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Larval development and mortality of the
painted lady butterfly, Vanessa cardui
(Lepidoptera: Nymphalidae), on foliage grown
under elevated carbon dioxide
Bridget F. O’Neill1, Arthur R. Zangerl1, Clare L. Casteel2, Jorge A. Zavala3,
Evan H. DeLucia2,4, and May R. Berenbaum1,4

Abstract
To determine the indirect effects of elevated CO2 on larval Lepidoptera,
we compared the growth and development of larvae of Vanessa cardui Linnaeus
(Lepidoptera: Nymphalidae) on Glycine max Linnaeus (soybean) foliage grown
under ambient or elevated levels of CO2 from first instar to pupation. There was
no significant difference in larval survivorship or the duration of larval development between the two treatments. The usual sexual difference in pupal size
in V. cardui was lost when individuals were reared on a diet of G. max foliage
grown under elevated CO2 conditions. Despite the fact that increases in levels
of atmospheric CO2 are projected to increase the susceptibility of soybean foliage
to coleopteran pests, impacts of such exposure may vary with herbivore taxon,
making projections of future yield losses challenging.
____________________
Atmospheric carbon dioxide (CO2) levels have risen from 280 ppm since the
start of the Industrial Revolution to 384 ppm today, and levels are expected to
double within the next 100 years (IPCC 2007). Several studies examining the
effect of elevated CO2 on foliage-feeding larval Lepidoptera have revealed that
these insects generally experienced higher mortality and prolonged development
on plants grown under elevated levels of CO2 (Hättenschwiler and Schafellner
1999, Agrell et al. 2000, Wu et al. 2006, Knepp et al. 2007). The reduced levels
of nitrogen and increased phenolic concentrations found in these leaves, contribute to increasing development time and decreasing survival (Lindroth et al.
1995, Traw et al. 1996). Prolonged development also contributes to increased
mortality by increasing exposure to predators and parasitoids (Stiling et al.
1999, Chen et al. 2007).
In contrast with these studies, Karowe (2007) documented that larval
Colias philodice Latreille (Lepidoptera: Pieridae) consuming foliage of two
species in the Fabaceae (Trifolium pratense and Melilotus alba) grown under
elevated CO2 do not experience prolonged development. The nitrogen-fixing
properties of plants in the Fabaceae family may counterbalance the expected
protein depletion seen in larvae feeding on plants grown under elevated CO2.
Whether or not global atmospheric climate change similarly affects suitability
of foliage of other legume species for lepidopterans, particularly economically
University of Illinois, Urbana-Champaign, Department of Entomology, 320 Morrill
Hall, 505 S. Goodwin Avenue, Urbana, IL 61801 USA.
2
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important commodity species, is important to determine for projecting future
impacts of global atmospheric climate change on agriculture.
In this study, we examined the growth and survivorship of larvae of Vanessa cardui Linnaeus, the painted lady butterfly (Lepidoptera: Nymphalidae),
on Glycine max Linnaeus (soybean) foliage grown under elevated and ambient levels of CO2. G. max is an important crop species in the United States,
particularly in Illinois, and there is great interest in how herbivores feeding
on this plant will respond to future atmospheric change. G. max is a species
in the Fabaceae family so lepidopteran species feeding upon it may not suffer
the same nutritional deficiencies that have been seen in other lepidopterans
feeding on non-legumes grown under elevated CO2 levels. V. cardui is a native
lepidopteran with populations prone to periodic outbreaks in soybean fields
(Poston et al. 1977). We hypothesized that V. cardui will experience the same
larval duration and mortality when reared on G. max grown under ambient
and elevated levels of CO2, due to the nitrogen-fixing properties of this plant
species. We measured larval development time, mortality, and pupal weight
to determine whether lepidopteran folivores of soybean are buffered against
changes in their hostplant induced by growth under elevated CO2.
Materials and Methods
Soybeans were grown under ambient (384 ppm CO2) and elevated CO2
(550 ppm) atmospheres at the Soy Free Air gas Concentration Enrichment
(FACE) site on the UIUC campus. SoyFACE is an open system that exposes
large field plots of soybean to elevated CO2 and elevated O3, individually or in
combination. The 32.4 ha field site has been in continuous crop production for
100 years (South Farms, University of Illinois, 40° 03’21.3” N 88° 12’3.4” W,
Savoy, Illinois, USA). The cultivar planted at this site is the Pioneer 93B15
cultivar. The concentration of CO2 was measured with an infrared gas analyzer
(Model SBA-1, PP Systems, Hitchin, UK). Treatment plots are 100 m from any
other plot, have a diameter of 20 m, and cover 350 m2. There are a total of 16
plots with treatments replicated four times in a randomized block design (Long
et al. 2004). V. cardui eggs were purchased from Carolina Biological Supply
Company (Burlington, North Carolina, USA).
Ten plants were chosen in each atmospheric treatment plot for a total of
40 plants per treatment. Six to 12 newly hatched larvae were placed on one leaf
on each plant and the leaves were bagged with fine mesh to prevent movement
off the plant on 14 July 2006. The soybeans had been growing for 50 days at
this point in the growing season, 44 of them under elevated levels of CO2. The
larvae were spaced evenly across the leaf to prevent competition for leaf material, although crowding has been shown to have no effect on V. cardui larval
duration or mortality (Poston et al. 1978). The total number of larvae under
the ambient treatment was 395 on 40 plants; the total number of larvae under
the elevated CO2 treatment was 325 on 40 plants. Bags were checked every
other day; surviving larvae were identified to instar, counted, and moved to a
new leaf if insufficient leaf material remained to maintain development. High
mortality during the first instar led to much lower larval densities during the
subsequent instars, around one or two larvae per bag. After larvae pupated, the
pupae were moved from the field to a greenhouse on the UIUC campus. Pupae
were weighed, sexed and placed in a large mesh flight cage (1.219 m. long, 76.2
cm. wide, and 1.022 m. tall).
Larval durations for each stadium were analyzed by linear mixed models,
with stadium length as the dependent variable, CO2 level as a fixed factor, and
plot as a random factor in each model (R Development Core Team 2009; package
nlme Pinheiro et al. 2009). Larval mortality for each stadium was analyzed by
Kaplan-Meier survival analysis, with length of instar duration in days as the
time, survival as the status, and treatment as the factor with the values given
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as log rank (SPSS 2007). Differences in pupal mass were evaluated by two-way
analysis of variance, with treatment and sex as the independent variables (SPSS
2007). Power analyses for each of the different statistical tests were conducted
at the P = 0.05 level (PASS 2008).
Results
There were no significant differences in duration for any instar (first
instar P = 0.13; second instar P = 0.27; third instar P = 0.88; fourth instar P =
0.30; fifth instar P = 0.52; total duration P = 0.55; df = 6 for all analyses) (Table
1). Statistical power of the linear mixed models varied greatly for the different instars (first instar power = 0.88; second instar power = 0.81; third instar
power = 0.07; fourth instar power = 0.41; fifth instar power = 0.24; total larval
period power = 0.99). There were also no significant differences in mortality for
any instar (first instar P = 0.43; second instar P = 0.52; third instar P = 0.11;
fourth instar P = 0.07; fifth instar P = 0.21; total duration P = 0.24; df = 1 for
all analyses) (Table 2; Fig. 1). Statistical power of the log rank tests also varied
greatly for the different instars (first instar power = 0.69; second instar power
= 0.86; third instar power = 0.27; fourth instar power = 0.17; fifth instar power
= 0.73; total larval mortality power = 0.05).

Table 1. Mean instar duration of Vanessa cardui larvae consuming soybean foliage
grown under ambient and elevated CO2 conditions.
Mean ambient
Mean CO2
Instar	Duration (days)	Duration (days)

t value

P

2.33 ± 1.34
3.38 ± 1.28
4.50 ± 1.45
2.24 ± 0.88
5.23 ± 1.51

-1.76
1.20
-0.16
-1.12
0.68

0.13
0.27
0.88
0.30
0.52

Total Larval
Duration		 4.64 ± 5.85		 4.17 ± 5.62

-0.63

0.55

First 		 2.59 ± 1.50		
Second 		 2.74 ± 1.04		
Third 		 4.62 ± 1.57		
Fourth 		 2.74 ± 1.11		
Fifth 		 4.93 ± 1.57		

Table 2. Larval mortality for each Vanessa cardui instar consuming soybean foliage grown
under ambient and elevated CO2 conditions.
Ambient		CO2		
	Larvae		Larvae		
	Entering
Ambient	Entering	CO2
Instar	Stage
Mortality	Stage
Mortality

Kaplan
Meier log
rank
value
P

First
Second
Third
Fourth
Fifth

395
78
71
52
49

81.6%
31.8%
26.7%
3.2%
46.2%

± 6.8%
± 29.6%
± 15.7%
± 3.7%
± 38%

325
63
44
41
38

87%
12.4%
36%
5.9%
22.1%

± 8%
± 10.9%
± 10.3%
± 6.8%
± 19.4%

0.62
0.41
2.54
3.27
1.58

0.43
0.52
0.11
0.07
0.21

Entire Larval
Period

395

94.2% ± 0.04%

325

94.2% ± 0.04%

1.40

0.24
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Figure 1. Larval survivorship of Vanessa cardui consuming soybean foliage grown under ambient and elevated CO2. Solid black lines = larvae reared on plants grown under
ambient levels of CO2 (starting N = 395), dashed black lines = larvae reared on plants
grown under elevated levels of CO2 (starting N = 325).

There was no overall effect of atmospheric treatment on fresh pupal mass
(F = 1.24; df = 1; P = 0.27). There was a significant difference in pupal mass
between the sexes (F = 4.30; df = 1; P = 0.05), but this difference was driven
by a significant interaction between treatment and sex (F = 4.78; df = 1; P =
0.04) (Fig. 2) such that a sexual dimorphism occurred at ambient CO2 but not
at elevated CO2. Statistical power of the ANOVA was low (power = 0.52).
Discussion
Vanessa cardui larval development time and mortality did not differ for
insects raised on foliage grown under ambient or elevated levels of CO2. This
lack of a significant increase in larval development time on soybean foliage grown
under elevated CO2, and the lack of a significant difference in larval mortality
between the two treatments were unexpected when compared with previous
studies on larval Lepidoptera reared under elevated CO2 conditions (Wu et al.
2007), but followed our hypothesis. There are several possible explanations
for these findings. One is that the nitrogen content of the foliage of soybeans
grown under elevated CO2 is higher than the nitrogen content in foliage of other
plant species grown under elevated CO2 (Ainsworth et al. 2007, Zhang et al.
2007). Nitrogen is extremely important for growing insects, including larval
Lepidoptera (Goverde et al. 2008, Nerg et al. 2008). This would also help to
explain the Lepidoptera feeding results seen by Karowe (2007) when larvae
were given legumes grown under elevated levels of CO2. The second factor may
be the fact that growth under elevated CO2 reduces the production of defense
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Figure 2. Interaction of treatment and sex on Vanessa cardui female (left) and male
(right) pupal fresh weights. Female pupal fresh weights were not significantly different between pupae of larvae fed on G. max grown under ambient or under elevated
levels of CO2 (ANOVA, Tukey HSD, P = 0.890). Weights were not significantly different between male pupae fed on G. max grown under ambient or elevated levels of CO2
(ANOVA, Tukey HSD, P = 0.080). Pupal fresh weights were significantly different
between females and males fed on G. max grown under ambient levels of CO2 (ANOVA,
Tukey HSD, P = 0.015). Pupal fresh weights were not significantly different between
females and males fed on G. max grown under elevated levels of CO2 (ANOVA, Tukey
HSD, P = 0.191). Numbers of larvae surviving to pupation were 20 on plants grown
under ambient levels of CO2; and 17 on plants grown under elevated CO2. Pupal fresh
weights were measured in milligrams. Black bars indicate pupae reared on G. max
grown under ambient levels of CO2, grey bars indicate pupae reared on G. max grown
under elevated levels of CO2.

compounds in soybeans (Zavala et al. 2008). Most defenses in other plant species (particularly phenolics) increase under elevated CO2 conditions (Reddy et
al. 2004, Mattson et al. 2005).
Although very few larvae survived to pupation (Fig. 1), the results of the
analysis of pupal masses suggest that elevated CO2 may have influenced pupal
mass. There was no overall difference in pupal weight between the two treatments (Fig. 2), which was again unexpected in view of previous works by Wu et
al. (2007) in which pupal masses of Helicoverpa armigera (Hübner) (Lepidoptera:
Noctuidae) fed cotton bolls grown under elevated CO2 were reduced, but as with
larval duration and mortality followed our hypothesis. The difference in pupal
weight between males and females raised on foliage grown under ambient levels of CO2 is expected, as female Lepidoptera are normally heavier than males
(Poston et al. 1977). The lack of difference in pupal weight recorded for females
and males raised on foliage grown under elevated CO2 was due to an increase
in pupal mass of males under those conditions. Popillia japonica Newman
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(Japanese beetle) males live significantly longer when fed a diet of G. max foliage
grown under elevated CO2 levels than males fed a diet of foliage grown under
ambient CO2 levels (O’Neill et al. 2008). V. cardui males with larger pupal
masses would have more nutritional reserves as adults to fuel an increased
lifespan (Murúa et al. 2008), and these larger males would be able to maintain
a larger territory (Enrique et al. 2008) or be able to win more fights for mating
opportunities (Brown and Alcock 1991). It should be noted that all individuals
came from a laboratory strain that was not fed soybean foliage, and they may
not display the same survivorship or feeding behavior of wild-type individuals
(Hernandez et al. 2009).
Statistical power of all analyses was fairly low. While an a priori power
analysis suggested that our initial sample sizes would be adequate to resolve
significant differences, the high mortality seen in the first instar reduced the
sample sizes to such a degree that statistical power was lost. If this experiment were to be repeated initial sample sizes would have to be increased by
several hundred individuals, and space at this shared research site would not
be adequate.
The lack of difference in V. cardui larval development under conditions
of global atmospheric change suggests that defoliation of soybeans by V. cardui
may not change in the future as greatly as anticipated by previous studies on
non-legumes. This work demonstrates that plant-insect interactions are idiosyncratic with respect to impacts of global climate change and future projections
must be based on appropriate studies.
Acknowledgments
This research was supported in part by grants from the U.S. Department of
Energy (No. DE-FG02-04ER63489) and the National Research Initiative of USDA
Cooperative State Research, Education and Extension Service (2002–02723). The
SoyFACE experiment is supported by the Illinois Council for Food and Agricultural
Research (C-FAR), Archer Daniels Midland Co., and USDA-ARS.
Literature Cited
Agrell, J., E. P. McDonald, and R. E. Lindroth RE. 2000. Effects of CO2 and light on
tree phytochemistry and insect performance. Oikos. 88: 259-272.
Ainsworth, E. A., A. Rogers, A. D. B. Leakey, L. E. Heady, Y. Gibon, M. Stitt, and
U. Schurr. 2007. Does elevated atmospheric [CO2] alter diurnal C uptake and the
balance of C and N metabolites in growing and fully expanded soybean leaves? J.
Exp. Bot. 58: 579-591.
Brown, W. D., and J. Alcock. 1991. Hilltopping by the red admiral butterfly mate
searching alongside corridors. Journal of Research on the Lepidoptera. 29: 1-10.
Chen, F.J., G. Wu, M. N. Parajulee, and F. Ge. 2007. Impact of elevated CO2 on the
third trophic level: a predator Harmonia axyridis and a parasitoid Aphidius picipes.
Biocontrol Sci. Tech. 17: 313-324.
Enrique, P., C. Peixoto, and W. W. Benson. 2008. Body mass and not wing length predicts territorial success in a tropical Satyrine butterfly. Ethology. 114: 1069-1077.
Goverde, M., A. Bazin, M. Kery, J. A. Shykoff, and A. Erhardt. 2008. Positive effects
of cyanogenic glycosides in food plants on larval development of the common blue
butterfly. Oecologia. 157: 409-418.
Hättenschwiler, S., and C. Schafellner. 1999. Opposing effects of elevated CO2 and
N deposition on Lymantria monacha larvae feeding on spruce trees. Oecologia. 118:
210-217.

2008

THE GREAT LAKES ENTOMOLOGIST

109

Hernandez, E., J. Toledo, T. Artiaga-Lopez, and S. Flores. 2009. Demographic
changes in Anastrepha obliqua (Diptera: Tephritidae) throughout the laboratory
colonization process. J. Econ. Entomol.. 102: 542-551.
(IPCC) Intergovernmental Panel on Climate Change. 2007. Fourth Assessment
Report. Climate Change 2007, Cambridge University Press, Cambridge, UK.
Karowe, D. N. 2007. Are legume-feeding herbivores buffered against direct effects of
elevated carbon dioxide on host plants? A test with the sulfur butterfly, Colias philodice. Global Change Biology. 13: 2045-2051.
Knepp, R. G., J. G. Hamilton, A. R. Zangerl, M. R. Berenbaum, and E. H. DeLucia.
2007. Foliage of oaks grown under elevated CO2 reduces performance of Antheraea
polyphemus (Lepidoptera: Saturniidae). Environ. Entomol. 36: 609-617.
Lindroth, R. L., G. E. Arteel, and K. K. Kinney. 1995. Responses of three saturniid
species to paper birch grown under enriched CO2 atmospheres. Funct. Ecol.. 9:
306-311.
Long, S. P., E. A. Ainsworth, A. Rogers, and D. R. Ort. 2004. Rising atmospheric
carbon dioxide: Plants FACE the future. Ann. Rev. Plant Biol. 55: 591-628.
Mattson, W. J., R. Julkunen-Tiitto, and D. A. Herms. 2005. CO2 enrichment and
partitioning to phenolics: do plant responses accord better with the protein competition or the growth differentiation balance models? Oikos. 111: 337-347.
Murúa, M.G., M. T. Vera, S. Abraham, M. L. Juaréz, S. Prieto, G. P. Head, and
E. Willink. 2008. Fitness and mating compatibility of Spodoptera frugiperda
(Lepidoptera: Noctuidae) populations from different host plant species and regions
in Argentina. Ann. Entomol. Soc. Am. 101: 639-649.
Nerg, A.-M., A. Kasurinen, T. Holopainen, R. Julkunen-Tiitto, S. Neuvonen, and
J. K. Holopainen. 2008. The significance of ectomycorrhizas in chemical quality of
silver birch foliage and above-ground insect herbivore performance. J. Chem. Ecol.
34: 1322-1330.
O’Neill, B.F., A. R. Zangerl, E. H. DeLucia, and M. R. Berenbaum. 2008. Longevity
and fecundity of the Japanese beetle, Popillia japonica (Newman), on foliage grown
under elevated carbon dioxide. Environ. Entomol. 37: 601-607.
(PASS) Power Analysis and Sample Size. 2008. Power Analysis and Sample Size
Software Program. Kaysville, UT:NCSS.
Pinheiro, J., D. Bates, S. DebRoy, D. Sarkar, and the R Development Core
Team. 2009. nlme: Linear and Nonlinear Mixed Effects Models. R package version
3.1-92.
Poston, F. L., R. B. Hammond, and L. P. Pedigo. 1977. Growth and development of
the painted lady on soybeans (Lepidoptera: Nymphalidae). J. Kansas Entomol. Soc.
50: 31-36.
Poston, F. L, L. P. Pedigo, and R. B. Hammond. 1978. A leaf consumption model for
the painted lady on soybeans. J. Kansas Entomol. Soc. 51: 191-197.
R Development Core Team. 2009. R: A language and environment for statistical computing. R Foundation for Statistical Computing,Vienna, Austria. ISBN 3-900051-07-0,
URL http://www.R-project.org.
Reddy, G. V. P., P. Tossavainen, A.-M. Nerg, and J. K. Holopainen. 2004. Elevated
atmospheric CO2 affects the chemical quality of Brassica plants and the growth rate
of the specialist, Plutella xylostella, but not the generalist, Spodoptera littoralis. J.
Agric. Food Chem. 52: 4185-4191.
SPSS. 2007. SPSS for Windows, Rel. 16.0.1. Chicago, IL: SPSS, Inc.
Stiling, P., A. M. Rossi, B. Hungate, P. Dijkstra, C. R. Hinkle, W. M. Knott, and B.
Drake. 1999. Decreased leaf-miner abundance in elevated CO2: reduced leaf quality
and increased parasitoid attack. Ecological Applications. 9: 240-244.

110

THE GREAT LAKES ENTOMOLOGIST

Vol. 41, Nos. 1 & 2

Traw, M. B., R. L. Lindroth, and F. A. Bazzaz. 1996. Decline in gypsy moth (Lymantria dispar) performance in an elevated CO2 atmosphere depends upon host plant
species. Oecologia. 108: 113-120.
Wu, G., F.-J. Chen, and R. Ge. 2006. Response of multiple generations of cotton bollworm Helicoverpa armigera Hübner, feeding on spring wheat, to elevated CO2. J.
Appl. Entomol. 130: 2-9.
Wu, G., F.-J. Chen, Y.-C. Sun, and F. Ge. 2007. Response of successive three generations of cotton bollworm, Helicoverpa armigera (Hübner), fed on cotton bolls under
elevated CO2. J. Environ. Sci. 19: 1318-1325.

Zavala, J. A., Casteel, C. L., E. H. DeLucia, and M. R. Berenbaum. 2008. Anthropogenic increase in carbon dioxide compromises plant defense against invasive insects.
Proceedings of the National Academy of Sciences of the United States of America.
105: 5129-5133.
Zhang, Y., B. Duan, Y. Qiao, K. Wang, H. Korpelainen, and C. Li. 2007. Leaf photosynthesis of Betula albosinensis seedlings as affected by elevated CO2 and planting
density. Forest Ecology and Management. 255: 1937-1944.

2008

THE GREAT LAKES ENTOMOLOGIST

111

Effect of Microclimatic Conditions on
Primary Transmission of the Gypsy Moth
Fungal Pathogen Entomophaga maimaiga
(Zygomycetes: Entomophthorales) in Michigan
Nathan W. Siegert1*, Deborah G. McCullough1, Ann E. Hajek2 and Jeffrey A. Andresen3

Abstract
The fungus Entomophaga maimaiga is capable of causing extensive
epizootics in gypsy moth, Lymantria dispar L. (Lepidoptera: Lymantriidae),
populations. Development of an E. maimaiga epizootic begins when primary
transmission of the pathogen from resting spores to early-instar gypsy moth
occurs, and amplifies during secondary transmission of conidia from infected
early-instar larvae to late-instar hosts. Gypsy moth density and other hostassociated factors do not appear to influence primary transmission of E. maimaiga, suggesting that environmental conditions are integral in the germination of resting spores and, therefore, the initial development of epizootics. E.
maimaiga infections of laboratory-reared gypsy moth larvae were evaluated
under field conditions in 2001 and 2002 in an oak-dominated forest with lowdensity gypsy moth populations. Four-day field bioassays were continuously
conducted for a 6-wk period each year, corresponding with natural gypsy moth
larval development, and infection rates were related to microclimatic variables
recorded hourly. Regression analyses of microclimatic variables on the percentage of gypsy moth larvae infected with E. maimaiga were significant (P < 0.05)
in both years. In 2001, three variables, including the sum of hours with soil
temperatures between 15 and 25°C, average atmospheric water vapor pressure
and total precipitation accounted for 33% of the variation in larval infection.
In 2002, total precipitation was the only significant predictor of E. maimaiga
infection and accounted for 28% of the variation. Overall, results from this study
provide further evidence that primary transmission (i.e., infection via resting
spore germination) of the gypsy moth fungal pathogen E. maimaiga is strongly
influenced by the occurrence of precipitation.
____________________
Prevalence of entomopathogens can rapidly increase over a short time
period, resulting in a large-scale mortality event within a host population,
known as an epizootic (Fuxa and Tanada 1987). Factors that initiate and affect
the development of epizootics play a critical role in regulating insect pathogen
dynamics, but are generally not well understood. While host density is typically
important for the amplification and intensity of epizootics (Watanabe 1987),
environmental conditions strongly influence pathogen activity and are integral
in the initial development of epizootics (Andreadis 1987, Benz 1987). Because
of the inherent variability of environmental conditions in natural systems, the
occurrence and intensity of entomopathogenic epizootics are usually difficult
to accurately predict.
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Since 1989, the fungus Entomophaga maimaiga Humber, Shimazu et
Soper (Zygomycetes: Entomophthorales) has become an important pathogen of
gypsy moth (Lymantria dispar L.; Lepidoptera: Lymantriidae) in the northeastern United States (Andreadis and Weseloh 1990a, 1990b; Hajek et al. 1995b;
Hajek 1999). It is highly synchronized with gypsy moth larval development,
has relatively few negative effects on non-target species (Soper et al. 1988;
Vandenberg 1990; Hajek et al. 1995a, 1996a, 1996b, 2000a, 2004), and is compatible with other natural enemies, including a nuclear polyhedrosis virus (NPV)
(Malakar et al. 1999a, 1999b).
Entomophaga maimaiga produces two types of spores, both of which may
infect gypsy moth larvae (Hajek 1999). Resting spores (i.e., azygospores) of E. maimaiga overwinter in the soil, with the highest densities of spores occurring in the
organic layer of soil at the base of trees (Hajek et al. 1998a). Behavior of late-instar
gypsy moth, such as diurnal movement back and forth from the tree canopy to the
ground (Forbush and Fernald 1896, Leonard 1981), increases the risk of primary
fungal infection by putting larvae in contact with the spore-bearing soil (Hajek 2001).
A portion of the E. maimaiga resting spore inoculum present in the soil germinates
in spring, depending on environmental conditions (Hajek 1997b, Hajek and Humber 1997, Weseloh and Andreadis 1997). These spores produce germ conidia that
infect and kill early-instar gypsy moth (i.e., primary transmission). Early-instar
gypsy moth cadavers produce E. maimaiga conidiophores externally that discharge
conidia to infect mid- to late-instar gypsy moth (i.e., secondary transmission or
subsequent transfer from infected individuals to other individuals). Late-instar
larval cadavers principally produce resting spores and are usually found attached
to lower tree trunks by their prolegs with their heads oriented downwards (Hajek
and Soper 1991, Hajek et al. 1998b). Weathered cadavers drop to the soil at the
base of the trees, decompose and release resting spores that remain dormant in
the soil at least until the following spring. Some E. maimaiga soil-borne resting
spores, however, may retain dormancy and remain viable for 10-12 years following
an epizootic (Hajek et al. 2000b, Weseloh and Andreadis 2002).
Gypsy moth density and other host-associated factors do not appear to influence primary transmission of E. maimaiga (Hajek and Eastburn 2001), suggesting
that environmental conditions play an integral role in the germination of resting
spores and the initiation of epizootics. To acquire a better understanding of the
role of microclimate in the initial development of E. maimaiga epizootics, we evaluated the rate of gypsy moth larval infection by resting spores in the field. Primary
transmission of E. maimaiga was assessed in 2001 and 2002 caging freshly-molted,
laboratory-reared 4th-instar gypsy moth in three oak-dominated stands in a Michigan
forest. Our objectives were to monitor larval infection rates during the primary
transmission phase of epizootic development and relate E. maimaiga infection rates
to site-specific microclimatic variables over a 6-wk period that corresponded with
the timing of gypsy moth larval development in Michigan.
Materials and Methods
Study Sites and Field Measurements. Three oak-dominated stands
(Bitely, Jackson Corners, and Lilley) were selected on the Huron-Manistee National Forest in Newaygo County, Michigan, in 2001 (Table 1). Selected stands
were at least 10 ha in size, separated from one another by a minimum of 10 km
and known to have experienced at least one E. maimaiga epizootic in the past 3-5
years (Buss 1997, L.J. Buss and D.G. McCullough unpublished data, Michigan
Department of Natural Resources unpublished data). Soil at the sites was welldrained and consisted primarily of Coloma-Spinks-Metea sandy material (USDASCS 1995) with a thin organic layer. Soil pH was measured with a handheld pH
meter (WTW Measurement Sytems, Inc., Ft. Myers, FL) from homogenized soil
collected from the top 2 cm on the northern and southern aspects at the base of
12 sample trees in each stand and averaged 4.4 ± 0.2 per site.
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Predictor variable(s)

Intercept
Hrs soil temperature between15-25 °C
Atmospheric water vapor pressure
Total precipitation
Intercept
Total precipitation

	Dependent
Year
variable

2001
E. maimaiga
		
		
		
2002
E. maimaiga
		

7.416
0.077
-6.375
0.083
1.817
0.337

Coefficients
2.372
0.023
2.230
0.032
1.160
0.101

SE

3, 26
1, 28

11.129

df

4.236

F

0.28

0.33

r2

0.002

0.015

P

Table 2. Summary of regression equations using microclimatic variables to predict Entomophaga maimaiga infection of gypsy moth larvae
during 4-d bioassay periods. Predictor variables (excluding intercept) are listed in order of contribution to r2.

Bitely
Jackson Corners
Lilley

Site	Latitude	Longitude	Canopy	Basal area		Egg mass density (No./ha)
(N)
(W)
cover (%)
(m2/ha)
1999
2000
2001

Table 1. Location, average canopy cover (%), basal area (m2/ha) and gypsy moth egg mass density (number per ha) in oak stands in
Newaygo Co., Michigan, used for 6-wk bioassays in 2001 and 2002.
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Each stand had been utilized for related research for the two years prior to
the current study (Siegert 2004). Density of the gypsy moth population in each
stand was quantified annually from 1999 through 2002 by averaging counts of
egg masses in two 0.01 ha fixed-radius plots (Kolodny-Hirsch 1986). Gypsy moth
population densities were highest in 1999, but decreased to very low densities
by 2000 and remained at very low densities in 2001 and 2002 (Table 1), with
individuals being observed only rarely during this study.
Stand composition was characterized by a dominant mixed-oak (Quercus
spp.) overstory and a moderately-dense understory, consisting primarily of
sassafras (Sassafras albidum (Nutt.) Nees) and witch-hazel (Hamamelis virginiana L.). Also lightly-distributed in the understory was some mixed-oak,
red maple (Acer rubrum L.), white pine (Pinus strobus L.) and red pine (Pinus
resinosa Aiton). Ground flora tended to be moderately-dense with bracken fern
(Pteridium aquilinum (L.) Kuhn), low sweet blueberry (Vaccinium angustifolium
Aiton), and red maple, mixed-oak, sassafras and witch-hazel regeneration being
the most common.
In each stand, a plot center was established and dominant oak trees at 25
m along transects in the cardinal directions were selected and tagged (4 trees per
stand). Sample trees at the sites averaged 38.7 ± 1.3 cm in diameter at breast
height (range: 36.6 to 41.0 cm). Percentage canopy cover was measured facing
each of the principal compass points at the plot center with a concave spherical
densiometer (Lemmon Forest Densiometers, Bartlesville, OK) and averaged
90.7 ± 1.3% (Table 1). Basal area was measured with a 10-factor wedge prism
at the plot center of each stand and averaged 23.7 ± 1.3 m2/ha (Table 1).
Disposable non-latex gloves (Medline Industries, Inc., Mundelein, IL) and
boot covers (McKesson General Medical Corporation, Richmond, VA) were worn
and disposed of following visits to each site to avoid inadvertent transportation
of E. maimaiga resting spores between field sites. All equipment used in the
stands was sterilized with 95% ethanol and thoroughly rinsed with distilled
water between sample collections.
Field Bioassays. Gypsy moth egg masses were obtained from USDA
APHIS, Otis Air National Guard Base, Massachusetts. Larvae were reared on
artificial diet (O’Dell et al. 1985) at the USDA APHIS PPQ Biological Control Laboratory, Niles, Michigan. Fourth-instar gypsy moths that had molted within the
previous 24 hours were selected for field bioassays because they survive handling
better than early-instar larvae, are commonly used in lab and field experiments
(Hajek 1999 and references therein), and are susceptible to primary infection
(Hajek and Roberts 1991). Larval development was staggered so that sufficient
numbers of freshly-molted 4th-instar larvae (480 larvae per 4-d bioassay period;
4,800 larvae each year) were available for the duration of the field bioassays.
Field bioassays were conducted at each stand by placing 20 of the 4th-instar
gypsy moth in 15 × 20 cm cages made of 6 × 7 mesh/cm2 aluminum screening
(Hajek and Humber 1997). Two 15 g blocks of high wheat germ artificial diet
(O’Dell et al. 1985), sufficient to last the duration of the 4-d field bioassay, were
placed in each cage. Cages of larvae were placed on the soil surface on the
northern and southern aspects at the base of each sample tree and collected four
days later (total of 8 cages per stand). Upon collection, each cage was placed
into a plastic bag to prevent cross-contamination during transport and returned
to the USDA APHIS PPQ Biological Control Laboratory to be reared. As cages
were collected from the bases of the sample trees, new cages of freshly-molted
4th-instar larvae were immediately put in their place for the next 4-d bioassay.
Screen cages were sterilized with 95% ethanol after each use. Field bioassays
were continuously conducted every 4 days for a 6-wk period from 25 May to 4
July in 2001 and from 24 May to 3 July in 2002. These periods corresponded with
larval development in wild gypsy moth populations present in the region and
encompassed the time during which an E. maimaiga epizootic could develop.
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After their 4-d exposure period, larvae were reared individually in 50 ml
cups on artificial diet following standard protocols for assessing fungal infections
(Papierok and Hajek 1997). Larvae were reared at 20°C and 14:10 h (light:dark
photoperiod) for 10 days, with larvae being checked daily for mortality. Any
larvae that died were then checked daily for 3 days for presence or absence of
E. maimaiga conidiophores. If conidiophores were present, then cadavers were
transferred to cold storage (4°C and dark). If conidiophores were not present,
then cadavers were kept at 20°C in the dark for an additional 7 days to allow
for resting spore maturation before being transferred to cold storage. Gypsy
moth cadavers were then dissected and examined with microscopy to determine
whether E. maimaiga was present. To ensure that the rearing facilities were
not contaminated with E. maimaiga, ca. 300 gypsy moth larvae were reared in
the laboratory each year without undergoing field exposures; 100% of the larvae
survived to pupation.
Infection rates of gypsy moth larvae by E. maimaiga for the 4-d field bioassays were calculated as the percentage of larvae in which E. maimaiga was
found out of the total larvae examined (i.e., total number of cadavers processed
plus the number of larvae that survived to pupation) for each 4-d period. Differences in overall infection levels between northern and southern aspects for
all sites combined were analyzed using two-sample t-tests (SYSTAT 2000).
Microclimatic Data. Several microclimatic variables at each site
were recorded hourly with on-site weather collection equipment, including
air and soil temperatures, relative humidity and soil moisture (Campbell
Scientific, Inc., Logan, UT). Total precipitation during each 4-d bioassay
period was recorded using rain gauges (All-Weather Rain Gauge, Productive Alternatives, Inc., Fergus Falls, MN) at each site. Hourly precipitation
measurements were collected with a data-logging, tip-bucket rain gauge
(Onset Computer Corporation, Bourne, MA) each year at one site (Jackson
Corners) to provide an estimate of the general pattern of rainfall in the area.
Weather collection equipment was positioned within 50 m of the plot center
at the base of a representative dominant oak tree. Microclimate data at each
site were recorded throughout the 6-wk period of gypsy moth field bioassays
from 1200 h, 25 May to 1200 h, 4 July in 2001 and from 1200 h, 24 May to
1200 h, 3 July in 2002 (total of 960 hours of microclimate measurements at
each site for each year).
Air temperature and relative humidity data were monitored with a
temperature and relative humidity probe in a solar radiation shield (Campbell
Scientific, Inc., Logan, UT) positioned 1.5 m above the ground surface on a rebar
pole. Soil temperatures and moisture levels were collected with temperature
probes and water content reflectometers (Campbell Scientific, Inc., Logan,
UT), respectively. Temperature probes and water content reflectometers were
positioned within the upper 3 to 4 cm of soil where the highest densities of E.
maimaiga resting spores occur (Hajek et al. 1998a), to record microclimatic
conditions likely to be experienced by the fungus.
Relative humidity was not directly used in analyses because of its nonlinear
dependence on atmospheric temperature (Rosenberg et al. 1983). However, actual
atmospheric water vapor pressure at each site was used in analyses and calculated
using the respective on-site air temperature and relative humidity data, as:
ea = RH × es / 100,
where ea = actual atmospheric water vapor pressure (kPa), RH = relative
humidity (%), and es = saturation water vapor pressure (Rosenberg et al. 1983).
Saturation water vapor pressure was calculated as:
es = 0.61078 exp [(17.269 × T) / (T + 237.30)],
where T = air temperature (°C) (Rosenberg et al. 1983).
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In 2002, microclimate data were collected at only two of the sites (Jackson
Corners and Lilley) due to an equipment malfunction at the Bitely site. Simple
linear regression analyses were conducted using microclimatic variables in
2001 to develop equations to estimate microclimatic conditions for the Bitely
site in 2002. Relationships between the three field sites and an independent
weather station (Freemont station; MAWN, 2003) were evaluated to determine
which site most closely approximated microclimatic conditions at the Bitely
field site. The equations used to approximate microclimatic conditions (followed
by the coefficient of determination) at Bitely in 2002 were: air temperature
= 0.994 × (Freemont air temperature) - 0.834 (r2 = 0.96); relative humidity
= 1.004 × (Freemont relative humidity ) + 4.372 (r2 = 0.87); northern aspect
soil temperature = 1.083 × (Jackson Corner northern aspect soil temperature) - 0.616 (r2 = 0.99); southern aspect soil temperature = 0.999 × (Jackson
Corner southern aspect soil temperature) - 0.533 (r2 = 0.96); northern aspect
soil moisture = 1.078 × (Lilley northern aspect soil moisture) - 0.049 (r2 =
0.78); and, southern aspect soil moisture = 1.117 × (Lilley southern aspect
soil moisture) - 0.030 (r2 = 0.89). All linear regression relationships were
significant at P < 0.001.
A backward-stepping multiple regression analysis was used to analyze
effects of microclimatic variables on the levels of E. maimaiga infection for
all sites each year (SYSTAT 2000). Predictor variables were individually
removed from the full regression model if their fit in the model exceeded α
= 0.15. Because germination of E. maimaiga resting spores is greatest from
15 to 25°C (Shimazu and Soper 1986, Hajek et al. 1990, Hajek and Shimazu
1996), the sum of the hours that air and soil temperatures were between 15 and
25°C was used in analyses. Other microclimatic variables used in analyses
included average volumetric soil moisture levels, average atmospheric water
vapor pressure and total precipitation for each 4-d bioassay period. To reduce
effects of multicollinearity, values for soil temperature and soil moisture were
averaged between northern and southern aspects for each site over a given
4-d bioassay period.
Specimen Deposit. Voucher specimens of gypsy moth larvae used in
this project were deposited in the A. J. Cook Arthropod Research Collection,
Department of Entomology, Michigan State University, East Lansing, Michigan.
Voucher specimens of E. maimaiga isolates collected from field sites were deposited in the Collection of Entomopathogenic Fungal Cultures, USDA Agricultural
Research Service, Ithaca, New York (Siegert 2004).
Results
Field Bioassays. In 2001 and 2002, 4,800 laboratory-reared gypsy moth
larvae were used in the field bioassays (total of 9,600 larvae). A portion of the larvae
each year did not survive the 4-day exposure to field conditions (11.8% in 2001;
12.0% in 2002), typically due to predation by ants or insectivorous mammals.
Overall, fungal infection levels on northern and southern aspects were
not significantly different in either year. In 2001, total E. maimaiga infection
levels were 2.9 ± 0.5% on northern aspects and 2.6 ± 0.6% on southern aspects
(t = 0.273; df = 18; P = 0.79). Similarly, in 2002, total E. maimaiga infection
levels were 5.1 ± 1.9% on northern aspects and 3.9 ± 1.4% on southern aspects
(t = 0.501; df = 18; P = 0.62).
Infection Dynamics. In 2001, 4,234 of the 4,800 larvae used in field
bioassays were returned from the 4-d field exposures and individually-reared
in the laboratory until death or pupation. A total of 1,894 gypsy moth larvae
(44.7%) returned from the field survived to pupation. Of the 2,340 remaining
gypsy moth larval cadavers, 1,881 were dissected and examined with microscopy
to determine whether E. maimaiga was present. Infection by E. maimaiga
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via primary transmission killed 102 larvae, amounting to 2.7% of the larvae
examined. There was no evidence of E. maimaiga infection in the other 1779
larval cadavers (47.1%) we examined.
Average E. maimaiga infection for the three bioassay sites ranged from
2.6 to 3.0% in 2001 (Fig. 1). At the Bitely site, overall E. maimaiga infection
averaged 3.0 ± 0.8%, with infection rates ranging from 0 to 8.6% for individual
4-d bioassays. Overall E. maimaiga infection at Jackson Corners averaged 2.6
± 0.6%, with infection rates ranging from 0 to 6.3% for individual 4-d bioassays.
At Lilley, overall E. maimaiga infection averaged 2.7 ± 0.8%, with infection
rates ranging from 0 to 8.0% for individual 4-d bioassays. Maximum E. maimaiga infection for individual cages in 2001 was 22.2, 21.1 and 20.0% for Bitely,
Jackson Corners, and Lilley, respectively.
In 2002, 3,318 of the original 4,222 gypsy moth larvae returned from the
4-d field exposures survived to pupation (78.6% survival). Fungal infection rates
by E. maimaiga were nearly twice as high as in 2001; E. maimaiga was present
in 193 cadavers, representing 4.6% of the larvae returned from the field. We did
not find E. maimaiga in the other 710 larval cadavers (16.8%) we examined.
Average E. maimaiga infection rates for the three bioassay sites in 2002
were more variable than in 2001 and ranged from 2.2 to 6.3% (Fig. 2). Overall
E. maimaiga infection at Bitely averaged 6.3 ± 2.4%, with infection rates ranging
from 0 to 21.1% for individual 4-d bioassays. At Jackson Corners, the overall E.
maimaiga infection averaged 4.6 ± 1.5%, with infection rates ranging from 0 to
12.0% for individual 4-d bioassays. At the Lilley site, overall E. maimaiga infection
averaged 2.2 ± 1.0%, with infection rates ranging from 0 to 8.3% for individual
4-d bioassays. In 2002, maximum E. maimaiga infection for individual cages was
51.4, 30.0 and 15.0% for Bitely, Jackson Corners, and Lilley, respectively.
Microclimatic Conditions. As expected, hourly microclimatic conditions
experienced among sites were highly similar each year (Pearson correlation
coefficients for air and soil temperatures and atmospheric water vapor pressure
were ≥ 0.97 in both 2001 and 2002). Average maximum difference in hourly
air temperature between the three sites was 1.2°C (range: 0.03 to 5.1°C) in
2001 and 0.5°C (range: 0.08 to 1.0°C) in 2002. Maximum difference in hourly
soil temperature between sites averaged 1.1°C (range: 0.03 to 3.6°C) and 1.1°C
(range: 0.1 to 6.0°C) in 2001 and 2002, respectively. The average maximum difference in hourly atmospheric water vapor pressure was highly similar between
the three sites each year as well; 0.08 kPa (range: 0 to 0.39 kPa) in 2001 and
0.03 kPa (range: 0 to 0.14 kPa) in 2002. Hourly volumetric soil moisture and
total 4-d precipitation trends were also similar among sites each year (Pearson
correlation coefficients ≥ 0.92 and ≥ 0.90, respectively), although the range of
values was greater. Average maximum difference in hourly volumetric soil
moisture between the three sites was 5.6% (range: 1.4 to 15.4%) in 2001 and
6.1% (range: 4.3 to 12.8%) in 2002. Maximum difference in total 4-d precipitation between sites averaged 6.4 mm (range: 0 to 26.9 mm) and 3.4 mm (range:
0 to 11.9 mm) in 2001 and 2002, respectively.
While microclimatic conditions were relatively similar among sites each
year, environmental conditions varied considerably among the 4-d bioassay periods
in 2001 (Fig. 3) and 2002 (Fig. 4). In 2001, the number of hours per 4-d bioassay
period that air temperature was between 15 and 25°C ranged from 2 to 71 hrs
(out of the 96 hrs possible per 4-d bioassay period) and average air temperature
ranged from 9.9 to 22.7°C (Fig. 3). The lowest hourly air temperature recorded was
-0.3°C while the highest was 31.1°C. The number of hours that soil temperature
was between 15 and 25°C ranged from 0 to all 96 hrs in a 4-d bioassay period and
average soil temperature ranged from 10.7 to 19.3°C (Fig. 3). The lowest hourly
soil temperature recorded was 7.7°C while the highest was 22.8°C. Precipitation
occurred in 8 of the 10 bioassay periods in 2001 with total 4-d precipitation ranging from 0.8 to 63.8 mm (Fig. 3). Average volumetric soil moisture ranged from
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Figure 1. Average (±SEM) percentage of 4th-instar gypsy moth infected by Entomophaga maimaiga resting spores during 4-d bioassays conducted from 25 May to 4 July
2001 at A) Bitely, B) Jackson Corners, C) Lilley, and D) all sites combined. Dates are
ends of exposure periods.
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Figure 2. Average (±SEM) percentage of 4th-instar gypsy moth infected by Entomophaga maimaiga resting spores during 4-d bioassays conducted from 24 May to 3 July 2002
at A) Bitely, B) Jackson Corners, C) Lilley, and D) all sites combined. Dates are ends of
exposure periods.
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Figure 3. Summary of microclimatic conditions that occurred at field sites during
bioassays from 25 May to 4 July 2001 including A) average (±SEM) hourly air and soil
temperatures (°C), B) hourly soil moisture (%) for the three sites and precipitation
(mm), and C) average (±SEM) hourly actual water vapor pressure (kPa). Site-specific
microclimatic conditions were used in regression analyses. Note that gridlines along
the x-axis represent 4-d bioassay intervals.
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6.5 to 23.0% per 4-d bioassay period with the lowest hourly measurement being
6.1% and the highest being 37.4%. Average atmospheric water vapor pressure
ranged from 0.9 to 2.1 kPa (Fig. 3), with individual hourly measurements as
low as 0.5 kPa and as high as 2.8 kPa.
In 2002, the number of hours per 4-d bioassay period that air temperature
was between 15 and 25°C ranged from 28 to 76 hrs and average air temperature ranged from 11.5 to 24.9°C (Fig. 4). The lowest hourly air temperature
recorded was 1.5°C while the highest was 31.2°C. The number of hours that soil
temperature was between 15 and 25°C ranged from 7.5 to 96 hrs and average
soil temperature ranged from 10.5 to 21.4°C (Fig. 4). The lowest hourly soil
temperature recorded was 5.7°C while the highest was 23.9°C. Precipitation
occurred in 7 of the 10 bioassay periods in 2002 with total precipitation ranging
from 0.3 to 30.7 mm (Fig. 4). Average volumetric soil moisture ranged from 6.7
to 20.7% per 4-d bioassay period with the lowest hourly measurement being
3.5% and the highest being 35.3%. Average atmospheric water vapor pressure
ranged from 0.9 to 2.2 kPa (Fig. 4), with individual hourly measurements as
low as 0.5 kPa and as high as 2.7 kPa.
Several microclimatic variables suspected to influence primary transmission
of E. maimaiga, including the sum of the hours that air and soil temperatures were
between 15 and 25°C, average volumetric soil moisture levels, average atmospheric
water vapor pressure and total precipitation over a given 4-d bioassay period, were
regressed on the percentage of gypsy moth larvae infected with E. maimaiga in
2001 and 2002. In 2001, the regression was significant (P = 0.015); three variables
related to soil temperature and precipitation explained 33% of the variation in
larval infection levels (Table 2). Two predictor variables, the sum of the hours
that soil temperatures were between 15 and 25°C and total 4-d precipitation, were
positively related to E. maimaiga infection rates, while average atmospheric water
vapor pressure had a negative coefficient. In 2002, only total 4-d precipitation
was a significant predictor of the percentage of gypsy moth larvae infected with E.
maimaiga (P = 0.002), explaining 28% of the variation (Table 2).
In 2001, three of the ten 4-d bioassay periods generally stood out as having
the highest levels of E. maimaiga infection through primary transmission relative to the overall infection rate (25 May to 29 May, 22 June to 26 June, and 30
June to 4 July) (Fig. 1). Conditions during the 25 May to 29 May bioassay were
cool and wet with steady, low vapor pressure (air temperature: 11.5 ± 0.1°C;
soil temperature: 11.7 ± 0.2°C; precipitation: 47.2 ± 8.4 mm; soil moisture: 18.9
± 2.1%; vapor pressure: 1.2 ± 0.01 kPa) (Figure 3). During the 22 June to 26
June bioassay, Jackson Corners and Lilley both achieved their maximum single
cage infection levels; conditions were cool and dry, with low vapor pressure (air
temperature: 17.6 ± 0.1°C; soil temperature: 16.2 ± 0.2°C; precipitation: 0 mm;
soil moisture: 9.9 ± 1.5%; vapor pressure: 1.4 ± 0.02 kPa) (Fig. 3). During the
30 June to 4 July bioassay, Bitely achieved its maximum single cage infection
level; conditions were cool and damp, with low vapor pressure (air temperature:
16.1 ± 0.1°C; soil temperature: 16.2 ± 0.2°C; precipitation: 4.0 ± 0.7 mm; soil
moisture: 7.6 ± 0.5%; vapor pressure: 1.4 ± 0.01 kPa) (Fig. 3).
The lowest levels of E. maimaiga infection (relative to the overall infection
rate) in 2001 generally occurred in three of the remaining 4-d bioassay periods
(2 June to 6 June, 6 June to 10 June, and 26 June to 30 June) (Fig. 1). During
the 2 June to 6 June bioassay, Jackson Corners had no E. maimaiga infection;
conditions were cool and damp, with low vapor pressure (air temperature: 10.2 ±
0.2°C; soil temperature: 10.9 ± 0.1°C; precipitation: 11.4 ± 2.7 mm; soil moisture:
17.4 ± 2.0%; vapor pressure: 1.2 ± 0.01 kPa) (Fig. 3). During the 6 June to 10 June
bioassay, both Bitely and Lilley had no E. maimaiga infection; conditions were
cool with little moisture and low vapor pressure (air temperature: 15.5 ± 0.1°C;
soil temperature: 13.3 ± 0.3°C; precipitation: 2.8 ± 1.7 mm [0.8, 6.1 and 1.5 mm
for Bitely, Jackson Corners, and Lilley, respectively]; soil moisture: 14.2 ± 1.5%;
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Figure 4. Summary of microclimatic conditions that occurred at field sites during
bioassays from 24 May to 3 July 2002 including A) average (±SEM) hourly air and soil
temperatures (°C), B) hourly soil moisture (%) for the three sites and precipitation
(mm), and C) average (±SEM) hourly actual water vapor pressure (kPa). Site-specific
microclimatic conditions were used in regression analyses. Note that gridlines along
the x-axis represent 4-d bioassay intervals.
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vapor pressure: 1.3 ± 0.01 kPa) (Fig. 3). Conditions during the 26 June to 30
June bioassay were warm and dry with high vapor pressure (air temperature:
22.4 ± 0.1°C; soil temperature: 18.7 ± 0.4°C; precipitation: 0 mm; soil moisture:
7.8 ± 0.7%; vapor pressure: 1.8 ± 0.01 kPa) (Fig. 3).
In 2002, three of the ten 4-d bioassay periods generally stood out as having
the highest levels of E. maimaiga infection relative to the overall infection rate
(1 June to 5 June, 9 June to 13 June, and 13 June to 17 June) (Fig. 2). During
the 1 June to 5 June bioassay, Jackson Corners and Lilley both achieved their
maximum single cage infection levels; conditions were cool and wet with low
vapor pressure (air temperature: 14.7 ± 0.1°C; soil temperature: 14.0 ± 0.2°C;
precipitation: 28.2 ± 2.4 mm; soil moisture: 16.5 ± 2.2%; vapor pressure: 1.3 ±
0.01 kPa) (Fig. 4). During the 9 June to 13 June bioassay, Bitely achieved its
maximum single cage infection levels; conditions were warm and moist, with
high vapor pressure (air temperature: 20.1 ± 0.2°C; soil temperature: 17.2 ±
0.3°C; precipitation: 6.3 ± 0.2 mm; soil moisture: 12.5 ± 2.0%; vapor pressure: 1.9
± 0.01 kPa) (Fig. 4). During the 13 June to 17 June bioassay, Jackson Corners
and Lilley both achieved their maximum single cage infection levels; conditions
were cool and wet, with low vapor pressure (air temperature: 13.8 ± 0.1°C; soil
temperature: 14.3 ± 0.1°C; precipitation: 9.9 ± 0.1 mm; soil moisture: 14.9 ±
2.2%; vapor pressure: 1.4 ± 0.01 kPa) (Fig. 4).
The lowest levels of E. maimaiga infection (relative to the overall infection
rate) in 2002 generally occurred in four of the remaining 4-d bioassay periods
(24 May to 28 May, 28 May to 1 June, 25 June to 29 June, and 29 June to 3
July) (Fig. 2). During the 24 May to 28 May bioassay, both Jackson Corners
and Lilley had no E. maimaiga infection; conditions were cool and wet, with
low vapor pressure (air temperature: 11.6 ± 0.1°C; soil temperature: 11.1 ±
0.5°C; precipitation: 9.3 ± 0.8 mm; soil moisture: 15.6 ± 2.0%; vapor pressure:
1.0 ± 0.01 kPa) (Fig. 4). During the 28 May to 1 June bioassay, Bitely had no E.
maimaiga infection; conditions were warm and wet, with high vapor pressure
(air temperature: 19.8 ± 0.2°C; soil temperature: 16.5 ± 0.5°C; precipitation:
8.3 ± 1.8 mm; soil moisture: 13.9 ± 1.8%; vapor pressure: 1.6 ± 0.01 kPa) (Fig.
4). During the 25 June to 29 June bioassay, both Bitely and Lilley had no E.
maimaiga infection; conditions were warm and dry, with high vapor pressure
(air temperature: 21.1 ± 0.2°C; soil temperature: 18.9 ± 0.3°C; precipitation: 0
mm; soil moisture: 9.1 ± 1.6%; vapor pressure: 1.9 ± 0.01 kPa) (Fig. 4). During the 29 June to 3 July bioassay, there was no E. maimaiga infection at any
of the three sites; conditions were hot and dry, with high vapor pressure (air
temperature: 24.6 ± 0.2°C; soil temperature: 20.5 ± 0.4°C; precipitation: 0 mm;
soil moisture: 8.3 ± 1.5%; vapor pressure: 2.2 ± 0.01 kPa) (Fig. 4).
Discussion
This study provided a unique opportunity to monitor primary transmission
of the dominant gypsy moth fungal pathogen, E. maimaiga, while simultaneously recording microclimatic variables likely to influence spore germination
and larval infection. Primary transmission of the E. maimaiga pathogen to
early-instar hosts is the initial step in the development of an epizootic. Secondary transmission of the pathogen occurs when conidia from larval infections
initiated by resting spores infect more hosts. During secondary transmission,
amplification of disease occurs and the development of a large-scale epizootic
may be realized (Hajek and Roberts 1991; Weseloh and Andreadis 1992a, 1992b;
Hajek et al. 1993; Hajek 1997a). Gypsy moth density in our three field sites
had been relatively low since 1999 and wild gypsy moth larvae were rarely
observed in any of the sites in either 2001 or 2002. This reduced the likelihood
of secondary transmission occurring, enabling us to focus on infection initiated
solely by E. maimaiga resting spores during the 6-wk period when gypsy moth
larvae in wild populations were active.
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The occurrence of E. maimaiga epizootics has often been at least anecdotally associated with moisture (see Hajek 1999 and references therein), but few
studies have specifically evaluated the germination of resting spores during
primary transmission. In a study of a related entomopathogen, Perry and Latgé
(1982) found that free water was required for the germination of Conidiobolus
obscurus (Petch) Hall and Dunn resting spores. Additionally, supplemental
watering of E. maimaiga resting spores in the soil at the base of trees increased
levels of infection in manipulated experiments (Hajek and Roberts 1991, Hajek
et al. 2004, Webb et al. 2004).
Results from our study further verify that infection by E. maimaiga is
associated with environmental moisture. In both years, total precipitation was
a significant predictor of larval infection rates. The predictor coefficient for
total precipitation that occurred over a given 4-d bioassay period was positive in
both 2001 and 2002, indicating that periods with more rainfall were associated
with greater levels of E. maimaiga infection due to primary transmission. In
addition, the predictor coefficient for average atmospheric water vapor pressure was negative in 2001, suggesting that low average atmospheric water
vapor pressure (i.e., generally higher levels of relative humidity depending on
temperature) may also contribute to E. maimaiga infection. Approximately
30% of the variation in E. maimaiga infection levels was explained by our regression analyses, which was remarkable considering the natural variability
inherent in resting spore germination and the wide range of microclimatic
conditions experienced over the 6-wk study period each year. The presence
of environmental moisture alone, however, does not guarantee E. maimaiga
infection will occur, as indicated by closer examination of microclimatic conditions during 4-d periods of high and low E. maimaiga infection in both years.
Four of the six bioassay periods that had the highest levels of E. maimaiga
infection in 2001 and 2002 were characterized as having cool temperatures and
moderate to high levels of precipitation with low vapor pressure. However, two
of the seven bioassay periods with the lowest levels of E. maimaiga infection
in 2001 and 2002 also experienced similar microclimatic conditions (although
their temperatures were generally among the lowest observed). The remaining
five bioassay periods with the lowest levels of E. maimaiga infection in 2001
and 2002 were characterized as having little to no precipitation or high vapor
pressure (>1.6 kPa) despite adequate rainfall. Overall, these data suggest
that primary transmission of E. maimaiga (i.e., infection via resting spore
germination), and therefore the initial step in the development of epizootics,
is most strongly influenced by the occurrence of precipitation compared to the
other microclimatic variables examined.
E. maimaiga resting spores present in the soil at the base of trees at these
sites were quantified for the two years prior to the current study (Siegert 2004).
The three bioassay sites averaged ca 169 ± 36 and 90 ± 18 resting spores per
gram of dry soil in 1999 and 2000, respectively, although resting spore counts
tended to be highly variable within sites (Siegert 2004). In 1999 and 2000, counts
at Jackson Corners averaged 235 ± 85 and 69 ± 15 resting spores per gram of
dry soil, respectively. At Lilley, we recorded an average of 176 ± 58 and 108 ±
73 resting spores per gram of dry soil in 1999 and 2000, respectively. Bitely
had the least variable counts, averaging 97 ± 11 and 95 ± 15 resting spores per
gram of dry soil in 1999 and 2000, respectively. Although as few as 112 to 235
E. maimaiga resting spores per gram of dry soil are capable of causing more
than 60% mortality in laboratory bioassays under optimal conditions (Siegert
2004), it is likely that greater fungal inoculum in the soil would increase E.
maimaiga infection levels during primary transmission (Weseloh and Andreadis
1992a, Hajek and Webb 1999, Gillock and Hain 2004). Whether differences in
E. maimaiga infection between years were an artifact of stochasticity in resting
spore germination or were due to some unmeasured abiotic or biotic factor that
affected E. maimaiga infection dynamics remains to be determined.
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Hajek et al. (1993) hypothesized that primary transmission of E. maimaiga
in gypsy moth populations was critical to produce adequate inoculum for secondary transmission of the fungus and the development of epizootics. Indeed, several
studies examining infection by E. maimaiga throughout gypsy moth larval development have documented low levels of infection during primary transmission
of the pathogen, comparable to levels observed in this study, followed by a rapid
increase in E. maimaiga infection, presumably due to secondary transmission (e.g.,
Weseloh and Andreadis 1992b, Hajek et al. 1996a, Hajek and Webb 1999, Webb et
al. 1999, Villedieu and van Frankenhuyzen 2004). In a Connecticut forest where
an E. maimaiga epizootic occurred in the previous year, Weseloh and Andreadis
(1992b) reported that 5% or less of forest-collected 1st to 3rd-instar gypsy moth
became infected in the first few weeks of larval development. Additionally, 2nd to
4th-instar laboratory-reared gypsy moth that were caged and exposed 5 cm above
the ground for 3-d periods had even lower infection rates until late 4th and 5th-instar
gypsy moth were present in the forest, at which point the epizootic became amplified
(Weseloh and Andreadis 1992b). Similarly, Hajek et al. (1996a) found that in five
out of seven plots in Virginia, 5% or less of forest-collected larvae became infected
with E. maimaiga during the first six weeks of larval development followed by a
rapid increase in E. maimaiga infection levels. The remaining two plots in that
study had slightly greater E. maimaiga infections during the first several weeks of
larval development (ca. 5 to 15%), and then exhibited a similar pattern of epizootic
development (Hajek et al. 1996a). Webb et al. (1999) documented similar results
in forest-collected larvae from five “higher-population” woodlots in Virginia. During an epizootic in Ontario, Villedieu and van Frankenhuyzen (2004) found that
E. maimaiga infected less than 10% of larvae early in the season, but infection
increased exponentially once late-instar gypsy moth larvae were present. At a
site in Virginia where E. maimaiga resting spore counts were high (>6000/g of dry
soil) but gypsy moth density was low (maximum densities averaged 3.0 ± 3.0 egg
masses per ha), infections of caged larvae only occurred in 4 out of 15 2-d exposure
periods and averaged 6.2 ± 2.2% (Hajek et al. 2004). In our study, while E. maimaiga infections did not exceed 8 to 20% of larvae in any 4-d bioassay period and
averaged approximately 3 to 5% over the 6-wk study period each year, the infection
levels we observed were similar to what we expected for primary transmission of
this pathogen. Furthermore, these levels of E. maimaiga infection would have
likely been more than adequate for the development of a large-scale epizootic had
late-instar gypsy moth been present and secondary transmission occurred.
Prediction of naturally-occurring epizootics and their effects on gypsy moth
populations is challenging because of the inherent variability of microclimatic
conditions and their effect on E. maimaiga germination and infection dynamics. Evaluation of hourly microclimatic conditions during larval development
in stands with varying gypsy moth population densities would improve our
understanding of the primary and secondary transmission dynamics of E. maimaiga. This information, in addition to a better understanding of the longevity
and germination rate of E. maimaiga resting spores under varying climatic
conditions, could significantly aid in the development of our ability to accurately
predict epizootics in North American gypsy moth populations.
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Bees of Wisconsin
(Hymenoptera: Apoidea: Anthophila)
Amy T. Wolf1 and John S. Ascher2

ABSTRACT
We present the first comprehensive assessment of Wisconsin’s native
bee species since the work of S. Graenicher in the early 1900’s. Our review of
published records and museum collections, combined with recent field surveys,
yielded 388 verified, described bee species and additional morphospecies that
await further analysis. Catalogued bee specimens have been collected from
all 72 Wisconsin counties, although central and northern regions appear to be
relatively under-sampled. Many of the species on the list have not previously
been reported for Wisconsin, and nine of the newly reported species have not
previously been documented from any adjacent state. At least 191 bee species
known from Minnesota, Iowa, Illinois, Michigan, or Indiana have never been
documented in Wisconsin, suggesting that our list of Wisconsin bee species is
far from complete. We describe geographic affinities of Wisconsin’s bee fauna
and discuss changes in populations of several species over the past century.
Regional extirpations, population declines, and establishment of exotic bees
in the state are poorly known and will require significantly more attention if
we hope to effectively conserve Wisconsin’s native bees and their pollination
services. Nevertheless, our analysis shows that Wisconsin is home to a rich
diversity of native bees with a wide variety of life histories and ecological
specializations.
____________________
Despite growing recognition that native bees (Hymenoptera: Apoideae:
Anthophila) are vital for the pollination of native and agricultural plants (Buchmann and Nabhan 1996, Allen-Wardell et al. 1998, Kevan 1999, Kremen
et al. 2002, Cane 2003) few states have comprehensive published lists of bee
species, let alone strategies for studying and conserving them. In Wisconsin,
S. Graenicher’s (1935) “Bee-fauna and vegetation of Wisconsin” has been the
state’s most complete document of bees and their floral hosts. Graenicher’s
work, along with those of his contemporaries Charles Robertson (1929) and
J. F. W. Pearson (1933) in Illinois, provided some of the earliest and (to
date) most authoritative data on North American bee faunas and bee-flower
relationships. These authors, along with J. H. Lovell in New England, were
among the first to document specialized pollen-host relationships (oligolecty)
across an entire fauna, and their observations remain valuable to this day.
Graenicher was particularly interested in documenting specialized floral associations among species of the andrenid genera Andrena (Graenicher 1905)
and Perdita (Graenicher 1914), and he recorded the first observations of floral
associations for many other northern bee species. Graenicher also documented
host-cleptoparasite associations among Wisconsin bee species (e.g., Graenicher
1905, 1927).
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Green Bay, WI 54311. (e-mail: wolfa@uwgb.edu).
2
Division of Invertebrate Zoology, American Museum of Natural History, Central Park
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Mitchell (1960, 1962) cited state records for Wisconsin in his monographs
of Eastern North American bees, but added few new species to the state list and
did not cite certain of Graenicher’s records which we have subsequently verified
to be correct. Investigations during the same period by Medler and associates
at the University of Wisconsin-Madison contributed significantly to our understanding of the Wisconsin bee fauna and bee ecology in general, particularly
for the Megachilidae (Medler 1959, 1964a; Medler and Lussenhop 1968) and
several other groups (Koerber and Medler 1958, Medler 1964b). These studies,
and Medler and Carney’s (1963) survey of Wisconsin bumble bees, represent the
most important statewide inventories of native bee diversity since Graenicher’s
pioneering research, but no comprehensive survey of Wisconsin’s bees has been
published since Graenicher’s 1935 paper.
The current work attempts to document the status of all native bee species across Wisconsin, drawing from previously published records, our own
field research, recent surveys of native prairie bees by Wisconsin Department
of Natural Resources scientists (R. Henderson and S. Sauer, Wisconsin DNR,
Madison, WI), and identification of specimens borrowed from the Milwaukee
Public Museum, the University of Wisconsin, Madison, and other collections.
Because they were conducted before the widespread application of insecticides and the extensive suburbanization of Wisconsin’s rural landscape,
Graenicher’s studies provide an important baseline for assessing human impacts
on Wisconsin’s bee fauna. Resurveys of sites near Carlinville in southern Illinois (Marlin and LaBerge 2001) demonstrated that most of the identifiable bee
species collected in the early 1900’s were still present nearly a century later,
but the Carlinville fauna contains many southern elements and lacks certain
northern species present in the Wisconsin fauna.
Due to Graenicher’s efforts, the Wisconsin state list is already relatively
complete, but his 1935 study and Mitchell’s compilation of records are difficult
for all but the most dedicated specialist to interpret, since the taxonomy and
nomenclature employed are quite out of date. Likewise, Graenicher’s summary of floral relationships and other ecological data require updating in light
of subsequent research on Wisconsin species conducted within the state and
elsewhere in North America.
The primary goals of this paper are: 1) to compile a comprehensive and
taxonomically current list of bee species known from the state of Wisconsin based
on both historical and recent collections, 2) to present more detailed information
about the distribution of bees within the state, 3) to compare the bee fauna of
Wisconsin with that of nearby states, particularly Minnesota, Michigan, Iowa,
Indiana, and Illinois, 4) to summarize important ecological attributes of Wisconsin bees, and 5) to discuss changes in the Wisconsin bee fauna between the
early twentieth century (summarized as of 1935) and today (early 2000’s).
We hope to provide a new baseline for future field studies of Wisconsin
bees, leading to a list of endangered and threatened species and subsequent
conservation efforts to prevent species declines and extinctions. We also intend
to characterize the occurrence, phenology, and habits of common species that
are likely to be of particular importance as pollinators. Epidemics of parasites
(Sammataro et al. 2000) and recent reports of colony collapse disorder (Johnson
2007, Stokstad 2007) in populations of the introduced honey bee, Apis mellifera
(L.), suggest that native bees might play an increasingly important economic role
in addition to their obvious significance as pollinators in natural ecosystems.
Methods
We compiled data from a variety of sources including the scientific literature, museum specimens, and recent field collections. Graenicher’s (1935) “Beefauna and vegetation of Wisconsin” provided the base list. Species occurrences
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in Wisconsin and nearby states also were compiled from Mitchell’s two volume
monograph on bees of the eastern United States (1960, 1962) and subsequent
generic revisions of Andrena (Bouseman and LaBerge 1979; LaBerge 1967,
1969, 1971, 1973, 1977, 1980, 1986, 1987, 1989; Donovan 1977; LaBerge and
Bouseman 1970; LaBerge and Ribble 1972, 1975; Ribble 1967, 1968, 1974) and
of other genera (Baker 1975; Broemeling 1988; Broemeling and Moalif 1988;
Brooks 1983; Brooks and Griswold 1988; Coelho 2004; Daly 1973; Evans 1972;
Hurd and Linsley 1964; Hurd and Linsley 1972; LaBerge 1961; McGinley 1986,
2003; Milliron 1971, 1973a, 1973b; Ordway 1966; Rightmyer 2008; Roberts
1972; Rust 1974; Shanks 1977; Shinn 1967; Snelling 1968, 1970, 1990; Snelling
and Stage 1995; Timberlake 1960, 1968, 1969, 1975, 1976). Additional papers
were consulted to clarify names, taxonomic status, and subgeneric placement
of regional species (e.g., Brooks 1988, Urban 2001, Gusenleitner et al. 2005,
Williams et al. 2008).
During 2006, ATW visited the two major bee collections in Wisconsin,
the Milwaukee Public Museum (MPM) and the Insect Research Collection at
the University of Wisconsin-Madison (IRCW). All specimens collected from
Wisconsin were viewed, and data were transcribed for each of the nearly 300
Wisconsin bee species recorded in these collections (Table 1). Specimens of interest or uncertain taxonomy were sent in 2008 to JSA by Susan Borkin (MPM)
and Steven Krauth (IRCW). Specimens of Lasioglossum (Dialictus) were sent
to Jason Gibbs at York University for identification based on both morphology
and DNA sequences as part of his integrative taxonomic studies of the group
(Gibbs 2007, 2009). Wisconsin specimens in the American Museum of Natural
History (AMNH) were identified by JSA and recorded in the AMNH Bee Database available online at Discover Life (Ascher 2007, http://www.discoverlife.
org/mp/20m?kind=AMNH_BEE).
The most extensive and historically important collection of Wisconsin
bees was assembled by S. Graenicher and is housed at the Milwaukee Public
Museum. The majority of Graenicher’s bee specimens were obtained at or near
Milwaukee during the early 20th century (Graenicher 1935), but his collection
also includes significant material from western Wisconsin. In 1909, 1910,
and 1911, he and assistants took part in three collecting expeditions of the
Milwaukee Public Museum along the western border of Wisconsin from the
headwaters of the St. Croix River in Douglas County southward along the St.
Croix and Mississippi Rivers to the southwestern corner of the state at Rutledge
in Grant County (opposite Dubuque, Iowa). Graenicher studied additional bees
from diverse localities obtained by himself, staff members of the Museum, and
other collectors.
The Insect Research Collection at the University of Wisconsin-Madison
(IRCW) includes an even larger number of Wisconsin species (Table 1). J. T.
Medler and R. E. Fye deposited approximately 20,000 bees from their various
research projects, and specimens have been added to the collection by numerous
other field investigators.
Recent collections were made by ATW and students/colleagues during
2005-2007. Most of these specimens were identified to species by JSA. Sam
Droege provided expert identification and verification of a number of difficult
species from these recent collections. Prairie invertebrate surveys conducted
by the Wisconsin Department of Natural Resources beginning in 1994 (R.
Henderson and S. Sauer pers. comm.) also contributed to our knowledge of
the Wisconsin bee fauna. Specimens from this collection, including new state
records of Lasioglossum (Dialictus) and other bee species, were identified by
Michael Arduser of the Missouri Department of Conservation. He also identified bees from a recent study of Wisconsin cranberry bogs by Hannah Gaines of
the University of Wisconsin-Madison, thereby adding several more new species
to the Wisconsin state list.
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Table 1. Sources of specimens used for compiling Wisconsin bee species list.
Collection

Total Species

Milwaukee Public Museum (MPM)
199
UW-Madison Entomology Collection (IRCW)
262
UW-Green Bay Richter Museum
185
American Museum of Natural History
45
Other (published records)		
WDNR Prairie Invertebrate Inventory		
Wisconsin Species List (all records)

Unique Species
31
52
33
3
39
5

388

We illustrate the approximate geographic distribution of each bee species
by identifying regions of the state where it has been reported historically or
collected recently. Our regions follow the Ecological Landscapes of Wisconsin
developed by the Wisconsin Department of Natural Resources (1999). Each
county was assigned to the ecological landscape that encompasses most of its
area. In order to simplify our analysis, we grouped the original 16 ecological
landscapes into 7 categories (Figure 1). The Southern Lake Michigan Coastal,
Central Lake Michigan Coastal, and Northern Lake Michigan Coastal landscapes
were combined into the Lake Michigan Coastal (LM) category. The Southeast
Glacial Plains (SE) was left as a single category. The Southwest Savanna,
Western Prairie, and Western Coulee and Ridges landscapes were combined
into a Southwestern Wisconsin (SW) category. The Central Sand Hills and
Central Sand Plains landscapes were combined into the Central Sands (CS)
category. The Northeast Sands, Northern Highlands, and North Central Forest landscapes were combined into the Northern Forest (NF) category, and the
Northwest Sands, Northwest Lowlands, and Superior Coastal Plain were combined into the Northwestern Wisconsin (NW) category. Finally, the extensive
Forest Transition landscape was left as its own category (FT). County records
were compiled from published localities and specimen label data. Occurrences
for Bombus were supplemented with distributions published by Medler and
Carney (1963).
Species-specific descriptions of nesting behavior, sociality, and host interactions were compiled by JSA from published sources (e.g., Eickwort et al.
1981, Giles and Ascher 2006, Hurd 1979 and references therein), personal communications (pers. comm.), and records from the American Museum of Natural
History’s bee collection. Faunal studies of bees were consulted for ecological
data, including all those known to us from the Midwestern USA and certain
extralimital studies such as those by MacKay and Knerer (1979, updated by
Grixti and Packer 2006) from southern Ontario and by Giles and Ascher (2006)
from southern New York State and Romey et al. (2007) from the Adirondack
Mountains of New York State.
Results
So far, investigators in Wisconsin have collectively documented 388
described bee species (Table 2) representing 44 genera and 6 families. Many
of these species have not previously been documented from Wisconsin in the
published literature or in entomological collections, including 30 newly reported
species collected by UW-Green Bay researchers during 2005-07.
At least nine non-native species are found in Wisconsin (Table 2). Two
of these, Megachile sculpturalis (Smith) and Anthidium manicatum (L.), have
been detected in the state only during the last few years.
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Figure 1. Landscape regions used to describe distributions of Wisconsin bee species
in Table 2. Boundaries combine similar regions from the Wisconsin Department of
Natural Resources’ (1999) Ecological Landscapes of Wisconsin.

Several bee species recorded from Wisconsin by early workers were not
verified in subsequent revisions or by us, and we have excluded from the state
list certain reported occurrences inconsistent with modern knowledge of species
ranges, such as Graenicher’s (1935) Wisconsin record of Colletes productus (cf.
Stephen, 1954). His records of Perdita (Perdita) bruneri Cockerell pertain to
P. swenki (cf. Timberlake 1960). We regard the occurrence of Bombus (Cullumanobombus) fraternus (Smith, 1854) in Wisconsin as hypothetical and do
not include it on the list of fully verified species. The sole published Wisconsin
record is of one worker from Green Lake collected July, 1911, in the University
of Wisconsin (IRCW) collection (Frison, 1921). This record was subsequently
cited by Graenicher (1935) but not by Medler and Carney (1963). A specimen
located in IRCW with these collection details is a Bombus auricomus.
Additions to the documented bee fauna of Wisconsin and species whose
status is poorly known are briefly described below. These notes are meant to
help guide future inventory and conservation efforts.
Andrenidae
Andrena (Andrena) carolina (Viereck, 1909). This Vaccinium specialist is documented in Wisconsin from just one specimen collected in July 1909 at
Solon Springs in Douglas County (MPM). A. carolina is widely distributed in
eastern U.S., including records from Indiana, Michigan, and Minnesota.
Andrena (Andrena) clarkella (Kirby, 1802). A northern willow
specialist, A. clarkella is known in Wisconsin from a male collected by T. Erdman on 18 April 2006 (on a banana) in Oconto County and an undated female
collected in Shawano County (IRCW).
Andrena (Callandrena sensu lato) placata Mitchell 1960. This
specialist on Asteraceae was collected at several native grasslands in southern

NW NF FT LM CS SW SE	

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae

Vaccinium
Salix
Salix

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Andrenidae
										
Andrena (Andrena) carolina (Viereck, 1909)
x							
4-7
S
S
Andrena (Andrena) clarkella (Kirby, 1802)		
x
x					
3-8
S
S
Andrena (Andrena) frigida Smith, 1853
x		
x
x			
x
2-7
S
S
Andrena (Andrena) mandibularis Robertson, 1892				
x			
x
3-7
S
S
Andrena (Andrena) milwaukeensis Graenicher, 1903			
x
x			
x
3-8
S
S
Andrena (Andrena) rufosignata Cockerell, 1902						
x
x
4-8
S
S
Andrena (Andrena) thaspii Graenicher, 1903		
x
x
x			
x
4-8
S
S
Andrena (Andrena) tridens Robertson, 1902				
x				
3-7
S
S
Andrena (Callandrena s.l.) aliciae Robertson, 1891			
x
x		
x
x
7-9
S
S
Andrena (Callandrena s.l.) asteris Robertson, 1891		
x		
x
x
x
x
8-10
S
S
Andrena (Callandrena s.l.) helianthi Robertson, 1891			
x
x
x
x
x
7-9
S
S
Andrena (Callandrena s.l.) krigiana Robertson, 1901 								
3-7
S
S
Andrena (Callandrena s.l.) placata Mitchell, 1960					
x
x		
7-9
S
S
Andrena (Callandrena s.l.) rudbeckiae Robertson, 1891						
x
x
6-8
S
S
Andrena (Callandrena s.l.) simplex Smith, 1853
x				
x
x
x
7-9
S
S
Andrena (Cnemidandrena) canadensis Dalla Torre, 1896				
x		
x		
8-10
S
S
Andrena (Cnemidandrena) chromotricha Cockerell, 1899 x		
x
x
x
x
x
7-9
S
S
Andrena (Cnemidandrena) hirticincta Provancher, 1888 x		
x
x
x
x
x
8-10
S
S

SPECIES

Table 2. List of verified Wisconsin bee species, including historical and recent records. Columns give geographic distribution (x = present) in
landscape regions shown in Fig. 1. NW = Northwestern Wisconsin, NF = North Central Forest, FT = Forest Transition, LM = Lake Michigan Coastal, CS = Central Sands, SW = Southwestern Wisconsin, and SE = Southeastern Wisconsin. Season gives months when species are
known to fly across their entire range, including areas with climates far warmer than Wisconsin. In Wisconsin the season of bee activity is
relatively short, e.g., native bees are not active prior to April. Monthly occurrences that we regard as atypical for the species are placed in
brackets. General information about nest type (S = Soil; C = Cavity; H = hive; Pithy stem or similar substrate, W = wood; [S] = parasite of a
host nesting in soil, [C] = parasite of a host nesting in cavities; [H] = parasite of a host nesting in a hive); sociality (S = solitary in the broadest possible sense, including communal [S/Comm.], subsocial [S/Sub.], and all other non-eusocial, pollen-collecting taxa; E = eusocial; or P =
parasitic) and host species (pollen plant for specialized pollen-collecting species including oligoleges; bee for parasitic species) was compiled
by JSA. Non-native species are indicated with an asterisk (*); Megachile centuncularis is cited with an asterisk and question mark (*?)
since its status as a native species is questionable (see Giles and Ascher, 2006).
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Andrena (Cnemidandrena) nubecula Smith, 1853				
x		
x
x
Andrena (Cnemidandrena) parnassiae Cockerell, 1902 x			
x				
Andrena (Cnemidandrena) peckhami Cockerell, 1902
x
x		
x		
x		
Andrena (Cnemidandrena) runcinatae Cockerell, 1906							
x
Andrena (Conandrena) bradleyi Viereck, 1907
x
x						
Andrena (Euandrena) geranii Robertson, 1891		
x		
x
x
x
x
Andrena (Euandrena) nigrihirta (Ashmead, 1890)
x							
Andrena (Euandrena) phaceliae Mitchell, 1960				
x				
Andrena (Gonandrena) fragilis Smith, 1853				
x
x
x
x
(Svida)
Andrena (Gonandrena) integra Smith, 1853				
x			
x
(Svida)
Andrena (Gonandrena) persimulata Viereck, 1917				
x			
x
(Svida)
Andrena (Gonandrena) platyparia Robertson, 1895							
x
(Svida)
Andrena (Holandrena) cressonii Robertson, 1891			
x
x			
x
Andrena (Iomelissa) violae Robertson, 1891						
x		
Andrena (Larandrena) miserabilis Cresson, 1872
x
x		
x
x
x
x
Andrena (Leucandrena) barbilabris (Kirby, 1802)
x			
x			
x
Andrena (Leucandrena) erythronii Robertson, 1891			
x
x			
x
Andrena (Melandrena) barbara Bouseman and
LaBerge, 1979						
x		
Andrena (Melandrena) carlini Cockerell, 1901
x
x
x
x		
x
x
Andrena (Melandrena) commoda Smith, 1879				
x			
x
Andrena (Melandrena) dunningi Cockerell, 1898				
x
x
x
x
Andrena (Melandrena) nivalis Smith, 1853
x
x
x
x		
x
x
Andrena (Melandrena) regularis Malloch, 1917				
x		
x		
Andrena (Melandrena) vicina Smith, 1853
x
x		
x		
x
x

SPECIES

Table 2. Continued

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

7-10
8-9
9
7-10
3-9
4-7
3-8
4-6
5-7
5-8
4-7
5-7
3-8
4-7
1-7 [8-9]
3-7 [8-9]
3-6
2-6
3-7 [8]
4-7
2-7 [8]
2-8
4-7
3-7 [8-9]

Erythronium

Viola

Cornus

Cornus

Cornus

Cornus

Asteraceae
Asteraceae
Ericaceae

Asteraceae
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S
S
S
S
S
S

S
S
S
S
S

S

S

S

S
S
S
S
S
S
S
S
S

SEASON
NEST SOCIALITY	HOST
(Not WI specific)
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Andrena (Micrandrena) illinoiensis Robertson, 1891				
x			
x
Andrena (Micrandrena) melanochroa Cockerell, 1898		
x		
x				
Andrena (Micrandrena) salictaria Robertson, 1905				
x			
x
Andrena (Micrandrena) ziziae Robertson, 1891				
x			
x
Andrena (Parandrena) andrenoides (Cresson, 1878)				
x			
x
Andrena (Parandrena) wellesleyana Robertson, 1897							
x
Andrena (Plastandrena) crataegi Robertson, 1893
x
x
x
x
x
x
x
Andrena (Ptilandrena) distans Provancher, 1888		
x		
x		
x
x
Andrena (Ptilandrena) erigeniae Robertson, 1891				
x				
Andrena (Rhacandrena) brevipalpis Cockerell, 1930
x						
x
Andrena (Rhacandrena) robertsonii Dalla Torre, 1896 x			
x		
x		
Andrena (Scaphandrena) arabis Robertson, 1897						
x
x
Andrena (Scrapteropsis) alleghaniensis Viereck, 1907 x							
Andrena (Scrapteropsis) imitatrix Cresson, 1872				
x		
x
x
Andrena (Simandrena) nasonii Robertson, 1895			
x
x		
x
x
Andrena (Simandrena) wheeleri Graenicher, 1904
x
x		
x			
x
Andrena (Taeniandrena) wilkella (Kirby, 1802)*
x
x
x
x		
x
x
Andrena (Thysandrena) bisalicis Viereck, 1908				
x				
Andrena (Thysandrena) w-scripta Viereck, 1904				
x				
Andrena (Trachandrena) ceanothi Viereck, 1917
x
x
x
x		
x		
Andrena (Trachandrena) forbesii Robertson, 1891
x			
x		
x
x
Andrena (Trachandrena) hippotes Robertson, 1895				
x			
x
Andrena (Trachandrena) mariae Robertson, 1891
x			
x			
x
Andrena (Trachandrena) miranda Smith, 1879
x
x
x
x		
x
x
Andrena (Trachandrena) nuda Robertson, 1891							
x
Andrena (Trachandrena) quintilis Robertson, 1898						
x
x
Andrena (Trachandrena) rehni Viereck, 1907				
x				
Andrena (Trachandrena) rugosa Robertson, 1891				
x		
x
x
Andrena (Trachandrena) sigmundi Cockerell, 1902 			
x				
x

SPECIES

Table 2. Continued

3-7
3-7
3-6
4-6 [7, 9]
3-8
3-7
3-8
4-6 [10]
2-5 [7-8]
5-10
4-8
4-5
4-7
3-7
3-7
4-7
4-9
2-9
2-9 [10]
5-6
4-6
4-6
4-7
5-8
4-6
4-7
6-7
4-6
5-7

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
Salix
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Geranium
Claytonia

Salix
Salix

Rosaceae
Salix

SEASON
NEST SOCIALITY	HOST
(Not WI specific)
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Asteraceae

Asteraceae
Asteraceae
Asteraceae
Asteraceae

Verbena
Helianthus
Monarda
Physalis
Salix
Petalostemon
Asteraceae

Salix

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Andrena (Trachandrena) spiraeana Robertson, 1895				
x		
x
x
6-8
S
S
Andrena (Trachandrena) virginiana Mitchell, 1960
x					
x
x
6-8
S
S
Andrena (Tylandrena) erythrogaster (Ashmead, 1890)		
x		
x		
x
x
2-7
S
S
Andrena (Tylandrena) perplexa Smith, 1853			
x
x		
x
x
3-6
S
S
Andrena (Tylandrena) wilmattae Cockerell, 1906						
x
x
5-7
S
S
Calliopsis (Calliopsis) andreniformis Smith, 1853
x
x
x
x		
x
x
4-10
S
S
Calliopsis (Verbenapis) nebraskensis Crawford, 1902				
x		
x
x
6-9
S
S
Perdita (Cockerellia) albipennis Cresson, 1868
x							
6-9
S
S
Perdita (Perdita) gerhardi Viereck, 1904 							
x
4-9
S
S
Perdita (Perdita) halictoides Smith, 1853 				
x		
x		
4-10
S
S
Perdita (Perdita) maculigera Cockerell, 1896 				
x		
x		
3-7
S
S
Perdita (Perdita) perpallida Cockerell, 1901						
x		
7-8
S
S
Perdita (Perdita) swenki Crawford, 1915
x							
7-9
S
S
Protandrena bancrofti Dunning, 1897 								
5-9
S
S
Pseudopanurgus albitarsis (Cresson, 1872) 								
6-9
S
S
Pseudopanurgus andrenoides (Smith, 1853) 								
8-10
S
S
Pseudopanurgus labrosus (Robertson, 1895) 								
7-9
S
S
Pseudopanurgus nebrascensis (Crawford, 1903)			
x					
8-9
S
S
Pseudopanurgus parvus (Robertson, 1892)			
x					
6-9
S
S
Pseudopanurgus rudbeckiae (Robertson, 1895) 				
x		
x		
8-10
S
S
Apidae
										
Anthophora (Clisodon) terminalis Cresson, 1869
x
x		
x
x
x
x
5-9
W
S
Anthophora (Lophanthophora) ursina Cresson, 1869								
5-6
S
S
Anthophora (Melea) abrupta Say, 1837				
x			
x
3-9
S
S
Anthophora (Melea) bomboides Kirby, 1837
x							
3-8
S
S
Anthophora (Mystacanthophora) walshii Cresson, 1869 x					
x
x
7-8
S
S
Apis (Apis) mellifera Linnaeus, 1758*
x
x
x
x
x
x
x
1-12
H
E
Bombus (Bombias) auricomus (Robertson, 1903)
x
x
x
x
x
x
x
5-10
H
E
Bombus (Bombus) affinis Cresson, 1863			
x
x		
x
x
4-10
H
E

SPECIES

Table 2. Continued
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Bombus (Bombus) terricola Kirby, 1837
x
x
x
x
x
x
x
Bombus (Cullumanobombus) griseocollis (DeGeer, 1773) x
x
x
x
x
x
x
Bombus (Cullumanobombus) rufocinctus Cresson, 1863 x
x
x
x
x
x
x
Bombus (Psithyrus) ashtoni (Cresson, 1864)
x
x
x
x
x
x
x
Bombus (Psithyrus) citrinus (Smith, 1854)
x
x
x
x
x
x
x
Bombus (Psithyrus) fernaldae (Franklin, 1911)
x
x
x					
Bombus (Psithyrus) insularis (Smith, 1861)
x		
x					
Bombus (Psithyrus) variabilis (Cresson, 1872)
x
x			
x
x
x
Bombus (Pyrobombus) bimaculatus Cresson, 1863		
x
x
x
x
x
x
Bombus (Pyrobombus) frigidus Smith, 1854		
x						
Bombus (Pyrobombus) impatiens Cresson, 1863
x
x
x
x
x
x
x
Bombus (Pyrobombus) perplexus Cresson, 1863
x
x
x
x
x		
x
Bombus (Pyrobombus) sandersoni Franklin, 1913		
x		
x				
Bombus (Pyrobombus) ternarius Say, 1837
x
x
x
x
x
x
x
Bombus (Pyrobombus) vagans Smith, 1854
x
x
x
x
x
x
x
Bombus (Subterraneobombus) borealis Kirby, 1837
x
x
x
x
x
x
x
Bombus (Thoracobombus) fervidus (Fabricius, 1798)
x
x
x
x
x
x
x
Bombus (Thoracobombus) pensylvanicus (DeGeer, 1773)				
x
x
x
x
Ceratina (Zadontomerus) calcarata Robertson, 1900
x
x
x
x
x
x
x
Ceratina (Zadontomerus) dupla Say, 1837
x		
x
x
x
x
x
Ceratina (Zadontomerus) strenua Smith, 1879						
x
x
Epeoloides pilosula (Cresson, 1878)
x					
x
x
Epeolus ainsliei Crawford, 1932						
x		
Epeolus autumnalis Robertson, 1902			
x				
x
Epeolus bifasciatus Cresson, 1864				
x				
Epeolus interruptus Robertson, 1900								
Epeolus lectoides Robertson, 1901								
Epeolus minimus (Robertson, 1902) 							
x
Epeolus pusillus Cresson, 1864 			
x
x				

SPECIES
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4-10
2-10
2-10
5-10
5-10
4-9
3-10
6-11
2-9
6-8
1-11
4-10
4-10
4-10
5-10
5-10
4-10
4-10
3-10
4-9
5-8
6-7
6-9
7-10 [6]
2-9
4-7
6-9
5-8
4-5,8-10 [7]

H
H
H
[H]
[H]
[H]
[H]
[H]
H
H
H
H
H
H
H
H
H
H
P
P
P
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]

E
E
E
P
P
P
P
P
E
E
E
E
E
E
E
E
E
E
S/Sub.
S/Sub.
S/Sub.
P
P
P
P
P
P
P
P
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Bombus
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Andrena
Andrena

Andrena
Agapostemon
Agapostemon
Andrena
Andrena

Perdita
Eucera
(Synhalonia)

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Cirsium

Panurginae

Colletes

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Epeolus scutellaris Say, 1824						
x		
6-10
[S]
P
Eucera (Synhalonia) atriventris (Smith, 1854)		
x		
x			
x
3-8
S
S
Eucera (Synhalonia) hamata (Bradley, 1942)							
x
4-8
S
S
Holcopasites calliopsidis (Linsley, 1943).							
x
5-10
[S]
P
Melissodes (Callimelissodes) coloradensis Cresson, 1878				
x				
7-10
S
S
Melissodes (Eumelissodes) agilis Cresson, 1878
x		
x
x		
x
x
5-11
S
S
Melissodes (Eumelissodes) denticulata Smith, 1854					
x
x		
5-10
S
S
Melissodes (Eumelissodes) dentiventris Smith, 1854				
x
x
x		
6-9
S
S
Melissodes (Eumelissodes) druriella (Kirby, 1802)
x
x
x
x
x
x
x
5-11
S
S
Melissodes (Eumelissodes) illata Lovell and Cockerell, 1906		
x		
x				
7-9
S
S
Melissodes (Eumelissodes) menuachus Cresson, 1868				
x				
7-10
S
S
Melissodes (Eumelissodes) nivea Robertson, 1895				
x				
7-10
S
S
Melissodes (Eumelissodes) subillata LaBerge, 1961		
x			
x			
6-9
S
S
Melissodes (Eumelissodes) trinodis Robertson, 1901
x		
x
x		
x
x
7-10
S
S
Melissodes (Eumelissodes) wheeleri Cockerell, 1906								
4-10
S
S
Melissodes (Heliomelissodes) desponsa Smith, 1854
x		
x
x
x
x
x
6-10
S
S
Melissodes (Melissodes) bimaculata (Lepeletier, 1825) x
x		
x		
x
x
2-10
S
S
Neolarra vigilans (Cockerell, 1895)						
x		
4-10
[S]
P
Nomada affabilis Cresson, 1878							
x
3-6
[S]
P
											
Nomada aquilarum Cockerell, 1903
x							
7-8
[S]
P
Nomada armatella Cockerell, 1903		
x			
x			
5-8
[S]
P
Nomada articulata Smith, 1854			
x
x
x
x
x
5-7
[S]
P
Nomada australis Mitchell, 1962			
x					
4-6
[S]
P
Nomada banksi Cockerell, 1907
x		
x				
x
8-9
[S]
P
Nomada bella Cresson, 1863				
x
x
x
x
3-4
[S]
P
Nomada besseyi Swenk, 1913 				
x				
7-9 [4]
[S]
P
Nomada ceanothi Cockerell, 1907		
x					
x
4-6
[S]
P
Nomada composita Mitchell, 1962 				
x				
6-7
[S]
P
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Andrena
Asteraceae
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Andrena
Eucera
(Synhalonia)
Agapostemon
Andrena

Andrena
Andrena

Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Nomada cressonii Robertson, 1893
x		
x
x
x
x
x
4-7
[S]
P
Nomada cuneata (Robertson, 1903)
x
x
x
x
x
x
x
6 [10]
[S]
P
Nomada denticulata Robertson, 1902
x			
x
x		
x
5-6
[S]
P
Nomada depressa Cresson, 1863						
x
x
4-7
[S]
P
Nomada florilega Lovell and Cockerell, 1905								
5-8
[S]
P
Nomada graenicheri Cockerell, 1905
x			
x		
x		
8
[S]
P
Nomada hydrophylli Swenk, 1915				
x				
5-6
[S]
P
Nomada illinoensis Robertson, 1900
x			
x			
x
4-6
[S]
P
Nomada imbricata Smith, 1854							
x
4-6
[S]
P
Nomada lehighensis Cockerell, 1903
x							
3-7
[S]
P
Nomada lepida Cresson, 1863 								
5-7
[S]
P
Nomada luteoloides Robertson, 1895		
x			
x
x
x
4-6
[S]
P
Nomada maculata Cresson, 1863
x		
x
x
x
x
x
4-6
[S]
P
Nomada obliterata Cresson, 1863				
x			
x
5-6
[S]
P
Nomada ovata (Robertson, 1903)				
x			
x
5-6
[S]
P
Nomada perplexa Cresson, 1863			
x				
x
6-7
[S]
P
Nomada placida Cresson, 1863							
x
7-9
[S]
P
Nomada pseudops Cockerell, 1905								
4-6
[S]
P
Nomada pygmaea Cresson, 1863			
x
x
x
x
x
4-6 [8]
[S]
P
Nomada rubicunda Olivier, 1811				
x		
x
x
5-7
[S]
P
Nomada sayi Robertson, 1893
x			
x				
4-7
[S]
P
Nomada superba Cresson, 1863				
x
x
x
x
4-7
[S]
P
											
Nomada texana Cresson, 1872
x		
x		
x
x
x
4-10
[S]
P
Nomada vicina Cresson, 1863				
x				
8-10
[S]
P
Nomada vincta Say, 1837
x		
x		
x
x
x
7-9
[S]
P
Nomada wisconsinensis Graenicher, 1911						
x
x
6-7
[S]
P
Nomada xanthura Cockerell, 1908				
x			
x
5-6
[S]
P
Svastra (Epimelissodes) obliqua (Say, 1837)
x			
x
x
x
x
4-11
S
S
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Physalis

Asteraceae

Heuchera

Melissodes
(Eumelissodes)
Peponapis and
Xenoglossa
Svastra
Cucurbita
Anthophora
Anthophora

Svastra
Melissodes
Melissodes
desponsa
Melissodes
Melissodes
bimaculatus

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Triepeolus concavus (Cresson, 1878)		
x				
x
x
5-10
[S]
P
Triepeolus cressonii (Robertson, 1897)
x
x		
x		
x
x
6-10
[S]
P
Triepeolus donatus (Smith, 1854)
x
x
x			
x
x
7-10
[S]
P
											
Triepeolus helianthi (Robertson, 1897)		
x					
x
6-10
[S]
P
Triepeolus lunatus (Say, 1824)
x
x				
x
x
3-10
[S]
P
											
Triepeolus obliteratus Graenicher, 1911
x					
x		
7-10
[S]
P
Triepeolus pectoralis (Robertson, 1897)							
x
5, 7-11
[S]
P
											
Triepeolus remigatus (Fabricius, 1804)						
x
x
5-10
[S]
P
											
Triepeolus simplex Robertson, 1903		
x				
x
x
7-8
[S]
P
Xenoglossa (Eoxenoglossa) strenua (Cresson, 1878)						
x		
5-11
S
S
Xeromelecta (Melectomorpha) californica (Cresson, 1878)								
3-10
[S]
S
Xeromelecta (Melectomorpha) interrupta (Cresson, 1872)							
x
7-9
[S]
S
Xylocopa (Xylocopoides) virginica (Linnaeus, 1771)							
x
3-10
W
S/Sub.
Colletidae
										
Colletes aberrans Cockerell, 1897
x					
x		
6-8
S
S
Colletes albescens Cresson, 1868
x					
x		
6-8
S
S
Colletes americanus Cresson, 1868						
x
x
5-11
S
S
6
Colletes andrewsi Cockerell, 1906 				
x				
5-7
S
S
Colletes brevicornis Robertson, 1897				
x		
x
x
3-6
S
S
Colletes compactus Cresson, 1868				
x
x			
7-11
S
S
Colletes consors Cresson, 1868				
x				
4-8
S
S
Colletes impunctatus Nylander, 1852
x							
6-7
S
S
Colletes inaequalis Say, 1837 		
x					
x
3-7 [8-9]
S
S
Colletes kincaidii Cockerell, 1898						
x
x
6-9
S
S
Colletes latitarsis Robertson, 1891 				
x				
3-9
S
S

SPECIES
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Nymphaeales

Rosaceae

Asteraceae

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Colletes nudus Robertson, 1898						
x		
4-8
S
S
Colletes simulans Cresson, 1868
x
x
x
x		
x		
1, 5-11
S
S
Colletes susannae Swenk, 1925						
x		
7-8
S
S
Colletes validus Cresson, 1868						
x		
3-7
S
S
Colletes willistoni Robertson, 1891				
x				
3-9
S
S
Colletes wilmattae Cockerell, 1904
x					
x		
6-9
S
S
Hylaeus (Cephalylaeus) basalis (Smith, 1853)
x
x		
x		
x		
5-8
C
S
Hylaeus (Hylaeus) annulatus (Linnaeus, 1758)
x
x		
x		
x		
4-10
C
S
Hylaeus (Hylaeus) fedorica (Cockerell, 1909)								
6-7
C
S
Hylaeus (Hylaeus) leptocephalus (Morawitz, 1870)*								
5-9
C
S
Hylaeus (Hylaeus) mesillae (Cockerell, 1896)
x
x
x
x		
x
x
4-10
C
S
Hylaeus (Hylaeus) saniculae (Robertson, 1896)				
x				
6-8
C
S
Hylaeus (Hylaeus) verticalis (Cresson, 1869)
x			
x		
x		
4-8
C
S
Hylaeus (Prosopis) affinis (Smith, 1853)
x
x
x
x		
x
x
4-10
C
S
Hylaeus (Prosopis) illinoisensis (Robertson, 1896)								
6-9
C
S
Hylaeus (Prosopis) modestus Say, 1837
x
x
x
x		
x
x
5-9
C
S
Hylaeus (Prosopis) nelumbonis (Robertson, 1890)						
x
x
3-8
C
S
Halictidae
										
Agapostemon (Agapostemon) sericeus (Förster, 1771) x
x
x
x		
x
x
4-10
S
S
Agapostemon (Agapostemon) splendens (Lepeletier, 1841) x			
x		
x
x
4-8
S
S
Agapostemon (Agapostemon) texanus Cresson, 1872
x
x
x
x
x
x
x
4-9
S
S
Agapostemon (Agapostemon) virescens (Fabricius, 1775) x
x
x
x		
x
x
5-10
S
S
Augochlora (Augochlora) pura (Say, 1837)
x
x
x
x		
x
x
4-10
W
S
Augochlorella aurata (Smith, 1853)
x
x
x
x		
x
x
4-10
S
E
Augochlorella persimilis (Viereck, 1910)						
x
x
3-9
S
E
Augochloropsis (Paraugochloropsis) metallica
(Fabricius, 1793)
x		
x
x
x
x
x
3-11
S
S
Augochloropsis (Paraugochloropsis) sumptuosa
(Smith, 1853)			
x			
x
x
4-11
S
S

SPECIES
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Lasioglossum

Helianthus
Asteraceae
Monarda and
Agastache
Pontederia

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Dieunomia (Dieunomia) heteropoda (Say, 1824)				
x				
6-10
S
S
Dufourea marginata (Cresson, 1878)			
x			
x		
6-9
S
S
Dufourea monardae (Viereck, 1924)				
x			
x
7-8
S
S
											
Dufourea novaeangliae (Robertson, 1897)
x		
x			
x		
7-8
S
S
Halictus (Nealictus) parallelus Say, 1837
x		
x			
x
x
3-8
S
E
Halictus (Odontalictus) ligatus Say, 1837		
x
x
x
x
x
x
3-10
S
E
Halictus (Protohalictus) rubicundus (Christ, 1791)
x
x
x
x		
x
x
3-9
S
E
Halictus (Seladonia) confusus Smith, 1853
x
x
x
x
x
x
x
4-10
S
E
1
Lasioglossum (Dialictus) admirandum
(Sandhouse, 1924) auct.						
x
x
3-9
S
E
Lasioglossum (Dialictus) albipenne (Robertson, 1890)
x		
x
x		
x
x
5-9
S
E
Lasioglossum (Dialictus) anomalum (Robertson, 1892)				
x		
x		
5-9
S
E
Lasioglossum (Dialictus) atlanticum (Mitchell, 1960)				
x		
x		
4-9
S
E
Lasioglossum (Dialictus) bruneri (Crawford, 1902)					
x
x
x
2-10
S
E
Lasioglossum (Dialictus) cattellae (Ellis, 1913)								
5-9
S
E
Lasioglossum (Dialictus) cephalotes (Dalla Torre, 1896)				
x				
5-8
[S]
P
Lasioglossum (Dialictus) coeruleum (Robertson, 1893)		
x						
3-10
W
E
Lasioglossum (Dialictus) coreopsis (Robertson, 1902)							
x
6-8
S
E
Lasioglossum (Dialictus) cressonii (Robertson, 1890)			
x
x
x
x
x
3-10
W
E
Lasioglossum (Dialictus) divergens (Lovell, 1905)		
x		
x				
6-7
S
S
Lasioglossum (Dialictus) dreisbachi (Mitchell, 1960)				
x				
5-8
S
E
Lasioglossum (Dialictus) ellisiae (Sandhouse, 1924)						
x		
7-8
S
E
Lasioglossum (Dialictus) foxii (Robertson, 1895)
x
x		
x		
x
x
4-9
S
S
Lasioglossum (Dialictus) hartii (Robertson, 1892)						
x		
5-8
S
E
Lasioglossum (Dialictus) hemimelas (Cockerell, 1901)		
x						
Unavailable
S
E
Lasioglossum (Dialictus) heterognathum (Mitchell, 1960)				
x		
x		
4-9
S
E
Lasioglossum (Dialictus) illinoense (Robertson, 1892)						
x		
3-10
S
E
Lasioglossum (Dialictus) imitatum (Smith, 1853)
x		
x
x		
x
x
4-10
S
E

SPECIES
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E
E
S
E
E
E
E
E
S
E
E
E
E
E
E
S
E
E
E
E
E
E
E
E
E
E
S
S

S
S
S
S
S
W
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

Nymphaeales?

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Lasioglossum (Dialictus) laevissimum (Smith, 1853)
x		
x				
x
3-10
Lasioglossum (Dialictus) lineatulum (Crawford, 1906) x
x
x
x		
x
x
4-10
Lasioglossum (Dialictus) macoupinense (Robertson, 1895)		
x		
x		
x		
4-9
Lasioglossum (Dialictus) nigroviride (Graenicher, 1911)		
x		
x			
x
4-10
Lasioglossum (Dialictus) nymphaearum (Robertson, 1895)					
x
x
x
4-10
2
Lasioglossum (Dialictus) oblongum (Lovell, 1905)
x
x
x
x		
x
x
3-10
Lasioglossum (Dialictus) obscurum (Robertson, 1892)						
x
x
4-10
Lasioglossum (Dialictus) paradmirandum (Knerer and
Atwood, 1966)						
x
x
4-9
Lasioglossum (Dialictus) pectorale (Smith, 1853)
x		
x
x
x
x
x
3-11
Lasioglossum (Dialictus) perpunctatum (Ellis, 1913)				
x
x
x		
4-9
Lasioglossum (Dialictus) pictum (Crawford, 1902)						
x		
4-9
3
Lasioglossum (Dialictus) pilosum (Smith, 1853)
x
x
x
x		
x
x
2-10
4
Lasioglossum (Dialictus) planatum (Lovell, 1905)							
x		
Lasioglossum (Dialictus) pruinosum (Robertson, 1892)				
x		
x
x
3-10
Lasioglossum (Dialictus) rohweri (Ellis, 1915)
x			
x
x
x
x
4-9
Lasioglossum (Dialictus) rufitarse (Zetterstedt, 1838)							
x
4-6
Lasioglossum (Dialictus) sagax (Sandhouse, 1924)				
x					
Lasioglossum (Dialictus) subviridatum (Cockerell, 1938)						
x			
Lasioglossum (Dialictus) succinipenne (Ellis, 1913)				
x		
x
x
5-8
Lasioglossum (Dialictus) tegulare (Robertson, 1890)		
x		
x		
x
x
1-12
Lasioglossum (Dialictus) testaceum (Robertson, 1897)			
x					
5-6
Lasioglossum (Dialictus) versans (Lovell, 1905)		
x						
4-10
Lasioglossum (Dialictus) vierecki (Crawford, 1904)
x
x
x
x		
x
x
4-9
Lasioglossum (Dialictus) viridatum (Lovell, 1905)			
x
x		
x
x
4-10
Lasioglossum (Dialictus) zephyrum (Smith, 1853)				
x
x
x
x
3-10
Lasioglossum (Evylaeus) cinctipes (Provancher, 1888) x			
x		
x
x
3-9
Lasioglossum (Evylaeus) nelumbonis (Robertson, 1890)					
x
x
x
3-11
Lasioglossum (Evylaeus) quebecense (Crawford, 1907)		
x		
x				
3-9
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Lasioglossum (Evylaeus) swenki (Crawford, 1906)						
x		
Lasioglossum (Evylaeus) truncatum (Robertson, 1901) x		
x			
x		
Lasioglossum (Hemihalictus) lustrans (Cockerell, 1897)						
x		
Lasioglossum (Lasioglossum) acuminatum McGinley,
1986
x
x
x		
x
x
x
Lasioglossum (Lasioglossum) athabascense
(Sandhouse, 1933)							
x
Lasioglossum (Lasioglossum) coriaceum (Smith, 1853) x
x
x
x
x
x
x
3
Lasioglossum (Lasioglossum) forbesii (Robertson, 1890)					
x			
Lasioglossum (Lasioglossum) leucozonium
(Schrank, 1781)*
x
x		
x
x
x		
Lasioglossum (Lasioglossum) paraforbesii McGinley, 1986 x		
x
x
x
x
x
Lasioglossum (Lasioglossum) zonulum (Smith, 1848)*
x
x		
x
x
x
x
Lasioglossum (Sphecodogastra) texanum (Cresson, 1872) 						
x		
Sphecodes antennariae Robertson, 1891						
x		
Sphecodes atlantis Mitchell, 1956		
x						
Sphecodes banksii Lovell, 1909						
x		
Sphecodes clematidis Robertson, 1897
x
x						
Sphecodes confertus Say, 1837
x
x		
x		
x		
Sphecodes coronus Mitchell, 1956
x		
x
x		
x
x
Sphecodes cressonii (Robertson, 1903)
x
x
x
x		
x		
Sphecodes davisii Robertson, 1897
x
x
x
x
x
x
x
Sphecodes dichrous Smith, 1853
x
x
x
x
x
x
x
Sphecodes heraclei Robertson, 1897								
Sphecodes illinoensis (Robertson, 1903)						
x		
Sphecodes johnsonii Lovell, 1909					
x		
x
Sphecodes levis Lovell and Cockerell, 1907		
x					
x
Sphecodes mandibularis Cresson, 1872					
x
x		
Sphecodes minor Robertson, 1898						
x
x

SPECIES
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S
S
S
S
S
S
S
S
S
S
S
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]

8
3-10
4-9
4-10
4-10
3-10
5-10
5-10
4-10
4-10
4-12
6-9
5-9
4-9
5-10
3-8
6-9
1, 4-9
5-10
4-9
3-11
5-10
8-10
5-8
5-8
3-9

S
S
S
S
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

S/Comm.
S
S

S

S
E
S

Oenothera

SEASON
NEST SOCIALITY	HOST
(Not WI specific)
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Megachile
Megachile
Megachile

Megachile
Megachile
Megachile

Megachile

Megachile

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Sphecodes prosphorus Lovell and Cockerell, 1907
x
x
x
x		
x
x
5-9
[S]
P
Sphecodes ranunculi Robertson, 1897				
x
x		
x
4-7
[S]
P
Sphecodes solonis Graenicher, 1911
x		
x					
5-8
[S]
P
Sphecodes townesi Mitchell, 1956							
x
5-9
[S]
P
Megachilidae
										
Anthidium (Anthidium) manicatum (Linnaeus, 1758)*
x		
x				
x
6-10
C
S
Ashmeadiella (Ashmeadiella) bucconis (Say, 1837)
x					
x
x
5-8
C
S
Coelioxys (Boreocoelioxys) banksi Crawford, 1914							
x
4-9
[C]
P
Coelioxys (Boreocoelioxys) funeraria Smith, 1854
x
x			
x			
5-9
[C]
P
Coelioxys (Boreocoelioxys) moesta Cresson, 1864
x
x		
x				
5-9
[C]
P
Coelioxys (Boreocoelioxys) octodentata Say, 1824
x
x
x
x		
x
x
5-10
[C]
P
Coelioxys (Boreocoelioxys) porterae Cockerell, 1900
x
x					
x
6-9
[C]
P
Coelioxys (Boreocoelioxys) rufitarsis Smith, 1854
x
x
x
x
x
x
x
4-10
[C]
P
Coelioxys (Boreocoelioxys) sayi Robertson, 1897
x
x		
x		
x		
3-10
[C]
P
5
Coelioxys (Coelioxys) immaculata Cockerell, 1912					
x			
3-7
[C]
P
Coelioxys (Coelioxys) sodalis Cresson, 1878
x		
x
x				
4-9
[C]
P
Coelioxys (Cyrtocoelioxys) modesta Smith, 1854
x
x		
x
x
x
x
6-8
[C]
P
Coelioxys (Synocoelioxys) alternata Say, 1837
x
x
x				
x
6-10
[C]
P
Dianthidium (Dianthidium) simile (Cresson, 1864)
x		
x			
x		
7-9
C
S
Heriades (Neotrypetes) carinatus Cresson, 1864
x
x
x
x
x
x
x
4-9
C
S
Heriades (Neotrypetes) variolosus (Cresson, 1872)			
x
x				
4-9
C
S
Hoplitis (Alcidamea) pilosifrons (Cresson, 1864)
x
x
x
x
x
x
x
4-7
P
S
Hoplitis (Alcidamea) producta (Cresson, 1864)
x
x
x
x
x
x
x
4-7
P
S
Hoplitis (Alcidamea) truncata (Cresson, 1878)
x
x
x		
x
x
x
4-8
P
S
Hoplitis (Monumetha) albifrons (Kirby, 1837)
x
x		
x		
x		
5-8
P
S
Hoplitis (Monumetha) spoliata (Provancher, 1888)
x		
x
x
x
x
x
4-8
P
S
Megachile (Callomegachile) sculpturalis Smith, 1853*				
x				
6-9
C
S
Megachile (Chelostomoides) campanulae (Robertson, 1903) x			
x
x
x		
2-11
C
S
Megachile (Chelostomoides) rugifrons (Smith, 1854)		
x					
x
4-7
C
S
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Megachile (Eutricharaea) rotundata (Fabricius, 1793)*		
x
x		
x
x
x
Megachile (Leptorachis) petulans Cresson, 1878						
x
x
Megachile (Litomegachile) brevis Say, 1837
x
x		
x		
x
x
Megachile (Litomegachile) mendica Cresson, 1878
x		
x
x		
x
x
Megachile (Litomegachile) texana Cresson, 1878
x
x
x
x		
x
x
Megachile (Megachile) centuncularis (Linnaeus, 1758)* x
x
x
x		
x
x
Megachile (Megachile) inermis Provancher, 1888
x
x
x				
x
Megachile (Megachile) montivaga Cresson, 1878
x
x		
x
x
x		
Megachile (Megachile) relativa Cresson, 1878
x
x
x
x
x
x
x
Megachile (Megachiloides) dakotensis Mitchell, 1926								
Megachile (Sayapis) inimica sayi Cresson, 1872
x			
x		
x
x
Megachile (Sayapis) pugnata Say, 1837
x
x
x
x
x
x
x
5
Megachile (Xanthosarus) addenda Cresson, 1878					
x
x		
Megachile (Xanthosarus) fortis Cresson, 1872
x					
x		
Megachile (Xanthosarus) frigida Smith, 1853
x
x
x
x		
x
x
Megachile (Xanthosarus) gemula Cresson, 1878
x
x
x
x		
x
x
Megachile (Xanthosarus) latimanus Say, 1823
x
x
x
x
x
x
x
Megachile (Xanthosarus) melanophaea Smith, 1853
x
x
x
x
x
x
x
Osmia (Diceratosmia) conjuncta Cresson, 1864				
x				
Osmia (Helicosmia) caerulescens (Linnaeus, 1758)*				
x				
Osmia (Helicosmia) georgica Cresson, 1878					
x
x		
Osmia (Melanosmia) albiventris Cresson, 1864
x		
x
x
x
x
x
Osmia (Melanosmia) atriventris Cresson, 1864
x		
x
x
x
x
x
Osmia (Melanosmia) bucephala Cresson, 1864
x
x		
x			
x
Osmia (Melanosmia) collinsiae Robertson, 1905
x							
Osmia (Melanosmia) distincta Cresson, 1864		
x
x
x
x
x
x
Osmia (Melanosmia) inermis (Zetterstedt, 1838)
x							
Osmia (Melanosmia) inspergens Lovell and Cockerell, 1907			
x				
x
Osmia (Melanosmia) proxima Cresson, 1864
x
x
x
x
x
x
x
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6-9
5-9
3-12
5-10
6-8
5-9
6-9
4-9
5-10
7-8
7-9
6-9
4-10
7-8
6-9
4-8
5-10
5-8
4-7
3-8
3-6 (8)
5-7
4-7
4-6
4-6
5-6
5-7
5-6
5-8

C
C
C
C
S1
C
C
C
C
C
C
C
S
C
C
C
C
C
C1
C
C
C
C
C
C
C
C
C
C

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

Ericaceae

Asteraceae

SEASON
NEST SOCIALITY	HOST
(Not WI specific)
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1

This name has been applied to several species related to L. viridatum, and specimens may be misidentified as Lasioglossum paradmirandum or
other similar species. Additional taxonomic analysis is needed to resolve taxonomic uncertainties in this group (J. Gibbs, pers. comm.).
2
Records of L. oblongum need to be checked as many could pertain to L. planatum (Lovell), reinstated as a valid species based on integrative
taxonomic work by J. Gibbs. He has confirmed that both true oblongum and planatum occur in Wisconsin.
3
Records of L. pilosum need to be checked as these could include other closely related species such as L. succinipenne, recently confirmed to
occur in Wisconsin as a result of integrative taxonomic work by J. Gibbs.
4
Removed from synonymy with L. oblongum based on integrative taxonomic work by J. Gibbs.
5
Hannah Gaines and Michael Arduser, pers. comm.
6
Graenicher’s (1935) records of C. aestivalis Pattton pertain to this species (Stephen, 1954).
S1Cells constructed of leaves as in related cavity-nesting, leaf-cutting Megachile.
C1Reportedly nests in snail shells.

Lysimachia
Lysimachia

Megachilidae
Megachilidae
Megachilidae
Megachilidae
Megachilidae
Megachilidae

Ericaceae

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Osmia (Melanosmia) pumila Cresson, 1864
x			
x		
x
x
4-7
C
S
Osmia (Melanosmia) simillima Smith, 1853
x		
x
x		
x
x
5-8
C
S
Osmia (Melanosmia) tersula Cockerell, 1912
x
x
x		
x			
5-7
C
S
Osmia (Melanosmia) virga Sandhouse, 1939
x							
4-7
C
S
Osmia (Osmia) lignaria Say, 1837
x
x
x
x		
x
x
2-6
C
S
Paranthidium (Paranthidium) jugatorium (Say, 1824)
x					
x
x
7-9
S
S
Stelis (Stelis) coarctatus Crawford, 1916				
x				
6-8
[C]
P
Stelis (Stelis) foederalis Smith, 1854				
x				
5-7
[C]
P
Stelis (Stelis) labiata (Provancher, 1888)				
x				
4-8
[C]
P
Stelis (Stelis) lateralis Cresson, 1864				
x				
3-7
[C]
P
Stelis (Stelis) nitida Cresson, 1878								
6-7
[C]
P
Stelis (Stelis) permaculata Cockerell, 1898			
x					
7-8
[C]
P
Stelis (Stelis) subemarginata Cresson, 1878				
x				
7
[C]
P
Trachusa (Heteranthidium) zebrata (Cresson, 1872)
x			
x				
8-10
S
S
Melittidae
										
Macropis (Macropis) ciliata Patton, 1880						
x		
5-9
S
S
Macropis (Macropis) nuda (Provancher, 1882)
x		
x
x		
x
x
6-8
S
S
											
Total Number of Species
166 125 129 221 95 224 228				
Number of Counties in region
7 12
8
7
9 16 13				
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Wisconsin during August 2006 (Spring Green Preserve in Sauk County, Avoca
Prairie in Iowa County, and Buena Vista Marsh in Portage County). Most
(5) specimens were collected on Solidago sp. and one individual was collected
from Centaurea biebersteinii (DC). The distribution of A. placata was poorly
understood prior to LaBerge’s (1967) revision of subgenus Callandrena due
to confusion by most previous workers with the very similar Andrena simplex
Smith (=solidaginis Robertson).
Andrena (Cnemidandrena) peckhami Cockerell, 1902. A scarce
composite specialist collected (2 specimens) on Solidago by ATW along the
Bonita Grade in the Chequamegon-Nicolet National Forest in Oconto County
on 17 August 2005. Also present in museum collections from Buffalo, Burnett,
Pierce, and St. Croix Counties in western Wisconsin.
Andrena (Euandrena) nigrihirta (Ashmead, 1890). The only recent
Wisconsin specimen of A. nigrihirta was collected by Marshall in June 1967 at
Lake Namekagon in Bayfield County (IRCW). Originally described by Graenicher (1911), this northern bee species ranges from Alberta to Nova Scotia and
the New England states and has been collected from Michigan, Minnesota, and
Ontario.
Andrena (Melandrena) barbara Bouseman and LaBerge, 1979.
This is a “southeastern” species at the edge of its range. A single specimen was
collected in Grant County in southwestern Wisconsin by M. Wolf on 15 June
2006 at a weedy wayside. Very similar to Andrena perplexa Smith (=viburnella
Graenicher) and certain other Melandrena, this species might have been overlooked or misidentified by earlier authors.
Andrena (Parandrena) wellesleyana Robertson, 1897. This sandbar
willow specialist is known in Wisconsin only from an undated Dane County
specimen in the IRCW.
Andrena (Scaphandrena) arabis Robertson, 1897. Represented by 3
specimens from Dane and Sauk Counties (IRCW). A Brassicaceae visitor, this
species also has been recorded from Illinois, Indiana, and Michigan.
Andrena (Tylandrena) wilmattae Cockerell, 1906. Two specimens
of this poorly known Wisconsin species were collected from Dane and Trempealeau Counties (IRCW). The species is known to occur in all five nearby states
(Illinois, Indiana, Iowa, Michigan, and Minnesota).
Apidae
Bombus (Pyrobombus) frigidus Smith, 1854. Specimens believed
to be B. frigidus were caught at Thunder Lake State Wildlife Area in Oneida
County on 11 June 2006 and 10 June 2007 by ATW. The color pattern of these
bees resembles typical B. (Pyrobombus) vagans (Smith) and B. (Pyrobombus)
sandersoni (Franklin) but the metasoma is orange-tipped. Studies of DNA sequences are in progress and should diagnose the status of this population with
respect to B. sandersoni and other similar species. The Thunder Lake area is
surrounded by extensive boreal forest, including some of the best areas of open
lowland conifers in north central Wisconsin. Individuals were visiting patches
of Trifolium repens (L.) in 2006 and Rubus sp. along a refuge road during 2007.
Other than an unconfirmed report from Maine this would be the only known
record of this northern and western montane species from the eastern United
States.
Bombus (Bombus) affinis Cresson, 1863; Bombus (Bombus) terricola
Kirby, 1837.
Represented in collections from numerous Wisconsin localities but
not found during 2005-07 by ATW and others, although one B. affinis was
photographed by I. Loser in Dane County in 2006 (http://bugguide.net/node/
view/80951). Recent records are of interest due to documented declines in these
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species and their parasite Bombus ashtoni (Cresson) (National Research Council
2007, Colla and Packer 2008, Grixti et al. 2009).
Bombus (Psithyrus) ashtoni (Cresson, 1864). Widely represented in
historical collections from Wisconsin, but we have seen no recent (post-2000)
records from Wisconsin or anywhere else in eastern North America. A social
parasite of the declining B. affinis (Cresson) and B. terricola (Kirby), this species
is at least as vulnerable as its hosts and deserves the same or greater conservation concern. The most recent records of this species known to us are five queens
collected in Wasilla, Matanuska-Susitna Borough, Alaska by L. Revet during
19-25 May 2003 (AMNH collection, det. by JSA).
Bombus (Thoracobombus) pensylvanicus (DeGeer, 1773); Bombus
(Psithyrus) variabilis (Cresson, 1872).
Bombus pensylvanicus (DeGeer) and its social parasite B. variabilis
(Cresson) were not detected in our study and seem to have declined across the
northern edge of their range (Colla and Packer, 2008). All historical specimens
of B. pensylvanicus examined except one (an IRCW specimen with missing
locality data) were found in the MPM collection. The MPM collection localities
reveal a mainly southern or western distribution in Wisconsin: Dodge, Grant,
Milwaukee, Pierce, St. Croix, Vernon, and Waushara Counties. B. variabilis is
widely represented in historical collections, especially from the Central Sands
Region and southern Wisconsin. Medler and Carney (1963) report specimens
from Dane, Columbia, Grant, Iowa, Sauk, and Waushara Counties, and MPM
specimens were collected in Portage and Burnett Counties.
Epeoloides pilosula Cresson, 1878. Historical records of this cleptoparasite of Macropis species are from southern and western Wisconsin (Burnett,
Dane, Douglas, Grant, Pierce, St. Croix, and Vernon Counties). Since 1960 E.
pilosula has been found only in Nova Scotia (Sheffield et al. 2004; see also Ascher
2005) and recently Connecticut (Wagner and Ascher 2008).
Epeolus ainsliei Crawford 1932. Collected on 25 July 2006 by ATW at
Spring Green Preserve in Sauk County. This is another prairie species, new for
the eastern USA sensu Mitchell (1962). It was known previously from Iowa and
elsewhere in the Great Plains from Alberta and Manitoba to Texas. The Spring
Green specimen was collected over a sandy area in association with potential
Colletes hosts (C. americanus and C. susannae).
Neolarra vigilans (Cockerell, 1895). Three specimens in the IRCW,
collected by P. Gruber in a flight-intercept trap at the Spring Green Preserve
in Sauk County between 24 July and 2 August 2000, were identified by JSA
as N. vigilans. This is the first record of tribe Neolarrini for the eastern
USA outside of the southeast, where the genus is known only from Georgia
and Tennessee, and is the first records of N. vigilans for the eastern USA
(Shanks 1977). Perdita gerhardi (Viereck), a likely host species, was collected
by Gruber at the same time at the Spring Green Preserve. These species
are well-matched in size, but definitive host associations will require rearing
from excavated nests. N. vigilans must have different hosts elsewhere in
its wide range as P. gerhardi does not occur in the southwestern USA and
northern Mexico where N. vigilans occurs. Spring Green Preserve is a 409
ha (1,011 acre) state natural area commonly referred to as the “Wisconsin
Desert”. Located in the unglaciated southwestern part of Wisconsin, it features dry prairie, open sand blowouts, and a number of rare invertebrate
species (Meyer 2003).
Nomada armatella Cockerell, 1903. Two male specimens were collected on 22 May 2005 near Old Highway 64 in Oconto County.
Nomada australis Mitchell, 1962. This cleptoparasite on Agapostemon
is represented in Wisconsin by a single specimen collected in Shawano County
during August 2002 (IRCW), an unusually late date for this species. No records
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have been documented from adjacent states, but this primarily eastern and
southern species also has been collected in Indiana.
Nomada graenicheri Cockerell, 1905. Known with certainty only from
Wisconsin and Ontario. Museum specimens from Wisconsin (all undated) were collected from Buffalo, Burnett, Pierce, St. Croix, and Washburn Counties (MPM).
Nomada hydrophylli Swenk, 1915. A presumed cleptoparasite of
vernal Andrena, N. hydrophylli was collected by ATW and J. Watson in Brown
County. Not found in historical Wisconsin museum collections or from nearby
states except Illinois.
Nomada illinoensis Robertson, 1900. This widespread cleptoparasite
of Andrena is documented in Wisconsin by 10 specimens collected in late spring/
early summer (April – June) between 1920 and 1953 (IRCW). Localities include
Door, Dane, Washington, and Iron Counties.
Nomada imbricata Smith, 1854. Represented in Wisconsin by 3
specimens (IRCW) collected during April by Medler in Washington County
(1952) and during May in Dane County (Fye in 1953 and Kriska in 1993). A
widespread eastern North American cleptoparasite of Andrena (Melandrena)
species, N. imbricata also occurs in Illinois, Indiana, and Michigan.
Nomada lehighensis Cockerell, 1903. The single Wisconsin specimen of this eastern North American cleptoparasite of Andrena was collected
by R.E. Fye during June 1952 in Bayfield County (IRCW). The species also is
documented from Illinois, Indiana, and Michigan.
Nomada luteoloides Robertson, 1895. A species not previously reported
for Wisconsin, collected by J. Watson 16 June 2005 at Dunbar Barrens State
Natural Area in Marinette County (northeastern Wisconsin) in a white bowl
trap. Dunbar Barrens State Natural Area is an open barrens dominated by low
growing woody plants like Vaccinium sp. and grasses. N. luteoloides is a common and widespread cleptoparasite of Andrena (Melandrena). JSA identified
18 additional specimens from the IRCW collection dating back to 1902. The
most recent of these included collections from Dane (1996), Racine (2000), and
Wood (2004) Counties.
Nomada perplexa Cresson, 1863. The only Wisconsin record since 1953
was collected by Robert Murphy during June 2005 in Waupaca County. Four
older specimens (1931-1953) are present in IRCW from April-June in Dane and
Washington Counties.
Nomada rubicunda Olivier, 1811. Represented by three specimens
(IRCW) all collected during June. Localities include Peninsula State Park in
Door County (1956), Ft. McCoy in Monroe County (1997), and Kettle Moraine
State Forest in Waukesha County (2001). Also found in Indiana, Michigan,
and Minnesota, this species is believed to be a cleptoparasite of Agapostemon.
In New York State, where rarely collected, it seems to be associated with sandy
habitats such as the Albany Pinebush.
Nomada wisconsinensis Graenicher, 1911. Recent specimens of this
geographically restricted species have been collected at Ft. McCoy in Monroe
County (J. Maxwell, June 1997) and in the southern Kettle Moraine Forest of
Waukesha County (Craig Brabant, June 2001). This cleptoparasite, first described by Graenicher, also is known from Illinois, Michigan, and Minnesota.
Nomada xanthura Cockerell, 1908. Not collected in Wisconsin since
1933, when it was found near Madison. Two specimens (IRCW) also were collected
in 1928 by Granovsky in Door County. All Wisconsin specimens were collected
during the month of May. This cleptoparasite of Andrena is known from Illinois
and also from Nova Scotia to New York and New England. N. xanthura may be
a senior synonym of N. inepta Mitchell, 1962, as these two nominal species are
separated on the basis of a mere color difference; the yellow tergal maculations
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of N. xanthura are more extensive (S. Droege, pers. comm.). N. inepta has,
in turn, been associated as the male (junior synonym) of N. gracilis Cresson,
1863, using DNA barcodes, (Sheffield et al. 2009). Further comparative studies
of these three nominal taxa, of other nominally valid North American species
including N. composita Mitchell, 1962, N. detrita Mitchell, 1962, N. mendica
Mitchell, 1962, and N. ochlerata Mitchell, 1962, and of the European N. flava
Panzer (similarity of this species to N. xanthura was noted by M. Schwarz pers.
comm.), are required to resolve numerous remaining taxonomic difficulties in
this group.
Xylocopa (Xylocopoides) virginica virginica (Linnaeus, 1771). The
common eastern carpenter bee is known in Wisconsin from only two specimens
collected in 1923 (no date) near Racine (IRCW). The species is now known
from all of the eastern United States (Vermont records were confirmed by L.
Richardson pers. comm.).
Colletidae
Colletes aberrans Cockerell, 1897; C. albescens Cresson, 1868;
C. andrewsi Cockerell, 1906; C. susannae Swenk, 1925; C. wilmattae
Cockerell, 1904. These Great Plains species reach their eastern range limits
in Iowa, Illinois, Wisconsin, Minnesota, and Michigan. All of the specimens are
present in the Milwaukee Public Museum (MPM) collection, while C. aberrans
also is present in the IRCW and ATW collected C. susannae on 23 July 2006 at
Spring Green Preserve.
Colletes consors mesocopus Swenk, 1907; C. impunctatus lacustris
Swenk, 1906. Both species are boreal bees reaching the southern edges of their
eastern ranges in Wisconsin. All older specimens are found in the MPM Collection. ATW and students collected recent specimens of C. c. mesocopus on 17 June
2005 and 29 June 2006 at Toft Point State Natural Area in Door County.
Colletes nudus Robertson, 1898. This southern species is not present
in historical Wisconsin collections but was found visiting Spiraea by ATW at
Avoca Prairie in Iowa County on 23 July 2006.
Hylaeus (Prosopis) nelumbonis (Robertson, 1890). Collected from
Dane County (IRCW) and found by ATW on 23 July 2006 at Avoca Prairie in
Iowa County, where it was visiting Eupatorium maculatum (L.). Water lilies
(Nymphaeales) were present in floodplain wetlands within 500 m of this site.
Halictidae
Dufourea marginata (Cresson, 1878). Sunflower specialist collected
at Helianthus on 29 August 2006 by ATW at Avoca Prairie (Iowa Co). Also
present in MPM collection (Polk and St. Croix Counties).
Dufourea monardae (Viereck, 1924). Specialist on Monarda. Collected in Brown County by ATW and present in IRCW (specimen from Dane
Co). This Monarda specialist is best known from the Upper Midwest (including
Michigan, Illinois, Indiana) and southern Ontario, but was collected by JSA on
10 Aug 2008 near Elmira in Chemung County, New York, a new state record
and significant range extension.
Dufourea novaeangliae (Robertson, 1897). Specimens from western
Wisconsin are present in IRCW and MPM collections. This is a Pontederia
specialist at the NW edge of its range in Wisconsin.
Lasioglossum (Dialictus) bruneri (Crawford, 1902); Lasioglossum (Dialictus) coreopsis (Robertson, 1902); Lasioglossum (Dialictus)
nymphaearum (Robertson, 1895); Lasioglossum (Dialictus) paradmirandum (Knerer and Atwood, 1966); Lasioglossum (Evylaeus) swenki
(Crawford, 1906). These 5 species were added to the state list by the Wisconsin Department of Natural Resources’ Prairie Invertebrate Survey during the
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mid-1990’s. All were found in native prairie remnants in southern Wisconsin,
and all are known from grasslands in at least one of the nearby states (Illinois,
Indiana, Michigan, or Minnesota).
Lasioglossum (Dialictus) atlanticum (Mitchell, 1960). Recent specimens collected by ATW and colleagues in Brown, Iowa, and Grant Counties
were identified by J. Gibbs as L. atlanticum. Many specimens labeled as L.
admirandum in historic collections actually pertain to this species.
Lasioglossum (Dialictus) divergens (Lovell, 1905). ATW observed and
collected specimens in suburban Green Bay in Brown County on 1 July 2006;
the bees were visiting Lysimachia ciliata (L.) and Dalea purpurea (Vent.). Also
collected on Rubus spp. in Forest County on 11 June 2005.
Lasioglossum (Dialictus) dreisbachi (Mitchell, 1960). This rare
northern species was collected by ATW in a bowl trap in an oak woods in Brown
County on 25 May 2005 and later identified by J. Gibbs. Also known from Minnesota, Michigan, and New York.
Lasioglossum (Dialictus) ellisiae (Sandhouse, 1924). The single
Wisconsin specimen was collected at Spring Green Prairie (Sauk County) in July
2006 by ATW and later identified by J. Gibbs. This species was synonymized with
L. tegulare by Mitchell (1960) but was recently resurrected by Gibbs (2009).
Lasioglossum (Dialictus) hartii (Robertson, 1892). A rarely collected
species from the southeastern and central United States is represented by a
single undated specimen from Vernon County in MPM collection.
Lasioglossum (Dialictus) hemimelas (Cockerell, 1901). This rarely
collected species previously known only from New Mexico and Colorado. The
single Wisconsin specimen was collected on 24 May 2005 from Oconto County
by ATW and later identified by J. Gibbs.
Lasioglossum (Dialictus) illinoense (Robertson, 1892). A single specimen was collected by M. Wolf on 7 July 2006 near Eau Claire and later identified
by J. Gibbs. This species is widely distributed in eastern North America.
Lasioglossum (Dialictus) obscurum (Robertson, 1892). The only
2 Wisconsin specimens are from Dane County (Medler, July 1952) and Grant
County (no date). This species is scarce but widespread in the eastern U.S.,
including records from Illinois, Indiana, Michigan, and Minnesota.
Lasioglossum (Dialictus) perpunctatum (Ellis, 1913). Collected by
ATW near Lake Michigan at Kingfisher Farm in Manitowoc County (30 July
2005) on Rudbeckia hirta (L.) and Argentina anserina (L.) Rydab. and on 29
June 2006 on Potentilla at Ridges Sanctuary in Door County.
Lasioglossum (Dialictus) rohweri (Ellis, 1915). Collected by R. Howe
at Solon Springs in Douglas County on 2 June 2005 in white bowl trap. Also
collected on Penstemon digitalis (Nutt. ex Sims) at UWGB prairie restoration in
Brown County on 20 June 2005, at Kingfisher Farm in Manitowoc County on 30
July 2005, at Dunbar State Natural Area in Marinette County on 30 May 2005,
Buena Vista Wildlife Area in Portage County, Lower Wisconsin River Wildlife
Area in Grant County on 1 July 2005, Scuppernong Prairie in Waukesha County
on 2 July 2006, Navarino State Wildlife area in Shawano County on 9 July 2006,
and in Minoqua in Oneida County on 20 July 2005 (all by ATW). Identified by S.
Droege. Likely overlooked by early workers due to great similarity to certain other
Dialictus species, especially L. lineatulum and L. versatum (Robertson, 1902).
Lasioglossum (Dialictus) sagax (Sandhouse, 1924). Newly recorded
from eastern North America based on Wisconsin specimens collected by ATW at
Kingfisher Farm in Manitowoc County on 30 July 2005 and on Ridges Road in
Door County on 29 June 2006. Specimens were identified by J. Gibbs. Previously known only from Colorado.
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Lasioglossum (Dialictus) subviridatum (Cockerell, 1938). Newly recorded from the United States based on Wisconsin specimen collected by ATW at the
Lower Wisconsin River State Wildlife Area in Grant County on 1 July 2005. Specimen was identified by J. Gibbs. Previously recorded only from Saskatechewan.
Lasioglossum (Dialictus) succinipenne (Ellis, 1913). Easily confused
with L. pilosum and therefore underrecorded. Specimens of this western species were collected in Brown, Dane, Door and Grant Counties by UW-Green
Bay scientists in June and July 2005-06 and identified by J. Gibbs. Previously
recorded only from Colorado.
Lasioglossum (Evylaeus) nelumbonis (Robertson, 1890). Single
specimen collected on Eupatorium maculatum L. flowers by ATW at Avoca
Prairie on 23 July 2006. Water lilies (Nymphaeales) were present in nearby
floodplain wetlands. Specimens from Pierce and Walworth Counties also are
present in MPM collection.
Lasioglossum (Hemihalictus) lustrans (Cockerell, 1897). Known
in Wisconsin from 9 specimens collected at Ft. McCoy (Monroe County) in July
1997. Also documented from Michigan, Indiana, and other localities from New
Mexico to North Dakota and along the Atlantic Coast north to Delaware.
Lasioglossum (Lasioglossum) forbesii (Robertson, 1890). Collected recently by Hannah Gaines in Wood County during research on bees of
cranberry bogs and identified by M. Arduser. An eastern species ranging from
Wisconsin to New York and south to Oklahoma and North Carolina. Historical
records from far beyond this area are misidentifications of related species (see
McGinley 1986).
Lasioglossum (Sphecodogastra) texanum (Cresson, 1872). A nocturnal bee specialist on Oenothera represented in Wisconsin collections examined
by a single IRCW specimen. McGinley (2003) recorded this species from Pierce
County (Prescott) and from Wood County (Port Edwards).
Sphecodes antennariae Robertson, 1891. Eastern species represented
in Wisconsin by one record in MPM collection (Vernon County); also documented
from Illinois, Michigan, and Indiana.
Sphecodes atlantis Mitchell, 1956. Collected on Solidago by M. Wolf at
Red Arrow Park Marinette County on 17 August 2006. This tiny cleptoparasite
also is known from Illinois, Michigan, and Minnesota.
Sphecodes johnsonii Lovell, 1909. The only Wisconsin specimens
were collected during September 1961 in Dane County and more recently near
Plainfield in 2003, also during September (IRCW). This eastern North American
cleptoparasite is known from Michigan but not other nearby states. The undescribed male has recently been discovered by JSA among collections from coastal
New York and Massachusetts (the latter collected by G. I. Stage). It is similar
to S. davisii Robertson, but the metasoma is entirely black, not partly red.
Sphecodes townesi Mitchell, 1956. Known from a single Wisconsin
specimen collected at Abrahams Woods State Natural Area in Green County
during June 2000 (IRCW). Also recorded in Michigan, but unrecorded from
other nearby states.
Sphecodes levis Lovell and Cockerell, 1907. A single specimen was
collected by ATW along a sandy road in Marinette County at Dunbar State
Natural Area on 30 May 2005. Also known from Michigan and Minnesota.
Sphecodes banksii Lovell, 1909. Only Wisconsin specimen collected
by ATW at Spring Green Preserve (Sauk County). Documented from Indiana,
Michigan, and Minnesota.
Sphecodes solonis Graenicher, 1911. A northern species described
from Solon Springs in Douglas County (Graenicher 1911). Historic collections
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also have been recorded from Clark County (AMNH). Most recent Wisconsin
collection was in 1978 near Clam Lake in Ashland County. Also known from
Minnesota.
Megachilidae
Anthidium (Anthidium) manicatum (Linnaeus, 1758). Exotic species
new to Wisconsin. Found in Dodge County (Beaver Dam, 28 August 2006 on
mint by ATW) and Dane County (Madison, 14 October 2005 by Schmidt and 28
September 2005 on Lavandula sp. by Mader). This species has rapidly expanded
its range in the midwestern USA having been found in Ohio and Michigan
(Miller et al., 2002), and subsequently in Illinois (Tonietto and Ascher. 2009)
in addition to Wisconsin.
Coelioxys (Coelioxys) immaculata Cockerell, 1912. A male and
female of this cleptoparasite of Megachile addenda were collected recently in
Wood County by Hannah Gaines as part of her research on bees of cranberry
bogs; identified by M. Arduser.
Dianthidium (Dianthidium) simile (Cresson, 1864). A scarce, localized species collected by M. Wolf near Eau Claire in Eau Claire County on 7 July
2006 and two days later by ATW at Navarino State Wildlife Area in Shawano
County. Specimens from western Wisconsin also are in MPM collection.
Hoplitis (Monumetha) albifrons albifrons (Kirby, 1837). Boreal
subspecies poorly documented in eastern USA. Historical records are from
widely distributed localities throughout the state (e.g., Milwaukee, Monroe, Door,
Douglas Counties) in MPM and IRCW collections. No recent collections.
Megachile (Chelostomoides) rugifrons (Smith, 1854). Uncommon
species represented in Wisconsin by only two specimens (Dane County, Oconto
County) in IRCW collection. Also known from Illinois, Indiana, Iowa, and
Michigan.
Megachile (Callomegachile) sculpturalis Smith 1853. Exotic species of East Asian origin new to the state. Collected in Milwaukee County
September 2004 by S. Sullivan Borkin on butterfly bush (Buddleia sp.). Also
photographed by I. Loser at Cross Plains in 2007 (www.bugguide.net). We have
now seen records from nearly all of the eastern United States including Illinois
(Tonietto and Ascher, 2009).
Megachile (Eutricharaea) rotundata (Fabricius 1793). Accidentally
introduced to North America from the Old World and now a very important
managed pollinator of alfalfa. Found between June and late August 2006 at
numerous localities, including Chippewa, Columbia, Dodge, Grant, Portage,
LaCrosse, and Oconto Counties during 2006.
Megachile (Leptorachis) petulans Cresson, 1878. Known from 3
specimens in IRCW collection, 2 from Dane County in 1931 (July and August)
and a third, undated specimen, from Vernon County. Widespread species also
recorded from Illinois, Indiana, and Iowa.
Megachile (Xanthosarus) addenda Cresson, 1878. Recently added
to the Wisconsin list based on collections by Hannah Gaines as part of research
on bees of cranberry bogs. Identified by M. Arduser.
Osmia (Melanosmia) albiventris Cresson, 1864. Numerous specimens
from widely distributed localities are present in MPM and IRCW collections, but
no recent collections are known. We have seen few recent specimens from anywhere in eastern North America and suspect that this species has declined.
Osmia (Melanosmia) collinsiae Robertson 1905. A single specimen
collected in Douglas County near Solon Springs on 2 June 2005 by R. Howe in
a blue bowl trap.
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Osmia (Melanosmia) inermis (Zetterstedt, 1838). The only Wisconsin specimen was collected by Medler in May 1952 near Spooner in Washburn
County (IRCW). This Holarctic species has been documented from Michigan
but no other adjacent state. Known to favor Vaccinium.
Osmia (Helicosmia) georgica Cresson 1878. One collected on Senecio
sp. along a roadside in Iowa County on 3 June 2006 (ATW) is the only Wisconsin
record of this southern species.
Osmia (Melanosmia) proxima Cresson, 1864. Northern species represented by numerous specimens in MPM and IRCW collections, but no recent
collections by ATW and others.
Osmia (Melanosmia) tersula Cockerell, 1912. Northern and western
montane species found also in Michigan and Minnesota. Only Wisconsin records
are specimens in IRCW collection from far northern counties.
Stelis (Stelis) coarctatus Crawford, 1916. Not found in Wisconsin
since July 1903, when Graenicher collected a single specimen near Milwaukee
(Milwaukee Public Museum). A cleptoparasite of Megachilidae, also recorded
from Indiana, Iowa, Michigan, and Minnesota.
Stelis (Stelis) foederalis Smith, 1854. Only state records are MPM
and IRCW specimens from Milwaukee and Door Counties. Known from Illinois,
Michigan, and Minnesota.
Stelis (Stelis) labiata (Provancher, 1888). Uncommon, collected by
ATW at Toft Point in Door County on 29 June 2006. Only other Wisconsin
record is an IRCW specimen with no precise locality data. Documented from
Illinois, Indiana, and Michigan.
Stelis (Stelis) permaculata Cockerell, 1898. Only documented specimen is at the American Museum of Natural History, collected on July 23, 1919 in
Worden Township, Clark County. This rarely detected cleptoparasite is known
from Illinois but no other adjacent state.
Trachusa (Heteranthidium) zebrata (Cresson, 1872). Wisconsin is
the type locality of Anthidium (Protanthidium) chippewaense Graenicher, 1910,
a junior synonym of T. zebrata. We have seen no recent records from the state.
This species occurs in the Western and Central United States, but only locally
in the Midwest including Minnesota and Michigan.
Melittidae
Macropis (Macropis) ciliata Patton, 1880. Recorded from Pierce, St.
Croix, and Vernon Counties in MPM collection. Now rare, this species has also
been recorded from Illinois.
DISCUSSION
Our list of Wisconsin bee species provides a useful baseline for future
studies, although the relatively large number of new records collected since
2005 suggests that much remains to be discovered about the Wisconsin bee
fauna. The number of species (Table 2) represented in collections is highest
for southern Wisconsin (Southeastern and Southwestern regions) and the Lake
Michigan Coastal region, not surprising given that the homes of major collectors
are located there (Milwaukee, Madison, Green Bay). With the possible exception of Northwestern Wisconsin (NW), the extensive areas of natural and seminatural habitats in northern Wisconsin appear to be relatively under-sampled.
The most poorly represented geographic area on our list is the Central Sands
(CS) region. Although covering only nine counties, this region includes large
areas of potentially important bee habitats in Adams, Columbia, Green Lake,
Jackson, Juneau, Marquette, Portage, Waushara, and Wood Counties. These
areas should be high priorities for future field surveys, although new records
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can be expected from all regions in the state. The Wisconsin bee fauna includes
several assemblages of species with similar ecological or geographic affinities,
representing important elements of the native bee fauna that should be recognized by conservation strategies.
Boreal bees. Several bee species are primarily associated with boreal
habitats, reaching their southern limits in Wisconsin. These species are more
or less restricted to the northern and eastern portions of the state, where the
cooling effects of Lake Superior and Lake Michigan result in low average summer temperatures compared with other parts of the state (Graenicher 1935).
Similar conditions also occur extensively in northern Michigan and Minnesota.
Northern species are generally well represented in the flora and associated bee
fauna (e.g., Bombus borealis) from eastern Wisconsin south to northeastern
Illinois (see Pearson 1933), although truly boreal species reach only northern
Minnesota, the Upper Peninsula of Michigan, and northern Wisconsin. At Solon Springs in northwestern Wisconsin (Douglas County), Graenicher recorded
several characteristically boreal bees in 1909 (Graenicher 1911), including Colletes impunctatus lacustris and Sphecodes solonis (type locality). Our recent
record of B. frigidus in north-central Wisconsin represents another example of
a boreal bee species that is restricted to sites of appropriate northern habitat
and microclimate.
Western bees. A remarkable assemblage of bee species with western or
prairie affinities reaches its northern or eastern limits in unglaciated portions of
western Wisconsin, extending northward through the St. Croix and Mississippi
Valleys. Species characteristic of the Great Plains but generally absent from
forested eastern North America include Colletes aberrans and C. albescens, and
Anthophora walshii, and its probable cleptoparasite Xeromelecta interrupta. Of
these, Anthophora walshii is interesting for its disjunct occurrence as far east
as coastal New England.
Sand specialist bees. Several bee species that nest exclusively in sand or
visit host plants restricted to sand occur in southeastern and central Wisconsin,
especially along the Wisconsin River. Sand specialists include Dianthidium
(Dianthidium) simile (O’Brien 2008), Lasioglossum (Dialictus) vierecki, and
probably several Perdita and Colletes that serve as hosts of cleptoparasitic
Neolarra and Epeolus, respectively.
Prairie bees. Collections of new state records by Wisconsin Department of
Natural Resources researchers during the 1990’s and more recently by ATW and
colleagues demonstrate that remnant prairies and barrens in Wisconsin harbor
many remnant populations of native bees, especially among sweat bees of the
genus Lasioglossum. The WDNR collections have not been completely analyzed
and are likely to provide additional new findings. Native grasslands and barrens
clearly should be a high priority for bee conservation in Wisconsin.
Oligolectic bees. Oligolectic bees (Table 2) have specific ecological needs
that must be considered when sampling bees and assessing their conservation
needs and utility as pollinators. Graenicher’s work and that of Robertson in
southern Illinois provide a solid foundation for understanding oligolecty among
Wisconsin bee species, but require updating based on subsequent studies. Physalis specialists include Colletes latitarsis and Perdita halictoides (recorded
by Graenicher as P. maura). Visitors of aquatic plants in Wisconsin include
two species that are poorly studied but seem to have some degree of association
with Nymphaeaceae: Hylaeus nelumbonis and Lasioglossum (Evylaeus) nelumbonis. Dufourea novaeangliae requires the aquatic pickerelweed, Pontederia
cordata. L. Lasioglossum (Sphecodogastra) texanum is a nocturnal oligolege of
Oenothera (Kerfoot 1967). All Macropis species are specialists of Lysimachia
(Myrsinaceae), from which they collect pollen and floral oils used for food and
nest linings (Cane et al. 1983).
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A few oligolectic associations proposed by Graenicher (1935, and previous
papers) are now regarded as incorrect. Andrena wheeleri is now thought to be a
polylectic species with some preference for blueberries (Vaccinium) rather than
an oligolege of Apiaceae (=Umbelliferae) as indicated by Graenicher (LaBerge
1989). Granicher recorded the introduced Melilotus albus Medik. (as M. alba
Desv.) (Fabaceae) as the pollen source of Perdita maculigera maculipennis
Graenicher and hypothesized that it originally collected pollen from native
Leguminosae (=Fabaceae). However, this subspecies has subsequently been
reported to collect pollen from Salix (Salicaceae) (Timberlake 1960; Michener
and Ordway 1963), and JSA found a few visiting sandbar willows, Salix exigua
Nutt. at Cayuga Inlet, Ithaca, New York after examining specimens from that
host plant and locality in the Cornell University Insect Collection obtained by
the late G.C. Eickwort.
Parasitic bees. Parasites may be particularly vulnerable to environmental threats because they require substantial populations of particular host bees
for survival. Compounding this problem, many parasitic bee species remain
rare in collections, including several Wisconsin species (Table 2); partly for this
reason the taxonomy and identification of genera such as Nomada and Sphecodes
requires much additional work. In addition to being worthy of conservation
status in their own right, cleptoparasites can serve as indicators of healthy
populations of their host bees.
Seasonality of bees in Wisconsin. The earliest seasonal flight records
of bees noted by Graenicher (1935) from the Milwaukee area were of Andrena
frigida (as A. cockerelli), a willow specialist, and Osmia lignaria, a regular
polylege of willows, collected on 31 March 1903 from staminate flowers of the
earliest-blooming willow, Salix discolor (Muhl.). Willows (Salix spp.) typically
are in flower by mid-April in northeastern Wisconsin according to recent phenology records by G. Fewless (pers. comm., University of Wisconsin-Green Bay
Herbarium, Green Bay, WI). Data from Ithaca, NY from 1996-2003 (Ascher,
unpublished) indicate that Colletes inaequalis emerges there in the last week
in March simultaneous with or slightly before A. frigida, although Graenicher
(1935) did not record C. inaequalis until April.
Late-occurring species like Andrena asteris, A. canadensis, A. hirticincta,
and Pseudopanurgus andrenoides, P. nebrascensis, and P. rudbeckiae are associated with fall-flowering species of Asteraceae. The flight periods of these
autumnal bees, like those associated with early spring flowers, may be compressed into very short windows of time in northern Wisconsin due to early or
late onset of cold conditions.
Comparison with other states. JSA has compiled a comprehensive
list of published and many additional unpublished bee distributions for nearby
states (and elsewhere), including records cited by Mitchell (1960, 1962) and
subsequent revisions (see above). These state lists incorporate published records
by Pearson (1933) from the Chicago area, Robertson (1929, updated by Marlin
and LaBerge 2001) from southern Illinois, Evans (1986) from southeastern
Michigan, and Tuell et al. (2009) from Michigan. According to this compilation,
nine species on our Wisconsin list (Bombus frigidus, Colletes andrewsi, Neolarra
vigilans, Nomada xanthura, Stelis subemarginata, Lasioglossum planatum, L.
sagax, L. succinipenne, and L. subviridatum) have not been recorded in any of
the adjacent states of Minnesota, Michigan, Iowa, and Illinois, or from nearby
Indiana (Table 3). The Lasioglossum (Dialictus) have been underrecorded due
to inadequate knowledge of their taxonomy and identification. The ranges of
most of the other species are centered in the Great Plains west of Wisconsin or
in the boreal region to the north, including the northern Great Lakes.
At least 130 species are recorded from Illinois but not Wisconsin, including a large number of “southern” species recorded at Carlinville (Marlin
and LaBerge 2001) and other sites in southern Illinois. A larger proportion
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Table 3. Comparison of the documented bee fauna in Wisconsin with species lists from
nearby states compiled by Ascher and colleagues. These records are online at www.
discoverlife.org as part of the “AMNH_BEES” database.
State
Illinois
Indiana
Iowa
Michigan
Minnesota
All 5 states

Total
Species
417
388
204
404
325
577

Recorded
in WI

Not in
WI

285
285
169
325
277
381

132
103
35
79
48
191

% Shared
with WI
68.3
73.5
82.8
80.4
85.2
66.0

of species (> 80%) listed for Iowa, Michigan, and Minnesota also are found in
Wisconsin. According to this analysis, Wisconsin’s bee fauna is most similar to
that of Minnesota, reflecting shared northern elements and limited southern
elements in these faunas.
Changes in the Wisconsin bee fauna over time. The bees of Wisconsin
are important in broader context due to the historical contributions by S. Graenicher. Early research on Wisconsin’s bee fauna was rife with new discoveries,
although several species from the state have been subsequently recognized as
junior synonyms (Table 4). Graenicher described 20 species from specimens collected at Milwaukee and elsewhere in Wisconsin. Other authors also described
new bee species from Wisconsin specimens collected by Graenicher, naming in
his honor a Halictus sensu lato (Ellis 1914; now a junior synonym of Lasioglossum pictum (Crawford)) an Andrena (Cockerell 1902; now a junior synonym of
Andrena helianthi Robertson), and a Nomada (Cockerell 1905).
By 1935 Graenicher already had recognized significant changes in the bee
fauna and host plants compared with his collections from earlier decades. He
began his treatise on Wisconsin bees with the following observation (p. 285):
“Much of the information presented in this article was obtained in Milwaukee,
Wisconsin, around the beginning and in the early part of the present century.
In the meanwhile Milwaukee, the largest city of the state, has grown far beyond
its former limits, thereby bringing about considerable changes in the biota of the
surrounding territory. This statement applies especially to the various plant
communities with which the bees were associated. In other words, this article
deals to quite an extent with conditions as they were found years ago.”
Graenicher (p. 300) described Epeoloides pilosula as “comparatively common at Milwaukee” and noted that it, “has been found in western Wisconsin all
along the St. Croix and Mississippi Rivers, together with M. morsei [=Macropis
nuda] (along the St. Croix) and M. ciliata Patton (along the Mississippi).” Despite the former abundance and wide distribution of Epeoloides in Wisconsin
and elsewhere in eastern North America, representatives of this genus (and its
tribe, Osirini) were not recorded anywhere in North America since 1960 until
two males were collected in Nova Scotia, Canada in 2002 (Sheffield et al. 2004;
see also Ascher 2005) and a few specimens were subsequently collected in Connecticut in 2006 (Wagner and Ascher 2008). Relict populations may persist
in Wisconsin and should be looked for wherever its Macropis hosts and their
Lysimachia host plants still occur.
Several bumble bee species have declined alarmingly in the past decade
across the eastern USA including Wisconsin (see above), most notably species
of subgenus Bombus (B. terricola and especially B. affinis) and their obligate

Current Status
Andrena (Andrena) frigida Smith, 1853
Andrena (Andrena) milwaukeensis Graenicher, 1903
Andrena (Andrena) thaspii Graenicher, 1903
Andrena (Callandrena s.l.) helianthi Robertson, 1891 (helianthi species group)
Andrena (Cnemidandrena) canadensis Dalla Torre, 1896 (nubecula species group)
Andrena (Euandrena) nigrihirta (Ashmead, 1890)
Andrena (Micrandrena) melanochroa Cockerell, 1898 (piperi species group)
Andrena (Scrapteropsis) imitatrix Cresson, 1872 (imitatrix species group)
Andrena (Simandrena) wheeleri Graenicher, 1904
Andrena (Tylandrena) perplexa Smith, 1853
Perdita (Perdita) maculigera maculipennis Graenicher, 1910 (octomaculata
species group)
Perdita (Perdita) perpallida citrinella Graenicher, 1910 (octomaculata species
group)
Perdita (Cockerellia) albipennis pallidipennis Graenicher, 19101
Colletes andrewsi Cockerell, 1906 (aestivalis species group)
Colletes brevicornis Robertson, 1897 (willistoni species group)
Colletes impunctatus lacustris Swenk, 1906 (impunctatus species group)
Sphecodes solonis Graenicher, 1911 (clematidis species group)
Lasioglossum (Dialictus) nigroviride (Graenicher, 1911)
Lasioglossum (Dialictus) pictum (Crawford, 1902)
Trachusa (Heteranthidium) zebrata (Cresson, 1872) (zebrata species group)
Nomada aquilarum Cockerell, 1903 ((roberjeotiana species group)
Nomada graenicheri Cockerell, 1905 (vincta species group)2
Nomada pseudops Cockerell, 1905 (ruficornis species group)3
Nomada sphaerogaster Cockerell, 1903 (ruficornis species group)4

Status according to Graenicher

Andrena Cockerelli Graenicher, 1903*
Andrena Milwaukeensis Graenicher, 1903*
Andrena thaspii Graenicher, 1903*
Andrena Graenicheri Cockerell, 1902
Andrena [(Pterandrena)] persimilis Graenicher, 1904*
Andrena nivaloides Graenicher, 1911
Andrena fragariana Graenicher, 1904*
Trachandrena albofoveata Graenicher, 1903*
Andrena wheeleri Graenicher, 1904*
Andrena viburnella Graenicher, 1903*
Perdita maculipennis Graenicher, 1910*
		
Perdita citrinella Graenicher, 1910
		
Perdita pallidipennis Graenicher, 1910
Colletes aestivalis: Graenicher, 1935 (misidentification)
Colletes brachyceros Swenk: Graenicher, 1935, nomen nudum
Colletes vicinalis Graenicher, 1911
Sphecodes solonis Graenicher, 1911
Halictus nigro-viridis Graenicher, 1911
Halictus graenicheri Ellis, 1914
Anthidium (Protanthidium) Chippewaense Graenicher, 1910
Nomada cockerelli Graenicher, 1911
Nomada (Xanthidium) Graenicheri Cockerell, 1905*
Nomada (Xanthidium) pseudops Cockerell, 1905
Nomada sphaerogaster var α Cockerell, 1905*

Table 4. Bee species described from Wisconsin and their current status. In addition to taxa described by Graenicher, the table includes a
misidentification and a nomen nudum by Graenicher, and one Ellis species and two Cockerell species described from Graenicher’s material
and named for him. Species indicated with an asterisk (*) were described from Milwaukee.
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Nomada wisconsinensis Graenicher, 1911
(vegana species group)
Triepeolus obliteratus Graenicher, 1911 (simplex species group)

Nomada wisconsinensis Graenicher, 1911
		
Triepeolus obliteratus Graenicher, 1911

1
Perdita pallidipennis Graenicher, 1910, requires further study, as this may prove to be a subspecies of Perdita (Cockerellia) bequaerti Viereck, 1917, rather than of P. albipennis (JSA, new information, based in part on study of specimens collected by R. Jean in Indiana).
2
This may prove to be a senior synonym of Nomada besseyi Swenk, 1913 (S. Droege, pers. comm.).
3
This may prove to be a junior synonym of Nomada bethunei Cockerell, 1903 (S. Droege, pers. comm.).
4
Nomada sphaerogaster is rarely collected and remains poorly known. We have seen no recent material and few historical specimens. Cockerell’s var. alpha (cited as α in the original species heading), known only from the unique female type and recognized solely on the basis of
slight color differences from the typical form, certainly deserves further study, to confirm that it is indeed conspecific with New Jersey material (specimens can be found at Rutgers University).

Current Status

Status according to Graenicher

Table 4. Continued.
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social parasite B. ashtoni. The effects of pathogens, parasites, parasitoids, and
exotic bee competitors on the Wisconsin bee fauna need to be identified and
monitored, as do the effects of deer herbivory, fire suppression, and forestry
practices on plants visited by bees.
In order to accurately assess changes in Wisconsin’s bee fauna more extensive surveys are needed, especially in the western and northern parts of the
state. The difficulty of species identification has hindered studies of native bees
in Wisconsin and elsewhere. Recently developed online tools such as dynamic
maps, identification keys (e.g., www.discoverlife.org), image databases such
as www.bugguide.net, and integrative taxonomic studies using DNA barcodes
and other DNA sequences as diagnostic tools to supplement morphology (e.g.,
Gibbs 2007, Packer et al. 2008, Sheffield et al. 2009) provide new resources to
overcome this challenge and make it easier for non-specialists to contribute
useful data on Wisconsin’s bees.
Despite the utility of these new tools, there are still major gaps in our
knowledge of the bee fauna of Wisconsin and of the eastern North American
fauna as a whole, particularly with respect to species delimitation and identification of groups such as Sphecodes, Nomada, and Lasioglossum (Dialictus) for
which no revisions exist except Mitchell (1960, 1962). A revision of Lasioglossum (Dialictus) is in progress by J. Gibbs. In addition to the described species
reported in this paper, we also studied what appear to be multiple undescribed
species, including a Nomada of the Gnathias group with very numerous and
dense dark spines at the apex of the female hind tibia (also found elsewhere in
the eastern U.S.A. by S. Droege, pers. comm.) and an unusual Sphecodes of the
Sphecodium group. J. Gibbs (pers. comm.) also reported at least two undescribed
species of Lasioglossum, both collected in 2005-06 by ATW.
In order to effectively quantify changes in populations and distributions,
systematic and repeatable methods are needed. We hope that our list will
provide a foundation for efforts to better document and conserve Wisconsin’s
native bee diversity. Based on widespread evidence of declines in well-studied
species such steps are timely and might be long overdue.
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Bees of Wisconsin
(Hymenoptera: Apoidea: Anthophila)
Amy T. Wolf1 and John S. Ascher2

ABSTRACT
We present the first comprehensive assessment of Wisconsin’s native
bee species since the work of S. Graenicher in the early 1900’s. Our review of
published records and museum collections, combined with recent field surveys,
yielded 388 verified, described bee species and additional morphospecies that
await further analysis. Catalogued bee specimens have been collected from
all 72 Wisconsin counties, although central and northern regions appear to be
relatively under-sampled. Many of the species on the list have not previously
been reported for Wisconsin, and nine of the newly reported species have not
previously been documented from any adjacent state. At least 191 bee species
known from Minnesota, Iowa, Illinois, Michigan, or Indiana have never been
documented in Wisconsin, suggesting that our list of Wisconsin bee species is
far from complete. We describe geographic affinities of Wisconsin’s bee fauna
and discuss changes in populations of several species over the past century.
Regional extirpations, population declines, and establishment of exotic bees
in the state are poorly known and will require significantly more attention if
we hope to effectively conserve Wisconsin’s native bees and their pollination
services. Nevertheless, our analysis shows that Wisconsin is home to a rich
diversity of native bees with a wide variety of life histories and ecological
specializations.
____________________
Despite growing recognition that native bees (Hymenoptera: Apoideae:
Anthophila) are vital for the pollination of native and agricultural plants (Buchmann and Nabhan 1996, Allen-Wardell et al. 1998, Kevan 1999, Kremen
et al. 2002, Cane 2003) few states have comprehensive published lists of bee
species, let alone strategies for studying and conserving them. In Wisconsin,
S. Graenicher’s (1935) “Bee-fauna and vegetation of Wisconsin” has been the
state’s most complete document of bees and their floral hosts. Graenicher’s
work, along with those of his contemporaries Charles Robertson (1929) and
J. F. W. Pearson (1933) in Illinois, provided some of the earliest and (to
date) most authoritative data on North American bee faunas and bee-flower
relationships. These authors, along with J. H. Lovell in New England, were
among the first to document specialized pollen-host relationships (oligolecty)
across an entire fauna, and their observations remain valuable to this day.
Graenicher was particularly interested in documenting specialized floral associations among species of the andrenid genera Andrena (Graenicher 1905)
and Perdita (Graenicher 1914), and he recorded the first observations of floral
associations for many other northern bee species. Graenicher also documented
host-cleptoparasite associations among Wisconsin bee species (e.g., Graenicher
1905, 1927).
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Mitchell (1960, 1962) cited state records for Wisconsin in his monographs
of Eastern North American bees, but added few new species to the state list and
did not cite certain of Graenicher’s records which we have subsequently verified
to be correct. Investigations during the same period by Medler and associates
at the University of Wisconsin-Madison contributed significantly to our understanding of the Wisconsin bee fauna and bee ecology in general, particularly
for the Megachilidae (Medler 1959, 1964a; Medler and Lussenhop 1968) and
several other groups (Koerber and Medler 1958, Medler 1964b). These studies,
and Medler and Carney’s (1963) survey of Wisconsin bumble bees, represent the
most important statewide inventories of native bee diversity since Graenicher’s
pioneering research, but no comprehensive survey of Wisconsin’s bees has been
published since Graenicher’s 1935 paper.
The current work attempts to document the status of all native bee species across Wisconsin, drawing from previously published records, our own
field research, recent surveys of native prairie bees by Wisconsin Department
of Natural Resources scientists (R. Henderson and S. Sauer, Wisconsin DNR,
Madison, WI), and identification of specimens borrowed from the Milwaukee
Public Museum, the University of Wisconsin, Madison, and other collections.
Because they were conducted before the widespread application of insecticides and the extensive suburbanization of Wisconsin’s rural landscape,
Graenicher’s studies provide an important baseline for assessing human impacts
on Wisconsin’s bee fauna. Resurveys of sites near Carlinville in southern Illinois (Marlin and LaBerge 2001) demonstrated that most of the identifiable bee
species collected in the early 1900’s were still present nearly a century later,
but the Carlinville fauna contains many southern elements and lacks certain
northern species present in the Wisconsin fauna.
Due to Graenicher’s efforts, the Wisconsin state list is already relatively
complete, but his 1935 study and Mitchell’s compilation of records are difficult
for all but the most dedicated specialist to interpret, since the taxonomy and
nomenclature employed are quite out of date. Likewise, Graenicher’s summary of floral relationships and other ecological data require updating in light
of subsequent research on Wisconsin species conducted within the state and
elsewhere in North America.
The primary goals of this paper are: 1) to compile a comprehensive and
taxonomically current list of bee species known from the state of Wisconsin based
on both historical and recent collections, 2) to present more detailed information
about the distribution of bees within the state, 3) to compare the bee fauna of
Wisconsin with that of nearby states, particularly Minnesota, Michigan, Iowa,
Indiana, and Illinois, 4) to summarize important ecological attributes of Wisconsin bees, and 5) to discuss changes in the Wisconsin bee fauna between the
early twentieth century (summarized as of 1935) and today (early 2000’s).
We hope to provide a new baseline for future field studies of Wisconsin
bees, leading to a list of endangered and threatened species and subsequent
conservation efforts to prevent species declines and extinctions. We also intend
to characterize the occurrence, phenology, and habits of common species that
are likely to be of particular importance as pollinators. Epidemics of parasites
(Sammataro et al. 2000) and recent reports of colony collapse disorder (Johnson
2007, Stokstad 2007) in populations of the introduced honey bee, Apis mellifera
(L.), suggest that native bees might play an increasingly important economic role
in addition to their obvious significance as pollinators in natural ecosystems.
Methods
We compiled data from a variety of sources including the scientific literature, museum specimens, and recent field collections. Graenicher’s (1935) “Beefauna and vegetation of Wisconsin” provided the base list. Species occurrences
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in Wisconsin and nearby states also were compiled from Mitchell’s two volume
monograph on bees of the eastern United States (1960, 1962) and subsequent
generic revisions of Andrena (Bouseman and LaBerge 1979; LaBerge 1967,
1969, 1971, 1973, 1977, 1980, 1986, 1987, 1989; Donovan 1977; LaBerge and
Bouseman 1970; LaBerge and Ribble 1972, 1975; Ribble 1967, 1968, 1974) and
of other genera (Baker 1975; Broemeling 1988; Broemeling and Moalif 1988;
Brooks 1983; Brooks and Griswold 1988; Coelho 2004; Daly 1973; Evans 1972;
Hurd and Linsley 1964; Hurd and Linsley 1972; LaBerge 1961; McGinley 1986,
2003; Milliron 1971, 1973a, 1973b; Ordway 1966; Rightmyer 2008; Roberts
1972; Rust 1974; Shanks 1977; Shinn 1967; Snelling 1968, 1970, 1990; Snelling
and Stage 1995; Timberlake 1960, 1968, 1969, 1975, 1976). Additional papers
were consulted to clarify names, taxonomic status, and subgeneric placement
of regional species (e.g., Brooks 1988, Urban 2001, Gusenleitner et al. 2005,
Williams et al. 2008).
During 2006, ATW visited the two major bee collections in Wisconsin,
the Milwaukee Public Museum (MPM) and the Insect Research Collection at
the University of Wisconsin-Madison (IRCW). All specimens collected from
Wisconsin were viewed, and data were transcribed for each of the nearly 300
Wisconsin bee species recorded in these collections (Table 1). Specimens of interest or uncertain taxonomy were sent in 2008 to JSA by Susan Borkin (MPM)
and Steven Krauth (IRCW). Specimens of Lasioglossum (Dialictus) were sent
to Jason Gibbs at York University for identification based on both morphology
and DNA sequences as part of his integrative taxonomic studies of the group
(Gibbs 2007, 2009). Wisconsin specimens in the American Museum of Natural
History (AMNH) were identified by JSA and recorded in the AMNH Bee Database available online at Discover Life (Ascher 2007, http://www.discoverlife.
org/mp/20m?kind=AMNH_BEE).
The most extensive and historically important collection of Wisconsin
bees was assembled by S. Graenicher and is housed at the Milwaukee Public
Museum. The majority of Graenicher’s bee specimens were obtained at or near
Milwaukee during the early 20th century (Graenicher 1935), but his collection
also includes significant material from western Wisconsin. In 1909, 1910,
and 1911, he and assistants took part in three collecting expeditions of the
Milwaukee Public Museum along the western border of Wisconsin from the
headwaters of the St. Croix River in Douglas County southward along the St.
Croix and Mississippi Rivers to the southwestern corner of the state at Rutledge
in Grant County (opposite Dubuque, Iowa). Graenicher studied additional bees
from diverse localities obtained by himself, staff members of the Museum, and
other collectors.
The Insect Research Collection at the University of Wisconsin-Madison
(IRCW) includes an even larger number of Wisconsin species (Table 1). J. T.
Medler and R. E. Fye deposited approximately 20,000 bees from their various
research projects, and specimens have been added to the collection by numerous
other field investigators.
Recent collections were made by ATW and students/colleagues during
2005-2007. Most of these specimens were identified to species by JSA. Sam
Droege provided expert identification and verification of a number of difficult
species from these recent collections. Prairie invertebrate surveys conducted
by the Wisconsin Department of Natural Resources beginning in 1994 (R.
Henderson and S. Sauer pers. comm.) also contributed to our knowledge of
the Wisconsin bee fauna. Specimens from this collection, including new state
records of Lasioglossum (Dialictus) and other bee species, were identified by
Michael Arduser of the Missouri Department of Conservation. He also identified bees from a recent study of Wisconsin cranberry bogs by Hannah Gaines of
the University of Wisconsin-Madison, thereby adding several more new species
to the Wisconsin state list.
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Table 1. Sources of specimens used for compiling Wisconsin bee species list.
Collection

Total Species

Milwaukee Public Museum (MPM)
199
UW-Madison Entomology Collection (IRCW)
262
UW-Green Bay Richter Museum
185
American Museum of Natural History
45
Other (published records)		
WDNR Prairie Invertebrate Inventory		
Wisconsin Species List (all records)

Unique Species
31
52
33
3
39
5

388

We illustrate the approximate geographic distribution of each bee species
by identifying regions of the state where it has been reported historically or
collected recently. Our regions follow the Ecological Landscapes of Wisconsin
developed by the Wisconsin Department of Natural Resources (1999). Each
county was assigned to the ecological landscape that encompasses most of its
area. In order to simplify our analysis, we grouped the original 16 ecological
landscapes into 7 categories (Figure 1). The Southern Lake Michigan Coastal,
Central Lake Michigan Coastal, and Northern Lake Michigan Coastal landscapes
were combined into the Lake Michigan Coastal (LM) category. The Southeast
Glacial Plains (SE) was left as a single category. The Southwest Savanna,
Western Prairie, and Western Coulee and Ridges landscapes were combined
into a Southwestern Wisconsin (SW) category. The Central Sand Hills and
Central Sand Plains landscapes were combined into the Central Sands (CS)
category. The Northeast Sands, Northern Highlands, and North Central Forest landscapes were combined into the Northern Forest (NF) category, and the
Northwest Sands, Northwest Lowlands, and Superior Coastal Plain were combined into the Northwestern Wisconsin (NW) category. Finally, the extensive
Forest Transition landscape was left as its own category (FT). County records
were compiled from published localities and specimen label data. Occurrences
for Bombus were supplemented with distributions published by Medler and
Carney (1963).
Species-specific descriptions of nesting behavior, sociality, and host interactions were compiled by JSA from published sources (e.g., Eickwort et al.
1981, Giles and Ascher 2006, Hurd 1979 and references therein), personal communications (pers. comm.), and records from the American Museum of Natural
History’s bee collection. Faunal studies of bees were consulted for ecological
data, including all those known to us from the Midwestern USA and certain
extralimital studies such as those by MacKay and Knerer (1979, updated by
Grixti and Packer 2006) from southern Ontario and by Giles and Ascher (2006)
from southern New York State and Romey et al. (2007) from the Adirondack
Mountains of New York State.
Results
So far, investigators in Wisconsin have collectively documented 388
described bee species (Table 2) representing 44 genera and 6 families. Many
of these species have not previously been documented from Wisconsin in the
published literature or in entomological collections, including 30 newly reported
species collected by UW-Green Bay researchers during 2005-07.
At least nine non-native species are found in Wisconsin (Table 2). Two
of these, Megachile sculpturalis (Smith) and Anthidium manicatum (L.), have
been detected in the state only during the last few years.
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Figure 1. Landscape regions used to describe distributions of Wisconsin bee species
in Table 2. Boundaries combine similar regions from the Wisconsin Department of
Natural Resources’ (1999) Ecological Landscapes of Wisconsin.

Several bee species recorded from Wisconsin by early workers were not
verified in subsequent revisions or by us, and we have excluded from the state
list certain reported occurrences inconsistent with modern knowledge of species
ranges, such as Graenicher’s (1935) Wisconsin record of Colletes productus (cf.
Stephen, 1954). His records of Perdita (Perdita) bruneri Cockerell pertain to
P. swenki (cf. Timberlake 1960). We regard the occurrence of Bombus (Cullumanobombus) fraternus (Smith, 1854) in Wisconsin as hypothetical and do
not include it on the list of fully verified species. The sole published Wisconsin
record is of one worker from Green Lake collected July, 1911, in the University
of Wisconsin (IRCW) collection (Frison, 1921). This record was subsequently
cited by Graenicher (1935) but not by Medler and Carney (1963). A specimen
located in IRCW with these collection details is a Bombus auricomus.
Additions to the documented bee fauna of Wisconsin and species whose
status is poorly known are briefly described below. These notes are meant to
help guide future inventory and conservation efforts.
Andrenidae
Andrena (Andrena) carolina (Viereck, 1909). This Vaccinium specialist is documented in Wisconsin from just one specimen collected in July 1909 at
Solon Springs in Douglas County (MPM). A. carolina is widely distributed in
eastern U.S., including records from Indiana, Michigan, and Minnesota.
Andrena (Andrena) clarkella (Kirby, 1802). A northern willow
specialist, A. clarkella is known in Wisconsin from a male collected by T. Erdman on 18 April 2006 (on a banana) in Oconto County and an undated female
collected in Shawano County (IRCW).
Andrena (Callandrena sensu lato) placata Mitchell 1960. This
specialist on Asteraceae was collected at several native grasslands in southern

NW NF FT LM CS SW SE	

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae

Vaccinium
Salix
Salix

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Andrenidae
										
Andrena (Andrena) carolina (Viereck, 1909)
x							
4-7
S
S
Andrena (Andrena) clarkella (Kirby, 1802)		
x
x					
3-8
S
S
Andrena (Andrena) frigida Smith, 1853
x		
x
x			
x
2-7
S
S
Andrena (Andrena) mandibularis Robertson, 1892				
x			
x
3-7
S
S
Andrena (Andrena) milwaukeensis Graenicher, 1903			
x
x			
x
3-8
S
S
Andrena (Andrena) rufosignata Cockerell, 1902						
x
x
4-8
S
S
Andrena (Andrena) thaspii Graenicher, 1903		
x
x
x			
x
4-8
S
S
Andrena (Andrena) tridens Robertson, 1902				
x				
3-7
S
S
Andrena (Callandrena s.l.) aliciae Robertson, 1891			
x
x		
x
x
7-9
S
S
Andrena (Callandrena s.l.) asteris Robertson, 1891		
x		
x
x
x
x
8-10
S
S
Andrena (Callandrena s.l.) helianthi Robertson, 1891			
x
x
x
x
x
7-9
S
S
Andrena (Callandrena s.l.) krigiana Robertson, 1901 								
3-7
S
S
Andrena (Callandrena s.l.) placata Mitchell, 1960					
x
x		
7-9
S
S
Andrena (Callandrena s.l.) rudbeckiae Robertson, 1891						
x
x
6-8
S
S
Andrena (Callandrena s.l.) simplex Smith, 1853
x				
x
x
x
7-9
S
S
Andrena (Cnemidandrena) canadensis Dalla Torre, 1896				
x		
x		
8-10
S
S
Andrena (Cnemidandrena) chromotricha Cockerell, 1899 x		
x
x
x
x
x
7-9
S
S
Andrena (Cnemidandrena) hirticincta Provancher, 1888 x		
x
x
x
x
x
8-10
S
S

SPECIES

Table 2. List of verified Wisconsin bee species, including historical and recent records. Columns give geographic distribution (x = present) in
landscape regions shown in Fig. 1. NW = Northwestern Wisconsin, NF = North Central Forest, FT = Forest Transition, LM = Lake Michigan Coastal, CS = Central Sands, SW = Southwestern Wisconsin, and SE = Southeastern Wisconsin. Season gives months when species are
known to fly across their entire range, including areas with climates far warmer than Wisconsin. In Wisconsin the season of bee activity is
relatively short, e.g., native bees are not active prior to April. Monthly occurrences that we regard as atypical for the species are placed in
brackets. General information about nest type (S = Soil; C = Cavity; H = hive; Pithy stem or similar substrate, W = wood; [S] = parasite of a
host nesting in soil, [C] = parasite of a host nesting in cavities; [H] = parasite of a host nesting in a hive); sociality (S = solitary in the broadest possible sense, including communal [S/Comm.], subsocial [S/Sub.], and all other non-eusocial, pollen-collecting taxa; E = eusocial; or P =
parasitic) and host species (pollen plant for specialized pollen-collecting species including oligoleges; bee for parasitic species) was compiled
by JSA. Non-native species are indicated with an asterisk (*); Megachile centuncularis is cited with an asterisk and question mark (*?)
since its status as a native species is questionable (see Giles and Ascher, 2006).
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Andrena (Cnemidandrena) nubecula Smith, 1853				
x		
x
x
Andrena (Cnemidandrena) parnassiae Cockerell, 1902 x			
x				
Andrena (Cnemidandrena) peckhami Cockerell, 1902
x
x		
x		
x		
Andrena (Cnemidandrena) runcinatae Cockerell, 1906							
x
Andrena (Conandrena) bradleyi Viereck, 1907
x
x						
Andrena (Euandrena) geranii Robertson, 1891		
x		
x
x
x
x
Andrena (Euandrena) nigrihirta (Ashmead, 1890)
x							
Andrena (Euandrena) phaceliae Mitchell, 1960				
x				
Andrena (Gonandrena) fragilis Smith, 1853				
x
x
x
x
(Svida)
Andrena (Gonandrena) integra Smith, 1853				
x			
x
(Svida)
Andrena (Gonandrena) persimulata Viereck, 1917				
x			
x
(Svida)
Andrena (Gonandrena) platyparia Robertson, 1895							
x
(Svida)
Andrena (Holandrena) cressonii Robertson, 1891			
x
x			
x
Andrena (Iomelissa) violae Robertson, 1891						
x		
Andrena (Larandrena) miserabilis Cresson, 1872
x
x		
x
x
x
x
Andrena (Leucandrena) barbilabris (Kirby, 1802)
x			
x			
x
Andrena (Leucandrena) erythronii Robertson, 1891			
x
x			
x
Andrena (Melandrena) barbara Bouseman and
LaBerge, 1979						
x		
Andrena (Melandrena) carlini Cockerell, 1901
x
x
x
x		
x
x
Andrena (Melandrena) commoda Smith, 1879				
x			
x
Andrena (Melandrena) dunningi Cockerell, 1898				
x
x
x
x
Andrena (Melandrena) nivalis Smith, 1853
x
x
x
x		
x
x
Andrena (Melandrena) regularis Malloch, 1917				
x		
x		
Andrena (Melandrena) vicina Smith, 1853
x
x		
x		
x
x

SPECIES

Table 2. Continued

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

7-10
8-9
9
7-10
3-9
4-7
3-8
4-6
5-7
5-8
4-7
5-7
3-8
4-7
1-7 [8-9]
3-7 [8-9]
3-6
2-6
3-7 [8]
4-7
2-7 [8]
2-8
4-7
3-7 [8-9]

Erythronium

Viola

Cornus

Cornus

Cornus

Cornus

Asteraceae
Asteraceae
Ericaceae

Asteraceae
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S
S
S
S
S
S

S
S
S
S
S

S

S

S

S
S
S
S
S
S
S
S
S

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

2008
135

NW NF FT LM CS SW SE	

Andrena (Micrandrena) illinoiensis Robertson, 1891				
x			
x
Andrena (Micrandrena) melanochroa Cockerell, 1898		
x		
x				
Andrena (Micrandrena) salictaria Robertson, 1905				
x			
x
Andrena (Micrandrena) ziziae Robertson, 1891				
x			
x
Andrena (Parandrena) andrenoides (Cresson, 1878)				
x			
x
Andrena (Parandrena) wellesleyana Robertson, 1897							
x
Andrena (Plastandrena) crataegi Robertson, 1893
x
x
x
x
x
x
x
Andrena (Ptilandrena) distans Provancher, 1888		
x		
x		
x
x
Andrena (Ptilandrena) erigeniae Robertson, 1891				
x				
Andrena (Rhacandrena) brevipalpis Cockerell, 1930
x						
x
Andrena (Rhacandrena) robertsonii Dalla Torre, 1896 x			
x		
x		
Andrena (Scaphandrena) arabis Robertson, 1897						
x
x
Andrena (Scrapteropsis) alleghaniensis Viereck, 1907 x							
Andrena (Scrapteropsis) imitatrix Cresson, 1872				
x		
x
x
Andrena (Simandrena) nasonii Robertson, 1895			
x
x		
x
x
Andrena (Simandrena) wheeleri Graenicher, 1904
x
x		
x			
x
Andrena (Taeniandrena) wilkella (Kirby, 1802)*
x
x
x
x		
x
x
Andrena (Thysandrena) bisalicis Viereck, 1908				
x				
Andrena (Thysandrena) w-scripta Viereck, 1904				
x				
Andrena (Trachandrena) ceanothi Viereck, 1917
x
x
x
x		
x		
Andrena (Trachandrena) forbesii Robertson, 1891
x			
x		
x
x
Andrena (Trachandrena) hippotes Robertson, 1895				
x			
x
Andrena (Trachandrena) mariae Robertson, 1891
x			
x			
x
Andrena (Trachandrena) miranda Smith, 1879
x
x
x
x		
x
x
Andrena (Trachandrena) nuda Robertson, 1891							
x
Andrena (Trachandrena) quintilis Robertson, 1898						
x
x
Andrena (Trachandrena) rehni Viereck, 1907				
x				
Andrena (Trachandrena) rugosa Robertson, 1891				
x		
x
x
Andrena (Trachandrena) sigmundi Cockerell, 1902 			
x				
x

SPECIES

Table 2. Continued

3-7
3-7
3-6
4-6 [7, 9]
3-8
3-7
3-8
4-6 [10]
2-5 [7-8]
5-10
4-8
4-5
4-7
3-7
3-7
4-7
4-9
2-9
2-9 [10]
5-6
4-6
4-6
4-7
5-8
4-6
4-7
6-7
4-6
5-7

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
Salix
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Geranium
Claytonia

Salix
Salix

Rosaceae
Salix

SEASON
NEST SOCIALITY	HOST
(Not WI specific)
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Asteraceae

Asteraceae
Asteraceae
Asteraceae
Asteraceae

Verbena
Helianthus
Monarda
Physalis
Salix
Petalostemon
Asteraceae

Salix

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Andrena (Trachandrena) spiraeana Robertson, 1895				
x		
x
x
6-8
S
S
Andrena (Trachandrena) virginiana Mitchell, 1960
x					
x
x
6-8
S
S
Andrena (Tylandrena) erythrogaster (Ashmead, 1890)		
x		
x		
x
x
2-7
S
S
Andrena (Tylandrena) perplexa Smith, 1853			
x
x		
x
x
3-6
S
S
Andrena (Tylandrena) wilmattae Cockerell, 1906						
x
x
5-7
S
S
Calliopsis (Calliopsis) andreniformis Smith, 1853
x
x
x
x		
x
x
4-10
S
S
Calliopsis (Verbenapis) nebraskensis Crawford, 1902				
x		
x
x
6-9
S
S
Perdita (Cockerellia) albipennis Cresson, 1868
x							
6-9
S
S
Perdita (Perdita) gerhardi Viereck, 1904 							
x
4-9
S
S
Perdita (Perdita) halictoides Smith, 1853 				
x		
x		
4-10
S
S
Perdita (Perdita) maculigera Cockerell, 1896 				
x		
x		
3-7
S
S
Perdita (Perdita) perpallida Cockerell, 1901						
x		
7-8
S
S
Perdita (Perdita) swenki Crawford, 1915
x							
7-9
S
S
Protandrena bancrofti Dunning, 1897 								
5-9
S
S
Pseudopanurgus albitarsis (Cresson, 1872) 								
6-9
S
S
Pseudopanurgus andrenoides (Smith, 1853) 								
8-10
S
S
Pseudopanurgus labrosus (Robertson, 1895) 								
7-9
S
S
Pseudopanurgus nebrascensis (Crawford, 1903)			
x					
8-9
S
S
Pseudopanurgus parvus (Robertson, 1892)			
x					
6-9
S
S
Pseudopanurgus rudbeckiae (Robertson, 1895) 				
x		
x		
8-10
S
S
Apidae
										
Anthophora (Clisodon) terminalis Cresson, 1869
x
x		
x
x
x
x
5-9
W
S
Anthophora (Lophanthophora) ursina Cresson, 1869								
5-6
S
S
Anthophora (Melea) abrupta Say, 1837				
x			
x
3-9
S
S
Anthophora (Melea) bomboides Kirby, 1837
x							
3-8
S
S
Anthophora (Mystacanthophora) walshii Cresson, 1869 x					
x
x
7-8
S
S
Apis (Apis) mellifera Linnaeus, 1758*
x
x
x
x
x
x
x
1-12
H
E
Bombus (Bombias) auricomus (Robertson, 1903)
x
x
x
x
x
x
x
5-10
H
E
Bombus (Bombus) affinis Cresson, 1863			
x
x		
x
x
4-10
H
E

SPECIES

Table 2. Continued
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Bombus (Bombus) terricola Kirby, 1837
x
x
x
x
x
x
x
Bombus (Cullumanobombus) griseocollis (DeGeer, 1773) x
x
x
x
x
x
x
Bombus (Cullumanobombus) rufocinctus Cresson, 1863 x
x
x
x
x
x
x
Bombus (Psithyrus) ashtoni (Cresson, 1864)
x
x
x
x
x
x
x
Bombus (Psithyrus) citrinus (Smith, 1854)
x
x
x
x
x
x
x
Bombus (Psithyrus) fernaldae (Franklin, 1911)
x
x
x					
Bombus (Psithyrus) insularis (Smith, 1861)
x		
x					
Bombus (Psithyrus) variabilis (Cresson, 1872)
x
x			
x
x
x
Bombus (Pyrobombus) bimaculatus Cresson, 1863		
x
x
x
x
x
x
Bombus (Pyrobombus) frigidus Smith, 1854		
x						
Bombus (Pyrobombus) impatiens Cresson, 1863
x
x
x
x
x
x
x
Bombus (Pyrobombus) perplexus Cresson, 1863
x
x
x
x
x		
x
Bombus (Pyrobombus) sandersoni Franklin, 1913		
x		
x				
Bombus (Pyrobombus) ternarius Say, 1837
x
x
x
x
x
x
x
Bombus (Pyrobombus) vagans Smith, 1854
x
x
x
x
x
x
x
Bombus (Subterraneobombus) borealis Kirby, 1837
x
x
x
x
x
x
x
Bombus (Thoracobombus) fervidus (Fabricius, 1798)
x
x
x
x
x
x
x
Bombus (Thoracobombus) pensylvanicus (DeGeer, 1773)				
x
x
x
x
Ceratina (Zadontomerus) calcarata Robertson, 1900
x
x
x
x
x
x
x
Ceratina (Zadontomerus) dupla Say, 1837
x		
x
x
x
x
x
Ceratina (Zadontomerus) strenua Smith, 1879						
x
x
Epeoloides pilosula (Cresson, 1878)
x					
x
x
Epeolus ainsliei Crawford, 1932						
x		
Epeolus autumnalis Robertson, 1902			
x				
x
Epeolus bifasciatus Cresson, 1864				
x				
Epeolus interruptus Robertson, 1900								
Epeolus lectoides Robertson, 1901								
Epeolus minimus (Robertson, 1902) 							
x
Epeolus pusillus Cresson, 1864 			
x
x				

SPECIES

Table 2. Continued

4-10
2-10
2-10
5-10
5-10
4-9
3-10
6-11
2-9
6-8
1-11
4-10
4-10
4-10
5-10
5-10
4-10
4-10
3-10
4-9
5-8
6-7
6-9
7-10 [6]
2-9
4-7
6-9
5-8
4-5,8-10 [7]

H
H
H
[H]
[H]
[H]
[H]
[H]
H
H
H
H
H
H
H
H
H
H
P
P
P
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]

E
E
E
P
P
P
P
P
E
E
E
E
E
E
E
E
E
E
S/Sub.
S/Sub.
S/Sub.
P
P
P
P
P
P
P
P
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Macropis
Colletes
Colletes
Colletes
Colletes
Colletes
Colletes
Colletes

Bombus
Bombus
Bombus
Bombus
Bombus

SEASON
NEST SOCIALITY	HOST
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Andrena
Andrena

Andrena
Agapostemon
Agapostemon
Andrena
Andrena

Perdita
Eucera
(Synhalonia)

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Cirsium

Panurginae

Colletes

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Epeolus scutellaris Say, 1824						
x		
6-10
[S]
P
Eucera (Synhalonia) atriventris (Smith, 1854)		
x		
x			
x
3-8
S
S
Eucera (Synhalonia) hamata (Bradley, 1942)							
x
4-8
S
S
Holcopasites calliopsidis (Linsley, 1943).							
x
5-10
[S]
P
Melissodes (Callimelissodes) coloradensis Cresson, 1878				
x				
7-10
S
S
Melissodes (Eumelissodes) agilis Cresson, 1878
x		
x
x		
x
x
5-11
S
S
Melissodes (Eumelissodes) denticulata Smith, 1854					
x
x		
5-10
S
S
Melissodes (Eumelissodes) dentiventris Smith, 1854				
x
x
x		
6-9
S
S
Melissodes (Eumelissodes) druriella (Kirby, 1802)
x
x
x
x
x
x
x
5-11
S
S
Melissodes (Eumelissodes) illata Lovell and Cockerell, 1906		
x		
x				
7-9
S
S
Melissodes (Eumelissodes) menuachus Cresson, 1868				
x				
7-10
S
S
Melissodes (Eumelissodes) nivea Robertson, 1895				
x				
7-10
S
S
Melissodes (Eumelissodes) subillata LaBerge, 1961		
x			
x			
6-9
S
S
Melissodes (Eumelissodes) trinodis Robertson, 1901
x		
x
x		
x
x
7-10
S
S
Melissodes (Eumelissodes) wheeleri Cockerell, 1906								
4-10
S
S
Melissodes (Heliomelissodes) desponsa Smith, 1854
x		
x
x
x
x
x
6-10
S
S
Melissodes (Melissodes) bimaculata (Lepeletier, 1825) x
x		
x		
x
x
2-10
S
S
Neolarra vigilans (Cockerell, 1895)						
x		
4-10
[S]
P
Nomada affabilis Cresson, 1878							
x
3-6
[S]
P
											
Nomada aquilarum Cockerell, 1903
x							
7-8
[S]
P
Nomada armatella Cockerell, 1903		
x			
x			
5-8
[S]
P
Nomada articulata Smith, 1854			
x
x
x
x
x
5-7
[S]
P
Nomada australis Mitchell, 1962			
x					
4-6
[S]
P
Nomada banksi Cockerell, 1907
x		
x				
x
8-9
[S]
P
Nomada bella Cresson, 1863				
x
x
x
x
3-4
[S]
P
Nomada besseyi Swenk, 1913 				
x				
7-9 [4]
[S]
P
Nomada ceanothi Cockerell, 1907		
x					
x
4-6
[S]
P
Nomada composita Mitchell, 1962 				
x				
6-7
[S]
P
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Andrena
Asteraceae
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Andrena
Eucera
(Synhalonia)
Agapostemon
Andrena

Andrena
Andrena

Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena
Andrena

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Nomada cressonii Robertson, 1893
x		
x
x
x
x
x
4-7
[S]
P
Nomada cuneata (Robertson, 1903)
x
x
x
x
x
x
x
6 [10]
[S]
P
Nomada denticulata Robertson, 1902
x			
x
x		
x
5-6
[S]
P
Nomada depressa Cresson, 1863						
x
x
4-7
[S]
P
Nomada florilega Lovell and Cockerell, 1905								
5-8
[S]
P
Nomada graenicheri Cockerell, 1905
x			
x		
x		
8
[S]
P
Nomada hydrophylli Swenk, 1915				
x				
5-6
[S]
P
Nomada illinoensis Robertson, 1900
x			
x			
x
4-6
[S]
P
Nomada imbricata Smith, 1854							
x
4-6
[S]
P
Nomada lehighensis Cockerell, 1903
x							
3-7
[S]
P
Nomada lepida Cresson, 1863 								
5-7
[S]
P
Nomada luteoloides Robertson, 1895		
x			
x
x
x
4-6
[S]
P
Nomada maculata Cresson, 1863
x		
x
x
x
x
x
4-6
[S]
P
Nomada obliterata Cresson, 1863				
x			
x
5-6
[S]
P
Nomada ovata (Robertson, 1903)				
x			
x
5-6
[S]
P
Nomada perplexa Cresson, 1863			
x				
x
6-7
[S]
P
Nomada placida Cresson, 1863							
x
7-9
[S]
P
Nomada pseudops Cockerell, 1905								
4-6
[S]
P
Nomada pygmaea Cresson, 1863			
x
x
x
x
x
4-6 [8]
[S]
P
Nomada rubicunda Olivier, 1811				
x		
x
x
5-7
[S]
P
Nomada sayi Robertson, 1893
x			
x				
4-7
[S]
P
Nomada superba Cresson, 1863				
x
x
x
x
4-7
[S]
P
											
Nomada texana Cresson, 1872
x		
x		
x
x
x
4-10
[S]
P
Nomada vicina Cresson, 1863				
x				
8-10
[S]
P
Nomada vincta Say, 1837
x		
x		
x
x
x
7-9
[S]
P
Nomada wisconsinensis Graenicher, 1911						
x
x
6-7
[S]
P
Nomada xanthura Cockerell, 1908				
x			
x
5-6
[S]
P
Svastra (Epimelissodes) obliqua (Say, 1837)
x			
x
x
x
x
4-11
S
S

SPECIES

Table 2. Continued

140
Vol. 41, Nos. 1 & 2

NW NF FT LM CS SW SE	

THE GREAT LAKES ENTOMOLOGIST

Physalis

Asteraceae

Heuchera

Melissodes
(Eumelissodes)
Peponapis and
Xenoglossa
Svastra
Cucurbita
Anthophora
Anthophora

Svastra
Melissodes
Melissodes
desponsa
Melissodes
Melissodes
bimaculatus

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Triepeolus concavus (Cresson, 1878)		
x				
x
x
5-10
[S]
P
Triepeolus cressonii (Robertson, 1897)
x
x		
x		
x
x
6-10
[S]
P
Triepeolus donatus (Smith, 1854)
x
x
x			
x
x
7-10
[S]
P
											
Triepeolus helianthi (Robertson, 1897)		
x					
x
6-10
[S]
P
Triepeolus lunatus (Say, 1824)
x
x				
x
x
3-10
[S]
P
											
Triepeolus obliteratus Graenicher, 1911
x					
x		
7-10
[S]
P
Triepeolus pectoralis (Robertson, 1897)							
x
5, 7-11
[S]
P
											
Triepeolus remigatus (Fabricius, 1804)						
x
x
5-10
[S]
P
											
Triepeolus simplex Robertson, 1903		
x				
x
x
7-8
[S]
P
Xenoglossa (Eoxenoglossa) strenua (Cresson, 1878)						
x		
5-11
S
S
Xeromelecta (Melectomorpha) californica (Cresson, 1878)								
3-10
[S]
S
Xeromelecta (Melectomorpha) interrupta (Cresson, 1872)							
x
7-9
[S]
S
Xylocopa (Xylocopoides) virginica (Linnaeus, 1771)							
x
3-10
W
S/Sub.
Colletidae
										
Colletes aberrans Cockerell, 1897
x					
x		
6-8
S
S
Colletes albescens Cresson, 1868
x					
x		
6-8
S
S
Colletes americanus Cresson, 1868						
x
x
5-11
S
S
6
Colletes andrewsi Cockerell, 1906 				
x				
5-7
S
S
Colletes brevicornis Robertson, 1897				
x		
x
x
3-6
S
S
Colletes compactus Cresson, 1868				
x
x			
7-11
S
S
Colletes consors Cresson, 1868				
x				
4-8
S
S
Colletes impunctatus Nylander, 1852
x							
6-7
S
S
Colletes inaequalis Say, 1837 		
x					
x
3-7 [8-9]
S
S
Colletes kincaidii Cockerell, 1898						
x
x
6-9
S
S
Colletes latitarsis Robertson, 1891 				
x				
3-9
S
S

SPECIES
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Nymphaeales

Rosaceae

Asteraceae

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Colletes nudus Robertson, 1898						
x		
4-8
S
S
Colletes simulans Cresson, 1868
x
x
x
x		
x		
1, 5-11
S
S
Colletes susannae Swenk, 1925						
x		
7-8
S
S
Colletes validus Cresson, 1868						
x		
3-7
S
S
Colletes willistoni Robertson, 1891				
x				
3-9
S
S
Colletes wilmattae Cockerell, 1904
x					
x		
6-9
S
S
Hylaeus (Cephalylaeus) basalis (Smith, 1853)
x
x		
x		
x		
5-8
C
S
Hylaeus (Hylaeus) annulatus (Linnaeus, 1758)
x
x		
x		
x		
4-10
C
S
Hylaeus (Hylaeus) fedorica (Cockerell, 1909)								
6-7
C
S
Hylaeus (Hylaeus) leptocephalus (Morawitz, 1870)*								
5-9
C
S
Hylaeus (Hylaeus) mesillae (Cockerell, 1896)
x
x
x
x		
x
x
4-10
C
S
Hylaeus (Hylaeus) saniculae (Robertson, 1896)				
x				
6-8
C
S
Hylaeus (Hylaeus) verticalis (Cresson, 1869)
x			
x		
x		
4-8
C
S
Hylaeus (Prosopis) affinis (Smith, 1853)
x
x
x
x		
x
x
4-10
C
S
Hylaeus (Prosopis) illinoisensis (Robertson, 1896)								
6-9
C
S
Hylaeus (Prosopis) modestus Say, 1837
x
x
x
x		
x
x
5-9
C
S
Hylaeus (Prosopis) nelumbonis (Robertson, 1890)						
x
x
3-8
C
S
Halictidae
										
Agapostemon (Agapostemon) sericeus (Förster, 1771) x
x
x
x		
x
x
4-10
S
S
Agapostemon (Agapostemon) splendens (Lepeletier, 1841) x			
x		
x
x
4-8
S
S
Agapostemon (Agapostemon) texanus Cresson, 1872
x
x
x
x
x
x
x
4-9
S
S
Agapostemon (Agapostemon) virescens (Fabricius, 1775) x
x
x
x		
x
x
5-10
S
S
Augochlora (Augochlora) pura (Say, 1837)
x
x
x
x		
x
x
4-10
W
S
Augochlorella aurata (Smith, 1853)
x
x
x
x		
x
x
4-10
S
E
Augochlorella persimilis (Viereck, 1910)						
x
x
3-9
S
E
Augochloropsis (Paraugochloropsis) metallica
(Fabricius, 1793)
x		
x
x
x
x
x
3-11
S
S
Augochloropsis (Paraugochloropsis) sumptuosa
(Smith, 1853)			
x			
x
x
4-11
S
S
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Lasioglossum

Helianthus
Asteraceae
Monarda and
Agastache
Pontederia

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Dieunomia (Dieunomia) heteropoda (Say, 1824)				
x				
6-10
S
S
Dufourea marginata (Cresson, 1878)			
x			
x		
6-9
S
S
Dufourea monardae (Viereck, 1924)				
x			
x
7-8
S
S
											
Dufourea novaeangliae (Robertson, 1897)
x		
x			
x		
7-8
S
S
Halictus (Nealictus) parallelus Say, 1837
x		
x			
x
x
3-8
S
E
Halictus (Odontalictus) ligatus Say, 1837		
x
x
x
x
x
x
3-10
S
E
Halictus (Protohalictus) rubicundus (Christ, 1791)
x
x
x
x		
x
x
3-9
S
E
Halictus (Seladonia) confusus Smith, 1853
x
x
x
x
x
x
x
4-10
S
E
1
Lasioglossum (Dialictus) admirandum
(Sandhouse, 1924) auct.						
x
x
3-9
S
E
Lasioglossum (Dialictus) albipenne (Robertson, 1890)
x		
x
x		
x
x
5-9
S
E
Lasioglossum (Dialictus) anomalum (Robertson, 1892)				
x		
x		
5-9
S
E
Lasioglossum (Dialictus) atlanticum (Mitchell, 1960)				
x		
x		
4-9
S
E
Lasioglossum (Dialictus) bruneri (Crawford, 1902)					
x
x
x
2-10
S
E
Lasioglossum (Dialictus) cattellae (Ellis, 1913)								
5-9
S
E
Lasioglossum (Dialictus) cephalotes (Dalla Torre, 1896)				
x				
5-8
[S]
P
Lasioglossum (Dialictus) coeruleum (Robertson, 1893)		
x						
3-10
W
E
Lasioglossum (Dialictus) coreopsis (Robertson, 1902)							
x
6-8
S
E
Lasioglossum (Dialictus) cressonii (Robertson, 1890)			
x
x
x
x
x
3-10
W
E
Lasioglossum (Dialictus) divergens (Lovell, 1905)		
x		
x				
6-7
S
S
Lasioglossum (Dialictus) dreisbachi (Mitchell, 1960)				
x				
5-8
S
E
Lasioglossum (Dialictus) ellisiae (Sandhouse, 1924)						
x		
7-8
S
E
Lasioglossum (Dialictus) foxii (Robertson, 1895)
x
x		
x		
x
x
4-9
S
S
Lasioglossum (Dialictus) hartii (Robertson, 1892)						
x		
5-8
S
E
Lasioglossum (Dialictus) hemimelas (Cockerell, 1901)		
x						
Unavailable
S
E
Lasioglossum (Dialictus) heterognathum (Mitchell, 1960)				
x		
x		
4-9
S
E
Lasioglossum (Dialictus) illinoense (Robertson, 1892)						
x		
3-10
S
E
Lasioglossum (Dialictus) imitatum (Smith, 1853)
x		
x
x		
x
x
4-10
S
E

SPECIES
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E
E
S
E
E
E
E
E
S
E
E
E
E
E
E
S
E
E
E
E
E
E
E
E
E
E
S
S

S
S
S
S
S
W
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

Nymphaeales?

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Lasioglossum (Dialictus) laevissimum (Smith, 1853)
x		
x				
x
3-10
Lasioglossum (Dialictus) lineatulum (Crawford, 1906) x
x
x
x		
x
x
4-10
Lasioglossum (Dialictus) macoupinense (Robertson, 1895)		
x		
x		
x		
4-9
Lasioglossum (Dialictus) nigroviride (Graenicher, 1911)		
x		
x			
x
4-10
Lasioglossum (Dialictus) nymphaearum (Robertson, 1895)					
x
x
x
4-10
2
Lasioglossum (Dialictus) oblongum (Lovell, 1905)
x
x
x
x		
x
x
3-10
Lasioglossum (Dialictus) obscurum (Robertson, 1892)						
x
x
4-10
Lasioglossum (Dialictus) paradmirandum (Knerer and
Atwood, 1966)						
x
x
4-9
Lasioglossum (Dialictus) pectorale (Smith, 1853)
x		
x
x
x
x
x
3-11
Lasioglossum (Dialictus) perpunctatum (Ellis, 1913)				
x
x
x		
4-9
Lasioglossum (Dialictus) pictum (Crawford, 1902)						
x		
4-9
3
Lasioglossum (Dialictus) pilosum (Smith, 1853)
x
x
x
x		
x
x
2-10
4
Lasioglossum (Dialictus) planatum (Lovell, 1905)							
x		
Lasioglossum (Dialictus) pruinosum (Robertson, 1892)				
x		
x
x
3-10
Lasioglossum (Dialictus) rohweri (Ellis, 1915)
x			
x
x
x
x
4-9
Lasioglossum (Dialictus) rufitarse (Zetterstedt, 1838)							
x
4-6
Lasioglossum (Dialictus) sagax (Sandhouse, 1924)				
x					
Lasioglossum (Dialictus) subviridatum (Cockerell, 1938)						
x			
Lasioglossum (Dialictus) succinipenne (Ellis, 1913)				
x		
x
x
5-8
Lasioglossum (Dialictus) tegulare (Robertson, 1890)		
x		
x		
x
x
1-12
Lasioglossum (Dialictus) testaceum (Robertson, 1897)			
x					
5-6
Lasioglossum (Dialictus) versans (Lovell, 1905)		
x						
4-10
Lasioglossum (Dialictus) vierecki (Crawford, 1904)
x
x
x
x		
x
x
4-9
Lasioglossum (Dialictus) viridatum (Lovell, 1905)			
x
x		
x
x
4-10
Lasioglossum (Dialictus) zephyrum (Smith, 1853)				
x
x
x
x
3-10
Lasioglossum (Evylaeus) cinctipes (Provancher, 1888) x			
x		
x
x
3-9
Lasioglossum (Evylaeus) nelumbonis (Robertson, 1890)					
x
x
x
3-11
Lasioglossum (Evylaeus) quebecense (Crawford, 1907)		
x		
x				
3-9
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Lasioglossum (Evylaeus) swenki (Crawford, 1906)						
x		
Lasioglossum (Evylaeus) truncatum (Robertson, 1901) x		
x			
x		
Lasioglossum (Hemihalictus) lustrans (Cockerell, 1897)						
x		
Lasioglossum (Lasioglossum) acuminatum McGinley,
1986
x
x
x		
x
x
x
Lasioglossum (Lasioglossum) athabascense
(Sandhouse, 1933)							
x
Lasioglossum (Lasioglossum) coriaceum (Smith, 1853) x
x
x
x
x
x
x
3
Lasioglossum (Lasioglossum) forbesii (Robertson, 1890)					
x			
Lasioglossum (Lasioglossum) leucozonium
(Schrank, 1781)*
x
x		
x
x
x		
Lasioglossum (Lasioglossum) paraforbesii McGinley, 1986 x		
x
x
x
x
x
Lasioglossum (Lasioglossum) zonulum (Smith, 1848)*
x
x		
x
x
x
x
Lasioglossum (Sphecodogastra) texanum (Cresson, 1872) 						
x		
Sphecodes antennariae Robertson, 1891						
x		
Sphecodes atlantis Mitchell, 1956		
x						
Sphecodes banksii Lovell, 1909						
x		
Sphecodes clematidis Robertson, 1897
x
x						
Sphecodes confertus Say, 1837
x
x		
x		
x		
Sphecodes coronus Mitchell, 1956
x		
x
x		
x
x
Sphecodes cressonii (Robertson, 1903)
x
x
x
x		
x		
Sphecodes davisii Robertson, 1897
x
x
x
x
x
x
x
Sphecodes dichrous Smith, 1853
x
x
x
x
x
x
x
Sphecodes heraclei Robertson, 1897								
Sphecodes illinoensis (Robertson, 1903)						
x		
Sphecodes johnsonii Lovell, 1909					
x		
x
Sphecodes levis Lovell and Cockerell, 1907		
x					
x
Sphecodes mandibularis Cresson, 1872					
x
x		
Sphecodes minor Robertson, 1898						
x
x

SPECIES
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S
S
S
S
S
S
S
S
S
S
S
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]
[S]

8
3-10
4-9
4-10
4-10
3-10
5-10
5-10
4-10
4-10
4-12
6-9
5-9
4-9
5-10
3-8
6-9
1, 4-9
5-10
4-9
3-11
5-10
8-10
5-8
5-8
3-9

S
S
S
S
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

S/Comm.
S
S

S

S
E
S

Oenothera

SEASON
NEST SOCIALITY	HOST
(Not WI specific)
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Megachile
Megachile
Megachile

Megachile
Megachile
Megachile

Megachile

Megachile

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Sphecodes prosphorus Lovell and Cockerell, 1907
x
x
x
x		
x
x
5-9
[S]
P
Sphecodes ranunculi Robertson, 1897				
x
x		
x
4-7
[S]
P
Sphecodes solonis Graenicher, 1911
x		
x					
5-8
[S]
P
Sphecodes townesi Mitchell, 1956							
x
5-9
[S]
P
Megachilidae
										
Anthidium (Anthidium) manicatum (Linnaeus, 1758)*
x		
x				
x
6-10
C
S
Ashmeadiella (Ashmeadiella) bucconis (Say, 1837)
x					
x
x
5-8
C
S
Coelioxys (Boreocoelioxys) banksi Crawford, 1914							
x
4-9
[C]
P
Coelioxys (Boreocoelioxys) funeraria Smith, 1854
x
x			
x			
5-9
[C]
P
Coelioxys (Boreocoelioxys) moesta Cresson, 1864
x
x		
x				
5-9
[C]
P
Coelioxys (Boreocoelioxys) octodentata Say, 1824
x
x
x
x		
x
x
5-10
[C]
P
Coelioxys (Boreocoelioxys) porterae Cockerell, 1900
x
x					
x
6-9
[C]
P
Coelioxys (Boreocoelioxys) rufitarsis Smith, 1854
x
x
x
x
x
x
x
4-10
[C]
P
Coelioxys (Boreocoelioxys) sayi Robertson, 1897
x
x		
x		
x		
3-10
[C]
P
5
Coelioxys (Coelioxys) immaculata Cockerell, 1912					
x			
3-7
[C]
P
Coelioxys (Coelioxys) sodalis Cresson, 1878
x		
x
x				
4-9
[C]
P
Coelioxys (Cyrtocoelioxys) modesta Smith, 1854
x
x		
x
x
x
x
6-8
[C]
P
Coelioxys (Synocoelioxys) alternata Say, 1837
x
x
x				
x
6-10
[C]
P
Dianthidium (Dianthidium) simile (Cresson, 1864)
x		
x			
x		
7-9
C
S
Heriades (Neotrypetes) carinatus Cresson, 1864
x
x
x
x
x
x
x
4-9
C
S
Heriades (Neotrypetes) variolosus (Cresson, 1872)			
x
x				
4-9
C
S
Hoplitis (Alcidamea) pilosifrons (Cresson, 1864)
x
x
x
x
x
x
x
4-7
P
S
Hoplitis (Alcidamea) producta (Cresson, 1864)
x
x
x
x
x
x
x
4-7
P
S
Hoplitis (Alcidamea) truncata (Cresson, 1878)
x
x
x		
x
x
x
4-8
P
S
Hoplitis (Monumetha) albifrons (Kirby, 1837)
x
x		
x		
x		
5-8
P
S
Hoplitis (Monumetha) spoliata (Provancher, 1888)
x		
x
x
x
x
x
4-8
P
S
Megachile (Callomegachile) sculpturalis Smith, 1853*				
x				
6-9
C
S
Megachile (Chelostomoides) campanulae (Robertson, 1903) x			
x
x
x		
2-11
C
S
Megachile (Chelostomoides) rugifrons (Smith, 1854)		
x					
x
4-7
C
S
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Megachile (Eutricharaea) rotundata (Fabricius, 1793)*		
x
x		
x
x
x
Megachile (Leptorachis) petulans Cresson, 1878						
x
x
Megachile (Litomegachile) brevis Say, 1837
x
x		
x		
x
x
Megachile (Litomegachile) mendica Cresson, 1878
x		
x
x		
x
x
Megachile (Litomegachile) texana Cresson, 1878
x
x
x
x		
x
x
Megachile (Megachile) centuncularis (Linnaeus, 1758)* x
x
x
x		
x
x
Megachile (Megachile) inermis Provancher, 1888
x
x
x				
x
Megachile (Megachile) montivaga Cresson, 1878
x
x		
x
x
x		
Megachile (Megachile) relativa Cresson, 1878
x
x
x
x
x
x
x
Megachile (Megachiloides) dakotensis Mitchell, 1926								
Megachile (Sayapis) inimica sayi Cresson, 1872
x			
x		
x
x
Megachile (Sayapis) pugnata Say, 1837
x
x
x
x
x
x
x
5
Megachile (Xanthosarus) addenda Cresson, 1878					
x
x		
Megachile (Xanthosarus) fortis Cresson, 1872
x					
x		
Megachile (Xanthosarus) frigida Smith, 1853
x
x
x
x		
x
x
Megachile (Xanthosarus) gemula Cresson, 1878
x
x
x
x		
x
x
Megachile (Xanthosarus) latimanus Say, 1823
x
x
x
x
x
x
x
Megachile (Xanthosarus) melanophaea Smith, 1853
x
x
x
x
x
x
x
Osmia (Diceratosmia) conjuncta Cresson, 1864				
x				
Osmia (Helicosmia) caerulescens (Linnaeus, 1758)*				
x				
Osmia (Helicosmia) georgica Cresson, 1878					
x
x		
Osmia (Melanosmia) albiventris Cresson, 1864
x		
x
x
x
x
x
Osmia (Melanosmia) atriventris Cresson, 1864
x		
x
x
x
x
x
Osmia (Melanosmia) bucephala Cresson, 1864
x
x		
x			
x
Osmia (Melanosmia) collinsiae Robertson, 1905
x							
Osmia (Melanosmia) distincta Cresson, 1864		
x
x
x
x
x
x
Osmia (Melanosmia) inermis (Zetterstedt, 1838)
x							
Osmia (Melanosmia) inspergens Lovell and Cockerell, 1907			
x				
x
Osmia (Melanosmia) proxima Cresson, 1864
x
x
x
x
x
x
x
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6-9
5-9
3-12
5-10
6-8
5-9
6-9
4-9
5-10
7-8
7-9
6-9
4-10
7-8
6-9
4-8
5-10
5-8
4-7
3-8
3-6 (8)
5-7
4-7
4-6
4-6
5-6
5-7
5-6
5-8

C
C
C
C
S1
C
C
C
C
C
C
C
S
C
C
C
C
C
C1
C
C
C
C
C
C
C
C
C
C

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

Ericaceae

Asteraceae

SEASON
NEST SOCIALITY	HOST
(Not WI specific)
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1

This name has been applied to several species related to L. viridatum, and specimens may be misidentified as Lasioglossum paradmirandum or
other similar species. Additional taxonomic analysis is needed to resolve taxonomic uncertainties in this group (J. Gibbs, pers. comm.).
2
Records of L. oblongum need to be checked as many could pertain to L. planatum (Lovell), reinstated as a valid species based on integrative
taxonomic work by J. Gibbs. He has confirmed that both true oblongum and planatum occur in Wisconsin.
3
Records of L. pilosum need to be checked as these could include other closely related species such as L. succinipenne, recently confirmed to
occur in Wisconsin as a result of integrative taxonomic work by J. Gibbs.
4
Removed from synonymy with L. oblongum based on integrative taxonomic work by J. Gibbs.
5
Hannah Gaines and Michael Arduser, pers. comm.
6
Graenicher’s (1935) records of C. aestivalis Pattton pertain to this species (Stephen, 1954).
S1Cells constructed of leaves as in related cavity-nesting, leaf-cutting Megachile.
C1Reportedly nests in snail shells.

Lysimachia
Lysimachia

Megachilidae
Megachilidae
Megachilidae
Megachilidae
Megachilidae
Megachilidae

Ericaceae

SEASON
NEST SOCIALITY	HOST
(Not WI specific)

Osmia (Melanosmia) pumila Cresson, 1864
x			
x		
x
x
4-7
C
S
Osmia (Melanosmia) simillima Smith, 1853
x		
x
x		
x
x
5-8
C
S
Osmia (Melanosmia) tersula Cockerell, 1912
x
x
x		
x			
5-7
C
S
Osmia (Melanosmia) virga Sandhouse, 1939
x							
4-7
C
S
Osmia (Osmia) lignaria Say, 1837
x
x
x
x		
x
x
2-6
C
S
Paranthidium (Paranthidium) jugatorium (Say, 1824)
x					
x
x
7-9
S
S
Stelis (Stelis) coarctatus Crawford, 1916				
x				
6-8
[C]
P
Stelis (Stelis) foederalis Smith, 1854				
x				
5-7
[C]
P
Stelis (Stelis) labiata (Provancher, 1888)				
x				
4-8
[C]
P
Stelis (Stelis) lateralis Cresson, 1864				
x				
3-7
[C]
P
Stelis (Stelis) nitida Cresson, 1878								
6-7
[C]
P
Stelis (Stelis) permaculata Cockerell, 1898			
x					
7-8
[C]
P
Stelis (Stelis) subemarginata Cresson, 1878				
x				
7
[C]
P
Trachusa (Heteranthidium) zebrata (Cresson, 1872)
x			
x				
8-10
S
S
Melittidae
										
Macropis (Macropis) ciliata Patton, 1880						
x		
5-9
S
S
Macropis (Macropis) nuda (Provancher, 1882)
x		
x
x		
x
x
6-8
S
S
											
Total Number of Species
166 125 129 221 95 224 228				
Number of Counties in region
7 12
8
7
9 16 13				
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Wisconsin during August 2006 (Spring Green Preserve in Sauk County, Avoca
Prairie in Iowa County, and Buena Vista Marsh in Portage County). Most
(5) specimens were collected on Solidago sp. and one individual was collected
from Centaurea biebersteinii (DC). The distribution of A. placata was poorly
understood prior to LaBerge’s (1967) revision of subgenus Callandrena due
to confusion by most previous workers with the very similar Andrena simplex
Smith (=solidaginis Robertson).
Andrena (Cnemidandrena) peckhami Cockerell, 1902. A scarce
composite specialist collected (2 specimens) on Solidago by ATW along the
Bonita Grade in the Chequamegon-Nicolet National Forest in Oconto County
on 17 August 2005. Also present in museum collections from Buffalo, Burnett,
Pierce, and St. Croix Counties in western Wisconsin.
Andrena (Euandrena) nigrihirta (Ashmead, 1890). The only recent
Wisconsin specimen of A. nigrihirta was collected by Marshall in June 1967 at
Lake Namekagon in Bayfield County (IRCW). Originally described by Graenicher (1911), this northern bee species ranges from Alberta to Nova Scotia and
the New England states and has been collected from Michigan, Minnesota, and
Ontario.
Andrena (Melandrena) barbara Bouseman and LaBerge, 1979.
This is a “southeastern” species at the edge of its range. A single specimen was
collected in Grant County in southwestern Wisconsin by M. Wolf on 15 June
2006 at a weedy wayside. Very similar to Andrena perplexa Smith (=viburnella
Graenicher) and certain other Melandrena, this species might have been overlooked or misidentified by earlier authors.
Andrena (Parandrena) wellesleyana Robertson, 1897. This sandbar
willow specialist is known in Wisconsin only from an undated Dane County
specimen in the IRCW.
Andrena (Scaphandrena) arabis Robertson, 1897. Represented by 3
specimens from Dane and Sauk Counties (IRCW). A Brassicaceae visitor, this
species also has been recorded from Illinois, Indiana, and Michigan.
Andrena (Tylandrena) wilmattae Cockerell, 1906. Two specimens
of this poorly known Wisconsin species were collected from Dane and Trempealeau Counties (IRCW). The species is known to occur in all five nearby states
(Illinois, Indiana, Iowa, Michigan, and Minnesota).
Apidae
Bombus (Pyrobombus) frigidus Smith, 1854. Specimens believed
to be B. frigidus were caught at Thunder Lake State Wildlife Area in Oneida
County on 11 June 2006 and 10 June 2007 by ATW. The color pattern of these
bees resembles typical B. (Pyrobombus) vagans (Smith) and B. (Pyrobombus)
sandersoni (Franklin) but the metasoma is orange-tipped. Studies of DNA sequences are in progress and should diagnose the status of this population with
respect to B. sandersoni and other similar species. The Thunder Lake area is
surrounded by extensive boreal forest, including some of the best areas of open
lowland conifers in north central Wisconsin. Individuals were visiting patches
of Trifolium repens (L.) in 2006 and Rubus sp. along a refuge road during 2007.
Other than an unconfirmed report from Maine this would be the only known
record of this northern and western montane species from the eastern United
States.
Bombus (Bombus) affinis Cresson, 1863; Bombus (Bombus) terricola
Kirby, 1837.
Represented in collections from numerous Wisconsin localities but
not found during 2005-07 by ATW and others, although one B. affinis was
photographed by I. Loser in Dane County in 2006 (http://bugguide.net/node/
view/80951). Recent records are of interest due to documented declines in these
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species and their parasite Bombus ashtoni (Cresson) (National Research Council
2007, Colla and Packer 2008, Grixti et al. 2009).
Bombus (Psithyrus) ashtoni (Cresson, 1864). Widely represented in
historical collections from Wisconsin, but we have seen no recent (post-2000)
records from Wisconsin or anywhere else in eastern North America. A social
parasite of the declining B. affinis (Cresson) and B. terricola (Kirby), this species
is at least as vulnerable as its hosts and deserves the same or greater conservation concern. The most recent records of this species known to us are five queens
collected in Wasilla, Matanuska-Susitna Borough, Alaska by L. Revet during
19-25 May 2003 (AMNH collection, det. by JSA).
Bombus (Thoracobombus) pensylvanicus (DeGeer, 1773); Bombus
(Psithyrus) variabilis (Cresson, 1872).
Bombus pensylvanicus (DeGeer) and its social parasite B. variabilis
(Cresson) were not detected in our study and seem to have declined across the
northern edge of their range (Colla and Packer, 2008). All historical specimens
of B. pensylvanicus examined except one (an IRCW specimen with missing
locality data) were found in the MPM collection. The MPM collection localities
reveal a mainly southern or western distribution in Wisconsin: Dodge, Grant,
Milwaukee, Pierce, St. Croix, Vernon, and Waushara Counties. B. variabilis is
widely represented in historical collections, especially from the Central Sands
Region and southern Wisconsin. Medler and Carney (1963) report specimens
from Dane, Columbia, Grant, Iowa, Sauk, and Waushara Counties, and MPM
specimens were collected in Portage and Burnett Counties.
Epeoloides pilosula Cresson, 1878. Historical records of this cleptoparasite of Macropis species are from southern and western Wisconsin (Burnett,
Dane, Douglas, Grant, Pierce, St. Croix, and Vernon Counties). Since 1960 E.
pilosula has been found only in Nova Scotia (Sheffield et al. 2004; see also Ascher
2005) and recently Connecticut (Wagner and Ascher 2008).
Epeolus ainsliei Crawford 1932. Collected on 25 July 2006 by ATW at
Spring Green Preserve in Sauk County. This is another prairie species, new for
the eastern USA sensu Mitchell (1962). It was known previously from Iowa and
elsewhere in the Great Plains from Alberta and Manitoba to Texas. The Spring
Green specimen was collected over a sandy area in association with potential
Colletes hosts (C. americanus and C. susannae).
Neolarra vigilans (Cockerell, 1895). Three specimens in the IRCW,
collected by P. Gruber in a flight-intercept trap at the Spring Green Preserve
in Sauk County between 24 July and 2 August 2000, were identified by JSA
as N. vigilans. This is the first record of tribe Neolarrini for the eastern
USA outside of the southeast, where the genus is known only from Georgia
and Tennessee, and is the first records of N. vigilans for the eastern USA
(Shanks 1977). Perdita gerhardi (Viereck), a likely host species, was collected
by Gruber at the same time at the Spring Green Preserve. These species
are well-matched in size, but definitive host associations will require rearing
from excavated nests. N. vigilans must have different hosts elsewhere in
its wide range as P. gerhardi does not occur in the southwestern USA and
northern Mexico where N. vigilans occurs. Spring Green Preserve is a 409
ha (1,011 acre) state natural area commonly referred to as the “Wisconsin
Desert”. Located in the unglaciated southwestern part of Wisconsin, it features dry prairie, open sand blowouts, and a number of rare invertebrate
species (Meyer 2003).
Nomada armatella Cockerell, 1903. Two male specimens were collected on 22 May 2005 near Old Highway 64 in Oconto County.
Nomada australis Mitchell, 1962. This cleptoparasite on Agapostemon
is represented in Wisconsin by a single specimen collected in Shawano County
during August 2002 (IRCW), an unusually late date for this species. No records
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have been documented from adjacent states, but this primarily eastern and
southern species also has been collected in Indiana.
Nomada graenicheri Cockerell, 1905. Known with certainty only from
Wisconsin and Ontario. Museum specimens from Wisconsin (all undated) were collected from Buffalo, Burnett, Pierce, St. Croix, and Washburn Counties (MPM).
Nomada hydrophylli Swenk, 1915. A presumed cleptoparasite of
vernal Andrena, N. hydrophylli was collected by ATW and J. Watson in Brown
County. Not found in historical Wisconsin museum collections or from nearby
states except Illinois.
Nomada illinoensis Robertson, 1900. This widespread cleptoparasite
of Andrena is documented in Wisconsin by 10 specimens collected in late spring/
early summer (April – June) between 1920 and 1953 (IRCW). Localities include
Door, Dane, Washington, and Iron Counties.
Nomada imbricata Smith, 1854. Represented in Wisconsin by 3
specimens (IRCW) collected during April by Medler in Washington County
(1952) and during May in Dane County (Fye in 1953 and Kriska in 1993). A
widespread eastern North American cleptoparasite of Andrena (Melandrena)
species, N. imbricata also occurs in Illinois, Indiana, and Michigan.
Nomada lehighensis Cockerell, 1903. The single Wisconsin specimen of this eastern North American cleptoparasite of Andrena was collected
by R.E. Fye during June 1952 in Bayfield County (IRCW). The species also is
documented from Illinois, Indiana, and Michigan.
Nomada luteoloides Robertson, 1895. A species not previously reported
for Wisconsin, collected by J. Watson 16 June 2005 at Dunbar Barrens State
Natural Area in Marinette County (northeastern Wisconsin) in a white bowl
trap. Dunbar Barrens State Natural Area is an open barrens dominated by low
growing woody plants like Vaccinium sp. and grasses. N. luteoloides is a common and widespread cleptoparasite of Andrena (Melandrena). JSA identified
18 additional specimens from the IRCW collection dating back to 1902. The
most recent of these included collections from Dane (1996), Racine (2000), and
Wood (2004) Counties.
Nomada perplexa Cresson, 1863. The only Wisconsin record since 1953
was collected by Robert Murphy during June 2005 in Waupaca County. Four
older specimens (1931-1953) are present in IRCW from April-June in Dane and
Washington Counties.
Nomada rubicunda Olivier, 1811. Represented by three specimens
(IRCW) all collected during June. Localities include Peninsula State Park in
Door County (1956), Ft. McCoy in Monroe County (1997), and Kettle Moraine
State Forest in Waukesha County (2001). Also found in Indiana, Michigan,
and Minnesota, this species is believed to be a cleptoparasite of Agapostemon.
In New York State, where rarely collected, it seems to be associated with sandy
habitats such as the Albany Pinebush.
Nomada wisconsinensis Graenicher, 1911. Recent specimens of this
geographically restricted species have been collected at Ft. McCoy in Monroe
County (J. Maxwell, June 1997) and in the southern Kettle Moraine Forest of
Waukesha County (Craig Brabant, June 2001). This cleptoparasite, first described by Graenicher, also is known from Illinois, Michigan, and Minnesota.
Nomada xanthura Cockerell, 1908. Not collected in Wisconsin since
1933, when it was found near Madison. Two specimens (IRCW) also were collected
in 1928 by Granovsky in Door County. All Wisconsin specimens were collected
during the month of May. This cleptoparasite of Andrena is known from Illinois
and also from Nova Scotia to New York and New England. N. xanthura may be
a senior synonym of N. inepta Mitchell, 1962, as these two nominal species are
separated on the basis of a mere color difference; the yellow tergal maculations
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of N. xanthura are more extensive (S. Droege, pers. comm.). N. inepta has,
in turn, been associated as the male (junior synonym) of N. gracilis Cresson,
1863, using DNA barcodes, (Sheffield et al. 2009). Further comparative studies
of these three nominal taxa, of other nominally valid North American species
including N. composita Mitchell, 1962, N. detrita Mitchell, 1962, N. mendica
Mitchell, 1962, and N. ochlerata Mitchell, 1962, and of the European N. flava
Panzer (similarity of this species to N. xanthura was noted by M. Schwarz pers.
comm.), are required to resolve numerous remaining taxonomic difficulties in
this group.
Xylocopa (Xylocopoides) virginica virginica (Linnaeus, 1771). The
common eastern carpenter bee is known in Wisconsin from only two specimens
collected in 1923 (no date) near Racine (IRCW). The species is now known
from all of the eastern United States (Vermont records were confirmed by L.
Richardson pers. comm.).
Colletidae
Colletes aberrans Cockerell, 1897; C. albescens Cresson, 1868;
C. andrewsi Cockerell, 1906; C. susannae Swenk, 1925; C. wilmattae
Cockerell, 1904. These Great Plains species reach their eastern range limits
in Iowa, Illinois, Wisconsin, Minnesota, and Michigan. All of the specimens are
present in the Milwaukee Public Museum (MPM) collection, while C. aberrans
also is present in the IRCW and ATW collected C. susannae on 23 July 2006 at
Spring Green Preserve.
Colletes consors mesocopus Swenk, 1907; C. impunctatus lacustris
Swenk, 1906. Both species are boreal bees reaching the southern edges of their
eastern ranges in Wisconsin. All older specimens are found in the MPM Collection. ATW and students collected recent specimens of C. c. mesocopus on 17 June
2005 and 29 June 2006 at Toft Point State Natural Area in Door County.
Colletes nudus Robertson, 1898. This southern species is not present
in historical Wisconsin collections but was found visiting Spiraea by ATW at
Avoca Prairie in Iowa County on 23 July 2006.
Hylaeus (Prosopis) nelumbonis (Robertson, 1890). Collected from
Dane County (IRCW) and found by ATW on 23 July 2006 at Avoca Prairie in
Iowa County, where it was visiting Eupatorium maculatum (L.). Water lilies
(Nymphaeales) were present in floodplain wetlands within 500 m of this site.
Halictidae
Dufourea marginata (Cresson, 1878). Sunflower specialist collected
at Helianthus on 29 August 2006 by ATW at Avoca Prairie (Iowa Co). Also
present in MPM collection (Polk and St. Croix Counties).
Dufourea monardae (Viereck, 1924). Specialist on Monarda. Collected in Brown County by ATW and present in IRCW (specimen from Dane
Co). This Monarda specialist is best known from the Upper Midwest (including
Michigan, Illinois, Indiana) and southern Ontario, but was collected by JSA on
10 Aug 2008 near Elmira in Chemung County, New York, a new state record
and significant range extension.
Dufourea novaeangliae (Robertson, 1897). Specimens from western
Wisconsin are present in IRCW and MPM collections. This is a Pontederia
specialist at the NW edge of its range in Wisconsin.
Lasioglossum (Dialictus) bruneri (Crawford, 1902); Lasioglossum (Dialictus) coreopsis (Robertson, 1902); Lasioglossum (Dialictus)
nymphaearum (Robertson, 1895); Lasioglossum (Dialictus) paradmirandum (Knerer and Atwood, 1966); Lasioglossum (Evylaeus) swenki
(Crawford, 1906). These 5 species were added to the state list by the Wisconsin Department of Natural Resources’ Prairie Invertebrate Survey during the
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mid-1990’s. All were found in native prairie remnants in southern Wisconsin,
and all are known from grasslands in at least one of the nearby states (Illinois,
Indiana, Michigan, or Minnesota).
Lasioglossum (Dialictus) atlanticum (Mitchell, 1960). Recent specimens collected by ATW and colleagues in Brown, Iowa, and Grant Counties
were identified by J. Gibbs as L. atlanticum. Many specimens labeled as L.
admirandum in historic collections actually pertain to this species.
Lasioglossum (Dialictus) divergens (Lovell, 1905). ATW observed and
collected specimens in suburban Green Bay in Brown County on 1 July 2006;
the bees were visiting Lysimachia ciliata (L.) and Dalea purpurea (Vent.). Also
collected on Rubus spp. in Forest County on 11 June 2005.
Lasioglossum (Dialictus) dreisbachi (Mitchell, 1960). This rare
northern species was collected by ATW in a bowl trap in an oak woods in Brown
County on 25 May 2005 and later identified by J. Gibbs. Also known from Minnesota, Michigan, and New York.
Lasioglossum (Dialictus) ellisiae (Sandhouse, 1924). The single
Wisconsin specimen was collected at Spring Green Prairie (Sauk County) in July
2006 by ATW and later identified by J. Gibbs. This species was synonymized with
L. tegulare by Mitchell (1960) but was recently resurrected by Gibbs (2009).
Lasioglossum (Dialictus) hartii (Robertson, 1892). A rarely collected
species from the southeastern and central United States is represented by a
single undated specimen from Vernon County in MPM collection.
Lasioglossum (Dialictus) hemimelas (Cockerell, 1901). This rarely
collected species previously known only from New Mexico and Colorado. The
single Wisconsin specimen was collected on 24 May 2005 from Oconto County
by ATW and later identified by J. Gibbs.
Lasioglossum (Dialictus) illinoense (Robertson, 1892). A single specimen was collected by M. Wolf on 7 July 2006 near Eau Claire and later identified
by J. Gibbs. This species is widely distributed in eastern North America.
Lasioglossum (Dialictus) obscurum (Robertson, 1892). The only
2 Wisconsin specimens are from Dane County (Medler, July 1952) and Grant
County (no date). This species is scarce but widespread in the eastern U.S.,
including records from Illinois, Indiana, Michigan, and Minnesota.
Lasioglossum (Dialictus) perpunctatum (Ellis, 1913). Collected by
ATW near Lake Michigan at Kingfisher Farm in Manitowoc County (30 July
2005) on Rudbeckia hirta (L.) and Argentina anserina (L.) Rydab. and on 29
June 2006 on Potentilla at Ridges Sanctuary in Door County.
Lasioglossum (Dialictus) rohweri (Ellis, 1915). Collected by R. Howe
at Solon Springs in Douglas County on 2 June 2005 in white bowl trap. Also
collected on Penstemon digitalis (Nutt. ex Sims) at UWGB prairie restoration in
Brown County on 20 June 2005, at Kingfisher Farm in Manitowoc County on 30
July 2005, at Dunbar State Natural Area in Marinette County on 30 May 2005,
Buena Vista Wildlife Area in Portage County, Lower Wisconsin River Wildlife
Area in Grant County on 1 July 2005, Scuppernong Prairie in Waukesha County
on 2 July 2006, Navarino State Wildlife area in Shawano County on 9 July 2006,
and in Minoqua in Oneida County on 20 July 2005 (all by ATW). Identified by S.
Droege. Likely overlooked by early workers due to great similarity to certain other
Dialictus species, especially L. lineatulum and L. versatum (Robertson, 1902).
Lasioglossum (Dialictus) sagax (Sandhouse, 1924). Newly recorded
from eastern North America based on Wisconsin specimens collected by ATW at
Kingfisher Farm in Manitowoc County on 30 July 2005 and on Ridges Road in
Door County on 29 June 2006. Specimens were identified by J. Gibbs. Previously known only from Colorado.
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Lasioglossum (Dialictus) subviridatum (Cockerell, 1938). Newly recorded from the United States based on Wisconsin specimen collected by ATW at the
Lower Wisconsin River State Wildlife Area in Grant County on 1 July 2005. Specimen was identified by J. Gibbs. Previously recorded only from Saskatechewan.
Lasioglossum (Dialictus) succinipenne (Ellis, 1913). Easily confused
with L. pilosum and therefore underrecorded. Specimens of this western species were collected in Brown, Dane, Door and Grant Counties by UW-Green
Bay scientists in June and July 2005-06 and identified by J. Gibbs. Previously
recorded only from Colorado.
Lasioglossum (Evylaeus) nelumbonis (Robertson, 1890). Single
specimen collected on Eupatorium maculatum L. flowers by ATW at Avoca
Prairie on 23 July 2006. Water lilies (Nymphaeales) were present in nearby
floodplain wetlands. Specimens from Pierce and Walworth Counties also are
present in MPM collection.
Lasioglossum (Hemihalictus) lustrans (Cockerell, 1897). Known
in Wisconsin from 9 specimens collected at Ft. McCoy (Monroe County) in July
1997. Also documented from Michigan, Indiana, and other localities from New
Mexico to North Dakota and along the Atlantic Coast north to Delaware.
Lasioglossum (Lasioglossum) forbesii (Robertson, 1890). Collected recently by Hannah Gaines in Wood County during research on bees of
cranberry bogs and identified by M. Arduser. An eastern species ranging from
Wisconsin to New York and south to Oklahoma and North Carolina. Historical
records from far beyond this area are misidentifications of related species (see
McGinley 1986).
Lasioglossum (Sphecodogastra) texanum (Cresson, 1872). A nocturnal bee specialist on Oenothera represented in Wisconsin collections examined
by a single IRCW specimen. McGinley (2003) recorded this species from Pierce
County (Prescott) and from Wood County (Port Edwards).
Sphecodes antennariae Robertson, 1891. Eastern species represented
in Wisconsin by one record in MPM collection (Vernon County); also documented
from Illinois, Michigan, and Indiana.
Sphecodes atlantis Mitchell, 1956. Collected on Solidago by M. Wolf at
Red Arrow Park Marinette County on 17 August 2006. This tiny cleptoparasite
also is known from Illinois, Michigan, and Minnesota.
Sphecodes johnsonii Lovell, 1909. The only Wisconsin specimens
were collected during September 1961 in Dane County and more recently near
Plainfield in 2003, also during September (IRCW). This eastern North American
cleptoparasite is known from Michigan but not other nearby states. The undescribed male has recently been discovered by JSA among collections from coastal
New York and Massachusetts (the latter collected by G. I. Stage). It is similar
to S. davisii Robertson, but the metasoma is entirely black, not partly red.
Sphecodes townesi Mitchell, 1956. Known from a single Wisconsin
specimen collected at Abrahams Woods State Natural Area in Green County
during June 2000 (IRCW). Also recorded in Michigan, but unrecorded from
other nearby states.
Sphecodes levis Lovell and Cockerell, 1907. A single specimen was
collected by ATW along a sandy road in Marinette County at Dunbar State
Natural Area on 30 May 2005. Also known from Michigan and Minnesota.
Sphecodes banksii Lovell, 1909. Only Wisconsin specimen collected
by ATW at Spring Green Preserve (Sauk County). Documented from Indiana,
Michigan, and Minnesota.
Sphecodes solonis Graenicher, 1911. A northern species described
from Solon Springs in Douglas County (Graenicher 1911). Historic collections
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also have been recorded from Clark County (AMNH). Most recent Wisconsin
collection was in 1978 near Clam Lake in Ashland County. Also known from
Minnesota.
Megachilidae
Anthidium (Anthidium) manicatum (Linnaeus, 1758). Exotic species
new to Wisconsin. Found in Dodge County (Beaver Dam, 28 August 2006 on
mint by ATW) and Dane County (Madison, 14 October 2005 by Schmidt and 28
September 2005 on Lavandula sp. by Mader). This species has rapidly expanded
its range in the midwestern USA having been found in Ohio and Michigan
(Miller et al., 2002), and subsequently in Illinois (Tonietto and Ascher. 2009)
in addition to Wisconsin.
Coelioxys (Coelioxys) immaculata Cockerell, 1912. A male and
female of this cleptoparasite of Megachile addenda were collected recently in
Wood County by Hannah Gaines as part of her research on bees of cranberry
bogs; identified by M. Arduser.
Dianthidium (Dianthidium) simile (Cresson, 1864). A scarce, localized species collected by M. Wolf near Eau Claire in Eau Claire County on 7 July
2006 and two days later by ATW at Navarino State Wildlife Area in Shawano
County. Specimens from western Wisconsin also are in MPM collection.
Hoplitis (Monumetha) albifrons albifrons (Kirby, 1837). Boreal
subspecies poorly documented in eastern USA. Historical records are from
widely distributed localities throughout the state (e.g., Milwaukee, Monroe, Door,
Douglas Counties) in MPM and IRCW collections. No recent collections.
Megachile (Chelostomoides) rugifrons (Smith, 1854). Uncommon
species represented in Wisconsin by only two specimens (Dane County, Oconto
County) in IRCW collection. Also known from Illinois, Indiana, Iowa, and
Michigan.
Megachile (Callomegachile) sculpturalis Smith 1853. Exotic species of East Asian origin new to the state. Collected in Milwaukee County
September 2004 by S. Sullivan Borkin on butterfly bush (Buddleia sp.). Also
photographed by I. Loser at Cross Plains in 2007 (www.bugguide.net). We have
now seen records from nearly all of the eastern United States including Illinois
(Tonietto and Ascher, 2009).
Megachile (Eutricharaea) rotundata (Fabricius 1793). Accidentally
introduced to North America from the Old World and now a very important
managed pollinator of alfalfa. Found between June and late August 2006 at
numerous localities, including Chippewa, Columbia, Dodge, Grant, Portage,
LaCrosse, and Oconto Counties during 2006.
Megachile (Leptorachis) petulans Cresson, 1878. Known from 3
specimens in IRCW collection, 2 from Dane County in 1931 (July and August)
and a third, undated specimen, from Vernon County. Widespread species also
recorded from Illinois, Indiana, and Iowa.
Megachile (Xanthosarus) addenda Cresson, 1878. Recently added
to the Wisconsin list based on collections by Hannah Gaines as part of research
on bees of cranberry bogs. Identified by M. Arduser.
Osmia (Melanosmia) albiventris Cresson, 1864. Numerous specimens
from widely distributed localities are present in MPM and IRCW collections, but
no recent collections are known. We have seen few recent specimens from anywhere in eastern North America and suspect that this species has declined.
Osmia (Melanosmia) collinsiae Robertson 1905. A single specimen
collected in Douglas County near Solon Springs on 2 June 2005 by R. Howe in
a blue bowl trap.
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Osmia (Melanosmia) inermis (Zetterstedt, 1838). The only Wisconsin specimen was collected by Medler in May 1952 near Spooner in Washburn
County (IRCW). This Holarctic species has been documented from Michigan
but no other adjacent state. Known to favor Vaccinium.
Osmia (Helicosmia) georgica Cresson 1878. One collected on Senecio
sp. along a roadside in Iowa County on 3 June 2006 (ATW) is the only Wisconsin
record of this southern species.
Osmia (Melanosmia) proxima Cresson, 1864. Northern species represented by numerous specimens in MPM and IRCW collections, but no recent
collections by ATW and others.
Osmia (Melanosmia) tersula Cockerell, 1912. Northern and western
montane species found also in Michigan and Minnesota. Only Wisconsin records
are specimens in IRCW collection from far northern counties.
Stelis (Stelis) coarctatus Crawford, 1916. Not found in Wisconsin
since July 1903, when Graenicher collected a single specimen near Milwaukee
(Milwaukee Public Museum). A cleptoparasite of Megachilidae, also recorded
from Indiana, Iowa, Michigan, and Minnesota.
Stelis (Stelis) foederalis Smith, 1854. Only state records are MPM
and IRCW specimens from Milwaukee and Door Counties. Known from Illinois,
Michigan, and Minnesota.
Stelis (Stelis) labiata (Provancher, 1888). Uncommon, collected by
ATW at Toft Point in Door County on 29 June 2006. Only other Wisconsin
record is an IRCW specimen with no precise locality data. Documented from
Illinois, Indiana, and Michigan.
Stelis (Stelis) permaculata Cockerell, 1898. Only documented specimen is at the American Museum of Natural History, collected on July 23, 1919 in
Worden Township, Clark County. This rarely detected cleptoparasite is known
from Illinois but no other adjacent state.
Trachusa (Heteranthidium) zebrata (Cresson, 1872). Wisconsin is
the type locality of Anthidium (Protanthidium) chippewaense Graenicher, 1910,
a junior synonym of T. zebrata. We have seen no recent records from the state.
This species occurs in the Western and Central United States, but only locally
in the Midwest including Minnesota and Michigan.
Melittidae
Macropis (Macropis) ciliata Patton, 1880. Recorded from Pierce, St.
Croix, and Vernon Counties in MPM collection. Now rare, this species has also
been recorded from Illinois.
DISCUSSION
Our list of Wisconsin bee species provides a useful baseline for future
studies, although the relatively large number of new records collected since
2005 suggests that much remains to be discovered about the Wisconsin bee
fauna. The number of species (Table 2) represented in collections is highest
for southern Wisconsin (Southeastern and Southwestern regions) and the Lake
Michigan Coastal region, not surprising given that the homes of major collectors
are located there (Milwaukee, Madison, Green Bay). With the possible exception of Northwestern Wisconsin (NW), the extensive areas of natural and seminatural habitats in northern Wisconsin appear to be relatively under-sampled.
The most poorly represented geographic area on our list is the Central Sands
(CS) region. Although covering only nine counties, this region includes large
areas of potentially important bee habitats in Adams, Columbia, Green Lake,
Jackson, Juneau, Marquette, Portage, Waushara, and Wood Counties. These
areas should be high priorities for future field surveys, although new records
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can be expected from all regions in the state. The Wisconsin bee fauna includes
several assemblages of species with similar ecological or geographic affinities,
representing important elements of the native bee fauna that should be recognized by conservation strategies.
Boreal bees. Several bee species are primarily associated with boreal
habitats, reaching their southern limits in Wisconsin. These species are more
or less restricted to the northern and eastern portions of the state, where the
cooling effects of Lake Superior and Lake Michigan result in low average summer temperatures compared with other parts of the state (Graenicher 1935).
Similar conditions also occur extensively in northern Michigan and Minnesota.
Northern species are generally well represented in the flora and associated bee
fauna (e.g., Bombus borealis) from eastern Wisconsin south to northeastern
Illinois (see Pearson 1933), although truly boreal species reach only northern
Minnesota, the Upper Peninsula of Michigan, and northern Wisconsin. At Solon Springs in northwestern Wisconsin (Douglas County), Graenicher recorded
several characteristically boreal bees in 1909 (Graenicher 1911), including Colletes impunctatus lacustris and Sphecodes solonis (type locality). Our recent
record of B. frigidus in north-central Wisconsin represents another example of
a boreal bee species that is restricted to sites of appropriate northern habitat
and microclimate.
Western bees. A remarkable assemblage of bee species with western or
prairie affinities reaches its northern or eastern limits in unglaciated portions of
western Wisconsin, extending northward through the St. Croix and Mississippi
Valleys. Species characteristic of the Great Plains but generally absent from
forested eastern North America include Colletes aberrans and C. albescens, and
Anthophora walshii, and its probable cleptoparasite Xeromelecta interrupta. Of
these, Anthophora walshii is interesting for its disjunct occurrence as far east
as coastal New England.
Sand specialist bees. Several bee species that nest exclusively in sand or
visit host plants restricted to sand occur in southeastern and central Wisconsin,
especially along the Wisconsin River. Sand specialists include Dianthidium
(Dianthidium) simile (O’Brien 2008), Lasioglossum (Dialictus) vierecki, and
probably several Perdita and Colletes that serve as hosts of cleptoparasitic
Neolarra and Epeolus, respectively.
Prairie bees. Collections of new state records by Wisconsin Department of
Natural Resources researchers during the 1990’s and more recently by ATW and
colleagues demonstrate that remnant prairies and barrens in Wisconsin harbor
many remnant populations of native bees, especially among sweat bees of the
genus Lasioglossum. The WDNR collections have not been completely analyzed
and are likely to provide additional new findings. Native grasslands and barrens
clearly should be a high priority for bee conservation in Wisconsin.
Oligolectic bees. Oligolectic bees (Table 2) have specific ecological needs
that must be considered when sampling bees and assessing their conservation
needs and utility as pollinators. Graenicher’s work and that of Robertson in
southern Illinois provide a solid foundation for understanding oligolecty among
Wisconsin bee species, but require updating based on subsequent studies. Physalis specialists include Colletes latitarsis and Perdita halictoides (recorded
by Graenicher as P. maura). Visitors of aquatic plants in Wisconsin include
two species that are poorly studied but seem to have some degree of association
with Nymphaeaceae: Hylaeus nelumbonis and Lasioglossum (Evylaeus) nelumbonis. Dufourea novaeangliae requires the aquatic pickerelweed, Pontederia
cordata. L. Lasioglossum (Sphecodogastra) texanum is a nocturnal oligolege of
Oenothera (Kerfoot 1967). All Macropis species are specialists of Lysimachia
(Myrsinaceae), from which they collect pollen and floral oils used for food and
nest linings (Cane et al. 1983).
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A few oligolectic associations proposed by Graenicher (1935, and previous
papers) are now regarded as incorrect. Andrena wheeleri is now thought to be a
polylectic species with some preference for blueberries (Vaccinium) rather than
an oligolege of Apiaceae (=Umbelliferae) as indicated by Graenicher (LaBerge
1989). Granicher recorded the introduced Melilotus albus Medik. (as M. alba
Desv.) (Fabaceae) as the pollen source of Perdita maculigera maculipennis
Graenicher and hypothesized that it originally collected pollen from native
Leguminosae (=Fabaceae). However, this subspecies has subsequently been
reported to collect pollen from Salix (Salicaceae) (Timberlake 1960; Michener
and Ordway 1963), and JSA found a few visiting sandbar willows, Salix exigua
Nutt. at Cayuga Inlet, Ithaca, New York after examining specimens from that
host plant and locality in the Cornell University Insect Collection obtained by
the late G.C. Eickwort.
Parasitic bees. Parasites may be particularly vulnerable to environmental threats because they require substantial populations of particular host bees
for survival. Compounding this problem, many parasitic bee species remain
rare in collections, including several Wisconsin species (Table 2); partly for this
reason the taxonomy and identification of genera such as Nomada and Sphecodes
requires much additional work. In addition to being worthy of conservation
status in their own right, cleptoparasites can serve as indicators of healthy
populations of their host bees.
Seasonality of bees in Wisconsin. The earliest seasonal flight records
of bees noted by Graenicher (1935) from the Milwaukee area were of Andrena
frigida (as A. cockerelli), a willow specialist, and Osmia lignaria, a regular
polylege of willows, collected on 31 March 1903 from staminate flowers of the
earliest-blooming willow, Salix discolor (Muhl.). Willows (Salix spp.) typically
are in flower by mid-April in northeastern Wisconsin according to recent phenology records by G. Fewless (pers. comm., University of Wisconsin-Green Bay
Herbarium, Green Bay, WI). Data from Ithaca, NY from 1996-2003 (Ascher,
unpublished) indicate that Colletes inaequalis emerges there in the last week
in March simultaneous with or slightly before A. frigida, although Graenicher
(1935) did not record C. inaequalis until April.
Late-occurring species like Andrena asteris, A. canadensis, A. hirticincta,
and Pseudopanurgus andrenoides, P. nebrascensis, and P. rudbeckiae are associated with fall-flowering species of Asteraceae. The flight periods of these
autumnal bees, like those associated with early spring flowers, may be compressed into very short windows of time in northern Wisconsin due to early or
late onset of cold conditions.
Comparison with other states. JSA has compiled a comprehensive
list of published and many additional unpublished bee distributions for nearby
states (and elsewhere), including records cited by Mitchell (1960, 1962) and
subsequent revisions (see above). These state lists incorporate published records
by Pearson (1933) from the Chicago area, Robertson (1929, updated by Marlin
and LaBerge 2001) from southern Illinois, Evans (1986) from southeastern
Michigan, and Tuell et al. (2009) from Michigan. According to this compilation,
nine species on our Wisconsin list (Bombus frigidus, Colletes andrewsi, Neolarra
vigilans, Nomada xanthura, Stelis subemarginata, Lasioglossum planatum, L.
sagax, L. succinipenne, and L. subviridatum) have not been recorded in any of
the adjacent states of Minnesota, Michigan, Iowa, and Illinois, or from nearby
Indiana (Table 3). The Lasioglossum (Dialictus) have been underrecorded due
to inadequate knowledge of their taxonomy and identification. The ranges of
most of the other species are centered in the Great Plains west of Wisconsin or
in the boreal region to the north, including the northern Great Lakes.
At least 130 species are recorded from Illinois but not Wisconsin, including a large number of “southern” species recorded at Carlinville (Marlin
and LaBerge 2001) and other sites in southern Illinois. A larger proportion
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Table 3. Comparison of the documented bee fauna in Wisconsin with species lists from
nearby states compiled by Ascher and colleagues. These records are online at www.
discoverlife.org as part of the “AMNH_BEES” database.
State
Illinois
Indiana
Iowa
Michigan
Minnesota
All 5 states

Total
Species
417
388
204
404
325
577

Recorded
in WI

Not in
WI

285
285
169
325
277
381

132
103
35
79
48
191

% Shared
with WI
68.3
73.5
82.8
80.4
85.2
66.0

of species (> 80%) listed for Iowa, Michigan, and Minnesota also are found in
Wisconsin. According to this analysis, Wisconsin’s bee fauna is most similar to
that of Minnesota, reflecting shared northern elements and limited southern
elements in these faunas.
Changes in the Wisconsin bee fauna over time. The bees of Wisconsin
are important in broader context due to the historical contributions by S. Graenicher. Early research on Wisconsin’s bee fauna was rife with new discoveries,
although several species from the state have been subsequently recognized as
junior synonyms (Table 4). Graenicher described 20 species from specimens collected at Milwaukee and elsewhere in Wisconsin. Other authors also described
new bee species from Wisconsin specimens collected by Graenicher, naming in
his honor a Halictus sensu lato (Ellis 1914; now a junior synonym of Lasioglossum pictum (Crawford)) an Andrena (Cockerell 1902; now a junior synonym of
Andrena helianthi Robertson), and a Nomada (Cockerell 1905).
By 1935 Graenicher already had recognized significant changes in the bee
fauna and host plants compared with his collections from earlier decades. He
began his treatise on Wisconsin bees with the following observation (p. 285):
“Much of the information presented in this article was obtained in Milwaukee,
Wisconsin, around the beginning and in the early part of the present century.
In the meanwhile Milwaukee, the largest city of the state, has grown far beyond
its former limits, thereby bringing about considerable changes in the biota of the
surrounding territory. This statement applies especially to the various plant
communities with which the bees were associated. In other words, this article
deals to quite an extent with conditions as they were found years ago.”
Graenicher (p. 300) described Epeoloides pilosula as “comparatively common at Milwaukee” and noted that it, “has been found in western Wisconsin all
along the St. Croix and Mississippi Rivers, together with M. morsei [=Macropis
nuda] (along the St. Croix) and M. ciliata Patton (along the Mississippi).” Despite the former abundance and wide distribution of Epeoloides in Wisconsin
and elsewhere in eastern North America, representatives of this genus (and its
tribe, Osirini) were not recorded anywhere in North America since 1960 until
two males were collected in Nova Scotia, Canada in 2002 (Sheffield et al. 2004;
see also Ascher 2005) and a few specimens were subsequently collected in Connecticut in 2006 (Wagner and Ascher 2008). Relict populations may persist
in Wisconsin and should be looked for wherever its Macropis hosts and their
Lysimachia host plants still occur.
Several bumble bee species have declined alarmingly in the past decade
across the eastern USA including Wisconsin (see above), most notably species
of subgenus Bombus (B. terricola and especially B. affinis) and their obligate

Current Status
Andrena (Andrena) frigida Smith, 1853
Andrena (Andrena) milwaukeensis Graenicher, 1903
Andrena (Andrena) thaspii Graenicher, 1903
Andrena (Callandrena s.l.) helianthi Robertson, 1891 (helianthi species group)
Andrena (Cnemidandrena) canadensis Dalla Torre, 1896 (nubecula species group)
Andrena (Euandrena) nigrihirta (Ashmead, 1890)
Andrena (Micrandrena) melanochroa Cockerell, 1898 (piperi species group)
Andrena (Scrapteropsis) imitatrix Cresson, 1872 (imitatrix species group)
Andrena (Simandrena) wheeleri Graenicher, 1904
Andrena (Tylandrena) perplexa Smith, 1853
Perdita (Perdita) maculigera maculipennis Graenicher, 1910 (octomaculata
species group)
Perdita (Perdita) perpallida citrinella Graenicher, 1910 (octomaculata species
group)
Perdita (Cockerellia) albipennis pallidipennis Graenicher, 19101
Colletes andrewsi Cockerell, 1906 (aestivalis species group)
Colletes brevicornis Robertson, 1897 (willistoni species group)
Colletes impunctatus lacustris Swenk, 1906 (impunctatus species group)
Sphecodes solonis Graenicher, 1911 (clematidis species group)
Lasioglossum (Dialictus) nigroviride (Graenicher, 1911)
Lasioglossum (Dialictus) pictum (Crawford, 1902)
Trachusa (Heteranthidium) zebrata (Cresson, 1872) (zebrata species group)
Nomada aquilarum Cockerell, 1903 ((roberjeotiana species group)
Nomada graenicheri Cockerell, 1905 (vincta species group)2
Nomada pseudops Cockerell, 1905 (ruficornis species group)3
Nomada sphaerogaster Cockerell, 1903 (ruficornis species group)4

Status according to Graenicher

Andrena Cockerelli Graenicher, 1903*
Andrena Milwaukeensis Graenicher, 1903*
Andrena thaspii Graenicher, 1903*
Andrena Graenicheri Cockerell, 1902
Andrena [(Pterandrena)] persimilis Graenicher, 1904*
Andrena nivaloides Graenicher, 1911
Andrena fragariana Graenicher, 1904*
Trachandrena albofoveata Graenicher, 1903*
Andrena wheeleri Graenicher, 1904*
Andrena viburnella Graenicher, 1903*
Perdita maculipennis Graenicher, 1910*
		
Perdita citrinella Graenicher, 1910
		
Perdita pallidipennis Graenicher, 1910
Colletes aestivalis: Graenicher, 1935 (misidentification)
Colletes brachyceros Swenk: Graenicher, 1935, nomen nudum
Colletes vicinalis Graenicher, 1911
Sphecodes solonis Graenicher, 1911
Halictus nigro-viridis Graenicher, 1911
Halictus graenicheri Ellis, 1914
Anthidium (Protanthidium) Chippewaense Graenicher, 1910
Nomada cockerelli Graenicher, 1911
Nomada (Xanthidium) Graenicheri Cockerell, 1905*
Nomada (Xanthidium) pseudops Cockerell, 1905
Nomada sphaerogaster var α Cockerell, 1905*

Table 4. Bee species described from Wisconsin and their current status. In addition to taxa described by Graenicher, the table includes a
misidentification and a nomen nudum by Graenicher, and one Ellis species and two Cockerell species described from Graenicher’s material
and named for him. Species indicated with an asterisk (*) were described from Milwaukee.
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Nomada wisconsinensis Graenicher, 1911
(vegana species group)
Triepeolus obliteratus Graenicher, 1911 (simplex species group)

Nomada wisconsinensis Graenicher, 1911
		
Triepeolus obliteratus Graenicher, 1911

1
Perdita pallidipennis Graenicher, 1910, requires further study, as this may prove to be a subspecies of Perdita (Cockerellia) bequaerti Viereck, 1917, rather than of P. albipennis (JSA, new information, based in part on study of specimens collected by R. Jean in Indiana).
2
This may prove to be a senior synonym of Nomada besseyi Swenk, 1913 (S. Droege, pers. comm.).
3
This may prove to be a junior synonym of Nomada bethunei Cockerell, 1903 (S. Droege, pers. comm.).
4
Nomada sphaerogaster is rarely collected and remains poorly known. We have seen no recent material and few historical specimens. Cockerell’s var. alpha (cited as α in the original species heading), known only from the unique female type and recognized solely on the basis of
slight color differences from the typical form, certainly deserves further study, to confirm that it is indeed conspecific with New Jersey material (specimens can be found at Rutgers University).

Current Status

Status according to Graenicher

Table 4. Continued.
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social parasite B. ashtoni. The effects of pathogens, parasites, parasitoids, and
exotic bee competitors on the Wisconsin bee fauna need to be identified and
monitored, as do the effects of deer herbivory, fire suppression, and forestry
practices on plants visited by bees.
In order to accurately assess changes in Wisconsin’s bee fauna more extensive surveys are needed, especially in the western and northern parts of the
state. The difficulty of species identification has hindered studies of native bees
in Wisconsin and elsewhere. Recently developed online tools such as dynamic
maps, identification keys (e.g., www.discoverlife.org), image databases such
as www.bugguide.net, and integrative taxonomic studies using DNA barcodes
and other DNA sequences as diagnostic tools to supplement morphology (e.g.,
Gibbs 2007, Packer et al. 2008, Sheffield et al. 2009) provide new resources to
overcome this challenge and make it easier for non-specialists to contribute
useful data on Wisconsin’s bees.
Despite the utility of these new tools, there are still major gaps in our
knowledge of the bee fauna of Wisconsin and of the eastern North American
fauna as a whole, particularly with respect to species delimitation and identification of groups such as Sphecodes, Nomada, and Lasioglossum (Dialictus) for
which no revisions exist except Mitchell (1960, 1962). A revision of Lasioglossum (Dialictus) is in progress by J. Gibbs. In addition to the described species
reported in this paper, we also studied what appear to be multiple undescribed
species, including a Nomada of the Gnathias group with very numerous and
dense dark spines at the apex of the female hind tibia (also found elsewhere in
the eastern U.S.A. by S. Droege, pers. comm.) and an unusual Sphecodes of the
Sphecodium group. J. Gibbs (pers. comm.) also reported at least two undescribed
species of Lasioglossum, both collected in 2005-06 by ATW.
In order to effectively quantify changes in populations and distributions,
systematic and repeatable methods are needed. We hope that our list will
provide a foundation for efforts to better document and conserve Wisconsin’s
native bee diversity. Based on widespread evidence of declines in well-studied
species such steps are timely and might be long overdue.
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An annotated checklist of Wisconsin checkered
beetles (Coleoptera: Cleridae and Thanerocleridae)
John J. Dorshorst1 and Daniel K. Young1

Abstract
A comprehensive survey of the checkered beetles of Wisconsin (Coleoptera:
Cleridae and Thanerocleridae), with special emphasis on Wisconsin’s forests was
conducted from 2004-2006. Material procured over the course of two extensive
field seasons, in conjunction with the examination of material from various public
and private collections included 3,959 specimens representing 14 genera and
30 species. Eight species (~27% of the Wisconsin fauna) represent new state
records, having not previously been recorded from the state. Wisconsin phenological and geographical distribution data are presented in conjunction with
natural history and collecting technique information extracted from specimen
label data. Historical records from the surrounding states were examined to
identify additional clerid species whose distribution might potentially include
Wisconsin. Potential biogeographic factors affecting their distribution throughout the state and Great Lakes region are also discussed.
____________________
Clerids and the closely related thaneroclerids are a taxonomically diverse
group of beetles occupying a large variety of ecological niches. The families include 3,366 described species in the world (Corporaal 1950); nearly 291 described
and undescribed species are known from North America north of Mexico (Opitz
2002). Although virtually nothing has been published on the group as a whole for
Wisconsin, scattered references in the ecological and applied literature accounted
for records of 10 genera and 22 species at the onset of this survey. Clerids are
particularly well known for their voracious predatory nature and typically bold,
variegated color patterns; hence, the common name “checkered beetles”.
Many checkered beetle species are relatively specialized, developing as
larvae beneath the bark of dying and recently dead trees where they seek and
prey upon phloem- and wood-boring, and other wood-inhabiting insects. Adults
are also predators of lignicolous insects, especially bark- and wood-boring beetles,
where they are considered to play a critical role as natural enemies of some of
our most devastating forest insects. There are, however, exceptions to the rule,
as some species are restricted to other specific habitats and feeding styles (e.g.,
flowers, feeding on pollen) and still others are presumably generalist predators.
Some larvae develop as inquilines within the nests of bees and aculeate Hymenoptera and their provisions, on insects inhabiting plant galls, the stems of
herbaceous plants and fungi, and on the eggs of slantfaced grasshoppers. Adult
feeding habits range from pollenivory to predation, with prey items reported
from a plethora of insect orders. Conversely, a few species develop in carrion
and, on occasion, stored plant and animal products, where they can sometimes
become economically significant feeding on either the product itself or other
arthropods. Little is known about the biology of most species and further research is needed to elucidate the degree of larval and adult clerid habitat and
feeding specializations.
Clerids have been described as “one of the most important families of
insect predators attacking injurious forest insects” (Baker 1972). Prior to this
Department of Entomology, 445 Russell Labs, University of Wisconsin-Madison, 1630
Linden Dr., Madison, WI 53706, USA.
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survey, research relating to clerids in Wisconsin has focused almost exclusively
on the role they play as predators, or natural enemies, of bark beetles. Despite
their economic importance with respect to bark beetle population regulation,
significant species diversity, and ecological interest, few thorough faunal surveys
exist for clerid beetles in the United States, specifically in the upper mid-west
and Great Lakes region. Wolcott’s (1910) descriptive catalog of the Coleoptera
of Indiana included Cleridae. Knull (1951) reported on the Ohio clerids and
Gosling (1980) provided an annotated checklist of the Michigan species. More
recent works including McNamara’s (1991) checklist of clerids from Canada
and Alaska, and Majka’s (2006) survey conducted in the Maritime Provinces of
Canada provide additional insight on the distribution of checkered beetles in
north-eastern North America, although they are of little utility in identifying
Wisconsin’s fauna. Wickham (1895) recorded six species from Bayfield, Wisconsin; Rauterberg (1888-89) listed 10 species in the state; Wolcott (1909) noted 17
Wisconsin species from the Public Museum of the City of Milwaukee.
Material and Methods
A combination of specimens examined from several public and private
regional collections, and records extracted from both the applied and taxonomic
literature were utilized in conjunction with material collected over the course of
two field seasons in Wisconsin (2004-2005). Initially, adult specimens deposited
in the University of Wisconsin-Madison Insect Research Collection [WIRC] along
with those recorded in the literature were used to create preliminary species
lists, distribution maps, and temporal distributions. These data were used to
identify historically under-sampled regions of the state as well as areas containing unique species records that were focal points of survey work emphasizing
Wisconsin’s forests. Sites were also chosen based on habitat for ecologically
specialized species. The personal collections of Daniel K. Young [DYCC], Craig
M. Brabant [CMBC], Daniel A. Marschalek [DAMC], Michele B. Price [MBPC],
and Peter W. Messer [PWMC], and institutional collections from the Wisconsin
Department of Natural Resources [DNRC], Milwaukee Public Museum [MPMC],
and University of Minnesota–St. Paul [UMSP] contained Wisconsin clerids.
Field sampling included a combination of hand collecting and trapping.
Traps utilized in this survey included Lindgren funnel, flight intercept, Malaise,
jar, and black light. Lindgren funnel traps were often utilized in wooded situations, especially pine plantations and lumber yards where they were used in
conjunction with the bark beetle aggregation pheromone and clerid kairomone,
ipsdienol (Contech Enterprises, Inc., formerly Phero Tech International, British Columbia, polyvinyl bubble caps; 20 mg, 50:50 ± racemic mixture, synthetic
lure). Lindgren funnel traps in deciduous forests were commonly baited with
the terpenoid compound, cantharidin. Cantharidin baits were made according
to Young’s (1984) protocol utilizing cantharidin crystals dissolved in acetone
and pipetted (0.5 ml. of a 10-2 M solution) onto 5.5 cm. filter paper disks. Malaise, flight intercept and jar traps were almost always baited with cantharidin.
Cantharidin-baited jar traps followed the design of Young (illustrated in Price
and Young 2007). Additional hand sampling was also conducted. This included
general diurnal searching for flower visiting species, e.g., Trichodes nutalli
(Kirby), clerids found on/in/or under the bark of declining and dead trees, most
notably those in lumber yards, e.g., Thanasimus spp., and those on the remains
of dead animals, e.g., Necrobia spp. Night collecting was conducted with a head
lamp for nocturnally active species, especially on recently down trees, and with
the aide of a mercury vapor lamp and black light, e.g., Neorthopleura thoracica
(Say). The most effective method for collecting clerids was the use of a sweep
net, generally in prairies, ditches, agricultural fields and barren farm land, e.g.,
Phyllobaenus spp., and a beat sheet on living, dead and dying tree branches
along forest edges, e.g., Monophylla terminata (Say).
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Results
Thirteen genera and 29 species of Cleridae and one species of Thanerocleridae are herein reported as indigenous to Wisconsin. Specimens collected
from this survey are vouchered in the WIRC and in the personal collection of
John J. Dorshorst [JJDC]. Label data were databased using BiotaTM software
(Colwell 1996). Each specimen was entered independently, and has a unique
specimen code. This code can be found beneath the determination label and
serves to attach an individual specimen to a specific record in the database.
Collection codes utilized in this database follow the aforementioned acronyms.
BiotaTM is maintained by the WIRC and the Department of Entomology computing facility.
Subfamilies and genera are arranged phylogenetically (Opitz 2002); species
are arranged alphabetically. New state records are indicated in boldface,
while dubius Wisconsin records are identified with an asterisk [*], and are not
included in the number of species confirmed from Wisconsin. The number of
specimens examined is reported in brackets. Species previously reported from
Wisconsin in the literature are followed by the pertinent reference(s). Natural
history and collecting technique information extracted from specimen label
data is listed for all adult specimens examined from Wisconsin. Both common
vernacular and scientific names are utilized when reporting plant associations.
Generally, plant names follow Gleason and Cronquist (1963). Common names
are omitted when plant data are already represented by their Latin binomial.
Imprecise and/or ambiguously notated collection event data are prefaced by the
phrase “recorded from” in order to acknowledge the relationship (e.g., “ex. Quercus sp.” = recorded from Quercus sp.; it is uncertain whether the specimen was
beaten, hand collected, or reared from oak). Specific label data are denoted by
words qualifying a specific relationship (e.g., collected, beaten, swept, recovered,
reared, associated, and observed). Specimens “recovered” from trap samples
within a given habitat, and those “beaten” or “swept” from a specific plant signify
a less direct relationship. Some data were condensed for simplicity (e.g., window
pane trap and panel trap = flight-intercept trap, at sap flow of oak = oak sap
flow). A brief summary of natural history is provided for each species. Baits
are omitted, except for cases where distinct insect-attractant associations could
be documented or data overwhelmingly supported the association. Phenologies
include active flight periods only; uncertain collection event dates are omitted
in a few cases (e.g., specimens collected indoor, Roman numerals ambiguously
enumerated, etc.). Geographical distributions are listed by county and divided
into nine, eight-county regions (Fig. 1; after Hilsenhoff 1995, Kriska and Young
2002, Price and Young 2007).
FAMILY – THANEROCLERIDAE
Thaneroclerinae Chapin
Zenodosus sanguineus (Say, 1835). [166 specimens examined]. Wolcott
(1909). This species has also been reported from Wisconsin in economic and
applied literature including Aukema et al. (2000a, 2000b), Erbilgin and Raffa
(2002). Collection data indicate it has been recorded from Quercus alba, dead
Q. ellipsoidalis, and Q. rubra, collected on and under the bark of dead hardwood
trees, taken from grain mill, associated with oak sap flow, and the shelf fungus
of dead yellow birch. We have also observed this beetle feeding on leiodids
and sphindids within the fruiting structures of myxomycetes under the bark of
standing, dead hardwood and Pinus resinosa Aiton trees. During our survey, it
was recovered most frequently from Lindgren funnel traps, but also from flight
intercept, pitfall and jug traps.
Zenodosus sanguineus is seemingly quite opportunistic, having been
associated with prey from a wide array of ecological niches. It can be commonly hand collected under loose bark of dead and dying trees, typically oak.
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Figure 1. Regional divisions (nine, 8-county areas) of Wisconsin (after Hilsenhoff 1995,
Kriska and Young 2002, Price and Young 2007).
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It is frequently taken in a variety of coniferous and/or deciduous forest types
including a combination of oak, oak/pine woodlands as well as pine and spruce
stands. Early April – late August. NW: Douglas, Polk, Washburn; NC: Iron,
Oneida, Vilas; NE: Florence, Forest, Marinette, Menominee; WC: Chippewa,
Jackson, Monroe; C: Juneau, Marquette, Portage, Waushara, Wood; EC: Brown;
SW: Grant, Richland, Trempealeau; SC: Columbia, Dane, Dodge, Green, Iowa,
Lafayette, Sauk; SE: Jefferson, Milwaukee, Racine, Walworth, Waukesha.
FAMILY – CLERIDAE
Tillinae Leach
Monophylla terminata (Say, 1835). NEW STATE RECORD. [2
specimens examined]. Both specimens were taken from woodland/grassland
interface on a cliff overlooking Lake Michigan by beating and sweeping woody
vegetation including hardwood shrubs and trees intertwined with wild grape
vines. July. SE: Milwaukee.
Cymatodera bicolor (Say, 1825). [90 specimens examined]. Rauterberg
(1888-89) and Wolcott (1909). Wolcott (1909) reported a Wisconsin specimen
approaching the completely dark morph. We examined specimens from throughout Wisconsin; the dark morph was collected only in the northern and eastern
portions of the state. Adults were collected from cantharidin bait and under
bark of a shagbark hickory snag. It was recovered most frequently from flight
intercept traps, but also Lindgren funnel, Malaise, cantharidin-baited jar, and
black light traps. Many specimens were taken from traps baited with cantharidin in deciduous forests. Specimens obtained from cantharidin-baited jar traps
as well as those observed directly alighting to cantharidin impregnated baits
confirm its attraction to the compound. Mid-May – mid-August. NW: Burnett;
NE: Florence, Marinette, Menominee; WC: Eau Claire, Jackson, Monroe; C:
Juneau, Marquette, Waupaca, Wood; EC: Fond du Lac; SW: Grant, Trempealeau; SC: Columbia, Dane, Dodge, Green, Iowa, Lafayette, Sauk; SE: Jefferson,
Milwaukee, Ozaukee, Racine, Waukesha.
Cymatodera inornata (Say, 1835). [12 specimens examined]. Rauterberg
(1888-89) and Wolcott (1909). It was recovered from Malaise, flight intercept,
and Lindgren funnel traps; a single specimen was also collected at a black light.
Several specimens were taken from traps baited with cantharidin in deciduous
forests, predominantly oak savanna and oak barren ecosystems. This species
is most likely attracted to cantharidin. Mid-May – mid-August. SW: Grant;
SC: Columbia; SE: Jefferson, Ozaukee, Racine, Waukesha.
Cymatodera undulata (Say, 1825). [20 specimens examined]. Wolcott
(1909). It is not uncommon for clerids to be found indoors whether emerging
from firewood or perhaps due to their attraction to light. Specimens of C. undulata were recorded from inside a home on two occasions. Single specimens
were also collected from a black light and with a beating sheet. It was recovered
from Malaise, Lindgren funnel, and flight intercept traps. Most specimens were
taken from traps baited with cantharidin in deciduous forests. Early June –
mid-September. EC: Winnebago; SW: Grant; SC: Dane, Dodge; SE: Jefferson,
Milwaukee, Washington.
Hydnocerinae Spinola
Phyllobaenus dubius (Wolcott, 1912). NEW STATE RECORD. [42
specimens examined]. Adults were frequently collected by sweeping; a single
specimen was swept from alfalfa. Specimens were hand collected from among
the flowers of Onosmodium molle, and on Asclepias syriaca; it was also recovered from pan traps. This species was almost exclusively taken sweeping dry
prairies. Early June – late August. NC: Ashland; WC: Dunn, Eau Claire; C:
Waushara; SW: Grant, Pepin; SC: Dane, Green, Iowa, Rock, Sauk.
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Phyllobaenus humeralis (Say, 1823). [114 specimens examined]. Wickham
and Wolcott (1912). Phyllobaenus humeralis has been recorded from “Quercus
borealis” [now Q. rubra], Q. ellipsoidalis, Q. macrocarpa, Q. velutina, apple,
hybrid poplar, and goldenrod. Adults were frequently collected by sweeping;
a single specimen was taken by hand from the leaves of Lupinus perennis.
Specimens were recovered from Malaise, flight intercept, and Lindgren funnel
traps. It was most typically taken from Malaise traps, but also commonly swept
in habitats containing oak, including oak barrens and savannas. Numerous
specimens were collected in association with oak and apple. Early May – late
August. NW: Bayfield, Burnett; NE: Door, Florence, Marinette; WC: Jackson,
Monroe; C: Adams, Juneau, Marquette, Waushara, Wood; SW: Crawford, Richland, Trempealeau; SC: Dane, Dodge, Green, Iowa, Sauk; SE: Jefferson.
Phyllobaenus maritimus (Wolcott, 1910). NEW STATE RECORD.
[35 specimens examined]. Phyllobaenus lecontei (Wolcott) was reported from
Michigan (Gosling, 1980). We included Wisconsin material as P. maritimus,
as identified by W.F. Barr. Further study and careful inspection of the type
specimens may be necessary to confirm the validity of P. lecontei (W.F. Barr,
personal communication). Specimens were collected from the foliage of big
bluestem, a Quercus sp. leaf, and with a sweep net; three specimens were swept
from Amorpha canescens. This species was also recovered from Lindgren funnel and flight intercept traps. It was collected predominantly in sand prairie
and oak savanna habitats with Lindgren funnel traps and by sweeping. Early
June – late July. WC: Dunn, Monroe; C: Wood; SC: Columbia, Sauk.
Phyllobaenus pallipennis (Say, 1825). [701 specimens examined]. Rauterberg (1888-89), Wolcott (1909), and Wickham and Wolcott (1912). Rauterberg
(1888-89) was likely referring to this species when he reported Hydnocera bicolor
from Wisconsin. Label data indicate P. pallipennis has been recorded from
Acer rubrum, A. saccharum, Fraxinus nigra, Juglans cicnerea, Prunus serotina,
Quercus alba, “Q. borealis” [now Q. rubra], Q. ellipsoidalis, Q. macrocarpa, Q.
rubra, Ulmus americana, and white birch. Specimens were also collected from
a hardwood log pile, under the bark of dead Quercus sp., the underside of Asclepias tuberosa leaf, at light, and by beating Ribes sp. and dead/dying Quercus sp.
branches. It was taken by “sweeping”, D-vac in prairie dropseed, and sweeping
forest floor/underbrush vegetation. We also recovered it from Malaise, flight
intercept, and Lindgren funnel traps. This abundant clerid was most frequently
sampled from Malaise and flight intercept traps in oak woodlands such as savannas, forests, and barrens, and by beating the branches of oak. Late June
– late October. NW: Bayfield, Douglas, Polk, Sawyer; NC: Marathon, Oneida,
Vilas; NE: Door, Florence, Marinette, Shawano; WC: Clark, Dunn, Eau Claire,
Jackson, Monroe, Pierce, St. Croix; C: Adams, Green Lake, Juneau, Marquette,
Portage, Waupaca, Waushara, Wood; EC: Fond du Lac; SW: Grant, Richland,
Trempealeau, Vernon; SC: Columbia, Dane, Dodge, Green, Iowa, Lafayette,
Rock, Sauk; SE: Jefferson, Ozaukee, Washington, Waukesha.
Phyllobaenus unifasciatus (Say, 1825). NEW STATE RECORD. [38
specimens examined]. This species was recorded from Quercus ellipsoidalis and
Q. macrocarpa; single specimens were also beaten from woody vegetation in
an oak savanna, and swept from a grassy field containing oak and locust trees.
Although we recovered it from Malaise, flight intercept, and Lindgren funnel
traps, the most reliable methods were flight intercept and Malaise traps in oak
woodlands including savannas, forests, and barrens. Late June – early September. NW: Bayfield; WC: Jackson, Monroe; C: Adams, Portage, Waushara,
Wood; EC: Winnebago; SW: Grant; SC: Columbia, Sauk; SE: Walworth.
Phyllobaenus verticalis (Say, 1835). [24 specimens examined]. Wickham
and Wolcott (1912). Label data report this species from “Quercus borealis” [now
Q. rubra], and Q. velutina. Single specimens were also collected from within a
gall on Quercus macrocarpa, and beaten from the branches of Tilia americana.
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During our survey, we recovered P. verticalis from Malaise, flight intercept, and
Lindgren funnel traps; most were taken from Malaise and flight intercept traps
in habitats containing oak, specifically oak savannas. Mid May – mid August.
NE: Forest; WC: Monroe; C: Adams, Wood; EC: Fond du Lac; SW: Grant; SC:
Dane, Dodge, Sauk; SE: Jefferson, Kenosha.
Isohydnocera curtipennis (Newman, 1840). [12 male specimens examined; only males were determined to species]. Wolcott (1909). We collected
two specimens by beating living/dead branches of Gleditsia triacanthos. It was
also recovered from Malaise traps and by sweeping in typically drier prairies.
Mid-May – mid-July. WC: Dunn; SW: Grant; SC: Dane.
Isohydnocera tabida (LeConte, 1849). [33 male specimens examined, only
males were determined to species]. Rauterberg (1888-89); Wolcott (1909). Label
data indicate I. tabida was collected by sweeping, and recovered from Malaise
traps; a single specimen was taken with a black light trap. We collected a few
specimens by beating intermixed living and dead branches of Robinia pseudoacacia, and a single specimen was hand collected from a tree leaf in a Juglans
sp. plantation. Specimens were recovered largely from Malaise traps and by
sweeping in highly fragmented and disturbed habitats such as forest edges,
trails, roadsides, and barren farmland. Early June – mid-August. NW: Bayfield,
Douglas; NC: Oneida; NE: Door, Florence; WC: Jackson; EC: Fond du Lac; SW:
Buffalo, Grant; SC: Dane, Iowa, Lafayette; SE: Milwaukee, Waukesha.
Isohydnocera tricondylae (LeConte, 1849). NEW STATE RECORD.
[23 specimens examined]. This species was collected almost exclusively with a
sweep net in dry to dry-mesic prairies including pasture, hill, bluff, limestone,
sand and native. A single specimen was examined from a wet-mesic prairie,
and a few specimens were recovered from Malaise and pan traps. It should be
mentioned here that although I. tricondylae is easily recognized, it keys out in
most generic keys to Phyllobaenus and its generic taxonomic status is uncertain
at this time. Late June – mid-September. SW: Crawford, Grant, Pepin; SC:
Dane, Green, Iowa, Sauk; SE: Jefferson, Walworth, Waukesha.
*Wolcottia pedalis (LeConte, 1866). Wolcott (1909). We examined material
from the MPMC and were unable to locate specimen(s) there or elsewhere. It
is likely this record was based on a misidentified specimen having been placed
within a series of W. pedalis from Missouri in the MPMC. Wickham and Wolcott (1912) and Wolcott (1947) also noted this species from Wisconsin, likely
duplicating Wolcott (1909). We neither collected nor examined any specimens
of W. pedalis from Wisconsin during this survey. Wolcottia pedalis was reported
from both Upper and Lower Michigan (Gosling 1980).
Clerinae Latreille
Priocera castanea (Newman, 1838). NEW STATE RECORD. [3
specimens examined]. Two specimens were recovered from Malaise traps; a third
came from a jar trap baited with cantharidin [association presently presumed
to be incidental]. All specimens were taken from hardwood forests. Late May
– early August. SW: Grant, Trempealeau; SC: Rock.
Trichodes nutalli (Kirby, 1818). [309 specimens examined]. Rauterberg
(1888-89), Wickham (1895), Wolcott (1909), Wickham and Wolcott (1912), and
Mawdsley (2002). This common and colorful species was collected widely from
Amorpha canescens, Apocyanum sp., Ceanothus sp., Penstemon grandiflorus, Pycnanthemum tenuifolium, Rosa sp., and Rudbeckia hirta. Additionally, T. nutalli
was collected from flowers of Achillea millefolium, Anemone canadensis, Asclepias
hirtella, Asclepias incarnate, Asclepias syriaca, Asclepias verticillata, Callirhoe triangulata, Chrysanthemum leucanthemum, “Convolvulus sepium” [now Calystegia
sepium], Erigeron sp., Geranium maculatum, Helianthus occidentalis, Heliopsis
helianthoides, Hypericum perforatum, Monarda fistulosa, Monarda punctata,
Opuntia humifusa, Parthenium integrifolium, Pycnanthemum virginianum,
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Rhus glabra, Solidago missouriensis, and Spiraea alba. It was also recovered
from Malaise, pan, flight intercept, Lindgren funnel, and pitfall traps. Sporadically abundant, T. nutalli is usually clustered in distribution and is easily hand
collected or taken with the aid of a sweep net from roadsides/ditches, oak and
pine barrens, oak savannas, prairies, grasslands and other comparable habitats
profuse with flowers. Early June – early September. NW: Barron, Bayfield,
Burnett, Douglas, Polk, Sawyer; NC: Iron, Marathon, Oneida, Vilas; NE: Door,
Florence, Forest, Marinette, Menominee, Shawano; WC: Chippewa, Clark,
Eau Claire, Jackson, Monroe, Pierce, St. Croix; C: Adams, Juneau, Marquette,
Waupaca, Waushara, Wood; EC: Calumet, Kewaunee, Manitowoc; SW: Grant,
LaCrosse, Richland; SC: Columbia, Dane, Dodge, Green, Iowa, Rock, Sauk; SE:
Kenosha, Milwaukee, Racine, Washington, Waukesha.
Thanasimus dubius (Fabricius, 1776). [823 specimens examined]. Wolcott
(1909). This species has also been reported from Wisconsin in the economic and
applied literature, including Aukema et al. (2000a, 2000b, 2004), Aukema and
Raffa (2002) and Erbilgin and Raffa (2002). We collected it commonly from Pinus
spp. logs in lumber yards and at cut sites including a salvage cut site; it was
also noted specifically on logs and slash of Pinus resinosa and reared from white
pine logs. It was recovered very frequently from Lindgren funnel traps, but also
from flight intercept, Malaise, and jug traps. Specimens of this abundant clerid
are commonly taken from Lindgren funnel traps in plantations and woodlands
containing various combinations of red, white, and jack pines, and spruce. It
can readily be found running up and down the bark of trees infested with bark
beetles. It is often associated with downed or standing pines in decline, the
slash left behind from thinning, harvest and salvage-cut operations, and is especially abundant in lumber yards/saw mills. We have also frequently recovered
T. dubius in Lindgren funnel traps baited with ipsdienol. Early April – early
September. NW: Bayfield, Burnett, Douglas, Washburn; NC: Ashland, Iron,
Lincoln, Marathon, Vilas; NE: Forest, Marinette, Menominee, Shawano; WC:
Clark, Dunn, Eau Claire, Jackson, Monroe, Pierce, St. Croix; C: Adams, Juneau,
Marquette, Wood; SW: Crawford, Grant, LaCrosse, Richland, Trempealeau,
Vernon; SC: Columbia, Dane, Iowa, Sauk; SE: Milwaukee, Walworth.
Thanasimus trifasciatus (Say, 1825). [2 specimens examined]. Wickham
(1895), Wickham and Wolcott (1912), and Schmitz (1978). This uncommonly
collected species is known from few specimens throughout its range. We examined but two, very old male museum specimens over the course of our studies:
Bayfield Co., Wis. [WIRC], and Neopit, Wis., 6-5-40, coll. H. L. Secrest [UMSP].
Four additional Wisconsin specimens were reported by Schmitz (1978), all from
the United States National Museum of Natural History, Smithsonian Institution: “1 ♀ (USNM); Bayfield Co.: Bayfield, (Wickham) 1 ♂ (USNM); Menominee
Co.: Neopit, June 5, 1940 (H. L. Secrest) 1 ♀, 1 ♂ (USNM).” Schmitz (1978)
examined a total of only 25 specimens in his revision of the genus. We were unable to collect this species despite extensive sampling in various conifer stands
throughout northern Wisconsin and specifically Menominee County, including
Menominee Tribal Enterprise’s saw-mill/lumber yard in Neopit. The status of
this species in Wisconsin, and possibly throughout it range, is of great concern
given its rarity in collections and the older collection dates associated with most
specimens. June. NW: Bayfield; NE: Menominee.
Thanasimus undatulus (Say, 1825). [92 specimens examined]. Wickham
(1895), and Wickham and Wolcott (1912). This species has also been reported
from Wisconsin in the economic and applied literature, including Aukema et
al. (2000a, 2000b), and Erbilgin and Raffa (2002). Records of T. undatulus by
Aukema et al. (2000a, 2000b) were erroneously identified as Enoclerus sphegeus
(F.) (K.F. Raffa, personal communication). Data indicate this species was recovered from Lindgren funnel, flight intercept, and Malaise traps. Specimens
of T. undatulus examined over the course of this study were almost exclusively
taken by Lindgren funnel traps, usually baited with ipsdienol, at lumber yards
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or in conifer stands containing various combinations of red, white, and jack pines
and spruce. We recovered this species in the largest numbers from a Lindgren
funnel trap baited with ipsdienol in a diseased and declining spruce plantation.
Mid-April – mid-August. NW: Bayfield, Washburn; NC: Ashland, Iron, Lincoln,
Marathon, Vilas; NE: Forest, Marinette, Menominee; SW: Trempealeau; SC:
Columbia, Dodge, Sauk.
*Enoclerus ichneumoneus (Fabricius, 1776). Wickham (1895). We have
not examined specimens from Wisconsin [see Enoclerus muttkowskii (Wolcott),
below].
Enoclerus muttkowskii (Wolcott, 1909). [13 specimens examined]. Wickham’s (1895) record of Clerus ichneumoneus Fabricius from the southern shore
of Lake Superior [Bayfield Co.] likely refers to E. muttkowskii (Gosling 1980).
Wolcott (1909) first described this species from two Wisconsin specimens in addition to differentiating it from E. ichneumoneus. Wickham and Wolcott (1912)
also reported E. muttkowskii from Bayfield, Wisconsin. In this same paper E.
ichneumoneus was again listed from Wisconsin although it is presumably a duplication of Wickham’s (1895) record. Wolcott (1947) listed both E. muttkowskii
and its synonym Enoclerus liljebladi Wolcott, 1922 from Wisconsin. Mawdsley
(1999) discussed the potential northern range limit of E. ichneumoneus, as
well as the likely southern-most range of E. muttkowskii. This species has also
been reported from Wisconsin in the economic and applied literature, including Aukema et al. (2000a, 2004). It has been recovered almost exclusively from
Lindgren funnel traps in red pine plantations and jack pine/oak woodlands.
Early July – late August. NW: Bayfield [Wickham (1895), Wolcott (1909), and
Wickham and Wolcott (1912)] NE: Door, Menominee; WC: Jackson, Pierce; C:
Adams, Marquette, Wood; SC: Sauk.
Enoclerus nigrifrons (Say, 1823). [132 specimens examined]. Although
Wickham and Wolcott (1912) reported records of E. nigrifrons from the “Lake
Superior region,” it was first reported specifically from Wisconsin in the economic and applied literature, including Aukema et al. (2000a, 2000b, 2004),
and Erbilgin and Raffa (2002). It has been recorded from Pinus banksiana,
Quercus ellipsoidalis, and black hills spruce. Data also indicate E. nigrifrons
has been collected from Pinus strobus slash, spruce w. [presumably wood] yard,
by beating sumac and with a sweep net. During our survey, we recovered it
from Lindgren funnel, Malaise, and black light traps. Most specimens came
from Lindgren funnel traps hung in red pine plantations, although sites containing jack pine and oak were also productive. We have frequently recovered
E. nigrifrons in lindgren funnel traps baited with ipsdienol. Mid-June – midAugust. NW: Douglas, Washburn; NE: Marinette, Menominee, Shawano; WC:
Jackson, Monroe; C: Adams, Marquette, Portage, Wood; SW: Grant, Richland;
SC: Columbia, Iowa, Sauk; SE: Jefferson, Milwaukee, Walworth.
Enoclerus nigripes (Say, 1823). [664 specimens examined]. Rauterberg
(1888-89) first reported this species from Wisconsin as Clerus 4-guttatus Olivier;
Wickham (1895), and Wolcott (1909) reported it under the specific epithet quadriguttatus Olivier. This species has also been reported from Wisconsin in the
economic and applied literature, including Aukema et al. (2000a, 2000b, 2004),
and Erbilgin and Raffa (2002). Enoclerus nigripes has been recorded from Picea
sp. and hickory, collected on and under bark of dead Carya cordiformis, on the
surface and under scales of Carya ovata bark, under bark of dead Quercus velutina,
on fresh cut Pinus banksiana logs, from Pinus resinosa slash, on the surface of
Pinus resinosa logs in a timber yard, from leaf litter, and with a sweep net. It has
been lab reared from Carya cordiformis. It was most frequently recovered from
Lindgren funnel (often baited with ipsdienol, ethanol and alpha-pinene) and flight
intercept, but also Malaise, jug, and black light traps. Specimens were typically
taken from habitats containing oak and pine; it was especially abundant in red
pine plantations. It was also often associated with downed or standing pines in
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decline, the slash left behind from thinning, harvest and salvage-cut operations;
it was commonly observed in lumber yards/saw mills running along bark of trees
infested with bark beetles. Early April – late October. NW: Barron, Bayfield,
Douglas, Washburn; NC: Lincoln, Marathon, Oneida, Price, Vilas; NE: Florence,
Forest, Marinette, Menominee, Shawano; WC: Clark, Eau Claire, Jackson, Monroe, Pierce, St. Croix; C: Adams, Juneau, Marquette, Portage, Wood; EC: Fond du
Lac, Sheboygan; SW: Crawford, Grant, LaCrosse, Richland, Trempealeau; SC:
Columbia, Dane, Dodge, Green, Iowa, Lafayette, Sauk; SE: Jefferson, Milwaukee,
Walworth, Waukesha.
Enoclerus rosmarus (Say, 1823). [106 specimens examined]. Williams
(2004). Label records include Asclepias syriaca, A. tuberosa, and rose. It was
reared from Aster novae-angliae, Baptisia lactea [as Baptisia leucantha], Eupatorium maculatum, Helenium autumnale, Helianthus grosseserratus, Heliopsis
helianthoides, Hypericum pyramidatum, Liatris pycnostachya, Pedicularis
lanceolata, Rudbeckia laciniata, Silphium perfoliatum, Solidago canadensis,
Vernonia fasciculata, and Veronicastrum virginicum. Hand collection data
include, under drift on sandy beach and with a sweep net. It was also recovered from pitfall, Malaise, and flight intercept traps. Enoclerus rosmarus is
most commonly taken by sweeping meadows/grassy fields, prairies and other
habitats containing herbaceous vegetation. Early June – early September.
NE: Door; WC: Jackson; C: Green Lake; EC: Brown, Fond du Lac; SW: Crawford, Grant, Vernon; SC: Columbia, Dane, Green, Iowa, Lafayette, Sauk; SE:
Kenosha, Milwaukee, Ozaukee, Washington, Waukesha.
Placopterus thoracicus (Olivier, 1795). NEW STATE RECORD.
[25 specimens examined]. Collection data include, from blade of grass, at a
black light, beating branches of Robinia pseudoacacia, and with a sweep net.
We also recovered it from Malaise and flight intercept traps. Specimens were
predominantly taken from oak savannas, oak barrens, and prairies. Mid May
– mid July. NW: Burnett, Douglas; NE: Door; WC: Jackson, Monroe; EC: Fond
du Lac; SW: Grant, Trempealeau; SC: Columbia, Iowa, Lafayette, Rock, Sauk;
SE: Jefferson, Milwaukee, Waukesha.
Epiphloeinae Kuwert
Madoniella dislocata (Say, 1825). [315 specimens examined]. Rauterberg (1888-89), and Wolcott (1909). This species has also been reported from
Wisconsin in the economic and applied literature including Aukema et al.
(2000a, 2000b). We hand collected single specimens from a tree leaf in a Juglans sp. plantation, under bark of downed Quercus sp. tree branch at night,
beating a Carya ovata tree branch near Hg vapor lamp at night, and with a
sweep net. Trapping techniques included Lindgren funnel, flight intercept,
and Malaise traps, but 97% of all trapped specimens were taken from those
baited with ipsdienol. The vast majority of these traps were Lindgren funnel
traps placed in red pine plantations. Specimens were also taken from relatively pure stands of jack pine, white pine, and spruce in addition to a variety
of mixed conifer-hardwood forests. Early June – early September. NW: Bayfield, Douglas; NC: Iron, Lincoln, Vilas; NE: Forest, Marinette, Menominee;
WC: Eau Claire, Jackson; C: Adams, Marquette, Wood; EC: Fond du Lac; SW:
Grant, Richland, Trempealeau; SC: Columbia, Dane, Iowa, Lafayette, Sauk;
SE: Milwaukee, Walworth.
Enopliinae Gistel
Chariessa pilosa (Forster, 1781). [51 specimens examined]. Rauterberg
(1888-89), Wickham (1895), Wolcott (1909), and Wickham and Wolcott (1912). It
was recorded from dying Pinus banksiana, Quercus ellipsoidalis and spruce, and
collected from the surface and under scales of Carya ovata bark. We frequently
collected the larvae of this species under bark of recently felled Quercus sp. trees,
and reared one to adult by feeding it assorted cerambycid and buprestid larvae.
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Although we recovered C. pilosa from Lindgren funnel, flight intercept, and Malaise traps, most trapped specimens came from Malaise traps in oak woodlands
including oak savannas and barrens. Late May – early August. NW: Bayfield
[Wickham (1895)]; NC: Oneida; NE: Forest, Marinette; WC: Jackson, Monroe;
C: Adams, Juneau, Portage, Wood; EC: Fond du Lac; SW: Grant; SC: Columbia,
Dane, Iowa, Sauk; SE: Jefferson, Milwaukee, Racine, Waukesha.
Neorthopleura thoracica (Say, 1835). NEW STATE RECORD. [9
specimens examined]. This species was hand collected at a black light, and
at a “house light”, as well as recovered from Malaise and black light traps.
Specimens were almost exclusively collected in association with light. Early
June – late July. C: Waushara; SW: Grant; SC: Dane, Dodge, Sauk; SE: Jefferson, Waukesha.
Korynetinae Laporte
Necrobia ruficollis (Fabricius, 1775). [8 specimens examined]. Rauterberg
(1888-89), and Wolcott (1909). All eight Wisconsin specimens we examined were
from a single collection event: “Green Bay; Feed in Rennet; Everson, IX, 1856”.
This cosmopolitan species is most commonly collected in stored products. The
apparent attraction of this species to moldy cheese (Scott 1919) is notable, as
our record indicated, “Feed in Rennet”. EC: Brown.
Necrobia rufipes (DeGeer, 1775). [18 specimens examined]. Rauterberg
(1888-89). Data indicate this species was collected from Hg vapor lamp/black
light, under long-dead deer, at/under dead salmon, on dead skunk, and in mammal specimen boxes. We observed and collected additional specimens from a
dermestid colony used to prepare vertebrate skeletons for the University of
Wisconsin-Madison Zoological Museum. Specimens of this cosmopolitan clerid
collected in nature have typically been collected in association with dead animal
remains. Late May – mid- September. C: Portage, Waupaca; SC: Dane, Dodge,
Sauk; SE: Kenosha, Milwaukee.
Necrobia violacea (Linnaeus, 1758). [74 specimens examined]. Wolcott
(1909). Our records indicate this species was collected from deer remains, under
dog carrion, skin and bones of dead cow, and from dog boxes. Specimens of the
cosmopolitan N. violacea were mostly taken by hand from the bones, hide, skin,
flesh and hair of deer carcasses, usually from on the drier remains of individuals in the later stages of decomposition. Necrobia violacea was far more commonly seen on carrion in our study than N. rufipes. Mid-April – late August.
NW: Bayfield, Burnett, Rusk; NC: Vilas; NE: Menominee; WC: Eau Claire; C:
Adams, Green Lake, Portage, Waupaca, Waushara, Wood; SW: Trempealeau;
SC: Dane, Dodge, Iowa; SE: Ozaukee, Washington.
Discussion
Biogeographically, Wisconsin presents several unique features that exert
their dominance over the distribution of its biota, including clerid species. The
state can be divided into two distinct floristic provinces: the prairie-forest province (primarily oak savanna, prairie and deciduous forest) in the southwest half
of the state, and the northern-hardwoods province (primarily mixed and boreal
forest) in the northeast. These two provinces are separated by a rather narrow
band or “tension zone” which often delineates the northern limit of southern
plant species, and the southern limit of northern plant species. The tension
zone is characterized by differences in climatic conditions such as winter snow
cover and the temperature and humidity of air masses directed by prevailing
weather patterns in the summer (Curtis 1971). Wisconsin can also be divided
into several other natural divisions emphasizing floristic, geomorphic, and
pedologic criteria (Hole and Germain 1994). Plant community structure directly
affects the distribution of herbivorous insects and ultimately predaceous insects
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such as checkered beetles. Several species appear to have their northern-most
ranges restricted coincidental to the tension zone: M. terminata, C. undulata,
I. tricondylae, P. castanea, E. rosmarus, and N. thoracica.
The Great Lakes act as a barrier to gene flow in northeastern North
America, and presumably account for the clinal variation observed in the Wisconsin range of some species (i.e., Lakes Michigan and Superior). The dark
morph of E. nigripes, black instead of reddish-orange on cranium, pronotum,
and basal 1/3 of elytra, was not collected or examined from Wisconsin during
the course of our studies, despite having been reported (as Enoclerus quadriguttatus variety rufiventris) from the state by Wickham and Wolcott (1912). The
aforementioned record likely stems from Wolcott (1909) who listed the dark
form from Wisconsin while noting, “Some specimens . . . from Wis.; Mich., and
Kans., belong to this variety, but in all there is a faint indication of red at base
of elytra”. Mawdsley (1999), while reporting on E. nigripes from the Adirondack Park in northern New York noted, “the melanic color form of this species
(E. nigripes var. rufiventris (Spinola)) provides a good example of clinal color
variation. Specimens collected south of Pennsylvania have the prothorax and
basal third of the elytra reddish-orange, while specimens from Maine, southern
Canada, and northern New York have the prothorax and elytral bases entirely
black. Collections of specimens from intervening areas exhibit increasingly
greater proportions of melanic individuals with increasing latitude. Specimens
which are intermediate in the extent of melanic coloration can also be found
in this region.” We examined numerous specimens from central and northern
Wisconsin exhibiting an intermediate form of the variation. These specimens
commonly exhibit an increasingly black cranial maculation. Specimens exhibiting an almost entirely black cranium due to the expansion of this dark maculation
often exhibit an increasingly black pronota, with the pronotum never becoming
black anterad the subapical depression. We have examined specimens [DYCC]
from the Central Lower Peninsula of Michigan that are entirely dark. Given the
distribution of this dark morph and previous observations regarding its clinal
variation (Mawdsley 1999), we suspect Lake Michigan may act as a barrier to
gene flow, altering its occurrence in Wisconsin. Another example of clinal color
variation in the Great Lakes region is that of C. bicolor, a clerid widely distributed throughout northeastern North America. The dark morph of C. bicolor,
only found in northern and eastern Wisconsin, is seemingly restricted to the St.
Lawrence River Watershed (personal observation; Barr 1950).
The completeness of a survey is often difficult to assess based solely on the
presence of additional species in neighboring states. In the case of Wisconsin
clerids there are several factors that likely contribute to this uncertainty. The
Great Lakes to the north and east likely serve as historical barriers, while large
tracts of agricultural land, especially along Wisconsin’s southern border may
be relatively contemporary barriers to the range extensions of eastern species.
In the case of the latter, lack of pre-settlement and early settlement surveys
preclude developing hypotheses regarding the possible extirpation of clerid
species that might have once occurred in Wisconsin. An understudied Great
Plains clerid fauna, together with rampant habitat fragmentation due largely
to agricultural development in this region also prevent us from predicting the
limits of many typically western clerid species vis-à-vis Wisconsin.
Several Michigan species (Gosling 1980) not yet collected in Wisconsin may
possibly occur here, including Cregya oculata (Say), Enoclerus quadrisignatus
(Say), Lecontella brunnea (Spinola), Pelonium leucophaem (Klug), Pelonium
lecontei (Wolcott) [see P. maritimus], Pyticeroides laticornis (Say), and Wolcottia
pedalis (LeConte) [dubius WI record, see *W. pedalis]. Wolcott (1910) and Knull
(1951) treated the clerids of Indiana and Ohio respectively. Species occurring in
those states that could possibly occur in southern Wisconsin, include Enoclerus
analis (LeConte) [dubius Ohio record], E. ichneumoneus (Fabricius) [Indiana,
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Ohio; dubius Wisconsin record, see *E. ichneumoneus and E. muttkowskii],
Cregya mixta LeConte [Ohio], Cymatoderella collaris (Spinola) [Ohio], Pelonides quadripunctatus (Say) [Indiana, Ohio], Perilypus ornaticollis (LeConte)
[Ohio], Phyllobaenus pubescens (LeConte) [Ohio; unlikely this far north, W.F.
Barr, personal communication], and Phyllobaenus subaeneus (Spinola) [Ohio].
From Wolcott’s (1947) catalog of North American Cleridae, we might also add
Phyllobaenus iowensis (Chapin) [described from Iowa], Isohydnocera schusteri
(LeConte) [described from Illinois], and Enoclerus coccineus (Schenkling) [northern record from Minnesota] as potential members of the Wisconsin clerid fauna
due to the proximity of these states.
To date three adventive species, all in Necrobia, have been found in Wisconsin. Two specimens identified as the Asian Tillus notatus Klug [UMSP] were
taken from bamboo infested with Dinoderus minutus (Fabricius) (Coleoptera:
Bostrichidae) in Milwaukee; this is certainly an incidental recovery; the species
is not considered further.
Specimens of Enoclerus sphegeus (Fabricius) and Enoclerus lecontei
(Wolcott) have been incidentally collected in Wisconsin, despite their distinctly
western distributions. In reporting on the Cleridae of the Public Museum of the
City of Milwaukee, Wolcott (1909) listed E. lecontei (as Thanasimus nigriventris
LeConte) from Wisconsin, Michigan, and Washington. We verified a single
Wisconsin specimen of E. lecontei from the MPMC. Gosling (1980) noted that
Wickham and Wolcott (1912) also recorded E. lecontei from Michigan, although
he was unable to locate any specimens. Enoclerus sphegeus is represented by a
single adult and two larvae in the WIRC, all from wood-yards in Wood County.
The larvae were included in Barrett’s (1950) thesis: “Control of Insects in or
Emerging from Stored Pulpwood”, wherein he noted larvae had been collected
from, “Nekoosa, in lodgepole pine from Montana, April 10, 1948” and “Port
Edwards, in spruce, April 24, 1948”. The adult specimen was collected on December 8, 1949 in Nekoosa. Aukema et al. (2000a, 2000b) erroneously reported
E. sphegeus from Wisconsin; these determinations refer to T. undatulus (K.F.
Raffa, personal communication). As both E. lecontei and E. sphegeus likely
represent species not indigenous to or established in Wisconsin, they are given
no further consideration herein.
The poor state of taxonomic knowledge regarding some clerid taxa (e.g.
Phyllobaeninae, Enoclerus) only confounds our ability to recognize contemporary
distributions. Available catalogs and notes (e.g., Wickham and Wolcott 1912,
Wolcott 1947, etc.), although valuable, are severely out of date, incorporate
erroneously identified material from previously published records, and often
generalize locality data by state, thus rendering specific distributions uncertain
at best. Phyllobaeninae are not only difficult to separate at the species level,
but the literature is replete with errors (W.F. Barr, personal communication).
Revisionary work on this group is seriously needed; taxonomic placement and
status of some phyllobaenines reported herein is considered tentative. Studies of
Enoclerus have also been fragmentary, the genus never having been collectively
revised or even properly defined (Mawdsley 2001). Until adequate regional keys
are available for these groups it will remain difficult to accurately account for
the species in our fauna, and ultimately hinder our ability to understand the
extent of their biological and economic significance.
Statewide biodiversity studies, like this one, contribute essential baseline
data critical to other ecological and taxonomic research. The inadequate state of
taxonomic knowledge for many taxa is not only a result of insufficient specialists
and funding for such research but also the lack of adequate reference material.
Surveys of the under-sampled clerid fauna of Minnesota and Iowa could greatly
augment our knowledge of clerid species in the Midwest and help to identify
additional species and habitats to both target and conserve in Wisconsin. Additional intensive collecting in southern, especially southeastern Wisconsin could

182

THE GREAT LAKES ENTOMOLOGIST

Vol. 41, Nos. 1 & 2

potentially increase the number of indigenous clerid species, particularly within
prairie and oak savanna ecosystems. It is our hope that specimens and data
amassed during this survey contribute to our understanding of the taxonomy,
distribution, and natural history of Wisconsin’s clerid fauna, and that this will
enable future studies to be conducted on a finer scale. Our survey will have
served its purpose if future workers use it as a tool to better understand this
biologically and economically significant family.
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Effect of Pruning Systems on Arthropod
Communities in Peach Orchards
Ya-hui Hu1, Xiao-xia Liu1, Jie Dong1, Qing-wen Zhang1*, Zhang-wu Zhao1*

Abstract
The effect of two peach tree pruning systems on their arthropod communities was investigated from April to October in 2006 and 2007. The central
leader form (CL) of pruning peach trees has a single erect branch; whereas the
open-vase form (OF) has several dominant branches. There were no significant
differences between the two pruning systems in arthropod species composition
or diversity of natural enemies. According to an ordination statistical approach,
arthropod communities in peach orchards classed by year could be discriminated
using the numbers of trapped summer fruit tortrix moths, Adoxophyes orana
(Fischer von Rosslerstamm) (Lepidoptera: Tortricidae), which were higher in
2006 than in 2007. Arthropod communities in peach orchards classed by pruning
system could be discriminated using the percentage of branches infested with
green peach aphid, Myzus persicae (Sulzer) (Hemiptera: Homoptera: Aphididae),
which was higher in orchards pruned by the CL method than by the OF method.
In addition, lacewing guild (Neuroptera) number in the peach orchards differed
between years and pruning methods with higher numbers in 2007 than in 2006
and in orchards with CL pruning than with OF pruning. We conclude that the
green peach aphids’ preference for young plant tissues in peach trees pruned
by the CL method leads to better developed of green peach aphid in CL peach
orchards than in OF peach orchards. In addition, lower infestation levels in OF
peach orchards could be related to a “dilution effect” of the aphid population as
a result of more shoots remaining in the OF pruning system.
____________________
Pruning has been studied primarily in relation to its effect on fruit quality
and yield (Gu et al. 2005, Suleman et al. 2005, Suthar et al. 2006, Ambroszczyk
et al. 2007, Park et al. 2008, Usenik et al. 2008). Some studies have also found
that pruning can affect arthropods: Pruning may result in the loss of aphid eggs
(Gange and Llewellyn 1988). Plant architecture has been found to influence the
time-budget of parasitoids which use leaves adjacent to aphid colonies for attacking aphids (Weisser 1995). Simon et al. (2006) found that manipulation of
fruit-tree architecture affected the development of the rosy apple aphid, Dysaphis
plantaginea (Passerini) (Hemiptera: Homoptera: Aphididae) and the European
red mite, Panonychus ulmi (Koch) (Acari: Tetranychidae), in an organic apple
orchard. The degree of aphid infestation of peach trees increased with increasing winter tree pruning intensity (Grechi et al. 2008).
In recent years a new pruning system, the crown leader (CL) form, for peach
trees has been adopted in many areas of China. Yang et al. (2006) studied many
physiological characters of the CL system and suggested that CL-pruned peach
trees have many advantages compared with the conventional open-vase form (OF)
of pruning. These advantages include:: (1) shaping is quicker and fruit bearing is
earlier; (2) shape is easier to manage and control; (3) fewer nutrients are required;
(4) fruit quality is better; and (5) cultivar replacement is easier. However, the effects
of the two pruning systems on arthropod communities have not been reported.
Department of Entomology, College of Agronomy and Biotechnology, China Agricultural University, Beijing 100094, China.
*Corresponding authors: (Qing-wen Zhang, e-mail: zhangqingwen@263.net, Zhang-wu
Zhao e-mail: zhaozw@cau.edu.cn).
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Different aspects of arthropod communities in ecosystems may be affected
by different factors. In general, the focus is on species composition of communities
and the populations of pests and natural enemies, as they have very important
roles in biodiversity conservation and sustaining agricultural production. Some
factors may only affect the species composition of arthropod communities (Basset et al. 2001, Worner and Gevrey 2006), some only affect the population of
pests and the abundance of natural enemies (Feng et al. 1989, Epstein et al.
2001), and others impact both (Holland and Luff 2000). Suckling et al. (1999)
used the Shannon-Wiener (H) ecological index, which has been widely used in
many agronomic studies, to assess the diversity of the arthropod community
in apple orchards.
The main objective of this paper was to explore some important impacts of
pruning approaches on arthropods in peach orchards, by comparing arthropod
species composition, and the abundance of common pests and beneficial species
between the two pruning systems.
Material and Methods
Peach orchards. We selected six peach orchards; three were pruned with
the new CL method and the other three with the conventional OF method. In
contrast to conventional pruning using the OF system, 3–4-year-old peach trees
pruned with the new CL mehod have a uniform width from top-to-bottom and
only one vertical central main branch (Fig. 1). Each peach orchard was about
0.3 ha and the distance between orchards ranged between 1000 and 2000 m.
All trees were the peach cultivar Okubo, which was introduced into China from
Japan in 1934. During the study, no insecticide was applied in these orchards
from April 2006 to October 2007. Meanwhile, the same cultural practices except
for pruning approaches were carried out in all orchards. The orchards were located in five villages within the town of Jiade, Linfen County, Shanxi Province
in China (35°23′–36°57′ N, 110°22–112°34′ E), which has a continental climate.
The annual average temperature is 8.9–12.1°C, with an average of about –4°C
in January and 26°C in July. The average annual rainfall is 453.9–688.4 mm
(Ma and Zhang 2007), and the frost-free period is about 193–227 days (data
from http://baike.baidu.com/view/2250833.htm).
Arthropod community. The arthropod community in each peach orchard
was investigated using the beating-branch trap method (Miliczky and Horton
2005). The trap consisted of a 0.5 m2 × 1 m cylinder nylon net bag. Each sample
was collected from one random branch on a tree, from 26 trees in each orvchard,
and pooled for the community assessment. Samples were collected once every
two weeks in April–October of both 2006 and 2007. Each sample branch was
beaten 3 times after it was encased in the the net bag. For each net bag sample,
the bag was examined and all arthropods were identified and counted.
Different methods were used to estimate the populations of several major
pests [the green peach aphid, Myzus persicae (Sulzer) (Hemiptera: Homoptera:
Aphididae), the summer fruit tortrix moth, Adoxophyes orana (Fischer von Rosslerstamm) (Lepidoptera: Tortricidae), and the oriental fruit moth, Grapholita molesta
(Busck) (Lepidoptera: Tortricidae)] because the beating-branch trap method was
not effective for these species. The green peach aphid was observed directly using
the method proposed for apple aphids by Brown (Brown 2004). In each orchard,
green peach aphid samples were collected randomly from 20 trees, each including
10 branch terminals. The selected terminals were examined for green peach aphids.
The percentage of infested leaves per terminal and the percentage of terminals that
were infested were recorded. The branch terminal was selected as the sampling unit
because it represents the habitat unit of a green peach aphid colony. The number of
leaves infested by green peach aphids per 10 leaves of a terminal was recorded as
an indication of the aphid population size (range 1–10). Green peach aphids were
sampled once every six days in April–June in 2006 and 2007.
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Figure 1. Generalized crown shapes of peach trees pruned by the new Central Leader
(CL) method and the conventional Open-vase Form (OF) method.

Sex pheromones can be used to monitor the seasonal abundance of pests
(Suckling 2000). The summer fruit tortrix moth and the oriental fruit moth were
collected using their sex pheromone lures, a 9:1 ratio of Z-9-14-diene-acetate and
Z-11-14 diene-acetate and a 9:1:1 ratio of Z-8-12-diene-acetate, E-8-12-diene-acetate, and Z-8-12-diene-alcohol, respectively, released from rubber sleeve stoppers.
Pheromone lures were obtained from the Institute of Zoology, Chinese Academy
of Sciences. Each sex pheromone trap consisted of a plastic cup hung with nylon
thread from a peach branch at about 1.2 m height (Fig. 2b). A piece of wire was
passed through the center of the cup opening and a sex pheromone lure was attached to it (Fig. 2e). The lure was suspended approximately 10 mm above water
that partially filled the cup (Fig. 2b-c). Sex pheromone lures were deployed at the
end of April and renewed monthly. Trapped moths were collected and counted every
five days. Six pheromone traps were set out for each species in each peach orchard
with about 20 m spacing between traps with the same lure or 10 m between traps
with different lures.
Fruit samples. Pheromone traps for leafrollers, which are very mobile
insects, are often very poor indicators of population pressures within an orchard.
In August, when the fruit was maturing, 100 peaches were sampled from 10
randomly selected trees in each peach orchard. Each peach was examined individually, and the incidence and damage caused by the oriental fruit moth and
summer fruit tortrix moth, recorded.
Data Analysis
Species diversity is described by the Shannon-Wiener index:

H ' = −∑ k =1 ( Pi * LnPi )
i

where Pi is the individual number of i species divided by the individual
numbers of all species (Peet 1974). This index was only calculated for natural
enemies and not for the total community. The indeces from different samples
were square-root-transformed to comply with homogeneity test of variance before the independent sample t-test using SPSS 13.0 software (Zhang and Chen
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Figure 2. Sex pheromone trap used for sampling the summer fruit tortrix moth, Adoxophyes orana, and the oriental fruit moth, Grapholita molesta, in six peach orchards in
Shanxi Province China, during 2006 and 2007. (N = 6 pheromone traps per species per
orchard). (a: thread; b: sex pheromone lure; c: water; d: branch; e: wire; f: cup).

2006) was used to compare biodiversity of natural enemy communities between
the two pruning systems.
The ordination statistical approach canonical correspondence analysis
(CCA) in CANOCO for Windows (Lepš and Šmilauer 2003) was used to compare
arthropod communities between pruning treatments. CCA in CANOCO is similar
to Fisher’s linear discriminant analysis, also called canonical variate analysis in
other statistical software such as SAS. CANOCO data files include mostly species
variable data files and environmental variable data files. Here, the samples in
species variable data files were classified into four groups representing all combination of the two pruning systems and two years. Each group was represented by
three peach orchards. The explanatory variables in the environmental variable
data file were composed of the measured individual numbers of main species or
natural enemy groups, which were the summer fruit tortrix moth, the oriental
fruit moth, lacewings (Neuroptera: Chrysopidae), ladybird beetles (Coleoptera:
Coccinellidae), parasitoids, Erigonidium graminicolum Sundevall (Araneida:
Micryphantidae), Empoasca flavescens Fabricius (Hemiptera: Cicadellidae) and
Orius minutus (Linnaeus) (Hemiptera: Anthocoridae), the percentage of green
peach aphid-infested branches and the size of green peach aphid colonies. The
options for the CCA program were selected to focus on inter-species distances
and included Hill’s scaling; manual selection; Monte Carlo permutation test;
and 999 as the number of permutations.
Results
Species richness of arthropods and diversity of natural enemies.
A total of 30,437 specimens were collected by the beating-branch method from
2006 to 2007 in the six experimental peach orchards. The same arthropod species (up to 93 species) occurred in both the CL and OF orchards. Included were

Delphacidae
Lygaeidae
Miridae
Pentatomidae
Pyrrhocoridae
Reduviidae
Apidae
Braconidae
Chalcididae
Eurytomidae
Ichneumonidae
Pteromalidae
Scelionidae
Sphecoidea
Trichogrammatidae
Lymantriidae
Lyonetiidae
Noctuidae
Plutellidae
Pyralidae
Mantodae
Chrysopidae
Coniopterygidae
Thripidae

2
1*
4
3
1
2*
1
7*
4*
1*
1*
2*
1*
1
1*
1
1
3
1
1
1*
1*
1*
2
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* indicates natural enemy species; the total number of natural enemy species was 53, representing >50% of all arthropod species.

Tetranychidae
1
Insecta
Hemiptera:
Cheyletidae
2		
Homoptera
Phytoseiidae
1*
		
Trombidiidae
1
		
Araneidae
2*
Clubionidae
1*
Linyphiidae
1*
Lycosidae
3*		
Hymenoptera
Micryphantidae
1*			
Salticidae
2*
Tetragnathidae
2*
Thomisidae
3*
		
Phalangiidae
1*
				
Insecta
Coleoptera
Bruchidae
2		
Chrysomelidae
5		
Coccinellidae
5*		
Lepidoptera
Curculionidae
4			
Elateridae
1			
Staphylinoidae
4*			
Dermaptera
Psalidae
1*			
Diptera
Syrphidae
1*		
Mantodea
Hemiptera: 				
Neuroptera
Homoptera
Anthocoridae
2*			
		
Cicadellidae
3		
Thysanoptera

Acariformes
Acarina
		
		
Araneida
		
		
		
		
		
		
		
Opiliones

Arachnida

			Number of				Number of
Class	Order
Family	Species	Class	Order
Family	Species

Table 1 Composition of arthropod species collected using the beating-branch trap in six peach orchards in Shanxi Province, China, during
2006 and 2007. Because aphids were trapped using other methods and many Diptera species were difficult to identify, the table does not
include aphids and non-beneficial Diptera species.
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21 species from 14 families of Arachnida, and 72 species from 34 families of
Insecta (Table 1). There were up to 53 natural enemy species, representing more
than 50% of the total arthropod species. The H’ index calculated for the natural
enemies showed no significant difference between the two pruning systems in
each year (Table 2).
Canonical Correspondence Analysis based on 10 characters of major pest species or natural enemy groups. CCA based on 10 characters of
the major pest species or natural enemy groups showed that individual numbers
of summer fruit tortrix moth (SM) (P = 0.002) and lacewings (LA) (P = 0.040),
and the percentage of green peach aphid-infested branches (PA) (P = 0.004) were
the main explanatory variables (Fig. 3). The three variables explained 77.7%
(2.194 of 2.824) of the variation explained by all the 10 descriptors together. The
variable for percentage of green peach aphid infested branches was represented
near the origin of the first two axes in Fig. 3, which indicates that it was less
important than the other two variables, summer fruit tortrix moth (SM) and
lacewings (LA), in explaining variation among orchards (Ter Braak 1986). The
two years could clearly be distinguished using the SM variable, which had higher
values for 2007 (Fig. 3). The CL pruning method differed from OF pruning in
higher values of PA and LA (Fig. 3). Canonical scores of the orchards showed
that the four groups (year and pruning treatment combinations) did not overlap
(Fig. 4). The classes between the two years and the two pruning systems were
distinguished using the first two discriminating axes, respectively (Fig. 4).
Percentage of fruit damaged by the summer fruit tortrix moth or
oriental fruit moth. Percentage of fruit damagedby the summer fruit tortrix

Fig. 3 Diagram displaying first two discriminating axes of CCA analysis of peach
orchards pruned by the open vase form (OF)
or crown leader (CL) method. The discriminating characteristics and the centroids of
classes are shown. (la: lacewing guild; pa:
percentage of green peach aphid-infested
branches; sm: number of captured summer
fruit tortrix moths).

2006
2006
2007
2007

742.3
663.0
645.0
543.0

± 40.4
± 76.2
± 110.6
± 46.0

36.3
36.3
42.7
41.0

± 2.5
± 3.2
± 0.6
± 1.0

2.39
2.43
2.87
2.75

± 0.07
± 0.10
± 0.11
± 0.06

According to the independent sample T-test, individual number, number of species, and H’ index calculated for the natural enemies showed
no significant differences between the two kinds of pruning in each year.

OF
CL
OF
CL

		Number of Individuals	Number of Species	Shannon-Wiener index
Pruning form	Year
(mean ± sd)
(mean ± sd)
(mean ± sd)

Table 2. Diversity of natural enemies (number of individuals, number of species, and Shannon-Wiener index) for peach orchards pruned
using the open-vase form (OF) or crown leader (CL) method. (n = 3 orchards per pruning method each year).
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Fig. 4 Canonical score of the first two discriminating axes of CCA analysis for peach
orchards pruned by the open vase form (OF)
or crown leader (CL) method.

moth was more than 50% in CL and OF peach orchards in 2006. By contrast
percentage of fruit damaged by the oriental fruit moth was about 35%. However,
in 2007, less than 3% of fruit was damaged by the summer fruit tortrix moth
in CL and OF peach orchards, whereas over 60% of fruit was damaged by the
oriental fruit moth.
Discussion
The major pests and natural enemies found in this study were consistent
with those in other peach orchards in Northern China (Li et al. 2005), although
Lyonetia clerkella (L.) (Lepidoptera: Lyonetiidae) has also been found to be a
major pest in some peach orchards (Dong et al. 2005). Therefore, overall these
results are representative. The absolute density of arthropod species can be
adequately determined using some common sampling methods. However, for
certain species, particular sampling methods are more effective than others
(Horton and Lewis 1997, Knutson et al. 2008). The beating-branch method can
be used to sample most arthropod species including spiders, insect predators, and
parasitoids in the canopies of fruit trees(Horton et al. 2003, Miliczky and Horton
2005). However, the beating-branch method in our study had some shortcomings:
it was moderately effective for collecting insect eggs, aphids, red spider mites
and moth larvae. In an ideal sex pheromone monitoring trap, insect catch is
always directly proportional to the surrounding population, so that the number
of insects captured provides a useful estimate of insect density (Suckling 2000).
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In our study, sex pheromone traps attracted only male moths and were easily
affected by environment factors including strong winds and heavy rain.
Ordination methods can be used to summarize community patterns (Lepš
and Šmilauer 2003) and linear discriminant analysis similar to the CCA method
in our study can be used to compare community differences (Mora et al. 2008).
The variables in the CCA to describe the arthropod community were the major
pest species or groups in the experimental peach orchards. Peach tree or fruit
damage was caused primarily by summer fruit tortrix moths, oriental fruit
moths, and green peach aphids. Each natural enemy group included several common species from the same family. For instance, the lacewing group (Neuroptera:
Chrysopidae) included Chrysoperla sinica (Tjeder), Chrysopa septempunctata
Wesmael, and ladybird beetles (Coleoptera: Coccinellidae) included Propylaea
japonica Thunberg, and Harmonia axyridis (Pallas). Erigonidium graminicolum
Sundevall (Araneida: Micryphantidae) was the most abundant species among
spiders collected in the orchards. Empoasca flavescens Fabricius (Hemiptera:
Homoptera: Cicadellidae) was the most abundant of the neutral species, which
were neither pests nor beneficial insects. Orius minutus (Linnaeus) (Hemiptera:
Anthocoridae) was also a very abundant beneficial species. Many infrequent
species can affect the index of ecological diversity. Natural enemy diversity can
play an important role in pest control (Marc and Canard 1997).
In general, species invasion can alter community species composition
(Kinkorová and Kocourek 2000, Worner and Gevrey 2006), and natural enemy
diversity (Suckling et al. 1999), while pest management and cultivation practices only affect the abundance of some species (Il’ichev et al. 2003). We found
that pruning system did not significantly affect the species composition of
arthropods and natural enemy diversity. This suggests that pruning approach
and other cultivation practices are not important factors affecting variation in
community composition.
CCA showed that significantly greater numbers of the major pest, the
summer fruit tortrix moth, were captured in 2006 than in 2007. Similarly, the
percentage of fruit damaged by the summer fruit tortrix moth was also higher in
2006 than in 2007. The summer fruit tortrix moth can be affected by abiotic factors such as temperature and humidity (Milonas and Savopoulou-Soultani 2004).
Variation in weather conditions between 2006 and 2007 may have affected their
numbers. According to the data from the Meteorological Bureau of Linfen (http://
www.sxsqxj.gov.cn/show.aspx?id=432&cid=9), the experimental area had 291.5
mm of rainfall in April–August 2006 and only 239.4 mm during the same period
in 2007. Incidental heavy rain and stong winds can also affect the efficacy of sex
pheromone traps. In addition to climatic conditions during the active flight season,
winter weather conditions can also affect population levels at the beginning of the
season. Pest population levels are also affected by egg and/or larval parasitism
or predation which were not directly assessed in this study.
Green peach aphid abundance was significantly greater in orchards with
CL pruning compared to orchards with OF pruning. The abundance of insects
is mainly affected by meteorological factors and food, but is also related to many
other factors such as competition, presence of natural enemies, and fitness. Since
all six experimental peach orchards were located in the same town with the same
meteorological factors, food was probably the main cause of differences in green
peach aphid abundance between pruning forms. The different tree shapes that
result from CL and OF pruning can alter peach tree tissue development, with the
CL trees developing faster (Yang et al. 2006). Generally speaking, plants with
younger tissue develop faster. Grechi et al. (2008) hypothesized that aphids develop
better on growing shoots regarded as young plant tissues than on rosettes. These
results suggest that the green peach aphids’ preference for young plant tissues in
CL peach trees resulted in better development of green peach aphids in orchards
pruned by the CL method than in OF-pruned peach orchards in the growing season.
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The higher pruning intensity in the CL method can also lead to a higher degree of
aphid infestation of peach trees due to concentration of aphids on fewer branches.
In the OF pruming system more shoots remain, resulting in a “dilution effect” of
the aphid population and lower overall infestation level per branch.
The population of lacewings, which are known aphid predators, has been
found to be related to aphid density and the presence of extrafloral nectaries
(Grover et al. 2008, Robinson et al. 2008). Natural enemies can increase numerically with increasing prey within an ecosystem. The population of green peach
aphid attained its peak at the beginning of June in peach orchards under both
pruning systems. Soon after, green peach aphids were rarely found in the peach
orchards possibly due to migration of the aphids to another host. The population
of lacewings also attained its peak at the end of June. We suggest that lacewings
are significantly more abundant on peach trees pruned by the CL than the OF
method at the end of June most likely due to the greater density of green peach
aphids in CL pruned trees.
In summary, our results showed that some pests and natural enemies
were affected by different pruning systems in peach orchards. The results will
be helpful for guiding pest control in peach orchards purned by the CL method.
The ecological impacts of pruning method might not be significant because
pruning methods did not affect the species composition of arthropods and the
diversity of their natural enemies. However, specific control measures should
be used to prevent green peach aphids from reaching an economic threshold in
CL-pruned peach orchards.
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Hitchhiking as a Secondary Dispersal Pathway for
Adult Emerald Ash Borer, Agrilus planipennis
James H. Buck1 and Jordan M. Marshall2

The non-native phloem-feeding beetle from Asia, emerald ash borer (EAB),
Agrilus planipennis Fairmaire (Coleoptera: Buprestidae), disperses actively by
flight and passively with human assistance (Haack et al 2002, Bauer et al 2004,
Taylor et al 2005, Iverson et al 2007). Predisposition to passive dispersal, or more
definitively, stochastic anthropogenic dispersal, results from human-assisted
movement of infested ash (Fraxinus spp.) firewood, nursery stock, logs, or wood
packaging material containing viable EAB life stages from an infested area
(Muirhead et al 2006). Most EAB infestations outside the original six infested
counties in southeastern Michigan have occurred through this human-assisted
dispersal method (Smitely et al 2008).
Since discovery of this new invasive species in 2002 (Haack et al 2002), the
United States Department of Agriculture Animal and Plant Health Inspection
Service Plant Protection and Quarantine (USDA APHIS PPQ) and cooperators
have been tracking new detections of EAB and subsequently investigating how
each new disjunct infestation became established. Most were explained by the
probable movement of ash logs, firewood, or nursery stock but a few infestations
suggested other means of establishment. Examples of inexplicable disjunct
infestations include two separate highway rest areas with infestations that are
approximately 120 km from the epicenter of the original infestation. One rest
area is near Wapakoneta, Ohio (40.6000017oN, -84.158986oW) and the other is
in Elgin County, Ontario, Canada (42.643235oN, -81.561356oW). Firewood and
nursery stock were excluded as potential sources of infestation since the locations
are transient sites and as such have an extremely low probability of providing
a sufficient time required to allow emergence of EAB adults from host material.
However, emerged EAB adults have been observed to be most active in warm
sunny weather (EPPO 2005, USDA APHIS 2008) and open warm sites such as
rest areas, or any warm sunny area, provide an opportunity for vagile EAB adults
to warm and actively disperse from a protected area within or on a vehicle.
Many insects employ “hitchhiking” as one of their methods of dispersal
to a new location (Coulson and Witter 1984). We define “hitchhiking” as the
anthropogenic movement of an insect without contact with its host material.
Random entry by insects into cargo holds on airplanes is well documented (Caton
et al 2006, McCullough et al 2006). In areas of high EAB population densities,
random entry into vehicles by EAB adults has been observed (John Dabler, IN
USDA APHIS PPQ, personal communication).
While certainly not the dominant dispersal pathway for EAB, it would be
prudent to consider “hitchhiking” as a potential secondary means for anthropogenic dispersal of adult EAB. In the case of this insect, at least one male and
one female adult or a single gravid female adult surviving transport would be
sufficient for a new infestation to become established. Additionally, solicited
observations and anecdotal evidence should be considered important in defining
the potential for EAB adults to utilize “hitchhiking” as a secondary dispersal
mechanism. Table 1 depicts responses solicited from individuals associated with
EAB fieldwork in reply to the request for “any evidence of EAB adults hitchhiking on vehicles or other material”. This survey question was electronically
mailed to the Michigan Department of Agriculture Field Operations Coordinator, a researcher at the USDA Center for Plant Science and Technology, and
Supervisory PPQ Officers in Illinois, Indiana, and Ohio and their employees.
All responses are represented in Table 1.
USDA APHIS PPQ, 5936 Ford Court Suite 200, Brighton, MI 48116. (e-mail:
James.H.Buck@aphis.usda.gov).
2
Michigan Technological University, School of Forest Resources.
1

198

THE GREAT LAKES ENTOMOLOGIST

Vol. 41, Nos. 1 & 2

The probability of occurrence for this dispersal method is almost incalculable when random enclosure of insects in a vehicle or sessile establishment of
insects on a vehicle with indeterminate trip length and azimuth is considered.
A coarse scale consideration of populations, both insect and human, may aid in
envisioning the potential for EAB to be transported some distance with vehicular assistance. The potential for this insect to be moved to a new location by a
motor vehicle without host material must not be discounted.
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Adults hidden under passenger window guard and secure up to 72 kph.
Adults attached to the pant legs of field crews during eradication efforts.
Adults observed flying in and out of parked semi-truck trailers.
Adults landing on windshields of automobiles stopped at I-80 interchange.
Adult secured to center of vertical windshield on a large truck at 96 kph.
Adult entangled in the hair of a field surveyor.
Adult noted crawling on passengers pant leg after entering vehicle.
Adults remained on vehicle windshield for miles at 72-80 kph.
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Oakland, MI
LaGrange, IN
Kane, IL
La Salle, IL
Livingston, MI
Huntington, IN
Kane, IL
Livingston, MI

2005
2005
2007
2007
2008
2008
2008
2008

MDA1
USDA APHIS PPQ2
USDA APHIS PPQ
USDA APHIS PPQ
USDA APHIS PPQ CPHST3
USDA APHIS PPQ
USDA APHIS PPQ
USDA APHIS PPQ

Hitchhiking dispersal pathway

Year	Observer agency	County, State

Table 1. Location and hitchhiking dispersal pathways for emerald ash borer compiled from personal communications.
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Occurrence of the Old World Bee Species
Hylaeus hyalinatus, Anthidium manicatum,
A. oblongatum, and Megachile sculpturalis, and
the Native Species Coelioxys banksi,
Lasioglossum michiganense, and L. zophops
in Illinois (Hymenoptera: Apoidea:
Colletidae, Halictidae, Megachilidae)
Rebecca K. Tonietto1 and John S. Ascher2

Hylaeus (Spatulariella) hyalinatus (Smith) (Hymenoptera: Apoidea:
Colletidae), a widely distributed European bee, was first recorded in the New
World from Ithaca, New York (Ascher 2001) and subsequently from the New
York City area (Ascher et al. 2006) and Ontario (Buck et al. 2005, Romankova
2007). Matteson et al. (2008) found H. hyalinatus to be the second most abundant bee species collected in community gardens in the Bronx and East Harlem,
New York City.
Here we report H. hyalinatus from the Chicago region, the first record
from the Midwestern United States, and also report the first record from Pennsylvania. Illinois specimen records are from the following localities in 2008: one
female 22-23 June, and two males 11-12 Aug. from a natural area planting in
Lincoln Park, Chicago, Cook County; one female 16-17 July, and four females
7-8 Aug. from the green roof of the Tyner Interpretive Center at Air Station
Prairie in Glenview, Lake County; and two females 7-8 Aug. in a prairie within
the Lyons Woods Forest Preserve in Waukegan, Lake County. Specimens were
collected using bee bowls placed for 24 hours at each site.
An image of an H. hyalinatus male on Pale Indian Plantain, Arnoglossum atriplicifolium (L.) H. Rob. from Skokie, Cook County was posted to Bug
Guide (www.bugguide.net) in 2006 by John and Jane Balaban and identified
by JSA. The first H. hyalinatus record for Pennsylvania is from a farm in
Franklin County (S. Droege, pers. comm.). An additional Ontario record, the
first for York County, is from Toronto on or near the York University Campus
(S. Droege, pers. comm.).
Three cavity-nesting megachilids native to the Old World, Anthidium (Anthidium) manicatum (L.), Anthidium (Proanthidium) oblongatum (Illiger), and
Megachile (Callomegachile) sculpturalis Smith, are each now abundant across
much of the Eastern United States and have recently invaded the Midwest. We
report all three species for Illinois, apparently for the first time in print.
Anthidium oblongatum was collected at three sites in Illinois using bee bowls
in 2008: 7-8 Aug on the green roof of the Tyner Interpretive Center; 18-19 Sep at
the Lyons Woods Forest Preserve; and 22-23 Sep at Chicago’s Burnham Park. This
species, originally documented from Pennsylvania (Hoebeke and Wheeler 1999),
has also been recorded in Ontario (Romankova 2003) and southern Ohio (Miller
et al., 2002), and has now been found in all Mid-Atlantic States and northeast to
Connecticut and Massachusetts (JSA and S. Droege, unpublished).
The Palearctic wool-carder bee Anthidium manicatum was discovered in
New York in 1963 (Jaycox 1967). It was first detected in Illinois through a Bug
Guide photo of a female taken by Rob Curtis 23 Aug 2006 in Palos Hills, Cook
County, and identified to species by JSA. One male and two females were net
Division of Plant Science and Conservation, Northwestern University and Chicago
Botanic Garden, 1000 Lake Cook Road, Glencoe, IL 60022.
(e-mail: rebeccatonietto2008@u.northwestern.edu).
2
Department of Invertebrate Zoology, American Museum of Natural History, Central
Park West at 79th St., New York, NY 10024.
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collected at Chicago’s Garfield Park Conservatory by C. Askham 26 June 2008,
and one female was collected in bee bowls 8-9 July 2008. This species has also
recently been detected in Urbana-Champaign, Champaign County, Illinois (C.
Rasmussen, pers. comm.). In the Midwest, A. manicatum has previously been
recorded in northern Ohio and southern Michigan (Miller et al. 2002), and in
Wisconsin (A. Wolf and J. S. Ascher, in press; and Bug Guide photos). It is
now known to occur as far west as California (Zavortink and Shanks 2008) and
British Columbia (Gibbs and Sheffield 2009; photos on Bug Guide), in eastern
Colorado (Gibbs and Sheffield 2009; see also photos by A. Goertz on Bug Guide),
in all Mid-Atlantic states, in New England (Connecticut, Massachusetts, Rhode
Island, and Maine), (Maier 2005), and northeast to Nova Scotia (Hoebeke and
Wheeler 1999, 2005; Payette 2001).
On 28 June 2006, a specimen of M. sculpturalis was collected by I. Stewart
in Urbana, Illinois (C. Rasmussen, pers. comm.). The spread of the giant resin
bee to Illinois was predicted by Hinojosa-Díaz et al. (2005), who documented
presence of this species as far west as Ohio by 2001. This species was first reported in North America from North Carolina by Mangum and Brooks (1997).
It has subsequently expanded its range (see Ascher 2001, Mangum and Sumner
2003), and has now been recorded from all states east of the Mississippi except
Maine, Rhode Island, and Mississippi (JSA and S. Droege, unpublished).
The bowl surveys at Lyons Woods also resulted in collection of native bee
species new to Illinois, including one female Coelioxys (Boreocoelioxys) banski
Crawford, an infrequently collected cleptoparasite of Megachile, previously
recorded from Minnesota, Wisconsin, Michigan, Ohio, west to California and
British Columbia, and east to North Carolina and Maryland (Baker, 1975).
We also report Lasioglossum (Dialictus) michiganense (Mitchell), a native
bee first described as Paralictus michiganensis by Mitchell (1960), based on a
female specimen collected in 1940, in Wayne County, Michigan. The species,
which is presumed to be a parasite of forest-dwelling Lasioglossum (Dialictus),
has since been recorded in New York State, (Giles and Ascher 2006), Maryland
and the District of Columbia (S. Droege, unpublished), and southern Ontario
(L. Packer, pers. comm. cited in Giles and Ascher 2006). A single female specimen was bowl collected 14-15 August 2008 in the Lurie Garden of Millennium
Park, Chicago, Cook County, Illinois. Giles and Ascher (2006) predicted this
species was widely distributed throughout the Northeastern United States, and
this record provides evidence that it may be found widely in the Midwestern
United States as well.
Lasioglossum (Dialictus) zophops (Ellis) has been a poorly known species, with no published records subsequent to description of the unique female
holotype of Halictus (Chloralictus) zophops Ellis, 1914, from Boulder, Colorado.
Although not mentioned by Mitchell (1960), recent integrative taxonomic research on subgenus Dialictus by J. Gibbs (Gibbs 2009a, 2009b) has revealed this
species to be widely distributed in Eastern North America (Gibbs in review).
Specimens from Illinois and other eastern states and provinces studied by J.
Gibbs are the first published records of this species for the state and for Eastern
North America. Gibbs (in review) records a single female from Kankakee County,
Illinois, collected by R. Jean on 11 April 2003. Full discussion of L. zophops and
its greatly expanded known distribution will appear soon in a dissertation and
associated published revision by J. Gibbs (Gibbs in review).
The records provided above demonstrate the utility of urban bee surveys
and digital photography for detecting the establishment, spread, and increases
in abundance of exotic bee species (see also Matteson et al. 2008, Gibbs and
Sheffield 2009). These records also highlight the need for additional collecting
to document state-level distributions of native bee species and, in particular,
the potential for urban sites to yield surprising new, biogeographically and
taxonomically significant state records of obscure bee species.
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First Record of Rheumatobates tenuipes
(Hemiptera: Heteroptera: Gerridae) from Indiana
Paul D. McMurray, Jr.1,2,*, and Thomas P. Simon3

ABSTRACT
The water strider Rheumatobates tenuipes Meinert (Hemiptera: Heteroptera: Gerridae) is reported from southern and central Indiana, representing
a new state record. The species was collected from the Anderson, West Fork
White, Patoka, Muscatatuck, and Little Blue rivers and Cicero Creek. Six Indiana specimens were collected from mid-July to mid-September. R. tenuipes
was found in association with the heteropterans Limnoporus canaliculatus (Say)
(Gerridae), Metrobates hesperius Uhler (Gerridae), Trepobates knighti Drake
and Harris (Gerridae), Trepobates pictus (Herrich-Schaeffer) (Gerridae), Trepobates subnitidus (Esaki) (Gerridae), Mesovelia mulsanti White (Mesovelidae),
Microvelia americana (Uhler) (Veliidae), and Rhagovelia obesa Uhler (Veliidae).
Sites included small- to moderate-sized streams and rivers with low velocity,
and substrates composed of either hardpan with thick layers of silt and sand,
or gravel, sand, and cobble.
____________________
During annual macroinvertebrate sampling by the Indiana Department
of Environmental Management (IDEM), six apterous male Rheumatobates
tenuipes Meinert (1895) (Hemiptera: Heteroptera: Gerridae) were collected from
six locations in southern and central Indiana. R. tenuipes has been reported
from Arkansas, the District of Columbia, Florida, Georgia, Illinois, Kentucky,
Louisiana, Maryland, Mississippi, Missouri, North Carolina, New Jersey, New
York, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and Belize (Smith
1988). These specimens represent the first recorded occurrence of this species
in Indiana.
METHODS AND MATERIALS
The R. tenuipes specimens were collected using a D-frame dipnet following
a multi-habitat sampling method (McMurray, Jr. and Newhouse 2006), which
consists of a one minute riffle kick and a sweep of 50 m of stream shoreline
habitat. The riffle and stream shoreline samples were composited, elutriated,
and picked for 15 minutes in the field. All macroinvertebrate specimens collected
in the sample were identified in the laboratory to lowest practical taxonomic
levels, usually genus or species (Lenat and Resh 2001). The six male R. tenuipes
specimens were identified with taxonomic keys in Taylor (1996) and Hungerford
(1954) and compared to Meinert’s (1895) description. Specimens are deposited
with the Purdue Entomological Research Center, Lafayette, Indiana and with
the IDEM macroinvertebrate collection, Indianapolis, Indiana.
Indiana State University, Biology Department, 600 Chestnut Street, Science Building
Room 281, Terre Haute, Indiana 47809 USA.
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RESULTS AND DISCUSSION
R. tenuipes was collected from the following locations in Indiana:
Spencer Co., Anderson R., S. of Jones Mill Rd., N. of Troy, 38°02’20.4”N
86°47’08.5”W, 23-Aug-05; Randolph Co., W. Fork White R., Cnty. Rd. 200
E., 40°11’16.5”N 84°55’53.1”W, 17-Jul-06; Tipton Co., Cicero Crk., Cnty.
Rd. 300 S., 40°15’52.9”N 86°00’38.9”W, 18-Jul-06; Dubois Co., Patoka R.,
NE Dubois Rd., 38°28’13.9”N 86°45’42.5”W, 7-Sep-06; Shelby Co., Little
Blue R., German Rd., 39°32’23.1”N 85°43’36.9”W, 30-Jul-07; Washington
Co., Muscatatuck R., St. Rt. 39, 38°45’10.0”N 85°55’43.1”W, 10-Sep-07.
These streams were generally small (mean width: 10.9 m) and low-gradient
(mean gradient: 0.045%) with little flow. Surrounding land was dominated by
corn and soybean fields, livestock pasture, and small forested tracts. Stream substrates at the southern Indiana localities, including the Anderson, Patoka, and
Muscatatuck rivers, were primarily hardpan with thick layers of silt and sand.
Streams in central Indiana featured gravel, sand, and cobble substrates.
The R. tenuipes specimens were found in association with the following
gerromorphan species: Limnoporus canaliculatus (Say) (Gerridae), Metrobates
hesperius Uhler (Gerridae), Trepobates knighti Drake and Harris (Gerridae),
Trepobates pictus (Herrich-Schaeffer) (Gerridae), Trepobates subnitidus (Esaki)
(Gerridae), Mesovelia mulsanti White (Mesoveliidae), Microvelia americana
(Uhler) (Veliidae), and Rhagovelia obesa Uhler (Veliidae). Sixteen specimens
only identified to the genus Rheumatobates were also collected at these sites and
may represent adult females and immatures of R. tenuipes. Previous studies
have collected T. pictus (Herring 1950), T. subnitidus (Bobb 1974, Taylor 1996),
T. knighti, Rheumatobates palosi Blatchley (Gerridae), and Rheumatobates trulliger Bergroth (Gerridae) (Kittle 1977) in association with R. tenuipes.
Adults of R. tenuipes have been collected in early summer (Drake and
Harris 1932, Bobb 1974, Taylor 1996) and adults and nymphs have been collected together in early fall (Kittle 1977, Drake and Harris 1932, Taylor 1996)
leading Taylor (1996) to conclude that this species may be bivoltine with a summer dispersal flight. The six Indiana specimens were collected from mid-July
to mid-September.
Rheumatobates tenuipes has been collected from a wide variety of lotic
habitats ranging from large streams (Kittle 1977) to small creeks (Sanderson
1982), with current velocity ranging from swift (Herring 1950) to slow or no current (Kittle 1977, Herring 1950, Gonsoulin 1974, Sanderson 1982). R. tenuipes
has also been found in ponds (Kittle 1977), swamps (Herring 1950, Bobb 1974),
lakes (Chapman 1959), and areas of brackish water (Berner and Shoan 1954).
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