as the starting point for their own (Blackman and Stage
1924); their fine, meandering tunnels are easily overlooked. A native species not
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on our list, C. alutaceus Schwarz, has been recorded from conifers in neighboring
Indiana (Deyrup and Atkinson 1987), and likely occurs in Michigan.
Euwallacea validus (Eichhoff). USA: Michigan, Clinton Co., Rose Lake
Wildlife Research Area, T5N, R1W, S22, ex. dead logs and trees, 21.IX.2006,
Col. Anthony I. Cognato (14). Ingham Co., N42.6581, W84.1907, 13.V.2008–5.
VI.2008, funnel trap baited with ethanol and sirex lure, Col: C. Diamond (1).
This species is endemic to Asia (Wood and Bright 1992). Since its discovery
in New York in 1976, it has spread throughout the Mid-Atlantic states and into
the Midwest (Rabaglia et al. 2006, Lightle et al. 2007). These records represent
its most northern distribution.
Hylastes opacus Erichson. USA: Michigan, Alcona Co., Sandhill Rd.,
N 44° 50’ 52”, W 83° 20’ 45”, α-pinene, 28.V.2008, Col: TE (1). Allegan Co.,
Saugatuck State Park, N 42° 42.043’, W 86° 11.780’, (+)-α-pinene and ethanol,
16.V.2008, 06.VIII.2008, Col: N. Barc & A. Smith (3). Alpena Co., Norway
Ridge, N 45° 2' 41”,W 83° 33' 30”, α-pinene, 22.V.2007, Col: TE (2). Ingham
Co., E. State Rd., 2 miles North of Lansing, N 42° 47' 3”, W 84° 32' 10”, Elev.
261m, (+)-α-pinene and ethanol,19.V.2007-02.VI.2007, Col: Gary L. Parsons
(1). Ionia Co., Saranac-Lowell State Game Area, 3 miles NE of Lowell, N 42°
57' 39”,W 85° 18' 32”, Elev. 248m, (+)-α-pinene and ethanol exotic ips lure,18.
VI.2007-02.VII.2007, Col: N. Barc & A. Smith (1). Kent Co., Cannonsburg State
Game Area, 5 miles East of Grand Rapids, N 43° 2' 8”, W 85° 29' 27”, Elev.:
258m, (+)-α-pinene and ethanol, exotic ips lure, 02.VI.2007-18.VI.2007, Col: N.
Barc and A. Smith (2). Macomb Co., Shelby Twp., 4300 Main Park Rd., N 42°
44' 15”, W 84° 3' 51”, exotic ips lure, 22.V.2007-07.VI.2007, Col: Roger Mech (7).
Muskegon Co., Muskegon State Park, N 44° 01.952’, W 86° 20.662’, (+)-α-pinene
and ethanol,16.V.2008, Col: N. Barc & A. Smith (1). Ogemaw Co., Refuge Rd.,
N 44° 23' 41”, W 84° 23' 17”, (+)-α-pinene and ethanol, ethanol, exotic ips lure,
22.V.2008, 04.VI.2008, Col: W. Radtke (14). Roscommon Co, Gerrish, N. Higgins Lake Rd., N 44° 30' 43”, W 84° 44' 9.4”, (+)-α-pinene and ethanol, ethanol,
22.V.2008, Col: W. Radtke (2).
Specimens of this species were first collected from Ingham Co. in 2001
(Haack and Poland 2005). This species is endemic to Eurasia (Wood and Bright
1992). Since its discovery in New York in 1987, it has spread throughout Ontario,
Canada, northeastern U.S. and occurs in Oregon (Bright and Skidmore 1997,
Haack 2006). These records likely represent an extension of its northeastern
U.S. distribution.
Scolytus mali (Bechstein). USA: Michigan, Allegan Co., Fennville area,
on apple trees (Rosaceae), 30.VI.2003, Col: Peter McGhee (6). Genesee Co.,
Richfield County Park, N 43° 6’ 2”, W 83° 33’ 29”, ethanol, 16.VI.2008, Col:
Roger Mech (1). Ingham Co., E. State Rd., 2 miles North of Lansing, N 42°
47’ 3”, W 84° 32’ 10”, Elev. 261 m, exotic ips lure, 02.VI.2007-18.VI.2007, Col:
Gary L. Parsons (1). Livingston Co., E. S. George Reserve, 42° 28’ N, 84° 00’ W,
17.ix.1978, apple tree (Malus pumila Miller), Col: L. R. Kirkendall (1). Saginaw
Co., St. Charles, 08.VII.1968, rotary trap, Col: James G. Truchan (1).
Sullivan (2006) first reported the MI occurrence of this species but a
specimen was first collected from Saginaw Co. in 1968. This species is native
to Northern Africa, Europe, and Western Asia and is introduced to northeastern North America (Wood and Bright 1992). These records represent its most
northern and western distribution in eastern North America; it has been present in Michigan since at least 1968. This monogynous bark beetle breeds most
commonly in the trunks and branches of trees in the Rosaceae (Malus, Pyrus,
Prunus), though elms (Ulmus) are also recorded as hosts (Wood 1982).
Scolytus schevyrewi Semenov. USA: Michigan, Kent Co., N42.9630,
W85.5013, 20.V.2008- 5.V.2008, funnel trap baited with ethanol and sirex lure,
Col: L. Bos. Wayne Co., Trenton-Woodhaven, 26.VII.2004, funnel trap, α-pinene,
trapWY4, Col: T. Dutton (1).
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This Asian endemic was recently discovered in Colorado and Utah in 2003
and first collected in Wayne Co. (Manor 2005). This species is widely distributed
in Western U.S. and likely occurs throughout U.S. (Negrón et al. 2005).
Xyleborinus alni (Niisima). USA: Michigan, Antrim County, Eastport,
Fred Stehr’s residence, N 45° 08.284’, W 85° 22.495’, (+)-α-pinene and ethanol,
ethanol, 01.V.2008-14.VI.2008, Col: Fred Stehr (9). Macomb Co, Armada, 7715
North Avenue, N 42° 51' 58”, W 82° 53' 7”, 07.V.2007, Col: D. Dehn, USDA,
APHIS, PPQ (1). Macomb Co., Wolcott Mills Metro Park, N 42° 45' 49”, W 82°
56' 0”, (+)-α-pinene and exotic ips lure, 19.IV.2007, Col: D. Dehn, USDA, APHIS,
PPQ (2). Oakland Co., Holly State Game Area, N 42° 49' 17”, W 83° 30' 37”,
(+)-α-pinene and exotic ips lure, 24.IV.2007, Col: S. Rehberg, USDA, APHIS,
PPQ (2). St. Clair Co., Fort Gratiot, Lakeport State Park, 43° 7' 16”, 82° 29' 47”,
(+)-α-pinene and ethanol, 24.IV.2007, Col: S. Rehberg, USDA, APHIS, PPQ (1).
St. Clair Co., Goodells, N 42° 58' 3”, W 82° 40' 42”, (+)-α-pinene and ethanol,
24.IV.2007, Col: S. Rehberg, USDA, APHIS, PPQ (1). St. Clair Co., Port Huron
State Game Area, N 43° 5' 58”, W 82° 37' 5”, (+)-α-pinene and exotic ips lure,
24.IV.2007, Col: S. Rehberg, USDA, APHIS, PPQ (1).
This Asian endemic species was first discovered in western U.S. in 1996
and since soon thereafter was also found in the eastern U.S. (Mudge et al. 2001,
Hoebeke and Rabaglia 2007). Its occurrence in Michigan is not unexpected but
it was not collected until 2005 (Oakland Co.: Manor 2006).
Xyleborus californicus Wood. USA: Michigan, Allegan Co., Saugatuck
State Park, N 42° 42.043’, W 86° 11.780’, (+)-α-pinene and ethanol, ethanol,
30.V.2008-13,VI.2008, 13.VI.2008-27.VI.2008, 10.VII.2008, 24.VII.2008,
06.VIII.2008, 21.VIII.2008, Col: N. Barc and A. Smith (228). Gratiot Co.,
Forest Hill Natural Area, N 43° 27' 18”, W 84° 43' 39”, (+)-α-pinene and
ethanol, 17.VII.2008, Col: Roger Mech (1). Ionia Co., Saranac-Lowell State
Game Area, 3 miles NE of Lowell, N 42° 57' 39”,W 85° 18' 32”, Elev. 248m,
ethanol, 02.VI.2007-18.VI.2007, Col: N. Barc & A. Smith (1). Kent Co., Cannonsburg State Game Area, 5 miles East of Grand Rapids, N 43° 2' 8”, W 85°
29' 27”, Elev.:258m, ethanol, 02.VI.2007-18.VI.2007, Col: N. Barc and A. Smith
(2). Livingston Co., Howell, 214 Inverness St., N 42° 37’ 0.4”, W 84° 55' 41”,
ethanol, 23.V.2007-07.VI.2007, Col: Roger Mech (1). Mason Co., Ludington
State Park, N 44° 01.952’, W 86° 30.475’, exotic ips lure 13.VI.2008 Col: N.
Barc and A. Smith (1).
This species is apparently endemic to the Palearctic (Wood and Bright
1992); in the U.S., it is distributed along the west coast, in mid-Atlantic and
southern states and the midwest (Rabaglia et al. 2006, Lightle et al. 2007). Host
usage in America has not been investigated; in Germany, where it has been
recently introduced, it is one of the most common ambrosia beetles of hardwood
forests (Bussler and Immler 2007). These records represent its most northern
distribution in North America.
This species was originally described by S. L. Wood in 1975, who suspected it to be an introduced species given its then limited distribution and
morphological distinctness. Michail Mandelstham (in Rabaglia et al. 2006)
suggested it might actually be Xyleborus bodoanus Reitter, which is now place
in Cyclorhipidion (Bussler 2006). We confirm this synonymy, which is being
formally published elsewhere (Knizek, pers. comm.).
Xylosandrus crassiusculus (Motschulsky). USA: Michigan, Berrien Co.,
N42.0777, W86.3977, 8.VIII.2008-27.VIII.2008, funnel trap baited with ethanol
and sirex lure, Col: J. Bock (1). Branch Co., N41.9360, W85.0129, 24.VI.200816.VII.2008, funnel trap baited with ethanol, Col: T. Kellam (1). Emmet Co.,
N45.3499, W85.0510, 11.IX.2009, funnel trap baited with ethanol, Col: B. Patterson (1). Van Buren Co., N42.3295, W86.3050, 15.VI.2009- 8.VII.2009, funnel
trap baited with Ips trilure, Col: P. Scott (1).
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This Asian endemic is distributed throughout the southeastern and midwestern U.S. (Rabaglia et al. 2006, Lightle et al. 2007). These records represent
its most northern distribution. This species is a pest of nursery stock and fruit
trees in the southern states (Kovach and Gorsuch 1985, Oliver and Mannion
2001) and may pose a threat to these industries in the northern states. It breeds
in a wide variety of broadleaf shrubs and trees.
Xylosandrus germanus (Blandford). USA: Michigan, Allegan Co.,
Saugatuck State Park, N 42° 42.043’, W 86° 11.780’, (+)-α-pinene and ethanol,
ethanol, exotic ips lure 01.V.2008-16.V.2008, 30.V.2008, 13.VI.2008, 27.VI.2008,
10. VII.2008, 24.VII.2008, 06.VIII.2008, 21.VIII.2008 Col: N. Barc and A. Smith
(98). Antrim Co., Eastport , Fred Stehr’s residence, N 45° 08.284’, W 85°
22.495’, (+)-α-pinene and ethanol, ethanol,01.V.2008-14.VI.2008, 28.VI.2008,
11.VII.2008. 24. VII.2008, 08.VIII.2008, 21.VIII.2008, 19.IX.2008, Col: Fred
Stehr (25). Emmet Co., N 45° 40' 17”, W 84° 56' 17”, α-pinene 26.VI.2007,
Col: M-JB (1). Genesee Co., Richfield County Park, N 43° 6' 2”, W 83° 33'
29”, (+-)α-pinene and ethanol, ethanol, exotic ips lure, 27.V.2008, 16.VI.2008,
02.VII.2008, 18.VII.2008, 28.VII.2008, 15.VIII.2008, 10.IX.2008, Col: Roger
Mech (80). Grand Traverse Co., Paradise, Voice Rd., exotic ips lure, N 44°
37’ 0.7”, W 85° 30’ 39.5”, Col: W. Radtke (1). Gratiot Co., Forest Hill Natural
Area, N 43° 27’ 18”, W 84° 43’ 39”, (+)-α-pinene and ethanol, ethanol, exotic ips
lure, 21.V.2008, 03.VI.2008, 17.VI.2008, 02.VII.2008, 17.VII.2008, 29.VII.2008,
15.VIII.2008, 10.IX.2008, Col: Roger Mech (308). Ingham Co., Lansing, Crego
Park, N 42° 42' 56”, W 84° 31' 20, Elev.: 245m, α-pinene and ethanol, ethanol,
exotic ips lure 19.V.2007-02.VI.2007, 18.VI.2007, 02.VII.2007, 16.VII.2007,
30.VII.2007, 13.VIII.2007, 27.VIII.2007, 10.IX.2007, Col: N. Barc and A. Smith
(192). Ingham Co., E. State Rd., 2 miles North of Lansing, N 42° 47’ 3”, W 84°
32’ 10”, Elev. 261m, (+)-α-pinene and ethanol, ethanol, 19.V.2007-02.VI.2007,02.
VII.2007, 16.VII.2007, 30.VII.2007, 13.VIII.2007, 24.IX.2007, Col: Gary L. Parsons (12). Ionia Co., Saranac-Lowell State Game Area, 3 miles NE of Lowell,
N 42° 57' 39”, W 85° 18' 32”, Elev: 248m, (+)-α-pinene and ethanol, ethanol,
exotic ips lure, 19.V.2007-02.VI.2007, 18.VI.2007, 02.VII.2007, 16.VII.2007,
30.VII.2007, 13.VIII.2007, 27.VIII.2007, 10.IX.2007, Col: N. Barc and A. Smith
(107). Jackson Co., Site 608F EDRR Siricid Study, girdled Pinus sp., 28.VI.2008
(1). Kent Co., Cannonsburg State Game Area, 5 miles East of Grand Rapids,
N 43° 2’ 8”, W 85° 29’ 27”, Elev.: 258m, (+)-α-pinene and ethanol, ethanol,
exotic ips lure, 19.V.2007-02.VI.2007, 18.VI.2007, 02.VII.2007, 16.VII.2007,
30.VII.2007, 13.VIII.2007, 27.VIII.2007, 10.IX.2007, Col: N. Barc & A. Smith
(137). Livingston Co., Brighton, 4631 Bishop Lake Rd., N 42° 30' 29”, W 84° 51'
4”, (+)α-pinene and ethanol, ethanol, exotic ips lure, 22.V.2007-05.VI.2007, 19.
VI.2007, 17.VII.2007, 02.X.2007, Col: Roger Mech (64). Livingston Co., Howell,
214 Inverness St., N 42° 37’ 0.4”, W 84° 55' 41”, (+)-α-pinene and ethanol, ethanol, exotic ips lure, 23.V.2007-07.VI.2007, 20.VI.2007, 06.VII.2007, 17.VII.2007,
01.VIII.2007, 14.VIII.2008, 05.IX.2007, Col: Roger Mech (101). Macomb Co.,
Shelby Twp., 4300 Main Park Rd., N 42° 44' 15”, W 84° 3' 51”, (+)-α-pinene and
ethanol, ethanol, exotic ips lure, 22.V.2007-05.VI.2007, 19.VI.2007, 05.VII.2007,
01.VIII.2007, 14.VIII.2007, 05.IX.2007 Col: Roger Mech (83). Macomb Co., N
42° 42' 55”, W 83° 4' 43”, 22.VI.2007 (4). Mason Co., Ludington State Park, N
44° 01.952’, W 86° 30.475’, (+)-α-pinene and ethanol, ethanol, exotic ips lure,
30.V.2008-13.VI.2008, 27.VI.2008, 10.VII.2008, 24.VII.2008, 6.VIII.2008,21.
VIII.2008, 03.IX.2008, 16.IX.2008, Col: N. Barc & A. Smith (329). Muskegon Co.,
Muskegon State Park, N 44° 01.952’, W 86° 20.662’, (+)-α-pinene and ethanol,
ethanol, exotic ips lure, 16.V.2008, 30.V.2008-13.VI.2008, 13.VI.2008-27.VI.2008,
10.VII.2008, 24.VII.2008, 06.VIII.2008, 21.VIII.2008, 03.IX.2008, 16.IX.2008, Col:
N. Barc & A. Smith (992). Oakland Co., Commerce, 3500 Wixom Rd., N 42° 34'
13”, W 84° 33' 10”, (+)-α-pinene and ethanol, ethanol, exotic ips lure, 23.V.200707.VI.2007, 19.VI.2007, 06.VII.2007, 17.VII.2007, 01.VIII.2007, 05.IX.2007,
02.X.2007, Col: Roger Mech (49). Roscommon Co, Gerrish, N. Higgins Lake Rd.,
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N 44° 30' 43”, W 84° 44' 9.4”, (+)α-pinene and ethanol,10.IX.2008, Col: W. Radtke
(1). Washtenaw Co., Saline, at picnic, 1.viii.1980, Col: L. R. Kirkendall, W. D.
Hamilton, and N. A. Moran (2). Wayne Co. Grosse Ile, Parke Lane, N 42° 10'
14”, W 84° 8' 41”, (+)-α-pinene and ethanol, ethanol, exotic ips lure, 23.V.200707.VI.2007, 20.VI.2007, 06.VII.2007, 17.VII.2007, 01.VIII.2007, 05.IX.2007,
Col: Roger Mech (76).
This ambrosia beetle, introduced from Asia, is established from coast to
coast in the U.S. and Canada (Humble 2001, LaBonte et al. 2005, Rabaglia
et al. 2006). The first state record was from a picnic in southern Michigan in
1980 but this species was only recently reported occurring in MI (Haack and
Petrice 2009). The species is highly polyphagous, breeding in a wide variety of
hardwoods and conifers.
Native Scolytinae Species
Anisandrus obesus (LeConte). USA: Michigan, Gratiot Co., Forest
Hill Natural Area, N 43° 27’ 18”, W 84° 43’ 39”, ethanol, 03.VI.2008 Col: Roger
Mech (4). Livingston Co., E. S. George Reserve, N 42° 28’, W 84° 00’, 2.IX.1980,
30.X.1980, Populus grandidentata Michaux, Col: L. R. Kirkendall (2). Newaygo
Co., 5 mi. North Newaygo, Ex: Malaise trap at 6 ft height, 18-25.VI.1975, Col:
T.A. Bowling (1). Washtenaw Co., Waterloo State Rec. Area, 4 mi. W of Chelsea, 42° 21’ 41” N, 84° 11’ 27” W, 12.VIII.1980, Populus grandidentata, Col: L.
R. Kirkendall (8).
This species occurs throughout northeastern North America and in the
northern midwestern U.S. (Wood and Bright 1992) and was expected to occur
in Michigan. It was first reported in the study by Roeper et al. (1980) on the
ambrosia fungi associated with Michigan scolytines, from Antrim and Gratiot
counties, ex Acer rubrum L., A. saccharum L., and P. grandidentata. The species is apparently rare: there are relatively few specimens in older collections,
and few individuals are captured in traps or at light (e.g., this study; Deyrup
1981; see also Rabaglia et al. 2006). This polyphagous ambrosia beetle breeds
in hardwoods (Wood 1982).
Chramesus hicoriae LeConte. USA. Michigan, Clinton Co., E. State Rd.,
one mile North of Lansing, ultraviolet and white lights, 02.VII.2004, 26.VI.2005,
Col: Gary. L. Parsons (2). Livingston Co., E. S. George Reserve, N 42° 28’, W
84° 00’, 25.VI.1978, 12.VII.1978, 11.II.1979, 1.IV.1979, 22.IV.1979, 28.VIII.1979,
3.III.1980, 2.VII.1980, 4.VII.1980, 6.VII.1980, Carya spp. (Juglandaceae), Col:
L. R. Kirkendall (93). Oakland Co., Highland Rec. Area Livingston Road at Pettibone Lake Rd. 2.VII.1978 (6). Washtenaw Co., Ann Arbor, Botanical Gardens,
11.VII.1911, Col: T.H. Hubbell (1). Washtenaw Co., Saline. 1.VII.1913, (5).
This species was listed in LeConte (1878) as Chramesus “icoriae” (an apparent typographical error) but was not included in subsequent catalogs. We
include the following records in confirmation of the occurrence of this species.
This bark beetle occurs in the U.S. throughout the range of hickories, Carya
spp (Blackman and Stage 1924, Wood and Bright 1992). In Michigan, breeding adults were collected from C. glabra (Miller) Sweet and C. ovata (Miller) K.
Koch. Breeding in the lower peninsula begins in July, and offspring overwinter
as larvae (Kirkendall, unpublished observations). The species is monogynous,
with females initiating the galleries (contra Wood 1982:316), and is monogamous
for life: males die blocking the gallery system entrance, with the female dead
inside (Kirkendall 1983 and unpublished observations).
Corthylus columbianus Hopkins. USA: Michigan, Antrim Co., Eastport,
Fred Stehr’s residence, N 45° 08.284’, W 85° 22.495’, Ethanol, 11.VII.2008, Col:
Fred Stehr (1). Chippewa Co., Whitefish Point, 30.VII.19, Col: A. W. Andrews
(1). Genesee Co., Richfield County Park, N 43° 6’ 2”, W 83° 33’ 29”, (+)-α-pinene
and ethanol, ethanol, 28.VII.2008, 10.IX.2008, Col: Roger Mech (3). Gratiot Co.,
Forest Hill Natural Area, N 43° 27' 18”, W 84° 43' 39”, ethanol, 02.VII.2008,
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29.VII.2008, Col: Roger Mech (3). Ingham Co., Lansing, Crego Park, N 42° 42'
56”, W 84° 31' 20”, Elev.: 245 m, ethanol, 02.VI.2007-18.VI.2007, Col: N. Barc and
A. Smith (3). Ionia Co., Saranac-Lowell State Game Area, 3 miles NE of Lowell,
N 42° 57' 39”,W 85° 18' 32”, Elev. 248m, ethanol, exotic ips lure, 02.VI.2007-18.
VI.2007, Col: N. Barc and A. Smith , (3). Livingston Co., Howell, 214 Inverness
St., N 42° 37’ 0.4”, W 84° 55' 41”, ethanol, 07.VI.2007-20.VI.2007, Col: Roger
Mech (1). Oakland Co., Commerce, 3500 Wixom Rd., N 42° 34' 13”, W 84° 33' 10”,
(+)-a-pinene and ethanol, 07.VI.2007-20.VI.2007, Col: Roger Mech (1). Wayne
Co. Grosse Ile, Parke Lane, N 42° 10' 14”, W 84° 8' 41”, ethanol, 23.V.2007-07.
VI.2007, Col: Roger Mech (1).
This species occurs through eastern U.S. hardwood forests (Wood and
Bright 1992 and therefore we expected to find it in Michigan. This polyphagous
ambrosia beetle breeds in trunks of healthy trees without harming them (Kabir
and Giese 1966, Nord 1972). Reproducing and overwintering in healthy trees
may explain why only one hand-collected specimen was found in MSUC and
UMMZ; trapping with attractants revealed the species to be widespread and
common.
Dryocoetes granicollis (LeConte). USA: Michigan, Gratiot Co., Forest Hill Natural Area, N 43° 27’ 18”, W 84° 43’ 39”, (+)-α-pinene and ethanol,
17.VI.2008, 15.VIII.2008, Col: Roger Mech (2). Ingham Co., Lansing, Crego Park,
N 42°42' 56”, W 84° 31' 20”,Elev: 245m, ethanol, 02.VI.2007-18.VI.2007,Col: N.
Barc & A. Smith (1). Livingston Co., Howell, 214 Inverness St., N 42° 37’ 0.4”,
W 84° 55' 41”, ethanol, 07.VI.2007-20.VI.2007, Col: Roger Mech (3). Wayne Co.
Grosse Ile, Parke Lane, N 42° 10' 14”, W 84° 8' 41”, exotic ips lure, 03.VII.200717.VII.2007, Col: Roger Mech (1). Gratiot Co., Forest Hill Natural Area, N 43°
27' 18”, W 84° 43' 39”,ethanol,exotic ips lure 03.VI.2008, 17.VI.2008, Col: Roger
Mech (4).
This rarely collected species occurs in eastern North America. It breeds
in Picea, and there are unconfirmed records from Castanea, and Juglans (Wood
1982). These records represent its northern distributional limit.
Hypothenemus dissimilis (Zimmermann). USA: Michigan, Livingston Co., E. S. George Reserve, N 42° 28’, W 84° 00’, 22.IV.1979, 19.VII.1979,
23.VIII.1979, 11.IX.1979, 21.IX.1979, 22.IX.1979, 13.VI.1980, Carya (Juglandaceae) and Quercus (Fagaceae), Col: L. R. Kirkendall (31). Oakland Co.,
18.V.1947, Col: B. Summerville (1).
Hypothenemus dissimilis is not often collected, but it is known to be widely
distributed in the eastern U.S.; Blackman (1922) records it from Michigan,
though neither Wood (1982) nor the catalogues list Michigan among the states
from which it is known. This tiny bark beetle has been recorded from a variety
of host families (Blackman 1922, Wood 1982); at the E. S. George Reserve, it
was collected from Quercus alba L. (4 galleries), Q. macrocarpa Michaux (1), Q.
prinus L. (1), C. glabra (1), and Carya sp. (1) (Kirkendall, unpublished data).
It breeds in the pith or wood at the center of twigs and small branches (Blackman 1922).
Micracis swainei Blackman. USA: Michigan, Livingston Co., E. S.
George Reserve, N 42° 28’, W 84° 00’, 8.VI.1980, Salix discolor (Betulaceae),
Col: L. R. Kirkendall (3). Washtenaw Co., Ann Arbor, Third Woods, 10.VI.1921,
T.H. Hubbell (1).
This xylophagous species is highly polyphagous, breeding in the dry
wood of small stems and branches of many trees and shrubs in eastern North
America, California, and Mexico and Central America (Wood 1982). The Salix
specimens were dead, and were taken from old tunnels in a 2-cm-diameter
standing dead stem.
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Orthotomicus latidens (LeConte). USA: Michigan, Crawford Co., Deward, reared from Larix laracina (Pinaceae), 12.III.1917, Col: Pettit (1). Genesee
Co., Richfield County Park, N 43° 6’ 2”, W 83° 33’ 29”, (+)-α-pinene and ethanol,
27.V.2008, Col: Roger Mech (1).
This species is rarely collected in eastern U.S. although the species is
distributed throughout North America and Mexico (Wood and Bright 1992).
Larix may not be a regular host: previous host records are almost exclusively
from pines (Wood 1982).
Phloeosinus dentatus (Say). USA: Michigan, Cheboygan Co., T. 33 N.,
R 3 W., sec. 12, Sturgeon R. by old U.S. 27, Thuja occidentalis (Cupressaceae),
12.VIII.1978, Col: L. R. Kirkendall (1). Livingston Co., E. S. George Reserve,
N 42° 28’, W 84° 00’, 27.VI.1978, 12.VII.1978, 2.VII.1980, Juniperus virginiana
(Cupressaceae), Col: L. R. Kirkendall (15).
Known as the eastern juniper bark beetle, this species is widespread in eastern
North America, where it breeds in various Cupressaceae (Wood 1982). Bigyny has
been reported for populations from Georgia (Berisford 1975) but not Mississippi
(Blackman 1922): in Michigan, 18 of 18 examined gallery systems in juniper had
only one female (Kirkendall, unpublished data). Its congener P. canadensis Swaine
breeds in Thuja, but has so far only been collected from the Upper Peninsula.
Phloeotribus piceae Swaine. USA: Michigan, Cheboygan Co., Pigeon River
Forest, Pine Grove Campground, 8 mi. E, 1 mi. S. of Wolverine, dead branch on
live Picea glauca (Pinaceae), 21.VIII.1980, Col: L. R. Kirkendall (1). Keweenaw
Co., Isle Royale, Picea glauca, 13.VII.1981, Col: N. A. Moran (1). Mackinac Co.,
U.S. 2 ca 4 mi. E of St. Ignace, twig of cut Picea mariana, 20.VIII.1980, Col: L.
R. Kirkendall (1).
This is a largely boreal species; from the contiguous U.S., it has only been
collected previously from Minnesota, New York and Maine. Northern Michigan
is apparently at the southern limits of its distribution. P. mariana is a new host
for the species.
Phloeotribus scabricollis (Hopkins). USA: Michigan, Lenawee Co.,
Bean Ck., 0.3 mi W, 0.5 mi S of Morenci, Ptelea trifoliata (Rutaceae), Col: L. R.
Kirkendall (13).
This rarely collected species was previously known only from Indiana,
Illinois (ex P. trifoliata) and Ohio. The species was common in a patch of hop
tree (P. trifoliata). Old galleries were found in stems and branches; live adults
were boring into the bases of leaves. The Ohio host record of Staphylea trifolia
L. (Staphyleaceae), an unrelated but very similar-appearing plant, could be a
mistaken identification.
Pityophthorus briscoei Blackman. USA: Michigan, Luce Co., US 123
at border with Chippewa Co., dead top of small P. mariana, 19.VIII.1980, Col:
L. R. Kirkendall (1).
The species is known only from eastern Canada and the northeastern U.S.
It has been collected from both Pinus and Picea previously.
Pseudopityophthorus asperulus (LeConte). USA: Michigan, Livingston
Co., E. S. George Reserve, N 42° 28’, W 84° 00’, 10.V.1978, 18.V.1979, 17.VI.1980,
4.VII.1980, Fagus, Quercus, and window traps, Col: L. R. Kirkendall.
This tiny species was much less common in beeches and oaks than the
larger P. minutissimus (Zimmermann) (Kirkendall unpublished data); it was
collected from small branches of Fagus grandidentata Ehrh. and Quercus bicolor
Willd. Fagus is a new host genus (Wood and Bright 1992).
Trypodendron betulae Swaine. USA: Michigan, Cheboygan Co., T.37N.,
R.3W., sec. 33, U. M. Biological Station, trunk of standing dead Betula papyrifera, 14.VIII.1979, Col: L. R. Kirkendall (3). Luce Co., US 123 at border with
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Chippewa Co., windthrown Betula lutea with green leaves, 19.VIII.1980, Col:
L. R. Kirkendall (10).
The first records from Michigan of this species (Roeper et al. 1980: Grand
Traverse and Marquette counties, B. papyrifera) do not appear in Wood (1982)
or subsequent literature. This species breeds primarily in Betula, and occurs
in birch forests across the upper U.S. and Canada.
Trypodendron rufitarsis (Kirby). Roeper et al. (1980) studied the
ambrosia fungus of T. rufitarsis and reported this species from Otsego Co., ex
Pinus resinosa Aiton. This remains the only Michigan record. We have not
been able to locate specimens, but T. rufitarsis is quite distinctive (Wood 1982:
fig. 178). Michigan represents the only U.S. locality east of Minnesota, though
the species has been collected in Ontario (Wood and Bright 1992).
Trypodendron scabricollis (LeConte). USA: Michigan, Roscommon
Co., Roscommon, 11.XI.1949 (1).
The MSUC specimen is the only known collection from Michigan. This species
seems to be rare, having been collected from only a handful of states in the eastern
U.S., where it breeds in various species of Pinus (Wood and Bright 1992).
Trypophloeus populi Hopkins. USA: Michigan, Livingston Co., E. S.
George Reserve, N 42° 28’, W 84° 00’, 1979, reared from branch of Populus
tremuloides, Col: L. R. Kirkendall. St. Clair Co. NAD83: 42.9690N, -82.5642W,
26.VI.2007 (1). St. Clair Co. NAD83: 43.0736N, -82.6265W, 27.VI.2007 (1).
This rarely collected species is known mainly from western North America
(Saskatchewan, Manitoba; Nevada and Idaho east to Colorado). The only eastern
record is one collection from New Brunswick (Wood 1982). This is the first collection of Trypophloeus in Michigan and in the eastern U.S., but demonstrates
that the species has a transcontinental distribution. This monogynous bark
beetle attacks live trees (Petty 1977) and appears to have similar biology to T.
striatulus (Mannerheim) (see below).
Trypophloeus striatulus (Mannerheim). USA: Michigan, Macinac Co.,
USFS 3108, 1 mi. N of US 2, 19.VIII.1980, live Salix stems, Col: L. R. Kirkendall (9).
A series of T. striatulus was collected from live stems of Salix discolor and
S. subsericeus (Andersson) Schneider in a bog. This aggressive bark beetle is
considered to be the most important insect enemy of willows (particularly Salix
alaxensis) in Alaska, and is intimately associated with a staining Cytospora
fungus (Furniss 2004). In the western U.S. it has also been collected from Alnus
and Populus (Furniss and Johnsen 1995).
Trischidias atoma (Hopkins). USA: Michigan, Leenawee Co. NAD83:
N 42.0604, W 84.1415, 28.VI.2007 (5). Livingston Co., E. S. George Reserve,
N 42° 28’ N, W 84° 00’, 19.V.1980, Sambucus racemosa (Adoxaceae), Col: L. R.
Kirkendall (5). Wayne Co., Lower Huron Metropark, Sycamore Bend Picnic
Area, Paw Paw Nature Trail, 25.VIII.1980, Morus rubra (Moraceae), Col: L.
R. Kirkendall (3).
These are the first records of Trischidias from Michigan, and represent
the northernmost collections of T. atoma, a species otherwise known from scattered collections throughout the eastern U.S. (Atkinson 1993). The species is
seldom collected, even by specialists, because of its tiny size (0.6 mm long) and
peculiar habits: it is only found in dead, dry twigs infested with a black ascomycete fungus (Deyrup 1987, Atkinson 1993), a niche this species share with
the unrelated Lymantor decipiens (Swaine 1918).
Xyleborus volvulus (Fabricius). USA: Michigan, Washtenaw Co.,
15.IV.1929, R. Mc (sic) (1).
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The specimen of this cosmotropical species which is in the UMMZ must
represent an interception or an individual emerging from imported tropical wood.
No further specimens have been collected. We do not consider this species to
be established in Michigan.
Xyleborus planicollis Zimmermann. USA: Michigan, Berrien Co., Paw
Paw Lake, 20.vii.1909, Col: E. Liljblad (1) (UMMZ). Ogemaw Co., Refuge Rd.,
N 44° 23’ 41”, W 84° 23’ 17”, ethanol, 15.VIII.2008, 10.IX.2008, Col: W. Radtke
(2).
Until recently, this species was confused with X. xylographus (Say). Collections of X. planicollis are rare, and Rabaglia et al. (2006) list only six states
in the eastern U.S. for this species. These records represent the most northern
distribution of this species. We cannot find any host records for X. planicollis.
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Spatiotemporal Variation of Violet-Feeding Large Fritillaries
(Euptoieta, Speyeria) (Lepidoptera: Nymphalidae)
in Central and Northern Wisconsin
Ann B. Swengel1 and Scott R. Swengel1

Abstract
We analyzed the relative abundance of the large fritillaries Euptoieta
claudia (Cramer) (immigrant), Speyeria cybele (Fabricius) and S. atlantis (Edwards) (generalists), S. aphrodite (Fabricius) (grassland species), and S. idalia
(Drury) (prairie specialist) in transect surveys at grasslands and pine barrens
during 1990-2006 for variation and correlation over time (measured both as
chronological year and as years since last management treatment) among six
subregions in central and northern Wisconsin. Population trends (correlations
of abundance with chronological year) were few and not significantly skewed
toward either negative or positive trends. Spatial synchrony between pairs
of subregions was significantly different among species, and these differences
ordinated by ecological classification, with the strongest positive correlations
for the immigrant species and lowest for the grassland species, with the only
analyzable generalist (S. cybele) in between. The specialist was represented by
only one correlation that fell between the generalist and grassland species. Little
variation in this spatial synchrony was apparent across the range of distances
in this study (19-388 km), but the relationship to distance was negative, as expected. Immigrants (non-resident vagrants) appear more affected by landscape
scale factors, and so are more spatially synchronized, while less vagile species
appear more affected by local conditions and less spatially synchronized by
population exchange. Covariance in abundance between the subset of localities
surveyed every year and all localities in the subregion surveyed per year suggests that results for a large sample of all surveyed areas, although varying from
year to year, approximates the results of more rigorous methods of population
monitoring. Differences in abundance by management type showed a pattern
of more statistical differentiation with increasing specialization of the species,
consistent with previous analyses of these species in other midwestern regions.
Results at Buena Vista Grassland were more divergent from previous studies.
For both S. idalia and S. aphrodite, mow+burn and burn were relatively more
favorable and graze less favorable than elsewhere; the highest abundances of
both species were found in graze+burn. Furthermore, years since burning and
years since grazing were remarkably similar to each other for both S. aphrodite
and S. idalia, and these were similar between the two species, especially for
years 0-3. But in both this study and previous analyses, year 0 after burning
(and relatively heavy season-long cattle-grazing at Buena Vista) had very low
abundances. Contrasts of management results at Buena Vista with results at
prairies and barrens may be due to differences in vegetation (old field at Buena
Vista vs. native vegetation) and/or due to lower treatment frequency and size
(relative to site size) at Buena Vista than elsewhere. Thus, degree of habitat
specificity and dispersal tendency both strongly affect patterns of fritillary
population abundance.
____________________

909 Birch Street, Baraboo, Wisconsin 53913. (e-mail: swengel@naba.org).
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Five large fritillary species regularly occur in the midwestern U.S.A., including Wisconsin, in grasslands, savannas, and forest edges (Ebner 1970, Opler
and Krizek 1984, Sedman and Hess 1985; Scott 1986, Heitzman and Heitzman
1987, Iftner et al. 1992, Schlicht et al. 2007). The variegated fritillary, Euptoieta claudia (Cramer), has multiple generations per year. Adults of the large
fritillaries, great spangled Speyeria cybele (Fabricius), Aphrodite S. aphrodite
(Fabricius), regal S. idalia (Drury), and Atlantis S. atlantis (Edwards), occur
in a single annual generation timed broadly in mid‑summer. These Speyeria
species are resident year round in Wisconsin. Euptoieta does not since it cannot survive freezing weather, but regularly disperses here as a vagrant during
the growing season. All these fritillaries feed on violets (Viola, Violaceae) as
larvae, with E. claudia also consuming many other unrelated plants. E. claudia and S. cybele may be found in almost any open area. S. aphrodite is more
restricted to upland brush, fields, prairie, and oak woods. S. idalia primarily
inhabits prairie, especially tallgrass, but outside the prairie region occurs in
damp meadows and upland pastures. The most northerly species, S. atlantis,
lives in forest openings and meadows.
This paper presents analyses of these fritillaries’ abundance patterns
relative to spatial synchrony and management among subregions in Wisconsin
in transect surveys in grasslands and pine barrens during 1990-2006. Such
information is useful for devising monitoring protocols, interpreting survey
data, and understanding the biogeography and ecology of these species. Surveying and monitoring are necessary components of conservation programs for
rare or declining butterfly species (Dennis 1992, Pollard and Yates 1993); the
assessment of a butterfly’s status and population trend is confounded by large
variability among generations attributable to fluctuations in abundance due to
climate and land use, among other factors. The most immediate application of
this information relates to conserving S. idalia, which has experienced the most
widespread decline and marked range contraction of the study species (Johnson
1986; Swengel 1993). As Hammond and McCorkle (1984) asserted, this butterfly is characteristic of undegraded tallgrass prairie and is likely to have been
common in the formerly vast prairie expanse, yet in the primary region where
tallgrass prairie naturally occurred (central North America) is now confined to
remnant patches that escaped conversion to agriculture. S. aphrodite is of local
or regional conservation interest (Panzer et al. 1995, Schlicht et al. 2007).
Methods
Study sites and surveys. The surveys occurred in six subregions (Table
1): (1) Baraboo and (2) Cornucopia were 4th of July Butterfly Counts (see Swengel
1990 for a description) timed in mid-summer to maximize species richness; (3)
Buena Vista Grassland and (4) Pine Island Wildlife Area were surveys targeted
for S. idalia, listed in Wisconsin as endangered (Bureau of Endangered Resources
1999); and (5) Central pine barrens and (6) Crex Meadows Wildlife Area were
surveys targeted for Karner blue (Lycaeides melissa samuelis Nabokov, federally listed as endangered) (U.S. Fish & Wildlife Service 2003) and other barrens
butterflies. All sites were public land (e.g., state parks, state wildlife areas,
state and county forest) or public rights-of-way. Baraboo and Pine Island are
at the southern end of the study region, Buena Vista and Central pine barrens
further north but in central Wisconsin, and Crex Meadows and Cornucopia in
northwestern Wisconsin. All sites could not be visited each year but most were
visited more than once both within and among years and a subset of sites was
consistently surveyed each year in each subregion (Table 1). Distance separating the subregions was measured from the center of the sites in each subregion.
These distances were grouped into four categories (19 km, 85-159 km, 230-299
km, and 346-388 km). The Baraboo and Pine Island subregions were nearest
each other (as near as some sites within other subregions), but analyzed separately due to different lengths of survey histories.
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Table 1. Study subregions and sites. At Buena Vista and Crex Meadows, an additional 74 and 33 units, respectively, were also surveyed but not in all years.
Subregion/Sites

County

Years surveyed

Baraboo
Mirror Lake State Park Pine Barren
Devils Lake State Park Steinke Basin

Sauk

1990-2006

Pine Island Wildlife Area
Site 1
Site 2

Columbia

1993-2006

Buena Vista Wildlife
Nine long-term units

Portage

1997-2006

Central Wisconsin Barrens
Dike 17
South Brockway West (unit 4)
West Castle Mound savanna
West Castle Mound oak opening
Wildcat Spangler Northeast
Wildcat Spangler Southeast
Highway X north-south
Highway X east-west

Jackson, Wood

1992-2006

Crex Wildlife Area and County Forest
Burnett
James Road
Klots Road
Main Dike Road		
North Reed Lake Road east
North Refuge Road
Overlook Northeast		
Overlook Northwest		
Overlook Southeast		
Overlook Southwest
Phantom Prairie
Reed Corner

1991-2006

Cornucopia
Bayfield
Highway 13		
Kaseno Road
Klemik Road		
North Boundary Road		

1990-2006
except 1997

except 1996
except 1996
except 1996
except 1996

except 2006
except 1990
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We conducted butterfly transect surveys along similar routes within each
site each visit (similar to Pollard 1977), as described in Swengel (1996, 1998)
and Swengel and Swengel (1997). Walking at a slow pace (about 2 km/hr) on
parallel routes 5‑10 m apart, we counted all adult butterflies observed ahead
and to the sides, to the limit at which an individual could be identified, possibly with the aid of binoculars after detection, and tracked. The route at Pine
Island site 1 increased in length in 1995 and 1997, as described in Swengel and
Swengel 2001b).
A new sampling “unit” was designated whenever the habitat along the
route varied by management (type and/or years since last treatment), vegetation type (wet, wet‑mesic, mesic, dry‑mesic, dry, “extra” dry sand), vegetative
quality based on amount of brush and diversity and abundance of native and
exotic flora (undegraded, semi‑degraded, highly degraded), and/or estimated
macrosite canopy (grassland <10%, open savanna 10‑24%, closed savanna
25‑49%, forest opening 50‑75%). At Buena Vista it was feasible to standardize
the survey route in most units to an 800 m square (200 m per side), typically set
in the center of a 40 acre square block of land. At all other sites, unit size and
route length varied due to variation in size of land management treatments.
Routes crossed rather than followed ecotones and management boundaries to
reduce edge effects, and were designed to minimize number of unit changes
during the survey while covering representative areas of the site. Temperature,
wind speed, percent cloud cover, percent time sun was shining, route distance,
and time spent surveying were recorded for each unit. Data from each unit
were kept separate. Surveys occurred during a wide range of times of day and
weather, occasionally in intermittent light drizzle, so long as butterfly activity
was apparent, but not in continuous rain.
A unit’s management was coded based on the management history observed or evident during the study, including management combinations (e.g.,
burn+graze) as appropriate. Management age class (years since last treatment)
was coded as 0 years (<1 year) since last treatment, 1 (> 1 but < 2 years ago), 2, etc.
A fire year‑class of 0 signifies the unit was burned since the last growing season;
management fires typically occurred in the cool season (fall or spring, usually the
latter), not summer. Thus, a fire after summer 1990 and before summer 1991 is
said here to have been burned in 1991. Since the cattle-grazing at Buena Vista
was growing-season long, surveys in currently grazed units were 0 years since
last treatment, and the next year (the first year after cows were removed from
the unit) was also in year 0 after treatment (i.e., <1 year since last treatment).
We distinguished the first year 0 (during grazing) from the second year 0 (first
growing season after grazing stopped) for analysis. For units managed with more
than one type, management age class was tracked separately for each management type. Sites with no active broadcast management conducted or otherwise
evident during the study were categorized as “idle” (non‑managed).
We tried to survey with both of us together as much as possible for methodological consistency. Surveys by one person were occasionally conducted,
however, to fill data gaps caused by scheduling constraints and poor weather
on days when both surveyors could be fielded. We walked down the middle of
the route corridor if surveying alone. All surveys in this study were conducted
by one or both of the authors using the same field sampling method, which may
afford more methodological consistency than if all surveys were conducted by
two people, but with changeover in personnel. More variability in field methods
has existed in other analyses of spatiotemporal variation that use data from
more than one survey team (e.g., Swengel 1990).
The study species were categorized previously according to habitat niche
breadth (Swengel 1996, 1998): (1) S. idalia as habitat specialist (restricted or
nearly so to herbaceous flora in prairie and/or savanna; sensitive to vegetative
quality); (2) S. aphrodite as a grassland species (widely inhabiting both native
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and degraded herbaceous flora); (3) S. cybele and S. atlantis as habitat generalists (inhabiting grassland and other habitats, or edge habitat between forest and
grassland); and (4) E. claudia as an immigrant (vagrant occurring in the study
region during the growing season but rarely if ever in winter). The mid-summer
survey periods in each subregion each year were effective times to survey all
these study species. In subregions 3-6, additional surveys occurred earlier and
later in the growing season, also an effective time to survey E. claudia.
Statistical analysis. Analysis was done with ABstat 7.20 software (1994
Anderson‑Bell Corp., Parker, Colorado). Statistical significance was set at two-tailed
P < 0.05. Since significant results occurred at a frequency well above that expected
due to spurious Type I statistical error, the critical P value was not lowered further,
as more Type II errors (biologically meaningful patterns lacking statistical significance) would be created than Type I errors eliminated. All correlations were done
with the Spearman rank correlation. To test for significant differences, we used the
Wilcoxon signed ranks test for paired values and the Mann‑Whitney U test for >2
variates in a test if N > 5 per variate (to afford adequate statistical power for this
test). All statistical tests in this study are non-parametric, which do not require
any assumptions about how the data are distributed (e.g., normality).
For large sites (Crex Meadows, Buena Vista, Pine Island) we analyzed
units within them separately, as if they were separate sites. Otherwise, we analyzed at the scale of the site. We refer to these separate locations (units or sites)
as “localities”. Since only seven localities in two subregions have missing values
(once per locality) (Table 1), we did not drop those localities from the analysis
and did not attempt to account for missing values through extrapolation.
To compare relative abundance, we calculated observation rates as total
individuals per total survey time per locality, using the peak survey per year.
Thomas (1983) and Schlicht et al. (2009) found that one survey during the main
flight period (period when in the adult life stage) is adequate for producing
valid indices for comparisons of relative abundance within and among sites.
We measured effort as both time and distance surveyed, and these measures
covaried strongly: r = +0.897, N = 6216 surveys of units in 1738 hr and 4047
km of effort, P < 0.0001; and r = +0.924, N = 1089 surveys of units at long-term
localities, P < 0.0001. Thus, standardizing observations to rates based on time
or distance would yield similar results. We chose time because it can be precisely measured for each survey, making for more robust comparisons among
sites. Distance was similar within unit among surveys, but was less precisely
measured since we estimated it based on pacing and/or maps.
We tested for significant differences in peak counts between one‑ and
two‑surveyor surveys with the Mann‑Whitney U test. Only 9.2% of surveys at
14 long-term localities in subregions 1, 2, 4, and 5 (Table 1) were by one surveyor.
At only four of these localities was there an adequate sample of both one- and
two-surveyor surveys as peak surveys for statistical testing. In 11 tests of species
x site, only two were significant (both at Highway 13, one significantly higher
in one-surveyor surveys and the other in two-surveyor surveys). As a result,
we included one-surveyor surveys without any adjustments for comparability
to two-surveyor surveys.
Annual indices. We averaged all of the localities’ peak observation rates
per year to calculate a subregional “population index” for each analyzable species in each year, as done in A. Swengel and S. Swengel (2005). A locality was
included in a subregion’s population index if the species had ever been recorded
there on our surveys.
We correlated these population indices with year (as a test of trends) and
between pair-wise combinations of subregions (as a test of spatial synchrony
in abundance) as in A. Swengel and S. Swengel (2005). An alternate method of
analyzing spatial synchrony is with detrended analysis, which removes trends
from the data but retains annual fluctuation. In comparing the two types of
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analysis (A. Swengel and S. Swengel 2005 vs. S. Swengel and A. Swengel 2005),
the use of untransformed data had the effect of increasing the positive correlation
of near sites and decreasing the correlation of further sites, relative to detrended
data, although both analyses had similar results overall.
At Buena Vista and Crex Meadows, adequate samples were available
to compare population indices calculated for long-term localities and for all
surveyed units per year (an additional 74 and 33 units, respectively, but each
individual unit surveyed in only some of the study years). Since this afforded
a test of the effects of reducing the sample to localities surveyed each year, we
correlated the population indices between the two sets of units for the two most
abundant fritillaries (S. aphrodite and S. idalia) in those surveys.
We tested for significant differences among species in the correlation
results (both the correlations vs. year and the correlations between pairs of
subregions) by using the Kruskal-Wallis one-way analysis of variance (ANOVA)
for ranked data on the correlation coefficients (r). We used the binomial probability test to determine whether there was a non-random proportion of positive
and negative correlation coefficients in a set of correlations, if N > 4 coefficients.
Random distribution would be 50% positive, 50% negative.
Management. Another temporal variable was number of years since
last management treatment. Two subregions had enough samples to support
this analysis: Buena Vista Grassland (cattle grazing and burning contrasted
to idling) and Crex Meadows Wildlife Area (mowing, burning). Units classified
as a management combination (e.g., burn+graze, burn+mow) were excluded
from the analysis. We included all qualifying units because limiting this to
long-term localities yielded too small a sample for analysis. By using all units,
concern over the representativeness of units was reduced since so many units
were included, but control for annual fluctuations was also reduced. As a comparison, we also provide an analysis by management type alone (all years since
management treatment included), using only the long-term localities. This
controls for annual fluctuation but reduced representativeness. A comparison
of the two might afford some opportunity to infer how much these concerns are
influencing each analysis.
Results
Annual indices. E. claudia occurred in long-term localities in four
subregions (Fig. 1): Pine Island (two localities), Buena Vista (eight localities),
Central pine barrens (five localities), and Crex Meadows (four localities). All
six pairwise correlations of these subregions were positive (binomial P = 0.03),
ranging from r = +0.445 (Buena Vista to Crex Meadows) to r = +0.642 (Pine
Island to Buena Vista, the closest pair of subregions).
Speyeria cybele (Fig. 2) and S. aphrodite (Fig. 3) occurred in all long-term
localities in all subregions. For S. cybele, the 15 pairwise correlations of subregions ranged from r = -0.478 (Baraboo to Crex Meadows) to r = +0.547 (Pine
Island to Buena Vista), with the proportion of positive coefficients (10/15) not
significant. For S. aphrodite, coefficients ranged from r = -0.538 (Pine Island
to Cornucopia, P < 0.05) to r = +0.679 (Crex Meadows to Central barrens, P <
0.01), with the proportion of positive coefficients (9/15) not significant.
Speyeria atlantis regularly occurred in two subregions, Cornucopia (at all
long-term localities, N = 291 butterfly individuals recorded) and Crex Meadows
(six localities), but population indices could only be generated for Cornucopia
as the species only occurred on nine surveys of the Crex Meadows long-term
localities (N = 17 individuals).
Speyeria idalia occurred only at Pine Island (both localities, but at the
second only in 1995-96) and all Buena Vista long-term localities (Fig. 4). The
correlation between these two subregions was r = -0.116.
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Figure 1. Population abundance indices (mean individuals/hr) of E. claudia at longterm localities by subregion (N = 50 butterfly individuals recorded in these surveys).

Figure 2. Population abundance indices (mean individuals/hr) of S. cybele at long-term
localities by subregion (N = 1509 butterfly individuals recorded in these surveys).
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Figure 3. Population abundance indices (mean individuals/hr) of S. aphrodite at longterm localities by subregion (N = 5556 butterfly individuals recorded in these surveys).

Figure 4. Population abundance indices (mean individuals/hr) of S. idalia at longterm localities by subregion (N = 1374 butterfly individuals recorded in these surveys).
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Correlation coefficients (r) between subregions were significantly different
among species, and these differences ordinated rather consistently along the
continuum of species classification by specialization (Table 2). However, when
E. claudia was excluded from the statistical test, the remaining species were
not significantly different from each other (Table 2). The strongest positive coefficients occurred for E. claudia (immigrant), followed by S. cybele (generalist)
and S. aphrodite (grassland). S. idalia (specialist) was represented by only one
coefficient ( r = -0.116 for Pine Island to Buena Vista). The corresponding coefficients for the other species were r = +0.643 (immigrant), r = +0.547 (generalist), and r = -0.139 (grassland), so that the specialist fell between generalist and
grassland rather than extending the continuum beyond the grassland species.
In correlations of the coefficients vs. distance separating the subregions in each
pairwise correlation, population synchrony of each species had a negative relationship vs. greater distance, but none were significant (Table 3). Kruskal-Wallis
ANOVAs of these coefficients vs. category of distance were also not significant
(P = 0.320). However, the proportion of 25 positive out of 37 coefficients in the
pairwise correlations of population indices among subregions was significant (P
= 0.047), indicating a non-random similarity in population fluctuations among
subregions across the range of distances separating them.
The proportion of 13 positive out of 19 trends (correlations of population
indices vs. year) was not significant. Kruskal-Wallis ANOVAs of these correlation coefficients by species were far from significant (Table 4). At Buena
Vista, the population index for long-term units covaried with the index for all
units significantly for S. idalia (r = +0.903, P < 0.01) and not significantly for
S. aphrodite (r = +0.600, P < 0.10).
Management. Statistical testing of differences in abundance by management type (including all years since last treatment together) (Table 5) showed
a pattern of more statistical differentiation with increasing specialization of
the species. E. claudia had no significant differences by management type at
Buena Vista and was not analyzable at Crex Meadows. For S. cybele at Buena
Vista, significantly highest numbers occurred in graze+burn and burn, lowest
in mow+burn, and intermediate in idle and graze; no significant differences occurred at Crex. For S. aphrodite at Buena Vista, significantly highest numbers
occurred in graze+burn, intermediate in burn, then mow+burn and graze, and
lowest in idle. At Crex Meadows, numbers were highest in mow, lowest in cut
and burn, and intermediate in mow+burn. For S. idalia at Buena Vista, significantly higher numbers occurred in graze+burn and mow+burn, intermediate in
burn and idle, and lowest in graze. In sum, at Buena Vista, when statistically
significant, idling and grazing were never highest, while graze+burn was always
highest, and burning highest or intermediate. For S. aphrodite and S. idalia,
mow+burn and graze+burn were significantly higher than burning. By contrast,
at Crex Meadows, S. aphrodite was lower in burning and higher in mowing.

Table 2. Kruskal-Wallis ANOVA of spatial synchrony (expressed as correlation coefficients, r, from pairwise correlations of population indices between subregions) by species. P=0.005 when all species are included; P=0.486 when E. claudia is excluded.

E. claudia
S. cybele
S. aphrodite
S. idalia

N

coefficients (r)
mean r
mean rank

6
15
15
1

+0.531		
+0.108		
+0.044		
-0.116		

32.8
17.9
15.3
8.0
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Table 3. Coefficients of Spearman rank correlations of spatial synchrony (expressed
as correlation coefficients, r, from pairwise correlations of population indices between
subregions) vs. distance (i.e., distance separating pairs of subregions in the pairwise
correlations). None were statistically significant.

E. claudia
S. cybele
S. aphrodite
All

N

r

6
15
15
37

-0.696
-0.446
-0.054
-0.213

Table 4. Kruskal-Wallis ANOVA of population trends (expressed as correlation coefficients, r, of population indices vs. year, by subregion) by species (P = 0.571).

E. claudia
S. cybele
S. atlantis
S. aphrodite
S. idalia

N

mean r

mean rank

4
6
1
6
2

+0.121
+0.146
-0.510
+0.062
-0.161

11.3
10.7
1.0
9.7
11.0

Table 5. Mean and median observation rates (individuals/hr) and Mann-Whitney U
tests for significant differences in these rates at long-term localities by management
type. Values not sharing any letters are significantly different from each other. A = no
significant differences, B = significantly lowest, C = significantly intermediate (statistically different from B and D), and D = significantly highest.

Buena Vista
idle
graze
mow+burn
graze+burn
burn

E. claudia
mean median

S. cybele
mean median

S. aphrodite
mean median

S. idalia
mean median

0.73
0.43
1.74
1.36
0.39

5.13
3.05
0.00
2.88
2.40

0.0 BD
0.0 BD
0.0 B
1.28 D
1.24 D

33.65
54.40
84.49
153.26
58.69

32.43 B
28.52 BC
55.61 CD
160.22 D
44.29 C

12.21
11.66
61.83
90.39
29.76

3.77
3.09
3.21
1.12

0.0 A
0.0 A
0.0 A
0.0 A

26.51
10.81
24.61
14.41

21.18 D
6.43 B
16.57 BD
8.57 B

0.0 A
0.26A
0.0 A
0.0 A
0.0 A

Crex Meadows
mow			
cut			
mow+burn			
burn			

9.47 C
1.40 B
60.0 D
83.64D
22.13C
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Speyeria idalia showed similar patterns for years since burning and years
since grazing (Fig. 5). Abundance was lowest in year 0 for burning and the first
year 0 for grazing, peaked in year 1 with a strong drop in year 2, and higher
again in years 3-4. After that, the remarkable concordance between burning
and grazing ends, but the variable results for both management types fall in
similar ranges. Idling is higher than year 0 for burning and the first year 0
for grazing, but in the lower end of the range of variation for years 2-7 since
burning and grazing.
Speyeria aphrodite at Buena Vista also had similar patterns between burning and grazing for years 0-3 (Fig. 6), and these patterns were also similar to
those for S. idalia (cf. Fig. 5): low abundance in year 0, high in year 1, low again
in year 2, and increasing again in year 3. After that, S. aphrodite abundance
diverges both between burning and grazing, and in comparison to S. idalia.
Most notably, these later years since management included both low years and
higher abundances similar to or higher than year 1. Also, for S. aphrodite, year
2 was similar to year 0 in low abundance (while S. idalia was higher in year 2
than year 0), and both years 0 for grazing were similarly low, while S. idalia
had much lower numbers in the first year 0 compared to the second. Idling was
more similar to year 0, and the lower end of later years since burning or grazing
for S. aphrodite than for S. idalia.
The pattern for S. aphrodite at Crex Meadows was rather different from
that for Buena Vista. At Crex Meadows, year 0 of mowing (the only year with
adequate sample) was considerably higher than year 0 of burning. Subsequent
years of burning followed a different trajectory than at Buena Vista, with gradual
increases through year 3, then lower values through year 6 (the last year available). Only year 3 (out of 7) of burning exceeded year 0 of mowing. However,
at both Buena Vista and Crex Meadows, year 0 of burning was not the lowest
year, which was year 2 at Buena Vista and year 5 at Crex Meadows.

Figure 5. Median observation rate (individuals/hr) of S. idalia by years since last
treatment of burning or grazing, at Buena Vista.
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Figure 6. Median observation rate (individuals/hr) of S. aphrodite by years since last
treatment of burning or grazing or mowing, at Buena Vista and Crex Meadows.

In general, mean and median observation rates had similar patterns
in tests of management type (Table 5). But since median rates corresponded
slightly more consistently to the results of statistical testing, these are used in
Figs. 5-6 to show observation rates by years since last treatment. Minor differences were apparent between mean and median rates. For S. idalia, means
for years 0-3 since burning and grazing were similar to their medians. But in
year 1, the mean for grazing was slightly higher than for burning, and while
burning still had the highest value of any age class, this was in year 4 instead
of year 1 as for medians.
Comparison of annual and management variability. For two species (S. aphrodite and S. idalia) we could directly compare the magnitude of
variability in annual fluctuations and years since last management. The lowest to highest annual indices per subregion per species varied 3-27 fold (Figs.
3-4). Abundance by years since last management varied 8-13 fold from lowest
to highest values per subregion per species (Figs. 5-6). This variation due to
management was undefined in two instances where the lowest value was zero
(in year 0 of fire management); in those two cases, if the zeroes were one instead, that variation would be 23-29 fold. Thus, the magnitude of variability
due to annual fluctuation was equivalent to that due to management for these
two species.
Discussion
Speyeria cybele and S. aphrodite were the most widespread and abundant
species in the study region. The non-resident immigrant E. claudia was more
widespread geographically in this study (although found in fewer years) than
S. atlantis, which has a range only barely reaching into the study region, and
than S. idalia. The latter species is within historically documented range in
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all the subregions except Burnett and Bayfield Counties (Table 1), as reviewed
in Swengel and Swengel (2001a).
Annual indices. For E. claudia and all species combined, a significant
proportion of correlations among subregions were positive, indicating spatial
synchrony. This suggests that the sample of sites (N) for the other individual
species may have been too low to show this pattern individually due to inadequate statistical power. In southern Wisconsin monitoring sites, three out of
four S. idalia sites, and all S. aphrodite sites showed similar fluctuations up
and down, and S idalia and S. aphrodite covaried significantly with one another
within sites (Swengel and Swengel 2001b: 103, 105, Fig. 4).
Does this spatial synchrony show variation along a distance spectrum? On
the one hand, the Kruskal-Wallis ANOVA of the correlation coefficients relative to
categories of distance separating subregions was far from significant. On the other
hand, correlations of these coefficients vs. distance separating the subregions were
consistently negative (Table 3), as would be expected (Sutcliffe et al. 1996, Liebhold
et al. 2004), even though they were not significant. This suggests a mild variation vs.
distance on the scale studied here. These patterns are consistent with the variation
in spatial synchrony shown by L. m. samuelis (S. Swengel and A. Swengel 2005),
where not much gradient in variation occurred over distances of <3 km apart vs.
3-264 km apart, but the relationship was negative overall, as expected. While S.
idalia indices in southern Wisconsin prairies showed high synchrony within one site
complex and between sites <1 km away, a large drop-off to milder (non-significant)
synchrony levels occurred between two sites 1-2 km away (Swengel and Swengel
2007: 233, Table 7). In an eight-year study in grasslands within a forested landscape that presented barriers to dispersal, S. idalia showed no pattern of greater
synchrony the closer the patches (Ferster and Vulinec 2010: Figs. 1, 3). Higher
synchrony in southern Wisconsin prairies within site but a drop-off in synchrony
beyond 1 km is consistent with Mason’s (2001) finding that the presence of nearby
prairies did not significantly boost S. idalia population density.
The stronger pattern of variation in degree of spatial synchrony was by
ecological classification of the species. The degree of correlation in abundance
fluctuations over the years between pairs of subregions was significantly different among species (Table 2). A strong pattern ordinated along the continuum of
species classification from immigrant to specialist (Table 2), with the primary statistical differentiation occurring between the immigrant species (E. claudia) and
all other species, all residents. The strongest positive correlations occurred for
E. claudia (immigrant) and weakest for S. aphrodite (grassland), with S. cybele
(generalist) falling between them. S. idalia (specialist) would then be expected
to have a weaker correlation than S. aphrodite but was actually a bit stronger.
However, S. idalia has a small sample of subregions in this analysis.
This pattern of variation in spatial synchrony relative to degree of species’ specialization is apparent in other studies. Koenig (2006) reported levels
of spatial synchrony for the migrant monarch (Danaus plexippus Linnaeus) at
short distances that were similar to those for the specialist L. m. samuelis in
S. Swengel and A. Swengel (2005) but the former study had higher levels of
synchrony at >250 km distances than the latter study (both studies synthesized
in the same graph in Swengel 2008). This suggests that immigrants are more
affected by landscape scale factors including regional weather patterns, and so
are more spatially synchronized, while less vagile species are more affected by
local conditions and less spatially synchronized. For example, S. idalia sites
are isolated, precluding dispersal between them and eliminating population
exchange as an additive synchronizing factor.
Only one species in one subregion (S. atlantis in Cornucopia), out of 19
tests, showed a significant population trend. Also, the proportion of positive and
negative trend correlation coefficients was not significant. This suggests that this
one significant trend result may be spurious, although it is also possible that it
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corresponds to a true pattern. It is also possible that with so much fluctuation in
abundance, more trends exist but are difficult to detect in the analysis here.
The covariance of long-term units with all units surveyed is consistent with
similar tests for other species (A. Swengel and S. Swengel 2005, 2006). This
suggests that results for a large sample of all surveyed areas, although localities
visited vary from year to year, approximate the results of more rigorous methods
of population monitoring. However, since this test was significant for S. idalia
but not for S. aphrodite, more confidence should be placed in the former species’
results for years since management (see below) than the latter’s.
Management. At Buena Vista, years since burning and years since grazing were remarkably similar to each other both for S. aphrodite and S. idalia,
and these were similar between the two species, especially for years 0-3. The
relationship of idling falling at the low end of these management regimes, but
higher than the lowest year, was also similar between the two species.
In fire-managed prairies in southern Wisconsin (Swengel and Swengel
2001b: Fig. 5), S. aphrodite had a similar response to years since last burning
as at Buena Vista, with an overall increase during the first eight years after
burning. S. idalia had less marked variation in increases and decreases in these
prairies, reaching a peak in year 5. Also, idling diverged between the two species
in prairies: S. idalia had its highest abundance there, while S. aphrodite was
intermediate compared to fire year-classes (Swengel and Swengel 2001b: Fig.
5). In Iowa and western Minnesota prairies, S. idalia simply increased with
more time post-fire up to the maximum time analyzed (five years post-fire); more
important, S. idalia achieved far higher abundance in rotational haying there
and in Missouri than in burned sites (Swengel 1996). For S. aphrodite at Crex
Meadows, years since burning diverged notably from that at Buena Vista, being
lower in abundance and showing a longer more gradual increase in abundance.
This was fairly similar to the response curve of S. idalia in southern Wisconsin
prairies (Swengel and Swengel 2001b: Fig. 5). Consistent for both species in
all analyses (here and in southern Wisconsin: Swengel and Swengel 2001b) is
that year 0 after burning (or relatively heavy season-long cattle-grazing) has
very low abundances. However, at Crex Meadows, S. aphrodite abundance was
higher in year 0 of mowing than burning (the only analyzable year).
Southern Wisconsin results agree qualitatively with those in Pennsylvania
grasslands, where very high S. idalia caterpillar counts about five years after
last (intensive soil-baring) management treatment suggest a benefit to having
enough years to develop thicker herbaceous cover as shelter for immature stages
(Ferster and Vulinec 2010). Higher dead plant ground litter, which takes time
to accumulate post grazing or burning, was associated with higher S. idalia
numbers in Iowa prairies (Davis et al. 2007).
Increasing statistical differentiation by management type with increased
specialization of the species seen in this study (Table 5) is consistent with
previous analyses of the same species in other midwestern regions (Table 6).
The results here at Crex Meadows are consistent with these previous studies.
Alternative managements to burning were also more favorable for S. idalia and
S. aphrodite in others’ studies (e.g., Powell et al. 2007), and Vogel et al. (2007)
found more S. idalia in graze or graze+burn than burn. The results here at
Buena Vista are divergent from those of these previous studies. For both S.
idalia and S. aphrodite, mow+burn and burn were more favorable and graze
less favorable than elsewhere.
The only significant management response for S. cybele in both subregions
analyzed was lower abundance in mow+burn at Buena Vista. This species showed
higher numbers in burn than graze+burn in an Iowa study (Vogel et al. 2007) but S.
cybele exhibits a typical generalist pattern of having weak management responses
(Swengel 1996, 1997; Vogel et al. 2007). In Iowa where E. claudia is abundant

2009

THE GREAT LAKES ENTOMOLOGIST

135

Table 6. Comparison of tests for significant differences in relative abundance by management type in this study (Table 5) to previous analyses. Types not sharing any letters are
significantly different from each other. A = no significant differences, B = significantly
lowest, C = significantly intermediate (statistically different from B and D), and D = significantly highest. BV=Buena Vista Grassland (central Wisconsin), CREX=Crex Meadows (northwestern Wisconsin), EUM = Eastern Upper Midwest prairies (Illinois, eastern
Iowa, Wisconsin), WUM = Western Upper Midwest prairies (western Iowa, western
Minnesota, eastern North Dakota), SMO = southwestern Missouri prairies. Data sources
are footnoted beneath the species names and listed after the table.
							
		
idle
graze cut
hay
mow

mow+
burn

hay+
burn

graze
+burn burn

S. idalia
SMO1				
D					
WUM1				
A					
SMO2				
D			
B		
WUM2
BD			
D					
EUM2
BC
CD				
BC			
BV3
C
B				
D		
D
S. aphrodite
WUM2
A			
A					
EUM2
D
D				
B			
CREX3			
B		
D
BD			
BV3
B
BC				
CD		
D
S. cybele
SMO2				
A			
A		
WUM2
A			
A					
EUM2
A
A				
A			
CREX3			
A		
A
A			
BV3
BD
BD				
B		
D
E. claudia
SMO2				
A			
A		
WUM2
A
A		
A					
EUM2
A
A				
A			
BV3
A
A				
A		
A

B
A
B
B
B
C
A
B
B
C
A
A
A
A
D
A
A
A
A

Analyses from Swengel 1996
Analyses from Swengel 1997
3
All analyses for BV and Crex are from this study
1
2

enough for greater analysis than in this study, this species was more abundant on
burned sites and grazed sites than in graze+burn (Vogel et al. 2007: Appendix B).
Contrasts of management results at Buena Vista compared to prairies
and barrens may be due to differences in vegetation (old field at Buena Vista
vs. native vegetation). The violet species differ between the two types: species
in the Viola papilionacea complex predominate at Buena Vista (pers. obs.) vs.
prairie species (V. pedata, V. pedatifida, V. sagittata) at the prairie sites (Swengel 1997). Moderate grazing has a positive effect on violet density in prairies
(Debinski and Kelly 1998), and the violet species at Buena Vista may better
tolerate periodic heavy grazing there. This may explain why both S. idalia and
S. aphrodite rebounded from low numbers during grazing to high numbers >1
year post-grazing (Figs. 5 and 6).
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The contrasting management results at Buena Vista may also be due to
the frequency and size (relative and absolute) of treatment units. At Buena
Vista, management units were relatively small (8-49 ha, each < 1% of total site
size) in a large context of longer unmanaged surrounding units (100-2000 ha of
contiguous grassland tracts), with no more than 5% burned per year. At Crex
Meadows and fire-managed prairies analyzed in Swengel (1997, 1998) and
Swengel and Swengel (2007), fire rotations were usually about 3-6 years (1535% burned per year) and management patches were a much larger proportion
of total site size. Graze+burn management at Buena Vista controls shrubs and
is done when needed instead of on a set rotation; brush-cutting and/or burning
is often done in the cool season before grazing begins, making shrub browse
more attractive to grazers because it is young resprouting growth (pers. obs.).
Relatively smaller units and less frequent burning at Buena Vista perhaps allows for rapid butterfly recolonization in burn+graze patches.
Comparison of annual and management variability. The immigrant
(E. claudia) had large annual fluctuations (Fig. 1) that showed strong spatial
synchrony (Table 2), but had no significant management effects (Table 5). The
resident species also had large annual fluctuations (Figs. 2-4) but weak spatial
synchrony (Table 2). The generalist resident (S. cybele) also had weak management responses (Table 5). The grassland and specialist residents (S. aphrodite
and S. idalia, respectively) had more management effects (Table 5) and about as
much variability from years since last management as from annual fluctuations
(see Results). The magnitude and unpredictability of annual fluctuations make
long-term studies essential for discerning management effects, with consistently
favorable management critical for more specialized species and more isolated
populations. This includes avoiding bottlenecks of low population abundance
from a management treatment. In conclusion, degree of habitat specificity
and dispersal tendency both strongly affect patterns of fritillary population
abundance.
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Habitat Distribution of Carabid Beetles (Coleoptera:
Carabidae) in Northern Hardwood Forests of Michigan
Holly A. Petrillo1,2 and John A. Witter1

Abstract
We compared carabid beetle communities in northern hardwood forests
and divided these forests into three categories based on overstory composition
and geographic location: Northern red oak-American beech (Quercus rubra
L.-Fagus grandifolia Ehrh.) in the Lower Peninsula (OBLP), sugar mapleAmerican beech (Acer saccharum Marsh.) in the Lower Peninsula (MBLP), and
sugar maple- American beech in the Upper Peninsula (MBUP). Carabid beetles
were collected using pitfall traps in 36 stands in 2003-2004. We found that
carabid composition changed throughout the collection periods. Pterostichus
pensylvanicus LeConte and Sphaeroderus lecontei Dejean comprised 76% of the
trap catches in May while Synuchus impunctatus (Say) dominated 67% of the
total August catches and the two May-dominant species made up less than 1%
of the catch in August. Carabid activity-density was also significantly greater
in MBLP forests compared to the other forest types in both years. Within the
three northern hardwood forest types, five carabid species were significantly
more abundant in one forest type: Carabus goryi Dejean (MBLP), Calathus
gregarius Say (OBLP), Pterostichus adstrictus Eschscholtz, Pterostichus coracinus (Newman) and Psterostichus melanarius Illiger (MBUP). We found that
stand-level differences within the same broadly-defined forest type (northern
hardwood forests) support different carabid assemblages both temporally and
spatially. Seasonal and habitat information about carabid beetles may be useful
in determining optimal sampling periods for biodiversity sampling, using carabids as biological control agents against invasive pests, and evaluating potential
impacts of non-native fauna on native carabids and other invertebrates. Carabid diversity and abundance data may help forest managers adopt sustainable
management strategies that increase ecosystem biodiversity and resiliency at
a time when invasives are threatening many ecosystems.
____________________

Ecological systems are dynamic and constantly changing, and many evolutionary and ecological factors are involved in determining overall arthropod
species composition and distribution of a given area. At the scale of a forest
stand in the absence of a major disturbance, ecological factors such as: 1) microclimatic temperature; 2) moisture needs and tolerances and; 3) competition for
food and other resources play important roles in determining arthropod species
presence or absence (Price 1997). Furthermore, individual species have specific
requirements and levels of tolerance for climatic variables such as temperature,
light, and humidity, in addition to nutritional requirements (Greenslade 1964;
den Boer 1971; Thiele 1977; den Boer et al. 1979, 1986; Wallin 1985, 1986; Crist
and Ahern 1999; French and Elliot 1999; Werner and Raffa 2003; Pearce and
Venier 2006).
School of Natural Resources and Environment, University of Michigan, Ann Arbor, MI
48109.
2
Correspondence and current address: College of Natural Resources, University of
Wisconsin-Stevens Point, Stevens Point, WI 54481. (e-mail: Holly.Petrillo@uwsp.edu).
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Carabid beetles (Coleoptera: Carabidae) have been the subject of many
studies due to their well-known taxonomy, relatively large size, mostly predatory
habits, abundance and diversity in temperate forested ecosystems and sensitivity to microsite changes (den Boer 1971; Thiele 1977; den Boer et al. 1979,
1986). Carabids have been used as indicator taxa in many studies (Dufrene et
al. 1990, Rykken et al. 1997, Niemelä 2001, Villa-Castillo and Wagner 2002,
Rainio and Niemelä 2003, Moghtader 2004, Langor and Spence 2006, Pearce
and Venier 2006, Pohl et al. 2007, Fujita et al. 2008, Maleque et al. 2009); they
also are often used to assess effects of fragmentation after a major disturbance
(Niemelä et al. 1993, Werner and Raffa 2000, Heliölä et al. 2001, Driscoll and
Weir 2005, Klimaszewski et al. 2005, Osawa et al. 2005, Saint-Germain et al.
2005, Vanbergen et al. 2005, Latty et al. 2006, Martikainen et al. 2006, Phillips et al. 2006).
Both macro- and micro-site conditions have been shown to be important to
carabid beetle diversity (Thiele 1977, den Boer et al. 1986, Buse 1988, Koivula et
al. 1999, Work et al. 2004, Cole et al. 2010, Vanbergen et al. 2010). For example,
carabid beetle species composition in a forest stand has been found to be associated with forest type and forest canopy structure (Harris and Whitcomb 1971,
Thiele 1977, Epstein and Kulman 1990, Niemelä et al. 1992a, Niemelä et al.
1993, Day et al. 1993, Werner and Raffa 2000, Rieske and Buss 2001, Barbaro et
al. 2007). Werner and Raffa (2000) found that some carabid species in northern
Michigan and Wisconsin were associated with northern hardwood forests, and
others were dependent on the cooler, moister conditions of hemlock-hardwood
stands. Microsite conditions that affect beetle species composition include soil
moisture and pH, litter depth and microhabitat heterogeneity (Luff et al. 1989;
Niemelä et al. 1992a, 1992b; Lovei and Sunderland 1996; Koivula et al. 1999;
Werner and Raffa 2000; Rieske and Buss 2001).
This study was part of an evaluation of biodiversity related to beech bark
disease (BBD)- infested stands throughout Michigan. Although stands used in
this study did not have BBD present at the time of sampling, data collected could
be used as a baseline to determine impacts of BBD on invertebrate biodiversity if
stands were affected in the future. The specific focus of the current research was
to: 1) determine activity-density and diversity of carabids in northern hardwood
forests in Michigan and; 2) characterize habitat associations for carabid species
among distinct northern hardwood forest types throughout the study region.
Methods and Materials
Study area. Research was conducted in 36 northern hardwood stands in
Michigan (Fig. 1). Plots were located from the southwest corner of the Lower
Peninsula (LP) to the eastern Upper Peninsula (UP). Three distinct northern
hardwood forest types representative of this region were used in this study:
Northern red oak-American beech (Quercus rubra L.-Fagus grandifolia Ehrh;
oak-beech) in the Lower Peninsula (OBLP; 12 stands); sugar maple-American
beech (Acer saccharum Marsh.; maple-beech) in the Lower Peninsula (MBLP;
12 stands); and sugar maple-beech in the Upper Peninsula (MBUP; 12 stands).
Maple-beech forests in the LP and UP were separated for this study due to
distinct ecological differences; oak-beech forests were only found in the LP.
Northern red oak, American beech, bigtooth aspen (Populus grandidentata
Michx.) and eastern white pine (Pinus strobus L.) were common codominants
in the overstory of the OBLP forests. Codominant overstory tree species in the
MBLP and MBUP forests included American beech, sugar maple and American
basswood (Tilia americana L.).
Climate varied along the north-south gradient in Michigan where the stands
occurred and also was affected by proximity of stands to the Great Lakes (Fig. 1,
Table 1). Growing season was longest in the OBLP forests (157 days) followed by
the MBLP (133 days) and MBUP forests (118 days) (Albert et al. 1986). Growing
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Figure 1. Location of research stands in Michigan’s Lower Peninsula (LP) and Upper
Peninsula (UP).

OBLP

MBLP

“OBLP= oak-beech, Lower Peninsula”			
“MBLP= maple-beech, Lower Peninsula”			
“MBUP= maple-beech, Upper Peninsula”

			
Climate Variables (Albert et al. 1986)			
Average Annual Temperature (°C)
8.4(0.8)a
7.2(0.5)b
Average Growing Season Precipitation (mm)
391.5(15.2)b
392.7(10.1)b
Average Growing Season Temperature (°C)
17.8(0.8)a
16.9(0.3)b
Growing Season Length (days)
157(0.0)a
133(11.7)b
			
Forest Stand Variables			
Average Leaf Transparency (%)
22.2(2.8)a
16.8(4.8)b
Average Slope (%)
32.3(18.5)a
12.3(8.2)b
Basal Area (m2/ha)
29.0(5.9)c
31.3(5.4)b
Overstory Tree Species Richness
10.5(2.1)a
9.5(2.5)b
Soil Type
dune sand
loamy sand

Forest Typea

15.3(3.8)c
12.1(9.8)b
33.4(6.9)a
8.2(2.2)c
loamy sand-sandy loam

5.0(0.1)c
410.8(2.8)a
14.4(0.1)c
118(5.4)c

MBUP

Table 1. Stand characteristics for the three forest types. Values shown are averages with standard deviations in parentheses. Ecological
data was compared among forest types with a one-way ANOVA. Different letters within rows indicate statistically significant differences at
P < 0.05 with a LSD post-hoc test.

142
THE GREAT LAKES ENTOMOLOGIST
Vol. 42, Nos. 3 & 4

2009

THE GREAT LAKES ENTOMOLOGIST

143

season precipitation (May-September) varied from an average of 411 mm in
the MBUP forests to approximately 392 mm in the MBLP and OBLP forests,
accounting for approximately half of the yearly precipitation in these stands.
Average annual and growing season temperatures averaged 5.0 ˚C and 14.4 ˚C,
respectively in the northernmost stands and 8.4 ˚C and 17.8 ˚C, respectively in
the southernmost stands. Parent material of maple-beech forests ranged from
coarse-textured glacial till to lacustrine sand and gravel with MBLP forests
having primarily sandy loam soils and MBUP having loamy sand to sandy loam
soils. Soils of oak-beech forests were all characterized as dune sand (Albert et al.
1986) since all stands occurred within close proximity of Lake Michigan. Slopes
of all stands ranged from nearly flat to > 60% on some of the sand dune sites.
Forest stand data collection. Forest overstory data for each stand was
collected as part of the Beech Bark Disease Monitoring and Impact Analysis
System for Michigan (Witter and Thompson 2002). Basal area was determined
at 30 points within each stand using a basal area factor 10 prism and was averaged to get an overall basal area for each stand. The 30 prism points were
established along three transects of 10 points each or 6 transects of five points
each, depending on the layout of the stand. Each prism point was 44 m apart
and at least 44 m from the forest edge. The closest beech tree to each prism
point was used for crown measurements. Leaf transparency (a measure of the
amount of light shining through the canopy) was visually measured for 30 beech
trees within each stand based on 21 classes (i.e., 0, 1-5%, 6-10%, etc.) and was
averaged for each stand; measurement followed USDA Forest Inventory and
Analysis guidelines (USDA-FS 2003). Five soil samples were collected at every
6th prism point throughout each stand from the upper 30 cm of the soil; multiple
samples helped take into account the variability of soil within each stand. The
five samples were then homogenized in a 38 L bucket and a 1 L sample was drawn
for texture analysis in the laboratory. Soil texture was determined using the
hydrometer method, which measures the grams of soil particles in suspension
per liter of sodium hexametaphosphate solution (Stoyenoff et al. 2000). Slope
percent was recorded at the same five points as soil samples in each stand, and
an average percent slope for each stand was calculated.
Invertebrate sampling. Carabid beetle activity-density was evaluated
using unbaited pitfall traps common to many carabid beetle biodiversity studies
(Greenslade 1964, Luff 1975, Baars 1979, Epstein and Kuhlman 1990, Niemelä
et al. 1992a, Spence and Niemelä 1994, Pavuk et al. 1997, Melbourne 1999,
Work et al. 2002, Thomas 2006, Prasifka et al. 2007, Santos et al. 2007). We
use the term activity-density instead of abundance since many factors including abundance, density and individual species characteristics affect pitfall trap
collections (Thiele 1977, Southwood 1994, Sunderland et al. 1995). Pitfall traps
consisted of two 0.5 L plastic cups, one placed inside the other, to assist in the
ease of collecting insects from the traps. One hundred and twenty mL of 50%
ethyl alcohol was placed in the bottom of each trap. The cups were capped when
not in use and the weathered plywood rainshield covers used were cryptic and
resemble wood and leaf material. Ten traps, 44 m apart, were placed in each
stand along two transects of five traps each to obtain a representative sample
from each stand following transects set up as part of the Beech Bark Disease
Monitoring System. Pitfall traps were opened for three days during mid-May,
mid-June, mid-July and mid-August, 2003 and 2004 (exact dates shown in Table
2). We began trapping in May based on trials we performed during 2002 and
2003 that did not yield any carabids in the UP in April; the soil was still covered
in snow and frozen in many of our northern study sites during April. We also
based our collection dates on a seasonal activity paper by Werner and Raffa
(2003). Less than 0.5% of the traps were disturbed over the 2-year collection
period, and disturbed traps were not included in the analysis.
Collected organisms were counted and grouped by major taxa. Carabid
beetles (Coleoptera: Carabidae) were further identified to the species level using

0
7
10
3
0
5
0
5
0
0
17
0
3
5
2
17
2
22
75
172

0
0
10
87
2
0
8
2
0
0
13
0
2
32
23
8
15
8
237
447

0
35
53
95
5
32
17
10
0
0
38
0
50
61
69
272
20
143
317
1217

0
5
13
0
0
15
0
0
0
0
0
0
26
2
2
144
0
83
0
291

Agonum cupripenne (Say)
Agonum spp.
Platynus decentis (Say)
Calathus gregarius Say
Calosoma frigidum Kirby
Carabus goryi Dejean
Clivina ferrera Leconte
Cymindis spp.
Diaclus teter Bonelli
Harpalus laticeps LeConte
Myas cyanescens Dejean L.
Poelicius lucublandus (Say)
Pterostichus adstrictus Eschscholtz
Pterostichus coracinus (Newman)
Pterostichus melanarius Illiger
Pterostichus pensylvanicus LeConte
Pterostichus tristis (Dejean)
Sphaeroderus lecontei Dejean
Synuchus impunctatus (Say)
Total

0
23
20
5
3
12
9
3
0
0
8
0
19
22
42
103
3
30
5
308

2003					
5/96/137/118/152003
5/12
6/16
7/14
8/18
Total

		
Species
		

Table 2. Total number of carabid beetles collected in 2003 and 2004 by sampling time.

2
5
10
0
0
10
0
0
0
0
0
0
40
2
2
130
0
70
0
271

0
22
30
8
1
15
0
0
1
0
15
1
16
28
0
52
13
22
83
307

0
11
11
5
3
20
0
0
0
2
7
0
18
62
3
56
21
25
266
510

0
1
13
102
1
0
0
0
0
0
2
0
1
22
13
4
14
3
564
740

2
39
64
115
5
45
0
0
1
2
24
1
75
114
18
242
48
120
913
1828

2004					
5/106/147/128/162004
5/13
6/17
7/15
8/19
Total
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keys from Lindroth (1969), Downie and Arnett (1994), and cross-checked with
museum specimens. Bousquet (1986) was used to distinguish Pterostichus adstrictus Eschscholtz and the morphologically similar Pterostichus pensylvanicus
LeConte. In two cases carabids were only identified to genus (Agonum spp. and
Cymindis spp.) due to inability to determine species identification confidently.
Natural history information of each carabid species was obtained from Larochelle and Lariviére (2003).
Data analysis and biodiversity assessment. SPSS v.13.0 was used for
all statistical analyses (SPSS 2004). To better classify the different forest types,
stand characteristics such as basal area (m2/ha) and leaf transparency, climatic
descriptors (growing season length, average growing season temperature, average growing season precipitation and average annual temperature), overstory
tree species richness and average percent slope per stand were averaged for
the stands within each forest type and then compared among the three forest
types with a one-way ANOVA. A Least Significant Difference (LSD) post-hoc
test was used to differentiate statistically significant differences among the
forest types.
Carabid data from traps within a stand were pooled with replication at
the stand level since traps represent subsamples within a stand. Carabid data
were transformed using the transformation SQRT(x + 0.25) to normalize data
and increase equality in variance between disturbance types. Total carabid and
individual species activity-density was compared among the collection periods
and forest types with 2-way ANOVAs and LSD post-hoc tests.
The non-parametric first-order Jackknife (Jackknife1) species richness
estimator was used to compare carabid species richness between months and
forest types. The Jackknifing technique is useful for decreasing sampling bias
of estimates and reducing the underestimation of the true number of species
in an assemblage (Colwell and Coddington 1994, Magurran 2004). Recently
the Jackknife1 and other non-parametric species diversity estimators have
been used for several habitats and groups of organisms to mediate the challenges of estimating patterns of species richness from samples (Colwell and
Coddington 1994, Magurran 2004). Jackknife1 estimates were produced using
the EstimateS © program (Colwell 2000) and were compared for significant
differences using the program CONTRAST (Hines and Sauer 1989) based on
methods developed by Sauer and Williams (1989). CONTRAST uses a modified z-test that incorporates variance and covariance estimates for multiple
comparisons.
To better understand the factors that affect the distribution of carabid
beetles in northern hardwood stands in Michigan, multiple regressions with
stepwise analyses were used to determine the relationship between carabid
species activity-density and the climatic and stand-level variables (Table 1).
The following were used as independent variables: climate variables (average
annual temperature (oC), average growing season precipitation (mm), average
growing season temperature (oC), growing season length (days)) and forest
stand variables (average leaf transparency (%), average slope (%), basal area
(m2/ ha), overstory tree species richness, and soil type).
Results
Forest stand variables. The three northern hardwood forest types differed significantly with respect to all habitat variables (Table 1). OBLP forests
had the longest growing season lengths (P < 0.001) and average annual and
growing season temperatures (P < 0.001; P < 0.001, respectively) of the three
forest types. Likewise, OBLP forests had significantly lower basal areas (P <
0.001) and higher average leaf transparencies (P < 0.001) and slope percentages
(P < 0.001) compared to the MBLP and MBUP forests.

146

THE GREAT LAKES ENTOMOLOGIST

Vol. 42, Nos. 3 & 4

Carabid species composition. During 2003 and 2004, 3045 carabid
beetles in 15 genera were captured. In 2003, six carabid species each represented
≥ 5% of the carabid individuals, comprising 78.7% of the total catch: Calathus
gregarius Say (7.8%), Pterostichus coracinus (Newman) (5.0%), Pterostichus
melanarius Illiger (5.7%), P. pensylvanicus (22.4%), Sphaeroderus lecontei
Dejean (11.8%) and Synuchus impunctatus (Say) (26.0%). In 2004, five species
each represented ≥ 5% of the total individuals, comprising 82.2%: C. gregarius
(6.3%), P. coracinus (6.2%), P. pensylvanicus (13.2%), S. lecontei (6.6%) and S
impunctatus (49.9%). During 2003, 1217 carabid individuals were caught in
11 genera; in 2004, 1828 carabids were caught in 12 genera. Two carabid species, Clivinia ferrea LeConte (0.57%) and Cymindis spp. (0.34%) were caught
only in 2003. Four species were represented by only 1 or 2 individuals in 2004
but were not present in 2003: Agonum cupripenne (Say), Diaclus teter Bonelli,
Harpalus laticeps LeConte, and Poelicius lucublandus (Say).
Carabid activity-density related to climatic and stand variables
Although climatic and stand variables did not explain much of the variation
in carabid activity-density between forest types significant trends were found.
Carabid activity-density was highest in the mid-ranges of both average annual
temperature (R2 = 0.015, df = 286, P = 0.041) and growing season temperature
(R2 = 0.027, df = 286, P = 0.005, respectively) and in forest stands with lower
growing season precipitation (R2 = 0.147, df = 286, P < 0.001). Carabid activitydensity also was significantly higher in forest stands with higher basal areas
(R2 = 0.030, df = 286, P = 0.004) and lower crown transparencies (R2 = 0.035,
df = 286, P = 0.002). Carabid activity-density did not show significant trends
related to overstory tree species richness or slope percent.
Carabid activity-density by month. Significantly more carabids were
collected in August compared to all other months in 2003 (May P = 0.035;
June P = 0.010; July P = 0.025) and although the trend was similar in 2004
monthly trap catches did not differ statistically. Species richness analyzed by
the Jackknife1 estimator showed carabid species richness peaked in June (P =
0.035) and was lowest in May (P = 0.001). No significant differences were found
between carabid activity-density between months within each forest type (Fig.
2a). Carabid activity-density peaked during June in MBUP stands and during
August in OBLP and MBLP stands.
Carabid activity-density was highest in August in both collection years
although patterns differed by species. Looking at the five most abundant species,
two peaked early in the season (P. pensylvanicus and S. lecontei), two peaked
late in the summer (C. gregarius and S. impunctatus) and P. coracinus peaked
in July but was fairly abundant in June-August (Table 2). Of the 12 common
species three peaked in May (P. adstrictus, P. pensylvanicus and S. lecontei),
two species (Agonum spp. and Platynus decentis (Say)) peaked mid-summer in
June or July and three species (C. gregarius, Pterostichus tristis (Dejean) and S.
impunctatus) peaked in August. Carabus goryi Dejean, Myas cyanescens Dejean
and P. coracinus had fairly consistent numbers for at least three months with
no clear ‘peak’ and Pterostichus melanarius Illiger seemed to have a bimodal
distribution with two major peaks during the summer (Table 2).
The carabid community species composition changed over the sampling period. During May two species were clearly dominant, P. pensylvanicus (49%) and
S. lecontei (27%), comprising 76% of the total May trap catch. In June the other
carabid species besides the five most abundant increased to 43% of the total catch
making June the most diverse month for carabid beetles (Fig. 2b). P. pensylvanicus
decreased to 25% of the total catch and S. lecontei was only 8% of the carabids collected during June. S. impunctatus and P. coracinus, which were rare or absent in
May became 14% and 8% of the total carabid catch in June, respectively. In July
S. impunctatus increased in activity-density from 14% to 50% of the total carabids
caught. Proportional activity-density of P. pensylvanicus decreased even further
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Figure 2. Carabid beetle a) activity-density and b) Jackknife1 species richness estimates (± SE) in the three forest types: oak-beech Lower Peninsula [OBLP (♦)], maplebeech Lower Peninsula [MBLP (■)] and maple-beech Upper Peninsula [MBUP (▲)].
Mean carabid activity-density and carabid species richness did not differ significantly
among months for any forest type.

148

THE GREAT LAKES ENTOMOLOGIST

Vol. 42, Nos. 3 & 4

during July to 11%, and the proportion of other carabid beetles also was reduced
from its peak of 43% in June to 21%. S. impunctatus dominated in August by
comprising 67% of the total carabid catch. Presence of P. pensylvanicus and S.
lecontei contributed to only 1% of the total catch in August. After being only 2%
of the carabid catch in June and 1% in July C. gregarius increased in activitydensity to 16% in August.
Carabid activity-density and diversit among forest types. Activitydensity of carabid beetles was significantly greater in MBLP forests compared to
the other forest types (P < 0.001). Activity-density in OBLP and MBUP forests
did not differ statistically from each other (Table 3; Fig. 2a). Carabid species
activity-density in pitfall traps in 2003 and 2004 was consistent between forest
types; therefore carabid data for the 2 years was pooled for the analysis. Species richness estimates for the forest types revealed MBUP forests had greater
carabid species richness although it did not differ significantly from MBLP
forests (P = 0.261); OBLP forests had significantly lower species richness (Jackknife1 species richness estimator) compared to MBLP (P = 0.035) and MBUP
(P = 0.015) forests (Table 3; Fig. 2b).
Habitat associations. Five carabid species were considered to have significant habitat associations, where they were significantly more abundant in one
of the three forest types. Habitat associations were considered significant when
> 75% of the individuals occurred in one habitat and a 2-way ANOVA found the
species to be statistically significant (P < 0.05) in one of the habitats. Carabid species were considered abundant in a particular habitat if they made up > 2% of the
individuals caught there (Niemelä et al. 1992a). Only two of the five overall most
abundant species were considered to have significant habitat associations (Table 3;
Fig. 3). C. gregarius was found significantly more often in OBLP forests (P < 0.001)
and also showed significant relationships with the significantly higher average
annual temperatures and lower basal areas of the OBLP forests (stepwise regression, R2 = 0.499, df = 35, P < 0.000). P. coracinus favored MBUP forests (P < 0.001)
and was significantly associated with the low growing season temperatures, high
growing season precipitation and high basal areas of the MBUP forests (stepwise,
R2 = 0.395, df = 35, P < 0.000). C. goryi (MBLP; P = 0.009), P. adstrictus (MBUP;
P = 0.001) and P. melanarius (MBUP; p < 0.013) also showed significant habitat
associations. P. adstrictus showed significant relationships with stands averaging
low annual temperatures, high basal areas and low transparencies (stepwise, R2 =
0.333, df = 35, P = 0.002). Activity-density of P. melanarius increased as growing
season length decreased (stepwise, R2 = 0.245, df = 35, P = 0.008).
Other species did not show significant habitat associations, but were most
abundant in one of the forest types. For example, almost 40% of the P. pensylvanicus and 46% of P. tristis individuals were found in the MBUP forest type,
although they were also fairly abundant in the other forest types. Fifty-seven
percent of S. impunctatus individuals were found in the MBLP forests but the
remaining individuals were almost equally divided among the other two forest
types. Over 50% of M. cyanescens individuals were found in the MBLP forest
type; this species also was abundant in the OBLP forests but rare in the MBUP
forests. Activity-density of M. cyanescens also increased as growing season and
average annual temperature increased (stepwise, R2= 0.345, df= 35, P < 0.003).
Almost half of Agonum spp. and 40% of P. decentis individuals were found in
MBUP forests but they were fairly abundant in the other habitats as well.
Sphareoderus lecontei activity-density was similar in OBLP and MBUP forests
and fewer individuals were found in MBLP forests.
Seven carabid species were found in very low activity-densities and comprised < 1% of the total carabid catches (A. cupripenne, C. ferrea, Calosoma
frigidum Kirby, Cymindis spp., D. teter, H. laticeps and P. lucublandus) but it is
worth mentioning these species since all but C. frigidum were found exclusively
in one habitat. Although these species were found in small sample sizes they
made a significant contribution to the species richness of these habitats.
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Table 3. Total individuals caught, average carabid species activity-density, species
richness estimates and number of carabid beetles caught by species (2003 and 2004
data combined) in the three forest typesa.
		
OBLP

Forest Type			
MBLP
MBUP
Total

p

Carabid Activity-Density and Diversityb					
Total Catch
818
1262
965
3045
Carabid Activity-Density
40.8(19.4)b 61.5(24.1)a 39.2(21.7)b		
<0.001
Jackknife1 Species Richness
12.0(0.0)b 14.0(1.0)a 15.0(1.4)a		
0.034
					
Carabid Speciesb					
					
Significant Habitat Associations 				
Maple-beech LP					
Carabus goryi Dejean
11b
66a
0b
77
0.009
					
Oak-beech LP					
Calathus gregarius Say
141a
46b
23b
210
<0.001
					
Maple-beech UP					
Pterostichus adstrictus Eschscholtz 0b
27b
98a
125
0.001
Pterostichus coracinus (Newman)
3b
36b
136a
175
<0.001
Pterostichus melanarius Illiger
0b
0b
87a
87
0.013
					
No Habitat Associations					
Agonum spp.
23
18
33
74
0.394
Myas cyanescens Dejean L.
25a
33a
4b
62
0.035
Platynus decentis (Say)
37
34
46
117
0.21
Pterostichus pensylvanicus LeConte 142b
173b
199a
514
0.025
Pterostichus tristis (Dejean)
14
23
31
68
0.17
Sphaeroderus lecontei Dejean
96
69
98
263
0.219
Synuchus impunctatus (Say)
285b
706a
239b
1230
0.046
					
Less Numerous Species					
Agonum cupripenne (Say)
0
0
2
2
Calosoma frigidum Kirby
5
5
0
10
Clivinia ferrera LeConte
0
0
17
17
Cymindis spp.
0
10
0
10
Diaclus teter Bonelli
0
1
0
1
Harpalus laticeps LeConte
2
0
0
2
Poelicius lucublandus (Say)
0
0
1
1
Data are reported for all Carabidae collected in 2003 and 2004. Only carabid species
which made up > 1% of the total individuals were subject to analysis.
b
P-values for the trap catch, overall carabid and individual species activity-density are
the results of a 2-way ANOVA. Different letters within rows indicate significant differences with a LSD post hoc test.
a
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Figure 3. Mean activitydensity per stand for the
five most abundant carabid
species in three northern
hardwood forest types in
Michigan (OBLP= oakbeech Lower Peninsula;
MBLP= maple-beech Lower
Peninsula; MBUP= maplebeech Upper Peninsula).
P-values are the results of
a 2-way ANOVA. Different
letters indicate statistically
significant differences with
a LSD post-hoc test.
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Only one introduced species was collected, P. melanarius and this species
showed a significant habitat association in the MBUP forests. P. melanarius
has been found to be more of a habitat generalist, an effective colonist and
strongly favored by human activities, similar to many introduced species (Larochelle and Lariviére 2003). In this study P. melanarius was only found in
the MBUP forests; it was absent in all LP forests. Werner and Raffa (2000)
did not associate this species with any forest management regime in similar
northern hardwood habitats in the western UP and northeastern Wisconsin.
Therefore, this species was considered to have a significant habitat association
with maple-beech forests in the UP of Michigan in this study, but may also be
an effective colonizer in other habitat situations.
Discussion
Habitat associations. Approximately 53% of Michigan is forested
and northern hardwood forests comprise about 57% of these forests (Michigan
DNR 2005). While visiting sites for this study it was apparent that distinct
differences in climatic variables and overstory and understory vegetation density and diversity existed in the northern hardwood forests from the extreme
southwest part of Michigan to the Upper Peninsula. Therefore, we chose to split
the northern hardwood forests into three types for this study: oak-beech in the
Lower Peninsula, maple-beech in the Lower Peninsula, and maple-beech in the
Upper Peninsula, assuming these differences in abiotic and biotic conditions
would be important in explaining carabid beetle activity-density and diversity.
Since we were only studying forests broadly categorized as northern hardwood
forests, habitat associations that are mentioned here pertain only to northern
hardwood forests and information cannot be transferred to abundances of these
species in other habitats.
The OBLP forests had the lowest basal areas and highest leaf transparencies, characterizing OBLP stands as having relatively open canopies and
allowing greater amounts of light to penetrate the forest floor compared to
the maple-beech forest types. In this study only one species, C. gregarius was
significantly more abundant in the relatively open OBLP stands compared to
the maple-beech forests. Activity-density of C. gregarius also was associated
with a longer growing season and average annual temperatures. These results
are consistent with other studies which have classified C. gregarius as an openhabitat species associated with open sand areas or dry forests (Epstein and
Kulman 1990, Larochelle and Lariviére 2003). Despite the long list of carabid
beetle species in this study that have been documented as open-habitat species
in other studies, OBLP forests had the lowest total activity-density and species
richness compared to both maple-beech forest types. OBLP forests were found
on old sand dunes and the soil was characterized as dune sand; the dry soil conditions may be an important factor limiting carabid beetle activity-density and
diversity in OBLP forests since soil moisture has been found to be an important
factor in determining carabid species distributions (Epstein and Kulman 1990,
Niemelä et al. 1992a). The relative importance of factors determining species
distributions is still largely unknown despite many studies cited in this paper
that address these issues. Results from this study further illustrate the need
for more in-depth studies of microhabitat conditions that are important in determining carabid species presence or absence and abundance not only between
but also within habitats.
Temporal distributions. Carabid activity-density was highest during
August and lowest in May during both 2003 and 2004, and carabid species richness was highest in June during both years. Carabid species richness results were
consistent with studies from similar forests in which most carabid species peaked in
late spring or early summer (Epstein and Kulman 1990, Werner and Raffa 2003).
Since mean temperatures and precipitation differed between the forest types, we
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anticipated carabid abundance to peak first in the OBLP stands where the degreedays accumulate earlier and for the peak to be latest in the MBUP stands, although
almost the opposite was observed. Studies have shown that in northern latitudes
of the northern US and Canada adult carabid beetles are most active during the
early spring when the presence of adults is associated with peak mating season
(Epstein and Kulman 1990; Niemelä et al. 1992a; Werner and Raffa 2003). Early
activity and mating insures ample time for development and building reserves before
overwintering as adults. Several species were most abundant early in the season
in this study, and also have been documented by other studies as overwintering
as adults (Larochelle and Lariviére 2003): Agonum spp., P. decentis, C. goryi, P.
adstrictus, P. pensylvanicus, and S. lecontei. In contrast, several species peaked late
in the season: C. gregarius, M. cyanescens, P. tristis, and S. impunctatus. Previous
studies have documented C. gregarius and M. cyanescens overwintering as adults,
although results from this study suggest that in Michigan these overwintering may
take place in the larval stage. P. melanarius has been shown to overwinter both as
larvae and adults, and in this study P. melanarius showed two peaks in abundance,
one in June and the other in August. Therefore, other species may also have flexible overwintering stages. Overall carabid activity-density was highest in the LP
forests during August, showing that an early spring start may not be as necessary
in southern areas compared to forests in northern latitudes.
Most of the carabid beetles collected in this study favored the cooler, more
densely-shaded habitats with low leaf transparency and high basal areas of the
maple-beech forests over the oak-beech forests, and several species had significant associations with one of the forest types. Carabid abundance and species
richness were higher in both maple-beech forests compared to the OBLP forests.
C. goryi was significantly more abundant in MBLP stands, C. gregarius was
significantly associated with OBLP forests, and three species (P. adstrictus, P.
coracinus, P. melanarius) were found significantly more often in MBUP forests.
Four carabid species also were unique to MBUP forests, two species were only
found in MBLP forests, and one species was unique to OBLP forests. Differences
in carabid communities found in the OBLP, MBLP, and MBUP forest types support the idea that all northern hardwood forests are not the same. Although all
northern hardwood forests are often grouped into one forest type, our results
show that distinct carabid communities inhabit these forests.
Documenting species’ differences in activity-density throughout the growing season has many implications for studies characterizing the biodiversity
of an area. Since most carabids are predatory, this group may be important in
biological control of invasive forest pests (Snyder and Wise 1999, Symondson et
al. 2002, Snyder and Ives 2003). Using carabids as indicators and retaining the
diversity of carabids and other predatory insect populations through sustainable
forest management has been recommended by numerous studies (Dufrene et al.
1990, Niemelä 1997, Rykken et al. 1997, Lindenmayer 2000, Villa-Castillo and
Wagner 2002, Rainio and Niemelä 2003, Moghtader 2004, Langor and Spence
2006, Pearce and Venier 2006, Phillips et al. 2006, Vanbergen et al. 2010). This
study, in conjunction with others may help forest managers adopt sustainable
management strategies that increase ecosystem biodiversity and resiliency at
a time when invasives are threatening many ecosystems.
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Odonata of Coastal Peatland Habitats Adjacent to
Lake Superior in Wisconsin
Robert B. DuBois*1, Julie M. Pleski1, William A. Smith2, and Eric J. Epstein2

Abstract
We sampled adults and exuviae of Odonata in eleven coastal fens and poor
fens near Lake Superior in Douglas, Bayfield, and Ashland counties in Wisconsin to determine species that were breeding in these areas, and gain knowledge
about their relative abundances, flight periods, and nymphal habitats. The
flora in these fens was characterized by mats of Sphagnum mosses, a variety
of ericaceous shrubs, and a number of sedges, among which Carex lasiocarpa
Ehrhart (slender sedge) was most dominant. We averaged seven visits per site
from early June through September, 2004, to cover the flight periods of most
species of Odonata at this latitude. Fifty species of Odonata were identified at
the sites, 33 of which exhibited evidence of breeding. Species commonly breeding
in the fens included Lestes disjunctus Selys (northern spreadwing), Coenagrion
resolutum (Hagen in Selys) (taiga bluet), Enallagma hageni (Walsh) (Hagen’s
bluet), Nehalennia irene (Hagen) (sedge sprite), Aeshna canadensis Walker
(Canada darner), Williamsonia fletcheri Williamson (ebony boghaunter), Leucorrhinia frigida Hagen (frosted whiteface), L. glacialis Hagen (crimson-ringed
whiteface), L. hudsonica (Selys) (Hudsonian whiteface), Libellula quadrimaculata Linnaeus (four-spotted skimmer), Sympetrum obtrusum (Hagen) (whitefaced meadowhawk), and S. vicinum (Hagen) (autumn meadowhawk). Eight
uncommon species were found to breed in at least one of the fens, including
Lestes eurinus Say (amber-winged spreadwing), Aeshna sitchensis Hagen (zigzag darner), A. tuberculifera Walker (black-tipped darner), A. verticalis Hagen
(green-striped darner), Somatochlora incurvata Walker (incurvate emerald),
W. fletcheri, Nannothemis bella (Uhler) (elfin skimmer), and Sympetrum danae
(Sulzer) (black meadowhawk). W. fletcheri and S. danae were found to be more
common in these habitats than previously thought, causing their rarity status
with the Natural Heritage Inventory of the Wisconsin Department of Natural
Resources to be relaxed, and they will no longer be actively tracked. Emergence
and flight periods of Odonata in coastal peatlands began at least a week later
than in similar inland peatlands in these counties.
____________________

Although the Odonata are an important component of most aquatic systems, open peatland habitats (bogs and fens) in the upper Great Lakes basin in
general, and the wetlands adjacent to Lake Superior in Wisconsin specifically,
have received scant attention from odonatologists even though these habitats
are known to contain a number of rare species. Wisconsin’s Lake Superior
coast is a “treasure trove” of biological diversity that is coming under increasing pressures from development and other threats (Epstein et al. 1997, 2002).
The Bureau of Endangered Resources (BER) of the Wisconsin Department of
Natural Resources (WDNR) has recently completed a number of inventory and
Department of Natural Resources, Bureau of Endangered Resources, 1701 N. 4TH
Street, Superior, WI 54880.
2
Department of Natural Resources, Bureau of Endangered Resources, 101 South Webster Street, Post Office Box 7921, Madison, WI 53707.
*Corresponding Author: (e-mail: Robert.DuBois@Wisconsin.gov).
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data assessment projects aimed at increasing scientific understanding of Lake
Superior’s coastal ecosystems, with a particular focus on coastal wetlands (Epstein et al. 1997, 2002; Merryfield et al. 2000; Judziewicz et al. 2001). Through
this work, gains have been made in understanding the plant, breeding bird, and
butterfly communities of these wetlands, but little is known about many other
groups inhabiting these areas, including the Odonata. Because little is known
about the ecology and distributions of odonates in coastal wetland habitats,
protection, restoration, mitigation, and other conservation actions are difficult
to target in specific ways that will benefit rare species in these areas.
Our primary objectives were to determine the species of Odonata that
were breeding in the poor fens and coastal fens sampled, and to gain knowledge
about their relative abundances, flight periods, and nymphal habitats. This information was needed to assist development and implementation of Wisconsin’s
Wildlife Action Plan (WAP) by filling data gaps for Odonata that were identified
by BER’s coastal wetlands initiative. Ten of the eleven sites selected for this
study were high priority sites according to the prioritization criteria developed
by Judziewicz et al. (2001). Knowledge thus gained would help in developing
recommendations for monitoring plans for conservation actions for species of
Odonata of greatest conservation need (SGCN).
Study Sites and Methods
General Description of Habitats. The open peatland habitats sampled
in this study fell into two basic categories of fen habitat as recognized by the
Wisconsin Natural Heritage Inventory (WNHI) of the BER: poor fens (or coastal
bogs) and coastal fens (or shore fens). Poor fens are herbaceous wetland communities with deep mats of Sphagnum mosses, and moss peat is present and
typically quite firm. The plant community is isolated (or is becoming isolated)
from direct contact with mineral-enriched surface waters. Low, highly specialized ericaceous shrubs are abundant in poor fens as are a number of other
plants that are tolerant of conditions that include low nutrient availability,
low oxygen levels, and high acidity. Characteristic plants associated with the
sphagnum mats in poor fens include Chamaedaphne calyculata (Linnaeus)
(leatherleaf), Andromeda glaucophylla Link (bog-rosemary), Vaccinium spp.
(cranberries), Carex lasiocarpa, C. oligosperma Michaux (running bog sedge),
C. limosa Linnaeus (mud sedge), Rhynchospora alba (Linnaeus) (white beakrush), Eriophorum virginicum Linnaeus (tawny cotton-grass), Sarracenia
purpurea Linnaeus (pitcher-plant), Menyanthes trifoliata Linnaeus (buckbean),
Scheuchzeria palustris Linnaeus (pod-grass), Myrica gale Linnaeus (sweet gale),
Pogonia ophioglossoides (Linnaeus) (rose pogonia), and Calopogon tuberosus
(Linnaeus) (grass-pink).
Coastal fens are sedge-dominated wetlands that are in direct contact with
the waters of Lake Superior, an adjoining lagoon, or a tributary stream. Typically they are protected from the wave, wind, and ice action of Lake Superior
by sand spits. They possess mats composed primarily of graminoid species,
especially sedges, of which Carex lasiocarpa is usually dominant. The mats of
Sphagnum mosses in coastal fens are generally poorly developed, often thin and
discontinuous, and may be absent all together. Further, there are floristic differences between the coastal fen community and that found in the more acidic
poor fens. Plants typically associated with coastal fens include Cladium mariscoides (Muhlenberg) (twig-rush), Menyanthes trifoliata, Myrica gale, Sarracenia
purpurea, Utricularia spp. (bladderworts), Trichophorum alpinum (Linnaeus)
(alpine cotton-grass), Drosera spp. (sundews), Equisetum fluviatile Linnaeus
(water-horsetail), Muhlenbergia glomerata (Willdenow) (marsh-muhly), and
Rhynchospora alba. Coastal fen and poor fen habitats are not always clearly
separated in nature. While some of our sites clearly fell into one category or the
other, other sites, especially larger sites surrounding lagoons, often contained
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both types of habitat, grading from coastal fen near the lagoon, to poor fen approaching the uplands.
Study Sites. The following brief descriptions provide the locations (Figure 1), extent of peat cover, and dominant vegetation of the eleven fen habitats
we sampled. The 3-letter acronyms included in parentheses after the names of
each fen are used elsewhere in this report to identify the sites.
Wisconsin Point Fen (WPF) (T49N-R13W, S28; N46° 41’ 58”; W92° 00’
10”) – A small (< 1 ha) coastal fen separated from Allouez Bay by a narrow sand
spit. It was located along the south side of Wisconsin Point Road about 1.5 km
SE of the tip of Wisconsin Point in Douglas County. The site had a thin mat of
peat that was most pronounced near the center. Standing water maintained a
depth of at least 10 cm throughout the summer months in 2004. The vegetative cover was not sampled, but a similar and nearby wetland was dominated
by Carex viridula Michaux (green yellow sedge) C. lasiocarpa, Juncus arcticus
Willdenow (Baltic rush), and Equisetum spp. (scouring rushes).
Port Wing Fen south of Quarry Road (PWQ) (T50N-R8W, S29, NE1/4,
NW1/4; N46° 47’ 16”, W91° 23’ 58”) – An extensive poor fen located between
Quarry Road and Bibon Lake in Bayfield County. Although the site was quite
wet, a continuous mat of sphagnum mosses was present as were several low
ericaceous shrubs including Andromeda glaucophylla, Chamaedaphne calyculata, Kalmia polifolia Wangenh. (bog-laurel), and Vaccinium spp.

Figure 1. Coastal peatlands sampled in 2004 for breeding species of Odonata along the
western Lake Superior shore and Apostle Islands in Douglas, Bayfield, and Ashland
counties, Wisconsin.
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Port Wing Fen east of marina (PWM) (T50N-R8W, S21, SW1/4, SE1/4; N46°
47’ 27”, W91° 22’ 19”) - This wet coastal fen bordered the slough east of the Port
Wing Marina in Bayfield County. The fen consisted primarily of a floating mat
of sedges (Carex lasiocarpa was dominant, with C. limosa also present). Sphagnum was present only in drier areas near the margins. Important associates
were Cladium mariscoides, Rhynchospora alba, Myrica gale, and Menyanthes
trifoliata. The site is protected as a State Natural Area (SNA).
Bark Bay Fen near lagoon (BBL) (T51N-R7W, S35, NW1/4, SE1/4; N46°
51” 02”, W91° 12’ 10”) – This extensive coastal fen within an SNA bordered
the southern edge of a large lagoon (Bark Bay slough) and was located on the
NE side of Bark Bay Road in Bayfield County. Dominant plants were Carex
lasiocarpa, Cladium mariscoides, Myrica gale, Menyanthes trifoliata, and Equisetum fluviatile. The cover of Sphagnum mosses and ericaceous shrubs was
intermittent.
Bark Bay Fen southwest of Bark Bay Road (BBB) (T51N-R7W, S35, SE1/4,
SW1/4; N46° 51’ 01”, W91° 12’ 24”) – This extensive Bayfield County site exhibited characteristics of both coastal fens and poor fens, but was the driest site
we sampled, and was marginal in terms of its potential for producing odonates.
Dominant plants were similar to the nearby coastal fen, with the addition of
Chamaedaphne calyculata, Andromeda glaucophylla, and Vaccinium spp. The
Sphagnum mat was thin and discontinuous.
Lost Creek Fen (LCF) (T51N-R6W, S33, SW1/4, NW1/4; N46° 51’ 23”, W91°
08’ 04”) – This site was located in an SNA south of the western end of Blueberry
Road in Bayfield County. It graded from a coastal fen near Lost Creek to poor
fen further east. Dominant plants in the coastal fen were Carex lasiocarpa,
C. livida (Wahlenberg) (livid sedge), Menyanthes trifoliata, Myrica gale, and
Trichophorum alpinum. The fen became drier and a firmly grounded mat of
moss peat became thicker away from Lost Creek. Chamaedaphne calyculata,
Andromeda glaucophylla, and Vaccinium spp. were common in boggier areas.
We sampled both coastal fen areas adjacent to Lost Creek and boggier areas
about 100 m to the east.
Sand River Fen (SRF) (T51N-R5W, S1, NW1/4, NE1/4; N46° 55’ 54”, W90°
55’ 57”) – This relatively undisturbed wetland complex on the east side of the
Sand River estuary in Bayfield County graded from coastal fen near the estuary
to increasingly poor fen further east. The Sphagnum mat was well developed
in the poor fen area sampled, which was centered about 150 m east of the estuary. Dominant plants were Carex lasiocarpa, C. limosa, Menyanthes trifoliata,
Chamaedaphne calyculata, Andromeda glaucophylla, Sarracenia purpurea,
Scheuchzeria palustris, Rhynchospora alba, and Vaccinium spp. The area was
part of the Apostle Islands National Lakeshore (AINL) owned by the National
Park Service.
Sioux River Fen (SIO) (T49N-R4W, S9, N1/2, SW1/4; N46° 44’ 10”, W90°
52’ 40”) – Located north of the mouth of the Sioux River in Bayfield County,
this poor fen is protected as an SNA. It occupied a narrow, peaty, linear swale
between two sand spits. We sampled two small areas in the wetter portions of
the swale, one 50 m north and the other 100 m south of the Friendly Valley
Road. The mats of peat in the areas sampled were patchy and generally thin.
Dominant plants were Carex lasiocarpa, Menyanthes trifoliata, Myrica gale,
and Equisetum fluviatile.
Madeline Island Fen at Big Bay (MBB) (T50N-R3W, S13, NE1/4, NW1/4;
N46° 48’ 44”, W90° 41’ 11”) – This vast coastal fen bordered the west side of
Big Bay Lagoon in Ashland County, and was located on the lagoon side of a
long barrier sand spit. The site ranged from very wet (> 30 cm deep) near the
lagoon, to much drier with a grounded mat of peat away from the lagoon. We
sampled extensive areas of the fen but focused most of our effort in areas from
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15 to 20 cm deep with wire-leaved sedges (Carex lasiocarpa, C. exilis Dewey
[coast sedge], and Cladium mariscoides) about 100 m inland from the open
water of the lagoon. Other plants here included Rhynchospora alba, Myrica
gale, and Menyanthes trifoliata. Further inland where the Sphagnum mat was
thicker, low, ericaceous shrubs such as Chamaedaphne calyculata, Andromeda
glaucophylla, and Vaccinium spp., became common.
Stockton Island Tombolo Fen (STF) (T52N-R2W, S36, NW1/4, SE1/4;
N46° 55’ 30”, W90° 33’ 19”) – An extensive insular peatland located at the base
of the Stockton Island Tombolo in the AINL in Ashland County. The site is best
described as a poor fen, but has several unusual characteristics. Although we
searched the entire fen during several visits, most of our effort was along the
wetter east and south edges where several rare odonates were found to breed.
The fen was comprised of small islands of Sphagnum mounds, which were surrounded by interconnected canal-like areas of damp, dark peat (see DuBois et
al. 2004 for habitat details). No surface water was present during any of our
visits. The vegetative cover was dominated by fine sedges, including Carex oligosperma and C. rostrata Stokes (beaked sedge), cotton grasses (Eriophorum
spp. and Trichophorum alpinum), and Scheuchzeria palustris. The mounds of
Sphagnum also contained Eleocharis spp. (spike-rush), Rhynchospora alba,
and Cladium mariscoides. In or along the damp, peaty areas were Utricularia
spp. and Drosera spp.
Michigan Island Fen (MIF) (T51N-R1W, S20, NE1/4, SE1/4; N46° 52’
35”, W90° 30’ 39”) – Located at the western tip of Michigan Island in Ashland
County, this site was comprised of a 1-ha lagoon, which was surrounded on
three sides by a 5-ha wetland with both coastal fen and poor fen components.
The wetland was partially protected from the influence of Lake Superior at
its northwestern edge by a small barrier beach. The Sphagnum mat was fully
formed south and east of the lagoon, with a full complement of typical poor fen
plants including a variety of sedges, Cladium mariscoides, Eriophorum tenellum
Nuttall (conifer cotton-grass), E. virginicum, Scheuchzeria palustris, Rhynchospora alba, Calopogon tuberosus, Menyanthes trifoliata, Sarracenia purpurea,
Chamaedaphne calyculata, Kalmia polifolia, Drosera spp., Utricularia spp., and
Vaccinium spp. A coastal fen community bordering the lagoon on three-sides
was dominated by a rich sedge fauna. Carex lasiocarpa was most prevalent in
this community, but C. limosa, C. echinata Murray (large-fruited star sedge),
C. pauciflora Lightfoot (few-flowered bog sedge), C. paupercula Michaux (poor
sedge), C. rostrata, and C. utriculata Boott (beaked sedge) were also present.
Fringing the lagoon were Typha augustifolia Linnaeus (narrow-leaved cat-tail),
T. latifolia Linnaeus (common cat-tail), Myrica gale, and Schoenoplectus acutus
(Muhlenberg) (hardstem-bulrush). We sampled all wadeable areas of this relatively small peatland complex.
Methods. We sought to determine the species of Odonata that were
breeding in the fens sampled, and examine their relative abundances, flight
periods, and nymphal habitats. This was accomplished by visiting each site
an average of seven times during the primary flight period for odonates at this
latitude (June through September, 2004). A site visit consisted of a crew of two
to four people visiting a site for at least an hour during the middle of the day
(generally between 10:00 and 16:00 hrs). Site visits were longer if sites were
large or if large numbers of Odonata were present at the time. Site visits were
not made during inclement weather as many species of Odonata are inactive
during rainy, cloudy, or cool conditions. During site visits we walked randomly
through the fens, and in drier areas near their fringes, to identify adults, estimate their relative abundances, and observe their behaviors, and to collect
exuviae (cast exoskeletons left behind after emergence). The amount of time
spent on adult observations versus exuvial collections was not predetermined,
but was kept flexible to adjust to the conditions present. Evidence of breeding
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was taken to include the presence of pairs of adults in copula, numerous pairs
in tandem, ovipositing females, newly emerged tenerals too young to have flown
from elsewhere, and especially exuviae because their presence locates a successful breeding site with certainty.
Adults were identified on the wing for the more distinctive species, or
by capturing them with large aerial nets and examining them in hand with a
10× monocular lens. Specimens of teneral (newly emerged adults) or female
Zygoptera that were difficult to identify in the field were retained and examined
in the lab using appropriate keys. Vouchers of uncommon species or new county
or state records were also retained. All retained specimens were deposited in the
WDNR Odonata collection maintained at the WDNR Superior Service Center.
Relative abundances for each species were recorded in the following categories:
abundant = at least 36 individuals observed at the site (the total was recorded
as 36+ even if hundreds of individuals were observed); common = at least 24
individuals were observed; fairly common = at least 12 individuals were observed;
occasional = at least six individuals were observed. If less than six individuals
of a species were observed, then the exact number was recorded.
Because our focus was on species breeding in fens, we did not include in
the analyses seventeen species that were infrequently observed to fly through
or near the periphery of one or more of the fen habitats, but showed no evidence
of breeding in the fens or along fen-bordered bays or lagoons. These excluded
species included Lestes dryas Kirby (emerald spreadwing), L. rectangularis Say
(slender spreadwing), L. unguiculatus Hagen (lyre-tipped spreadwing), Enallagma annexum (Hagen) [formerly E. cyathigerum] (northern bluet), E. carunculatum Morse (tule bluet), E. clausum Morse (alkali bluet), E. ebrium (Hagen)
(marsh bluet), Ischnura verticalis (Say) (eastern forktail), Aeshna umbrosa
Walker (shadow darner), Gomphus spicatus Hagen in Selys (dusky clubtail),
Epitheca spinigera (Selys) (spiny baskettail), Somatochlora franklini (Selys)
(delicate emerald), Leucorrhinia intacta (Hagen) (dot-tailed whiteface), Libellula pulchella Drury (twelve-spotted skimmer), Pantala flavescens (Fabricius)
(wandering glider), Plathemis lydia Drury (common whitetail), and Sympetrum
costiferum (Hagen) (saffron-winged meadowhawk). We are not asserting that
these species do not breed in these habitats, but that they exhibited no evidence
of doing so during this study.
Exuvial searches were conducted in all areas of the fens when time permitted, including the fringes, and were not restricted to the wetter areas. We
especially targeted areas with water depths of 15 to 20 cm and with an abundance of wire-leaved sedges because previous experience showed that those
areas sometimes produced uncommon species of Somatochlora, Williamsonia
and Aeshna. We visually examined the bases of the vegetation to a height of
about 20 cm above the surface of the water on both sides of our route as we
walked. We did not measure the efficiency of our exuvial searches, but believe
that we became less efficient as the field season progressed because the vegetation had grown taller and denser. The size of the areas sampled for exuviae was
never greater than 6 ha, but varied somewhat among sites, depending on the
size of the site and the amount of habitat that appeared suitable for producing
odonates. In large fens, smaller areas with conditions that appeared suitable
for producing odonates were selected for subsampling. We did not sample the
deep, open-water margins of lagoons or sloughs if too deep to wade safely with
hip boots, nor did we invest much time in sampling drier, firmly grounded areas
of thick sphagnum because previous experience had indicated that such areas
did not produce exuviae. All exuviae collected were retained, determined in the
lab by the first author using appropriate dichotomous keys (in conjunction with
the original species descriptions and comparisons with reared material when
necessary), preserved in 70% ethanol, and deposited in the WDNR Odonata
collection.
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In selecting a sampling strategy to make most efficient use of field and
lab time, numerous considerations such as ease of sampling, ease and certainty
of determinations, sampling season, and objectives of the study were weighed.
We elected not to sample nymphs of Odonata or exuviae of Coenagrionidae
(except for Enallagma boreale Selys [boreal bluet]) for reasons of expediency.
In multiple-site surveys, Zygoptera, especially coenagrionids, are most timeefficient to sample as adults because males are frequently abundant and are
easily identified in the field, whereas exuviae are small, fragile, and hard to
find, and species keys for nymphs give uncertain results for several important
genera. Anisoptera are also most readily determined as adults, although nymphs
and exuviae are distinctive in nearly all species. Smaller, late-season species of
Sympetrum were best observed as adults exhibiting mating behavior because
they are often abundant and not particularly reclusive, whereas both exuviae
and nymphs of this genus can be time-consuming to find.
Given the objectives of our study, we reasoned that exuvial searches would
be more effective than dip netting for nymphs as a way of rapidly screening
multiple fen sites for spring-emerging species of Anisoptera. Because our sampling design featured multiple visits to all sites across the entire flight period
of most species, our chances were high of visiting sites when exuviae would
be present. The exuviae of even small species, such as Williamsonia fletcheri,
Leucorrhinia hudsonica, and Nannothemis bella would be easily identified and
readily found during their early spring flight season because the vegetative
cover in both types of fens would still be low and relatively sparse. Exuviae of
larger summer and autumn species such as the species of Aeshna would still be
readily found at those times because of their large size. Because exuviae typically persist abundantly in nature only for a few weeks after emergence (length
of time of persistence depends on frequency of storms, high-water levels, and
heavy winds that remove them from emergence perches), frequent site visits
were a vital part of the survey design. We note that immature nymphs should
be determined with caution in any survey of fens because they may not show
the morphological characters used in nymphal keys. Additionally, sampling with
dip nets can be destructive of fragile fen habitats if done to excess.
Information about the plant communities was synthesized from surveys
done by BER personnel, from Judziewicz and Koch (1993), and from unpublished
reports by J. Meeker, Northland College (pers. comm.). Coverage of the plant
community was not even across all sites, with abundant information available
for most sites, but little information available for several sites. Plant nomenclature follows Chadde (2002).
Results and Discussion
A total of 72 sampling trips to the eleven sites (avg. 7 trips/site) during
June through September, 2004, resulted in the identification of over 4,300 individual odonates distributed among 33 species found to breed in these coastal
peatland habitats (Table 1). Among the five families encountered, Libellulidae
were most abundant (2,241 identifications), followed by the Coenagrionidae
(1,249 identifications). Considerably less abundant were the Corduliidae (380
identifications), the Aeshnidae (219 identifications), and the Lestidae (215
identifications).
Eight species of Lestidae were observed in the peatlands sampled, but
four of the species were represented by just one or two individuals and did not
exhibit evidence of breeding. Of the four breeding species, only Lestes disjunctus
was widespread and abundant in these habitats (Table 2). This species showed
clear evidence of breeding in coastal fens, including females that were ovipositing. Lestes congener Hagen (spotted spreadwing) is a common, late-season
species that was found at two coastal fens. At the Michigan Island fen (MIF), L.
congener likely bred along the coastal fen border of the lagoon. Lestes eurinus is

June

July

August

September

Lestes congener			
5		
Lestes disjunctus		
56 (5)
106 (2)
25
Lestes eurinus		
1 (11)			
Lestes forcipatus		
2 (1)
1		
Coenagrion resolutum
29
5			
Enallagma boreale
33
36 (3)			
Enallagma civile
14
1
6
79
Enallagma hageni
23
159
6		
Nehalennia irene
220
482 (3)
72
42
Aeshna canadensis		
5 (49)
23 (15)
45 (1)
Aeshna constricta				
5
Aeshna interrupta		
(3)
2 (13)
2
Aeshna sitchensis
(2)
13 (3)
3		
Aeshna tuberculifera			
1 (19)		
Aeshna verticalis		
(2)			
Anax junius
7
3
1 (1)
1
Cordulia shurtleffi
1 (43)
13
(1)		
Dorocordulia libera
8 (11)
20 (1)			
Epitheca canis
9 (3)				
Somatochlora incurvata
1 (20)
60 (23)
12 (1)		
Somatochlora walshii		
(1)
1		
Williamsonia fletcheri
64 (84)
1 (1)
(1)		
Ladona julia
162 (16)
72 (5)			
Leucorrhinia frigida
52 (40)
118 (12)			
Leucorrhinia glacialis
6 (21)
48 (62)
(3)		
Leucorrhinia hudsonica
186 (114)
69 (5)			
Leucorrhinia proxima
22 (1)
3			
Libellula quadrimaculata
123 (34)
23 (6)			
Nannothemis bella
6
64 (20)			

Species
5
187 (7)
1 (11)
3 (1)
34
69 (3)
100
188
816 (3)
73 (65)
5
4 (16)
16 (5)
1 (19)
(2)
12 (1)
14 (44)
28 (12)
9 (3)
73 (44)
1 (1)
65 (86)
234 (21)
170 (52)
54 (86)
255 (119)
25 (1)
146 (40)
70 (20)

Total

Table 1. Numbers of adults and exuviae of Odonata species breeding in Lake Superior coastal peatlands sampled by month in 2004 in Douglas, Bayfield, and Ashland counties, Wisconsin (sites combined; exuviae in parentheses).
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562 (60)

3,637 (672)

633 (5)

1,465 (218)

Odonata Totals

977 (389)

84
483 (4)
44
322 (6)

84
124
19
207 (4)

August

Sympetrum danae				
Sympetrum obtrusum		
179 (2)
180 (2)
Sympetrum semicinctum			
25
Sympetrum vicinum			
115 (2)

July

Total

June

September

Species

Table 1. Continued.

166
THE GREAT LAKES ENTOMOLOGIST
Vol. 42, Nos. 3 & 4

WPF

PWQ

PWM

BBL

BBB

LCF

SRF

SIO

MBB

STF

Lestes congener									
X		
Lestes disjunctus
X		
X
X
X
X			
X
X
Lestes eurinus											
Lestes forcipatus
X										
Coenagrion resolutum			
X
X
X
X
X		
X
X
Enallagma boreale		
X
X		
X
X			
X		
Enallagma civile		
X
X		
X
X
X
X
X
X
Enallagma hageni
X
X
X
X
X
X			
X
X
Nehalennia irene
X
X
X
X
X
X
X
X
X
X
Aeshna canadensis
X
X
X
X
X
X
X
X
X		
Aeshna constricta
X
X						
X
Aeshna interrupta							
X				
Aeshna sitchensis										
X
Aeshna tuberculifera							
X				
Aeshna verticalis		
X			
X		
X
Anax junius
X
X			
X				
X
X
Cordulia shurtleffii										
X
Dorocordulia libera			
X						
X
X
Epitheca canis						
X
X			
X
Somatochlora incurvata										
X
Somatochlora walshii		
X
X
Williamsonia fletcheri		
X		
X
X
X
X		
X
X
Ladona julia
		
X
X
X
X
X		
X
X
Leucorrhinia frigida
			
X
X				
X
X
Leucorrhinia glacialis									
X
X
Leucorrhinia hudsonica		
X
X
X
X
X
X		
X
X
Leucorrhinia proxima			
X						
X
X
Libellula quadrimaculata
X
X
X		
X
X
X
X
X
X
Nannothemis bella
									
X

Species
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X
X

X
X
X
X

X
X

X

X

X
X

X
X
X
X
X
X
X

MIF

Table 2. Odonata species breeding in Lake Superior coastal peatlands in Douglas, Bayfield, and Ashland counties, Wisconsin, in 2004, by
sampling location.
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X		
X
X
X		
X
X

Sympetrum danae
Sympetrum obtrusum
Sympetrum semicinctum
Sympetrum vicinum

PWQ

WPF

Species

Table 2. Continued.
BBL

BBB

LCF

SRF

SIO

MBB

STF

X		
X
X		
X		
X
X
X
X
X
X
X
X		
X				
X				
X
X
X
X
X
X
X		

PWM

X

X

MIF
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an uncommon species that was found only at the Michigan Island fen. Eleven
exuviae were found near the margin of the lagoon. Lestes forcipatus Rambur
(sweetflag spreadwing) was found at the Michigan Island fen where two teneral
females and an exuvia were collected in early July from the poor fen area some
distance from the lagoon. A single female was also collected at the Wisconsin
Point fen (WPF) in August.
Five species of Coenagrionidae exhibited evidence of breeding in the
coastal peatland habitats. Coenagrion resolutum is a fairly common species in
northern Wisconsin that was widely distributed throughout the peatlands in
the spring, although it typically occurred in small numbers. The regularity of
its occurrence in coastal fens, and observations of pairs in copula, suggested
that this species breeds in coastal fens or fen margins of lagoons. Enallagma
boreale is a fairly common, early spring species with a short flight period in
Wisconsin that was found at six sites, but was common only at two coastal
fen habitats. The presence of exuviae of E. boreale at one of the coastal fens
indicated successful breeding. Enallagma civile (Hagen) (familiar bluet) is
a common species in Wisconsin that exhibited a temporally bimodal adult
flight period at a number of coastal peatlands. Scattered individuals were
found at six sites in June, then after a substantial hiatus, tenerals were again
found at six sites in late August and September (Table 1). At the Port Wing
fen south of Quarry Road (PWQ), newly emerged E. civile were abundant in
early September, leading us to infer that they had to have been produced at
the site. However, within two weeks they had completely disappeared from
the fen. This evidence suggests an autumnal migration of E. civile from this
site because insufficient time had elapsed for maturation, breeding, and total
population reduction via aging or other forms of mortality to have occurred.
Enallagma hageni is one of the most common odonates in Wisconsin. It was
found commonly in and around most of the sample sites. Because this species is abundant in a wide range of habitats, some of the individuals found in
the fens had likely wandered there from other habitats. However, sufficient
numbers of pairs in copula of E. hageni were found to suggest breeding in the
coastal fens or fen margins of lagoons. Nehalennia irene was the most abundant fen-breeding odonate in this study, using both poor fen and coastal fen
habitats (Table 2), and showing a long flight period throughout much of the
spring and summer (Table 1). Many pairs of N. irene were seen ovipositing in
tandem and tenerals were often abundant.
Seven species of Aeshnidae exhibited evidence of breeding in the coastal
peatland habitats. Among these, Aeshna canadensis was the most common and
widespread, comprising about 2/3rds of the aeshnid specimens. A. canadensis
exuviae were found at six sites, including both poor fens and coastal fens, and
adults were sampled at all but one of the eleven sites (Table 2). Emergence
occurred primarily in July, with exuviae present well into August. Although
common in Wisconsin, the great extent to which A. canadensis breeds in fen
habitats was not fully realized prior to this study. Aeshna sitchensis was locally
common at the Stockton Island Tombolo fen (STF), with most emergence and
breeding activity occurring in July. Specifics about the habitat and ecology of
this species were given by DuBois et al (2004). The Stockton Island Tombolo
fen remains the only known Wisconsin breeding site for A. sitchensis. Prior to
this study, Aeshna verticalis was the darner most frequently known to breed
in bogs and fens based on studies done by BER in central Wisconsin. This was
one of a handful of species that was expected to occur with some frequency
in Lake Superior coastal fens, but did so only rarely with just single exuviae
found at two poor fens and one coastal fen. These coastal habitats, which are
cooler in the summer than most inlands bogs and fens, may be less appropriate
than inland bogs and fens for A. verticalis. Aeshna constricta Say (lance-tipped
darner), Aeshna interrupta Walker (variable darner), and Aeshna tuberculifera
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were infrequently found in coastal fen habitats during this study, and evidently
breed in coastal fens or along fen-bordered margins of lagoons adjacent to Lake
Superior. A teneral A. constricta was found in the Wisconsin Point fen (WPF)
and exuviae of A. interrupta and A. tuberculifera were found around the margins
of the lagoon at the Michigan Island fen (MIF). Similarly, one exuvia of Anax
junius (Drury) (common green darner) was found at the Michigan Island fen
and adults were occasionally observed at a number of sites.
Six species of Corduliidae exhibited evidence of breeding in the coastal
peatland habitats. Cordulia shurtleffi Scudder (American emerald), Dorocordulia libera (Selys) (racket-tailed emerald), and Epitheca canis (McLachlan)
(beaverpond baskettail) are all common spring-emerging species in Wisconsin,
so their occasional occurrence as adults and exuviae along fen-margined areas
of coastal lagoons was not unexpected. Exuviae of D. libera were found several
hundred meters inland of open water in the wet sedge fen at Big Bay on Madeline Island (MBB). The surprising finding of a robust population of the rare
(state endangered) Somatochlora incurvata at the Stockton Island Tombolo
fen (STF) was previously reported by DuBois et al. (2004). A single exuviae
of Somatochlora walshii (Scudder) (brush-tipped emerald) was found at the
Port Wing coastal fen east of the marina (PWM), and an adult male of that
species was taken in the Port Wing poor fen south of Quarry Road (PWQ). A
number of additional species of Somatochlora are known to breed elsewhere in
northern Wisconsin in peatland habitats somewhat similar to those sampled
in this study. Therefore, evidence of some breeding of Somatochlora forcipata
(Scudder) (forcipate emerald), S. franklini, S. kennedyi Walker (Kennedy’s
emerald), and S. williamsoni Walker (Williamson’s emerald) in coastal peatlands was anticipated, although populations of species in this genus can be
notoriously hard to locate. Evidence of breeding of these species in coastal
peatlands was not found, despite extensive effort in searching for them. One
male S. franklini was seen flying through the fen at the mouth of the Sioux
River (SIO), but it could have originated elsewhere. We tentatively suggest
that these thermally moderated coastal habitats may be less appropriate
than inland bogs and fens for these species. Williamsonia fletcheri is the more
common of two species of the genus Williamsonia in Wisconsin. We found W.
fletcheri at seven of the fens we studied and inferred breeding at six of the
sites. The population at the Port Wing poor fen south of Quarry road (PWQ)
was robust and widespread throughout the fen. Adults and exuviae were
present at multiple sites during the entire month of June. Coastal peatland
populations of W. fletcheri emerged at least a week later than inland populations that were being studied in 2004 (RBD unpublished data). Although this
species was formerly considered quite rare in the state, it has been found with
increasing frequency in open bog and fen habitats in recent years. We were
nonetheless surprised by its common occurrence in coastal fens. W. fletcheri
is clearly more widespread in northern Wisconsin than previously thought,
although populations are often small and localized.
Eleven species of Libellulidae exhibited evidence of breeding in coastal
peatland habitats. Most of these were common species that were not unexpected
in these habitats. Ladona julia Uhler (chalk-fronted corporal) and Sympetrum
vicinum are among the most common species of Odonata in northern Wisconsin
and were observed to commonly breed in coastal fens and along fen margins
of lagoons. Libellula quadrimaculata Linnaeus (four-spotted skimmer) and
Sympetrum obtrusum are similarly common species that are known to breed in
poor fen and bog habitats, and both did so frequently at most of our sites. Five
species of Leucorrhinia are known in Wisconsin, and all of them are at least
fairly common in the northern part of the state. Four species in this springemerging genus were found to breed in the fens. Exuviae and reproducing adults
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of Leucorrhinia frigida and L. glacialis were found most commonly in coastal fen
habitats surrounding lagoons. Leucorrhinia proxima Calvert (belted whiteface)
was found in similar areas, but less commonly, and the exuviae of this species
is presently indistinguishable from L. intacta (DuBois 2003). L. hudsonica is
a true bog species, and was one of the more numerically dominant odonates
in both habitats in early spring. Coastal peatland populations of L. hudsonica
emerged at least a week later than inland populations that were being studied
in 2004 (RBD unpublished data). Nannothemis bella is an uncommon species
that is locally distributed in bogs and sedge fens in Wisconsin. We found it to
be fairly common at two coastal fen and poor fen sites in the AINL. Exuviae
of N. bella were common at the Michigan Island fen (MIF), both in the coastal
fen area near the lagoon and in the poor fen area closer to the uplands. The
fact that the Michigan Island fen is about 18 km from the mainland and over
3.2 km from Stockton Island illustrates the remarkable dispersal capabilities
of this tiny odonate. Sympetrum danae is an uncommon species with a local
distribution in northern Wisconsin. We found it to be fairly widespread, though
never abundant, in coastal fen habitats in September. We found no exuviae
of S. danae, but pairs in wheel and ovipositing females indicated breeding in
coastal fens. Sympetrum semicinctum (Say) (band-winged meadowhawk) is
locally distributed in Wisconsin, but is not uncommon. We occasionally found
pairs in copula in three coastal fen habitats during September and numerous
tenerals at the Sand River fen (SRF). Although we found no exuviae and saw
no females ovipositing, we infer that S. semicinctum breeds in coastal fens or
the coastal fen margins of lagoons.
This study substantially increased knowledge about the distributions of
a number of species of Odonata in northern Wisconsin including 26 first county
records for Ashland County, five first county records for Bayfield County, and
one first county record for Douglas County. Two first state record species,
Enallagma clausum and Aeshna sitchensis, were found because of this study
(DuBois et al. 2004). Because of increased knowledge gained through this and
other concurrent studies of distributions of Odonata in Wisconsin, five species
of Odonata (Lestes eurinus, Aeshna tuberculifera, A. verticalis, Williamsonia
fletcheri, and Sympetrum danae) were found to be more common than previously thought and will no longer be actively tracked by the WNHI. The active
tracking status of Somatochlora incurvata and Nannothemis bella was not
changed, and Enallagma clausum and Aeshna sitchensis were added to the
active tracking list. Emergence of spring-emerging species was consistently at
least a week later in coastal peatlands than in similar open inland peatlands
in Douglas and Bayfield counties.
Because they form the northernmost points of land in Wisconsin, and their
climate is thermally moderated by the surrounding waters of Lake Superior,
the islands within the AINL provide habitats that have previously been shown
to contain many rare and unusual plant species, bird species, and now, several
noteworthy populations of Odonata. Because just three island fens were sampled
in this study, we recommend that additional AINL habitats be sampled for
odonates including coastal fens on Long Island, Outer Island, Rocky Island, and
Stockton Island, and insular poor fens that are entirely surrounded by upland
vegetation on Devil’s Island, Outer Island, Madeline Island, and Stockton Island.
Further, detailed study of the hydrological conditions of the unusual insular fen
at the base of the Stockton Island Tombolo (STF) may reveal important habitat
components for Aeshna sitchensis and Somatochlora incurvata that would be
useful in conservation planning for these species and perhaps shedding light on
other locations that could be searched for them. We also recommend Odonata
surveys in additional coastal peatlands on the mainland, especially those with
rich floral diversity.
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Biology and Larval Morphology of Agrilus subcinctus
(Coleoptera: Buprestidae), with Comparisons to the Emerald
Ash Borer, Agrilus planipennis
Toby R. Petrice1, Robert A. Haack1, John S. Strazanac2, and Jonathan P. Lelito3

Abstract
Emerald ash borer (EAB), Agrilus planipennis Fairmaire (Coleoptera: Buprestidae), is an exotic invasive pest of ash (Fraxinus spp.) trees that was first
discovered in North America in 2002. There has been concern that surveyors could
confuse immature stages of EAB with A. subcinctus Gory, an ash borer native
to North America. We conducted studies in 2006-2009 in southern Michigan to
determine biological and morphological characters for distinguishing immature
A. subcinctus and EAB life stages. Agrilus subcinctus adults were captured on
yellow sticky cards from late May through mid-August, with peak flight occurring
in June. Agrilus subcinctus egg laying began in late May to early June. Agrilus
subcinctus eggs were smaller than EAB eggs. Agrilus subcinctus eggs and immature stages were found only on dead ash twigs, while EAB primarily infests live
stems and branches. We determined that A. subcinctus has four larval instars,
with 4th instar A. subcinctus being similar in size to 2nd instar EAB. Shape of
abdominal segments, pronotal groove, and urogomphi can be used to distinguish
larvae of A. subcinctus from EAB. The following hymenopteran parasitoid species
were reared from immature A. subcinctus stages: Avetianella sp. (Encyrtidae),
Ecphylus sp. (Braconidae), Eurytoma sp. (Eurytomidae), near Hadrotrichodes (possible undescribed genus; Eulophidae), Heterospilus sp. (Braconidae), Metapelma
sp. (Eupelmidae), and Oodera sp. (Pteromalidae).
____________________

Emerald ash borer (EAB), Agrilus planipennis Fairmaire (Coleoptera:
Buprestidae), is an exotic invasive pest of ash (Fraxinus spp.) trees that was
first discovered in North America in 2002 (Haack et al. 2002). As of September
2010, EAB was found in 15 U.S. states and 2 Canadian provinces. Intensive
surveys are conducted throughout the eastern United States to monitor spread
and detect disjunct populations of EAB (Cappaert et al. 2005, Poland and McCullough 2006). Surveys for EAB include capturing adult beetles on green
or purple sticky traps and girdled ash trees with sticky bands, as well as by
debarking ash trees and inspecting for immature EAB life stages, primarily
larvae that feed under the bark of ash trees.
Adult EAB have a coppery-green pronotum, emerald green elytra, and
usually measure 7.5-13.5 mm in length (Yu 1992, Jendek 1994, http://www.
emeraldashborer.info/files/agriscrn.pdf). The combination of emerald color and
large size makes adult EAB relatively easy to distinguish from nearly all native North American Agrilus (ca. 178 spp., Nelson et al. 2008). Larvae of EAB
and other Agrilus species can be distinguished from other Nearctic genera of
USDA Forest Service, Northern Research Station, 1407 S. Harrison Rd., Michigan
State University, East Lansing, MI 48823.
2
West Virginia University, 1090 Agricultural Science Bldg., Evansdale Drive, Morgantown, WV 26506.
3
USDA APHIS PPQ, 5936 Ford Court, Brighton, MI 48116.
1
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Buprestidae by the presence of urogomphi (anal spines) protruding from the
last abdominal segment (Peterson 1960). EAB usually infest the main trunk
and larger branches of ash trees; however, we have found EAB in branches 1.5-2
cm in diameter (TRP, pers. observation).
Agrilus subcinctus Gory is a native borer that also feeds on ash and ranges
throughout most of eastern North America and as far west as New Mexico (Bright
1987, Nelson et al. 2008). Adult A. subcinctus are usually less than 4 mm in
length and are coppery brown with gray patterning on their elytra (http://www.
emeraldashborer.info/files/agriscrn.pdf). The limited amount of information
reported on the biology of A. subcinctus is somewhat confusing. Fisher (1928)
believed poison ivy (Toxicodendron spp.) to be a larval host, given the number
of adults collected from poison ivy foliage. Wellso et al. (1976) reported privet
(Ligustrum sp.) as a host of A. subcinctus. Knull (1932) and Bright (1987) stated
that A. subcinctus breeds in green ash (F. pennsylvanica Marsh.). Hespenheide
(1973) collected adults from ash and found unidentified Agrilus larvae in ash
twigs. MacRae (1991) reared A. subcinctus from dead ash twigs. Lelito et al.
(2008) captured more A. subcinctus adults on sticky traps on ash trees at sites
with high ash mortality compared to sites with low ash mortality.
Although A. subcinctus and EAB adults differ substantially from one
another in size and appearance, there has been concern that surveyors could
confuse late instar A. subcinctus larvae with early instar EAB larvae, given that
A. subcinctus and EAB both infest ash. Misidentification could have serious
repercussions for EAB containment efforts and establishment of EAB quarantine zones. Our objectives were to study the biology and larval morphology of
A. subcinctus and determine which characters were useful for differentiating
immature stages of A. subcinctus from EAB.
Materials and Methods
We studied A. subcinctus at three sites in Michigan during 2006-2009.
We worked at an abandoned parking lot with green ash and white ash (F.
americana L.) planted along the perimeter near Brighton, Livingston County,
MI (Lat 42.54 N, Long -83.79 W) in 2006-2007; a natural stand of green ash at
Kensington Metro Park, Oakland County, MI (Lat 42.54 N, Long -83.63 W) in
2006-2009; and a natural stand of green ash near Webberville, Ingham County,
MI (Lat 42.66 N, Long -84.20 W) in 2007-2009. At all three study sites, EAB
had killed most of the ash trees during 2004-2006. At each site, we documented
the adult flight season of A. subcinctus by placing 6-12 yellow sticky cards (7.6
cm × 12.7 cm, Olson Products, Inc., Medina, OH) on 3-6 ash trees (2 cards per
tree) per site to collect adults while they flew to foliage to feed. Sticky cards
were suspended on live ash branches and sprouts 1-2 m above the ground with
wire ties. We collected and replaced sticky cards approximately every 2 weeks
from late spring (April-May) through midsummer (August), except in 2006 when
the study began in July.
After adult flight began, live and dead ash twigs were visually inspected
for A. subcinctus eggs. Because initially we found A. subcinctus eggs only on
dead twigs of both green and white ash, we focused on dead twigs in most
surveys. In 2006 and 2007, we collected sections of dead green and white ash
twigs approximately every 2 weeks from late spring through late summer and
on one or more occasions during late fall-early winter. Twigs were collected
1-4 m above the ground from 2 to 6 trees per site using pole-pruners as needed.
We also collected sections of live ash twigs from the same trees if present. All
twig sections were placed in labeled plastic bags and stored at 4-5ºC until they
were inspected for A. subcinctus life stages in the laboratory. For each twig
section, we recorded the number of eggs, larvae, prepupae, and pupae, as well
as length and average diameter. Twig sections averaged 20 cm long and consisted primarily of 1- to 3-yr-old growth. To calculate twig moisture content,
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we placed a subset of dead twig sections with current-year A. subcinctus eggs
and live twig sections that lacked eggs in individual pre-weighed metal cans
with tight fitting lids. We weighed the cans with twigs after we returned to
the laboratory, then dried them at 100ºC for 24 hrs, and re-weighed them. We
calculated percent moisture content of twigs using the formula: [(wet weight dry weight)/wet weight] × 100.
Agrilus subcinctus larvae dissected from twig sections were preserved in
70% alcohol. Immature parasitoids found in association with A. subcinctus life
stages were placed in vials and monitored for adult emergence. Adult parasitoids
that emerged were preserved in 95% alcohol. Hymenopteran parasitoids were
identified following Gibson et al. (1997) and Wharton et al. (1997). The dissected
A. subcinctus larvae were prepared on slides using PVC mounting media. Larval peristoma width, i.e., the outer border of the mouthparts, and urogomphus
length were measured at the same locations where Wang et al. (2005) measured
EAB larvae using a compound microscope equipped with a micrometer. We used
frequency distribution plots to determine the number of larval instars based on
both of these variables, and validated these determinations by calculating Dyar’s
ratio and Crosby’s ratio for each variable (Dyar 1890; Crosby 1973, 1974; Craig
1975; Loerch and Cameron 1983; Johnson and Williamson 2006). In practice,
Crosby’s ratios of less than 10% confirm that all instars have been accounted
for (Crosby 1974, Craig 1975). We also measured the overall body length of a
subset of intact A. subcinctus larvae for each instar.
We used a scanning electron microscope at the Michigan State University Center for Advanced Microscopy to photograph urogomphi of 4th instar A.
subcinctus and 2nd instar EAB to inspect for morphological differences between
the two species. These instars were selected because an average 4th instar A.
subcinctus is similar in length to a 2nd instar EAB (see Results). Larvae were
fixed at 4ºC for 1-2 hours in 4% glutaraldehyde buffered with 0.1 m sodium
phosphate at pH 7.4. Following a brief rinse in the buffer, samples were dehydrated in an ethanol series (25%, 50%, 75%, and 95%) for 10-15 minutes
at each gradation and with three 10-minute changes in 100% ethanol. Fixed
larvae were mounted on aluminum stubs using high vacuum carbon tabs (SPI
Supplies, West Chester, PA).
ANOVA was used to compare A. subcinctus egg densities between ash species, to compare twig moisture content between dead twigs with A. subcinctus
and live twigs without A. subcinctus, and to compare A. subcinctus and EAB
egg lengths and widths (PROC GLM; SAS Institute 2001).
Results and Discussion
Agrilus subcinctus biology. Overall, 410 dead ash twig sections (211
green ash; 199 white ash) with A. subcinctus life stages were dissected in
2006-2007. Agrilus subcinctus mean (± SE) egg density at the Brighton study
site, our only site with both ash species present, was 0.45 ± 0.05 eggs per cm2
of bark surface area for green ash (N = 72 twigs) and 0.37 ± 0.04 for white ash
(N = 199); these two means did not differ significantly (F = 1.51; df = 1, 269;
P = 0.2205). No A. subcinctus eggs or larvae were found on the 55 live green
ash and 40 live white ash twig sections that were dissected. Mean diameter of
dead twig sections with A. subcinctus life stages was 7.5 mm and ranged from
3.4 to 27.2 mm. Mean diameter of live twig sections dissected was 7.1 mm and
ranged from 4.1 to 11.8 mm.
Mean (± SE) moisture content of dead twig sections (N = 26) with currentyear A. subcinctus eggs was 18.5 ± 0.7 % and was significantly less than the
moisture content of live twig sections (N = 6), which was 48.9 ± 2.5 % (F = 260.28;
df = 1, 30; P = .0001). The large difference in moisture content between dead
twigs with A. subcinctus eggs and live twigs suggests that A. subcinctus prefers
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twigs that have been dead for some time, i.e., died during the previous growing
season, rather than twigs that died during the current year. Given that we found
A. subcinctus eggs only on dead ash twigs suggests that this beetle has little
impact on live ash trees or seedlings. Moreover, no A. subcinctus have emerged
from the more than 5,000 ash logs (8-30 cm diameter and 50-55 cm length) that
we harvested from live and recently dead ash trees and used to rear EAB adults
for research purposes in our laboratory at Michigan State University during
2004-2009 (TRP, pers. observation).
In 2006 and 2007, adult A. subcinctus flight began before we first placed
sticky cards in the field (Fig. 1). In 2008 and 2009, A. subcinctus adults were
captured during late May through mid-August, with most adults captured in
June. During the adult flight period, A. subcinctus adults were commonly found
feeding on ash foliage and walking on both dead and live ash twigs. In 2007-2009
(2006 data collection began after most egg laying was complete), we first found
A. subcinctus eggs on twigs in early June. Egg laying likely began before these
dates given that site visits were made at 2-wk intervals each year. The first A.
subcinctus eggs were found between 22 May and 6 June in 2007; 30 May and 9
June in 2008; and 29 May and 12 June in 2009. Agrilus subcinctus eggs were
deposited on the bark surface of dead twigs and were easily visible. Newly laid
eggs were light gray, but quickly turned glossy black as the embryo matured.
Agrilus subcinctus eggs (N = 25) were significantly longer (mean = 0.89 ± 0.01
mm; F = 155.66; df = 1, 43; P = 0.0001) and wider (0.52 ± 0.01 mm; F = 363.75;
df = 1, 43; P = 0.0001), compared with locally collected EAB eggs (N = 20) which
averaged 1.22 ± 0.03 mm long and 0.95 ± 0.02 mm wide.

Fig. 1. Seasonal flight of Agrilus subcinctus in southern Michigan during 2006-2009,
showing percent of all adults captured per collection date by field site and year. Total
number of adults and number of sticky cards are given for each site and year. Collections
were made with yellow sticky cards suspended from live ash (Fraxinus spp.) branches.
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Agrilus subcinctus neonate larvae tunneled through the bark into the
cambial region of twigs where they fed throughout summer and fall. We found
A. subcinctus larvae to have four distinct instars (Table 1), which corresponds
with the number of instars documented for other Agrilus such as A. bilineatus
(Weber) (Coté and Allen 1980, Haack and Benjamin 1982), A. anxius Gory (Loerch and Cameron 1983), and A. planipennis (Cappaert et al. 2005, Wang et al.
2005). Larval galleries gently meandered with the wood grain along the length
of the twig, but turned 180º at least once along their length. Mean A. subcinctus
larval gallery length for all instars combined was 10.6 ± 1.1 cm (N = 5).
When A. subcinctus larvae reached maturity, they tunneled into the xylem
or pith of twigs where they created individual chambers for pupation, terminated
feeding, and began the prepupal stage. Pupation chambers were usually located
in the xylem of larger diameter twigs and in the pith of smaller diameter twigs
that we inspected. For example, dissected twigs 8mm in diameter or smaller
had 88% of the pupation chambers located in the pith, while twigs larger than
8mm had only 15% of the pupation chambers in the pith. When pupation chambers were complete, mature larvae folded their bodies into a “V” shape about
half-way along their length, and then gradually unfolded their bodies as they
shortened to prepare for pupation.
Agrilus subcinctus overwintered as larvae, prepupae, and pupae (Fig. 2).
The highest percentage of prepupae found in twigs was during September; most
individuals pupated by late fall or early winter (November-December), with only
a small percentage remaining as prepupae through the winter. In comparison,
EAB has been found only to overwinter as prepupae or immature larvae. To
our knowledge, A. subcinctus is the first Agrilus species reported to overwinter
primarily in the pupal stage, although we should note that relatively few lifehistory studies have been completed on the nearly 3,000 Agrilus species found
worldwide. Agrilus subcinctus immature larvae overwintered in the phloem of
the dead twigs. Most A. subcinctus individuals that overwintered as immature
larvae were 3rd and 4th instars (Table 2).
Some A. subcinctus larvae may require 2 years to complete development
given that a few 2nd instar larvae were found in twigs collected in November 2006
and December 2007 and presumably overwintered as 2nd instars (Table 2). It is
Table 1. Range and mean (±SE) urogomphus length and peristoma width for Agrilus
subcinctus larvae dissected from dead ash (Fraxinus spp.) twigs in southern Michigan
in 2006-2007, including Dyar’s ratio and Crosby’s ratio.
Variable
measured
Urogomphus
length (mm)
		
		
Peristoma
width (mm)
		
		

Instar
1
2
3
4
1
2
3
4

Size			
Range
Mean (±SE)
N
0.050-0.106
0.108-0.146
0.151-0.254
0.259-0.392
0.138-0.186
0.188-0.251
0.256-0.384
0.389-0.550

0.079 ± 0.003
0.130 ± 0.004
0.202 ± 0.004
0.312 ± 0.002
0.158 ± 0.001
0.227 ± 0.003
0.322 ± 0.004
0.471 ± 0.003

24
13
75
192
55
28
93
170

Dyar’s
ratio1

Crosby’s
ratio (%)2

1.639		
1.556
-5.05
1.541
-0.99
1.441
1.416
1.463

-1.73
3.29

Calculated by dividing the mean for each instar by the mean of the previous instar for
each structure measured.
2
Calculated by dividing each Dyar’s ratio by the Dyar’s ratio of the previous instar for
each structure measured. Crosby’s ratios less than ±10% verify that all instars were
accounted for (Crosby 1974, Craig 1975).
1
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Fig. 2. Seasonal development of Agrilus subcinctus in southern Michigan in 2006-2007,
showing percent of individuals found in dead ash (Fraxinus spp.) twigs by life stage for
each month of collection. Total number of A. subcinctus life stages (N) found is given
for each month and year.
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Table 2. Frequency distribution of Agrilus subcinctus larvae by instar (based on
peristoma width and urogomphus length) and collection month for larvae found feeding in the phloem of dead ash (Fraxinus spp.) twigs collected in southern Michigan in
2006-2007.
		
Collection
Year
month
2006

2007

1

June
July
August
September
October
November
May
June
July
August
September
December

Frequency distribution by instar (%)
First

Second

Third

Fourth1

N

56
75
2
1
7
0
0
67
57
0
0
0

44
13
3
3
0
9
0
0
13
0
3
4

0
9
27
24
45
40
0
0
30
11
30
43

0
3
68
71
48
51
100
33
0
89
67
52

18
64
178
94
29
45
7
3
23
9
30
23

Does not include prepupae.

unlikely that these larvae would have had time to complete development and
emerge as adults by the end of the adult flight period the following summer.
The larvae that overwinter as 2nd instars likely represent the small number of
prepupae and pupae that we found in twigs in late July and August after adult
flight was complete and while most current-year larvae were still feeding in the
phloem (Fig. 1, Table 2). Plasticity in larval development rates is common for
wood-boring species, especially those that feed in dead woody tissues (Haack
and Slansky 1987).
Parasitoids. Overall, A. subcinctus egg parasitism was 8.6% in 2006 (N
= 3,414 eggs) and 9.4% in 2007 (N = 1,835). Only two adult egg parasitoid specimens were successfully reared in the laboratory and they were both identified
as Avetianella sp. (Encyrtidae) (Table 3). Overall, larval parasitism was 2.6%
in 2006 (N = 388 larvae) and 9.1% in 2007 (N = 320). We reared five species
of hymenopteran parasitoids from A. subcinctus larvae, including Ecphylus
sp. (Braconidae), Eurytoma sp. (Eurytomidae), near Hadrotrichodes (possible
undescribed genus; Eulophidae), Heterospilus sp. (Braconidae), Metapelma sp.
(Eupelmidae; Table 3). One parasitoid species, Oodera sp. (Pteromalidae), was
reared from an A. subcinctus prepupae.
Comparison of Agrilus subcinctus and EAB larvae. Late instar A.
subcinctus larvae are somewhat similar to early instar EAB larvae. Average
urogomphus length, peristoma width, and overall body length of 4th instar A.
subcinctus were similar to those of 2nd instar EAB larvae (Table 1, Fig. 3; Cappaert et al. 2005, Wang et al. 2005). There are, however, subtle morphological
differences between larvae of the two species. One difference is the general shape
of the larval abdominal segments, which are generally oval for A. subcinctus
but more trapezoidal for EAB with each segment expanding from the anterior
to posterior end (Fig. 3). The shape of the pronotal groove also varies considerably between these two agrilids. When viewed dorsally, the pronotal groove
of A. subcinctus remains entire along its length, while the pronotal groove of
EAB becomes bifurcate toward its distal end (Fig. 3). Also, the urogomphi,
when viewed laterally, narrow abruptly approximately two-thirds along their

Avetianella sp. (Encyrtidae)
Near Hadrotrichodes (possible
undescribed genus; Eulophidae)
Metapelma sp. (Eupelmidae)
Eurytoma sp. (Eurytomidae)
Ecphylus sp. (Braconidae)
Heterospilus sp. (Braconidae)
Oodera sp. (Pteromalidae)

13 Jul 2006
19 Sep 2007
11 May 2009
11 May 2009
8 Dec 2008
21 Sep 2006; 12 Dec 2007; 8 Dec 2008
12 Dec 2007

Egg
Larva

Larva
Larva
Larva
Larva
Prepupa

Ingham
Ingham
Ingham
Ingham, Livingston
Livingston

Livingston
Livingston

				
Agrilus			
subcinctus			
life stage
Date of field
Michigan
Parasitoid species (Family)
attacked
collection
counties

1
4
2-3
1-2
1

1
9

No. parasitoids
found per
life stage
attacked
(Range)

Table 3. Summary data for hymenopteran parasitoid species reared from Agrilus subcinctus immature stages dissected from dead ash
(Fraxinus spp.) twigs in southern Michigan from 2006 to 2009, including parasitoid species, life stage attacked, date of field collection, Michigan counties where the collections were made, and number (or range) of parasitoid progeny found per life stage of the host.
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Fig. 3. General shape of the larval abdominal
segments and pronotal groove (viewed dorsally)
of a 2nd instar Agrilus planipennis larva (left)
and a 4th instar A. subcinctus larva (right); and
silhouettes that represent the average actual
length of the four larval instars of A. planipennis
and A. subcinctus based on measurements of
larvae that were collected in Michigan, U.S.A.

length for A. subcinctus, while they taper gradually along their entire length
for EAB (Fig. 4). In addition, the invaginations on the inner surface of A. subcinctus urogomphi are much more conspicuous than those on EAB urogomphi
(Fig. 4).
Hespenheide (1969) found that smaller Agrilus species are usually associated with smaller-diameter host material, while larger Agrilus species
infest larger-diameter host material. Agrilus subcinctus and EAB follow this
general trend; however, there is some overlap in the size of host material that
both species infest. The fact that A. subcinctus apparently infests only dead
ash twigs and EAB rarely infests dead ash material greatly reduces the chance
of confusing these two species while collecting in the field. Furthermore, the
morphological differences between A. subcinctus and EAB larvae that we have
described should help eliminate misidentification of these two species. However, in certain situations, molecular analyses may be required to distinguish
the two species, such as when larvae are severely damaged to the extent that
morphological characters cannot be examined.
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Fig. 4. Scanning electron micrographs of larval urogomphi of a 4th instar Agrilus
subcinctus (top) and a 2nd instar Agrilus planipennis (bottom) with arrows pointing to
invaginations on the inner surface of the urogomphi.
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Diversity and Activity of Ground-Dwelling Spiders (Araneae)
in Four Sub-Communities in a Degraded Oak Woodland at
the Chicago Botanic Garden, Cook County, Illinois
James F. Steffen1 and Michael L. Draney2

Abstract
Ground-dwelling spiders were sampled using pitfall traps over a twelvemonth period from four sub-communities within a 40-ha oak woodland complex
in northern Cook County, Illinois. Mesic and dry mesic oak woodland, mesic
upland forest, buckthorn dominated mesic oak savanna and a mesic woodland
control, where no restoration management is planned, were sampled. Fifty-five
species within 44 genera and 18 families were trapped. The results suggest
negative correlations between non-native spider abundance and spider species
richness. Also, phenology of the various species indicates that a year-round inventory is necessary to adequately sample ground-dwelling spider assemblages.
Possibilities of using Bathyphantes concolor (Wider) abundance as an indicator
of oak woodland recovery are discussed. Three species, Linyphiidae: Oreonetides
vaginatus (Thorell), O. rotundus (Emerton), and Thomisidae: Ozyptila praticola
C. L. Koch), never before recorded for Illinois were documented. The non-native
species, Ozyptila praticola, is also a new regional record.
____________________

Much of the oak woodland and savanna ecosystems in the Midwestern
United States are in a degraded condition due to the effects of fire suppression, invasion by native and exotic species, fragmentation, past land use and
an over abundant white-tailed deer population (Nuzzo 1986, Lorimer 1987,
Packard 1988, Laatsch and Anderson 2000). Recent research (Heneghan et al.
2002, Heneghan et al. 2004, Ashton et al. 2005, Suarez et al. 2006, Heneghan
et al. 2007, Corio et al. 2009) has shown that invasive exotic species, primarily
common buckthorn (Rhamnus cathartica) and Eurasian earthworms, can have
dramatic impacts on the structure and sustainability of the litter layer and
nutrient cycling functions within oak dominated systems in the Midwest. The
combination of high nitrogen leaf litter from exotic shrubs and the rapid rate
at which exotic earthworms incorporate organic matter into the soil quickly
degrades the litter environment.
Spiders and other macroarthropods can play a crucial role in the regulation of dead organic matter decomposition and nutrient cycling in the temperate forest ecosystem (Moulder and Reichle 1972, Hansen 2000). Although
microarthropods, such as soil mites and collembola, are considered perhaps
the most important animal components of the temperate forest ecosystem biota
(Seastedt 1984, Moldenke and Lattin 1990, Hansen 2000), spiders have better
potential as ecological indicators because they are larger and their taxonomy is
better known (Willett 2001). This is a highly diverse group of organisms with a
total of 68 families, 569 genera, and 3,700 species occurring in North America
(Ubick et al. 2005). In addition, populations of the ground-dwelling portion of
Department of Environmental Science, Chicago Botanic Garden, 1000 Lake Cook
Road, Glencoe, Illinois 60022. (e-mail: jsteffen@chicagobotanic.org).
2
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this large group are one of the top predatory guilds in the litter food web and
are directly tied to microarthropod prey abundance and detritivore food webs
(Crossley 1977, Toft and Wise 1999). Many studies have shown relationships
between spider diversity and litter habitat structure (Uetz 1975, Uetz 1991,
Brumwell et al. 1998, Wagner et al. 2003).
Many past studies have examined the recovery of spider assemblages from
various disturbances such as logging (Huhta 1971, Willett 2001), burning (Huhta
1971, Koponen 1993) and succussion after clearing (Brumwell et al. 1998, Draney
and Crossley 1999, Gajdos and Toft 2000, Pekar 2003, Mallis and Hurd 2005,
Oxbrough et al. 2005). Few studies have looked at spiders in oak woodlands
either undergoing invasion by exotic species or during the process of restoration (Wolff 1990, Draney et al. 2002). Investigations that examine phenology
and diversity of spider populations over the course of a full year are uncommon
and most occur only in warmer regions where winter temperatures are mild
(Dorris et al. 1995, Draney 1997, Draney and Crossley 1999, Fassbender 2002).
Only partial or very few complete inventories have been conducted in northern
temperate regions of North America where winter temperatures are often subfreezing and snow cover is common (Olynyk and Freitag 1977, Aitchison 1978,
Aitchison 1984, Aitchison and Sutherland 2000).
The purpose of this investigation was to inventory the ground-dwelling
spiders, over a twelve-month period, in four sub-community types within
degraded sections of an oak dominated woodland displaying a naturally occurring gradient of litter structure. Three research goals were to 1) describe the
ground-dwelling spider fauna of an oak dominated woodland in the Midwest, 2)
establish a baseline against which future re-sampling could be used to evaluate
the impacts of ongoing restoration efforts, and 3) to determine if there is a correlation between litter mass and abundance of non-native spider species and
the richness and diversity of native ground dwelling spiders.
Methods
Study Area. This study was conducted in Mary Mix McDonald Woods
(N42.152°, W87.781°), a 40 ha oak woodland/savanna complex comprised of a
variety of different sub-communities at the Chicago Botanic Garden in Glencoe,
Cook County, Illinois. The site has a history of logging and grazing. In 1917, the
woodland was set aside as a forest preserve (Cook County (Ill.) Board of Forest
Preserve Commissioners 1918). Since that time, second growth tree species, such
as ash (Fraxinus spp.), elm (Ulmus americana) and ironwood (Ostrya virginiana)
have filled in the understory. In 1918, the entire woodland area was considered
second growth timber and intensive grazing destroyed the shrub and sapling
layer (Schmoll 1919). Since the cessation of domestic grazing in the 1920’s or
30’s, numerous exotic woody species have also become established. While common buckthorn (Rhamnus cathartica) dominates, other exotics including privet
(Ligustrum vulgare), glossy buckthorn (Rhamnus frangula), various Eurasian
honeysuckles (Lonicera spp.) and oriental bittersweet (Celastrus orbiculatus) are
also found on the site. The study subplots were chosen to represent degraded
sections of the woodland. At the time of this study, these areas had received
no management and generally had depauperate herbaceous layers with the
exception of several exotic invaders. These exotic herbaceous species include
garlic mustard (Alliaria petiolata) with lesser percentages of Indian strawberry
(Duchesnea indica), orchard grass (Dactylis glomerata) and bluegrass (Poa spp.)
The five study subplots represent the four following community types: upland
forest, dominated by Quercus alba, Q. rubra and Acer saccharum; mesic woodland, dominated by Q. rubra and Q. alba; dry-mesic woodland, dominated by
Q. alba and Fraxinus spp.; and a mesic savanna dominated by Q. alba and R.
cathartica. Two subplots were established in mesic woodland with one of the
subplots representing a control in which no restoration management is planned.
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Figure 1. Mean oven dry weight for leaf litter for 10 45 × 45cm quadrats from five
study subplots in Mary McDonald Woods, Chicago Botanic Garden, spring 2002. Whisker bars represent standard error. Letters show significance (p ≤ 0.05) relationships
based on Tukey’s mean separation test.

The study subplots were chosen to represent different community types, but also
to take advantage of a naturally occurring gradient in litter structure (Fig. 1).
A previous study involving these same subplots (Heneghan et al. 2007) found a
negative correlation between gradient in litter mass and abundance of Rhamnus
cathartica and Eurasian earthworms.
Sampling Methods. Pitfall trapping was chosen as the method of sampling because it is more efficient than other techniques, such as quadrat sampling, and allows for year-round sampling (Uetz and Unzicker 1976). However,
it should be noted that pitfall traps preferentially sample cursorial species (Uetz
and Unzicker 1976, Coddington et al. 1996). A single point was randomly located
within each study area and five pitfall traps were evenly spaced on a 20-meter
diameter circle around the point. The first pitfall trap was located by means
of a random compass angle. Pitfalls each consisted of a 9-cm diameter, 12-cm
deep plastic cup buried with its lip flush with the soil surface. A 22-cm square
translucent fiberglass cover was positioned 2.5 cm above each trap. Wooden lath
positioned from each corner to the center on the underside of the cover acted
as drift fences to direct spiders into the cups. A 9-cm diameter, 6-cm deep cup
was placed inside the larger pitfall and filled with water and a small amount
of dish detergent to reduce surface tension. A small amount of ethylene glycol
was added to the water during the coldest days in winter to prevent freezing.
Ethylene glycol was found to be a problem by attracting mammals to the traps
with earlier pitfall tapping on this site and has been found to be a problem in
other similar studies. This disturbance can result in significant loss of data
(Fassbender 2002). For this reason, ethylene glycol was not used at other times
in an effort to reduce disturbance by mammals. During periods of freeze and
thaw, dry sand was added around the traps to fill in any separation that formed
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between the trap and adjacent soil due to expansion or contraction of the soil.
This maintained a continuous surface for spider access to the traps.
Traps were run continuously from June 2002 through June of 2003. Traps
were emptied twice weekly during warm weather to avoid spoilage and less often
during the winter months, and fresh solution was placed in the traps. Spiders
were sorted from trap contents by use of a binocular microscope and specimens
were stored in 70% ethanol for subsequent identification. Nomenclature follows
Platnick (2006) except for the species listed as Diplostyla concolor (Wider) in
Platnick. Buckle et al. (2001) considers Diplostyla to be, at most, a subgenus of
Bathyphantes, and we follow them by calling the species Bathyphantes concolor
(Wider). Voucher specimens are being held at the Chicago Botanic Garden.
In the spring of 2002, ten 45 × 45 cm quadrats were randomly located to
sample litter in each of the five subplots. Liter was removed down to mineral
soil and the material dried at 120° F for a minimum of 48 hours in an electric
plant drier before weighing to the nearest gram (Fig. 1).
Data Analysis. For analysis, the data for each of the five pitfall traps
was pooled for each collection date for each subplot. Immature spiders were
identified to family and to genus or species if possible, but were excluded from
statistical analysis, since only adults can consistently be identified to species.
Only taxa determined to the level of species were included in the statistical
analysis. Shannon-Wiener diversity (H´), effective species number (ESN)
(Jost 2006), Jaccard similarity index, richness (S), and Pielou’s evenness (J´)
were calculated for each subplot (Table 1). The ESN is the number of equally
common species derived from H´ or other diversity indices and is a means of
showing the true number of species represented by any of several diversity
indices. The ESN makes it easier to compare diversity indices derived by different formulas. Also, because diversity indices are nonlinear, the ESN more
effectively compares one value to another of a particular diversity index. Unless the species in a population are all equally abundant, the ESN value will
be less than the richness because of dominance of one or more species within
the population (Jost 2006).
Table 1. The shared number of species between subplots (above diagonal), Jaccard
index of percent similarity based on number of species held in common (bold), Shannon
Weiner diversity (H´), effective number of species (ESN), evenness (J´), richness (S),
estimates of species richness using two Jackknife estimators using PC-ORD (Jack1 and
Jack 2) and total number of individuals trapped for each plot.
Subplots

Upland		
Forest
Mesic

Mesic
Control

Dry Mesic

Savanna

Upland Forest
Mesic
Mesic Control
Dry Mesic
Savanna

0.42
0.41
0.31
0.23

15
0.54
0.48
0.36

15
15
0.36
0.44

11
12
10
0.33

10
12
14
10
-

H’
ESN
S
J’
Jack 1
Jack 2

1.991
7.32
30
0.585
42
51

1.062
2.89
21
0.349
30
37

1.189
3.28
22
0.385
29
31

0.638
1.89
16
0.230
21
20

1.420
4.14
24
0.447
33
36

616

428

425

749

412

Total Ind.
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The ratio of species to genera (S/G ratio) has been suggested by Edwards
(1993) to serve as a possible generic diversity index when comparing communities. In general, a higher S/G ratio would seem to indicate more habitat
complexity or greater number of potential available niches for the site being
investigated. It should be noted that this taxonomic ratio is sample-size
dependent (Gotelli and Colwell, 2001) and may lead to difficulties in interpretation. The S/G ratio was calculated for the data pooled from all of the
subplots (Table 2).
Estimates of species richness were calculated using two Jackknife Estimators provided in the species area curves option of PC-ORD (Table 1). The first
estimate is Jack1 = S + rl(n-l)/n (Palmer 1990; Heltshe and Forrester 1983) and
the second estimate is Jack2 = S + rl(2n-3)/lm – r2(n-2)2/(n(n-1)) (Burnham and
Overton 1979; Palmer 1991). Where S = the observed number of species, rl =
the number of species that occur in only one sample unit, r2 = the number of
species that occur in exactly two sample units, and n = the number of sample
units. A sample unit consists of the data pooled from the five pit traps in one
subplot on one date. These estimates were determined for each subplot and for
all subplots combined utilizing the sample units.
An individual-based Coleman rarefaction (Coleman 1981, Coleman et
al. 1982) was calculated for each subplot (Fig. 2) utilizing EstimateS (Colwell
2006). This procedure standardizes the data, making it possible to compare
species richness among populations comprised of differing numbers of individuals.
Graphs showing periods of activity for stenochronous species found only
between November and May and for multivoltine species found in every month,
N>20 are given to depict seasonality of occurrence (Figs. 3-5).

Table 2. The species to genus ratios (S/G) for McDonald Woods compared to twelve
other pitfall trap studies from the United States and elsewhere. Choice of comparison
was based on complete species lists presented for habitats or closely related groups of
habitats. If not all species were determined; a genus was counted if no other species
was found in that genus.
S

G

S/G

55
44
1.25
104
72
1.44
57
48
1.19
111
81
1.37
94
57
1.65
50
39
1.28
90
52
1.73
55
34
1.62
100
69
1.45
136
78
1.74
60
46
1.30
57
37
1.54
		
130
67
1.94
			
88
51
1.73

Location/Habitat

Reference

IL/oak woodland
MA/ deciduous litter
MA/ deciduous pitfall
GA/ floodplain agroecosystem
Holland/ peat bog
UK/ pasture and plantation
UK/ mountain tops
NE/ prairie
Alberta/ populus forest
Finland/ spruce/pine/birch forest
Norway/ coastal heath
Saskatchewan/ wheat field
and grassy border
FL/ Sand-pine dunes, pine woods,
citrus grove, residential
Quebec/ mountain

Steffen & Draney(this paper)
Edwards, 1993
Edwards, 1993
Draney, 1997
Deeleman-Reinhold, 1990
Downie et al., 1996
Downie et al., 1995
Muma and Muma, 1949
Buddle 2001
Pajunen et al., 1995
Hauge, 2000
Doane and Dondale, 1979
Muma, 1973
Koponen, 1987
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Figure 2. Individual-based Coleman rarefaction curves comparing species richness
between the five subplots sampled.

Figure 3. Activity periods of Gnathonaroides pedalis displaying winter or early spring
activity periods.
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Figure 4. Activity periods of Anthrobia acuminata displaying winter or early spring
activity periods.

Figure 5. Activity periods of Walckenaeria subdirecta displaying early spring activity
periods.
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Results
Twenty-five pitfall traps were operated for 363 days for a total of 9075 trap
days. A total of 2632 adult specimens was collected, representing 18 families,
44 genera, and 55 species of spiders (Table 3).
The number of taxa represented by a single individual (singletons) has
been used as a measure of the thoroughness of a sample (Coddington et al. 1996).
The relatively low percentage of singletons or doubletons represented in this
study, 27.5% and 11.8% respectively, suggests a fairly complete inventory of the
ground spiders was obtained. Glesne (1998) found what were considered to be
low values for singletons between 15.8% and 17.4% for two different years in the
Pacific Northwest, while Coddington et al. 1996 found values for singletons or
doubletons (species represented in a sample by exactly two individuals) of 40%
for an Appalachian hardwood forest and 62% for a Bolivian tropical forest. In
the present study, members of the arboreal spider fauna that over winter on the
forest floor, including araneids, philodromids, theridiids and salticids (Edwards
1993) represent many of the singletons, but are not important members of the
ground living spider guild.
New Geographic Records. Two species of Linyphiidae new for the
state of Illinois were recorded from the upland forest plot. Oreonetides rotundus
(Emerton) and O. vaginatus (Thorell) were both found during late winter to early
spring. O. vaginatus was represented by one individual while O. rotundus was
represented by 19 individuals. These two species, more typical of boreal forest,
tundra and alpine habitats, are at the southern limit of their range here.
A species of Thomisidae new to the Great Lakes region, Ozyptila praticola
(C. L. Koch) (Sierwald et al. 2005), and apparently an introduction into North
America (Dondale & Redner 1978), was found to be common in this study, with
40 individuals being found approximately equally distributed on all study subplots, with the exception of the upland forest subplot where only 1 individual
was found.
Community Diversity. There was a noticeable difference in the distribution of species within families for the different subplots (Table 4). Members
of the family Linyphiidae predominated in all subplots. The upland forest plot
had 13 species of Linyphiidae, more than twice as many as in any other subplot,
except the savanna, which had 7. The savanna had 6 species of Lycosidae, twice
as many as any of the other subplots. The upland forest also had the highest
number of total species with 35. The dry mesic plot had the lowest with 17.
The total number of species and genera recorded for all of the subplots
combined was 55 and 44 respectively. This resulted in a S/G ratio of 1.25. This
value was compared to S/G ratios reported for other pitfall data from North
America and elsewhere (Table 2).
Table 3. Ground-dwelling spiders of McDonald Woods, Chicago Botanic Garden, Glencoe,
Cook Co. IL. All species were trapped in pitfall traps between June 27, 2002 and June 25,
2003. Specimens were determined only to genus when no adult material was sampled.
Species marked with an (*) are considered being non-native to the Great Lakes region.
Family

Species

Agelenidae
Amaurobiidae
Anyphaenidae

Agelenopsis pennsylvanica (Gertsch & Ivie, 1936)
Coras lamellosus (Keyserling, 1887)
Anyphaena fraterna (Banks, 1896)
Anyphaena pectorosa L. Koch, 1866
Hibana gracilis (Hentz,1847)
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Table 3. Continued.
Family

Species

Araneidae

Eustala emertoni (Banks,1904)
Mangora sp.
Clubiona abbotti L. Koch, 1866
Clubiona obesa Hentz, 1847
Elaver excepta (L. Koch, 1866)
Castianeira cingulata (C. L. Koch, 1841)
Cicurina brevis (Emerton, 1890)
Cicurina robusta Simon, 1886
Dictyna/Emblyna sp.
Sosticus insularis (Banks, 1895)
Phrurotimpus alarius (Hentz, 1847)
Phrurotimpus borealis (Emerton, 1911)
Agyneta micaria (Emerton, 1882)
Anthrobia acuminata (Emerton, 1913)
Bathyphantes alboventris (Banks, 1892)
Bathyphantes concolor (Wider, 1834)
Ceratinella brunnea (Emerton, 1882)
Erigone autumnalis Emerton, 1882
Gnathonaroides pedalis (Emerton, 1923)
Islandiana flaveola (Banks, 1892)
Lepthyphantes sabulosus (Keyserling, 1886)
Microneta viaria Simon, 1897
Neriene clathrata (Sundevall, 1830)
Oreonetides rotundus (Emerton, 1913)
Oreonetides vaginatus (Thorell, 1872)
Mermessus jona Bishop & Crosby, 1938
Mermessus maculata (Banks, 1892)
Mermessus trilobata (Emerton, 1882)
Walckenaeria atrotibialis (O. P. Cambridge, 1878)
Walckenaeria subdirecta Millidge, 1983
Pardosa sp
Pirata minutus Emerton, 1885
Schizocosa ocreata (Hentz, 1844)
Trabeops aurantiaca (Emerton, 1885)
*Trochosa ruricola (De Geer, 1778)
Trochosa terricola Thorell, 1856
Mimetus sp.
Philodromus sp.
Pisaurina mira (Walckenaer, 1837)
Hentzia mitrata (Hentz, 1846)
Naphrys pulex (Hentz, 1846)
Neon nellii Peckham & Peckham, 1889
Leucauge prob. venusta (Walckenaer, 1842)
Tetragnatha sp.
Enoplognatha caricis (Hickert, 1876)
*Enoplognatha ovata (Clerck, 1757)
Steatoda americana (Emerton, 1882)
Ozyptila monroensis Keyserling, 1884
*Ozyptila praticola (C. L. Koch, 1837)
Xysticus fraternus (Banks, 1895)

Clubionidae
Corinnidae
Dictynidae
Gnaphosidae
Liocranidae
Linyphiidae

Lycosidae

Mimetidae
Philodromidae
Pisauridae
Salticidae
Tetragnathidae
Theridiidae
Thomisidae
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Table 4. Comparison of the number of spider species found in each family for the five
study subplots in McDonald Woods. Both determined species and taxa listed as “sp.”
were included when no congener was listed.

Families

Total of
all
subplots

Upland		
Forest
Mesic

Mesic
Control

Dry
Mesic

Savanna

Linyphiidae
Lycosidae
Salticidae
Dictynidae
Thomisidae
Theridiidae
Anyphaenidae
Clubionidae
Liocranidae
Tetragnathidae
Araneidae
Agelenidae
Amaurobiidae
Mimetidae
Philodromidae
Corinnidae
Gnaphosidae
Pisauridae

18
13
6
6
5
6
2
3
3
3
3
3
1
2		
3
2
1
2		
3
2
2
3
2
3
2
1
1
1
3
2
2
2
1
3
1			
1
2
2
2
2
2
2
2
1
2		
2		
2			
1
1
1
1
1
1					
1
1				
1
1			
1
1
1		
1		
1		
1			
1	 	 	
1	 	

7
6
1

Total Species
Total Families

55
18

28
12

35
14

23
11

26
12

17
10

2
2
3
1
2
1
1
1

1

Rarefaction curves (Fig. 2) show the upland forest having the highest
richness with the dry mesic subplot having the lowest richness. The mesic and
mesic control subplots have intermediate values while the savanna subplot is
shown to have the second highest richness.
When considering only those individuals determined to the level of species,
the upland forest subplot had the highest species richness (30) with 6 more species than the next closest subplot. The dry mesic subplot had the lowest with
16 species. The upland forest subplot had the highest diversity of all subplots
and the lowest diversity was found on the dry mesic subplot. The upland forest
also had the highest ESN value (7.32) of any of the subplots. The effectiveness
of this measure is seen in comparing the diversity index for the upland forest
and savanna subplots. The diversity index, represented by H´, is based on a
nonlinear scale and therefore does not as clearly display the magnitude of the
difference between these two communities. The upland forest had an H´ only
0.571 (29%) greater than that of the savanna, while the ESN was 3.18 (43%)
greater. Values for ESN for the subplots range from a low of 1.89 (dry mesic)
to a high of 7.32 (upland forest) (Table 3).
Simple observed number of species in a sample often underestimates the
true value of richness at all sample sizes (Hellmann and Fowler 1999). Therefore,
a first and second order Jackknife estimate was made for each of the subplots
and all subplots combined (Table 1). Hellmann and Fowler (1999) found that
for small sample sizes (less than ~25% of the community) the second-order
jackknife was the least biased.
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Diversity can be measured in a number of different ways to compare one
site to another. It is important to note that in this study, all four subplots rank
exactly the same for all four measures of diversity: ENS, H´, S, and J´ (Table 1).
The upland forest subplot had the highest diversity, effective number of species,
richness and evenness among any of the subplots. The dry mesic subplot had
the lowest values with most of its total individuals represented by one species
of Linyphiidae, B. concolor. The dry mesic subplot, with 749 individuals for all
species combined, had nearly twice as many individuals captured compared to
all other subplots, except for the upland forest, which had 616 individuals.
The upland forest subplot had the highest mass of litter per square meter
as expressed in dry weight of any of the subplots with the lowest occurring in
the savanna subplot. (Fig. 1). A one-way analysis of variance showed a highly
significant difference in litter weights between subplots (F = 23.3, df = 49, P =
1.7117 E-10). The savanna subplot was significantly different from the mesic,
mesic control and upland forest subplots. The mesic, mesic control and dry mesic
subplots were not significantly different from each other while the upland forest
subplot was significantly different from all other subplots.
A negative correlation was found between litter mass and percent abundance of members of the Lycosidae in the McDonald Woods study (Fig. 6).
A positive relationship was found between the relative abundance of B.
concolor and the presence of three non-native spider species (Trochosa ruricola
(DeGeer), Ozyptila praticola, and Enoplognatha ovata (Clerck) (Fig. 7). There
was also a strong negative relationship found between abundance of three nonnative species and species richness for each subplot (Fig. 8).
Trochosa ruricola, a wolf spider common in northern and central Europe
and Asia, is the most abundant of three non-native species found on the study
area. In a study of spider diversity on three forest preserve sites in Lake County,
Illinois, approximately 20 miles north of McDonald Woods, Prentice (2001) found
Trochosa ruricola occurring together with the native congener, T. terricola for
the first time in Illinois. He reported them occurring in a ratio of 1:2.5 with
the native species T. terricola being more abundant. In the present study, T.
ruricola was found to outnumber T. terricola in a ratio of approximately 9.6:1
(48 T. ruricola, 5 T. terricola).

Figure 6. Correlation between the relative abundance of members of the family Lycosidae and the mean dry weight of leaf litter in grams for each subplot.
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Figure 7. Correlation of percent of adult spiders represented by Bathyphantes concolor
versus abundance of non-native spider species trapped in each subplot.

Figure 8. Correlation of abundance of all non-native spider species and the Equivalent
Species Number (ESN) for each subplot.
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Figure 9. Activity periods of a multivoltine species, Bathyphantes concolor.

Figure 10. The relationship between the abundance of Bathyphantes concolor and species richness for each subplot.
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Phenology. In agreement with several other studies, (Huhta 1971,
Muma 1973, Uetz 1975) the highest abundance for all subplots occurred in early
summer to early fall, with the lowest abundance occurring during the winter
months (Data not shown). The upland forest was different in that its highest
abundance occurred in late winter to early spring.
Many members of the Linyphiidae are stenochronous, having very specific,
rather narrow activity periods, and might be negatively affected if resources
were lacking during specific time periods. Figures 3-5 depict some of the more
abundant stenochronous species, which display winter/early spring active
phenologies. These species are only found as adults and identifiable during
winter/early spring.
In contrast, multivoltine species have adults present throughout the
year and are therefore able to exploit irregularly abundant resources (Draney
and Crossley 1999). It would be expected to find these species in degraded oak
woodlands where litter resources are patchy and seasonally abundant. A good
example of this phenology pattern is B. concolor (Fig. 9). This species comprised
between 56 and 86 percent of the total individuals in each subplot with the
exception of the upland forest in which it comprised only 3 percent. A strong
negative correlation was found between B. concolor and species richness for all
of the subplots (Fig. 10).
The phenological patterns plotted in this investigation revealed that a
minimum of a twelve-month inventory is necessary to adequately sample the
ground-layer spider fauna of oak woodlands in the Chicago region.
Discussion
Our findings suggest a negative relationship between native ground-living
spider richness and both presence of several non-native spider species and
abundance of an opportunistic native species, B. concolor. The findings also
suggest a negative relationship between leaf litter mass and species richness
in the family Lycosidae.
It is suggested that the dominance in this study of one opportunistic species, B. concolor, which is capable of reproducing whenever conditions are favorable or when arriving in a favorable environment, is indicative of the unstable,
boom-bust resource availability associated with communities invaded by exotic
plant species (Hansen 2000). The strong negative correlation between this species and total native species richness leads us to suggest that this species may
serve as an indicator of the changing health of oak woodland being invaded by
non-native species or in communities undergoing restoration management.
Heneghan et al. 2007, in a study of the impact of an invasive plant (Rhamnus cathartica) and earthworms on litter in the same subplots investigated in
the present study, identified a positive correlation between degree of invasion of
both Rhamnus and earthworms with loss of litter mass. Uetz (1979) has shown
that spider species richness increases with both litter depth and complexity. The
upland forest subplot had both the highest spider species richness and greatest
litter mass. The savanna subplot, having been found to have the lowest litter
mass of all the subplots, was found to have the second highest species richness.
This divergence from the expected trend could not be explained. The savanna
subplot was also found to have the greatest diversity of species in the family
Lycosidae. This agrees with results found by Uetz (1979) where reduction in
litter resulted in the increase in dominance by members of Lycosidae.
Edwards (1993) has suggested that the ratio of species to genera can provide
some indication of the ecological “breadth” of the communities being compared.
The S/G ratio for McDonald Woods was lower than all but one of the values calculated for pitfall trap results from twelve other studies (Table 2). This might
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suggest that McDonald Woods, with its litter having been negatively impacted
by invasive species, may possess fewer litter niches than those occurring in
these other research sites. This is particularly interesting when noting that
even wheat fields and their associated grassy borders and the ecotone between
pasture and conifer plantation showed higher ratios, 1.54 and 1.28 respectively.
It should also be noted that no mention was made of invasion by non-native
species in any of the other studies.
Three non-native spider species were documented during this investigation, which together comprise about 3.4% of abundance and 6% of richness of
the sampled species. Two of the species, T. ruricola and O. praticola, were
found to be common and outnumbered species of native congeners. The third
species, E. ovata, is mainly an inhabitant of forest forb/shrub layers. Although
not adequately sampled by pitfalls, it has recently become quite abundant in
many Great Lakes region forests (M. Draney, unpub. data). Other researchers
have suggested that invasion by exotic species is not associated with historically
natural disturbance (Sher and Hyatt 1999). Invasion of a natural community
by non-native plant species could be viewed as an unnatural disturbance. In
an investigation of the spider fauna of Typha spp. (cattail) marshes invaded
by the European strain of Phragmites australis (Poaceae), a non-native spider,
Clubiona pallidula (Clubionidae), was found to be the most abundantly collected
species (as adults) in the study (Draney and Jaskula 2004). It is likely that the
relatively recent invasion of oak woodland communities by several non-native
plant species represents an unnatural disturbance, which might relate to the
presence and dominance of the non-native spider species found in this study.
Research has shown that both exotic woody plant species and exotic
earthworms have the ability to increase the microbial breakdown of leaf litter
(Heneghan et al. 2002, Ashton et al. 2005, Heneghan et al. 2007). The accelerated mass reduction and simplification of litter structure has the potential to
greatly disrupt nutrient cycling and predator-prey relationships within the litter
environment. It is reasonable to assume that disruptions like these are likely
to have negative impacts on organisms of a higher trophic level, like the spider
fauna within these systems. Future research should investigate how groundliving spider richness is impacted both by the litter loss due to exotic species
invasion and the common oak woodland management techniques of controlled
burning and exotic plant removal.
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