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Grass Hosts of Cereal Aphids (Hemiptera: Aphididae)
Between Wheat-Cropping Cycles in South Dakota
Louis S. Hesler1 and Kurt J. Dagel1

Abstract
Several grasses may serve as alternative hosts for cereal aphids during
the interim between small-grain crops in South Dakota, but field studies to determine which grasses are important have not been undertaken. We sampled
annual and perennial grasses for cereal aphids in 18 counties in South Dakota
in the month of August over three years. Eighty-five of 240 site samples had
one or more species of cereal aphids, including 61 of 65 corn sites and 12 of
13 sorghum and sudangrass sites. Four species of cereal aphids were found
during the survey: corn leaf aphid, 74 times; bird cherry-oat aphid, 27 times;
greenbug, eight times; and English grain aphid, seven times. Abundance of
corn leaf aphid on host plants was rated high seven times, moderate 11 times,
and low 50 times, and presence only was noted at six other sites. Abundance of
bird cherry-oat aphid was rated high four times, moderate four times, and low
19 times. Abundance of English grain aphid and greenbug was always rated
low. All high ratings of corn leaf aphid and of bird cherry-oat aphid occurred on
field corn. Nine moderate ratings for corn leaf aphid and three for bird cherryoat aphid occurred on corn. Low frequencies of cereal aphids were found on
volunteer small-grains and among weedy grass species such as rough barnyard
grass, yellow foxtail, and green foxtail. Cereal aphids were not found on other
weedy grasses or on noncultivated grasses. The results suggest that corn and,
to less degree, sorghum served as predominant grass hosts of cereal aphids
during August in South Dakota. Recent trends of expanding corn acreage in
South Dakota may potentially lead to concomitant increases of cereal aphids
and intensify the risk of fall infestation of winter grains by cereal aphids.
____________________

Wheat (Triticum aestivum L.) is a major grain crop grown in South Dakota and other areas of the northern Great Plains. Although wheat is produced
throughout South Dakota, its production is concentrated in the middle of the
state. Both spring and winter varieties of wheat are widely grown in South
Dakota (USDA-NASS 2009). Spring wheat is typically established from late
March to mid-May in South Dakota, whereas winter wheat is generally established from late August through late October, undergoes winter dormancy,
and resumes growth in the spring. Despite large temporal differences in their
establishment, both spring and winter wheat typically mature from early July
to early August in South Dakota.
Wheat is subject to infestation by a complex of cereal aphids (Hemiptera:
Aphididae) that includes Rhopalosiphum maidis (Fitch) (corn leaf aphid), R.
padi (L.) (bird cherry-oat aphid), Schizaphis graminum (Rondani) (greenbug),
and Sitobion avenae (F.) (English grain aphid) (Kieckhefer and Gustin 1967,
Hesler et al. 2005). These cereal aphids cause yield loss in winter wheat (Pike

USDA, Agricultural Research Service, North Central Agricultural Research Laboratory,
2923 Medary Avenue, Brookings, SD 57006 (e-mail: louis.hesler@ars.usda.gov).
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and Schaffner 1985, Riedell et al. 1999, Kindler et al. 2002), and they are also
important vectors of barley yellow dwarf virus and cereal yellow dwarf virus
(Hewings and Eastman 1995), which cause disease and yield loss to winter wheat
in South Dakota (Fitzgerald and Stoner 1967, Riedell et al. 1999).
By early August in most years, wheat and other small-grain crops have
become largely senescent or have been harvested, and are therefore uninhabitable by cereal aphids (Kieckhefer 1984). Small-grain crops are not available
again to cereal aphids in South Dakota until emergence of seedling winter grains
commences in early September (Kieckhefer and Gustin 1967, Hesler et al. 2005).
Thus, a span of at least 3 weeks transpires between small-grain crop cycles in
which cereal aphids must find alternative hosts to persist in South Dakota.
Alternative graminaceous hosts of cereal aphids have not been identified
under field conditions in South Dakota. However, Kieckhefer (1984) predicted
that some grass species may play a relatively important role as alternative
hosts of cereal aphids in late summer based on laboratory tests. In other areas
of the Great Plains, noncultivated grassy hosts facilitate oversummering local
populations of cereal aphids, such as the greenbug (Michels Jr. 1986, Anstead
et al. 2003) and Russian wheat aphid (Diuraphis noxia Mordvilko) (Armstrong
et al. 1991, Brewer et al. 2000, Weiland et al. 2009), and other arthropod pests
of wheat, such as wheat curl mite (Brey et al. 1998). In Manitoba, cereal aphids
may reproduce on a wide array of grasses in the field, although the time of year
and growth stage of the grass hosts has not been specified (Robinson and Hsu
1963). Some cultivated grasses other than wheat, such as corn and sorghum,
also serve as hosts of cereal aphids (Robinson and Hsu 1963, Blackman and
Eastop 2000), and, if verdant, might also support cereal-aphid populations
in August in South Dakota. Non-harvested small-grain seeds that fall to the
ground may sprout as “volunteer” seedlings and also serve as hosts of cereal
aphids during August. Altogether, there are several varied sources of potential
grass hosts for cereal aphids. Thus, we hypothesized that noncultivated grasses,
cultivated grass crops, and volunteer seedling grains each serve as alternative
hosts of cereal aphids during the summer break between small-grain crops in
South Dakota. We tested this hypothesis by sampling potential grass hosts for
cereal aphids in South Dakota during August over three years, and report our
results in this paper.
Study Sites and Methods
Various annual and perennial grasses were sampled for cereal aphids in
18 counties in South Dakota 7 through 31 August 1998, 2 through 25 August
1999, and 28 July through 31 August 2000 (Fig. 1). The 18 counties were located
in eastern (97 site samples), central (105 site samples), and western regions (37
site samples) of the state, with the number of site samples per county indicated
on Figure 1. Multiple habitats were sampled, including crop fields (e.g., corn
and sorghum fields and weeds therein; fallow fields with volunteer small-grain
plants), relict prairies and natural areas, and roadside vegetation. Each grass
species sampled at a site was considered as a sample unit. In 1998, 32 sample
units were surveyed in eastern and central counties, and statewide surveys
were conducted in 1999 and 2000 among 127 and 81 grass-sample units, respectively. Several additional sites were visited but not formally sampled each
year, as grasses were senescent, and therefore unfavorable hosts for aphids. In
all, 240 grass-sample units comprising 55 kinds of host plants were surveyed
for cereal aphids, and consisted of 98 samples from crop fields and 142 samples
from other habitats. Corn (Zea mays L.) was by far the most common host-plant
sampled, constituting 65 samples, whereas other host plants each comprised
15 or fewer samples.
Because habitats varied in patch size and the size and architecture of
plants (e.g., small patches of prostrate grasses to large acreages of corn), we

Figure 1. Counties sampled for cereal aphids (gray with number of samples) in South Dakota during the months
of August 1998, August 1999, and late July through August 2000.
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settled on timed searches as a standard sampling method. In some large grassland tracts, several sets of 50 to 100 sweeps using a standard sweepnet were
conducted initially to pinpoint any grassy areas with aphids, but this method
did not prove useful. Sampling time varied among sites, but about 15 minutes
were usually spent per habitat. Large grassland tracts with multiple grass
species and small, isolated patches of grasses received considerably more or
less sampling time, respectively. Habitats were typically searched by walking
a zigzag pattern through narrow habitats or a horseshoe pattern through other
fields, with samplers stopping every few meters to search individual plants
within a cluster for aphids. The above-ground parts of individual plants were
sampled, with inflorescences, rolled leaves, and other aerial structures opened
to check for the presence of cereal aphids.
Grassy host plants and any aphids on them were recorded at each site
surveyed. Non-agricultural grasses and weeds were identified to species using standard guides (Pohl 1968, Barkley 1986, Johnson and Larson 1999), and
aphids were identified to species using various keys (Olsen et al. 1993, Blackman
and Eastop 2000, Stoetzel and Miller 2001). Aphid levels were categorized as
low (<25 aphids per plant, typically a few large nymphs and adults distributed
sparsely on a plant, or one or two viviparae with small nymphs), moderate (25
to 100 aphids per plant, usually a few small clusters on a leaf, flower head, or
seed head), or high (>100 aphids per plant, characterized by many clusters of
aphids widely distributed on one or more plant structures), except for six sampling units (five corn fields and green foxtail within a corn field) in which only
aphid presence was recorded.
Results
Eighty-five of the 240 site samples had one or more species of cereal
aphids, including 61 of 65 corn sites and 12 of 13 sorghum and sudangrass sites
(Table 1). Some fields with volunteer small-grains had cereal aphids, including
three of nine wheat sites, three of four oats sites, and one of three barley sites.
Among weedy grass species, cereal aphids were found at three of four sites with
rough barnyard grass, one of six sites with yellow foxtail, and one of two sites
with green foxtail. Cereal aphids were not found on other weedy grasses or on
noncultivated grasses.
Four species of cereal aphids were found during the survey: corn leaf aphid,
74 times; bird cherry-oat aphid, 27 times; greenbug, eight times; and English
grain aphid, seven times (Table 2). Abundance of corn leaf aphid on host plants
was rated high seven times, moderate 11 times, and low 50 times, and presence
only was noted at six other sites. Abundance of bird cherry-oat aphid was rated
high four times, moderate four times, and low 19 times. Abundance of English
grain aphid and greenbug was always rated low.
All high ratings of corn leaf aphid and of bird cherry-oat aphid occurred
on field corn. Nine of 11 moderate ratings for corn leaf aphid occurred on corn,
one on sorghum, and one on volunteer wheat. Three moderate ratings for bird
cherry-oat aphid were from field corn and one was from volunteer wheat.
All seven high ratings of corn leaf aphid occurred in eastern counties; intermediate ratings of corn leaf aphid occurred 5 times in eastern counties, four
times in central counties, and twice in western counties; low ratings occurred 27
times in eastern counties, 19 times in central counties, and four times in western counties. High and intermediate ratings of bird cherry-oat aphid occurred
at sites in eastern South Dakota. Five sites with low levels of bird cherry-oat
aphid occurred in central counties, and 22 were from eastern counties. Six of
the low ratings of English grain aphid were from eastern counties, and one from
a central county. In contrast, six of eight occurrences of greenbug were from
central counties and two from eastern counties.

2010

THE GREAT LAKES ENTOMOLOGIST

5

Table 1. Grasses surveyed and aphids found in South Dakota, August 1998, August 1999,
and late July through August 2000.
				 Sites
				 with
Common name
Scientific name
Sites
aphids
Cultivated grasses
Corn
Zea mays
65
Sorghum
Sorghum bicolor
11
Wheat
Triticum aestivum
9
Proso millet
Panicum miliaceum
5
Oats
Avena sativa
3
Barley
Hordeum vulgare
3
Sudangrass
Sorghum bicolor ssp. drummondii
2
Weedy grasses
Yellow foxtail
Setaria pumila ssp. pumila
6
Barnyard grass
Echinochloa muricata var. microstachya
4
Green foxtail
Setaria viridis
2
Other weedy species 1		
5
Noncultivated grasses
Smooth brome
Bromus inermis
15
Big bluestem
Andropogon gerardii
14
Switchgrass
Panicum virgatum
13
Prairie cordgrass
Spartina pectinata
11
Intermediate wheatgrass
Thinopyrum intermedium
8
Reed canary grass
Phalaris arundinaceaa
8
Crested wheatgrass
Agropyron cristatum
7
Indiangrass
Sorghastrum nutans
7
Sideoats grama
Bouteloua curtipendula
4
Other noncultivated spp. 2		
38
All grasses
240

61
10
3
1
2
1
2
1
3
1
0
0
0
0
0
0
0
0
0
0
0
85

Other weeds on which no aphids were found included the following species each at
three or fewer sites: sandbur (Cenchrus longispinus), three sites; cheatgrass (Bromus
tectorum), one site; rough barnyardgrass (Echinochloa muricata), one site.
2
Other noncultivated species on which no aphids were found included the following grasses each at three or fewer sites. Three sites: little bluestem (Schizachyrium
scoparium), prairie dropseed (Sporobolus heterolepis), river bulrush (Schoenoplectus
fluviatilis); two sites: common reed (Phragmites australis), bristly foxtail (Setaria
verticillata), foxtail barley (Hordeum jubatum), witchgrass (Panicum capillare); one
site: blue grama grass (Bouteloua gracilis), broad-leaved cattail (Typha latifolia),
buffalograss (Bouteloua dactyloides), Canada wildrye (Elymus canadensis), common
cattail (Sparganium eurycarpum), digitaria grass (Digitaria sp.), dryspike sedge (Carex
siccata), green needlegrass (Nassella viridula), muhly grass (Muhlenbergia sp.), panicum grass (Panicum sp.), sand dropseed (Sporobolus cryptandrus), sedge (Carex sp.),
sheep fescue (Festuca sp.), slender flatsedge (Cyperus bipartitus), softstemmed bulrush
(Schoenoplectus tabernaemontani), stinkgrass (Eragrostis cilianensis), ticklegrass
(Agrostis scabra), Torrey’s rush (Juncus torreyi), cattail (Typha sp.), western wheatgrass (Pascopyrum smithii), wheatgrass, undet. sp. (Elymus sp.)
1

High
Intermediate
Low
Present
Intermediate
Low
Intermediate
Low
Low
Low
Low
Low
Low
Present

4
3
16
0
0
0
1
2
0
1
0
0
0
0

Bird cherryoat aphid
7
11
33
5
1
8
1
0
1
1
3
1
1
1

Corn leaf
aphid
0
0
4
0
0
1
0
0
1
0
0
1
0
0

English
grain aphid
0
0
3
0
0
4
0
0
1
0
0
0
0
0

Greenbug

1

Aphid rating: high, >100 aphids per plant, characterized by many clusters of aphids widely distributed on one or more plant structures;
moderate, 25 to 100 aphids per plant, usually a few small clusters on a leaf, flower head, or seed head; low, <25 aphids per plant, typically
a few large nymphs and adults distributed sparsely on a plant, or one or two viviparae with small nymphs; present, one or more aphids per
plant but numbers not recorded. The lack of a particular rating for a grass host means that rating was not observed on that host.

Volunteer oats
Volunteer barley
Rough barnyardgrass
Proso millet
Yellow foxtail
Green foxtail

Volunteer wheat

Sorghum / sudangrass

Corn

		
Grass host
Aphid rating1

Table 2. Various grass hosts and population ratings of four cereal-aphid species on them in South Dakota during August 1998, August 1999,
and late July through August 2000.
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Discussion
The results of this study show that cultivated grasses, particularly corn
and to less extent sorghum, serve as principal alternative grass hosts of cereal
aphids between small-grain cropping cycles in South Dakota. Volunteer grain
and weeds played a relatively minor role in supporting cereal aphids, whereas
noncultivated grasses did not host cereal aphids.
The incidence of particular cultivated grasses as hosts for cereal aphids
during August in South Dakota may largely be a result of soil moisture and
grass phenology. Corn was a major host of cereal aphids in terms of sample sites
in our study, and it is also one of the four major crops grown in South Dakota,
particularly in the eastern half of the state (USDA-NASS 2009). Corn remains
verdant in August in South Dakota if it receives adequate soil moisture. The
lushness of corn, and therefore its suitability to cereal aphids, is favored by
the practice of irrigation in many fields, and by an increasing rainfall gradient
toward the east of the state.
Sorghum was the second most abundant host of cereal aphids. It is
considered a minor crop in South Dakota that is grown mainly in the middle
of the state, so its availability to cereal aphids is relatively limited. However,
sorghum is tolerant of low soil moisture and often remains verdant through
much of August in South Dakota.
Volunteer small grains are known hosts for cereal aphids, and management guidelines recommend controlling volunteer plants to limit aphids and
barley yellow dwarf disease (Cook and Veseth 1991, Morrill 1995). However,
we found few sites with volunteer grain, and a relatively low proportion of sites
was infested with cereal aphids. Non-gleaned seed that falls to the ground
requires adequate moisture to germinate, and unless rainfall occurs within a
narrow window after harvest, these seeds will not germinate in time for aphids
to colonize and develop populations that could potentially migrate to neighboring winter-grain fields. During our study (particularly 1999 and 2000), several
areas in South Dakota received below-average rainfall, and therefore many fields
were dry and not conducive to germination of volunteer grain.
Results from our study agree with the findings in some previous studies,
but contrast with that of other studies. For instance, corn is a major summer
source of corn leaf aphids and bird cherry-oat aphids that migrate to winter
wheat in Washington and Idaho (Brown et al. 1984, Blackman et al. 1990,
Blackmer and Bishop 1991), and likewise corn was the predominant host of
these aphids in our study.
In contrast, Kieckhefer (1984) predicted populations of cereal aphids to
persist on noncultivated grasses and weeds in South Dakota based on laboratory
tests. Specifically, S. avenae and S. graminum were expected on wheatgrasses
(Agropyron and Thinopyron spp.), R. maidis on warm season grasses (e.g., big
bluestem [Andropogon gerardii], switchgrass [Panicum virgatum]), and all cereal
aphids, especially R. padi, on various weedy grasses. However, these predictions
were not met in our study, and may reflect differences between laboratory and
field conditions, such as non-correspondence among aphid biotypes and plant
varieties tested, harsher abiotic (i.e., more arid) conditions in the wild, etc.
Other studies have shown that noncultivated grasses and volunteer grain
in western areas of the Great Plains can be important oversummering hosts of
the greenbug (Michels, Jr. 1986; Anstead et al. 2003) and the Russian wheat
aphid (Armstrong et al. 1991, Brewer et al. 2000, Weiland et al. 2009). However, Anstead et al. (2003) found more greenbugs on a wide range of hosts in
western Kansas, whereas they found greenbugs only on Johnsongrass (Sorghum
halepense) in August at two sites in central Oklahoma.
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The reasons may be manifold for the varying degrees among studies to
which noncultivated grasses served as oversummering hosts of cereal aphids.
Brewer et al. (2000) posited that Russian wheat aphid is likely to persist on
perennial noncultivated grasses through the summer if abiotic conditions,
principally moisture, favored persistent plant growth. Anstead et al. (2003)
suggested that greenbug may not colonize noncultivated grasses because of (1)
poor host quality, (2) lack of adaptation to particular grass species, or (3) greater
efficiency of natural enemies in some areas. Abiotic conditions made many
noncultivated grasses inhospitable for aphids during our study, and this seemed
to be the primary reason for their absence on these grass hosts. In addition to
the sites with noncultivated grasses that we sampled, there were many other
sites with senescent, brown noncultivated grasses that were obviously unsuitable for cereal aphids, which we did not sample. In some years, milder abiotic
conditions in South Dakota may increase volunteer grain plants and make some
noncultivated grasses favorable to cereal aphids in August, and we recommend
additional study to determine grass hosts of aphids in such years.
Potential implications of the high incidence of cereal aphids on cultivated
grasses need to be considered. Corn and sorghum account for nearly 5 million
acres of farmland in South Dakota (USDA-NASS 2009). Bird cherry-oat aphid,
corn leaf aphid, and greenbug are three of the major cereal aphids that colonize
winter wheat in South Dakota (Kieckhefer and Gustin 1967, Hesler et al. 2005).
These three aphid species are flight active in the summer and early fall in South
Dakota (Kieckhefer 1976), and thus corn and sorghum acreage represents a vast
source of aphids that could potentially migrate to winter wheat (Kieckhefer 1976,
Kieckhefer and Gellner 1988). Recent demand for biofuel production has led
to more corn acreage in South Dakota, whereas wheat acreage has decreased
(USDA-NASS 2009). This trend may be predicted to concentrate cereal aphids
in wheat-growing regions during August, and might have implications for their
management in early-planted winter wheat in South Dakota (Kieckhefer and
Gellner 1988). Furthermore, corn and sorghum are also reservoirs of luteoviruses that cause barley yellow dwarf disease (Brown et al. 1984, Irwin and
Thresh 1990, Hewings and Eastman 1995), and this increases the potential
consequences of concentrated aphid populations on cultivated grasses. We did
not assess the origin and fate of cereal aphids on grasses that we sampled in
August, but it may be important to track their movement in the landscape in
order to determine pest-management ramifications of cultivated grasses such as
corn and sorghum for cereal aphid-pest management and barley yellow dwarf
epidemiology (Kieckhefer 1976, Blackmer and Bishop 1991).
Acknowledgments
We thank Monty Cronin, Fauske Ranch, Tong Ranch, Dagel Farm, South
Dakota Agricultural Experiment Station, USDA Buffalo Gap National Grassland, and USDA Fort Pierre National Grassland for allowing us to sample on
their land. Pamela Bartlett assisted in data compilation. Michael Catangui,
John Burd, and Lauren Hesler graciously reviewed drafts of this paper. This
project was supported by funding through USDA-ARS CRIS Project No. 544721220-001-00D.
Literature Cited
Anstead, J. A., J. D. Burd, and K. A. Shufran. 2003. Over-summering and biotypic
diversity of Schizaphis graminum (Homoptera: Aphididae) populations on noncultivated grass hosts. Environ. Entomol. 32: 662–667.
Armstrong J. S., M. R. Porter, and F. B. Peairs. 1991. Alternate hosts of the Russian
wheat aphid (Homoptera: Aphididae) in northeastern Colorado. J. Econ. Entomol.
84: 1691-1694.

2010

THE GREAT LAKES ENTOMOLOGIST

9

Barkley, T. M., editor. 1986. Flora of the Great Plains. University Press of Kansas,
Lawrence, Kansas, vii + 1392 pp.
Blackman, R. L., and V. F. Eastop. 2000. Aphids on the world’s crops, 2nd ed. John
Wiley and Sons, Chichester, England, 250 pp.
Blackman, R. L., S. E. Halbert, and T. W. Carroll. 1990. Association between
karyotype and host plant in corn leaf aphid in the northwestern USA. Environ.
Entomol. 19: 609-611.
Blackmer, J. L., and G. W. Bishop. 1991. Populations dynamics of Rhopalosiphum
padi (Homoptera: Aphididae) in corn in relation to barley yellow dwarf epidemiology
in southwestern Idaho. Environ. Entomol. 20: 166-173.
Brewer, M. J., J. D. Donahue, and J. D. Burd. 2000. Seasonal abundance of Russian
wheat aphid (Homoptera: Aphididae) on noncultivated grasses. J. Kansas Entomol.
Soc. 73: 84-94.
Brey, C. W., G. D. Johnson, and S. L. Blodgett. 1998. Survey of Montana grasses
for wheat curl mite (Acari: Eriophyidae), the vector of wheat streak mosaic virus. J.
Agr. Urban Entomol. 15: 173-181.
Brown, J. K., S. D. Wyatt, and D. Hazlewood. 1984. Irrigated corn as a source of barley
yellow dwarf virus and vector in eastern Washington. Phytopathology 74: 46-49.
Cook, R. J., and R. J. Veseth. 1991. Wheat health management. APS Press, St. Paul,
MN, 152 pp.
Fitzgerald, P. J., and W. N. Stoner. 1967. Barley yellow dwarf studies in wheat
(Triticum aestivum L.). I. Yield and quality of hard red winter wheat infected with
barley yellow dwarf virus. Crop Sci. 7: 337-341.
Hesler, L. S., W. E. Riedell, M. A. C. Langham, and S. L. Osborne. 2005. Insect
infestations, incidence of viral plant diseases, and yield of winter wheat in relation
to planting date in the northern Great Plains. J. Econ. Entomol. 98: 2020-2027.
Hewings, A. D., and C. E. Eastman. 1995. Epidemiology of barley yellow dwarf in
North America. In C. J. D’Arcy and P. A. Burnett (eds.), Barley yellow dwarf: 40
years of progress. APS, St. Paul, MN, 374 pp.
Irwin, M. E., and J. M. Thresh. 1990. Epidemiology of barley yellow dwarf: a study
in ecological complexity. Annu. Rev. Phytopathol. 28: 393-424.
Johnson, J. R., and G. E. Larson. 1999. Grassland plants of South Dakota and the
northern Great Plains. S.D. Agric. Exp. Stn., B566 (rev.).
Kieckhefer, R. W. 1976. Summer and autumn flight of cereal aphids in South Dakota.
J. Econ. Entomol. 69: 421-422.
Kieckhefer, R. W. 1984. Cereal aphid (Homoptera: Aphididae) preferences for and
reproduction on some warm-season grasses. Environ. Entomol. 13: 888-891.
Kieckhefer, R. W., and J. L. Gellner. 1988. Influence of plant growth stage on cereal
aphid reproduction. Crop Sci. 28: 688-690.
Kieckhefer, R. W., and R. D. Gustin. 1967. Cereal aphids in South Dakota. I. Observations of autumnal bionomics. Ann. Entomol. Soc. Amer. 60: 514-516.
Kindler, S. D., N. C. Elliott, T. A. Royer, K. L. Giles, F. Tao, and R. Fuentes. 2002.
Effect of greenbugs on winter wheat yield. J. Econ. Entomol. 95: 89–95.
Michels Jr., G. J. 1986. Graminaceous North American host plants of the greenbug
with notes on biotypes. Southwest. Entomol. 11: 55–66.
Morrill, W. L. 1995. Insect pests of small grains. APS Press, St. Paul, Minnesota,
140 pp.
Olsen, C. E., K. S. Pike, L. Boydston, and D. Allison. 1993. Keys for identification of
apterous viviparae and immatures of six small grain aphids (Homoptera: Aphididae).
J. Econ. Entomol. 86: 137-148.

10

THE GREAT LAKES ENTOMOLOGIST

Vol. 43, Nos. 1 - 4

Pike, K. S., and R. L. Schaffner. 1985. Development of autumn populations of cereal
aphids, Rhopalosiphum padi (L.) and Schizaphis graminum (Rondani) (Homoptera:
Aphididae) and their effects on winter wheat in Washington state. J. Econ. Entomol.
78: 676-680.
Pohl, R. W. 1968. How to know the grasses. Wm. C. Brown, Dubuque, Iowa, 200 pp.
Riedell, W. E., R. W. Kieckhefer, S. D. Haley, M.A.C. Langham, and P. D. Evenson.
1999. Winter wheat responses to bird cherry-oat aphids and barley yellow dwarf
infection. Crop Sci. 39: 158-163.
Robinson, A. G., and S.-J. Hsu. 1963. Host plant records and biology of aphids on
cereal grains and grasses in Manitoba (Homoptera: Aphididae). Can. Entomol. 95:
134-137.
Stoetzel, M. B., and G. L. Miller. 2001. Aerial feeding aphids of corn in the United
States with reference to the root-feeding Aphis maidiradicis (Homoptera: Aphididae).
Fla. Entomol. 84: 83–98.
USDA-NASS (US Department of Agriculture, National Agricultural Statistics
Service). 2009. South Dakota agricultural statistics bulletin. http://www.nass.
usda.gov/Statistics_by_State/South_Dakota/Publications/Annual_Statistical_Bulletin/2009/toc09.asp. Accessed 1 Mar 2010.
Weiland, A. A., F. B. Peairs, T. L. Randolph, and L. M. Kerzicnik. 2009. Seasonal
presence of the Russian wheat aphid (Hemiptera: Aphididae) on alternate hosts in
Colorado. Southwest. Entomol. 34: 121-129.

2010

THE GREAT LAKES ENTOMOLOGIST

11

Habitat Associations of Macro-Staphylinids (Coleoptera:
Staphylinidae) at Alice L. Kibbe Life Science Station, Hancock
County, Illinois
Kenneth W. McCravy1 and Jason E. Willand2

Abstract
Habitat associations of size-selected (≥ 5 mm length) rove beetles (Coleoptera: Staphylinidae), hereafter referred to as “macro-staphylinids,” were
studied in west-central Illinois forest and prairie habitats in 2005 using pitfall
traps. Habitats sampled included oak-hickory forest last burned in spring 2004,
oak-hickory forest burned in spring 2005, oak-hickory forest unburned for 5+
years, unburned early successional forest, reconstructed prairie last burned in
spring 2004, and reconstructed prairie burned in spring 2005. A total of 361
macro-staphylinids, representing 12 species, were collected, with Philonthus
caerulipennis (Mannerheim), Platydracus maculosus (Gravenhorst), Platydracus fossator Gravenhorst, Platydracus zonatus (Gravenhorst), and Tachinus
fimbriatus Gravenhorst comprising 94% of all macro-staphylinids collected.
Fewest numbers of macro-staphylinids were collected in prairie habitats,
particularly the prairie burned in spring 2005. A multi-response permutation
procedure revealed significant variation in species composition among habitats,
with relatively large differences between burned and unburned forest habitats
and between forest and prairie habitats. Within-habitat variation in species
composition was relatively high in the prairie and recently burned forest habitats. Indicator species analysis revealed a significant association of Philonthus
asper Horn with the early successional forest, and four species had relatively
high indicator values for multiple forest habitats, with fire playing a potentially
important role in some cases. More intensive sampling and larger sample sizes
are needed to clarify these potential habitat associations.
____________________

The rove beetles (Coleoptera: Staphylinidae) are one of the most diverse
metazoan families, with over 46,200 known species worldwide and over 4,100
known species in North America north of Mexico (Newton et al. 2001). Most
rove beetles are generalist predators, but other feeding types, such as fungivory
(Thayer 1987), parasitoidism (Walsh and Posse 2003) and saprophagy (Newton
et al. 2001) are also present in the family. In North America, rove beetles occur
and are often very abundant in virtually every habitat type except for the driest
regions (Newton et al. 2001). Larval rove beetles are poorly studied, but are
generally found in similar habitats as the adults and appear to have similar
feeding habits (Newton et al. 2001).
Despite their great diversity, rove beetles have received relatively little
attention as potential ecological indicators compared with other species-rich coleopteran families, such as the ground beetles (Carabidae) (Bohac 1999, Martins
da Silva et al. 2009). In the Midwestern United States a large proportion of
the original forest and prairie has been eliminated or fragmented by cultivation
Department of Biological Sciences, Western Illinois University, 1 University Circle,
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and other disturbances (Parker 1989, Corbett and Anderson 2006). Rove beetle
communities are potentially useful indicators of anthropogenic environmental
influences. In our study, pitfall traps were used to investigate habitat associations of epigeic rove beetles ≥ 5 mm in length (hereafter referred to as “macrostaphylinids”) in a Midwestern forest/prairie habitat mosaic.
Materials and Methods
Macro-staphylinids were collected from June to October 2005 at Western
Illinois University’s Alice L. Kibbe Life Science Station (40.365° N, 91.406°
W) and adjacent Illinois Department of Natural Resources land in Hancock
County, Illinois. Six habitats were sampled: three oak-hickory forest stands,
early successional forest, and two reconstructed prairies. One oak-hickory forest stand was last treated with prescribed fire in spring 2004, one was treated
with prescribed fire in spring 2005, and one had not been burned for 5+ years
(hereafter referred to as burned forest-2004, burned forest-2005 and unburned
forest, respectively). Total contiguous area of the oak-hickory forests was at
least 200 ha, and burn units were ca. 3.0 ha each. The burned forest-2004 and
the unburned forest had an easterly aspect and the burned forest-2005 had
a southerly aspect. Slope ranged from 7-9° for these forests plots. The early
successional forest consisted of two fragments, and had not been burned. One
fragment was ca. 0.3 ha with a length of ca. 75 m and width of ca. 40 m, and
the other was ca. 0.1 ha with a length of ca. 40 m and width of ca. 25 m. One
prairie had last been treated with prescribed fire in spring 2004, and the other
in spring 2005 (hereafter referred to as burned prairie-2004 and burned prairie-2005, respectively). The burned prairie-2004 was irregular in shape and
ca. 2.5 ha. The burned prairie-2005 was ca. 3.0 ha and linear, with a length of
ca. 500 m and width of ca. 60 m.
The dominant vegetation of the oak-hickory forests included white oak
(Quercus alba L.), northern red oak (Quercus rubra L.), shagbark hickory [Carya
ovata (P. Mill) K. Koch], black cherry (Prunus serotina Ehrh.), bramble (Rubus
spp. L.), prickly ash (Zanthoxylum americanum P. Mill.), fragrant sumac (Rhus
aromatica Ait.), pointedleaf ticktrefoil [Desmodium glutinosum (Muhl. ex Willd.)
Wood], Virginia creeper [Parthenocissus quinquefolia (L.) Planch.] and sedges
(Carex spp. L.). The early successional forest contained primarily black locust
(Robinia pseudoacacia L.), Canada goldenrod (Solidago canadensis L.), garlic
mustard [Alliaria petiolata (M. Bieb.) Cavara and Grande], white avens (Geum
canadense Jacq.) and white snakeroot [Ageratina altissima (L.) King & H.E.
Robins.]. Dominant vegetation in the prairies included Indian grass [Sorghastrum nutans (L.) Nash], big bluestem (Andropogon gerardii Vitman), goldenrod
(Solidago spp. L.), partridge pea [Chamaecrista fasciculata (Michx.) Greene],
roundhead lespedeza (Lespedeza capitata Michx.), ticktrefoil (Desmodium spp.
Desv.) and woody vegetation such as roughleaf dogwood (Cornus drummondii
C. A. Mey.) and smooth sumac (Rhus glabra L.). Plant nomenclature follows
that of Gleason and Cronquist (1991), with verification of recent nomenclature
using http://www.wildflower.org/plants/ and http://plants.usda.gov/ (both accessed 25 May 2010).
A total of 162 pitfall traps were used to collect rove beetles. Three plots
were placed in each habitat, with each plot consisting of nine traps, arranged
in a 3 x 3 grid, with 5 m between traps. The study plots were arranged in
transects 75 m apart in the oak-hickory forests and burned prairie-2005. Due
to fragmentation and size irregularity, the burned prairie-2004 and early successional forest plots were each separated into two different areas. Within each
of the larger patches of habitat two plots were established ~ 40 m apart; in the
smaller patch a third plot was established. Plots in the prairie habitats were
located 30 to 40 m from the nearest prairie/forest interface, and plots in the
early successional forest were located 15 to 20 m from the nearest forest/prairie
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interface. Plots in the oak-hickory forests were located 50 to 100 m from the
nearest forest/prairie interface, and at least 30 m inside the prescribed burn
boundary. Each pitfall trap consisted of two 473 ml plastic cups (Solo®, Urbana,
IL) one nested inside the other, and buried in the ground to the top rim. Traps
were filled with approximately 150 ml of a 50/50 mixture of propylene glycol
antifreeze and water, which acted as a killing agent and preservative. Rove
beetles were trapped for seven consecutive days each month (4-11 June, 9-16
July, 6-13 August, 10-17 September and 8-15 October). Because of some loss of
very small specimens which could negatively affect data analysis, only macrostaphylinids (≥ 5 mm in length) were collected from the traps and included
in the analyses. All collected macro-staphylinids were identified by Richard
Hoebeke, Senior Extension Associate and Assistant Curator, Department of
Entomology, Cornell University.
Differences in macro-staphylinid abundance among habitats were compared using the chi-square test for goodness of fit. Macro-staphylinid species
composition was compared among habitats using a multi-response permutation
procedure (MRPP), a nonparametric statistical technique for testing the hypothesis of no difference in species composition/relative abundance between two or
more habitats. MRPP provides a measure of within-habitat homogeneity (A),
which increases as the communities in different habitats deviate, to a maximum
of 1. In community ecology analyses, values of A are generally below 0.1, and an
A value greater than 0.3 is considered to be relatively high (McCune and Grace
2002). The Sørensen (Bray & Curtis) distance measure was used to calculate
the A values because it is less likely to exaggerate the effects of outliers (McCune
and Grace 2002). Distance measures range from 0 to 1, increasing with greater
heterogeneity of species composition among plots within a habitat.
Indicator species analysis (ISA) was used to examine the extent to which
individual macro-staphylinid species were exclusive (never occurring elsewhere)
and faithful (always present) to particular habitats (Dufrêne and Legendre 1997,
McCune and Grace 2002). Indicator values for a particular habitat can range
from 0 to 100, with higher values indicating stronger associations with a given
habitat. The maximum indicator value for each species was tested for statistical significance using a Monte Carlo technique based on 1000 randomizations.
Both MRPP and ISA were performed using PC-Ord Version 4.25 software.
Results and Discussion
A total of 361 macro-staphylinids, representing 12 species, were collected
(Table 1). The five most common species, Philonthus caerulipennis (Mannerheim), Platydracus maculosus (Gravenhorst), Platydracus fossator Gravenhorst,
Platydracus zonatus (Gravenhorst), and Tachinus fimbriatus Gravenhorst,
comprised 94% of all captures. Numbers of macro-staphylinids collected varied
significantly among habitats (χ2 = 86.08, df = 5, P < 0.001) compared to the null
prediction of equal distribution of macro-staphylinids over all habitats. We
collected the fewest numbers of macro-staphylinids in the burned prairie-2005
(Table 1). This habitat contributed over half (45.23) of the above chi-square
value. The lower numbers of macro-staphylinids collected in the burned prairie-2005 vs. the burned prairie-2004 were primarily due to the relatively low
numbers of P. fossator in the burned prairie-2005 (Table 1). This species is often
associated with carrion (Byrd and Castner 2001), probably as a predator of other
carrion-feeding insects. Changes in vegetation structure caused by recent fire
may affect this species by altering microclimatic conditions or availability of
carrion and associated insect prey.
Rove beetles have received little attention as potential bioindicators,
probably because of taxonomic constraints and lack of ecological information
(Bohac 1999, Martins da Silva et al. 2009). Buse (1988) has also suggested that
rove beetles are habitat generalists relative to other beetle groups. However,

BF-04
1
0
0
1
61
0
2
22
5
1
0
9
102

Species

Hesperus baltimorensis (Gravenhorst)
Homaeotarsus sp.
Ontholestes cingulatus Gravenhorst
Philonthus asper Horn
Philonthus caerulipennis (Mannerheim)
Platydracus cupripennis (Melsheimer)
Platydracus fossator Gravenhorst
Platydracus maculosus (Gravenhorst)
Platydracus zonatus (Gravenhorst)
Quedius neomolochinus Korge
Quedius peregrinus (Gravenhorst)
Tachinus fimbriatus Gravenhorst
Total

0
1
0
0
60
0
2
10
1
0
0
1
75

BF-05
0
0
0
0
19
1
7
16
11
1
1
9
65

UF
0
0
5
7
14
0
4
31
9
0
0
0
70

ESF
0
0
1
0
1
0
30
6
1
1
0
1
41

BP-04
0
0
0
0
0
0
5
2
0
0
0
1
8

BP-05
1
1
6
8
155
1
50
87
27
3
1
21
361

Total

0.3
0.3
1.7
2.2
42.9
0.3
13.9
24.1
7.5
0.8
0.3
5.8
100.1

% of Total

Table 1. Numbers of macro-staphylinids (rove beetles ≥ 5 mm in length) collected in pitfall traps in six habitats (BF-04 = oak-hickory forest
burned in spring 2004, BF-05 = oak-hickory forest burned in spring 2005, UF = oak-hickory forest unburned for 5+ years, ESF = unburned
early successional forest, BP-04 = prairie burned in spring 2004, and BP-05 = prairie burned in spring 2005). Trapping was done for five
7-day trapping periods from 4 June to 15 October 2005 in Hancock County, Illinois USA.
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Bohac (1999) and Markgraf and Basedow (2002) found that rove beetles can
be heavily influenced by landscape structure and land management practices.
Buse and Good (1993) found substantial habitat specificity among rove beetles
inhabiting plantation forests and associated habitats in northeast England,
and Caballero et al. (2009) found that habitat changes probably altered rove
beetle diversity and species composition in southern Mexico. In our study, the
overall MRPP analysis indicated significant differences in macro-staphylinid
species composition among habitats (A = 0.215, P = 0.0004). Pairwise MRPP
comparisons (Table 2) between the two burned forest habitats, between the
unburned forest and early successional forest (the two unburned forest habitats), and between the two prairie habitats, produced relatively small A-values.
Pairwise comparisons between burned and unburned forest habitats produced
larger A-values, suggesting greater divergence in species composition. These
results suggest that recent burning can affect species composition of forest
macro-staphylinid assemblages, perhaps through changes in microclimate and
leaf litter structure. Variation in litter layer and in soil moisture has been
found to be associated with variation in rove beetle species composition (Bohac
1999). Prairie macro-staphylinid species composition was substantially different
from that of the forest habitats in our study, but showed the least divergence
from the burned forest-2005 (Table 2). Removal of large amounts of litter and
understory vegetation by recent fire in this forest habitat may have resulted
in microclimatic conditions more similar to those of the prairies. We limited
our trapping to one week per month due to concerns about potential effects of
removal on rove beetle populations, but this resulted in restricted sample sizes
and species richness. Future studies employing more intensive trapping, as
well as other collection techniques, are needed to further clarify the effects of
fire on rove beetle abundance and diversity.
MRPP distance measures for the six habitats were: 0.351 for the burned
forest-2004, 0.603 for the burned forest-2005, 0.307 for the unburned forest,
0.367 for the early successional forest, 0.784 for the burned prairie-2004, and
0.833 for the burned prairie-2005. The relatively high distance measures in
the burned forest-2005 and the prairies reflect greater variation in species
composition among plots within those habitats. This could reflect more patchy
and variable ground level microclimatic conditions related to recent fire in this
forest habitat and to lack of a canopy and periodic complete removal of vegetation by fire in the prairies.
Philonthus asper Horn was the only species that produced a significant
indicator value for a particular habitat, the early successional forest (Table 3).
This habitat also produced the largest number of indicator species in a study
of ground beetle diversity and habitat associations (Willand 2006). Early successional habitats have diverse structure and composition of plant and animal
species, but are declining in the eastern United States (Askins 2001, Gobster
2001, DeGraaf and Yamasaki 2003). Our results suggest that these habitats
can be important for certain macro-staphylinid species as well. Several other
species had relatively high indicator values for multiple forest habitats, including
P. maculosus (all four forest habitats), P. caerulipennis (the two burned forest
habitats), P. zonatus (forest habitats not burned the preceding spring), and T.
fimbriatus (oak-hickory forest habitats not burned the preceding spring) (Table
3). Hunter et al. (1991) also found P. maculosus to be strongly associated with
wooded habitats, collecting all 19 specimens in wooded vs. open pasture. In a
comparison of epigeic beetles inhabiting fragmented and relatively undisturbed
continuous hardwood forests, Jennings and Tallamy (2006) found P. maculosus
and P. caerulipennis to be most abundant in continuous forest. The relatively
large continuous forests of Kibbe Field Station and adjacent public lands appear to provide suitable habitat for these species, and forest management using prescribed fire may affect certain macro-staphylinid species as well. Many
species of Philonthus, Platydracus and Tachinus are associated with carrion
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Table 2. Multi-response permutation procedure A-values (with associated P-values in
parentheses) for macro-staphylinids (rove beetles ≥ 5 mm in length) collected in pitfall
traps in six habitats (BF-04 = oak-hickory forest burned in spring 2004, BF-05 = oakhickory forest burned in spring 2005, UF = oak-hickory forest unburned for 5+ years,
ESF = unburned early successional forest, BP-04 = prairie burned in spring 2004, and
BP-05 = prairie burned in spring 2005). Trapping was done for five 7-day trapping
periods from 4 June to 15 October 2005 in Hancock County, Illinois USA.
BF-04

BF-05

UF

ESF

BP-04

BP-05

-0.072
(0.802)

0.181
(0.050)

0.229
(0.036)

0.231
(0.024)

0.250
(0.025)

BF-05

-0.072
--(0.802)		

0.158
(0.075)

0.162
(0.090)

0.126
(0.077)

0.139
(0.055)

UF

0.181
(0.050)

0.158
--(0.075)		

0.085
(0.054)

0.184
(0.025)

0.207
(0.023)

ESF

0.229
(0.036)

0.162
(0.090)

0.085
--(0.054)		

0.186
(0.025)

0.217
(0.026)

BP-04

0.231
(0.024)

0.126
(0.077)

0.184
(0.025)

0.186
--(0.025)		

-0.005
(0.516)

BP-05

0.250
(0.025)

0.139
(0.055)

0.207
(0.023)

0.217
(0.026)

---

BF-04
--		

-0.005
(0.516)

and other decaying organic matter, or potential prey associated with these
food sources (Newton et al. 2001). Interactions among habitat conditions and
availability of or access to these food sources may be important factors in rove
beetle abundance and diversity.
In summary, with the exception of P. fossator, macro-staphylinid species
collected in this study were most abundant and most strongly associated with
forest habitats. Within-habitat variation in species composition was relatively
high in the prairie and recently burned forest habitats. Species composition
varied among habitats, with fire potentially playing a role in affecting species/
habitat associations, at least in the short term. More large-scale studies with
larger sample sizes are needed to further clarify these patterns.
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Hesperus baltimorensis
Homaeotarsus sp.
Ontholestes cingulatus
Philonthus asper
Philonthus caerulipennis
Platydracus cupripennis
Platydracus fossator
Platydracus maculosus
Platydracus zonatus
Quedius neomolochinus
Quedius peregrinus
Tachinus fimbriatus

Species

33.3
33.3
55.6
87.5
39.4
33.3
60.0
35.6
40.7
11.1
33.3
42.9

Indicator Value
1.000
1.000
0.108
0.012
0.216
1.000
0.071
0.201
0.069
1.000
1.000
0.168

P-value
33
0
0
4
39
0
3
25
19
11
0
43

BF-04
0
33
0
0
39
0
3
11
1
0
0
2

BF-05
0
0
0
0
12
33
14
18
41
11
33
29

UF
0
0
56
88
9
0
5
36
33
0
0
0

ESF
0
0
6
0
0
0
60
2
1
11
0
2

BP-04

0
0
0
0
0
0
7
1
0
0
0
2

BP-05

Table 3. Indicator values, P-values, and habitat affinities for macro-staphylinids (rove beetles ≥ 5 mm in length) collected in pitfall traps in
six habitats (BF-04 = oak-hickory forest burned in spring 2004, BF-05 = oak-hickory forest burned in spring 2005, UF = oak-hickory forest
unburned for 5+ years, ESF = unburned early successional forest, BP-04 = prairie burned in spring 2004, and BP-05 = prairie burned in
spring 2005). Trapping was done for five 7-day trapping periods from 4 June to 15 October 2005 in Hancock County, Illinois USA.
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Nutritional and Defensive Chemistry of Three North American
Ash Species: Possible Roles in Host Performance and
Preference by Emerald Ash Borer Adults
Yigen Chen1 and Therese M. Poland2

Abstract
Black ash (Fraxinus nigra), green ash (F. pennsylvanica), and white ash
(F. americana) are the three most abundant ash species in the northeastern
USA. We compared emerald ash borer (EAB), Agrilus planipennis Fairmaire
(Coleoptera: Buprestidae), adult performance and preference among seedlings
of the three ash species, and then related performance and preference to foliage nutritional quality and defensive compounds. Longevity of EAB adults
reared on green and white ash was found to be greater than on black ash.
EAB adult females also seemed to show feeding preference among the three
species of ash trees because the total foliage area consumption was greater on
green ash and white ash compared to black ash in dual-choice tests; however,
the total mass of foliage consumed did not differ. The foliage of all ash species
was high in nitrogen and in most macro- and micro-nutrients studied. The
patterns of EAB performance and preference did not correspond to any of the
individual chemical compounds tested (nitrogen, proteins, most macro- and
micro-nutrients, or putative defensive compounds of ash seedlings). Nevertheless, greater longevity of EAB adults on green and white ash compared to
black ash was probably related to unbalanced nutrients (total nitrogen/total
non-structural carbohydrate ratio) of black ash. Putative defensive compounds
(i.e., phenolics and protease inhibitors) did not contribute to EAB longevity
in this study, probably because (1) EAB adults were able to excrete most of
these compounds and (2) their effects were alleviated by high nitrogen levels.
More research is needed to elucidate the interactions of nitrogen and carbohydrate levels, and the interactions of nutrient balance and defensive plant
allelochemicals on EAB performance and preference.
____________________

The exotic emerald ash borer (EAB), Agrilus planipennis Fairmaire (Coleoptera: Buprestidae), has killed tens of millions of ash trees (Fraxinus spp.) in the
Great Lakes Region of North America since its discovery near Detroit Michigan,
USA and Windsor Ontario, Canada in 2002 (Haack et al. 2002, Poland and McCullough 2006). All major eastern North American ash species are susceptible
to emerald ash borer, including green (F. pennsylvanica Marshall), white (F.
americana L.), black (F. nigra Marshall), and blue ash (F. quadrangulata Michaux) (Cappaert et al. 2005, Poland and McCullough 2006). An Asian ash species,
Manchurian ash (F. mandshurica Ruprecht), was found to be more resistant than
several cultivars of white and green ash (Rebek et al. 2008). Surprisingly, a hybrid
cultivar of North American black ash × Manchurian ash was highly susceptible to
EAB indicating that this cultivar was more similar to its North American parent
in susceptibility to EAB. Efforts have been directed to elucidate mechanisms of
resistance by Asian ash species to EAB, aiming to develop resistant ash varieties
or hybrids (Eyles et al. 2007, Koch et al. 2008, Chen and Poland 2009a, b).
Department of Entomology, Michigan State University, East Lansing, MI 48824, USA.
USDA Forest Service, NRS, 1407 S. Harrison Rd., Rm. 220, East Lansing, MI 48823.
(e-mail: tpoland@fs.fed.us).
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Roles of nutritional quality and plant secondary compounds in plant resistance to insect herbivores have widely been implied or documented (Panzuto
et al. 2001, Despland and Noseworthy 2006, Chen et al. 2008). Inter-specific
differences among Manchurian ash, green ash, and white ash may contribute
to Manchurian ash’s relatively higher resistance to EAB infestation (Rebek
et al. 2008) because some phenolic compounds (i.e., hydroxycoumarins, calceloariosides A and B) were only found in Manchurian ash phloem (Eyles et al.
2007). Green ash nutrients, defensive compounds, or their combination were
suggested to be responsible for EAB adults’ preference for mature leaves over
young leaves (Chen and Poland 2009b). EAB adults were also found to prefer
green ash foliage from seedlings that were grown in the sun or were stressed
(girdled on the stem) to foliage from seedlings that were grown in the shade
or were previously un-girdled, respectively (Chen and Poland 2009b). Levels
of total non-structural carbohydrate (TNC) were found to be greater in foliage
from seedlings grown in the sun or that were girdled, compared to seedlings
grown in shade or ungirdled.
Black, green, and white ash trees are the three most abundant ash species
in the northeastern USA (USGS 2009). Regarding EAB infestation (or female
oviposition preference), Anulewicz et al. (2007) found that EAB preferred green
over white ash, with blue ash being least preferred. However, Smith et al.
(2006) found that green and white ash trees were killed with equal frequency
in southeast Michigan forests, and black ash experienced the highest mortality during initial stages of invasion. In a comparison of feeding preference of
EAB adults on leaves from six ash species in the laboratory conducted in metal
screen cages, black ash, green ash, and white ash were preferred over Manchurian ash, blue ash, and European ash (F. excelsior L.), while no preference was
detected among black ash, green ash, and white ash (Pureswaran and Poland
2009). In this study we compared the longevity of EAB adults reared on green,
white or black ash and EAB feeding preference among these ash species. We
then compared nutritional quality and defensive compounds among these ash
species to investigate the underlying mechanisms for observed differences in
longevity and feeding preference.
Methods and Materials
Ash seedlings and insects. Green ash, white ash, and black ash
seedlings (2-yr-old and ca. 30-50cm tall) were purchased from Lawyer Nursery
Inc. (West Plains, MT, USA) in February, 2009, and stored in a dark room
at 4°C until potting. Seedlings were potted with TPOT2 tree pots (Width:
15cm; Height: 41cm; Volume: 6.23 L; Stuewe & Sons, Inc., Corvallis, OR, USA)
using Fafard #52 soil (BFG Supply Co., Burton, OH, USA) as the planting
medium. They were grown during April-May, 2009 (ca. 14L:10D, 25 ± 2°C)
in a greenhouse located at the Tree Research Center at Michigan State University, East Lansing, MI, USA. Seedlings were fertilized once every 3-4 days
with approximately 2 L of nutrient solution containing 200 ppm nitrogen, 60
ppm phosphorus, 150 ppm potassium, 80 ppm calcium, 40 ppm magnesium,
60 ppm sulfur, 0.15 ppm copper, 4 ppm iron, 0.8 ppm manganese, and 0.32
ppm zinc.
Ash trees naturally infested with EAB were felled at the end of 2008 and
early 2009 in Ingham County, MI, cut into 90-cm long logs, and held in cold
storage at 4°C. As beetles were required for experiments, logs were removed
from cold storage to allow beetles to emerge in rearing tubes at 25°C. They
were separated by sex and kept in 295 ml plastic beverage containers with an
evergreen ash, F. uhdei (Wenzig) Linglesh, leaf in a vial of water for feeding.
Containers with beetles were kept in growth chambers at 25°C with a photoperiod of 14L:10D, and > 70% relative humidity with fresh food that was replaced
twice a week, until they were used in experiments.
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EAB adult longevity in response to three ash species. In order
to evaluate effects of three ash species on adult EAB longevity, three newly
emerged EAB adults were placed in a sealed 295-ml plastic drinking cup where
they were fed with excised leaves from either black, green, or white ash. A 5
× 7 cm area on the side of the cup was cut away and sealed with 1 × 1 mesh
for ventilation. The experiment was a 3 (ash species) × 2 (EAB sex) factorial
design. Three EAB adults of the same sex were placed in each cup. The petioles of excised compound leaves were placed into 20-ml glass vials filled with
water before being placed into cups. Leaves were replaced with fresh leaves of
the same ash species every 2-3 days. The leaves of different ash species were
mature (approximately 2-3 weeks after full expansion) and matched for age
and size at the time of foliage change to minimize foliage age effects on EAB
longevity (Chen and Poland 2009b). Survival of EAB was monitored daily until
all EAB were dead. Each treatment combination was replicated 5 times (cups).
Cups were kept in chambers set at 25 ± 2°C and 70% relative humidity with a
photoperiod of 14L:10D.
EAB adult feeding preference in response to three ash species.
Dual-choice tests were conducted to determine EAB feeding preferences for
different ash species. Tests were conducted in 17 × 6 × 12 cm (L × W × H)
plastic cages (Pioneer Plastics, Inc., Dixon, KY, USA). Small holes (diam. =
0.2 cm) were punched in the cage lids for air circulation. The stems of excised
leaves of the paired treatments (as described below) were inserted into 15 ml
glass bottles filled with water and placed at opposite sides of the cage. Position
of the treatments was randomly assigned. Five 3- to 4-d-old satiated virgin
females were then released into the center of the cage and allowed to feed for
48 h. Three dual-choice preference experiments were conducted: (1) Black ash
vs. White ash; (2) Black ash vs. Green ash; and (3) Green ash vs. White ash.
As in the previous experiment, the leaves used in each assay were mature and
matched for age and size. Foliage area consumed was quantified with a digital
camera and a digital imaging software – Image Processing and Analysis in
Java (ImageJ, version 1.34s, available in public domain http://rsbweb.nih.gov/
ij/) by subtracting foliage area at the end of the experiment from initial foliage
area. Fresh mass of foliage consumed during the experiment was calculated
from separate linear equations between foliage area and foliage mass for each
ash species. The specific leaf weight (SLW), which is an index of foliage density,
was expressed as total fresh mass divided by total foliage area, g/cm2). Each
preference experiment was repeated 8 times in chambers set at 25 ± 1 °C and
a photoperiod of 14L:10D.
Foliar macro- and micro-nutrients of three ash species. To investigate nutritional composition of black, green, and white ash foliage, macro- and
micro-nutrients of the three ash species were determined. Because EAB adults
prefer to feed on mature leaves, fully matured foliage was collected for assay
approximately 5 wk after seedling potting. Freshly excised compound leaves
were immediately dipped into liquid nitrogen for 2-3 seconds and brought to the
laboratory in a cooler filled with ice. Leaves were then oven-dried at 60-70ºC
for 48 h. Dried foliage was later sent to A & L Great Lakes Laboratories, Inc.
(Fort Wayne, IN, USA) for macro- (nitrogen, phosphorus, potassium, calcium,
magnesium, sulfur, and sodium) and micro-nutrient (boron, zinc, manganese,
iron, and copper) analyses. n = 6 replicate per ash species.
Total proteins and carbohydrates of three ash species. Methods
of sample collection, and protein and carbohydrate (glucose, fructose, sucrose,
starch) extraction and determination were described in detail in Chen and Poland (2009b). Briefly, mature leaves were cut and flash frozen in liquid nitrogen
approximately 5 wk after seedling potting. Samples were then ground to fine
powder with mortar and pestle in liquid nitrogen, and approximately 40-80
mg of ground plant tissue was used for protein and carbohydrate extraction.
Total protein content was determined following the Bradford protein assay
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and calculated with a standard curve established using bovine serum albumin.
Glucose, fructose and sucrose content was determined using a glucose assay
kit (Sigma-Aldrich, St. Louis, MO, USA) and calculated from a standard curve
generated using D-glucose as a standard. The starch content was estimated in
glucose equivalents. Total non-structural carbohydrate (TNC) was expressed
as the sum of glucose and starch, because the amounts of fructose and sucrose
determined following this method were negligible. Each treatment (species) was
repeated 10 times, except for green ash which had 9 replicates. All chemicals
used in this experiment and the following were purchased from Sigma-Aldrich
(St. Louis, MO, USA), or Fisher Scientific (Pittsburgh, PA, USA).
Defensive chemistry of three ash species and EAB frass. Foliage
samples were collected and prepared as in the preceding experiment. Methods of
total phenolics, protease inhibitor extraction and determination were described
elsewhere (Chen and Poland 2009b). Briefly, ground and weighed plant tissue
was extracted for phenolics 3 times with 70% acetone at 4°C in the dark for 30
min. The supernatant after each centrifugation was pooled and the concentration
[μmol g-1 fresh weight (FW)] determined using a modified Prussian blue assay
(Graham 1992). An external standard curve with gallic acid within the linear
range was constructed to calculate sample concentration.
Trypsin and chymotrypsin inhibitors were extracted with a Tris-HCl buffer (pH 7.8) containing 7% polyvinylpolypyrrolidone, 1.67 mM phenylthiourea,
0.3 mM KCl, and 0.4 mM ascorbic acid (Stout et al. 1998). The mixture was
centrifuged at 10,000×g for 10 min. The supernatant was used for assay. The
trypsin and chymotrypsin inhibitor assays followed Walsh and Wilcox (1970),
and Broadway (1993) using Nα-p-tosyl-L-arginine methyl ester (TAME) and
N-benzoyl-L-tyrosine ethyl ester (BTEE) as substrates for trypsin and chymotrypsin determination, respectively.
In order to examine EAB adults’ ability to dispose of phenolics by direct
excretion, frass of EAB adults in the longevity experiment was collected for
phenolic determination. The experimental design was a 3 (ash species) × 2 (EAB
sex) factorial with n = 5 replicates per treatment combination.
Statistical analysis. EAB longevity was analyzed by 3 (ash species)
× 2 (EAB sex) ANOVA. The longevity of the 3 individuals in each treatment
combination (cup) was averaged before being subject to the analysis. Fresh
mass of foliage consumed and foliage area consumed were analyzed by paired
t-test, separately for each dual-choice test. SLW among species were analyzed
by one-way ANOVA. Foliar macro- and micro-nutrients, total proteins, glucose,
starch, TNC, protein:TNC ratio, ash foliage and EAB fecal phenolics, trypsin
and chymotrypsin inhibitors were individually analyzed by one-way ANOVA.
Protein:TNC ratio data were log transformed before analysis. Means of one- and
two-way ANOVA were separated by student t-test at α = 0.05. Comparisons of
phenolics between ash foliage and EAB frass were conducted by paired t-tests,
separately for ash species.
Results
EAB adult longevity in response to three ash species. Ash species
significantly affected EAB adult longevity (F = 3.39; df = 2, 24; P = 0.05; Fig. 1).
Data for male and female EAB adult longevity were pooled because EAB sex
and the interaction between ash species and EAB sex did not affect EAB adult
longevity. Longevity of EAB adults fed on white ash was about 30% greater than
for EAB reared on green ash, which in turn was approximately 18% higher than
for EAB reared on black ash.
EAB adult feeding preference in response to three ash species.
The relationships between foliage area (Y) and foliage mass (X) for black, green,
and white ash could be well expressed as linear, Y = a + bX. The regression lines
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Figure 1. Longevity (mean ± SEM) of EAB adults reared on three North American ash
species in no-choice tests. Different lower-case letters above the bars denote significant
difference at α = 0.05. No significant difference between EAB sexes was found and as a
result data over sex were pooled. n = 30 (15 males and 15 females) for each ash species.

for black ash, green ash, and white ash were Yblack ash = - 0.3127 + 0.0253 X (adj.
R2 = 0.80; Pa > 0.05; Pb < 0.01), Ygreen ash = - 0.1328 + 0.0176 X (adj. R2 = 0.76; Pa
> 0.05; Pb < 0.01), and Ywhite ash = - 0.0151 + 0.0117 X (adj. R2 = 0.74; Pa > 0.05;
Pb < 0.01), respectively. EAB females consumed a similar mass of foliage from
each treatment during the 48 h assay in all the three dual-choice tests (Fig.
2A), although EAB adults ate significantly more white ash foliage in terms of
foliage area compared to black ash foliage in the Black ash vs. White ash trial
(Fig. 2B) and more green ash foliage was consumed than black ash foliage in the
Black ash vs. Green ash trial (Fig. 2B) because the average specific leaf weight
(SLW) of black ash (0.0218 ± 0.0007 g/cm2) was significantly greater than that
of green ash (0.0165 ± 0.0005 g/cm2), which is in turn greater than that of white
ash (0.0116 ± 0.0004 g/cm2) (F = 85.57; df = 2, 45; P < 0.0001). The green ash
and white ash foliage areas eaten in the Green ash vs. White ash trial did not
differ (Fig. 2B).
Foliar macro- and micro-nutrients of three ash species. Foliar
macro- and micro-nutrients of the three ash species are shown in Table 1. Regarding macro-nutrients, nitrogen content of the three ash species differed, with
black ash the highest, green ash the intermediate, and white ash the lowest.
Phosphorus of green ash foliage was the highest among the three. Magnesium
levels were highest in black ash, which was followed by white ash and green
ash in descending order. Sulfur amounts were highest in black ash, followed
by green and white ash. No significant differences in potassium, calcium, and
sodium among the three ash species were observed. For the 5 micro-nutrients,
amounts of boron, zinc and copper differed among the ash species, those of
manganese and iron did not.

2010

THE GREAT LAKES ENTOMOLOGIST

Fresh weight of leaf consumed (g)

0.25

25

A

0.20
0.15
0.10
0.05
0.00

Leaf area consumed (cm2)

14
12

B

10
8

*

6

*

4
2
0

Black White
ash ash

Black Green
ash
ash

2-Choice tests

Green White
ash ash

Figure 2. Fresh mass of foliage (A) and foliage area (B) (mean ± SEM) consumed by
EAB during dual-choice tests among three North American ash species over 48 h. Dualchoice tests: Black ash vs. White ash; Black ash vs. Green ash; and Green ash vs. White
ash. * denotes significant difference at α = 0.05. n = 8 replicates.
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Total proteins and carbohydrates of three ash species. Total soluble
proteins and carbohydrates of the three ash species are presented in Table 2.
Total proteins of white ash were significantly greater than those of black and
green ash (F = 3.50; df = 2, 27; P < 0.05). Glucose levels did not differ among
ash species (F = 1.71; df = 2, 27; P > 0.05). Starch levels in green and white ash
were marginally higher than in black ash (F = 2.99; df = 2, 26; P = 0.07). Green
ash foliage contained higher TNC than white ash (F = 4.34; df = 2, 26; P < 0.05).
Although statistically the difference in TNC between black ash and white ash
was not significant, TNC levels were nearly 20% higher in white ash than in
black ash. White ash had the highest protein:TNC ratio, followed by black and
green ash (F = 3.47; df = 2, 26; P < 0.05).
Defensive chemistry of three ash species and EAB frass. Ash species
differed in constitutive foliage phenolic levels (Fig. 3A). Phenolic levels in green
ash were greater than in black or white ash (F = 13.77; df = 2, 27; P < 0.01).
Black and white ash did not differ in total phenolics. The phenolic content in
EAB frass ranged from nearly twice to over 2-fold higher than total phenolics
in the foliage of ash species they fed upon (Fig. 3A). Frass from EAB adults
reared on black ash foliage contained the greatest amount of total phenolics,
followed by green and white ash. EAB males and females differed in their ability to excrete total phenolics, and female frass had higher amount of phenolics
than male frass (F = 4.83; df = 1, 24; P < 0.05; Fig. 3B).
Green ash foliage had almost 70% higher levels of trypsin inhibitors than
white ash, which in turn contained 3-fold higher levels of trypsin inhibitors than
black ash (Fig. 4). The levels of chymotrypsin inhibitors in black and white ash
were greater than in green ash (Fig. 4).
Discussion
EAB adults lived longer when they fed on green and white ash foliage than
when they fed on black ash, and they also seemed to prefer green and white ash
over black ash in this study. Although most of the macro-nutrients (i.e., nitrogen,
phosphorus, magnesium, and sulfur) differed among black, green, and white
ash, the better performance and preference of EAB on green ash and white ash
over black ash might not be caused by any of the macro-nutrients alone, because
the amounts of all these nutrients in black ash foliage were generally either
the highest (i.e., total nitrogen, potassium, magnesium, and sulfur) among the
three ash species or not statistically different (i.e., sodium) from those of the
other two species (Table 1). Phosphorus levels in white ash and green ash foliage
were the lowest and the highest, respectively. However, the performance and
preference of EAB on these two species did not differ. Ash species also differed
in most of the micro-nutrients (i.e., boron, zinc, and copper). The patterns of
EAB performance and preference did not parallel those of micro-nutrients, and
the micro-nutrients levels in black ash foliage were never the lowest.
Proteins are generally considered the main source of nitrogen. High total
soluble protein level in white ash might in part contribute to the greater performance and preference of EAB. However, nutrient balance, in particular, the
protein:TNC ratio might be a more important determinant in insect feeding preference on artificial diets (Bede et al. 2007, Behmer 2009). Most insects studied
in the laboratory, in particular generalist insects, chose diets with protein:TNC
ratios greater than 1 over those less than 1 (Bede et al. 2007). The protein:TNC
ratios of black ash and white ash in this study were greater than 1, while the
ratio of green ash was lower than 1. Additionally, protein:TNC ratio of white
ash foliage was significantly higher than that of green ash, and no significant
differences were detected between white ash and black ash, or between black
ash and green ash. Therefore, the protein:TNC ratio alone can not explain the
lower performance of EAB adults reared on black ash foliage. Furthermore,
the reliability of the protein:TNC ratio as an indicator of nutrient balance in

Nitrogen (%)

Macro-nutrients

Phosphorus (%)

Potassium (%)

Calcium (%)

Magnesium (%) Sulfur (%)

19.00 ± 2.32a
10.67 ± 0.92b
22.50 ± 1.43a
48 ~ 59

21.83 ± 1.38b
31.17 ± 3.25a
19.50 ± 1.38b
10 ~ 125

Zinc (ppm)
66.50 ± 10.37a
106.67 ± 22.93a
66.67 ± 14.10a
75 ~ 100

Manganese (ppm)
80.00 ± 4.27a
73.67 ± 6.91a
84.17 ± 9.93a
50 ~ 200

Iron (ppm)

2.17 ± 0.31ab		
1.00 ± 0.00b		
3.50 ± 0.67a		
13 ~ 17

Copper (ppm)

0.01 ± 0.00a
0.01 ± 0.00a
0.01 ± 0.00a
--

Sodium (%)

1

Normal ranges of mid-summer ash trees provided by A & L Great Lakes Laboratories, Inc. Different lower-case letters following means
within a column denote significant difference at α = 0.05. n = 6 replicates for black, green, and white ash.

Black ash
Green ash
White ash
Normal range1

Boron (ppm)

Black ash
5.96 ± 0.34a
0.39 ± 0.02b
2.79 ± 0.18a
0.58 ± 0.07a
0.43 ± 0.04a
0.33 ± 0.02a
Green ash
4.55 ± 0.56ab
0.57 ± 0.07a
2.59 ± 0.20a
0.54 ± 0.07a
0.29 ± 0.04b
0.29 ± 0.02ab
White ash
3.85 ± 0.14b
0.29 ± 0.02b
2.19 ± 0.16a
0.75 ± 0.08a
0.36 ± 0.03ab
0.22 ± 0.01b
Normal range1 1.80 ~ 2.00
0.10 ~ 0.17
1.50 ~ 2.70
1.50 ~ 2.00
0.35 ~ 0.47
0.20 ~ 0.30
							
Micro-nutrients

Ash species

Table 1. Foliar macro- and micro-nutrients (mean ± SEM) of three North American species.
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10.96 ± 0.82b
11.59 ± 1.24b
16.29 ± 2.25a

Black ash
Green ash
White ash

10.32 ± 0.77a
12.91 ± 1.31a
11.16 ± 0.89a

Glucose
(mg g-1 FW)
0.78 ± 0.36b
3.72 ± 1.33a
2.03 ± 0.66ab

Starch
(mg g-1 FW)
11.09 ± 0.86b
16.42 ± 1.70a
13.19 ± 1.22ab

TNC
(mg g-1 FW)
1.07 ± 0.15ab
0.74 ± 0.10b
1.33 ± 0.21a

Protein: TNC ratio
(w/w)

Different lower-case letters following means within a column denote significant difference at α = 0.05. n = 10 replicates per species, except for
green ash which n = 9.

Total proteins
(mg g-1 FW)

Ash species

Table 2. Foliar proteins, glucose, starch, total non-structural carbohydrate (TNC), and protein to TNC ratio (means ± SEM) of three North
American ash species.
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Figure 3. Total phenolics (mean ± SEM) of three North American ash species and EAB
adult frass. (A) Phenolics of ash species and EAB adult frass (n = 10); (B) Phenolics of
male and female EAB adult frass (n = 15). Different lower-case letters denote significant difference among three ash species (A) and between male and female EAB frass
at α = 0.05; Different upper-case letters denote significant difference of frass phenolics
from EAB adults (males and females pooled) reared on three ash species at α = 0.05;
***indicates P < 0.001.
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among three ash species in trypsin and chymotrypsin inhibitors at α = 0.05, respectively. n = 10 replicates for black, green, and white ash.

studies involving live plants may need to be further examined. Proteins in live
plants may include defensive enzymes and non-defensive proteins. Almost
all diet self-selection studies so far were conducted with artificial diets in the
laboratory and the proteins used were completely non-defensive proteins (e.g.,
casein; Waldbauer and Friedman 1991, Woods 1999). Many defensive proteins
and enzymes are induced by insect herbivore feeding (Chen et al. 2009a, b), and
are included in the total protein determination.
The shorter longevity of EAB adults on black ash might be caused by more
unbalanced nutrients (total protein/TNC) of black ash than green and white ash.
At first glance, the worse performance of EAB adults on black ash foliage seems
contradictory to the general belief that nitrogen is a limiting factor for plant and
animal growth (Mattson, Jr. 1980, White 1993) and the importance of nutrient balance in insect feeding preference (Behmer 2009). However, as shown in
Table 1, the foliar total nitrogen of all three species in this study was very high
(i.e., nearly or over 2-fold the levels of normal ranges of ash trees and higher
than many of the naturally grown tree species). Furthermore, black ash had the
highest contents of total protein while it had the lowest levels of TNC (Tables
1 and 2). Therefore, under conditions where nitrogen is not limiting, the more
unbalanced nutrients of black ash foliage might impair EAB performance.
Phenolics were suggested to be involved in Manchurian ash’s relatively
higher resistance to EAB infestation because some phenolic compounds (i.e.,
hydroxycoumarins, calceloariosides A and B) were only found in Manchurian
ash phloem (Eyles et al. 2007), compared to green ash and white ash. Phenolics
and protease inhibitors might also partially contribute to EAB adults’ shorter
longevity on young green ash leaves and preference for mature foliage (Chen and
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Poland 2009b). Neither phenolics nor protease inhibitors seemed to contribute
to EAB adult longevity in this study. The following two reasons may support
the claim. First, most of the phenolics and protease inhibitors might be directly
excreted or detoxified by EAB detoxification enzymes. As shown in Fig. 3, EAB
frass contained approximately 2-fold or more phenolics compared to ash foliage, regardless of ash species. Furthermore, EAB females are more capable of
excreting phenolics than males. Many phytophagous insects are also known to
possess well-developed detoxification systems that help insects reduce or eliminate toxicity of plant allelochemicals (Ahmad et al. 1986). Second, the defensive
roles of phenolics might be alleviated by high nitrogen availability or optimal
nutrient balance. An excellent example is the strong interaction of nutrients with
plant allelochemicals found by Simpson and Raubenheimer (2001). When the
migratory locusts, Locusta migratoria L. (Orthoptera: Acrididae), were fed upon
diets with optimal protein to carbohydrate ratio, the otherwise negative effects
of tannic acid (a carbon-based polyphenol) on their performance disappeared.
In summary, EAB adults in this study performed better on and preferred
green ash and white ash than black ash. The better performance and preference
on green and white ash might be due to relatively more balanced nutrients of
green and white ash foliage. The negative effects of the putative defensive compounds (phenolics and protease inhibitors) of ash seedlings might be alleviated
by high nitrogen levels. As a result, the patterns of these plant allelochemicals
did not parallel with EAB performance and preference.
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An annotated checklist of Wisconsin Mutillidae
(Hymenoptera)
Craig M. Brabant1 and Daniel K. Young1

Abstract
A survey of Wisconsin velvet ants (Hymenoptera: Mutillidae) conducted
from literature searches, collection inventories, and two years of field work
(2001-2002) yielded 28 species in three subfamilies. Of these, 23 species (representing 82% of the Wisconsin fauna and a 460% increase in the known species
richness) are new state species records, having not previously been recorded in
the published literature from the state. The known distributions of all Wisconsin
species are reported by region and county, along with pertinent phenological,
natural history, and other collection information, when known.
____________________

Mutillidae is a morphologically diverse, widespread family of wasps.
Despite their nearly cosmopolitan distribution and relative abundance, most
mutillid species have been poorly studied. Adult mutillids are typically moderately to densely pubescent and predominantly orange, reddish, brownish, or
black; oftentimes they are marked with whitish, golden, or reddish contrasting
spots or bands of pubescence. The apterous females are readily recognized and
are often referred to by their common name, velvet ants, due to their superficial
similarity in appearance to relatives in the Formicidae. Males of a few species,
e.g., Myrmilloides grandiceps (Blake), are brachypterous, although males of
most species are macropterous. There is usually also strong sexual dimorphism
vis-à-vis size and coloration.
Worldwide, estimates of species richness range from 3,700 (Lelej and
Nemkov 1997) to 5,000 (Brothers 1993) described species in seven subfamilies
(Brothers 1995). Recent intensive collecting in tropical regions that historically
have been poorly sampled has supported projections of at least 10,000 mutillid
species in the world (Brothers 2006). Krombein (1979) catalogued 19 genera
comprising 434 species and an additional 59 subspecies in the subfamilies Mutillinae, Myrmosinae, and Sphaeropthalminae in America north of Mexico. In the
United States, species richness is greatest in the arid western and southwestern
states (Krombein 1979), but mutillids are found throughout the country in a
variety of relatively mesic habitats (personal observations).
Molecular analyses (e.g., Pilgrim and Pitts 2006) are beginning to better
clarify the actual number of North American mutillid species. Many male and
female mutillids, originally described as separate species, are being associated
using molecular data. Pilgrim et al. (2008b) examined several sets of species with
similar geographic ranges and used DNA sequence data to propose seven new
synonyms for southwestern U.S. species of Dasymutilla. Many morphologically
similar mutillid species have historically been described based on differences
in integumental or setal color. Using a combination of morphological, natural
history, and molecular data, Pilgrim et al. (2009) concluded that 10 Dasymutilla species listed in Krombein’s (1979) catalog are indistinguishable from, and
junior synonyms of D. quadriguttata. Pitts and Manley (2004) synonymized
Department of Entomology, University of Wisconsin–Madison, 1630 Linden Drive, 445
Russell Laboratories, Madison, WI 53706. (e-mail: young@entomology.wisc.edu).
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seven names with Lomachaeta hicksi Mickel and described three new species
in the genus, while Williams and Pitts (2009) described an additional seven
North American species. New genera are also still being described, such as
Schusterphotopsis (Pitts 2003) and Laminatilla (Pitts 2007).
Despite increased mutillid research in the past 10+ years, a lack of comprehensive regional surveys of velvet ant species in the United States persists.
Fattig (1943) published a list of mutillid species and new host records from
Georgia, while Manley (1991) provided a species list and key to the mutillids of
South Carolina. More recently, collecting efforts have been focused at a finer
scale, producing lists of the mutillids of the Bitter Lake National Wildlife Refuge,
New Mexico (Manley and Radke 2006), the Algodones Sand Dunes in California
(Pitts et al. 2009), and Deep Canyon, California (Pitts et al. 2010b). Although
these faunal lists provide excellent baseline data for these locations, they are
of decreasing utility as one moves away from the pertinent study area. Manley
(1991) listed 11 mutillid species found in Georgia and an additional 18 species
found in Florida, none of which have been recorded from South Carolina. Pitts
et al. (2010b) compared the nocturnal mutillid fauna of Deep Canyon to that
of the Algodones Sand Dunes, two Californian sites approximately 90 miles
apart. Although the two localities had similar numbers of nocturnal mutillid
species (34 and 29 species, respectively), they have but 15 species in common.
These apparent dramatic changes in species composition in areas separated by
as few as 90 miles illustrate the importance of conducting surveys in different
regions of the country.
Methods
Preliminary data for this study were gathered from two primary sources.
First, all relevant literature was reviewed and previous Wisconsin mutillid
records were compiled. Collection records that specifically listed Wisconsin as
a locality were noted; distribution maps that showed ranges over Wisconsin,
but did not represent specimens collected in the state, were not treated as valid
literature records for this study. Second, specimens from several research
collections were examined and pertinent data were winnowed from mutillids
housed therein. These insect collections included the University of Minnesota (UMSP), the Field Museum of Natural History (FMNH), Michigan State
University (MSUC), the Milwaukee County Public Museum (MCPM), and the
University of Wisconsin–Madison (WIRC). The WIRC is the primary reference
collection and repository for insects collected in the state. Mutillidae holdings
of the WIRC were reviewed for accuracy; numerous corrections were made to
misidentified or misplaced specimens and the collection was greatly augmented
by additional specimens collected as a result of this project. All codens indicated
in parentheses follow Arnett et al. (1993).
Mutillids were hand-collected from various soil substrates and vegetation—most frequently the leaves and stems of scrub oaks. These diurnallyactive specimens, mostly females, were gathered and dispatched with cyanide.
Passive traps, including Townes-style Malaise traps and flight-intercept traps,
were also used to collect male velvet ants. Pitfall traps and barrier-pitfall traps
yielded numerous female and some male specimens. Propylene glycol was used
in passive traps to kill and preserve specimens; they were transferred to ethyl
alcohol (generally 80% EtOH) upon return to the laboratory. Most specimens
were deposited either in the WIRC or the author’s personal collection (CMBC).
Data from all mutillids examined in this study have been databased using
Specify 6 software (Specify Software Project 2010). These data contribute to a
dynamic and ever-growing source of information on insects collected in Wisconsin
and are part of an ongoing project to catalog selected Wisconsin insect taxa.
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Results
In the following checklist of Wisconsin Mutillidae, new state records are
indicated by boldfaced type. The numbers of male and female specimens examined are reported for each species. Exceptional or unique collecting events
are noted. To simplify county associations, we divided Wisconsin into nine,
8-county regions (Fig. 1) after Hilsenhoff (1995). Species previously recorded in
the literature from Wisconsin are followed by the pertinent literature reference.
Species recorded from the literature only are so noted. Phenological information pertains solely to adult Wisconsin mutillid records and has been extracted
directly from labels accompanying specimens. During this survey, 1,191 female
and 1,643 male mutillids were examined and databased.
At the onset of this survey, but five Wisconsin species of Mutillidae were
known from the published literature. Below, we document 23 new species records bringing the total to 28 species of Wisconsin Mutillidae. Thus, 82% of the
Wisconsin mutillid fauna is newly documented herein; this represents a 460%
increase in the known species richness of Wisconsin Mutillidae.

Figure 1. Regional divisions (nine, 8-county areas) of Wisconsin (after Hilsenhoff 1995).
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MYRMOSINAE
Myrmosa unicolor Say. (Krombein 1940) [26 females, 325 males examined].
Specimens were collected between 23 May and 12 September. The present distribution points indicate this species likely occurs throughout Wisconsin. NW:
Bayfield, Burnett, Polk; NC: Oneida, Vilas; NE: Shawano; WC: Eau Claire,
Jackson, Monroe; EC: Fond du Lac; SW: Grant; SC: Dane, Iowa, Lafayette,
Sauk; SE: Jefferson, Milwaukee, Waukesha.
Myrmosula parvula (Fox). NEW STATE RECORD. [1 female, 45
males examined]. Specimens were collected from 17 May to 21 September. All
males examined were collected using unbaited, Townes-style Malaise traps.
The single female examined was hand-collected from a sandy, grassy picnic
area at Mirror Lake State Park in Sauk County. All records to date come from
the southern four tiers of Wisconsin counties. EC: Fond du Lac; SW: Grant;
SC: Iowa, Rock, Sauk.
SPHAEROPTHALMINAE
Sphaeropthalmini
Pseudomethocina
Pseudomethoca frigida (Smith). NEW STATE RECORD. [26 females, 230 males examined]. Specimens were collected between 22 April and
28 September. The currently known distribution indicates P. frigida likely occurs throughout Wisconsin. NW: Bayfield, Burnett; NC: Oneida; NE: Brown,
Marinette, Shawano; WC: Eau Claire, Jackson, Monroe; C: Waushara; EC: Fond
du Lac; SW: Crawford, Grant; SC: Columbia, Dane, Rock, Sauk; SE: Jefferson,
Kenosha, Walworth, Waukesha.
Pseudomethoca sanbornii (Blake). NEW STATE RECORD. [33 females, 50 males examined]. Wisconsin specimens have been collected between
30 May and 28 September. Although this is a widely distributed species in the
eastern U.S., most specimens collected and examined during the present study
came from the southern and southwestern portions of the state, with the single
specimen exception from Burnett County in far northwestern Wisconsin. NW:
Burnett; WC: Jackson, Monroe; SW: Grant, Richland; SC: Dane; SE: Waukesha.
Pseudomethoca simillima (Smith). NEW STATE RECORD. [44
females, 47 males examined]. Collection dates for P. simillima range between
22 April and 28 September. All records of this species are from the southern
half of Wisconsin. WC: Jackson, Monroe; C: Adams, Marquette, Wood; EC:
Winnebago; SW: Richland, Grant; SC: Columbia, Dane, Green, Iowa, Sauk;
SE: Jefferson, Waukesha.
Sphaeropthalmina
Dasymutilla asopus (Cresson). NEW STATE RECORD. [70 females,
31 males examined]. Wisconsin specimens have been collected between 08 May
and 05 October. The present distribution points indicate this species likely
occurs throughout Wisconsin. NW: Burnett; NE: Marinette, Shawano; WC:
Dunn, Jackson, Monroe; C: Juneau, Marquette, Waushara; EC: Manitowoc; SW:
Crawford, Grant, Pepin, Richland, Trempealeau; SC: Columbia, Dane, Green,
Iowa, Rock, Sauk; SE: Waukesha.
Dasymutilla bioculata (Cresson). NEW STATE RECORD. [46
females, 6 males examined]. This species has been collected between 09 July
and 26 August. Although we have examined specimens from only seven Wisconsin counties, the range in Wisconsin, coupled with the known, fairly wide
geographical distribution of D. bioculata suggests it occurs throughout the state.
Presently, however, the only record from eastern Wisconsin comes from Racine
County in the extreme southeastern corner of the state. NW: Burnett, Polk; C:
Juneau, Wood; SW: La Crosse; SC: Sauk; SE: Racine.
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Dasymutilla canella (Blake). NEW STATE RECORD. [18 females, 54
males examined]. All females collected in Wisconsin were hand-collected from
various sandy habitats. Most males were collected using Townes-style Malaise
traps or flight-intercept traps, although one dealated male was hand-collected
on 27 June. The earliest seasonal record for D. canella is from Bayfield County,
the northernmost county in the state, from a Malaise trap sample dated 23–31
May. The latest recorded collection date is from Dane County in south-central
Wisconsin; two females were collected on 01 September. The currently known
distribution indicates D. canella likely occurs throughout Wisconsin. NW: Bayfield, Burnett; NE: Marinette, Shawano; WC: Eau Claire, Jackson, Monroe; C:
Waushara; SC: Dane, Sauk; SE: Waukesha.
Dasymutilla gibbosa (Say). NEW STATE RECORD. [19 females,
16 males examined]. Although most females were hand-collected from sandy
substrates during our Wisconsin field work, one specimen was found five feet
above ground, coursing an upper leaf of Asclepias syriaca Linnaeus in a thickly
vegetated area on a Clark County roadside. Specimens have been collected
from 12 July to 28 September. Specimens were collected and examined from
the southern two-thirds of the state. NE: Oconto, Shawano; WC: Clark, Monroe;
C: Adams; EC: Fond du Lac; SW: Grant; SC: Dane, Rock, Sauk; SE: Racine,
Waukesha.
Dasymutilla lepeletierii (Fox). NEW STATE RECORD. [171 females,
94 males examined]. The first seasonal record for any mutillid collected in
Wisconsin is for a specimen of D. lepeletierii, taken in Milwaukee County on 07
April. The last collection record is 15 October. Specimens of D. lepeletierii were
collected from the southern half of Wisconsin. WC: Jackson, Monroe; C: Adams,
Portage, Waushara, Wood; SW: Grant, Richland, Trempealeau; SC: Columbia,
Dane, Green, Iowa, Rock, Sauk; SE: Milwaukee, Waukesha.
Dasymutilla macra (Cresson). NEW STATE RECORD. [3 males
examined]. The collection dates for the three Wisconsin specimens range from
24 July to 03 September. As presently understood, this species is largely associated with the plains states, from North Dakota and Alberta south to New
Mexico. Discovery of D. macra in Wisconsin extends the geographic boundary
for the species eastward by over 250 miles. WC: Monroe; SC: Sauk.
Dasymutilla monticola (Cresson). NEW STATE RECORD. [14 females, 1 male examined]. The only male collected during this study was taken
using an aerial net as the specimen flew a few inches above sandy soil where
females were present. As observed for D. macra, above, southwestern Wisconsin
now marks the northeastern boundary for this species. Previously, it was not
recorded east of North Dakota or north of Arkansas. Specimens were collected
between 07 August and 22 September. SW: Grant, Trempealeau; SC: Sauk.
Dasymutilla nigripes (Fabricius). NEW STATE RECORD. [415
females, 128 males examined]. Wisconsin collection dates ranged from 29
April to 01 October. This was the most frequently collected Wisconsin mutillid
species; the 543 D. nigripes specimens examined represent nearly 20% of the
mutillids collected and databased during this study. The present distribution
points indicate this species likely occurs throughout Wisconsin. NW: Barron,
Burnett, Polk; NE: Marinette, Oconto, Shawano; WC: Eau Claire, Jackson,
Monroe; C: Adams, Juneau, Marquette, Portage, Waushara, Wood; SW: Grant,
Richland, Trempealeau; SC: Columbia, Dane, Green, Iowa, Rock, Sauk; SE:
Jefferson, Waukesha.
Dasymutilla quadriguttata (Say). NEW STATE RECORD. [109
females, 139 males examined]. Specimens were collected in Wisconsin between
01 May and 11 October. In North America, the northeastern distributional
boundary of D. quadriguttata is now established as the southern half of Wisconsin. WC: Monroe; C: Green Lake, Juneau, Marquette, Waushara, Wood;
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SW: Grant, Richland; SC: Columbia, Dane, Green, Iowa, Rock, Sauk; SE: Jefferson, Waukesha.
Dasymutilla scaevola (Blake). NEW STATE RECORD. [3 females
examined]. Although broadly distributed across the eastern United States,
the three females of D. scaevola we documented during this study were from
south-central Wisconsin. Their collection dates are 01 August, 29 August, and
15 September. SC: Dane, Sauk.
Dasymutilla vesta (Cresson). NEW STATE RECORD. [93 females,
139 male examined]. The currently known distribution indicates D. vesta likely
occurs throughout Wisconsin. This species has been collected in Wisconsin
from 01 May to 25 October. NW: Bayfield, Burnett, Douglas, Polk; NC: Oneida;
NE: Marinette, Shawano; WC: Dunn, Jackson, Monroe; C: Adams, Juneau,
Marquette, Waushara, Wood; EC: Outagamie; SW: Crawford, Grant, Richland,
Trempealeau; SC: Dane, Iowa, Rock, Sauk; SE: Jefferson, Ozaukee, Waukesha.
Lomachaeta hicksi Mickel. NEW STATE RECORD. [4 males examined]. All specimens were collected in Townes-style Malaise traps. The
earliest collection record in Wisconsin is from a sample dated 18-30 June; the
latest record is from a sample dated 19 August–29 September. With very few
collection records it is difficult to speculate on the Wisconsin distribution of
this species. However, the available distribution points are all south of the
distinctive Tension Zone (Curtis 1959) that runs through Wisconsin and into
Michigan. WC: Jackson; SC: Rock; SE: Waukesha.
Photomorphus auriventris Schuster. (Brabant et al. 2010). [17 females,
31 males examined]. The original description of this species was based on males
only; several females were collected during this study and have recently been
described (Brabant et al. 2010). Females were hand-collected along a sandy path
and recovered from unbaited, barrier-pitfall traps. Collection dates in Wisconsin
range between 16 June and 12 September. The type locality of P. auriventris is
Texas; few other records have been seen. Records from this study significantly
reset the northern and eastern known ranges of this species. WC: Jackson,
Monroe; C: Marquette; SW: Richland; SC: Columbia, Iowa, Sauk.
Photomorphus impar (Melander). NEW STATE RECORD. [8 females, 26 males examined]. The collection dates for Wisconsin specimens range
from 24 June–07 July for a Townes-style Malaise trap sample from Waukesha
County to 25–29 August for a flight-intercept trap in Monroe County. The
specimens we collected in the southern third of Wisconsin significantly extend
the known northwestern geographical boundary of this species. WC: Monroe;
SW: Richland; SC: Sauk; SE: Waukesha.
MUTILLINAE
Mutillini
Smicromyrmina
Timulla dubitata Mickel. NEW STATE RECORD. [16 females, 17
males examined]. Specimens were collected between 28 May and 08 September.
Wisconsin records were from the west- and south-central regions of the state,
primarily from the “Driftless Area” (Curtis 1959). WC: Jackson, Monroe; C:
Marquette; SW: Grant, Richland; SC: Iowa, Sauk.
Timulla dubitatiformis Mickel. NEW STATE RECORD. [2 females
examined]. The collection dates for the two specimens are 14 June and 01
September. Although this species is apparently widespread east of the Rocky
Mountains (Krombein 1979), our limited collecting success suggests it may be
restricted to the southern two tiers of Wisconsin counties. SC: Dane, Lafayette.
Timulla leona (Blake). (Krombein 1979). [no specimens were examined].
This species is included as a literature record only; no specimens from Wisconsin
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were collected or examined during this study. Specimens examined by Mickel
(1937) were collected between 01 May in Brownsville, Texas and 06 October in
Havana, Illinois.
Timulla subhyalina Mickel. NEW STATE RECORD. [2 males examined]. Two males were caught during this study on flowers of Daucus carota
(Linnaeus) on the edge of a sand quarry in an oak savanna. Females of this
species are presently unknown. The Wisconsin specimens were collected on 11
August. Collection data for specimens examined by Mickel (1937) ranged from
07 July for a Fargo, North Dakota specimen to 08 September for a specimen
collected at Castle Rock, South Dakota. WC: Monroe.
Timulla vagans (Fabricius). (Mickel 1937). [31 females, 13 males examined]. Collection dates range from 13 July to 16 September for Wisconsin
specimens. All specimens of T. vagans were collected from the southern half of
Wisconsin, all south of the Tension Zone. WC: Monroe; C: Juneau; SW: Grant;
SC: Dane, Rock, Sauk; SE: Milwaukee, Racine, Waukesha.
Ephutini
Ephuta conchate (Say). NEW STATE RECORD. [15 females, 176
males examined]. Two females were hand-collected on or near rocks in prairies;
one female was collected while crawling across a Formica sp. (Hymenoptera:
Formicidae) mound in a sandy oak barrens. Collection dates in Wisconsin
range from 13 June to 22 September. Although rather widely collected in the
state, we found specimens neither in the northeastern quarter nor the extreme
southeastern counties. NW: Bayfield, Burnett; WC: Jackson, Monroe; EC: Fond
du Lac; SW: Crawford, Richland; SC: Iowa, Sauk.
Ephuta pauxilla Bradley. NEW STATE RECORD. [65 males examined]. Collection dates range from 27 June to 03 October in Wisconsin for this
species. Interestingly, the Wisconsin distribution of E. pauxilla closely resembles
that of E. conchate (see above). NW: Bayfield, Burnett; WC: Jackson, Monroe;
EC: Fond du Lac; SC: Iowa, Sauk.
Ephuta puteola (Blake). NEW STATE RECORD. [6 females examined]. This species is known thus far from the female sex, only. Four of the six
specimens from the present Wisconsin survey were hand-collected; the remaining
two specimens were recovered from pitfall traps; their collection dates ranged
from 09–23 June to 12 September. Specimens recorded in the present survey
extend the known northwestern geographical boundary of the species. WC:
Monroe; C: Juneau; SW: Grant.
Ephuta scrupea (Say). (Krombein 1979). [1 female, 1 male examined].
The collection dates for the male and female specimens are 19 August–29 September and 01 October, respectively. These specimens from the southern third
of Wisconsin define the northwestern geographical boundary of E. scrupea. SC:
Sauk; SE: Waukesha.
Discussion
The taxonomic position of Myrmosinae has historically been a matter of
some disagreement, with various authors recognizing it at the family level (e.g.,
Ashmead 1899, 1903; Bradley 1917; Pilgrim et al. 2008a), or as a subfamily
in Mutillidae (e.g., André 1903, Brothers 1975, Brothers and Carpenter 1993,
Brothers 1999). It has also been included in Tiphiidae (Krombein 1940), where
it retained subfamilial rank. Since placement of this taxon remains uncertain
and beyond the scope of this survey, we chose a conservative approach, including it as a subfamily within Mutillidae.
Mutillid taxonomy has been in flux in recent years, resulting in several
nomenclatural changes affecting mutillid species found in Wisconsin. For example, D. interrupta, initially considered a distinct species during this study,
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has recently been synonymized with D. quadriguttata, along with nine other
species, based on genetic similarity (Pilgrim et al. 2009). Traditionally, D. quadriguttata and its 10 newly proposed synonyms were separated on the basis of
integument and pubescence color differences. It is now recognized that integument and/or pubescence color can vary, sometimes greatly, between individuals
of the same species (e.g., Manley 1980, Williams and Manley 2006, Pilgrim et
al. 2009, Wilson and Pitts 2009).
Dasymutilla bioculata and D. lepeletierii are two additional species in
Wisconsin whose females are separated by a single, color-based character—the
color of the apical fringe of metasomal tergite three: pale and glittering in D.
lepeletierii, black in D. bioculata. Similarly, males of D. nigripes (known from
both sexes) and D. macra (known only from the male sex) are separated solely on
the basis of the integumental color of the second metasomal sternite: ferruginous
in D. nigripes and mahogany or black in the case of D. macra. Future molecular
analyses will likely clarify the relationships amongst these two species pairs.
Krombein (1979) speculated E. pauxilla is almost certainly the male of
E. puteola. This study lends some support to that notion in that both species
have been collected in Wisconsin and overlap in distribution. The only other
Ephuta species collected in Wisconsin, E. conchate and E. scrupea, are known
from both sexes. Recently, Pitts and Manley (2007) synonymized E. tentativa
Schuster with E. pauxilla, based on the collection of a pair in copula. However,
they acknowledged that with their new synonymy, a male-only species no longer
exists with such an extensive range as that of E. puteola. For the present, both
E. pauxilla and E. puteola are retained since proposing taxonomic changes is
beyond the scope and intent of this paper.
While microhabitat affinities for particular species are not clear from our
survey, our study reaffirmed that a variety of sampling techniques is required
for surveying mutillid species richness. Females were not uncommonly found
climbing in vegetation, especially scrub oak, oak, and oak-pine barrens. Beating
and sweeping scrub oak and then hand-collecting dislodged females were valuable sampling methods. Malaise and barrier-pitfall traps set in oak and oakpine savannas were likewise productive sampling strategies. Although the use
of light traps has proven quite productive in the southwestern U.S., producing
upwards of 1,000 specimens in a single night (Pitts et al. 2010a), night collecting in Wisconsin has not yielded any mutillids. The known ranges of nocturnal
mutillid species do not extend into Wisconsin, so this was not unexpected.
As has been noted in other surveys (e.g., Lisberg and Young 2003, Dunford
and Young, 2004), Wisconsin is geographically unique. Bound by the Mississippi River on the west, the Great Lakes of Superior on the north and Michigan
on the east, as well as displaying a vivid ecoclimatic Tension Zone, Wisconsin
exhibits an exceptional topography and poses many faunal hurdles and challenges. Several mutillid species appear to attain their easternmost geographical
limits in the state—particularly in association with the Driftless Area (i.e., D.
macra, D. monticola, D. quadriguttata, L. hicksi, and P. auriventris). Other,
more eastern mutillid species presently appear to have Wisconsin delimiting
their western and especially northwestern, geographical boundaries (i.e., P.
impar, E. puteola, and E. scrupea).
The Tension Zone, a climatic gradient important in defining plant communities, certainly with edaphic correlations, bears significantly on the presently
understood northern geographic boundaries for many of the mutillid species
recorded in this survey. Our data suggest M. parvula, P. simillima, D. lepeletierii, D. macra, D. monticola, D. scaevola, L. hicksi, P. auriventris, P. impar, T.
dubitata, T. dubitatiformis, T. subhyalina, T. vagans, E. puteola, and E. scrupea
may be among these more “southern” Wisconsin species. Our survey can point
to no single “northern” Wisconsin mutillid species. Nonetheless, the discovery
that as many as nine of our 28 mutillid species (M. unicolor, P. frigida, D. asopus,
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D. bioculata, D. canella, D. nigripes, D. vesta, and perhaps E. conchate and E.
pauxilla)—approximately one-third of the species richness in Wisconsin—can be
found throughout the state is noteworthy. Remarkably, six species (M. unicolor,
P. frigida, D. canella, D. vesta, E. conchate and E. pauxilla)—over 20% of the
Wisconsin mutillid fauna—were collected from Bayfield County, the northernmost point in the state, bordered to the north by Lake Superior.
It is evident from our sampling, albeit only as thorough as two field seasons
would allow, that collecting bias (vis-à-vis somewhat limited sampling effort
in the northeastern counties) might explain at least a few of the gaps noted
(e.g., E. conchate and E. pauxilla). Future sampling should concentrate on the
eastern side of the state.
Like most biotic surveys and checklists, this contribution seeks merely
to point out some attributes of the fauna, to note some of the pitfalls and unaddressed questions springing from our work, and to establish a baseline for future
work. We hope it will be useful to future taxonomists, ecologists, naturalists,
land managers, and students of velvet ants.
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Bees (Hymenoptera: Apoidea) of the Kitty Todd Preserve,
Lucas County, Ohio
Mike Arduser

1

Abstract
A survey of the bees occurring on the The Nature Conservancy’s Kitty Todd
Preserve in the Oak Openings region of Lucas County Ohio was conducted in
2002-2004, using hand-netting techniques. Collecting effort totaled 24.5 hours
spread over 11 different days in the three years. All sampling was done in natural communities. One hundred twenty-four species of bees were identified from
fifty-one species of flowering plants, including several bee species poorly known
or infrequently collected. Comments are provided about the faunistics, bee-plant
relationships, oligolecty, management, and natural community dependency of
the bees found on the Kitty Todd Preserve.
____________________

Established on the deep sands and clays deposited by post-glacial Lake
Warren, the Oak Openings in northwest Ohio has long been recognized as a
unique biological region (Moseley 1928, The Nature Conservancy 2000, Grigore
2004). Early European settlers encountered a mosaic of natural communities
here, including oak savanna, oak woodland, oak barrens, floodplain forests
and wet prairie, maintained by a shallow water table, drought and fire (Moseley 1928, Abella et. al. 2001, Brewer and Vankat 2004). Today, five globally
rare plant communities are recognized in the Oak Openings, supporting more
state-listed species than any other area in Ohio, clearly signifying the region’s
biological richness as well as its sensitivity to fragmentation and urbanization
(Abella et.al. 2001, Grigore 2004). Nearly 10% (slightly more than 9,000 acres)
of the 130 square mile Oak Openings is currently protected and managed by
various agencies (Ohio Department of Natural Resources, Metroparks of the
Toledo Area, The Nature Conservancy of Ohio) and additions to the public land
base are continuing through the Metroparks of the Toledo Area land acquisition
program (Abella et. al. 2007).
Much of the Oak Openings’ biodiversity is well-documented (Abella et.al.
2001), but its insect fauna has yet to be thoroughly inventoried. Several state and
federally-listed butterflies are known from the area (Shuey et. al. 1987, Iftner et. al.
1992, Grigore 2004), as well as a number of other rare or natural community-dependent species including several moths (Rings et.al. 1992, Metzler 1999), a cricket and
a grasshopper (Ballard, Jr. 1991), at least one wasp (Kurczewski 1998), a histerid
beetle (David Horn, pers. comm.) and several ants (Coovert 2005). Some bee collections have been made in association with pollination studies of Lupinus perennis
L. (Randy Mitchell, pers. comm.), but Oak Openings bee diversity has never been
surveyed in any detail. In fact, little is known about Ohio bee diversity in general.
Mitchell (1960, 1962) recorded only 190 species from the state, and there have been
no subsequent published surveys of Ohio bees. Bees are a critical group in the Oak
Openings (and elsewhere) because of their primacy as pollinators of many flowering
plants. For example, plant species obligately or predominantly bee-pollinated in
the Oak Openings include those hosting rare, threatened or endangered insects,
e.g., L. perennis, sole larval host for three listed butterfly species, the Karner
Missouri Department of Conservation, 2360 Highway D, St. Charles MO 63304.
(e-mail: michael.arduser@mdc.mo.gov).
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Blue (Lycaeides melissa samuelis Nabokov; Lepidoptera: Lycaenidae), Frosted
Elfin (Callophrys irus (Godart); Lepidoptera: Lycaenidae), and Persius Dusky
Wing (Erynnis persius persius (Scudder); Lepidoptera: Hesperidae), plant species that are state-listed (e.g., Rhexia virginica L., Agalinis skinneriana Wood,
Epilobium angustifolium (L.)), and more common species that provide food for
various species of wildlife, like blackberries, blueberries and cherries.
An inventory of the bees of the Oak Openings was begun by the author
in the 1990s to establish a baseline of bee diversity in the region, to assess the
importance of natural communities to bee diversity, and to identify plant species
that contribute to regional bee diversity. In 2002-2004 most collecting effort
was concentrated on one of the largest and most diverse remnants of the Oak
Openings, the Kitty Todd Preserve, owned and managed by The Ohio Chapter
of The Nature Conservancy.
Study site
Kitty Todd Preserve is located in Lucas County, Ohio, near the Toledo
Express Airport, at the southern edge of the Great Lakes ecoregion (The Nature
Conservancy 2000; see location map online at: http://oakopen.org/maps/). The
Kitty Todd Preserve encompasses approximately 700 acres of Oak Openings
plant communities, including black oak/lupine barren, Midwest sand barren,
mesic sand tallgrass prairie, twig rush wet prairie, oak/blueberry forest, and
Great Lakes pin oak-swamp white oak wetland, and the edges and ecotones
associated with these communities (Gardner and Haase 2004). Most of these
communities are managed with prescribed fire, mowing, cutting and herbicide
treatments, and are in various stages of restoration and recovery (Gary Haase,
pers. comm.). Exotic plant species are infrequent, and limited to peripheral
areas, usually adjacent to roads.
The Kitty Todd Preserve is surrounded by an altered and fragmented
landscape including houses and lawns, row crop fields, pastures, old fields,
business parks, small degraded Oak Openings remnants, the Toledo Airport,
and other developments. Asphalt roads border and transect the Kitty Todd Preserve, dividing it into several sections. The majority of the bee survey effort was
concentrated within the section bordered by Old State Line Road on the south,
Irwin Road on the east, Schwamberger Road on the west and Angola Road on
the north. This area (approximately 80 acres) was referred to as the HQ (Headquarters) unit. Plant communities within the HQ unit include black oak/lupine
barren, Midwest sand barren, and mesic sand tallgrass prairie (Gardner and
Haase 2004). Other parts of the Kitty Todd Preserve sampled less intensively
included the 130 acre Patton unit (a wetland just to the west of the HQ unit),
which included twig rush wet prairie and Great Lakes pin oak-swamp white oak
wetland, and the 20 acre Moseley Barrens unit (a Midwest sand barren). See
Gardner and Haase (2004) for a detailed description of the plant communities.
Methods
A Kitty Todd Preserve plant list (The Nature Conservancy, available
online at http://www.nature.org/wherewework/northamerica/states/ohio/preserves/art162.html) was the primary planning tool for the survey. The list was
examined for “bee plants”, i.e., plant species known to attract bees, and then
separated into plant species known or expected to host oligolectic bees (species known to collect pollen only from a restricted set of plants, usually at the
genus or family level), and polylectic bees (species that visit a wider variety of
unrelated plants for pollen). From this list was generated an “expected” bee
species list; i.e., a list of species expected to be found, given the presence of
particular plant species, the geographic location of the Kitty Todd Preserve,
and published and unpublished records of bees from eastern North America
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(see section on Faunistics for references). The Kitty Todd Preserve manager Gary
Haase generously shared his extensive knowledge of flowering phenologies and
locations throughout the study, allowing more time for bee collecting rather than
plant searching. Plants were identified in the field by the author, in a few cases
only to genus level. A few similar-appearing Solidago and Aster species (Aster
pilosus Willd. and A. lateriflorus (L.) Britt., and Solidago canadensis L. and S.
gigantea Aiton), were lumped as “pairs” of species and are so designated in Table
1. Plant nomenclature follows Voss (1985, 1996); author names of plant species
are provided in Table 1. Ecoregion units and nomenclature are taken from The
Nature Conservancy (2006).
Sampling methods consisted of watching and collecting bees at blooming plants for various periods of time (usually 10-20 minutes), moving on to
a different plant species, and so on (see Evans 1986). The goal was to sample
as many different bee-visited plant species as time allowed. Roughly similar
periods of time were spent observing and collecting bees at most plant species.
Only a few plant species were sampled in more than one year. Some nesting
areas were located and monitored for parasitic bee species, and patrolling points
were watched (many male bees mark and patrol non-flowering plants and other
objects). Malaise traps, pan traps and other passive sampling techniques were
not used because of the possibility of collecting the federally-protected Karner
Blue butterfly and other state-listed butterflies. Sampling dates were chosen
to coincide with clear, sunny, warm weather (i.e, “bee days”).
Bees were collected with a hand net and killed in a jar with ethyl acetate
fumes. A separate jar was used for each plant species (or other object) bees were
collected from. Management unit, date and time were also included. Jars and
specimens were processed locally into separate paper packets with data attached,
and stored in chlorocresol humidors. Specimens were prepared (mouthparts
pulled, mandibles spread, genitalia extruded) and pinned under a dissecting
scope, and labeled with state, county, study site, unit (see above), date, flower
or other object collected at or on, and collector. All specimens were collected,
prepared, labeled and identified by the author. Nomenclature follows Giles and
Ascher (2006), Michener (2000), and Gibbs (2010). Family and authority names
for bee species are provided in Table 2.
Representative specimens have been deposited in the Ohio State University collection, the American Museum of Natural History, and the author’s collection. Remaining material will be placed in the American Museum of Natural
History collection.
Results
A total of 24.5 hours were spent collecting on the Kitty Todd Preserve in 20022004 on a variety of dates between 10 May and 21 September each year (Table 3).
A total of 124 species of bees (in six families and 29 genera) were identified during
that time (Table 2). Four hundred eighty-six specimens representing 116 species
were collected from 51 different species of plants (in 42 genera and 21 families;
Table 1); five additional bee species were collected from nest areas and patrolling
points, and three others were field-identified but not vouchered. Fifty-five species
(44%) were represented by only one or two specimens. Four introduced (exotic)
species were among those collected or recognized in the field. Of the native species,
67 (56%) were polyleges (this includes eusocial taxa), 28 (23%) were oligoleges, and
24 (20%) were cleptoparasites, according to published sources (but see Bee-plant
associations section). Most species were characteristic of the Great Lakes ecoregion
(at least its southern portion) as well as other ecoregions in the midwestern US, but
23 species appear to be at or near the edge of their ranges in the Oak Openings (see
Faunistics section). Plant species from which the greatest number of bee species
were collected include Rubus flagellaris (30 species), Baptisia tinctoria (17 species),
Rubus allegheniensis, Asclepias tuberosa and L. perennis (15 species each, Table 1).

30 [5m, 7m, 8m, 15f, 23f, 28f, 32f, 34f, 36f, 38f, 40f, 45f, 46f, 49f, 55f, 65m, 66f, 68f, 71m, 72f,
82m, 86m, 87f, 88m, 90m, 97f, 100f, 101f, 119f, 122w]
17 [46f, 64f, 73f, 75m, 78f, 79f, 82f, 83fm, 84f, 88fm, 90m, 92f, 93fm, 106m, 120w,121w, 122w]
15 [17f, 22f, 23f, 24f, 28f, 38f, 49f, 55f, 59f, 66f, 68f, 70f, 72f, 97f, 103m]
15 [34f, 37m, 49fm, 52f, 78fm, 79f, 83m, 88m, 89m, 92fm, 93m, 102m, 105f, 106fm, 121w]
15 [3f, 32f, 46f, 49f, 58f, 60f, 63f, 66f, 67f, 68f, 70f, 72f, 84f, 96m,118w]
13 [7m, 35f, 38f, 46f, 48f, 49f, 53f, 54m, 61m, 62f, 82f, 93m, 122w]
12 [5m, 6m, 7fm, 8m, 46fm, 79f, 82m, 84f, 89m, 91fm, 118m, 122w]
12 [7m, 11m, 17fm, 18f, 22m, 34f, 39f, 43f, 46f, 50f, 66f, 95m]
11 [1f, 2m, 12f, 32m, 35m, 47m 55m, 95m, 107m, 108m, 117f]
9 [2m, 12f, 32f, 38f, 51m, 85f, 88m, 117f, 122w]
9 [12m, 25f, 30f, 32f, 33m, 40m, 57m, 95m, 117f]
9 [9fm, 10fm, 31f, 45f, 88fm, 94m, 109m, 114m, 116m]
9 [34f, 48f, 50f, 63f, 66f, 68f, 74fm, 98f, 118w]
8 [1f, 4f, 12f, 14f, 21f, 25f, 119m, 120m]
8 [46f, 74m, 86f, 88fm, 94m, 111f, 112fm, 120m]
7 [18f, 41f, 43f, 45f, 60f, 95m, 97m]
7 [3f, 11m, 13f, 17m, 24f, 28f, 44f]
6 [5m ,46f, 60f, 63f, 96m, 97f]
6 [7m, 8m, 34f, 57f, 75m, 89m]
6 [7m, 16f, 40f, 66f, 84m, 90m]
6 [14fm, 27fm, 30f, 55m, 81f, 82f]
6 [88m, 111f, 119m, 121w, 122w, 123w]
5 [7f, 52f, 82f, 86f, 110m]
5 [45f, 77m, 89m, 110m, 115f]
5 [34f, 35f, 69f, 97f, 99m]
4 [16f, 23f, 40f, 95m]
4 [63f, 64f, 66f, 79m]
4 [34f, 41f, 46f, 61f]

Rubus flagellaris Willd.

Baptisia tinctoria (L.) R.Br.
Rubus allegheniensis Porter
Asclepias tuberosa L.
Lupinus perennis L.
Ceanothus americanus L.
x Melilotus alba (Desr.)
Aronia prunifolia (Marsh.) Rehder
Aster pilosus/lateriflorus
Aster novae-angliae L.
Aster praealtus Poiret
Coreopsis tripteris L.
Penstemon digitalis Sims
Solidago canadensis/gigantea
Vernonia sp.
x Alliaria petiolata (Bieb.) C. and G.
Prunus virginiana L.
Potentilla simplex Michaux
Spiraea alba Duroi
Vaccinium angustifolium Aiton
Solidago nemoralis Aiton
Liatris aspera Michaux
Solidago rugosa Miller
Rudbeckia hirta L.
Senecio aureus L.
Gaylusaccia baccata (Wangenh.) K.Koch
Aletris farinosa L.
Lysimachia lanceolata Walter

No. bee species collected; numbers in brackets refer to Table 2

Plant species

Table 1. Plant species (flowers) from which bees were collected at Kitty Todd Preserve, 2002-2004. f= females; m=males; w=workers; x=
introduced (non-native) plant sp.
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No. bee species collected; numbers in brackets refer to Table 2

4 [50f, 63f, 64f, 66f]
4 [67f, 95m, 96m, 97m]
4 [18f, 40f, 50f,97m]
3 [86m, 89f, 95m]
3 [29f, 40f, 88m]
4 [9f,10f, 81m, 88m]
3 [18f, 26m, 48f]
2 [33f, 80f]
2 [46m,117f]
2 [7fm, 8m]
2 [38f, 46f]
2 [33m, 89m]
2 [64f, 97f]
2 [49f, 84f]
2 [9f, 20f]
2 [7f, 50f]
1 [36f]
1 [66f]
1 [61f]
1 [67fm]
1 [88m]
1 [50f]
1 [67f]

Plant species

Lythrum alatum Pursh
x Lonicera morrowi A.Gray
Geranium maculatum L.
Monarda punctata L.
x Vicia villosa Roth
Helianthus divaricatus L
Cornus stolonifera Michaux
Agalinis tenuifolia (Vahl) Raf.
Aster laevis L.
Cicuta maculata L.
Krigia biflora (Walter) S.F.Blake
Liatris spicata Willd.
Lobelia spicata Lam.
Monarda fistulosa L.
Salix petiolaris J.E.Smith
Sisyrinchium sp.
Euthamia graminifolia (L.) Nutt.
Fragaria virginiana Miller
Lysimachia quadrifolia Sims
Pedicularis lanceolata Michaux
Polygala sanguinea L.
Rosa setigera Michaux
Viola sagittata Aiton

Table 1. Continued.
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Species

Colletidae
1.
Colletes americanus Cresson
		
2.
Colletes compactus Cresson
		
3.
Colletes inaequalis Say
		
4.
Colletes simulans Cresson
		
5.
Hylaeus affinis (Smith)
		
6.* Hylaeus illinoisensis (Robertson)
7.
Hylaeus mesillae (Cockerell)
		
		
		
8.* Hylaeus species nr. modestus
		
		
Andrenidae
9.
Andrena algida Smith
10.* Andrena aliciae Robertson
		
11. Andrena alleghaniensis Viereck
		
12. Andrena asteris Robertson
		
		
13. Andrena barbilabris (Kirby)

No.

THE GREAT LAKES ENTOMOLOGIST

polylege, female collected in May 2004 at staminate Salix petiolaris, Patton unit.
oligolege of Asteraceae; females and males collected in August 2002 at Coreopsis tripteris and
Helianthus divaricatus, HQ unit.
polylege, males collected in May 2003, 2004 at Aronia prunifolia. and Prunus virginiana,
HQ and Patton units.
oligolege of Aster, Solidago; females and males collected in September 2003 at Aster
novae-angliae, Aster pilosus/lateriflorus, Aster praealtus and Solidago canadensis/gigantea,
HQ unit.
polylege, female collected in May 2004 at Prunus virginiana, Patton unit.

oligolege of Aster, Solidago; females collected in September 2003 at Aster pilosus/lateriflorus
and Solidago canadensis/gigantea, HQ unit.
oligolege of Aster, Solidago; males collected in September 2003 at Aster pilosus/lateriflorus and
Aster novae-angliae, HQ unit.
polylege, females collected in May 2003, 2004 at Lupinus perennis and Prunus virginiana, and
at a nest aggregation; HQ and Patton units.
oligolege of Aster, Solidago; female collected in September 2003 at Solidago canadensis/
gigantea, HQ unit.
polylege, males collected in June and July 2002 at Potentilla simplex, Rubus flagellaris and
Melilotus alba, HQ unit.
polylege, males collected in July 2002 at Melilotus alba, HQ unit.
polylege, collected on most dates in May, June and July, all three years; males at Aronia
prunifolia., Vaccinium angustifolium, Ceanothus americanus, Cicuta maculata, Melilotus alba,
Rubus flagellaris, and Spiraea alba; females at Melilotus alba, Solidago rugosa, Sisyrinchium
sp., and Cicuta maculata: HQ and Patton units.
a common species in the midwest US whose name is uncertain at present: polylege, males
collected on most dates in May, June and July, all three years, at Rubus flagellaris, Cicuta
maculata, Spiraea alba and Melilotus alba, HQ and Patton units.

Notes

Table 2. Annotated list of bees at Kitty Todd Preserve. Bee species with an * were not recorded by MacKay and Knerer (1979), Evans
(1986), or Grixti and Packer (2006), see Discussion. Exotic species are labeled “X”. Species numbers (for bees) are used in Table 1.
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Species

14. Andrena canadensis Dalla Torre
		
		
15. Andrena carlini Cockerell
16.* Andrena carolina Viereck
		
17. Andrena crataegi Robertson
		
		
18. Andrena cressonii Robertson
		
19.* Andrena erigeniae Robertson
20. Andrena hippotes Robertson
21. Andrena hirticincta Provancher
		
22. Andrena imitatrix Cresson
		
23. Andrena miranda Smith
		
24.* Andrena nuda Robertson
		
25. Andrena nubecula Smith
		
26. Andrena platyparia Robertson
27. Andrena placata Mitchell
		
28. Andrena vicina Smith
		
29. Andrena wilkella (Kirby)

No.

Table 2. Continued.

oligolege of Aster, Solidago; females and males collected in September 2003 at Solidago
nemoralis
and Solidago canadensis/gigantea, HQ unit.
polylege, female collected in June 2002 at Rubus flagellaris, HQ unit.
oligolege of Vaccinium, Gaylusaccia; females collected in May and June 2002 and 2003 at
Gaylusaccia baccata and Vaccinium angustifolium, HQ unit.
polylege; females collected in May and June, 2002 and 2003 at Rubus allegheniensis and Aronia
prunifolia., males collected in May 2003 and 2004 at Aronia prunifolia and Prunus virginiana.
HQ, Patton units.
polylege, females collected in May 2003 and 2004 at Alliaria petiolata, Aronia prunifolia,
Cornus stolonifera, and Geranium maculatum, HQ and Patton units.
oligolege of Claytonia, female collected in May 2003 in flight, HQ unit.
polylege, female collected in May 2004 at staminate Salix petiolaris flowers, Patton unit.
oligolege of Solidago, females collected in September 2003 at Solidago canadensis/gigantea,
HQ unit.
polylege, females collected in June 2002 at Rubus allegheniensis, male collected in May 2003 at
Aronia prunifolia, HQ unit.
polylege, females collected in June 2002 at Rubus flagellaris and R. allegheniensis, in May 2003
at Gaylusaccia baccata; HQ unit.
polylege, females collected in June 2002 at Rubus allegheniensis HQ unit, in May 2004 at
Prunus virginiana, Patton unit.
oligolege of Asteraceae, females collected in September 2003 at Solidago canadensis/gigantea
and Aster praealtus, HQ unit.
oligolege of Cornus (Svida), male collected in May 2004 at Cornus stolonifera, Patton unit.
oligolege of Asteraceae, male and female collected in September 2003 at Solidago nemoralis,
HQ unit.
polylege, females collected in June 2002 at Rubus allegheniensis and R. flagellaris, in
May 2004 at Prunus virginiana; HQ and Patton units.
X, oligolege of Fabaceae; female collected in June 2002 at Vicia villosa, Moseley Barrens unit.
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polylege, females collected in June 2002 at Lupinus perennis and Rubus flagellaris; in May
and September 2003 at Lupinus perennis, and Aster novae-angliae and A. praealtus,
respectfully; male collected in September 2003 at Aster pilosus/lateriflorus HQ unit.
polylege, females collected in August 2002 at Agalinis tenuifolia, males in July 2002 at
Liatris spicata and September 2003 at Aster praealtus; HQ unit.
polylege, females collected in June and July 2002 at Rubus flagellaris, Spiraea alba,
Asclepias tuberosa and Lysimachia ciliata; in May 2003 at Aronia prunifolia, and in May
and June 2004 at Senecio aureus and Penstemon digitalis; HQ and Patton units.
polylege, females collected in July 2002 at Ceanothus americanus, in May 2004 at Senecio
aureus; male collected in September 2003 at Aster pilosus/lateriflorus; HQ and Patton units.
polylege, females collected in June and August 2002 at Rubus flagellaris and Euthamia
graminifolia, respectively; HQ unit.
polylege, male collected in July 2002 at Asclepias tuberosa, HQ unit.
polylege, females collected June 2002 at Rubus allegheniensis, R. flagellaris and Krigia biflora,
in July and September 2003 at Ceanothus americanus and Aster novae-angliae; HQ unit.
polylege, female collected May 2003 at Aronia prunifolia, HQ unit.
polylege, females collected May and June in all three years at Geranium maculatum, Rubus
flagellaris, Vaccinium angustifolium, Gaylusaccia baccata and Vicia villosa, all units; male
collected September 2003 at Aster praealtus, HQ unit.
polylege, females collected July 2002 at Lysimachia lanceolata, HQ unit, in May 2004 at
Alliaria petiolata, Patton unit.
oligolege, male collected in June 2004 flying over sand on Moseley Barrens unit.
polylege, females collected in May 2003 at Aronia prunifolia (HQ unit), in May 2004 at
Alliaria petiolata and Prunus virginiana, Patton unit.
polylege, female collected in May 2004 at Prunus virginiana, Patton unit.

Halictidae
32. Agapostemon sericeus (Forster)
		
		
33. Agapostemon splendens (Lepeletier)
		
34. Halictus confusus Smith
		
		
35. Halictus ligatus Say
		
36. Halictus parallelus Say
		
37. Halictus rubicundus (Christ)
38. Lasioglossum coriaceum (Smith)
		
39. Lasioglossum foxii (Robertson)
40.* Lasioglossum fuscipenne (Smith)
		
		
41. Lasioglossum lineatulum (Crawford)
		
42.* Lasioglossum lustrans (Cockerell)
43. Lasioglossum nigroviride (Graenicher)
		
44. Lasioglossum oblongum (Lovell)

Notes
oligolege of Asteraceae; females collected in September 2003 at Solidago nemoralis and
Aster praealtus, HQ unit.
oligolege of Asteraceae, female collected in August 2002 at Coreopsis tripteris, HQ unit

Species

30. Pseudopanurgus nebrascensis (Crawford)
		
31.* Pseudopanurgus rugosus (Robertson)

No.

Table 2. Continued.
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Species

45. Lasioglossum pectorale (Smith)
		
		
46. Lasioglossum leucocomum (Lovell)
		
		
		
		
		
47. Lasioglossum bruneri (Crawford)
48. Lasioglossum versatum (Robertson)
		
49. Lasioglossum vierecki (Crawford)
		
		
50. Lasioglossum viridatum (Lovell)
		
		
51. Lasioglossum zephyrum (Smith)
52.* Sphecodes banksii Lovell
		
53. Sphecodes confertus Say
54. Sphecodes cressonii (Robertson)
55. Sphecodes davisii Robertson
		
		
56. Sphecodes ranunculi Robertson
57. Sphecodes stygius Robertson
		

No.

Table 2. Continued.

polylege, females collected in May 2004 at Alliaria petiolata (Patton unit), in June and
August 2002 at Rubus flagellaris and Coreopsis tripteris, HQ unit; male in July 2002 at
Rudbeckia hirta, HQ unit.
polylege, females collected on all dates, HQ and Moseley Barrens units, at Aronia
prunifolia, Rubus flagellaris, Krigia biflora, Lupinus perennis, Ceanothus americanus,
Melilotus alba, Baptisia tinctoria, Lysimachia lanceolata, Potentilla simplex,Vernonia sp.;
males in July and September 2002 and 2003 at Melilotus alba and Aster laevis, HQ unit.
The very similar L. pilosum (Smith) (Gibbs, 2010) occurs elsewhere in the Oak Openings
but was not found at Kitty Todd Preserve.
polylege, male collected September 2003 at Aster pilosus/lateriflorus, HQ unit.
polylege, females collected in July 2004 at Ceanothus americanus (HQ unit), in May and
June of 2004 at Cornus stolonifera and Penstemon digitalis respectively (Patton unit).
polylege, females collected in May, June and July, all years, (HQ and Moseley Barrens
units) at Asclepias tuberosa, Monarda fistulosa, Rubus allegheniensis, R. flagellaris, Lupinus
perennis and Ceanothus americanus; males (HQ unit) at Asclepias tuberosa.
polylege, females collected in May and June all three years, at Sisyrinchium sp., Aronia
prunifolia, Geranium maculatum, Lythrum alatum, Rosa setigera, and Penstemon digitalis,
HQ and Patton units.
polylege, male collected in September 2003 at Aster novae-angliae, HQ unit.
cleptoparasite, females collected in May 2003 and July 2002 patrolling sandy areas and at
Asclepias tuberosa and Solidago rugosa; HQ unit.
cleptoparasite, female collected in July 2002 at Ceanothus americanus, HQ unit.
cleptoparasite, males collected in July 2002 at Ceanothus americanus, HQ unit.
cleptoparasite, females collected in May and June 2002 and 2003 patrolling sandy areas,
and at Rubus allegheniensis and R. flagellaris; males collected inSeptember 2004 at Aster
pilosus/laterflorus and Solidago nemoralis; all HQ unit.
cleptoparasite, female collected searching mesic forest floor, May 2004, Patton unit.
cleptoparasite, females collected in May and July 2002 and 2003, patrolling sandy areas
and at Spiraea alba; male at Aster praealtus, September 2003; all HQ unit.
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58. Augochloropsis metallica (Smith)
		
59. Augochlora pura (Say)
		
60. Augochlorella aurata (Smith)
		
Melittidae
61.* Macropis ciliata Patton
		
Megachilidae
62. Heriades carinatus Cresson
63. Hoplitis pilosifrons (Cresson)
		
64. Hoplitis producta (Cresson)
		
65.* Hoplitis truncata (Cresson)
66. Osmia atriventris Cresson
		
67.* Osmia bucephala Cresson
		
68. Osmia distincta Cresson
		
69. Osmia georgica Cresson
70. Osmia pumila Cresson
		
71. Osmia simillima Smith
72.* Osmia michiganensis Mitchell
		
73.
Anthidiellum notatum (Latreille)

No.

Table 2. Continued.

polylege, female collected in July 2003 at Ceanothus americanus, HQ unit.
polylege, females collected in June and July all three years in HQ and Patton units, at
Lupinus perennis, Potentilla simplex, Penstemon digitalis, Lythrum alatum and Aletris farinosa
polylege, females collected in June and July all three years in HQ and Patton units at
Lythrum alatum, Aletris farinosa, Lobelia spicata and Baptisia tinctoria
polylege, male collected in June 2002 at Rubus flagellaris, HQ unit.
polylege, females collected in May, June and July all three years, all units, at Fragaria
virginiana, Aronia prunifolia, Lupinus perennis, Rubus allegheniensis, R. flagellaris,
polylege, females collected in May of 2003 and 2004 at Lupinus perennis,Viola sagittata,
Pedicularis canadensis and Lonicera morrowi, Patton unit.
polylege (see Discussion); females collected in June of 2002 and 2004 at Lupinus perennis,
Rubus allegheniensis, R. flagellaris and Penstemon digitalis; all units.
oligolege of vernal Asteraceae; females collected in May 2004 at Senecio aurea, Patton unit.
polylege, females collected in May and June, 2002 and 2003 at Lupinus perennis and Rubus
allegheniensis, HQ unit.
polylege, male collected in June 2002 at Rubus flagellaris, HQ unit.
polylege, females collected in May and June of 2002 and 2003 at Rubus flagellaris,
R. allegheniensis and Lupinus perennis, HQ unit.
polylege, female collected in July 2002 at Baptisia tinctoria, HQ unit.

oligolege of Lysimachia (perhaps only quadrifolia); females collected in July 2003 at Lysimachia
quadrifolia, male at Ceanothus americanus, HQ unit.

polylege, females collected in May 2003 at Lupinus perennis (HQ unit) and in June 2004
flying over sand at Moseley Barrens.
polylege, females collected in June 2002 at Rubus allegheniensis, and in June 2004 flying
over sand at Moseley Barrens.
polylege, females collected in May and June of all years on all units; flower records include
Potentilla simplex, Lupinus perennis and Alliaria petiolata.

Notes
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74. Anthidium manicatum (Linnaeus)
		
		
75.* Stelis louisae Cockerell
76. Stelis lateralis Cresson
77. Coelioxys alternata Say
78. Coelioxys modesta Smith
		
79. Coelioxys octodentata Say
		
		
80.* Coelioxys porterae Cockerell
81. Coelioxys sayi Robertson
		
82. Megachile brevis Say
		
		
83. Megachile campanulae (Robertson)
		
84. Megachile gemula Cresson
		
		
85.* Megachile inimica Cresson
86. Megachile latimanus Say
		
		
87.* Megachile mucida Cresson

No.

Table 2. Continued.

X, polylege, males collected in August 2002 and June 2004 at Vernonia sp. and Penstemon
digitalis respectively, HQ and Patton units; females collected in June 2004 at Penstemon
digitalis, Patton unit.
cleptoparasite, males collected in July 2002 at Spiraea alba and Baptisia tinctoria, HQ unit.
cleptoparasite, female collected in May 2003 patrolling Quercus velutina sprout, HQ unit.
cleptoparasite, male collected in July 2002 at Rudbeckia hirta, HQ unit.
cleptoparasite, females collected in July 2002 from Asclepias tuberosa and Baptisia tinctoria,
male from Asclepias tuberosa, all HQ unit.
cleptoparasite, females collected in July 2002 and 2003 from Asclepias tuberosa, Melilotus
alba, Baptisia tinctoria, and patrolling sandy areas; male collected in July 2003 at Aletris
farinosa; all HQ unit.
cleptoparasite, female collected in August 2002 at Agalinis tenuifolia, HQ unit.
cleptoparasite, females and males collected in 2002, the former at Solidago nemoralis, the
latter at Helianthus divaricatus, HQ unit.
polylege, collected in 2002 and 2003, HQ unit: females in July and August at Baptisia
tinctoria, Ceanothus americanus, Solidago rugosa and S. nemoralis, males in June and July
at Rubus flagellaris and Melilotus alba.
polylege, females collected in July 2002 at Baptisia tinctoria, males in July 2002 at Baptisia
tinctoria and Asclepias tuberosa, HQ unit.
polylege, females collected in June and July 2002 and 2003 at Lupinus perennis, Baptisia
tinctoria, Monarda fistulosa and Melilotus alba; male collected in June 2002 at Vaccinium
angustifolium, all HQ unit.
oligolege of Asteraceae; female collected in September 2003 at Aster novae-angliae, HQ unit.
oligolege of Asteraceae; females collected in July and August 2002 at Solidago rugosa and
Vernonia sp., males collected in June and July 2002 at Rubus flagellaris and Monarda
punctata, HQ unit.
polylege, female collected in June 2002 at Rubus flagellaris, HQ unit.
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88. Megachile mendica Cresson
		
		
		
		
89. Megachile pugnata Say
		
		
90. Megachile relativa Cresson
		
91. Megachile rotundata (Fabricius)
92.* Megachile rugifrons (Smith)
		
93. Megachile texana Cresson
		
		
Apidae
94. Xylocopa virginica (Linnaeus)
95. Ceratina calcarata Robertson
		
		
96. Ceratina dupla Say
		
97.* Ceratina strenua Smith
		
		
98. Anthophora terminalis Cresson
99. Nomada bella Cresson
100. Nomada cressonii Robertson
101. Nomada cuneata (Robertson)

No.

Table 2. Continued.

polylege, females and males field-identified all three years, HQ unit.
polylege, males collected in May and September of 2003 at Aronia prunifolia, Gaylusaccia
baccata, Aster praealtus and A. pilosus/lateriflorus, HQ unit, and in May 2004 at Alliaria
petiolata and Lonicera morrowi, Patton unit.
polylege, males collected in all three years; in May and June 2002 and 2003 (HQ unit) at
Lupinus perennis and Potentilla simplex, and in May 2004 at Lonicera morrowi (Patton unit).
polylege, collected in May and June of 2002 and 2004 on HQ and Patton units: females at
Senecio aurea, Potentilla simplex, Rubus flagellaris, R. allegheniensis and Lobelia spicata,
males at Alliaria petiolata, Geranium maculatum and Lonicera morrowi.
polylege, females collected in June 2004 at Penstemon digitalis, Patton unit.
cleptoparasite, male collected in May 2003 at Senecio aureus, Patton unit.
cleptoparasite, female collected in June 2002 at Rubus flagellaris, HQ unit.
cleptoparasite, female collected in June 2002 at Rubus flagellaris, HQ unit.

polylege, collected in 2002 and 2003, HQ unit; females collected in July and August at
baptisia tinctoria, Vernonia sp., and Coreopsis tripteris, males in June, July, August and
September at Rubus flagellaris, Vicia villosa, Polygala sanguinea, Baptisia tinctoria,
Asclepias tuberosa, Coreopsis tripteris, Vernonia sp., Helianthus divaricatus, Liatris aspera
and Aster novae-angliae.
oligolege of Asteraceae; female collected July 2002 at Monarda punctata, males collected in
July 2002 and 2003 at Melilotus alba, Asclepias tuberosa, Rudbeckia hirta, Spiraea alba
and Liatris spicata, all HQ unit.
poylege, males collected in May, June and July 2002 and 2003 at Vaccinium angustifolium,
Rubus flagellaris, Baptisia tinctoria, and patrolling a Quercus velutina sprout, HQ unit.
X, oligolege of Fabaceae, male and female collected in July 2003 at Melilotus alba, HQ unit.
polylege, females and males collected in July 2002 at Baptisia tinctoria and Asclepias
tuberosa, HQ unit.
polylege, females collected in July 2002 at Baptisia tinctoria, males collected in July 2002
and 2003 at Baptisia tinctoria, Asclepias tuberosa, Monardapunctata, and Ceanothus
americanus, HQ unit.
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102.* Nomada vegana Cresson
103. Nomada pygmaea Cresson
104.* Nomada rubicunda Olivier
105.* Triepeolus lunatus (Robertson)
106. Epeolus lectoides Robertson
		
107. Epeolus scutellaris Say
108 Epeolus species 1
109. Melissodes agilis Cresson
110. Melissodes species 1
111.* Melissodes bimaculata (Lepeletier)
112.* Melissodes denticulata Smith
113. Melissodes desponsa Smith
114. Melissodes rustica (Say)
115. Melissodes subillata LaBerge
116. Melissodes tincta LaBerge
117. Melissodes wheeleri Cockerell
		
118. Bombus bimaculatus Cresson
		
119. Bombus citrinus (Smith)
		
120. Bombus fervidus (Fabricius)
		
121. Bombus griseocollis (DeGeer)
		
122. Bombus impatiens Cresson
		
		
123. Bombus vagans Smith
124.X Apis mellifera Linnaeus

No.

Table 2. Continued.

cleptoparasite, male collected in July 2002 at at Asclepias tuberosa, HQ unit.
cleptoparasite, male collected in June 2002 at Rubus flagellaris, HQ unit.
cleptoparasite, male collected in May 2003 in flight over sand, HQ unit.
cleptoparasite, female collected in July 2002 at Asclepias tuberosa, HQ unit.
cleptoparasite, collected in July 2002, males at Baptisia tinctoria and Asclepias tuberosa,
females only at the latter; HQ unit.
cleptoparasite, male collected in September 2003 at Aster pilosus/lateriflorus, HQ unit.
cleptoparasite, males collected in September 2003 at Aster pilosus/lateriflorus, HQ unit.
oligolege of Helianthus; male collected in August 2002 at Coreopsis tripteris, HQ unit.
males collected in July 2002 at Solidago rugosa and Rudbeckia hirta, HQ unit.
polylege, females collected in August 2002 at Vernonia sp. and Liatris aspera, HQ unit.
oligolege of Vernonia; males and females collected in August 2002 at Vernnonia sp., HQ unit.
oligolege of Cirsium; males and females field-identified in August 2002 on Cirsium sp., HQ unit.
oligolege of Asteraceae; male collected in August 2002 at Coreopsis tripteris, HQ unit.
oligolege of Asteraceae; female collected in July 2002 at Rudbeckia hirta, HQ unit.
oligolege of Asteraceae; male collected in August 2002 at Coreopsis tripteris, HQ unit.
oligolege of Asteraceae; females collected in September of 2003 at Aster praealtus,
A. novae-angliae, A. laevis and A. pilosus/lateriflorus, HQ unit.
polylege, workers collected in June 2002 and 2004 at Lupinus perennis and Penstemon
digitalis respectively, HQ and Patton units; males in July 2002 at Melilotus alba, HQ unit.
social parasite, female collected in June 2002 at Rubus flagellaris, males in August 2002 and
September 2003 at Liatris aspera and Solidago canadensis/gigantea, respectively; HQ unit.
polylege, workers collected in July 2002 at Baptisia tinctoria, males in August 2002 and
September 2003 at Vernonia sp. and Solidago canadensis/gigantea respectively; HQ unit.
polylege, workers collected in July and August 2002 at Baptisia tinctoria, Asclepias tuberosa
and Liatris aspera, HQ unit.
polylege, workers collected in June, July and August of 2002, and in September 2003, at
Melilotus alba, Baptisia tinctoria, Rubus flagellaris, Ceanothus americanus, Liatris aspera
and Aster novae-angliae; HQ unit.
polylege, worker collected in August 2002 at Liatris aspera, HQ unit.
polylege, seen regularly all three years, most dates, all sites.
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2002
2003
2004
No. spp.
Collected

2
-

5

26

5/18

2

5/10

31

3
-

5/19

43

3
-

6/7

8

1.5
-

6/8

18

2

6/26

18

2
-

7/5

26

3
-

7/13

31

1
-

7/14

Table 3. Bee collecting effort (hours) on individual dates (month/day) at Kitty Todd Preserve, 2002 - 2004.

24

1.5
-

8/19

28

3.5
-

9/21
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Discussion
Faunistics. Given the concern about disappearing and declining pollinator
populations (National Research Council 2007), global warming (Walther et. al.
2002), and the potential changes in the distribution and abundance of organisms
implied by these phenomena, an attempt was made to assemble a relatively current
data set on the distribution of bees within the eastern US for comparative purposes,
rather than depend solely on older sources such as Mitchell (1960, 1962), Hurd,
Jr. (1979), and others. A number of bee surveys in various parts of the eastern
US (and adjacent Canada) have been published in the past decade or so, which
taken together provide recent data on the distribution of many bees in the eastern
US, and approximately 12 of its 33 ecoregions (The Nature Conservancy, 2006).
These studies include: Reed (1995), Pascarella et. al. (1999), Deyrup et. al. (2002),
Sheffield et. al. (2003), Kalhorn et. al. (2003), Grixti and Packer (2006), Giles and
Ascher (2006), Gardner and Ascher (2006), Bartholomew et. al. (2006), and Tuell
et. al. (2009). In addition to these published studies, recent unpublished data sets
from Robert Jean (northern Indiana, northeastern Illinois), Sam Droege (South
Carolina sandhills and Assateague Island), and the author (Missouri) were also
incorporated as comparative data. Reference was also made to the distribution
maps of bees being compiled by John Ascher (American Museum of Natural History
available at http://www.discoverlife.org/mp/20m?kind=AMNH_BEE). Nearly all of
these data sets have the advantage of being tied to particular habitats or natural
communities, and ecoregions.
Based on these data, all of the named species of bees found at Kitty Todd
(121) have been documented in the last decade or so from elsewhere in the
eastern US and/or southern Ontario, Canada, and most (95, or 77%) have been
documented by four or more of the studies referenced above. The majority of
bee species on the Kitty Todd Preserve thus appear to be relatively common,
widespread species typical of many ecoregions and habitats in the eastern US.
However, these surveys also suggest that as many as 23 of the (native) bee
species occurring at Kitty Todd are at, or near, the periphery of their ranges
in the Oak Openings. Nineteen of these species barely enter the Great Lakes
ecoregion, being more representative of ecoregions to the east, southeast, south
and southwest, while four other species are characteristic of the entire Great
Lakes ecoregion, and other ecoregions to the north, east and west.
Of these nineteen species that barely enter the Great Lakes ecoregion,
seven (Andrena aliciae, Andrena nubecula, Pseudopanurgus rugosus, Megachile
inimica, Osmia georgica, Melissodes tincta and M. wheeleri) are oligoleges of
various Asteraceae, four others (Andrena nuda, Anthidiellum notatum, Megachile mucida and M. rugifrons) are polyleges, and two (Sphecodes banksii, Stelis
louisae) are cleptoparasites of Lasioglossum (Dialictus) and Megachile (Chelostomoides) respectfully. Only seven of these nineteen species (Andrena nubecula,
A. nuda, Osmia georgica, Anthidiellum notatum, Epeolus lectoides, Melissodes
tincta and M. wheeleri) were found by MacKay and Knerer (1979), Evans (1986),
Grixti and Packer (2006), and Tuell et. al. (2009) in their intensive studies of
bees in southern Michigan and southern Ontario, areas just to the northwest,
north and northeast of Kitty Todd (see Bees and Natural Communities below).
However, in a recent three year study of bees in black oak savanna communities in northern Indiana (at a latitude, and in habitat, similar to Kitty Todd),
Robert Jean found sixteen of these nineteen species (R. Jean, pers. commun.).
All of these species occur further to the south and southwest in Indiana (R.
Jean, unpubl. Indiana list), and Missouri (M. Arduser unpubl. Missouri list).
The four “northern” species occur throughout the Great Lakes ecoregion,
and apparently no further south than the Oak Openings and similar habitats at
the same latitude. One of these is an oligolege (Andrena hirticincta on Solidago),
two (Andrena algida and Osmia michiganensis) are polyleges, and Coelioxys
porterae is a cleptoparasite (of Megachile spp.). A. hirticincta was found by
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MacKay and Knerer (1979), Evans (1986), Grixti and Packer (2006), and Tuell
et al. (2009), and A. hirticincta, O. michiganensis and C. porterae were found
by R. Jean (unpubl. Inidiana list).
The occurrence of O. michiganensis at Kitty Todd is notable. Virtually
nothing has been reported about this bee since its description by T. B. Mitchell
from a single male specimen collected in Grand Traverse Co. Michigan (Mitchell
1962). Over the last several decades, females thought to be of this species have
been collected by the author and others throughout the Great Lakes ecoregion
at a variety of plant species, and in British Columbia, Canada (Arduser, unpubl.
data). It has apparently not been reared from trap nests. Males pursuing females
and attempting copulation were collected elsewhere in the Oak Openings by the
author recently and confirm the identity of the females. It is possible that this
species, like Osmia subaustralis Cockerell (Rust 1974) and Dufourea maura
(Cresson) (Arduser 1985), is either disjunct in the Great Lakes ecoregion, or
has a transcontinental northern distribution.
Transeau (1935) included the Oak Openings as an eastern outlier of his prairie
peninsula, and Metzler (1999) recently documented two species of microlepidoptera
from the Oak Openings (both from Kitty Todd) which he considered prairie specialists (i.e., occurring only in prairies or prairie-like habitats east of the Mississippi
River; Metzler 1997). None of the bees found at Kitty Todd can be considered prairie
specialists, by Metzler’s definition; though many of them occur commonly on tall
grass prairie natural communities in Missouri, Kansas and Oklahoma (e.g., Hylaeus
mesillae, Andrena cressonii, Megachile inimica, and Melissodes agilis), they occur
in other communities and habitats as well (Arduser, 2003).
Bee-plant associations. Both conservative and non-conservative plants
(Masters 1997) served as principal resource species (Evans 1986) for polylectic
bees at Kitty Todd (Table 1). Conservative plant species (e.g., Lupinus perennis)
are closely tied to natural communities: the more conservative a species, the less
likely it is to occur, or establish itself, outside of a particular natural community
or set of communities. None of the principal resource species were pollen hosts
for any oligolectic bees. Their attractiveness for many polylectic bees suggests
that principal resource species may be useful as “sentinel plants” in monitoring
local bee diversity, and perhaps abundance. Monitoring bees at sentinel plants
at intervals over the season and across years may provide a valuable index (and
reveal trends) of bee diversity at a site, as opposed to extensive and intensive
studies attempting to catalog the entire bee fauna at a site, requiring hundreds
or thousands of hours of collecting effort and equal amounts of preparation time.
For example, the five principal resource species at Kitty Todd (10% of plant species sampled, Table 1) attracted nearly half of all bee species collected at the
site (59 species, or 48%). The highly conservative papilionoid legumes Baptisia
tinctoria and Lupinus perennis (Ladd, 1997) were visited primarily by longtongued bees (e.g., megachilids and apids), while plant taxa with more readily
accessible flowers (e.g., Rubus spp., Aronia prunifolia, Ceanothus americanus)
were visited by a greater number of short-tongued bees (e.g., colletids, andrenids,
halictids). This difference was sometimes quite striking: on the morning of 18
May 18, L. perennis and Aronia prunifolia were sampled approximately one
half-hour apart, in patches about 50 yards from each other. Twenty-two species
of bees were collected from these two plant species during that time, but only
two of those 22 bee species were captured at both plant species.
The flight periods of bees are generally longer than the blooming period of
any particular plant species at a given site. Thus bees collected from L. perennis
and A. prunifolia also visited other plants for pollen and nectar (Table 1) before,
during and after populations of these two plants flowered. Bee species that provide pollination services for rare and/or conservative species (like L. perennis) are
maintained as a “pollinator force” not solely by those rare or conservative plants
they service, but by resources obtained from other associated plant species, many
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of which are non-conservative or even weedy. Management of the Kitty Todd
Preserve is often necessarily focused on rare and conservative plant species, but
this sometimes comes at the expense of common or non-conservative species,
which are often seen as occupying space that might otherwise support Kitty
Todd Preserve targets. The abundance of native non-conservative or weedy
plants (e.g., Rubus spp., Table 1) is clearly important in supporting many bees,
at least some of which are important pollinators of rare species (Dieringer, 1999,
Larson and Barrett, 1999, Bernhardt, 2000, Saunders and Sipes, 2006). Beevisited plants that phenologically bracket the blooming period of any particular
bee-pollinated rare species play an important but undervalued role as “bridge”
species, supporting pollinators on either side of the target species flowering period. These kinds of plants need to be recognized and included in management
efforts addressing the rare species.
The vast majority of the native oligolectic bees collected (23 out of 28 species) on the Kitty Todd Preserve were supported by various genera of Asteraceae
(see Tables 1 and 2). Undoubtedly more vernal Andrena oligoleges, especially
Salix specialists, occur on the Kitty Todd Preserve than were collected, based
on collections elsewhere in the Oak Openings region. Few collections of oligoleges were made from the principal resource species (Table 1). Certain species
considered in the literature as range-wide polyleges (e.g., Andrena crataegi, A.
nuda) appear to be regional or local oligoleges (eclectic oligoleges, sensu Cane
and Sipes 2006). Of the many oligolectic species recorded in this study, two,
Lasioglossum lustrans (Halictidae) and Osmia distincta (Megachilidae), are of
particular interest. L. lustrans is a sand-obligate species of the eastern US. This
bee has been considered an oligolege of Pyrrhopappus spp. (Asteraceae), (Moure
and Hurd 1987), but is more appropriately considered a range-wide oligolege
of the Asteraceae Tribe Cichorieae, utilizing both native and introduced taxa
(Estes and Thorp 1975). Pyrrhopappus does not occur at Kitty Todd or elsewhere
in the Oak Openings (Gary Hasse, pers. comm.), nor is there evidence that it
has occurred there in recent times (Moseley 1928). Neither does Pyrrhopappus
occur in Michigan (Voss 1996). Robert Jean (pers. comm.) has found this bee in
northern Indiana and northern Illinois in the absence of its putative host plant
as well. In these natural community sites a morphologically similar but more
conservative genus of plants, Krigia, is common. Two co-flowering species occur at these sites, K. virginica and K. biflora; the former is characteristic of the
sandy barrens where L. lustrans has been found, and is a state-listed species in
Ohio (Ohio Division of Wildlife 2003). Field observations indicate this species
is the pollen host of L. lustrans at these locations.
Osmia distincta has been considered an oligolege of Penstemon (Scrophulariaceae) by most workers (Clinebell and Bernhardt 1998, Clinebell 2003). At
Kitty Todd this bee collects pollen from L. perennis, Rubus spp. and possibly
other plants prior to the flowering of Penstemon digitalis, the only Penstemon
known from the Kitty Todd Preserve. Females of O. distincta do collect pollen
from P. digitalis later in the season at those few sites where the plant occurs,
but the bee also occurs in parts of the Kitty Todd Preserve where the plant
is apparently absent. P. digitalis was not recorded by Moseley (1928), and is
extremely local and possibly introduced in the Oak Openings. The occurrence
of O. distincta at Kitty Todd and elsewhere in the Oak Openings thus appears
to be independent of the presence of Penstemon species. This bee also occurs
throughout much of southern Michigan and into the Upper Peninsula, and of
twelve separate Michigan collections of females seen by me, only one is from
Penstemon (P. hirsutus (L.) Willd.). The others were collected at Fabaceae (Trifolium hybridum L., Trifolium sp., Vicia villosa, Vicia americana Muhl.) and
Rosaceae (Rubus) (Arduser, unpubl.data).
The phenomenon of oligolectic bee species utilizing different host plants at
the periphery of their ranges, in the absence of their “normal” host plants, may
be more common than recognized (see Cane et. al. 1996 and Deyrup et. al. 2002
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for additional examples). Host switches may facilitate speciation in solitary bees,
and partially explain the abundance and diversification of oligolectic lineages
(Wcislo and Cane 1996). Host switches could function as reproductive isolating
mechanisms in taxa (like many Andrenidae) that habitually seek mates (and
copulate) at host flowers.
Finally, we note for apparently the first time the use of native plants,
and the occurrence in natural communities, of the introduced Old World woolcarder bee, Anthidium manicatum (Table 2). All other accounts of this species
in North America indicate it restricts its flower visitation to Old World plant
taxa and does not colonize native communities (Miller et. al. 2002, Cane and
Sipes 2006).
Bees and natural communities. Natural communities are assemblages
of native plant and animal species occurring in conjunction with particular physical characteristics of the landscape, and vary from high quality to low quality
depending on site integrity. Similar in a general way to plant communities,
natural communities are defined and recognized by additional organisms and
certain elements of the landscape, not by plants exclusively, and are believed to
represent what remains of presettlement habitats. Contemporary Oak Openings natural communities (Gardner and Haase, 2004), as well as most other
midwestern natural communities, are remnants of formerly larger and more
extensive systems. These remnants are embedded in an increasingly fragmented,
altered landscape, degraded by invasive exotic plants, changing water tables,
and shifts in the types, frequencies, and intensities of the various natural disturbances (e.g., fire and water) that shaped the communities prior to European
settlement (Abella et. al. 2001, Grigore 2004).
Considerable evidence indicates that populations of a number of Midwestern insect species representing several functional groups (e.g., phloem feeders
and predators; Panzer et. al. 1995), as well as other animals and plants (Sullivan
1999, Nelson 2005), are largely confined to these remnant natural communities.
Apparently unable to colonize the altered landscapes around them, populations
of these organisms may be potentially at risk and in danger of being extirpated:
they depend on natural communities, or what is left of them. Some of these
species have been given special conservation status at the state level because
of their vulnerability (Ohio Division of Wildlife 2003).
The degree to which Oak Openings, and other Midwestern bee species
exhibit “natural-community dependency” [an ecological characteristic similar
to remnant-dependency (Panzer et. al. 1997), and conservatism (Masters1997)],
appears to be relatively minor, however. Existing data indicate that many
Midwestern bees, including oligoleges, polyleges and cleptoparasites, persist
in and readily colonize, various habitat fragments containing both native and
exotic plants, e.g., old fields, roadsides, utility corridors and rights-of-way, de
novo restorations, urban areas, etc. (MacKay and Knerer 1979; Evans 1986;
Reed 1995; Marlin and LaBerge 2001; Cane 2001, 2005; Clinebell 2003; Grixti
and Packer 2006;). For example, Grixti and Packer (2006) sampled a small,
late old field site characterized by a large number of introduced (exotic) plant
species and a history of disturbance, yet found 150 species of bees (excluding
bumblebees), at the site. Fifty-eight percent (68) of the species found in their
study were also found at Kitty Todd (this study). Clearly, many Midwestern
bee species - probably the great majority of them - are not constrained by, or
dependent on, natural communities or their remnants, even though some species
may be characteristic of natural communities, and often abundant within them.
Colletes inaequalis and Lasioglossum pilosum, for example, are characteristic
of sandy, open natural communities throughout the Oak Openings but also occur in disturbed, sandy sites such as vacant lots, roadsides, recreation fields,
etc. throughout much of the Great Lakes region, and were common at the site
studied by Grixti and Packer (2006).
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On the other hand, some Midwestern oligolectic bees are natural
community-dependent (NCD) because they either rely exclusively on pollen
from conservative plants, or require other resources available only in natural
communities. The melittid bee Macropis ciliata, for example, is apparently
oligolectic on Lysimachia quadrifolia (Snelling and Stage 1995; this study), a
conservative, obligate wetland plant species (Ladd 1997; Table 1), and Andrena
carolina is an oligolege of Vaccinium and Gaylusaccia, which are relatively
conservative taxa as well. Overall, however, only a minority of oligolectic bees
in the Midwest depend on conservative plant taxa for pollen (Arduser, unpubl.
data). Most have a broader host repertoire (at the family level, for example)
or have the “good fortune” to rely on plant taxa that are either not particularly
conservative, or are rife with species, at least some of which are not conservative (e.g., Solidago, Helianthus, Salix). Nest habitat requirements (e.g., obligate
arenophily), unfortunately known only in general terms for many Midwestern
species, are an additional and undoubtedly equally important factor restricting
bees to natural communities (Gordon 2000, Cane 2001).
Determining natural community-dependency in bees that are not oligoleges
of conservative plant taxa requires repeated sampling in natural communities
as well as in disturbed or altered habitats across a representative portion of a
species’ range. Repeated collections or observations of a species in natural communities, coupled with the scarcity or absence of that species in altered habitats,
are a strong indication of natural community-dependency (see Westrich 1996
for several European examples), though the reasons may not be immediately
clear. Candidate species at Kitty Todd include Andrena aliciae, Hoplitis truncata, Osmia michiganensis, Megachile rugifrons, and the parasitic Nomada
vegana. None of these species has been found outside of natural communities
in the Oak Openings region.
Natural community-dependent species are not necessarily rare, nor are
rare species necessarily NCD. Species can be rare for many reasons, and the
increasing scarcity and degradation of some natural communities is just one
possible cause. Natural community-dependency includes a predictable component that rareness lacks: the relatively consistent occurrence of a species in a
particular natural community or set of communities, in contrast to that species’
infrequency, scarcity or absence outside of those communities. There is clearly a
range in the degree of natural community-dependency among bee species, some
being highly NCD, others moderately so (Arduser, unpubl. data). A caveat is that
some bee species, and presumably other NCD invertebrates, vary geographically
in their degree of natural-community dependency, much the way some plants
vary in their degree of conservatism range-wide (Ladd 1997).
The sporadic and highly mobile nature of some bees may make it difficult
to obtain enough information to draw any conclusions about natural communitydependency in all taxa (Williams et.al. 2001). Despite these uncertainties,
the inclusion of bees and other ecologically important invertebrates with taxa
demonstrating some degree of natural community fidelity (e.g., ants, Coovert
2005; tiger beetles, Knisely and Schultz 1997, Graves and Brzoska 1991; grasshoppers, Kirk and Bomar 2005; and some Lepidoptera, Rings et. al. 1992), will
strengthen programs designed to evaluate the integrity of natural community
remnants, track the progress of natural community restorations, and monitor
the recovery of natural communities following management treatments.
Conclusions. The restricted flight periods and apparent rareness of some
bee species, and the temporal nature of flowers and flowering make the process
of inventorying a local bee fauna a challenging one (Williams et.al. 2001). Time
and travel limitations, and the vagaries of weather limited sampling during
this project, thus the results do not provide a complete picture of bee diversity
on the Kitty Todd Preserve. However, they do indicate that the Kitty Todd
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Preserve supports a high diversity of native bees, including some species that
may be largely dependent on Oak Openings natural communities for foraging
and nesting, and incapable of colonizing adjacent altered habitats such as old
fields. Understanding the degree of fidelity bee species have for natural communities, and the status and management needs of these communities, is an
important and overlooked part of understanding pollinator declines and their
potential impacts on native plants and the organisms that depend on them.
Management efforts that promote populations of both conservative and nonconservative native plant species are critical if bee diversity and its pollination
services are to be maintained on Midwestern Preserves.
Undoubtedly, increased collecting effort and additional methods would
have resulted in more species of bees, and more records of bees from more plant
species. A number of important “bee plant” taxa on the Kitty Todd Preserve were
sampled sparingly or only in very small colonies (e.g., Salix, Cornus, Prunus,
Monarda, Helianthus), or not at all (e.g., Oenethera, Rhus). On the other hand,
certain species of bees that were expected based on the abundance of their host
plants, and searched for repeatedly, were not located (e.g., Andrena krigiana
Robertson at Krigia, Calliopsis andreniformis Smith at Fabaceae, certain
panurgine andrenids at late-summer Asteraceae, Megachile addenda Cresson
at Tephrosia), though they have been found elsewhere in the Oak Openings
region. Extrapolating from data collected at other sites in the Oak Openings
region, (Arduser unpubl. data), it is probable that an additional 30 bee species
and possibly more, occur on the Preserve.
This appears to be the only published survey of bee diversity in natural
communities in the Great Lakes ecoregion, though other promising, more detailed projects are on-going (Robert Jean, pers. comm.). In the absence of more
comprehensive, natural community–specific data on southern Great Lakes bees,
it would be premature to attach great conservation significance to the Kitty Todd
Preserve, and the Oak Openings in general, as a “reservoir” for regional bee
diversity and populations. Also, the bee fauna of Ohio is not well-documented,
handicapping any state-wide comparative discussion of the significance of Kitty
Todd and the Oak Openings to regional bee diversity. Further inventory work
on bees in the state’s natural communities and other habitats is needed and
recommended; it may well reveal a unique signature for the Oak Openings bee
fauna and heightened conservation status for some of its species.
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Estimation of Sorting Time for Arthropod Samples
Collected with Tullgren Funnels
Ernest C. Bernard1 and Pennie J. Long1

Abstract
Arthropods were sorted from samples obtained with Tullgren funnels.
Each sorter maintained a log of time per session and arthropods removed per
session. Five individuals removed all arthropods from 12 separate samples and
sorted them into previously designated class or ordinal taxa. Each sample
was sorted by a single student. Students were allowed to develop their own approaches to sorting and do it as time permitted. Mean sorting rate per sample
was 2.43 arthropods per minute, with a range of 1.42-5.64, while mean sorting
rate for a sorting session was 3.41 specimens per minute. Specimen density was
only weakly correlated with sort time. Fatigue did not appear to be a major
factor in sorting rate, as indicated by the similarity of the linear and quadratic
coefficients of determination for each sample.
____________________

The problems involved with sorting bulk samples of collected invertebrates
for further study are widely recognized, but few studies address the quantification of sorting parameters for mass collections. Time and cost investments have
been determined empirically for insects caught in Malaise traps (Danks and
Winchester 2000) and for soil microfauna (Berthold et al. 1999). With the increasing emphasis on broad-based biodiversity surveys (White and Langdon 2006,
Nichols and Langdon 2007), realistic estimates of time and cost expenditures are
necessary for developing realistic survey budgets, especially if purpose-trained
parataxonomists are used. This need is particularly pressing for soil arthropods.
In most soil environments, soil arthropods are diverse and abundant, sometimes
reaching densities of close to 250,000/m2 (Price 1973; Lagerlöf and Andrén, 1988,
1991; Kopeszki and Meyer 1994). A well-recognized impediment to soil arthropod diversity studies is the great effort and expenditure of resources necessary
to separate thousands of specimens from soil and organic debris and sort them
to the desired taxonomic level. This work requires carefully thought-out plans
and protocols (Danks 1996). Often this work is the responsibility of students
hired and trained for the purpose; funds for their hiring typically are derived
from grants in which the principal investigator has provided an estimate of the
number of hours necessary to complete the work. However, there appears to
be no published estimate of the rate of sorting, without which there cannot be
an accurate estimate of the time necessary to sort the organisms collected in a
project. The purpose of this paper is to report time estimates for the removal
and sorting of arthropods to class and (or) order collected by means of Tullgren
funnels (Tullgren 1918, Murphy 1962). Given a realistic estimate of arthropod
densities, sorting rates can be used to develop an accurate cost figure for removal
and sorting of arthropods from bulk samples.

Department of Entomology and Plant Pathology, Tennessee Agricultural Experiment
Station, The University of Tennessee, 2431 Joe Johnson Drive, 205 Plant Sciences,
Knoxville, TN 37996-4560. (e-mail: ebernard@utk.edu, pjennin1@utk.edu).
1
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Materials and Methods
Four M.S.-level students enrolled in a Concentrated Study in Entomology
- Apterygotes course at the University of Tennessee and one research associate participated in this exercise. While all of the students were entomology
graduate students, none had significant experience in sorting bulk samples from
litter and soil. The research associate had considerable experience in sorting
these kinds of samples. All of the samples provided were collected from Great
Smoky Mountains National Park and placed in Tullgren funnels for arthropod
extraction. Litter volumes varied greatly, thus providing a range of specimen
numbers. All students were briefed on the appearance of the various arthropod
groups and provided with typical illustrations to aid differentiation.
Each student received at least one sample with an estimated lower number of arthropods (<6,000), and another sample with a higher number (>7,000).
Most spiders had previously been removed for other research purposes. Each
person was allowed to sort more than two samples if desired. Each sorter was
instructed to sort specimens at his/her individual pace as time permitted; that
accuracy was more important than speed; and that every effort should be made
to get even the smallest specimens, including juvenile mites. Each student
maintained a log provided for recording dates, start and finish times for each
sorting session, and the numbers of individuals in the taxa Acari, Araneae, Chilopoda, Collembola, Diplopoda, Diplura, Pauropoda, Protura, Pseudoscorpiones,
Symphyla, and Insecta. All sorted samples, including debris at the end of each
sort, were checked by one of the authors to insure that the sorters were being
accurate in their identifications, and as accuracy was stressed as a component
of the course grade, very few specimens were miscategorized.
Linear regression analysis was performed on total time spent sorting
a sample vs. total specimens sorted to obtain an average estimate of sorting
efficiency on a per sample basis. The same data were analyzed by comparing
specimens sorted during single sessions to specimens sorted per session. For each
sample done by an individual sorter, linear regression was performed on time per
session vs. specimens sorted in that session to obtain an estimate of variability
in individual efficiency. First and second-order solutions for each regression were
compared to estimate possible sorting fatigue. Sorting sessions were arbitrarily
grouped by numbers of specimens (<100, 100–300, 301-600, 601-1,000, >1,000)
and plotted vs. sort time to determine whether specimen abundance was closely
related to sorting time. Coefficients of determination (r2) were calculated for all
regression lines. Calculations and graphs were produced with SigmaPlot and
SigmaStat (Systat Software, San Jose, CA). Significance of the coefficient of
correlation r was determined by reference to Rohlf and Sokal (1969).
Results and Discussion
Five participants in this study sorted and counted 12 samples to completion,
in 202 separate sessions. Analysis of the 12 samples with first-order linear regression yielded a straight line with r2 = 0.59 (Fig. 1A). The relationship of sorting
time to sorted specimens was 2.43 specimens per minute and explained 59% of
the variation. The same data analyzed for second-order regression improved fit
only to an r2 of 0.60. Similar analysis of the 202 individual sessions yielded 3.41
specimens per minute (Fig. 1B), accounting for 32% of the variation. The two
figures are approximately equivalent to 144-205 specimens per hour. A quadratic
solution explained only an additional 2% of the session analysis. If fatigue were
a factor in long sorting sessions, a quadratic solution (slope declining with time)
would be expected to provide a much better fit to the data than a straight line.
However, sorting efficiency among the sorters did not decline even for long sessions
of several hours. In general, performance of each sorter was individualistic and
efficiency was variable from sample to sample (Fig. 2; Table 1). Rate of sorting as
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Fig. 1A-B. Relationship of sorting time to numbers of specimens in samples. A) Relation
of total sample sorting time to total arthropods in sample. B) Relation of sorting session
length to specimens. Each point represents a complete sample (A) or a session (B). An
asterisk following the r2 value indicates a significant coefficient of correlation r (P < 0.05).
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Fig. 2A-D. Relationship of time spent sorting arthropods to number of sorted arthropods by sorter (A-D) and sample. Each line represents a sample; each point represents
a separate sorting session for the sample. An asterisk following the r2 value indicates
a significant coefficient of correlation r (P < 0.05). Sorter A was the most experienced
sorter.
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Table 1. Sorting sessions, total specimens sorted, and linear first- and second-order
coefficients of determination (r2) of arthropod specimens sorted vs. time to sort each
sample.
Sorter, sample
A1
A2
A3
B1
B2
C1
C2
C3
C4
D1
D2
E1

Sessions
9
14
7
50
10
21
14
7
3
36
6
25

Total Specimens

First Order r2 b

16,471
5,972
7,752
17,388
5,734
7,936
5,011
2,377
1,127
12,439
1,887
5,843

0.22
0.20
0.35
0.75*
0.87*
0.57*
0.40*
0.47
---c
0.64*
0.59
0.34*

Second Order r2 b
0.23
0.20
0.35
0.75*
0.89*
0.67*
0.42*
0.50
---c
0.65*
0.65
0.35*

Designations A-D correspond to graphs in Fig. 2.
Asterisks indicate a significant coefficient of correlation r (P < 0.05).
c
Sample C4 not analyzed due to small number of sessions.
a
b

measured by line slope was 1.61-5.64 specimens per minute. The experienced
research associate had the two highest rates of sorting, but also one rate lower
than the mean (Fig. 2A). Students (Figs. 2B-D) had a more constant rate of
sorting, as measured by r2, than the research associate. Some factors that may
have produced variability in efficiencies and rates included amount of debris in a
sample, methodology for separating specimens from debris, sorting fatigue, and
interruptions. No attempt was made to select samples with equal volumes or
similar components of soil and organic debris. More time likely is necessary for
separation of specimens from debris with much fine matter than separation in
a sample with coarse litter. Also, the approach to separation of specimens from
debris varied among the sorters. Two sorters (A, E) removed most of the sample
debris before beginning the sorting process, while the others sorted in a grid
pattern, removing specimens from the litter in a particular area of the sorting
dish, then moving on. Sorting fatigue was initially assumed to have occurred
if the second-order regression coefficient was much larger than the first-order
coefficient, as observed in samples C1 and D2 (Table 1). In sample C1, slope of
the second-order line decreased with increasing sorting time, suggesting a fatigue
factor; however, the slope for the second-order line in D2 increased with time,
suggesting an accelerating sorting rate. Therefore, fatigue over time was not
a significant factor for most of the samples. Finally, interruptions in the sorting process may have had a significant effect on sorting rate during individual
sessions. The research associate, who was generally the fastest sorter, also had
the most variability in sorting rates among sessions, as measured by the low r2
values (Fig. 2A). This sorter frequently had short, unpredictable interruptions
due to telephone calls, questions from students, and attendance to other minor
duties not long enough in duration to terminate a session, but long enough to
add time to the session. Thus, this sorter probably would have had even higher
sorting rates given an environment where sorting was the only activity.
This project was not planned to analyze every variable that could be
present. For instance, fine debris varied markedly among the samples and may
have skewed the natural sorting aptitude of some sorters. Also, students were
not asked about interruptions to their sorting activity, such as looking at vial
contents or taking closer looks at particularly interesting specimens (comments
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volunteered by participants). Students did not perform the sorting in a uniform
setting, since the teaching laboratory also accommodated other courses; instead,
they worked in their own labs or borrowed a microscope to work at home. In a
funded project, workers likely would have dedicated work spaces, have fewer
distractions, and be paid for the number of hours worked. Therefore, it can be
suggested that in a long-term setting the potential number of specimens sorted
would be closer to the 5 per minute realized by the research associate.
The data also were examined to determine if specimen abundance
in a sample was closely related to sorting time per session. More sessions
yielded 100-300 or 301-600 specimens (83 and 71, respectively) than any
other grouping; this result suggests that the sorters fixed on this range as
a suitable target for a session. However, number of specimens sorted per
session was not closely related to the time per session except for the 301-600
specimen range (Fig. 3); even then, the r2 values are low and explain little
of the variability among these points. A paucity of specimens in a sample
presumably with much debris may prolong the search; in one session, 390
minutes were needed to locate 17 specimens. Conversely, some specimenrich samples could be sorted rapidly due to the lack of debris (Fig. 3). Given
a sorting rate of 3.41 specimens per minute and a common focus on 100-600
specimens per session, it can be hypothesized that sorters will be efficient
in sessions lasting up to about 3 hours.
The results of this study demonstrate a sorting rate that can be used by
grant writers to estimate the financial costs of the laborious process of separating and enumerating specimens from bulk samples, if the number of samples
and the approximate density of specimens are known. Although sort rate was
calculated at 2.43-3.41 organisms per minute for these mostly inexperienced
sorters, a more realistic figure for experienced parataxonomists, such as sorter
A, could be more than 5 specimens per minute. The utility and limitations of
trained parataxonomists have been well documented (Basset et al. 2000, Janzen
2004, Krell 2004, Ward and Larivière 2004, Abadie et al. 2008). In the current
study, bulked arthropods were separated into classes or orders to facilitate
identification by experts, who often are amenable to providing identifications
of already sorted material. The nature of the exercise did not allow for a study
of sorting to families, genera, or morphospecies, but previous attempts (Majka
and Bondrup-Nielsen 2006) suggest that this would not be a fruitful exercise
for microarthropods.
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An Annotated Checklist of Scarab Beetles
(Coleoptera: Scarabaeidae) from Northeastern Iowa
Reese J. Worthington1 and Kirk J. Larsen1*

Abstract
A survey of scarab beetles (Coleoptera: Scarabaeidae) was conducted
during 2009 in the geographically distinct area of Winneshiek and Allamakee
counties in extreme Northeast Iowa. Four plant communities distributed among
10 locations, including tallgrass prairie, mixed grassland and forest, oak-hickory
forest, and pasture were sampled during 2009 using black light traps, bananabeer traps, rodent burrow pitfalls, manure-baited pitfalls, and gleaning. Additionally, previous specimen records were examined. Forty-nine scarab species
were documented for Winneshiek and Allamakee counties, including five species
not previously reported in Iowa. Mixed grassland and forest habitat contained
the greatest scarab species richness (n=31); black light trapping yielded the
greatest number of individual beetles and collected the most species.
____________________

Scarabaeidae contains approximately 27,800 known species worldwide
(Ratcliffe and Paulsen 2008). In North America, Scarabaeidae is comprised
of 125 genera and 1,700 species (Ratcliffe and Paulsen 2008). In the Upper
Midwest, several surveys of scarab beetles have documented their diversity.
Blatchley (1910) surveyed the Coleoptera of Indiana and included a comprehensive list of scarabs. Dawson (1922) catalogued the scarabs of Nebraska,
then Ratcliffe (1991) and Ratcliffe and Paulsen (2008) expanded on Dawson’s
catalogue of Nebraska scarabaeid beetles. Helgesen and Post (1967) surveyed
the saprophagous scarabs of North Dakota, which was followed by a survey of
phytophagous scarabs and trogids in North Dakota (Lago et al. 1979). Kriska
and Young (2002) surveyed the Scarabaeoidea of Wisconsin. Although surveys
have been conducted in other states in the Midwest, no comprehensive survey
of scarabaeids has yet been published for Iowa.
Extreme northeastern Iowa is a geologically distinct area of the state
characterized by scenic limestone bluffs and deep-cut valleys with cold-water
streams. As part of the Paleozoic Plateau ecoregion this area was not affected
by the most recent glaciation (Prior 1991, Griffith et al. 1994). This area is also
located in the transition zone between the eastern deciduous forest and prairie
(Davis 1977). It is comprised of several distinct plant communities including tallgrass prairie, mixed grassland and forest (primarily oak savanna), oak-hickory
forest, and grazed pasture land (Mutel 2008). Due to these characteristics of
northeastern Iowa, the insect communities present in this area are fairly distinct and less studied as compared with the rest of the state. For example, 25
state record species of ground beetles (Coleoptera: Carabidae) alone have been
recently documented in this area of the state (Purrington and Larsen 1997,
Purrington et al. 2000, Larsen and Purrington 2009).
Scarabaeid beetles have been used as an indicator group for monitoring
influences of habitat modifications (Rice and Riley 2000). Therefore, having a
Department of Biology, Luther College, 700 College Drive, Decorah, IA 52101, USA.
Corresponding author: Kirk Larsen, (e-mail: larsenkj@luther.edu).
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list of current scarab beetle diversity can serve as a baseline for future studies. In 2009, we conducted a field survey of scarabaeid beetles in four different
habitat types at 10 different locations in Winneshiek and Allamakee counties
in extreme northeastern Iowa. In addition, we examined existing collection
records. The objective of this study was to catalog the scarabaeid beetles of
Winneshiek and Allamakee counties.
Materials and Methods
Adult scarab beetles were collected from May to October 2009 at 10 locations in northeastern Iowa (Table 1). Collection sites were classified by dominant
vegetation type and past land use (Katovich et al. 1998). Tallgrass prairie was
land that had not been grazed or pastured within the last five years and had an
established original or planted native prairie plant community. Oak-hickory
forest had at least 60% composition of oak or hickory trees. Oak-hickory forest sites are located on west-southwest dry, mesic slopes (Mutel 2008). Mixed
grassland and forest habitat were sites that had at least 40% composition of
grassland (primarily federal conservation reserve program or CRP plantings)
along with mixed forest. Pasture was any site that was currently being grazed
by livestock or had been grazed in the last five years.
Five collecting techniques were used including black light traps (BioQuip
universal black light trap, Model 2851A), banana-beer traps, cow manure-baited
pitfall traps, rodent burrow pitfall traps, and diurnal flower and foliage gleaning.
Rodent burrow pitfall traps were set in five vacant burrows of the plains pocket
gopher, Geomys bursarius (Shaw, 1800) for one week exposures each month (Skelley and Gordon 2001). Gleaning (hand collecting of observed live beetles) occurred
from foliage, flowers, decaying logs, and anthills for two hours each month at each
site. Each of the 10 sites was sampled using all techniques once each month.
In addition to field collecting, all scarab beetle specimens in the research
insect collection of the Hoslett Museum of Natural History at Luther College that
had been collected prior to this survey were included in the survey if collected in
Winneshiek or Allamakee counties. There were a total of 104 previously collected
specimens examined from the Luther College collection, which equated to 6.3%
of the total specimens examined in the survey. Other collections that contained
specimens from counties pertinent to the study were not examined. Adult scarab
beetles were identified to species by the authors or with the assistance of Dr.
Matt Paulsen or Dr. Brett Ratcliffe (both University of Nebraska-Lincoln) and
given standardized names using keys presented in Luginbill and Painter (1953)
and Ratcliffe and Paulsen (2008). Voucher specimens of all species are housed
in the research insect collection in the Hoslett Museum of Natural History,
Department of Biology, Luther College, Decorah, Iowa.
Results
Overall, 1,653 scarabs representing 49 different species were found during
this survey. These included 44 of the 136 documented species of scarabs from
Iowa (Ed Freese, personal communication), while five species have not been
previously reported in Iowa and are apparent state records.
Mixed grassland and forest habitat contained 31 of the 49 scarab species
found in Allamakee and Winneshiek counties. Black lights captured 28 species
and 78% (n=1,292) of the 1,653 specimens examined during the 2009 survey,
whereas banana-beer baited traps and rodent burrow pitfall trapping together
yielded only five species and 41 beetles. Manure-baited pitfalls yielded 12 species and 109 beetles, while rodent burrow pitfalls trapped only three species
and 25 beetles. New state records are indicated in boldface. Subfamilies and
tribes are arranged phylogenetically based on Ratcliffe and Paulsen (2008) while
scientific names are arranged alphabetically.

Iowa Department of
Natural Resources

Coon Creek
43.329°N, 91.639°W
Winneshiek
			

43.257°N, 91.895°W

43.272°N, 91.921°W

43.316°N, 91.812°W

Eichinger*

Enos*

Gateway Prairie

Winneshiek

Winneshiek

Winneshiek

Allamakee

Luther College

Enos family

Eichinger family

15-ha tallgrass prairie planting

8.0-ha pastureland habitat

6.0-ha pastureland habitat

National Park Service mixed grassland and oak-hickory forest

tallgrass prairie planting

mixed grassland and forest habitat

36.4-ha mostly native tallgrass prairie,
mixed forest habitat

riparian floodplain forest

471.4–ha mixed grassland and forest
habitat

10.1-ha tallgrass prairie planting

2-ha mixed grassland and forest habitat

Site description

43.321°N, 91.826°W

Jewell

Winneshiek

Winneshiek

Jewell family farm

Luther College

62.7-ha pastureland and mixed grassland
and forest habitat

15-ha pastureland

33.6-ha oak-hickory forest and oak woodland
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Kraus*
43.358°N, 91.699°W
Winneshiek
Kraus family farms
				

43.319°N, 91.799°W

Hickory Ridge Woods*

Heritage Valley
43.375°N, 91.585°W
Allamakee
Iowa Natural Heritage mixed grassland and forest habitat
			Foundation

43.099°N, 91.184°W

Effigy Mounds

Decorah Community Prairie 43.300°N, 91.803°W
Winneshiek
Decorah Parks and
			Recreation

Winneshiek County
Conservation Board

Chipera Prairie*
43.130°N, 92.007°W
Winneshiek
			

Luther College

Winneshiek County
Conservation Board

Winneshiek

Luther College

Chattahoochie Park
43.316°N, 91.817°W
Winneshiek
			

43.315°N, 91.800°W

Anderson Prairie*

Winneshiek

Owner/Manager

Iowa Department of
Natural Resources

43.324°N, 91.810°W

Aikman Prairie

County

Cardinal Marsh*
43.332°N, 92.074°W
Winneshiek
			

Lat/Long Coordinates

Site Name

Table 1. Locations of scarab beetle collections during the 2009 field survey (*) and other locations of scarab collections in Allamakee and Winneshiek County, Iowa, along with brief site descriptions.
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43.326°N, 91.820°W

43.287°N, 91.794°W

Roslien Woods

Sordahl

state forest, oak-hickory forest

Yellow River
43.171°N, 91.243°W
Allamakee
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Iowa Department of
Natural Resources

grassland right of way along US-52

US-52 Roadside
43.362°N, 91.814°W
Winneshiek
Iowa Department of
			Transportation

suburban home
city park, oak-hickory forest

Tex Sordahl

mixed grassland and forest habitat

39.6-ha mixed grassland and forest habitat

state preserve, oak-hickory forest

Twin Springs
43.295°N, 91.817°W
Winneshiek
Decorah Parks and
			Recreation

Winneshiek

Winneshiek

Luther College

Osterholm family

43.480°N, 91.521°W

Prairie Song*

Allamakee

Iowa Department of
Natural Resources

Luther College

Malanaphy Springs
43.350°N, 91.835°W
Winneshiek
			

Winneshiek

oak savanna college campus

43.312°N, 91.804°W

Luther College campus

Luther College

74-ha mixed grassland and forest habitat

Winneshiek

43.334°N, 91.871°W

Lionberger Preserve*

suburban home
mixed grassland and forest habitat
surrounding 0.5-ha pond

Winneshiek

64.7-ha mixed grassland and forest

Site description

Lindeman Pond
43.317°N, 91.806°W
Winneshiek
Luther College
				

43.307°N, 91.799°W

Larsen family

Owner/Manager

Larsen

County
Winneshiek County
Conservation Board

Lat/Long Coordinates

Lake Meyer*
43.175°N, 91.906°W
Winneshiek
			

Site Name

Table 1. Continued.
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SCARABAEIDAE
Aphodiinae
Aphodiini
Aphodius bicolor Say, 1823. [8 specimens examined]. Wickham (1911).
Adult specimens were collected in pitfall traps and by gleaning in dog feces.
One specimen was collected in oak-hickory forest habitat and seven specimens
were collected in the Decorah area. Specimens were collected from 26 June to 10
September. Sites include: Hickory Ridge Woods and Larsen residence in Decorah.
Aphodius concavus Say, 1823. [25 specimens examined]. Wickham (1911).
Adult specimens were collected by gleaning, using pitfall traps, black light traps,
and rodent burrow pitfall traps. Twenty-three specimens were collected from
tallgrass prairie habitat, one specimen was collected in mixed grassland and
forest habitat, and one specimen was collected in a grassland habitat. Specimens
were collected from 3 June to 6 August. Sites include: Anderson Prairie, Chipera
Prairie, Gateway Prairie, and US-52 Roadside.
Aphodius distinctus (Müller, 1776). [1 specimen examined]. Wickham
(1911). An adult specimen was collected by gleaning in a mixed grassland and
forest habitat. 6 October. Site: Lindeman Pond.
Aphodius erraticus (Linnaeus, 1758). [1 specimen examined]. Ratcliffe
(1991). An adult specimen was collected by gleaning in a mixed hardwood forest
habitat. 7 July. Site: Twin Springs.
Aphodius granarius (Linnaeus, 1767). [26 specimens examined]. Putnam
(1876). Adult specimens were collected by gleaning and manure-baited pitfall
trapping. One specimen was collected in a mixed forest and grassland habitat
and 25 specimens were collected in pasture habitat with actively grazing cattle or
sheep. Specimens were collected from 15 June to 6 July. Sites include: Cardinal
Marsh, Eichinger, and Jewell farms.
Aphodius haemorrhoidalis (Linnaeus, 1758). NEW STATE RECORD. [1 specimen examined]. An adult specimen was collected by R.J.
Worthington using manure-baited pitfall traps in an actively grazed pasture
habitat. 6 July 2009. Site: Enos.
Aphodius kirni Cartwright, 1944. NEW STATE RECORD. [5 specimens examined]. Adult specimens were collected by R.J. Worthington black light
trapping and rodent burrow pitfall trapping. Four specimens were collected in
a tallgrass prairie habitat and one specimen was collected in a mixed grassland
and forest habitat. Specimens were collected from 12 June to 29 June. Sites
include: Anderson Prairie and Cardinal Marsh.
Aphodius lentus Horn, 1870. NEW STATE RECORD. [5 specimens
examined]. Adult specimens were collected by R.J. Worthington using black light
trapping and pitfall traps. Two specimens were collected in tallgrass prairie
habitat and three specimens were collected in a mixed grassland and forest
habitat. Specimens were collected from 2 June to 29 June 2009. Sites include:
Anderson Prairie, Cardinal Marsh, and Chipera Prairie.
Aphodius magnificens Robinson, 1940. NEW STATE RECORD. [1
specimen examined]. An adult specimen was collected by R.J. Worthington gleaning in a tallgrass prairie habitat. 21 September 2009. Site: Anderson Prairie.
Aphodius prodromus (Brahm, 1790). [3 specimens examined]. Gordon and
Skelley (2007). Adult specimens were collected by gleaning. One specimen was
collected in a mixed hardwood forest habitat, one specimen was collected in a
tallgrass prairie habitat, and one specimen was collected in a mixed grassland
and forest habitat. Specimens were collected from 30 September to 6 October.
Sites include: Twin Springs, Anderson Prairie, and Lindeman Pond.
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Aphodius rusicola Melsheimer, 1846. [120 specimens examined]. Wickham
(1911). Adult specimens were collected by pitfall trapping, black light trapping,
and manure-baited pitfall trapping. Three specimens were collected in a tallgrass prairie habitat, six specimens were collected in oak-hickory forest habitat,
86 specimens were collected in a mixed grassland and forest habitat, and 25
specimens were collected in actively grazed pasture habitat. Specimens were collected from 2 June to 11 August. Sites include: Anderson Prairie, Hickory Ridge
Woods, Chipera Prairie, Kraus, Prairie Song, Lionberger Preserve, Eichinger,
Enos, Cardinal Marsh, and Lake Meyer.
Aphodius stercorosus Melsheimer, 1846. [133 specimens examined].
Wickham (1911). Adult specimens were collected by black light trapping. One
specimen was collected in tallgrass prairie habitat, one specimen was collected
from oak-hickory forest habitat, 99 specimens were collected in mixed grassland
and forest habitat, and 32 specimens were collected in actively grazed pasture
habitat. Specimens were collected from 23 June to 11 August. Sites include:
Anderson Prairie, Chipera Prairie, Eichinger, Enos, Hickory Ridge Woods,
Kraus, Lionberger Preserve, and Prairie Song.
Dialytes truncatus (Melsheimer, 1846). [11 specimens examined]. Stebnicka (1994). Specimens were collected using manure-baited pitfall traps and
black light traps. Four specimens were collected in an oak-hickory forest habitat
and seven specimens were collected in a mixed grassland and forest habitat.
Specimens were collected from 10 July to 9 September. Sites include: Hickory
Ridge Woods, Lake Meyer, Lionberger Preserve, and Prairie Song.
Eupariini
Ataenius abditus (Haldeman, 1848). [48 specimens examined]. Putnam
(1876). Adult specimens were collected using black light trapping. All specimens
were collected in mixed grassland and forest habitat. Specimens were collected
from 23 June to 29 June. Sites include: Cardinal Marsh, Chipera Prairie, Lake
Meyer, and Lionberger Preserve.
Ataenius gracilis (Melsheimer, 1846). [231 specimens examined]. Wickham
(1911). Adult specimens were collected using black light traps and manurebaited pitfall traps. Eighty-eight specimens were collected in mixed grassland
and forest habitat and 143 specimens were collected in actively grazed pasture
habitat. Specimens were collected from 23 June to 3 August. Sites include: Cardinal Marsh, Chipera Prairie, Eichinger, Enos, Kraus, Lake Meyer, Lionberger
Preserve, and Prairie Song.
Ataenius spretulus (Haldeman, 1848). [538 specimens examined]. Cartwright (1974). Adult specimens were collected using pitfall traps, black light
traps, and manure-baited pitfall traps. One specimen was collected from tallgrass
prairie habitat, one specimen was collected from oak-hickory forest habitat,
490 specimens were collected from mixed grassland and forest habitat, and 46
specimens were collected from actively grazed pasture habitat. Specimens were
collected from 23 June to 15 September. Sites include: Cardinal Marsh, Chipera
Prairie, Eichinger, Enos, Gateway Prairie, Hickory Ridge Woods, Kraus, Lake
Meyer, Lionberger Preserve, and Prairie Song.
Ataenius strigatus (Say, 1823). [10 specimens examined]. Wickham (1911).
Adult specimens were collected using black light traps. Three specimens were
collected from a mixed grassland and forest habitat and seven specimens were
collected from an actively grazed pasture habitat. Specimens were collected
from 26 June to 3 August. Sites include: Chipera Prairie and Enos.
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SCARABAEINAE
Onthophagini
Onthophagus hecate (Panzer 1794). [155 specimens examined]. Putnam
(1876). Specimens were collected by gleaning, using pitfall traps, and manurebaited pitfall traps. Sixty-nine specimens were collected in tallgrass prairie
habitat, four specimens were collected in a grassland habitat, 45 specimens were
collected in a mixed grassland and forest habitat, 19 specimens were collected in
actively grazed pasture habitat, six specimens were collected in an oak-hickory
forest habitat, and 12 specimens were collected in the Decorah area by gleaning in dog feces. Specimens were collected from 2 June to 24 September. Sites
include: Anderson Prairie, Chipera Prairie, Eichinger, Enos, Gateway Prairie,
Heritage Valley, Hickory Ridge Woods, Kraus, Lake Meyer, Larsen, Lionberger
Preserve, Prairie Song, and US 52 roadside.
Onthophagus orpheus canadensis (Fabricius, 1801). [10 specimens examined]. Howden and Cartwright (1963). Specimens were collected by gleaning,
pitfall traps, and manure-baited pitfall traps. One specimen was collected in
a mixed floodplain forest habitat, two specimens were collected in a tallgrass
prairie habitat, three specimens were collected from the Decorah area, one
specimen was collected from a mixed grassland and forest habitat, and three
specimens were collected from an oak-hickory forest habitat. Specimens were
collected from 11 June to 22 September. Sites include: Anderson Prairie,
Chattahoochie Park, Hickory Ridge Woods, Larsen, Luther College campus,
and Prairie Song.
Coprini
Copris fricator (Fabricius, 1787). [25 specimens examined]. Putnam (1876).
Specimens were collected using pitfall traps, gleaning, black light traps, and
manure-baited pitfall traps. Eleven specimens were collected from tallgrass
prairie habitat, 13 specimens were collected from mixed grassland and forest habitats, and one specimen was collected from oak-hickory forest habitat.
Specimens were collected from 29 May to 8 September. Sites include: Aikman
Prairie, Anderson Prairie, Effigy Mounds National Monument, Heritage Valley,
Hickory Ridge Woods, Lionberger Preserve, and Prairie Song.
Phanaeini
Phanaeus vindex MacLeay, 1819. [9 specimens examined]. Wickham
(1911). Specimens were collected by gleaning and pitfall trapping. Seven specimens were collected in tallgrass prairie habitat and two specimens were collected
in a mixed grassland and forest habitat. Specimens were collected from 5 June
to 5 September. Sites include: Anderson Prairie, Decorah Community Prairie,
Effigy Mounds National Monument, and Heritage Valley.
Canthonini
Canthon pilularius (Linnaeus, 1758). [8 specimens examined]. Wickham
(1911). Adult specimens were collected by gleaning. Four specimens were collected from a tallgrass prairie habitat and four specimens were collected from the
Decorah area. Specimens were collected from 8 June to 19 June. Sites included:
Effigy Mounds National Monument and Luther College campus.
Canthon viridis (Palisot de Beauvois, 1805). [4 specimens examined].
Wickham (1911). Specimens were collected by pitfall trapping and gleaning. All
four specimens were collected from tallgrass prairie habitats. Specimens were
collected from 2 to 25 June. Sites include: Aikman Prairie, Anderson Prairie,
and Gateway Prairie.
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MELOLONTHINAE
Diplotaxini
Diplotaxis harperi Blanchard, 1851. [57 specimens examined]. Wickham
(1911). Specimens were collected using black light traps, manure-baited pitfall traps, and banana-beer traps. One specimen was collected in tallgrass
prairie habitat, 10 specimens were collected in oak-hickory forest habitat, and
46 specimens collected from mixed grassland and forest habitat. Specimens
were collected from 12 June to 15 September. Sites include: Anderson Prairie,
Cardinal Marsh, Hickory Ridge Woods, Lake Meyer, Lionberger Preserve, and
Prairie Song.
Hopliini
Hoplia laticollis LeConte, 1856. NEW STATE RECORD. [1 specimen
examined]. Specimen was collected by P. Kraus gleaning in an actively grazed
pasture habitat. Specimen was collected on 14 June 2009. Site: Kraus.
Macrodactylini
Dichelonyx linearis (Gyllenhal, 1817). [2 specimens examined]. Wickham
(1911). Specimens were collected using black light traps. Both specimens were
collected in a mixed grassland and forest habitat. Specimens were collected from
19 June to 24 June. Sites include: Heritage Valley and Lake Meyer.
Dichelonyx subvittata (LeConte, 1856). [34 specimens examined]. Wick�����
ham (1911). Specimens were collected by gleaning and black light trapping.
One specimen was collected in tallgrass prairie habitat, eight specimens were
collected in oak-hickory forest habitat, three specimens were collected in a
mixed hardwood forest habitat, two specimens were collected in the Decorah
area, and 20 specimens were collected in a mixed grassland and forest habitat.
Specimens were collected from 2 June to 24 June. Sites include: Malanaphy
Springs, Luther College Campus, Anderson Prairie, Hickory Ridge Woods, Coon
Creek, Lionberger Preserve, and Lake Meyer.
Macrodactylus subspinosus (Fabricius, 1775). [1 specimen examined].
Wickham (1911). Specimen was collected by gleaning. Specimen was collected
on 2 June. Site: Luther College campus.
Melolonthini
Phyllophaga anxia (LeConte, 1850). [2 specimens examined]. Putnam
(1876). Specimens were collected by black light trapping in a mixed grassland
and forest habitat. Specimens collected on 29 May. Site: Prairie Song.
Phyllophaga balia (Say, 1825). [1 specimen examined]. Wickham (1911).
Specimen was collected using black light trapping in an oak-hickory forest
habitat. Specimen was collected on 12 June. Site: Hickory Ridge Woods.
Phyllophaga crenulata (Froelich, 1792). [26 specimens examined]. Wickham (1911). Specimens were collected by black light trapping. Three specimens
were collected in tallgrass prairie habitat, one specimen was collected in an
oak-hickory forest habitat, 21 specimens were collected in a mixed grassland
and forest habitat, and one specimen was collected in an actively grazed pasture habitat. Specimens were collected from 10 June to 23 July. Sites include:
Anderson Prairie, Chipera Prairie, Hickory Ridge Woods, Kraus, Lake Meyer,
Lionberger Preserve, and Prairie Song.
Phyllophaga fusca (Froelich, 1792). [15 specimens examined]. Putnam
(1876). Specimens were collected by gleaning and black light trapping. Two
specimens were collected in an oak-hickory forest habitat, 11 specimens were
collected in a mixed grassland and forest habitat, and two specimens were
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collected in the Decorah area. Specimens were collected from 13 May to 23
June. Sites include: Hickory Ridge Woods, Lionberger Preserve, Luther College
campus, and Prairie Song.
Phyllophaga futilis (LeConte, 1850). [38 specimens examined]. Wickham
(1911). Specimens were collected by gleaning, pitfall traps, banana-beer traps,
and black light traps. Eleven specimens were collected in tallgrass prairie habitat, 20 specimens were collected in a mixed grassland and forest habitat, one
specimen was collected in a mixed hardwood forest habitat, and six specimens
were collected in an actively grazed pasture habitat. Specimens were collected
from 15 May to 10 July. Sites include: Anderson Prairie, Gateway Prairie, Kraus,
Lionberger Preserve, Prairie Song, and Yellow River State Forest.
Phyllophaga gracilis (Burmeister, 1855). [1 specimen examined]. Travis
(1934). Specimen was collected by black light trapping in a mixed grassland and
forest habitat. Specimen was collected 24 June. Site: Lake Meyer.
Phyllophaga ilicis (Knoch, 1801). [3 specimens examined]. Putnam (1876).
Specimens were collected using black light traps. One specimen was collected
in an oak-hickory forest habitat and two specimens were collected in a mixed
grassland and forest habitat. Specimens were collected from 12 June to 23 June.
Sites include: Hickory Ridge Woods and Lionberger Preserve.
Phyllophaga implicita (Horn, 1887). [18 specimens examined]. Horn
(1887). Specimens were collected by black light traps. Six specimens were
collected in an oak-hickory forest habitat and 12 specimens were collected in a
mixed grassland and forest habitat. Specimens were collected from 29 May to
24 June. Sites include: Hickory Ridge Woods, Lake Meyer, Lionberger Preserve,
and Prairie Song.
Phyllophaga inversa (Horn, 1887). [1 specimen examined]. Wickham
(1911). Specimen was collected by black light trapping in a tallgrass prairie
habitat. Specimen was collected 10 June. Site: Anderson Prairie.
Phyllophaga rugosa (Melsheimer, 1846). [19 specimens examined]. Wickham (1911). Specimens were collected by black light trapping. Eight specimens
were collected in a tallgrass prairie habitat, two specimens were collected in
the Decorah area, and nine specimens were collected in a mixed grassland and
forest habitat. Specimens were collected from 10 June to 26 June. Sites include:
Anderson Prairie, Chipera Prairie, and Lake Meyer.
Phyllophaga tristis (Fabricius, 1781). [3 specimens examined]. Putnam
(1876). Specimens were collected by gleaning and pitfall trapping. Two specimens
were collected in tallgrass prairie habitat and one specimen was collected in the
Decorah area. Specimens were collected from 16 May to 8 June. Sites include:
Anderson Prairie and Luther College campus.
Sericini
Serica sericea (Illiger, 1802). [12 specimens examined]. Wickham (1911).
Specimens were collected by pitfall traps, banana-beer traps, black light traps,
and rodent burrow pitfall traps. Three specimens were collected in tallgrass
prairie habitat, seven specimens were collected in a mixed grassland and forest habitat, and two specimens were collected in an oak-hickory forest habitat.
Specimens were collected from 28 May to 10 July. Sites include: Anderson
Prairie, Hickory Ridge Woods, Lionberger Preserve, and Prairie Song.
Serica sponsa Dawson, 1919. [4 specimens examined]. Dawson (1919).
Specimens were collected by black light trapping. All four specimens were collected in a mixed grassland and forest habitat. Specimens were collected from
23 June to 11 August. Sites include: Lionberger Preserve and Prairie Song.
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RUTELINAE
Rutelini
Pelidnota punctata (Linnaeus, 1758). [9 specimens examined]. Putnam
(1876). Specimens were collected by gleaning and black light trapping. Five
specimens were collected in the Decorah area, two specimens were collected in
a mixed grassland and forest habitat, one specimen was collected in actively
grazed pasture habitat, and one specimen was collected in oak-hickory forest.
Specimens were collected from 8 June to 21 September. Sites include: Hickory
Ridge Woods, Kraus, Luther College campus, Prairie Song, and Sordahl.
Anomalini
Strigoderma arbicola (Fabricius, 1792). [3 specimens examined]. Putnam
(1876). Specimens were collected by gleaning. Two specimens were collected
in tallgrass prairie habitat and one specimen was collected in an oak-hickory
forest habitat. Specimens were collected from 18 June to 29 June. Sites include:
Anderson Prairie and Hickory Ridge Woods.
DYNASTINAE
Pentodontini
Aphonus tridentatus (Say, 1823). [3 specimens examined]. Wickham
(1911). Adult specimens were collected by gleaning and manure-baited pitfall
traps. One specimen was collected in a mixed hardwood forest habitat and two
specimens were collected in a mixed grassland and forest habitat. Specimens
were collected from 29 June to 6 October. Sites include: Cardinal Marsh and
Malanaphy Springs.
Tomarus relictus (Say, 1825). [1 specimen examined]. Wickham (1911).
Specimen was collected by black light trapping in a mixed grassland and forest
habitat. Specimen was collected on 23 June. Site: Lionberger Preserve.
CETONIINAE
Cetoniini
Euphoria fulgida (Fabricius, 1775). [1 specimen examined]. Wickham
(1911). Specimen was collected by gleaning in an actively grazed pasture habitat.
Specimen was collected on 9 July. Site: Kraus.
Euphoria inda (Linnaeus, 1758). [13 specimens examined]. Putnam
(1876). Specimens were collected by gleaning and manure-baited pitfall traps.
Nine specimens were collected in tallgrass prairie habitat, three specimens
were collected in the Decorah area, and one specimen was collected in a mixed
grassland and forest habitat. Specimens were collected from 31 August to 26
October. Sites include: Anderson Prairie, Chipera Prairie, and Luther College campus.
Trichiini
Osmoderma subplanata Casey, 1915. [4 specimens examined]. Howden
(1968). Specimens were collected by gleaning and at lights. Specimens were
collected from 8 June to 2 September. Sites include: Luther College campus.
Trichiotinus piger (Fabricius, 1775). [3 specimens examined]. Wickham
(1911). Specimens were collected by gleaning. One specimen was collected in
a tallgrass prairie habitat, one specimen was collected in a mixed hardwood
forest habitat, and one specimen was collected in a mixed grassland and forest
habitat. Specimens were collected from 2 June to 27 July. Sites include: Coon
Creek, Effigy Mounds National Monument, and Roslien Woods.
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Discussion
Oak-Hickory forest and tallgrass prairie are the two most common native habitat types found in Iowa, while pasture land and mixed grassland and
forest habitats are products of post-European settlement (Wolf 2004). The
prevalence and continuation of oak-hickory forest and tallgrass prairie habitats
over an extended period of time has provided beetles the opportunity to adapt
to niches in these environments. The mixed grassland and forest habitat had
the highest species richness, which can be attributed to the combination of
the oak-hickory forest and tallgrass prairie habitat types. The combination of
two habitats increased beetle species richness due to the existence of multiple
conditions in one area.
Black light trapping collected the most beetles of the five different collecting techniques. The effectiveness of this method was most likely due to the
abundance of species that are readily attracted to lights.
This study would have benefited from an examination of pertinent
specimens from other colleges and universities, which may have yielded additional species for the area surveyed. Future examinations of other collections’ holdings would enhance the accuracy of this survey. Several additional
techniques could have been used or modified to maximize both species richness
and total beetle abundance in the field survey. Few specimens of Anomalini
were collected during this survey, most likely due to the form of the light trap
used and the habits of Anomalini when attracted to lights. Anomalini are
not usually attracted directly to lights but prefer to remain on vegetation at a
distance (P. Lago, pers. comm.). Therefore our use of black light bucket traps
without searching nearby vegetation likely reduced the possibility of collecting
specimens from Anomalini.
Cremastocheilini also were not collected during this survey. Cremastocheilini leave ant nests in late spring to seek out mates and to locate other ant
nests on which to lay their eggs (Alpert 1984). Specific methods suggested for
collecting Cremastocheilus species consist of placing a board or other flat object
on thatch mounds of Formica ant nests in the early spring in hopes of catching
individuals seeking shelter (B. Ratcliffe, pers. comm.).
Banana-beer traps were used to target Cetoniini, yet few scarab specimens
of any species were collected using this method. A method that could have been
more productive and increased species diversity and abundance within Euphoria
(Cetoniini), is a Lindgren funnel system baited with Everclear, a form of grain
alcohol (P. Lago, pers. comm.).
Phyllophaga, a genus within Melolonthini, consists of 214 species in the
United States and Canada (Evans 2009). One hundred twenty-seven specimens
representing 11 Phyllophaga species were collected in this study. This genus
alone represented 7.68% of the total number of species collected. Iowa has 36
recorded species of Phyllophaga and earlier collecting in April and June, especially by black light, may have yielded more species for this genus (Ed Freese,
personal communication).
Human and pig feces are known to be more attractive than cow manure
to adult dung beetles due to the higher protein and nitrogen content (Hanski
and Cambefort 1991). Therefore, it might have been more effective to use human or pig feces instead of cow dung when baiting manure-baited pitfall traps
(P. Lago, personal communication). The use of either dung- or malt-bait in
rodent burrow pitfall traps may also greatly increase the productivity of trapping (Skelley and Gordon 2001).This survey produced five new state records
for Iowa. One specimen of Aphodius haemorrhoidalis (Linnaeus) was collected
in a manure-baited pitfall trap located in a cattle pasture on 6 July 2009. This
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species was introduced into the United States from Europe and has spread to
southeastern Canada and the eastern half of the United States westward to the
Dakotas, Nebraska, and Kansas, but no specimens had been previously reported
from Iowa (Ratcliffe and Paulsen 2008).
The second state record is Aphodius kirni Cartwright, with five specimens
collected at two locations. Four specimens were collected in a rodent burrow
pitfall trap in a tallgrass prairie planting on 12 June 2009. One additional
specimen was collected in a mixed grassland/forest interface using a black light
trap on 29 June 2009. The range of A. kirni is known to extend from southern
Manitoba, Wisconsin, and Indiana south to Louisiana, Texas, and New Mexico
(Ratcliffe and Paulsen 2008).
The third state record is Aphodius lentus Horn, with five specimens collected from three locations. Two specimens were collected in a pitfall trap from
a tallgrass prairie planting on 2 June 2009. Three specimens were collected
from two mixed grassland/forest tracts using black light traps on 26 and 29
June 2009. Aphodius lentus has been sparsely recorded from Massachusetts to
Georgia west to Nebraska and Kansas (Ratcliffe and Paulsen 2008).
The fourth state record is Aphodius magnificens Robinson, with only one
specimen collected throughout the duration of the survey. This specimen was
collected from a tallgrass prairie planting by gleaning on 21 September 2009.
The range of A. magnificens includes Wisconsin, Illinois, Indiana, Minnesota,
North Dakota, Nebraska, Kansas, Oklahoma, and Texas. Since this species
occurs in Iowa’s surrounding states, the likelihood of the species being collected
in Iowa was high.
The fifth state record is Hoplia laticollis LeConte, with only one specimen
collected. The specimen was collected while gleaning on 14 June 2009 from a
grazed pasture area that is adjoined by a mixed tree planting of several species of pine and oak. The range of H. laticollis is mainly from the Great Plains
region from Manitoba and western Ontario in Canada southwest through North
and South Dakota, Wyoming, Colorado, and Nebraska to Texas, New Mexico,
and Arizona.
This paper documents the presence of 49 species of Scarabaeidae in extreme northeastern Iowa, including five new state records. Mixed grassland and
forest habitat had the greatest species richness and beetle abundance. Black
light traps collected the greatest number of beetles and species richness of the
various collecting techniques.
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New State Record and Notable Range Extension for
Libellula semifasciata (Odonata: Libellulidae)
Ryan D. Rasmussen1, Joshua G. Otten2 and Joseph W. Dixon3

Abstract
The painted skimmer, Libellula semifasciata Burmeister (Odonata: Libellulidae), is an eastern species of dragonfly that has never been documented in
Iowa. In this note we report two observations and the collection of a voucher for
this species in southeast Iowa in the last three years. Based on other records
of this species, including those from neighboring states and more northerly
latitudes, we propose that these observations are evidence of a range extension.
____________________

The painted skimmer (Libellula semifasciata Burmeister 1839) is an uncommon eastern species of dragonfly (Odonata: Libellulidae) known to inhabit
ponds, wetlands, and occasionally slow-moving streams, where it is often found
perched atop tall plants (Dunkle 2000). Usually seen in the spring, it can be
identified by a distinct wing pattern of amber bands (Dunkle 2000, Needham et
al. 2000). To our knowledge this species has never been reported from the state
of Iowa. Previously published papers that recounted or included Iowa Odonata
(Elrod 1898; Miller 1906; Wilson 1909, 1921;Wells 1917; Hoffman 1924; Yeager
1932; Loudon 1933; Hummel and Haman 1975, 1977; Cruden and Gode, Jr.
1998, 2000; Beckemeyer 2002) and recent North American distribution maps
and descriptions (Dunkle 2000, Needham et al. 2000, Donnelly 2004a) do not
include L. semifasciata as a species occurring within the State.
In early May of 2008 during a survey conducted as part of the Iowa Department of Natural Resources Multiple Species Inventory and Monitoring program
approximately 25 L. semifasciata were observed in Louisa County, Iowa near the
Horseshoe Bend Division of the Port Louisa National Wildlife Refuge (J.G.O.,
unpublished data). Unfortunately, no voucher specimens were obtained at the
time of this observation.
On 12-Jun-2010 a single adult male L. semifasciata was collected along Fox
Creek in Davis County, Iowa (40° 46’ 5.74”, -92° 24’ 42.80”). The specimen was
found in open grassland composed primarily of introduced cool season grasses
and surrounded by both permanent and seasonal wetlands. The surrounding
habitat was a diverse matrix of deep ponds, permanent and ephemeral wetlands,
native grass plantings, and tree and shrub plantings on bottomland ground
along the creek. The entire area was in agricultural row crop production as
recently as 15 years ago and was restored through enrollment in the Conservation Reserve Program (CRP) with the United States Department of Agriculture.
Air temperature was 23.1° C with a dew point of 22.1° C. Winds were from
the East-Southeast at 6.4 km/h and humidity was 94%. A thunderstorm had
recently passed through the area.

Muscatine Soil and Water Conservation District, 3500 Oakview Dr, Ste A, Muscatine,
Iowa 52761 (e-mail: rd_rass@hotmail.com).
2
2247 Grand Avenue #3, West Des Moines, Iowa 50265 (e-mail: jotten111@yahoo.com).
3
United States Department of Agriculture, Natural Resources Conservation Service,
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The voucher specimen was deposited in the collection of the International
Odonata Research Institute at the Florida State Collection of Arthropods, Museum of Entomology, in Gainesville, Florida. The existence of this species in
both Davis and Louisa Counties based on the specimens collected and observed
(Fig. 1) suggests that the presence of L. semifasciata in Iowa may not be an
isolated or accidental occurrence.
In addition to being a new state record for Iowa this is also a noteworthy
expansion of the known range of L. semifasciata. The closest published observations of L. semifasciata are roughly 58 km to the southwest in Putnam County,
Missouri (McKenzie 2005) and approximately 136 km southeast in Adams
County, Illinois (Donnelly 2004a). However, the nearest vouchers of this species that we were able to confirm were collected in Sangamon County, Illinois
(Everett D. Cashatt, Illinois State Museum Research and Collection Center,
personal communication), a distance of 260 km to the southeast.
Many species of Odonata, including some members of the Libellulidae,
exhibit a proclivity to disperse appreciable distances from their established
ranges (Donnelly 2004b) and this species in particular is also suspected of long
migrations in response to climatic conditions (Soltesz et al. 1995). Specimens
have been collected at more northerly latitudes than the Davis County site;
however the currently accepted distribution map indicates a northeasterly to
southwesterly limit that presently excludes Iowa (Dunkle 2000, Donnelly 2004a).
Donnelly (2004b) considered the concept of Odonata ranges to be crudely
understood and suggested collection efforts along the margins of known ranges.
In their paper on Iowa’s Odonata, Cruden and Gode, Jr. (2000) likewise recommended additional collecting for Odonata throughout most of the State due to
insufficient data on the distribution of many species. Distribution patterns of
some Iowa Odonata have also shifted in response to anthropogenic pressure

Figure 1. Locations where L. semifasciata have been documented in southeastern
Iowa. The location of the voucher Davis County specimen (2010) is designated by
the black circle. The location of the first observation of this species in Louisa County
(2008) is designated by the gray square.
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(Cruden and Gode, Jr. 1998). Based on the distance to the nearest documented
record for this species it is conceivable that L. semifasciata may also be present
in additional southeastern Iowa and northeastern Missouri counties. Continued
surveys for Odonata in these areas are recommended in order to determine if
L. semifasciata is both present and persisting.
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On the Mygalomorphae (Araneae) of Michigan
Daniel R. Swanson1

Abstract
The discovery of a population of Antrodiaetus unicolor (Hentz) in Michigan
is reported, resulting in the first state record for the mygalomorph family Antrodiaetidae. New county records for another mygalomorph spider, Sphodros niger
(Hentz) (Atypidae), including one which represents a significant Michigan range
extension, are presented and the occurrence of the genus in Michigan is clarified.
____________________

The Mygalomorphae are often large, conspicuous spiders comprising
the taxon sister to the much larger clade of true spiders, the Araneomorphae.
Members of the group possess parallel fangs and two pairs of book lungs, in
contrast to the diaxial chelicerae and single pair or absence of book lungs found
in most araneomorph spiders. The infraorder encompasses 15 families with
the greatest diversity found, as is the usual case, in the tropics. Eight of these
families are known to occur in the United States and basic information on
identification, natural history and taxonomy for each of these families may be
in found in Ubick et al. (2005). Of the Mygalomorphae, only two atypids have
previously been reported in Michigan (one erroneously). Herein, a new mygalomorph family is added to the list of spiders occurring in Michigan with the
discovery of a population of Antrodiaetus unicolor (Hentz, 1842) in Ann Arbor.
Additional records are presented for the black purseweb spider Sphodros niger
(Hentz, 1842) and the presence of the red-legged purseweb spider Sphodros
rufipes (Latreille, 1829) is discussed.
Antrodiaetidae. The trapdoor spiders in the family Antrodiaetidae are
arranged into 2 genera and 32 species worldwide (Platnick 2009). Both genera
are restricted to but widely distributed across the United States and portions of
southwestern Canada with the exception of two species of Antrodiaetus found
in Japan (Coyle 2005). The family was revised and information on natural
history was presented in a series of studies by Coyle (1968, 1971, 1975) and
additional natural history information was given by Coyle and Icenogle (1994).
Atypoides was later synonymized with Antrodiaetus based on molecular studies
(Hendrixson and Bond 2007). Species of Aliatypus are found in the southwestern
United States (Coyle 2005). Antrodiaetus is widespread across the United States
though previous records report A. unicolor from only as far north as southern
Illinois, Indiana and Ohio and A. robustus (Simon, 1891) from Pennsylvania
and eastern Ohio (Coyle 1971, Sierwald et al. 2005).
The trapdoor spiders in the genus Antrodiaetus are commonly known as
folding-door or collar-door spiders. The name seems fitting as the silken folds
or “curtains” that line each side of the burrow mouth render spiders of this
genus instantly recognizable. These distinctive trapdoor spider burrows as
well as their occupants were observed on the night of 21 May 2009 in Nichols
Arboretum located in the northeastern portion of the University of Michigan
Central campus in Ann Arbor. One adult female was taken. Upon returning
on several later dates, the burrows were counted, spiders and burrows were
photographed (Figs. 1-3) and more specimens were collected.
1001 Maiden Lane Apt. 1, Ann Arbor, MI 48105. (e-mail: drswanny@gmail.com).
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The site of collection is a mesic oak-maple forest, typical of lower Michigan,
in a glacial outwash. The soil consists of Miami loam, 25-30% slope as characterized by Engel (1977). Invasive species including buckthorn and honeysuckle are
common and hints of extirpation efforts are noticed occasionally. The particular
portion of the Arboretum in which the spiders reside comprises the periphery
along the lower northern Arboretum road from the Washington Heights entrance
(Intersection 1) to the trail junctions east of the Oak Openings (Intersection 2)
and the trail leading from this road to the beginning of the wooden staircase
near the River Landing on the Huron River (Intersection 7). The distances from
Intersection 1 to Intersection 2 (hereafter Lower Road) and from Intersection
2 to Intersection 7 (hereafter Ridge Trail) are 0.24 and 0.32 km, respectively.
Place names and distances are taken from the trail maps posted throughout
the Arboretum. The periphery of the Lower Road was densely covered in leaf
litter nearly in its entirety; very little bare soil was visible. The Ridge Trail
periphery, on the other hand, had much less leaf litter and closer to 50% of the
soil was bare. Areas beyond the periphery of the trail were not searched as
the spiders were common enough around the trail. Additional investigation
was further deterred since the sloping hillsides were posted as protected areas.
On one evening in late May of 2009, 237 burrows were counted from the
Arboretum entrance to the wooden staircase. In most cases, the spider occupants
could be seen at the entrance of the burrow but this was not required for count

Figure 1. Antrodiaetus unicolor, adult female, at burrow entrance.
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Figure 2. Same burrow as Fig. 1, entrance concealed.

Figure 3. Antrodiaetus unicolor, adult female, grappling with “lure”.
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inclusion. Of these burrows, 43 burrows were counted along the Lower Road
while 194 burrows were counted along the Ridge Trail. The sheer number of
individuals seems to indicate that this population has been living in the Arboretum for some time and has simply remained unnoticed. Burrow diameter
ranged from about 5-18 mm. In each situation, more burrows were counted on
the higher side of the path and burrows were situated so the spider was facing
downhill. Burrows were commonly found under the large surfaced tree roots
or under the occasional log set out to line the path on the Ridge Trail. In a few
instances, burrows were found on the lateral portion of the pathway itself. Some
burrows were carved through fallen leaf litter but it was more common to see
them in bare soil. The difference in leaf litter coverage mentioned previously
may account for the discrepancy in burrow density between the Lower Road
and the Ridge Trail.
It was fairly easily to induce a quick pounce from the burrow using a small
twig or blade of grass but the spiders seemed fairly cautious as well as incredibly fast. It is likely that the presence of numerous flashlights made them more
wary. Discovery of a superior lure afforded a better chance to study the spiders.
A stem with a large bud or unopened flower was particularly attractive as an
imitation food source; in many cases, individuals would come completely out of
the burrow in pursuit of it. Presumably, the fleshy, somewhat moist feeling of
the plant bud better simulated a living organism than a stick or grass blade.
Despite this trickery, one large female, when continuously presented with the
same bud, grappled with it for a full 2.5 minutes.
Specimens were identified using the key to females constructed by
Coyle (1971). The spider’s identity could easily be limited to A. robustus or A.
unicolor. The length: width ratio of the sternum fit within the range described
for A. unicolor. Additionally, the short thickened black setae characteristic of
A. unicolor was observed immediately posterior to the pedicel, contrasting the
long, thin setae expected for A. robustus. The author also found no anterior
lateral spinneret vestiges, this absence being another feature attributable to A.
unicolor. As a result, the specimens were identified as A. unicolor. Photographs
of some of these characters were sent to Dr. Brent Hendrixson for confirmation;
he agreed with the author’s determination. However, two notes regarding the
taxonomic status of this species should be considered. First, Coyle (1971) notes
A. robustus may be nothing more than a northern genetic variant of A. unicolor.
Second, Hendrixson and Bond (2005) suggest and Coyle (2005) agrees that A.
unicolor is probably made up of a complex of species.
As a direct result of this discovery, two large adult females (20-22 mm.)
were vouchered in the University of Michigan Museum of Zoology (UMMZ) bearing the following locality information: MICHIGAN, Washtenaw Co., Ann Arbor,
Nichols Arboretum, Ridge Trail from Oak Openings to Huron River, 30 May
2009, 42.2823 -83.7220, DRS#2009-052, 240 m., D. R. Swanson, Antrodiaetus
unicolor (Hentz), det. D. R. Swanson 2009, NEW STATE RECORD - Michigan.
Several adult females, including the first specimen obtained from the locality
on May 21, reside in the author’s personal collection (DRS). Aside from the
date on the first female, these specimens have locality information identical to
the museum vouchers.
The new record reported above constitutes a northward extension of the
species current range as set out by Coyle (1971). The new locality is approximately 330 air km north-northwest of the Hocking Hills State Park area in
Hocking County, Ohio; this is listed in the reference as Ash Cave State Park
and Cantwell Cliffs State Park. It is also approximately 370 and 380 air km
northwest of Pittsburgh and Penn Hills, Allegheny County, Pennsylvania, respectively, an area in which both A. unicolor and A. robustus are found. It is
also worth noting here the nearest locality for A. robustus: approximately 255
air km to the southeast in Canton, Stark County, Ohio.
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Atypidae. The Atypidae, whose members are commonly known as
purseweb spiders, contains 3 genera and 43 species worldwide (Platnick 2009).
In the Nearctic region, the 7 species belonging in the genus Sphodros Walckenaer
and the single species belonging in Atypus Latreille are restricted to the eastern
half of the continent (Coyle, 2005a). The family was revised by Gertsch and
Platnick (1980) while some aspects of natural history were reported by Coyle
and Shear (1981), Beatty (1986) and Edwards and Edwards (1990).
Previously, the black purseweb spider, Sphodros niger (Hentz 1842), has
been taken in Ingham and Clinton County, Michigan (Gertsch and Platnick,
1980). Both were single males caught in pitfall traps. This species was later
reported as having been collected in the Edwin S. George Reserve in Livingston
County (Cameron, 1993; pers. comm.). Additionally, the author has seen images
that clearly represent S. niger reportedly photographed in Ada, Kent County,
Michigan (http://bugguide.net/node/view/220129/bgimage).
The only specimen of Atypidae, a single male S. niger, already residing in
the UMMZ bears the following label: MICHIGAN, Lenawee Co., Adrian Coll.
Arb. @ SE Round Lk., 3 June 1992, field, R. W. Husband, det. M. O’Brien ’93
(1♂). The recent sorting of old pitfall material stored in the UMMZ has yielded
additional records for the species, including one that represents a significant
northward range expansion in Michigan. Two males bear the locality information: MICHIGAN, Washtenaw Co., Matthaei Botanical Garden nr. Dix Pond,
small pitfall, 15-19 June 1996, G. Hammond, det. D. R. Swanson 2009 (2♂).
Two more males bear the following locality information: MICHIGAN, Crawford
Co., T25N-R4W-Sec. 32, 23-30 June 1997, Stand 8, Plot 3, C. Sculley, pitfalls,
det. D. R. Swanson 2009 (2♂). One of these males is missing the abdomen but
the form of the chelicerae and endites, in addition to the similarity to the other
complete specimen, make identification indisputable. Additionally, Prof. H. D.
Cameron has kindly donated another specimen to the UMMZ. It represents
the only female in the Michigan collections and bears the following locality information: MICHIGAN, Washtenaw Co., Pittsfield, Twp., S. of US12 on Moon
Rd., Sec. 32, 33, digging in thick woods, 13 April 1998, Ryan F. Neice, det. H.
D. Cameron 1998 (1♀). All of the above specimens are now deposited in the
UMMZ collection.
A confusing and overlooked point in the literature is the presence of
another atypid, the red-legged purseweb spider S. rufipes in Michigan. The
binomial Sphodros milberti Walckenaer, 1837 was officially synonymized under
this species by Gertsch and Platnick (1980). S. rufipes is known from Maryland,
New York and Rhode Island to southern Illinois and eastern Kansas (Gertsch
and Platnick 1980, Morrow 1986) and Snider (1991) reported Atypus milberti
(Walckenaer) as occurring in Berrien, Clinton, Ingham and Jackson counties in
Michigan. Snider also noted the latter three counties as having vouchered specimens in the Michigan State University Arthropod Research Collection (MSU).
Sierwald et al. (2005) then based inclusion of Sphodros rufipes (Latreille) in
their list for Michigan on Snider’s records. The author has seen the specimens
residing in MSU: five males from four different collecting events in Ingham
County, one male from a single collecting event in Clinton County and one male
from a single collecting event in Lake County. As the latter may constitute an
unreported record, the locality data is provided here: MICHIGAN, Lake Co.,
Big Star Lake, 6-June-1973, W. Walker, ex. leaf litter (1♂). One of the males
from Ingham County could be the one mentioned in Gertsch and Platnick (1980)
but the Clinton County record represents another individual. The Berrien and
Jackson County specimens of Snider (1991) remain unknown to the author.
All of the MSU specimens clearly represent S. niger. The piceous color of
the legs and the palpal morphology leave no question regarding the identity of
the spiders. The confusion was a result of the specimens being misidentified
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as A. milberti, an understandable error as this particular misidentification was
not at all uncommon in the past (Gertsch and Platnick 1980). Furthermore,
Sierwald et al. (2005) designated S. niger as having a “predicted” occurrence
in Michigan; obviously the set of Michigan records provided by Gertsch and
Platnick (1980) were overlooked. Ultimately, S. niger remains the only atypid
known to occur in Michigan.
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