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Activity and Diversity of Collembola (Insecta) and Mites
(Acari) in Litter of a Degraded Midwestern Oak Woodland
James F. Steffen1,2 , Joan Palincsar1, Florrie M. Funk3, Daniel J. Larkin1

Abstract
Litter-inhabiting Collembola and mites were sampled using pitfall traps
over a twelve-month period from four sub-communities within a 100-acre (40-ha)
oak-woodland complex in northern Cook County, Illinois. Sampled locations
included four areas where future ecological restoration was planned (mesic
woodland, dry-mesic woodland, mesic upland forest, and buckthorn-dominated
savanna) and a mesic woodland control that would not be restored. Fifty-eight
mite and 30 Collembola taxa were identified out of 5,308 and 190,402 individuals trapped, respectively. There was a significant positive relationship between
litter mass and both mite diversity and the ratio of Oribatida to Prostigmata
and a significant negative relationship between Collembola diversity and litter.
Based on multivariate analysis, Collembola and mite composition differed by
sub-community and season interaction.
____________________

Many oak-woodland ecosystems in the Midwestern United States are in
a degraded condition due to the effects of fire suppression, invasive species,
habitat fragmentation, past land use, and overabundant white-tailed deer
(Lorimer 1985, Nuzzo 1986, Packard 1988, Laatsch and Anderson 2000). Recent
research (Heneghan and Brundage 2002, Heneghan et al. 2004, Ashton et al.
2005, Suarez et al. 2006, Heneghan et al. 2007, Nuzzo et al. 2009) has shown that
invasive exotic-plant species and Eurasian earthworms have dramatic negative
impacts on litter layers and nutrient cycling in Midwestern oak communities.
Sayer (2005) and Eisenhauer et al. (2007) have found that earthworm activity
can also result in soil compaction. The combination of high-nitrogen leaf litter
from exotic shrubs and the rapid incorporation of organic matter into the soil by
exotic earthworms quickly degrades the litter environment. This degradation
by earthworms occurs when surface litter becomes buried under large amounts
of soil castings and also by pulling organic material directly into their burrows.
Microarthropods, such as soil mites and Collembola, are considered perhaps
the most important animal components of temperate forest ecosystems (Moldenke and Lattin 1990, Hansen 2000) and are thought to account for nearly 95%
of the soil arthropod fauna (Seastedt 1984). Their great abundance makes them
important contributors to several soil processes, such as material and energy
cycles, and soil formation (Manh Vu and Nguyen 2000). These organisms have
been shown to affect litter decomposition through increased mass loss and mineralization of nutrients. As dominant mycophages of most terrestrial ecosystems,
oribatid mites and Collembolans affect nutrient cycling processes in the sizable
“nutrient reservoir” represented by the soil fungi, although to what extent is not
clear (Seastedt 1984). Soil disturbances caused by earthworms, both chemical and
mechanical, have been shown to negatively affect microarthropod community
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structure (Maraun et al. 2003, Migge-Kleian et al. 2006, Eisenhauer et al. 2007,
McGrath and Binkley 2009, Burke et al. 2011). Due to low population growth
rates and limited dispersal capacity of endophagous mites, faunal disturbance
may have long-term repercussions (Hansen 1999).
The loss of the litter layer and perturbation to the soils, factors common
to degraded oak woodlands of the Midwest, would suggest that microarthropod
community structure and function have been compromised in these systems.
Monitoring of the activity and diversity of the microarthropod component of
the litter environment could provide information on this important functional
group and provide a means by which effects of restoration on this fauna can be
measured. The purpose of this investigation was to measure the diversity and
activity of Collembolan and mite populations along a naturally occurring litter
gradient within a degraded oak woodland community and to provide a baseline
and potential reference community against which planned future woodland
restoration can be measured.
Methods
Study Area. This study was conducted in Mary Mix McDonald Woods
(N42.152°, W87.781°), a 40-ha oak-woodland/savanna complex comprising a
variety of different sub-communities at the Chicago Botanic Garden in Glencoe, Cook County, Illinois. The study plots were chosen to represent degraded
portions of the woodland. At the time of this study, these areas had received
no management and generally had depauperate herbaceous layers with the
exception of several exotic invaders. The five study plots represent the four
following community types: upland forest, dominated by Quercus alba L. (white
oak), Q. rubra L. (red oak) and Acer saccharum Marshall (sugar maple); mesic
woodland, dominated by Q. rubra and Q. alba; dry-mesic woodland, dominated
by Q. alba and Fraxinus spp (ash); and a savanna dominated by Q. alba and
Rhamnus cathartica L. (common buckthorn). The amount of mesic habitat on
the study site allowed for two mesic plots to be established. One of the mesic
plots (mesic 1) will be restored and the other (mesic 2) will serve as an unrestored plot for future studies. The study plots were chosen to represent different
community types, but also to take advantage of a naturally occurring gradient
in litter structure. The upland forest had the most well-developed litter layer
and the savanna had the least well-developed litter layer. The three remaining
sub-communities represented intermediate conditions.
The soil types for the five sub-communities varied slightly. The upland
forest represents Rawson loam with a sandy loam subsurface layer with 18-35
% clay and 40-60% sand and moderately acid to neutral pH. Based on the thick
and distinct L and H horizons, this soil would be designated a mor or mor-moder
while all the other sub-communities would represent a mull or mull-moder soil
type due to the lack of an L or H horizon. The mesic 1 community has a Nappanee silt loam with a silt loam subsurface layer with 35-60% clay content that
has a slightly acid to slightly alkaline pH. The mesic 2 plot represents a Bryce
silty clay with a mottled silty clay subsurface layer with 42-52% clay and a
moderately acid to slightly alkaline pH. The dry mesic community represents
a St. Clair silt loam with a silt loam subsurface layer with 40-60% clay content
and slightly acid to slightly alkaline pH. The savanna soil type is the same as
the dry-mesic sub-community.
A previous study using the same sub-community plots (Heneghan et al.
2007) showed a negative correlation between litter biomass and abundance of
an exotic shrub, R. cathartica, and Eurasian earthworms. For a more detailed
description of the study site and its history, see Steffen and Draney (2009).
Mean monthly precipitation for 2002 and 2003 was 7.1 and 6.7 cm, respectively. Total snow cover was 95.5 and 39.6 cm, respectively. Mean high
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temperatures were 15.6 and 14.5°C and mean low temperatures were 4.8 and
3.5°C, respectively.
Sampling Methods. Pitfall trapping was used for microarthropod
sampling because it is more efficient than other techniques, such as quadrat
sampling, and can be performed year-round (Uetz and Unzicker 1976). However, it should be noted that, in spider populations, pitfall traps preferentially
measure running-adapted species and underrepresent other groups (Uetz and
Unzicker 1976, Coddington et al. 1996), which may also apply to microarthropod
captures. A single point was randomly located within each study area and five
pitfall traps were evenly spaced along a 20-m diameter circle around the point.
The first pitfall trap was located by means of a random compass angle. Pitfalls
each consisted of a 9-cm diameter, 12-cm deep plastic cup buried with its lip flush
with the soil surface. A 22-cm square translucent fiberglass cover was positioned
2.5 cm above each trap. Wooden lath positioned from each corner to the center
on the underside of the cover acted as drift fences to direct individuals into the
cups. A 9-cm diameter, 6-cm deep cup was placed inside the larger pitfall and
filled with water and a small amount of dish detergent to reduce surface tension.
A small amount of ethylene glycol was added to the water during the coldest
days in winter to prevent freezing. Ethylene glycol was found to attract mammals to the traps during earlier pitfall sampling of this site, which can result
in significant loss of data (Fassbender 2002). For this reason, ethylene glycol
was not used at other times in an effort to reduce disturbance by mammals.
During periods of freeze and thaw, dry sand was added around the traps to fill
in gaps between traps and adjacent soil due to expansion or contraction of the
soil. This maintained a continuous surface for access to the traps.
Traps were deployed continuously from June 2002 through June 2003.
Traps were emptied twice weekly during warm weather to avoid spoilage and
less often during the winter months, and fresh solution placed in the traps. Individuals were sorted from trap contents and specimens were fixed to microscope
slides utilizing CMC10 as a clearing agent and fixative. Nomenclature follows
Christiansen and Bellinger (1998) for Collembola and Krantz and Walter (2009)
for mites. All specimens are housed at the Chicago Botanic Garden.
In spring 2002, 10 quadrats (45-cm × 45-cm) were randomly located on a
50-m × 50-m grid to sample litter within each of the five sub-communities. Litter
was removed down to mineral soil and the material dried at 49°C for a minimum
of 48 hours in an electric plant drier before being weighed to the nearest gram.
Data Analysis. As our objective was to conduct a baseline survey of the
Collembolan and mite fauna of the five sub-communities, we did not employ an
experimental design with replicate sampling. For analysis, the data for each of
the five pitfall traps in each sub-community were pooled for each collection. For
both mites and Collembola, Simpson’s reciprocal index of diversity (1/D), where
1 is the lowest measure of diversity; Shannon-Wiener diversity (H’); effective
number of species (ENS) (Jost 2006); Pielou’s evenness (J’); species richness (s);
and total individuals (N) were calculated. The ENS is the effective number of
species derived from H’ or other diversity indices. The ENS makes it easier to
compare diversity indices derived by different formulas. Also, because diversity indices are nonlinear, the ENS allows more effective comparisons between
different diversity indices. Unless the species in a population are all equally
abundant, the ENS value will be less than the richness because of dominance of
one or more species within the population (Jost 2006).The formula for determining ENS differs depending on the diversity index used. For H’, ENS is found
by exp(x) where x is the value of H’.
An individual-based Coleman rarefaction (Coleman 1981, Coleman et al.
1982) was calculated for each sub-community utilizing the software EstimateS
(Colwell 2006). This procedure standardizes the data, making it possible to
compare species richness among populations composed of differing numbers of
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individuals. The ratio of abundance of Oribatida to Prostigmata was calculated
for each sub-community and a graph of the relationship between this ratio and
leaf litter mass was plotted.
Non-metric multidimensional scaling (NMS) ordination was performed
to compare mite and Collembola composition in different sub-communities and
at different times of year. The specimens collected in each pitfall trap were
aggregated by season, yielding 100 samples (multiple collections from each of
5 pitfall traps within each sub-community were pooled to provide 5 samples for
each sub-community 4 times over the year). Seasons were assigned as follows:
winter (December – February), spring (March – May), summer (June – August),
fall (September – November). Taxa found in <5% of samples were excluded as
rare taxa can have disproportionate effects on ordinations (McCune and Grace
2002) (rare taxa were retained for all other analyses). The ordination was
based on Bray-Curtis dissimilarity using two axes and data were relativized by
species and samples. Sub-community and season effects were then tested by
permutational multivariate analysis of variance (PERMANOVA), a multivariate
analog of ANOVA (Anderson 2001). PERMANOVA was based on Bray-Curtis
dissimilarity using 999 permutations and P-values were calculated by a MonteCarlo procedure. Ordination was performed using the vegan package in R 2.13.1
and PERMANOVA using the program PERMANOVA (Anderson 2005, Oksanen
et al. 2010, R Development Core Team 2011).
Results
The Collembola had the greatest number of individuals sampled, with a
total of 190,122 for all sub-communities combined compared to 5,078 for mites.
The upland forest sub-community comprised the largest sample for Collembola
with 174,091 individuals (Table 1), with one species, Hypogastrura concolor
(Carpenter 1900), dominating the sample with 149,384 individuals. The upland forest sub-community also comprised the highest mite sample with 1,278
individuals (Table 1), with Eupodes sp. being the most abundant taxon with
370 individuals. A total of 58 mite taxa (Table 2) and 30 Collembola taxa (Table
3) were identified. Rarefaction curves for mite diversity (Fig. 1A) showed the
upland forest sub-community having the highest diversity of mites and the
savanna sub-community the lowest. Collembola rarefaction curves (Fig. 1B)
showed the mesic 2 sub-community having the highest diversity with the lowest in the upland forest.
The upland forest sub-community had the highest litter biomass and the
Table 1. Collembola and mite total number of individuals, richness (s), Shannon
Weiner diversity (H’), Simpson’s reciprocal index of diversity (1/D), evenness (J’), and
effective number of species (ENS) for all sub-communities.
Sub-community Individuals s
H’
1/D
J’
							
Mites
Savanna
901
22 1.5153 2.69736 0.49021
Mesic Control
1119
29 1.5212 2.68087 0.45175
Mesic
902
27 1.7457 3.57455 0.52966
Dry Mesic
878
23 1.917
4.75918 0.62018
Upland Forest
1278
42 2.4667 7.29294 0.66424
							
Collembola Upland Forest
174091
26 0.51168 1.33208 0.15705
Mesic Control
4054
28 1.99911 5.51174 0.59993
Mesic
4377
23 2.02568 5.81635 0.64605
Dry Mesic
3422
24 2.18229 6.37514 0.68667
Savanna
4178
23 2.34437 8.0238
0.74768

ENS
4.55078
4.57771
5.72991
6.80052
11.7835
1.6681
7.38248
7.58126
8.86658
10.4267
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Table 2. Counts of litter-dwelling mites by genera in McDonald Woods, Chicago Botanic
Garden, Glencoe, Cook Co. IL. All individuals were caught in pitfall traps between 27
June 2002 and 25 June 2003. Family is used when determination to genus was not possible. UF = upland forest, M1 = mesic 1, M2 = mesic 2, DM = dry mesic, SA = savanna.
		
		
Taxon

Sub-Community Count Totals
UF

M1

M2

DM

ORDER MESOSTIGMATA			
Uropodidae Berlese 1900
2
1
1
−
Parasitidae
				
Paragamasus Hull 1918
3
3
1
1
Pergamasus Berlese 1904
14
70
69
114
Porrhostaspis Berlese 1904
6
16
16
−
Digamasellidae
				
Dendrolaelaps Halbert 1915
−
−
−
1
Parholaspidae
−
1
−
−
Veigaiidae
				
Veigaia nemorensis Koch 1839
1
3
4
−
Ameroseidae
				
Epicriopsis Berlese 1916
1
−
2
−
Macrochelidae
				
Macrocheles Latreille 1829
1
−
−
−
ORDER TROMBIDIIFORMES					
SUBORDER PROSTIGMATA					
Bdellidae
				
Bdella Latreille 1795
−
2
3
7
Cyta von Heyden 1826
1
1
1
−
Cunaxidae
				
Armasciurus den Heyer 1978
−
−
1
−
Eupodidae
				
Cocceupodes Sig Thor 1934
1
−
−
−
Eupodes Koch 1835
390
476
701
281
Linopodes Koch 1835
97
181
146
274
Rhagididae
38
7
31
54
Anystidae
				
Anystis von Heyden 1826
29
2
−
−
Cheyletidae Leach 1815
1
−
−
−
Calyptostomatidae Oudemans 1923
1
−
1
−
Trombidiidae
				
Trombidium Fabricius 1775
115
8
23
23
Microtrombidiidae
				
Microtrombidium Haller 1882
1
11
4
4
Tarsonemidae Canestrini & Fanzago1877 −
−
−
−
Scutacaridae
				
Imparipes Berlese 1903
−
6
−
−
Lamnacarus Balogh & Mahunka 1963
2
−
−
2
Scutacarus Gros 1845
2
−
−
1
Microdispidae Paoli 1911
5
−
−
−
ORDER SARCOPTIFORMES					
SUBORDER ENDEOSTIGMATA					
Alycidae
				
Alycus C.L. Koch, 1842
128
−
2
16
Pachygnathus Duges, 1834
−
−
−
15

SA
−
−
82
6
−
2
1
−
−

7
−
−
−
566
121
92
−
−
−
23
−
1
−
2
2
2

4
5
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Table 2. Continued.
		
		
Taxon

Sub-Community Count Totals
UF

M1

M2

DM

SUBORDER ORIBATIDA					
Phthiracaridae
				
Archiphthiracarus
(Balogh & Mahunka, 1979)
−
−
2
−
Phthiracarus Perty, 1841
−
6
1
1
Euphthiracaridae
				
Acrotritia Jacot, 1923
1
1
1
1
Cepheidae
				
Ommatocepheus Berlese, 1913
3
−
−
1
Eremobelbidae
				
Eremobelba Berlese, 1908
1
−
−
−
Basilobelbidae
				
Basilobelba Balogh, 1958
2
−
−
−
Eremaeidae
				
Eueremaeus Milhelcic, 1963
1
−
1
−
Astegistidae
				
Furcoribula Balogh, 1943
27
−
−
−
Tectocepheidae
				
Tectocepheus Berlese, 1896
29
2
2
−
Oppiidae
				
Moritzoppia Subias & Rodriguez, 1988
1
−
−
−
Oppiella Jacot, 1937
7
1
−
−
Quadroppiidae
				
Quadroppia Jacot, 1939
1
−
−
−
Suctobelbidae
				
Suctobelba Paoli, 1908
2
−
−
−
Suctobelbella Jacot, 1937
1
−
−
−
Cymbaeremaeidae
				
Scapheremaeus Berlese, 1910
2
−
−
−
Eremellidae
				
Eremella Berlese, 1913
1
−
−
−
Licnocepheus Woolley, 1969
−
−
1
−
Miceremidae
				
Miceremus Berlese, 1908
1
2
−
2
Oribatulidae
				
Oribatula Berlese, 1895
192
121
142
65
Haplozetidae
16
3
−
1
Haplozetes Wilmann, 1935
−
−
1
−
Peloribates Berlese, 1908
−
4
−
−
Scheloribatidae
				
Scheloribates Berlese, 1908
−
−
1
−
Parakalummidae
				
Neoribates Berlese, 1914
33
16
12
25
Parakalumma Jacot, 1929
43
2
4
16
Ceratozetidae Jacot, 1925					
Ceratozetes Berlese, 1908
−
1
3
−
Achipteriidae
				
Anachipteria Grandjean, 1932
−
2
1
−

SA

−
1
2
1
−
−
−
−
1
−
−
−
−
−
−
−
−
−
58
−
−
−
1
5
1
−
−
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Table 2. Continued.
		
		
Taxon

UF

Oribatellidae
Oribatella Banks, 1895
Galumnidae
Orthogalumna Balogh, 1961
Galumna von Heyden, 1826

				
26
1
4
1
				
2
23
1
63
−
7
−
3

Sub-Community Count Totals
M1

M2

DM

SA
−
7
−

Table 3. Counts of species of litter-dwelling Collembola in McDonald Woods, Chicago
Botanic Garden, Glencoe, Cook Co. IL. All individuals were caught in pitfall traps between 27 June 2002 and 25 June 2003. UF = upland forest, M1 = mesic 1, M2 = mesic
2, DM = dry mesic, SA = savanna.
		
		
Taxon

Sub-Community Count Totals
UF

M1

M2

DM

Hypogastruridae
				
Ceratophysella sp. Borner, 1932
3
−
5
−
Hypogastrura sp.
20354
−
−
−
Hypogastrura concolor Carpenter, 1900 149484
26
69
13
Hypogastrura packardi Folsom, 1902 44
1
2
2
Neanura muscorum Templeton, 1835 40
22
28
14
Isotomidae
				
Proisotoma minuta Tullberg, 1871
16
19
19
27
Isotomurus sp. Bomer, 1903
5
88
53
124
Desoria flora
Christiansen & Bellinger, 1980
−
8
8
9
Desoria notabilis Schaffer, 1896
4
1
2
−
Desoria uniens
Christiansen & Bellinger, 1980
−
−
1
4
Isotoma viridis Bourlet, C., 1839
3
32
41
137
Entomobryidae
				
Orchesella villosa Linnaeus, 1767
1899
1171
1216
885
Orchesella hexfasciata Harvey, 1895
37
19
25
42
Orchesella cincta Linnaeus, 1758
29
−
2
−
Entomobrya nivalis Linnaeus, 1758
1
1		
1
Entomobrya clitellaria Guthrie, 1903
2
4
2
5
Homidia socia Denis, 1939
2
76
2
1
Lepidocyrtus beaucatcheri Wray 1946 −
1
−
−
Lepidocyrtus paradoxus Uzel, 1891
86
162
55
27
Lepidocyrtus fernandi
Christiansen & Bellinger, 1998
32
859
609
756
Lepidocyrtus sp. Bourlet, 1839
1
1
2
1
Pseudosinella alba Packard, 1873
1
3
9
87
Pseudosinella violenta Folsom, 1924
3
10
4
273
Tomoceridae
				
Pogonognathellus flavescens
(Tullberg, 1871) Stach, 1929
636
866
612
322

SA
1
−
36
9
12
93
117
22
10
23
356
862
9
−
48
−
161
−
11
685
2
52
384
260
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Table 3. Continued.
		
		
Taxon

Sub-Community Count Totals
UF

Sminthuridae
Sminthurinus elegans Fitch, 1863
Sminthurinus henshawi Folsom, 1896
Katianna macgillivrayi Banks, 1897
Bourletiella sp. Banks, 1899
Ptenothrix atra Linnaeus, 1758

M1

M2

DM

SA

				
37
169
40
124
310
352
433
501
1224
3
36
2
6
−
2
−
−
−
25
−

438
672
7
1
−

savanna sub-community the lowest (Fig. 2). The graph of the litter data suggests
the savanna sub-community differed from the mesic 1, mesic 2 and uplandforest sub-communities. The mesic 1, mesic 2 and dry-mesic sub-communities
did not appear to differ from each other while the upland forest sub-community
appeared to differ from all other sub-communities. A significant positive correlation was found between richness (ENS) for mites and the average mass of
litter in the sub-communities and a negative correlation for Collembola (Fig 3).
A significant positive correlation was also found between litter mass and the
ratio of Oribatida to Prostigmata abundance (Fig. 4).
The multivariate analyses showed significant differences among subcommunities and between seasons. Composition for mites differed significantly
by season, sub-community, and season ´ sub-community interaction (Fig. 5).
For Collembola, composition differed significantly by season, sub-community,
and season ´ sub-community interaction (Fig. 6).
Discussion
One of the main goals of this study was to survey the litter-inhabiting
portion of the mite and Collembola population among several sub-communities
in a degraded oak woodland.
Our results indicated that there was a significant trend between litter
mass and mite diversity. This affirmed our expectation that faunal diversity
would be greatest where a larger effective habitat size is present. The higher
mite diversity found in the upland forest sub-community may be explained by
the presence of a greater mass of litter, which would represent a more stable
environment for a group of organisms with a slow reproductive rate, low dispersion and high sensitivity to disturbance (Walters and Proctor 1999, Maraun
et al. 2003, Gulvik 2007, Norton and Behan-Pelletier 2009). The lower mite
diversity associated with the lowest litter mass in the savanna sub-community
may be due to the fact that mites cannot easily escape impacts of disturbance,
which can lead to species losses (Behan-Pelletier 1999). However, it should
also be pointed out that, rather than being lost completely, many of the smaller
species, especially those susceptible to drought conditions associated with litter
disturbance (Sayer 2005) may move deeper into the soil (Wallwork 1983) and
therefore become less likely to be sampled by pitfall traps.
We did not expect the Collembola community to show a negative relationship between litter mass and diversity. However, work by other researchers has
found similar trends. Sulkava and Huhta (1998) found that faunal diversity
was higher in patchy litter layers in comparison to mixed, continuous litter.
Manh Vu and Nguyen (2000) found that while oribatid diversity decreased with
increasing disturbance and loss of litter in a tropical forest, Collembola diversity
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Figure 2. Mean oven dry weight for leaf litter for 10 45 ´ 45cm quadrats from five
study plots in McDonald Woods, Chicago Botanic Garden, Cook Co, IL. Whisker bars
represent standard error.

increased along the same gradient. Also, since pitfall traps measure activity
rather than abundance, the significant negative trend between litter mass and
diversity in a mobile group, such as the Collembola, might be related to a more
patchy distribution of litter resulting in greater likelihood of Collembola species
encountering a pitfall trap while moving between scattered resource patches.
Several studies have documented declines in both diversity and abundance
of Collembola and mites when litter is reduced by earthworms (Eisenhauer et
al. 2007; Burke et al. 2011) or anthropogenic disturbance (Maraun et al. 2003).
However, we did not find a significant correlation between microarthropod
abundance and litter mass, although the upland forest sub-community did
have the highest abundance for Collembola (Table 1) of any of the other subcommunities. Other researchers that have found a similar lack of correlation
have tested experimental perturbation of litter supply by removing or doubling
the litter amount in a forest ecosystem. These researchers found that abundance
was unaffected although composition changed (Ponge et al. 1993). The greater
abundance of Collembola in the upland forest sub-community might be related
to a preference for the conidial fungi in litter as opposed to arbuscular mycorrhizal fungi in the soil. Kilronomos and Kendrick (1995a, 1995b, 1996) have
shown that Collembola prefer the non-mycorrhizal fungi in decomposing litter.
Less-degraded oak woodlands with a greater mass of litter may be expected to
provide a more preferred and abundant food resource, thereby supporting higher
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Figure 3. Correlation between mean dry litter mass and Effective Number of Species
(ENS) for mites and Collembola.

abundances of microarthropods than woodlands with reduced litter. This shift
in feeding preference with reduced litter availability may also be important
in terms of the potential impact on mycorrhizal fungi-plant interactions in
degraded woodlands.
Litter mass in this study site is negatively correlated with earthworm
biomass (Heneghan et al. 2007). Invasive earthworms can change the abiotic
properties of the litter environment, including its ability to protect against microclimatic fluctuations, erosion, and soil compaction (Sayer 2005), as well as loss
of food resources (Burke et al. 2011). It would be expected that mites would be
less able to adapt to the disturbance and litter loss associated with earthworm
activity than would more-active Collembola. Support for this idea comes from
Burke et al’s. (2011) findings that invasion by exotic earthworms into northern
temperate forests can reduce the richness, diversity, and abundance and alter
composition of oribatid mites. The significant positive trend we found between
Collembola diversity and earthworm-induced litter loss might be explained by
research of Hamilton and Sillman (1989). In their research, they found greater
numbers of Collembola associated with middens or defecated soil and litter on
the soil surface at the mouths of earthworm burrows. Although we found an
increase in Collembola and decrease in mite diversity with earthworm-induced
litter loss, other responses have also been found. Maraun et al. (2003) and
Eisenhauer et al. (2007) found that density and diversity of both oribatid mites
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Figure 4. Correlation between Oribatida:Prostigmata ratio and litter mass.

and Collembolans were generally reduced by disturbance, including bioturbation
by earthworms. Although we did not find a similar decline in diversity of Collembola with reduced litter, this may be the result of our having sampled only
litter and not both litter and soil as was done in the above-mentioned studies.
The decrease in litter mass in midwestern temperate woodlands seems to
be a common phenomenon in these earthworm-invaded systems (Migge-Kleian et
al. 2006, Holdsworth et al. 2007, Madritch and Lindroth 2009, Loss et al. 2012).
It is likely that this litter loss is stressing the microarthropod community and
impairing the functional abilities of this group. Gulvik (2007) has suggested
that a measure of the ratio of Oribatida:Actinedida(Prostigmata) mites could
serve as an “early warning” criterion for stressed mite communities. We found
a highly significant correlation between the ratio of Oribatida:Prostigmata
and litter mass in our study (Fig. 4). The higher abundance of Prostigmata
in the sub-communities where the litter is reduced by earthworm activity,
could be explained by the higher number of Prostigmata found associated with
earthworm castings at the soil surface (Gulvik 2007). The reduced ratio of
Oribatida:Prostigmanta with loss of litter in this study could imply that the
Oribatids are experiencing stress and perhaps functioning at lower capacity.
When viewing the interpretations of this data, the limitations of the sampling method should be kept in mind. Examination of soil core extraction data
from these same sub-communities in a previous study (Steffen, unpublished data)
revealed that the pitfall trapping in the present study does not adequately sample
all taxonomic groups and is perhaps better suited to epegeic taxa. For example:
concerning mite data, 150 and 0 Brachychthonius and 161 and 1 Moritzopia were
sampled in soil cores and pitfall traps, respectively. Querner and Bruckner (2010)

Figure 5. Non-metric multidimensional scaling (NMS) ordination of mite composition by season (winter = Jan-Mar, spring = Apr-Jun, summer = July-Sept, fall = Oct-Dec) (A) and sub-community (B) (2 axes, stress = 0.20). Composition differed significantly by season, sub-community, and season ´ sub-community interaction (PERMANOVA: P = 0.0002, 0.001, and 0.0002; respectively). All seasons differed in pairwise
comparisons (P = 0.001–0.005) except spring and summer (P = 0.062). Among sub-communities, maple differed from control and buckthorn
areas (P = 0.013 and P = 0.018, respectively) but other sub-communities did not differ (P = 0.052–0.42).
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Figure 6. Non-metric multidimensional scaling (NMS) ordination of Collembola composition by season (winter = Jan-Mar, spring = AprJun, summer = July-Sept, fall = Oct-Dec) (A) and sub-community (B) (2 axes, stress = 0.24). Composition differed significantly by season,
sub-community, and season ´ sub-community interaction (PERMANOVA: P = 0.0002 for all). All seasons differed in pairwise comparisons
(P = 0.0002 for all), as did all sub-communities (P = 0.0002–0.016).
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also found that pitfall traps did not fully represent the Collembola fauna when
compared with soil samples, but suggested that, although preferably both methods
should be used, pitfall trapping required a much lower sorting and identification
effort. However, since it was not our intent to perform an exhaustive inventory
for the present study, we chose to utilize the pitfall traps for their efficiency.
Significant changes have occurred to the litter environment of Midwestern
oak woodland communities as a result of the invasion of both exotic plants and
animals. These changes, in combination with disturbances to litter invertebrate
populations as a result of oak woodland management practices (Brand 2002),
make it important to pay greater attention to this critical functional group of
oak woodland systems.
We conclude that the abundance of Collembola and diversity of mites
found in the upland forest, the sub-community with the highest litter mass,
might serve as a reference against which future monitoring and management
could be measured. We also suggest that the ratio of Oribatida:Actinedida
might serve as a metric to assess woodland health and the effects of restoration
management. As this woodland undergoes restoration, future research will
investigate changes in microarthropod abundance and diversity with changes
to litter structure and groundcover vegetation.
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Endophytic Fungi of Bitter Melon (Momordica charantia) in
Guangdong Province, China
Jiang-Hua Huang1,2, Mei-Mei Xiang2, Zi-De Jiang1

Abstract
Endophytic fungi can mutualistically interact with their host plants
by deterring herbivores. Overall 1172 endophytic fungal isolates were recovered from roots, stems, leaves, flowers and fruits of bitter melon, Momordica
charantia, at five sites in Guangdong Province. These isolates were identified
to 25 genera using morphological and molecular characteristics. The endophyte
communities at the five sites were similar. Alternaria alternata, Aspergillus
spp., Cladosporium spp., Colletotrichum spp., Nigrospora spp., Penicillium
spp., Arthrinium spp., Chaetimium spp., Curvularia spp., Fusarium spp.,
Phoma spp., and Phomopsis spp. were isolated from at least three of the five
sites. The coefficient of similarity for endophytes ranged from 60.6% to 83.3%
between any two sites. There were significant differences in the species composition of endophytes recovered from different tissues of bitter melon. Fusarium
spp. was the most frequent in root and stem samples, Colletotrichum spp. in
leaf samples, A. alternata in flower samples, and Cladosporium spp. in fruit
samples. The coefficients of similarity for endophytes were between 42.9% and
80.0% from any two tissues. We found that the composition of endophytes of
bitter melon was relatively stable across sites, but differed greatly among tissues. We also found that there were fewer insects such as aphids (Homoptera:
Aphididae), leafminers (Lepidoptera, Gracillariidae), and cotton leafworms
Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae) collected from the
leaves of bitter melon at the Huadu site compared to those collected at the
Yunfu site. Whether this is related to the endophyte communities isolated
from different sites requires further research.
____________________

Endophytic fungi are thought to interact mutualistically with their host
plants mainly by deterring herbivores (Faeth and Hammon 1996, Li et al. 2004,
Rodriguez et al. 2009). Most notably, endophytes produce toxic alkaloids that
can deter insect herbivores or reduce insect herbivore performance (Clay and
Schardl 2002, Kerri et al. 2010). Endophytic fungi can grow within their host
plants without causing any noticeable symptoms of disease (Arnold et al. 2000,
Suryanarayanan et al. 2002, Promputtha et al. 2007, Rosa et al. 2009). They are
of interest because of their rich diversity and because they provide an excellent
potential source of novel biologically-active compounds (Hyde 2001, Photita et al.
2001). There have been numerous studies on endophytic communities in various
plants, including vegetables (D’Amico et al. 2008), cacti (Suryanarayanan et al.
2005), palms (Fröhlich et al. 2000), wheat (Larran et al. 2007), lichens (Li et al.
2007), meadow ryegrass (Lehtonen et al. 2006) and banana (Photita et al. 2001).
However, there has not been a detailed study on endophytes of a medicinal food
plant such as bitter melon (Momordica charantia), which is known to contain
Department of Plant Pathology, College of Natural Resources and Environment, South
China Agriculture University, Guangzhou 510642, P. R. China. (e-mail: jhhuang@139.
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charantin (a steroidal glycoside), vicine (a glycoalkaloid) and polypeptide ‘p’ (a
166 residue insulinomimetic peptide) (Fernandes et al. 2007).
Bitter melon is widely cultivated in tropical climates for use as a vegetable
and in medicine (Chang et al. 1996). Extracts of bitter melon have been found
to possess medicinal properties such as antitumor, antioxidant, antivirus and
antidiabetes (Limtrakul et al. 2004). Endophytic fungi in M. charantia may
take part in the synthesis or transformation of such medicinal materials. The
basic aim of the present study was to investigate the diversity and distribution
of endophytic fungi isolated from M. charantia. A secondary aim was to collect
cultures of endophytic fungi for further screening of new bioactive compounds
that may provide protection mediated by fungal alkaloids to the host against
insects and pathogens.
Materials and Methods
Sample collection. Asymptomatic bitter melon plants were sampled
from five sites in Guangdong Province in southern China: 1) the Huadu Station
of the Guangzhou Vegetable Science Institute; 2) the Forecast Station of Crop
Diseases and Pests in Zhaoqing city; 3) one site in Shitang town, Renhua county,
Shaoguan city; 4) one site in Xiangqiao district, Chaozhou city; and 5) one site
in Ducheng town, Yunan county, Yunfu city. Each site had fields of bitter melon
at least 100 m2 in size. Five randomly selected plants were collected from each
site. These were brought back to the laboratory in sealed polythene bags and
processed within 24 h of collection.
Isolation and culture of endophytic fungi. Samples were first washed in
running water. Leaf discs (5 × 5 mm), segments of stem, root, flower, and fruit (all
5 × 5 mm) were then cut from the washed plant tissues in the laboratory. A total
of 30 fragments of each tissue type were processed per site. All fragments were
then surface sterilized using 75% ethanol for 1 min, autoclaved water for 30 s, 3%
NaClO for 1 min, autoclaved water for 30 s, and then dried on autoclaved paper.
Five surface-sterilized leaf discs or other organ segments were evenly
spaced on 2% potato dextrose agar (PDA) medium amended with streptomycin sulfate (50 mg/l) in Petri dishes, isolates were held in a growth incubator,
incubated for 2 months at 25°C, and examined periodically. Surface-sterilized
tissue segments were pressed onto the surface of fresh antibiotic-amended
PDA to check the efficacy of the surface sterilization procedure. The absence of
microbial growth on the medium from the tissue surfaces confirmed that the
surface sterilization procedure was effective against surface fungi (Suryanarayanan et al. 2005).
When colonies grew out from plant tissues on amended media, subcultures
were transferred onto new malt extract agar (MEA, 2%) plates. Subcultures were
then incubated on different media which included PDA, corn meal agar (CMA,
2%), and tap water agar (TWA, 0.8%). Isolates were incubated at 25°C under
cool white fluorescent lights with 12 h light / 12 h dark to induce sporulation in
culture. Isolates from this study have been deposited in the Institute of Plant
Pathology, Zhongkai University of Agriculture and Engineering.
Endophyte identification. Sporulating isolates were identified to genus and to species when possible using traditional morphological techniques.
Sequencing of the ribosomal DNA internal transcribed spacer (ITS) region was
used to confirm the identity of most endophytic fungi. DNA was extracted from
fresh mycelium according to procedures of Lee and Taylor (1990). DNA samples
were then checked for purity and integrity by electrophoresis in 1% (w/v) agarose
with ethidium bromide (10 mg/mL) in 1 × TAE buffer before storing at 4°C.
The reaction mix for polymerase chain reaction (PCR) amplification of the rDNA
consisted of: 0.2 mM each of the primer pair, 0.2 mM dNTP, 10-50 ng DNA, 0.04
U of Taq polymerase (Promega, WI, USA), and 1 × PCR buffer mix in a 25 µl
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volume. The primers ITS4 and ITS5 (White et al. 1990) were used to amplify
the ITS region. The thermal cycling program was as follows: 3 min preheating
at 94°C followed by 35 cycles of 94°C denaturing for 30 sec, annealing at 55°C
for 30 sec, extension at 72°C for 1 min with a final 7 min extension at 72°C.
Insect Collection. Sampled plants at each site were examined for the
presence of insects. All insects were identified to family and tallied.
Statistical Analyses. Isolation rate was calculated as follows: (Total No.
of isolates yielded by a given sample) / (Total No. of segments in that sample).
Isolation rates were used as a measure of fungal richness at a given site / tissue
(Fröhlich et al. 2000). Species abundance was expressed as relative frequency
of isolation, which was calculated by using the number of discs colonized by a
given fungus divided by the total number of discs infected, expressed as percentage (Photita et al. 2001).
To make comparisons among the fungi recovered from different sites or
tissues, the coefficient of similarity of the number of genera of endophytic fungi
from different sites or tissues was calculated for all the possible pairs of sites
or tissues according to the formula: 2j / (A+B), where A is the total number of
fungal species isolated from one site or tissue, B from another site or tissue, and
j is the number of fungal species found in common (Pielou 1975). The results
were expressed as percentages.
Results
Composition of endophytic fungi. A total of 1172 endophytic fungal
isolates were separated from bitter melon. According to morphological and
molecular features, they were finally classified to 25 genera (Table 1). The ITS15.8S-ITS2 partial sequences of 21 representative isolates were submitted to the
GeneBank to obtain their access numbers, and the closest related species were
got by BLAST analysis (Table 2).
Impact of location on the number of isolates and generic diversity
of endophytic fungi in M. charantia. Various numbers of endophytic fungi
were obtained from the five sites (Table 1). Of these 18 genera were from Huadu,
15 from Zhaoqing, 16 from Chaozhou, 13 from Shaoguan, and 11 from Yunfu
(Table 3). A. alternata, Aspergillus spp., Cladosporium spp., Colletotrichum spp.,
Nigrospora spp., and Penicillium spp. occurred in all the five sites examined.
Arthrinium spp., Chaetimium spp., Curvularia spp., Fusarium spp., and Phoma
spp. were isolated from four sites examined. Phomopsis spp. was separated from
three sites. The relative frequency of Penicillium spp. (19.3%) was the highest
among the isolates separated from Zhaoqing, and Cladosporium spp. (20.1%)
was the highest from Shaoguan. The relative frequency of Colletotrichum spp.
were 21.4%, 18.2%, and 18.9%, which were the highest from Chaozhou, Huadu,
and Yunfu, respectively. Annulophloxylon spp., Aureobasidium spp., Botryosphaeria spp., Rhizoctonia sp., and Stemphylium solani were only isolated from
Zhaoqing. Ceratobasidium spp., Exserohilum rostratum, Rhizopycnis spp., and
Stagonospora spp. were separated from Huadu only. Paecilomyces spp. and
Trichoderma spp. were specific species from Chaozhou, and Ascochyta spp.
from Shaoguan (Table 1). The isolation rate of endophytic fungi of Shaoguan
(0.98) was the highest among the five sites and in the other sites the isolation
rates of endophytic fungi from high to low were Chaozhou (0.93) > Yunfu (0.80)
> Huadu (0.47) > Zhaoqing (0.44) (Table 3).
The coefficient of similarity for endophytes ranged from 60.6% to 83.3%
between any two sites (Table 4). The highest similarity (83.3%) of endophytic
communities was between Shaoguan and Yunfu, and the lowest similarity
(60.6%) between Huadu and Zhaoqing. Similarities (>80%) of endophytic communities were high between Huadu and Chaozhou, Chaozhou and Yunfu,
Chaozhou and Shaoguan, and Shaoguan and Yunfu.
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Table 1. Relative frequency (%) of endophytic fungi in bitter melon from different sites.
Taxa

Huadu
%

Zhaoqing
%

Chaozhou Shaoguan
%
%

Alternaria alternata
11
2.1
9.6
8.6
Annulophloxylon spp.		
1.4			
Arthrinium spp.
1.3		
1.8
6.0
Ascochyta spp.				
0.9
Aspergillus spp.
0.7
6.2
4.2
2.6
Aureobasidium spp.		
0.7			
Botryosphaeria spp.		
1.4			
Ceratobasidium spp.
0.7				
Chaetomium spp.
7.1		
4.2
5.6
Cladosporium spp.
14.3
16.6
9.2
20.1
Colletotrichum spp.
18.2
7.0
21.4
6.4
Curvularia spp.
3.6
2.1
1.3
0.9
Didymella spp.
7.8		
1.6		
Exserohilum rostratum
2.6				
Fusarium spp.
13.0		
14.3
14.5
Nigrospora spp.
3.3
1.4
4.0
0.9
Paecilomyces spp.			
0.7		
Penicillium spp.
0.7
19.3
7.8
6.4
Phoma spp.
2.6
0.7
1.8
1.3
Phomopsis spp.
1.3
2.1
1.1		
Rhizoctonia sp.		
2.1			
Rhizopycnis spp.
0.7				
Stagonospora spp.
5.8				
Stemphylium solani
0.7			
Trichoderma spp.			
0.2		
Unidentified
5.8
36.6
16.7
26.1

Yunfu
%
3.1
9.4
3.1

4.2
9.4
18.9

2.6
2.6
4.2

1.1
41.4

Effect of tissue on the number of isolates and genera diversity of
endophytic fungi in M. charantia. The number of endophytic fungal isolates
varied among different tissues. Fifteen genera were from roots, 13 from stems, 13
from leaves, 8 from flowers, and 17 from fruits (Table 5). Cladosporium spp. and
Penicillium spp. occurred in all the five tissues. Aspergillus spp., Colletotrichum
spp., Nigrospora spp., and Fusarium spp. were isolated from four tissues examined. Alternaria alternata, Arthrinium spp., Chaetomium spp., Didymella spp.,
Phoma spp., and Phomopsis spp. were separated from three tissues examined.
The relative frequency of Fusarium spp. were 26.0% and 30.0%, which were
the highest among the isolates separated from roots and stems, respectively.
Colletotrichum spp. (41.1%) was the highest from leaves, A. alternata (36.7%)
from flowers, and Cladosporium spp. (28.5%) from fruits. Ceratobasidium spp.,
Paecilomyces spp., Rhizoctonia spp., and Rhizopynis spp., were only isolated
from roots, Annulophloxylon spp., Ascochyta spp., and Stemphylium solani were
separated from leaves only, Aureobasidium spp. and Stagonospora spp. were
specific species from fruits (Table 6). The isolation rate of endophytic fungi from
stems (0.90) was the highest among the five tissues followed by flowers (0.82),
then leaves (0.71), then fruits (0.65), and finally roots (0.58) (Table 5).
The coefficients of similarity for endophytes ranged from 42.9% to 80.0%
between any two tissues. The highest similarity (80.0%) of endophytic communities was between stems and fruits, and the lowest similarity (42.9%) between
roots and leaves. Lower similarities (<43.5%) of endophytic communities were
found between roots and leaves, and between roots and flowers (Table 7).
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Table 2. Closest relatives of the fungal endophyte isolates based on BLAST analysis.
Fungal isolate
		
138
236
225
122
240
140
141
163
151
216
186
200
156
8		
153
143
172
136
169
206
152

GeneBank accession
Closest related species
number		
AF455539.1
EU272517.1
AM176711.1
EU833207.1
EF197817.1
EF423547.1
DQ102433.1
AJ279468.1
EF405864.1
AJ301979.1
AF212308.1
AB266850.1
AJ853741.1
EF423517.1
DQ219433.1
AB353909.1
EF423518.1
EF488377.1
DQ682600.1
AM262366.1
AF203451.1

Similarity
(%)

Alternaria alternata
Annulophloxylon stygium
Arthrinium sp.
Aspergillus japonicus
Aureobasidium pullulans
Botryosphaeria rhodina
Ceratobasidium sp.
Chaetomium sp.
Cladosporium cladosporioides
Colletotrichum gloeosporioides
Curvularia brachyspora
Didymella bryoniae
Exserohilum rostratum
Fusarium sp.
Nigrospora oryzae
Penicillium marneffei
Phoma sp.
Phomopsis sp.
Rhizopycnis sp.
Stagonospora sp.
Stemphyllium solani

99
99
99
99
99
99
99
93
99
98
97
100
100
100
96
98
100
99
99
99
100

Table 3. Isolation rates and generic diversity for endophytic fungi in M. charantia
from different sites.
Sites
Huadu
Zhaoqing
Chaozhou
Shaoguan
Yunfu

No. of
segments or discs

No. of
isolates

Isolation rate

No. of genera

330
330
480
240
240

154
145
448
234
191

0.47
0.44
0.93
0.98
0.80

18
15
16
13
11

Table 4. The similarity coefficients for generic diversity of endophytic fungi of bitter
melon among the different sites.
Site

Zhaoqing

Chaozhou

Shaoguan

Huadu
60.6
82.4
77.4
Zhaoqing		
64.5
64.3
Chaozhou			
82.8
Shaoguan				

Yunfu
69.0
61.5
81.5
83.3

24

THE GREAT LAKES ENTOMOLOGIST

Vol. 45, Nos. 1 - 2

Table 5. The isolation rates and genera diversity of endophyte fungi in different tissues in bitter melon.
Tissue
		

No. of
segments or discs

No. of
isolates

Isolation rate

No. of genera

Root
Stem
Leaf
Flower
Fruit

180
300
440
170
530

104
271
314
139
344

0.58
0.90
0.71
0.82
0.65

15
13
13
8
17

Table 6. Relative frequency (%) of endophytic fungi in different tissues of bitter melon.
Taxa

Root

Stem

Leaf

Flower

Fruit

Alternaria alternata
		
4.8
36.7
Annulophloxylon spp.			
0.6		
Arthrinium spp.		
2.6
4.8		
Ascochyta spp.			
0.6		
Aspergillus spp.
1.9
6.6		
11.5
Aureobasidium spp.					
Botryosphaeria spp.		
0.4			
Ceratobasidium spp.
1.0				
Chaetomium spp.
15.4		
3.2		
Cladosporium spp.
5.8
4.4
6.7
10.8
Colletotrichum spp.
3.9
12.9
41.1		
Curvularia spp.
1.9			
7.9
Didymella spp.		
0.4		
10.1
Exserohilum rostratum
1.0
1.1			
Fusarium spp.
26.0
30.0
2.2		
Nigrospora spp.		
1.1
3.5
7.9
Paecilomyces spp.
2.9				
Penicillium spp.
6.7
14.4
3.2
2.9
Phoma spp.
3.8
0.7			
Phomopsis spp.		
0.7
1.9		
Rhizoctonia spp.
2.9				
Rhizopynis spp.
1.0				
Stagonospora spp.					
Stemphylium solani
		
0.3		
Trichoderma spp.
1.0				
Unidentified
25.0
24.7
27.1
12.2

6.7
5.8
1.5
0.3
0.3
7.3
28.5
4.9
1.2
3.2
2.0
7.9
2.9
0.6
2.6
0.6
23.8

Table 7. Similarity coefficients of generic diversity for endophytic fungi in different
tissues of bitter melon.
Tissues

Stem

Leaf

Flower

Root
57.1
42.9
43.5
Stem		
61.5
57.1
Leaf			
47.6
Flower				

Fruit
56.3
80.0
66.7
56.0
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Discussion
In the present study, 25 genera of endophytic fungi were isolated from
bitter melon. Similar results were obtained in previous studies for other plants.
For instance, Suryanarayanan et al. (2005) identified 900 endophyte isolates belonging to 22 fungal species from cacti in Arizona. Paul et al. (2007) reported that
24 fungal genera were isolated from roots of Aralia elata and A. continentalis.
Lin et al. (2007) investigated the endophytic fungi in Camptotheca acuminata
and obtained 18 taxa. Sun et al. (2008) used morphological characters to identify
973 endophyte isolates of 21 taxa from 6 medicinal plant species.
The endophyte communities isolated from the five sites in this study were
similar, despite the fact that varieties of bitter melon were quite different. A.
alternata, Aspergillus spp., Cladosporium spp., Colletotrichum spp., Nigrospora spp., Penicillium spp., Arthrinium spp., Chaetimium spp., Curvularia
spp., Fusarium spp., Phoma spp., and Phomopsis spp. were separated from
at least three sites. Similar results were obtained in previous studies. Taylor
et al. (1999) reported several taxa such as Glomerella cingulata, Phomopsis
spp. and Guignardia cocogena dominated the assemblages of endophytic fungi
at each site associated with the temperate palm, Trachycarpus fortunei, and
they pointed out that the diversity at each site was similar in number, but the
abundance of isolates varied. Swart et al. (2000) isolated endophytic fungi from
Protea cynaroides, Leucospermum cordifolium and Leucadendron salignum ×
laureolum in three locations in the Western Cape province of South Africa, and
they found the endophytic fungi at three locations were remarkably similar.
The results of this study revealed differences in the species composition of
endophtes recovered from different tissues of bitter melon. Fusarium spp. was
the most frequent in root and stem samples, Colletotrichum spp. in leaf samples,
A. alternata in flower samples, and Cladosporium spp. in fruit samples. Petrini
et al. (1992) concluded that different plant tissues and organs may resemble
distinct microhabitats. Santos et al. (2003) investigated the endophytic fungi
in Melia azedarach and obtained similar results with regard to tissue specificity of different fungal taxa. Gond et al. (2007) reported that the bark, leaf and
root samples of Aegle marmelos differed in their endophytic fungal colonization. Different tissues can provide different substrates to support the survival
of endophyte assemblages. Tissue specificity among the endophytes of bitter
melon might be a reflection of tissue preferences of individual dominant taxa.
Endophytes belonging to potentially pathogenic species were also isolated,
such as species of Colletotrichum, Fusarium and Rhizoctonia. Their presence as
endophytes in bitter melon was interesting since these might be latent infections.
Similar results have been obtained in previous studies. Some of the endophytes
isolated from asymptomatic tissue of banana were known as pathogens of banana, such as Deightoniella torulosa, Cordana musae, Colletotrichum musae,
Guignardia musae and Pyriculariopsis parasitica (Photita et al. 2001). Species
of Fusarium and Trichoderma were obtained as endophytic fungi of Melia azedarach (Santos et al. 2003). Fisher and Petrini (1992) reported that Fusarium
equiseti, F. oxysporum and Phoma sorghina were isolated from asymptomatic rice
plants. Shamoun and Sieber (2000) pointed out that scientists should concentrate
on finding the mechanisms which are responsible for causing a fungus to switch
from asymptomatic endophytic to symptomatic pathogenic mode of colonization.
Alternaria alternata was one of the most frequently isolated species in bitter
melon. Sun et al. (2008) pointed out that A. alternata was one of the common species among six plants studied. A. alternata was dominant in Pinus tabulaeformis
(Guo et al. 2004), in Camptotheca acuminata (Lin et al. 2007), in a mangrove
community (Kumaresan and Suryanarayanan 2001) and in wheat (Triticum
aestivum) (Larran et al. 2007). The above results indicated that A. alternata is
not host specific and can be isolated from tissues of different host plants.
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Interestingly, we found that there were fewer insects such as aphids
(Homoptera: Aphididae), leafminers (Lepidoptera, Gracillariidae), and cotton
leafworms Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae) collected
from the leaves of bitter melon of Huadu than those of Yunfu. Kerri et al. (2010)
reported that insect herbivores showed a significant preference for endophytefree plant material for the majority of native grasses, with up to three times
lower insect herbivores for endophyte-symbiotic plants, both in the field and
in experimental trials. Tintjer and Rudgers (2006) found that deterrence of
insect herbivory depends on the fungal strain and growth stage of the plant.
Whether this is caused by the endophyte communities isolated from different
sites deserves further research.
This study was the first to examine endophytes of bitter melon, a medicinal food plant with very bitter charantin, vicine and polypeptide ‘p’. It revealed
that both isolates and generic diversity of endophytes of bitter melon varied
by site and tissue. There is growing interest in endophytic fungi as potential
producers of novel, biologically-active products (Sun et al. 2008; Petrini et al.
1992; Monaghan et al. 1995). Investigations on the endophytic fungi of bitter
melon will be of great value to our understanding of ecology and pharmacology.
Further research is needed to screen endophytic fungi for antitumor, anti-insect
and antifungal activity, and to investigate the roles of strong bioactive isolates
including charantin, vicine and polypeptide ‘p’.
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Predicting Emerald Ash Borer, Agrilus planipennis
(Coleoptera: Buprestidae), Landing Behavior on
Unwounded Ash
Jordan M. Marshall1, Melissa J. Porter2, and Andrew J. Storer2

Abstract
Detection of emerald ash borer, Agrilus planipennis Fairmaire (Coleoptera:
Buprestidae), an invasive forest pest, is difficult in low density populations warranting continual development of various trapping techniques and protocols.
Understanding and predicting landing behavior of A. planipennis may assist in
the further development of trapping techniques and improvement of trapping
protocols for widespread survey programs in North America. Three multiple
regression models were developed using ash tree vigor and crown light exposure
to predict the landing behavior of A. planipennis. These models were then used
to predict the landing density of A. planipennis at separate sites and in separate
years. Successful prediction of A. planipennis capture density at the test sites
was limited. Even though the multiple regression models were not effective at
predicting landing behavior of A. planipennis, tree characteristics were used
to predict the likelihood of A. planipennis landing. Trees predicted as having
high likelihood of landing had 3.5 times as many A. planipennis adults/m2 on
stem traps than trees predicted as having low likelihood of landing. While the
landing density of A. planipennis may not be efficiently predicted, the utility of
these predictions may be in the form of identifying trees with a high likelihood
of A. planipennis landing. Those high likelihood trees may assist in improving
existing detection programs and techniques in North American forests.
____________________

Since its discovery in North America in 2002, Agrilus planipennis Fairmaire (Coleoptera: Buprestidae, emerald ash borer) has caused significant mortality of ash (Fraxinus spp.) in numerous U.S. states and Canadian provinces,
especially in black, green, and white ash (F. nigra Marsh., F. pennsylvanica
Marsh., and F. americana L., respectively) (Poland and McCullough 2006, Poland
2007). Originally introduced from Asia, there is evidence that A. planipennis
may have been present in North America since the mid-1990s (Siegert et al.
2007). Establishment of outlier, incipient populations of A. planipennis typically occur through human movement of ash wood products and ash nursery
stock (Cappaert et al. 2005). Movement of ash commodities accounts for the
vast majority of long-distance spread for this beetle; however, natural spread
does occur and there is evidence of minor secondary spread of adults (Buck and
Marshall 2008).
Detection techniques for A. planipennis have included visual surveys
for symptoms in ash trees, artificially stressed trap trees, and lured traps for
adults (e.g., Cappaert et al. 2005, de Groot et al. 2006, Storer et al. 2007, Crook
et al. 2008, Francese et al. 2008). Harvesting ash trees artificially stressed
Department of Biology, Indiana University-PurdueUniversity Fort Wayne, Fort
Wayne, IN 46905. (e-mail: marshalj@ipfw.edu).
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School of Forest Resources and Environmental Science, Michigan Technological University, Houghton, MI 49931.
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with a girdle, peeling the entire tree of bark, and inspecting for larval occurrence is considered the most effective detection technique. However, peeling of
girdled ash trees is time consuming and expensive to establish and examine,
and girdled trees can be hazards in the forest (Crook and Mastro 2010, USDA
APHIS PPQ 2010).
Previous studies have presented mixed results regarding larval and adult
A. planipennis densities and the effectiveness of unwounded ash trees relative
to other detection techniques. Marshall et al. (2009, 2010) found no difference
in larval density or adult landing between unwounded ash and girdled trees.
However, Anulewicz et al. (2008) and Porter (2009) reported that girdled ash
resulted in greater adult landing and higher larval densities than unwounded
ash. In addition, McCullough et al. (2009 a,b) found differences in both larval and
adult densities of girdled and unwounded ash at study sites with low population
densities but differences were less pronounced at sites with moderate to high
population densities. Although there isn’t a clear differentiation in capture rates
of A. planipennis adults on girdled and unwounded ash, trapping of this pest on
unwounded trees may still be an important addition to a survey program along
with other detection techniques. The objectives of this study were to 1) model
the landing density of A. planipennis adults on ash trees without an artificial
wound at sites with different population densities, 2) to test the models by predicting landing rates of A. planipennis adults, and 3) test the hypothesis that
trees identified as having a high likelihood of A. planipennis adults landing do
have more adults land on traps than low likelihood trees.
Materials and Methods
Model development. During spring 2008, 374 ash trees were identified
at Burt Lake and Harrisville State Parks, MI, and during spring 2009, 42 total
ash trees were identified at Farnsworth and Providence Metroparks, OH, for
development of A. planipennis landing behavior models (Fig. 1). All trees were
left unwounded with no artificial stress applied. Each tree was wrapped with a
0.5 m wide plastic band centered at breast height and coated with Tangle-Trap
Coating (The Tanglefoot Co., Grand Rapids, MI). Traps were checked every
two weeks and adult A. planipennis were collected. Trapping surface area was
calculated and used to determine landing density of A. planipennis adults (adults/
m2). At Burt Lake and Harrisville State Parks, categorical assessments of crown
class/position (1 = superstory, 2 = overstory, 3 = understory, 4 = open canopy),
crown light exposure (CLE, 0-5, where each category is a count of sides and top
receiving direct sunlight), and tree vigor (1-5, where 1 = healthy and 5 = standing dead) were made following USDA (2005) and Millers et al. (1991). Based on
the 2008 results of multiple regression with step-wise variable selection (Porter
2009), categorical crown assessment variables were chosen for subsequent model
development at Farnsworth and Providence Metroparks.
Median tests for independent samples (Sheskin, 1997) were used to test for
differences in categorical tree assessment variables used to develop the models
between trees with A. planipennis landing and those without. Three individual
multiple regression models were fit using data from the 2008 state parks (2008
model), 2009 metroparks (2009 model), and a pooling of the 2008 and 2009 data
(combined model) for adults/m2 (dependent) using the categorical variables
(independents) of the crown assessments. Akaike Information Criterion with
a correction (AICc) was used to compare the relative fit of the three models in
relation to subsequent residual sum of squares between observed and predicted
values (Johnson and Omland 2004, Murtaugh 2009).
Model testing. During spring 2009, 40 trees at each of Deford and Shiawassee State Game Areas, MI, were identified for testing the A. planipennis
landing behavior models (Fig. 1). Trees were left unwounded, wrapped with
Tangle-Trap coated plastic, and checked using the same technique described in
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model development. The data sets from 2009 at Deford and Shiawassee were
used to test model validation and gauge the efficacy of those models to predict
adults/m2. Predicted values of adults/m2 for each tree at Deford and Shiawassee
were calculated using the categorical crown assessments with the three previously developed models. AICc was used to compare the relative fit of the three
models in relation to subsequent residual sum of squares between observed
and predicted values at each of Deford and Shiawassee. Paired t-tests were
used to compare observed and predicted values. Pearson correlation was used
to test the relationships between the predicted and observed values, as well as
predicted and residual values.
Landing prediction. During spring 2010, 30 trees at each of Deford
State Game Area and Young State Park, MI, were identified for predicting the
likelihood of adult A. planipennis landing (Fig. 1). Trees were left unwounded,
wrapped with Tangle-Trap coated plastic, and checked using the same technique
described in model development and model testing. Trees were selected with
a range of crown assessment categories in an effort to provide different likelihoods of adult A. planipennis landing. Using the models developed, selected
trees were then placed into two categories of high and low likelihood of adult
A. planipennis landing. Proportions of trees with A. planipennis detection (1,
0) within each vigor and CLE combination were calculated. Those vigor and
CLE combinations with proportions > the median proportion were categorized
as high likelihood and those combinations with proportions < the median were
categorized as low likelihood. Trees were pooled across the two sites for analysis.
One-tailed t-tests were used to compare the number of adult A. planipennis landing on high and low likelihood trees. Chi-squared was used to test if detection
(1,0) was independent of the likelihood category assigned to a tree.
Results
Model development. Of the 374 trees wrapped at Burt Lake and Harrisville State Parks, 47 trees had a total of 210 adult A. planipennis landing. In
these parks, ash accounted for 15.1 percent of basal area. Using step-wise variable selection, total A. planipennis adults captured and adults/m2 was positively
related to CLE at the state parks. In addition, total A. planipennis captured
was positively related to tree vigor. Crown class/position was not significantly
related to the total A. planipennis captured. Since using CLE and tree vigor to
produce a model for adults/m2 resulted in a significant model (Porter 2009), these
two categorical variables were used for further model development, testing, and
landing predictions. Trees wrapped at Burt Lake and Harrisville resulted in
a mean landing rate of 1.19 adults/m2 (SD 5.98) with a median vigor and CLE
of 1 and 3, respectively. The probability of trees being greater than the overall
median vigor value of 1 and CLE value of 3 was not the same between trees
with A. planipennis landing and without (χ2 = 11.98, df = 1, P < 0.001; χ2 =
12.66, df = 1, P < 0.001, respectively). This result suggested that trees without
adult A. planipennis landing were more likely to be healthier, with a median
vigor rating of 1, and had less exposure of the crown to direct sunlight, with a
median CLE value of 2.5, than trees with adult landing. Conversely, trees with
vigor ratings greater than 1 or more crown exposure to direct sunlight were
more likely to have adult A. planipennis captures.
Of the 42 trees wrapped at Farnsworth and Providence Metroparks, 33 trees
had a total of 587 adult A. planipennis landing. In these parks, ash accounted for
27.7 percent of basal area. Wrapped trees resulted in a mean of 45.72 adults/m2
(SD 78.00), with median vigor and CLE values of 1 and 3, respectively. The probability of trees being greater than the overall median CLE value of 3 was not the
same between trees with A. planipennis landing and without (χ2 = 5.14, df = 1, P
= 0.023); trees without adult landing were more likely to have less exposure of the
crown to direct sunlight with a median CLE value of 2. However, the probability
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Figure 1. Distribution of sites in Michigan and Ohio, USA (with trapping year).
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of being greater than the median vigor value of 1 was not different between trees
with A. planipennis landing and without (χ2 = 3.54, df = 1, P = 0.060).
The 2008 data from Burt Lake and Harrisville State Parks, the 2009 data
from Farnsworth and Providence Metroparks, and the combined model (both
2008 and 2009 data) all resulted in a significant multiple regression models
(Table 1). The fit of the multiple regression equations, however, were variable
across the data sets used. The combined model resulted in the lowest AICc value
(Table 1). Overall using the combined 2008 and 2009 data, the probability of
being greater than the overall median vigor value of 1 and CLE value of 3 was
not the same between trees with A. planipennis landing and without (χ2 = 12.0,
df = 1, P = 0.001; χ2 = 13.5, df = 1, P < 0.001, respectively); similar to that of the
2008 data separately.
Model testing. At Deford, 3 trees had a total of 3 adults captured. At
Shiawassee, 40 trees captured a total of 991 adults. Ash accounted for 30.0
and 40.5 percent of the basal area at test sites of Deford and Shiawassee State
Game Areas, respectively. When predicted A. planipennis adults/m2 values
were calculated, negative density values were converted to zeros. Predicted and
observed adults/m2 didn’t differ at Deford using the 2008 model and at Shiawassee using the 2009 model (Table 2). Also, the 2008 model resulted in the lowest
AICc value for Deford, and the 2009 model resulted in the lowest AICc value for
Shiawassee, suggesting these are the better models for these two sites because
the resulting residual sum of squares was smallest for those models and the
2009 model had fewer parameters (Table 3). Only the 2008 and 2009 models
predicted values correlated to the observed values when Deford and Shiawassee
data were pooled (Fig. 2). Correlations between the predicted adults/m2 and
the residuals for the 2008 and combined models were not significant when the
two test sites were pooled (Fig. 3A, C). However, the 2009 model had a significant relationship between the predicted values and the residuals (Fig. 3B).
Separating the sites resulted in significant correlations between predicted and
residual values for all three models at Deford (Fig. 3D-F) and the 2009 model
at Shiawassee (Fig. 3H).
Landing prediction. Even though the 2008 model fit well at Deford,
the correlation between the predicted values and residuals was significant with
an increase in the residual size with increases in predicted values. Similarly,
a prediction bias did occur at Shiawassee with the 2009 model with increased
residual size in response to increased prediction values (Fig. 3H). Because of
these prediction biases, we used only the Farnsworth and Providence Metropark
(model development sites) data to develop a decision model for predicting the
likelihood of A. planipennis adults (Table 4). Of the 60 trees at Deford State
Game Area and Young State Park in 2010, 21 were categorized as high and 39 as
low likelihood. Trees that were categorized as high likelihood of A. planipennis
adult landing had significantly higher landing density (44.5 adults/m2 ± SE 9.1)
than trees categorized as low likelihood (12.7 adults/m2 ± SE 4.6) (t = 3.17, df
= 58, P = 0.001). Detection of adult A. planipennis was not independent of the
likelihood category assigned to a tree based on vigor rating and CLE (χ2 = 15.20,
df = 1, P < 0.001), with 71.9 percent of detections occurring on trees categorized
as high likelihood of A. planipennis landing and 78.6 percent of trees categorized
as low likelihood were without A. planipennis detection.
Discussion
Population size variability of A. planipennis and available ash resources
most likely added considerable difficulties to effectively modeling and predicting the actual density of adults per m2. Population variations are evidenced by
the major differences in the intercepts and parameter estimates in the 2008,
2009, and combined years models, as well as the total number of adult A. planipennis captured. Also, ash resources were variable between the sites used in

adults/m2 = 6.77 + 0.62×CLE0 - 1.06×CLE1 - 0.33×CLE2 0.51×CLE3 + 0.83×CLE4 - 5.97×vigor1 - 6.18×vigor2 - 2.21×vigor3 0.18×vigor4
adults/m2 = 334.09 + 26.48×CLE0 - 2.11×CLE1 + 7.00×CLE2 +
26.13×CLE3 + 34.30×CLE4 - 333.52×vigor1 - 305.33×vigor2 - 65.25×vigor3
adults/m2 = 44.08 + 2.17×CLE0 - 1.74×CLE1 + 3.11×CLE2 + 1.19×CLE3 +
11.45×CLE4 - 44.20×vigor1 - 40.20×vigor2 - 32.37×vigor3 - 38.36×vigor4

2008
3.61
10.46
3.90

0.72
0.07

F

0.08

R2

9, 405

10,33

9, 363

df

< 0.001

< 0.001

< 0.001

P

4.75

1.30

1.79

AICc

-2.01
-4.70
-7.08

tdf=39

P

0.051
< 0.001
< 0.001

Deford

7.09
-1.37
6.80

tdf=39

P
< 0.001
0.178
< 0.001

Shiawassee

5.52
-3.06
5.02

tdf=79

P
< 0.001
0.003
< 0.001

Pooled Sites
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2008
2009
Combined

Model

Table 2. Two-tailed paired t-test values between predicted (2008, 2009, and combined years models) and observed Agrilus planipennis
adults per m2 at Deford and Shiawassee State Game Areas, as well as pooled Deford and Shiawassee sites.

Note: CLE# and vigor# are categorical 1, 0

Combined

2009

Equation

Model

Table 1. Multiple regression models for 2008, 2009, and combined years using crown light exposure (CLE) and vigor ratings to predict Agrilus planipennis adults per m2 of trapping surface, including Akaike Information Criterion with correction (AICc) values.
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Table 3. Akaike Information Criterion with correction (AICc) values for 2008, 2009,
and combined model years for predicted Agrilus planipennis adults per m2 of trapping
surface at testing sites Deford and Shiawassee State Game Areas, MI.
Model

Test Site

2008
Deford
2009
Deford
Combined
Deford
		
2008
Shiawassee
2009
Shiawassee
Combined
Shiawassee

AICc Value
14.99
23.34
18.84
26.97
25.19
26.91

Figure 2. Correlation plots between 2008, 2009, and combined year models at the
pooled test sites (A-C), at Deford State Game Area (D-F), and at Shiawassee State
Game Area (G-I).
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Figure 3. Correlation plots between 2008, 2009, and combined year models at the
pooled test sites (A-C), at Deford State Game Area (D-F), and at Shiawassee State
Game Area (G-I).
Table 4. Decision model matrix for categorizing trees as low or high likelihood of adult
Agrilus planipennis landing based on vigor rating and crown light exposure from trees
at Providence and Farnsworth Metroparks, OH.
Vigor Rating

			

			

1

2

3

4

5

Crown Light Exposure

				
		

0

Low

Low

Low

Low

Low

		

1

High

High

Low

Low

Low

		

2

Low

High

High

Low

Low

		

3

Low

High

Low

High

Low

		

4

High

High

Low

High

High

		

5

Low

High

Low

Low

Low
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both model development and model testing (range 15.1 to 40.5 percent of basal
area). The AICc values for models tested at Deford were lowest for the 2008
model, while they were lowest for the 2009 model at Shiawassee. Because of
population size variability at the model development sites and testing sites,
only select models would be appropriate for any given site with A. planipennis
infestation. Without clear population size estimations, it becomes difficult to
then select the appropriate model.
The strong negative correlations between predicted and residual values
for all three models at Deford suggested that it would be appropriate to exclude
that site from the subsequent decision model matrix development. This exclusion was done with the assumption that the population dynamics at Deford
may not provide a clear differentiation between high and low likelihood trees.
Since the 2009 model fit the development data well (R2 = 0.72, AICc = 1.30)
as compared to 2008 and combined years models, trees from Farnsworth and
Providence Metroparks were used to construct the decision model matrix. Like
Deford, predicted values for the 2009 model from Shiawassee were correlated
with the resulting residuals and this prediction bias also suggested appropriate
exclusion of this data from the decision model.
While the actual adults/m2 value may not be successfully predicted for
a single tree at a given site, the utility of the models may come in the form of
selecting trees that will have the greatest likelihood of adult A. planipennis
landing. The decision model matrix resulted in many of the high likelihood vigor
and CLE combinations having medium vigor ratings (2-4) with some portion
of the crown receiving direct sunlight. The relationship between vigor rating,
likelihood of A. planipennis landing on the tree, and subsequent greater number
of adults landing on high likelihood trees, is most likely a result of attraction
to the tree. As with other Agrilus spp. (Dunn et al. 1986), A. planipennis has
an increased attraction to stressed trees, while healthy and nearly dead trees
are less attractive (Katovich et al. 2001, McCullough et al. 2009a, Crook and
Mastro 2010). While healthy trees may not be as attractive to A. planipennis,
increases in sunlight increase beetle activity and may account for the addition
of healthy trees with vigor rating of 1 being included in the high likelihood
category within the decision matrix (McCullough et al. 2009a).
Girdling, harvesting, and peeling ash trees may be the most effective
method for detecting A. planipennis, but it is cited as being expensive to establish
and evaluate, as well as hazardous to workers and the public (Crook and Mastro
2010, USDA APHIS PPQ 2010). However, this is when the tree is then felled,
peeled, and inspected for A. planipennis larvae (Crook and Mastro 2010). By
leaving the tree ungirdled and standing, the expense and hazard can be greatly
reduced or essentially eliminated. Illustrated previously, an unwounded ash
tree may be as effective for adult detection as a girdled trap tree, depending on
surrounding forest resources (Marshall et al. 2009, McCullough et al. 2009a,b).
An unwounded tree is a less expensive and simpler alternative to a girdled trap
tree. Effectiveness of different trap types for capture and detection of A. planipennis is highly variable most likely due to population size and density, as well
as forest structure and composition. As such, increasing the available number
of techniques for use in A. planipennis detection may decrease the probability
that incipient populations will go undetected. Placing plastic wrap as traps on
trees with the highest likelihood of A. planipennis landing may add to detection
efficiency, but there is a need to identify which trees have the highest likelihood
of A. planipennis detection when standard plastic prism traps are used.
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A Synopsis of the Damsel Bugs (Heteroptera: Nabidae)
of Michigan
D. R. Swanson1

Abstract
An overview of the 13 species of Nabidae found in Michigan is presented,
along with an identification key, distribution maps, and relevant literature.
New state records for Himacerus major (Costa) (Nabinae), Metatropiphorus
belfragii Reuter (Nabinae), Nabis americolimbatus (Carayon) (Nabinae), and
Pagasa fusca (Stein) (Prostemmatinae) are included.
____________________

The Nabidae are a family of predaceous true bugs comprising 41 species
in 9 genera in the United States (Kerzhner and Henry 2008). Although not a
particularly speciose group, the family displays high rates of natural (and passive) vagility, and non-native species constitute approximately 12% of the fauna
of America north of Mexico. These insects also have been the focus of extensive
biological control studies in agroecosystems, particularly for their proclivity for
feeding on pestiferous species; Braman (2000) provided an extensive bibliography of such studies.
The group has been marked by a particularly tumultuous level of generic
classification, brought about by the elevation and demotion of subgeneric names.
This flux contributes to the already difficult process of identifying nabids, particularly those of the nominate genus. In the family, a high incidence of wing
polymorphism, great variation in color development, and a paucity of nongenitalic taxonomic characters in the external morphology also have increased
the difficulty in species delimitation and subsequent identification.
The group never has been treated in Michigan. O’Brien (1983, 1988)
enumerated the relevant sources of information for the terrestrial arthropods of
Michigan. Of these references, Townsend (1890) listed the Heteroptera found in
the vicinity of Constantine (Saint Joseph County); Hussey (1921) subsequently
clarified some of these records. Hussey (1922) also catalogued the Heteroptera
of several different habitats found in Berrien County.
To augment the knowledge of the Michigan Heteroptera, the author herein
presents the results of his study of the Nabidae of Michigan.
Materials and Methods
The author examined the nabid holdings of the two major university collections in southern Michigan. County records were compiled, identification keys
were modified, and the existing natural history information, both Michiganian
and extralimital, was summarized.
The identification of the 1,480 specimens included in this study was
rendered or confirmed by the author, and all specimens reside in one of the
collections listed below unless otherwise noted. Collection dates indicate the
earliest and latest adults examined and refer specifically to specimens collected in
3111 Scenic Lake Dr. Apt. 34, Ann Arbor, MI 48108. (email: drswanny@gmail.com).
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Michigan. Locations of Michigan counties from which specimens were collected
are depicted in Figure 1. In the few instances where it is provided, label data
are not transcribed verbatim, but locality information is included in its entirety.
The habitus plates (Figs. 2, 3) are intended to provide a visual reference
for the abundance of forms found in a family marked by a dearth of visual
representation in past treatments. However, several species may be separated
only by genitalic characters; thus, comparison with the plates will not serve as
a replacement for keying out specimens.

Figure 1. The counties of the State of Michigan.
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Figure 2. Nabidae of Michigan, dorsal habitus.

Collections are designated as follows: Daniel R. Swanson, personal collection (DRS); Albert J. Cook Arthropod Research Collection, Michigan State
University, East Lansing, Michigan (MSUC); and University of Michigan Museum of Zoology Insect Collection, Ann Arbor, Michigan (UMMZ).

Results and Discussion
Family NABIDAE Costa, 1853
The damsel bugs are small to medium-sized (less than 13 mm in Michigan)
predators found in a wide variety of ecosystems throughout the world. In the
United States, the delicate-looking insects of the nominate subfamily generally
inhabit foliage in an array of habitats and may be collected frequently when
sweeping, whereas the more robust prostemmatines are ground hunters, often
collected in pitfall traps. Many species exhibit positive nocturnal phototaxis
and are frequently encountered in large numbers around lights at night. They
may maintain a univoltine or multivoltine life history (Harris 1928, Guppy
1986); adults typically overwinter and oviposit in leaf stems in the spring (Harris 1928). Despite their slight stature, these insects are capable of delivering
a painful “bite” with the rostrum when harassed (Harris 1928). Lattin (1989)
covered the bionomics of the Nabidae, and Braman (2000) discussed the economic
importance of the family.
The phylogenetic position of the Nabidae has a contentious past, having
previously been assigned to the Reduvioidea or the Cimicoidea. The current
arrangement of heteropteran classification places the Nabidae, comprising two
monophyletic subfamilies, in the Nabioidea along with the African Medocostidae
(Schuh and Štys 1991, Schuh and Slater 1995). Phylogenetically, the family
is recognized by the presence of the fossettes parastigmatiques and Ekblom’s
organ as well as the labial structure and hemelytral venation (Schuh and Štys
1991). The Nabidae superficially resemble small assassin bugs (Reduvioidea:
Reduviidae) and may be more informally recognized by the four-segmented
rostrum, the series of small marginal cells in the hemelytral membrane, and
the presence of an apical “collar” at the anterior margin of the pronotum.
As mentioned above, the generic classification has changed frequently,
and Kerzhner and Henry (2008) provided an updated checklist for the taxa
found in America north of Mexico. Each of the two subfamilies is represented
in Michigan, and 13 species in 6 genera are found in the state (Table 1).

2012

THE GREAT LAKES ENTOMOLOGIST

Figure 3. Nabidae of Michigan (cont.), dorsal habitus.
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Table 1. Species of Nabidae found in Michigan.
Nabinae

Prostemmatinae

Himacerus (Anaptus) major (Costa), 1842
Pagasa (Lampropagasa) fusca (Stein), 1857
Hoplistoscelis pallescens (Reuter), 1872
Pagasa (Lampropagasa) insperata
Lasiomerus annulatus (Reuter), 1872		 Hussey, 1953
Metatropiphorus belfragii Reuter, 1872
Pagasa (Pagasa) pallipes Stål, 1873
Nabis (Dolichonabis) americolimbatus
(Carayon), 1961
Nabis (Limnonabis) propinquus
Reuter, 1872
Nabis (Nabicula) subcoleoptratus
(Kirby), 1837
Nabis (Nabis) roseipennis Reuter, 1872
Nabis (Nabis) rufusculus Reuter, 1872
Nabis (Reduviolus) americoferus
Carayon, 1961

Blatchley (1926) treated the species of the eastern United States, but
the monograph of Harris (1928) remains the most relevant for those wishing
to identify the North American nabids. However, its outdated status, particularly regarding generic names and placement, makes it difficult to use without
additional investigation. Nevertheless, the basic framework of the key is preserved from that work. Henry and Lattin’s catalog (1988) remains useful for
sorting out past records as do the clarifications provided by Kerzhner (1993)
and Kerzhner and Henry (2008).
Key to the Nabidae of Michigan
1
Pronotum with apical collar extremely narrow or absent; antennae
5-segmented; rostrum somewhat stout; legs short and thick; clavus
not or scarcely widened posteriorly (Prostemmatinae: Pagasa)..........2
1’
Pronotum with apical collar wide and distinct; antennae 4-segmented;
rostrum more slender; legs longer and more slender; clavus widened
posteriorly (Nabinae)..............................................................................4
2 (1)
Second rostral segment extending beyond base of head; protibiae
broadly and suddenly dilated along apical half to two-fifths; hemelytra,
in greater part, opaque (subgenus Pagasa)...................Pagasa pallipes
2’
Second rostral segment scarcely attaining posterior margin of eyes;
protibiae angularly dilated only for short distance near apex; hemelytra
shiny (subgenus Lampropagasa).......................................................... 3
3 (2’)
Male paramere thicker, less sharply bent, apex abruptly truncate,
not so narrowed; hemelytra variable, macropterous or brachypterous
.............................................................................................Pagasa fusca
3’
Male paramere more narrow, thus appearing to be more sharply bent
or incurved, apex more elongate and narrow; hemelytra brachypterous,
extending no further than anterior margin of third abdominal tergite
......................................................................................Pagasa insperata
4 (1’)
Scape approximately twice as long as head, abruptly and evenly thickened along its apical third; hemelytral membrane only with unclosed
discal cells; mesotibiae unarmed ventrally.............................................
........................................................................ Metatropiphorus belfragii

2012

4’
5 (4’)
5’
6 (5’)

6’

7 (6’)
7’
8 (7’)
8’
9 (8’)

9’

10 (9)

10’

THE GREAT LAKES ENTOMOLOGIST

45

Scape not twice as long as head, not abruptly thickened; hemelytral
membrane usually with closed discal dells; mesotibiae armed ventrally
with sharp spines or spine-like teeth....................................................5
Pro- and mesofemora armed ventrally with minute, blunt, piceous
teeth in addition to spine-like setae; tibiae annulate throughout entire
length............................................................... Hoplistoscelis pallescens
Pro- and mesofemora unarmed or armed only with minute, piceous,
spine-like setae, never with short teeth; tibiae not annulate or if so,
only at bases and apices.........................................................................6
Posterior pronotal lobe strongly punctate; costal margins of hemelytra
sinuate, appearing distinctly constricted before the middle, margins
ciliate; femora with subapical ring before apices; metatibiae clothed
with long, suberect setae.................................... Lasiomerus annulatus
Posterior pronotal lobe not or only very faintly punctate; costal margins
of hemelytra essentially parallel or evenly convex, clothed only with few
shorter setae; femora usually not annulate before apices; tibiae clothed
with shorter, more depressed setae which arise at sharp angles from
surface.....................................................................................................7
Abdominal connexiva not separated from venter by distinct longitudinal
depression; abdominal sterna with small shiny black bare spot mesad
of each spiracle.............................................................Himacerus major
Abdominal connexiva separated from venter by distinct longitudinal depression; abdominal sterna without shiny bare spots (genus
Nabis).................................................................................................. 8
Head distinctly and obliquely narrowed behind eyes; body shiny black,
with antennae, rostrum, legs, and margins of connexiva yellowish
(subgenus Nabicula)............................................ Nabis subcoleoptratus
Head behind eyes parallel-sided or nearly so; body, in greater part,
greyish, brownish, or reddish.................................................................9
Scutellum with conspicuous, depressed, semicircular, shiny spots on
each basal angle; body often elongate; scape always distinctly longer
than width of head through eyes; macropterous form rare, brachypterous form with hemelytra not extending beyond third abdominal
tergite....................................................................................................10
Basal depressed spots of scutellum absent or only obsoletely developed;
body usually broader, oblong-ovate; scape scarcely or not longer than
width of head through eyes, at least in brachypterous forms; macropterous form more common, brachypterous form with hemelytra extending
beyond middle of abdomen...................................................................11
Body greatly elongate, lateral margins of abdomen, especially in females, more or less parallel-sided, distance from apex of scutellum to
abdominal apex at least 3.3 times as long as greatest abdominal width;
length of scape usually greater than 3.5 times interocular distance; male
paramere with wide semi-circular disc provided with slight preapical
notch; length 9-12 mm (subgenus Limnonabis)........ Nabis propinquus
Body shorter, lateral margins of abdomen, especially in females, more
arcuate, distance from apex of scutellum to abdominal apex less than
3.3 times as long as greatest abdominal width; length of scape less
than 3.4 times interocular distance; male paramere with rather narrow disc lacking preapical notch; length less than 10 mm (subgenus
Dolichonabis)..................................................... Nabis americolimbatus
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11 (9’)

Color, in greater part, grey to greyish testaceous; fourth antennomere
subequal to or slightly shorter than scape (subgenus Reduviolus); brachypterous form more rare [head ventrally, in greater part, yellowish
to testaceous; metatibiae essentially immaculate].................................
...................................................................................Nabis americoferus
11’
Color, in greater part, yellowish to reddish brown; fourth antennomere longer than scape (subgenus Nabis); brachypterous form more
common.................................................................................................12
12 (11’) Head ventrally, in greater part, fuscous to black; metatibiae often
conspicuously dotted with fuscous; male clasper with long sinuate
stem...........................................................................Nabis roseipennis
12’
Head ventrally, in greater part, yellowish to testaceous; metatibiae
essentially immaculate; male clasper with short rectangular stem......
...................................................................................... Nabis rufusculus
Subfamily NABINAE Costa, 1853
Tribe NABINI Costa, 1853
Genus HIMACERUS Wolff, 1811
Subgenus ANAPTUS Kerzhner, 1968
Himacerus major (Costa), 1842. (Figs. 2, 4). – (NEW STATE RECORD).
This Palearctic endemic has been accidentally introduced into two regions in
North America via ballast dumps (Lattin 1966, Wheeler 1976) and has spread
subsequently in the northern United States and Canada. Several specimens
collected by the author demonstrate the establishment of H. major in Michigan.
Label data as follows: MICHIGAN: Washtenaw Co., Ann Arbor, U-M Museum
of Zoology, 7 January 2008, 42.2784°N 83.7348°W, 880 ft., D. R. Swanson #1
[1 female] (DRS); MICHIGAN: Washtenaw Co., Ann Arbor, 1001 Maiden Ln.,
apt. complex, 27 July 2009, 42.2887°N 83.7354°W, 755 ft., D. R. Swanson #98 [1
female] (DRS); MICHIGAN: Kent Co., Wyoming, 3811 Cook Court, home garden,
16 October 2011, 42.8950°N 85.7235°W, 645 ft., D. R. Swanson #64 [1 female]
(DRS). The first record from Ann Arbor represents an overwintering adult taken
inside the research wing of the Museum; the single female from Kent County
was taken from under a patch of catmint (Nepeta sp.) in a suburban garden.
Lattin (1966) and Wheeler (1976) discussed the introduction and spread of this
Old World species in the Pacific Northwest and northeastern United States,
and Maw et al. (2000) and Wheeler and Hoebeke (2004) contributed records for
British Columbia and Nova Scotia, respectively. The generic placement of this
species, like that of many other nabids, has been in flux; previously, it has been
in Nabis Latreille, 1802, Aptus Hahn, 1831, Stalia Reuter, 1872, and Anaptus,
and most recently it was transferred to Himacerus by Kerzhner and Henry
(2008). The morphological feature described in couplet 7 also will separate
H. major from all other nabines, including the three species in the preceding
couplets; however, the longitudinal depression also is absent in members of the
prostemmatine genus Pagasa Stål, 1862. 3 specimens examined. Collection
dates from 7 January to 16 October.
Genus HOPLISTOSCELIS Reuter, 1890
Hoplistoscelis pallescens (Reuter), 1872. (Figs. 2, 5). – Hussey’s (1922) record
of this species from Michigan (as Nabis sordidus) apparently was overlooked by
Henry and Lattin (1988). Hussey noted these nabids were taken infrequently from
“undergrowth in the woods and from woodland grasses”; it also has been taken
in similar situations by the author in Kent and Washtenaw counties. Kerzhner
and Henry (2008) clarified the identity of the eastern species; previously, this
species had been confounded with Hoplistoscelis sordida (Reuter), 1872. Harris
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Figure 5.

Figure 4. Distribution of Himacerus (Anaptus) major in Michigan.
Figure 5. Distribution of Hoplistoscelis pallescens in Michigan.

(1928) reported some biological aspects of this species (as Nabis (Hoplistoscelis)
sordidus). 26 specimens examined. Collection dates from 2 May to 13 November.
Genus LASIOMERUS Reuter, 1890
Lasiomerus annulatus (Reuter), 1872. (Figs. 2, 6). – Hussey (1922) reported
this species from Michigan (as Nabis annulatus). This record, apparently overlooked by Henry and Lattin (1988), noted several individuals “beaten from alder
in a swamp.” Harris (1928) reported some biological aspects for this species
(as Nabis (Lasiomerus) annulatus), noting that eggs overwinter. 26 specimens
examined. Collection dates from 23 July to 5 September.
Genus METATROPIPHORUS Reuter, 1872
Metatropiphorus belfragii Reuter, 1872. (Figs. 3, 7). – (NEW STATE RECORD). Members of this genus seem to be rare in collections. The author examined one specimen from Michigan with the following label data: MICHIGAN:
Livingston Co., E. S. George Reserve, 22 July 1954, H. K. Wallace [1 female]
(UMMZ). This species has been found in Illinois and New York, among other
states (Henry and Lattin 1988); Paiero et al. (2003) gave Ontario as the first
Canadian record. 1 specimen examined. Collection date is 22 July.
Genus NABIS Latreille, 1802
Subgenus DOLICHONABIS Reuter, 1908
Nabis americolimbatus (Carayon), 1961. (Figs. 3, 8). – (NEW STATE
RECORD). It is unsurprising to find this species in Michigan as it is known
from Minnesota and New York as well as Ontario (Henry and Lattin 1988).
Harris (1928) indicated this species “inhabits vegetation in and around bogs
and marshes.” Although the occurrence of true Nabis (Dolichonabis) limbatus
Dahlbom, 1851 has been confirmed recently in Newfoundland (Larivière 1994,
Kerzhner and Henry 2008), most previous records from the United States were
referred incorrectly to the Palearctic endemic before Carayon (1961) clarified
their status (see also Nabis (Reduviolus) americoferus below). 11 specimens
examined. Collection dates from 9 July to 8 September.
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Figure 7.

Figure 6. Distribution of Lasiomerus annulatus in Michigan.
Figure 7. Distribution of Metatropiphorus belfragii in Michigan.

Subgenus LIMNONABIS Kerzhner, 1968
Nabis propinquus Reuter, 1872. (Figs. 3, 9). – Hussey (1922) reported
this species from Michigan as “[m]oderately common on bulrushes and
sedges in the marshes at New Buffalo and at Stevensville.” Harris (1928)
indicated this species “frequents the edges of marshes and ponds where the
reeds and sedges flourish…in such situations in company with Protenor
belfragei Haglund” (Alydidae: Micrelytrinae). Asquith and Lattin (1990)
provided information regarding the taxonomy, morphology, cladistics, and
biogeography of this species. 47 specimens examined. Collection dates from
24 June to 2 September.
Subgenus NABICULA Kirby, 1837
Nabis subcoleoptratus (Kirby), 1837. (Figs. 3, 10). – Hussey (1922) reported
this species from Michigan. He noted these nabids “[p]lentiful in the grass in
moist situations about the Warren Woods, and in similar places in the dune
region.” Label data indicate it has been taken in prairies and grassy fields in
Jackson, Kalamazoo, and Oakland counties, and the author has found them
abundant in such situations in early summer, an observation shared with
Hussey (1922). This species has been taken “eating [a] coccinellid [larvae] on
Asclepias syriaca” in Cheboygan County and “at flowers of Epilobium angustifolium” in Dickinson County. This nabid also has been collected from Isle Royale
(Keweenaw County). Macropterous forms exist but micropterous forms are far
more common. The black body renders N. subcoleoptratus instantly recognizable among the Michigan nabines, although it superficially resembles members
of the prostemmatine genus Pagasa. Individuals of this species, particularly
the late-instar nymphs, are ant-mimetic and may be confused in Michigan with
nymphs of the broad-headed bug genera Alydus Fabricius and Megalotomus
Fieber (Alydidae: Alydinae). Harris (1928) and Larivière (1994) reported some
biological aspects for this species; the former indicated that N. subcoleoptratus
is known to overwinter as an egg. 578 specimens examined. Collection dates
from 27 May to 18 September.
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Figure 9.

Figure 8. Distribution of Nabis (Dolichonabis) americolimbatus in Michigan.
Figure 9. Distribution of Nabis (Limnonabis) propinquus in Michigan.

Subgenus NABIS Latreille, 1802
Nabis roseipennis Reuter, 1872. (Figs. 3, 11). – Hussey (1922) reported this
species being generally common in southwestern Michigan. Label data indicate
it has been taken on weeds and in a prairie in Kalamazoo County. Mundinger
(1922) and Harris (1928) reported aspects of biology for this species. Elvin
and Sloderbeck (1984) provided a key for identifying nymphs. 127 specimens
examined. Collection dates from 5 March to 18 November.
Nabis rufusculus Reuter, 1872. (Figs. 3, 12). – Hussey (1922) reported
this species from Michigan, noting several “beaten from bushes at the edge of
the Warren Woods.” The author has taken this species sweeping an open field
in Jackson County and marsh grasses in Washtenaw County. Label data also
indicate it has been taken from tamarack (Larix laricina Du Roi) in Oakland
County and bracken (Pteridium sp.) in Chippewa County. This species has
been collected from Isle Royale (Keweenaw County) and Drummond Island
(Chippewa County). 169 specimens examined. Collection dates from 29 April
to 4 November.
Subgenus REDUVIOLUS Kirby, 1837
Nabis americoferus Carayon, 1961. (Figs. 3, 13). – Townsend (1890) and
Hussey (1922) reported this species from Michigan as Coriscus ferus and Nabis
ferus, respectively; indeed, all past records for this species were referred to
the Palearctic Nabis ferus (Linnaeus), 1758 before Carayon (1961) clarified its
status (see also Nabis (Dolichonabis) americolimbatus above). Hussey (1922)
indicated the following of the species:
“One of the most abundant Hemiptera of the grasslands in
Berrien County. The specimens taken late in June appear to average somewhat smaller than those taken later in the summer. This
species was very active at night: several specimens came to light,
and large numbers could be taken by sweeping the grasses after
dark: many of these were feeding when taken.”
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Figure 10. Distribution of Nabis (Nabicula) subcoleoptratus in Michigan.
Figure 11. Distribution of Nabis (Nabis) roseipennis in Michigan.
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Figure 13.

Figure 12. Distribution of Nabis (Nabis) rufusculus in Michigan.
Figure 13. Distribution of Nabis (Reduviolus) americoferus in Michigan.
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Label data indicate its collection from weeds and a prairie in Kalamazoo
County, red clover (Trifolium pratense L.) and alfalfa (Medicago sativa L.) in
Ingham County, cultivated strawberries in Berrien County, and a 5-year-old
plantation of Pinus sylvestris L. in Wexford County. This species also has been
collected from Isle Royale (Keweenaw County). Potential specimens of Nabis
kalmii Reuter, 1872 are included here (see discussion below). Harris (1928) discussed some additional biological aspects, and Guppy (1986) reported bionomic
information. Elvin and Sloderbeck (1984) provided a key for identifying nymphs.
456 specimens examined. Collection dates from 3 March to 16 November.
Nabis inscriptus (Kirby), 1837. – Harris (1928) indicated individuals of
Nabis americoferus, N. roseipennis, and N. rufusculus often were misidentified
as this species. Because all three are common to Michigan, it is unknown to
which species Townsend’s (1890) record of Coriscus inscriptus refers. Hussey
(1921) suggested N. roseipennis as its true identity, a suggestion with which
the author agrees, and if not that species, it certainly refers to N. rufusculus
as Townsend already had listed Coriscus ferus. True N. inscriptus, a species
endemic to the Palearctic, probably does not occur in Michigan as it is known
from Alaska, Colorado, and Idaho in the United States and Alberta, British
Columbia, Newfoundland, Northwest Territories, Quebec, and Yukon in Canada
(Henry and Lattin 1988, Maw et al. 2000).
Subgenus TROPICONABIS Kerzhner, 1968
Nabis capsiformis Germar, 1968. – The author has examined one Michigan
specimen of this pantropical species, with the following label data: MICHIGAN:
Ingham Co., 22 [or 27] October 1949 [no collector] [1 male] (MSUC). Because this
species is known only from the southern United States (Henry and Lattin 1988),
it seems improbable that N. capsiformis is established in Michigan. There also
exists a strong possibility that the specimen is mislabeled. Given these doubts,
it should be excluded from the Michigan faunal list unless more specimens are
found. This species, however, is notorious for high rates of dispersal (Kerzhner
1983, Lattin 1989, Kerzhner and Henry 2008), and N. capsiformis remains a
potential adventive within the Michigan fauna. Only macropterous individuals
are known (Lattin 1989). This species will run to Nabis americoferus (couplet
11) in the key provided, and it may be separated from all Michigan Nabis species by the slender habitus and the absence of dark speckling on the corium, the
latter condition being occasionally present in pale specimens of N. americoferus.
Subfamily PROSTEMMATINAE Reuter, 1890
Tribe PROSTEMMATINI Reuter, 1890
Genus PAGASA Stål, 1862
Subgenus LAMPROPAGASA Reuter, 1909
Pagasa fusca (Stein), 1857. (Figs. 3, 14). – (NEW STATE RECORD).
Kerzhner (1993) characterized a portion of the range of P. fusca as “USA (almost
the whole territory)”; yet, to the author’s knowledge, no Michigan localities or
specimen data have been given for this species. Collections from pitfall traps
have yielded several specimens in the state; label data indicate that traps yielding P. fusca were laid in an abandoned field in Kalamazoo County, a 5-year-old
plantation of Pinus sylvestris L. in Wexford County, and on a green roof in Ingham, Kent, and Ottawa counties. This species also has been collected from Isle
Royale (Keweenaw County). Harris (1928) reported some biological aspects for
this species. 35 specimens examined. Collection dates from 5 April to 19 October.
Pagasa insperata Hussey, 1953. (Fig. 15). – This species was described
from a single male taken in Oceana County (Hussey 1953). Holotype data as
follows: MICHIGAN: Oceana Co., Silver Lake State Park, 26 July 1934, Ada
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Figure 14. Distribution of Pagasa (Lampropagasa) fusca in Michigan.
Figure 15. Distribution of Pagasa (Lampropagasa) insperata in Michigan.

L. Olson and Leonora K. Gloyd (UMMZ). Kerzhner (1993) and Kerzhner and
Henry (2008) clarified the identity of Hussey’s species and synonymized the new
subgenus Parapagasa Hussey, 1953, explaining it was based on an imperfect
specimen. 1 specimen (holotype) examined. Collection date is 26 July.
Subgenus PAGASA Stål, 1862
Pagasa pallipes Stål, 1873. (Figs. 3, 16). – Hussey (1921) reported a single
specimen from Ingleside, Cheboygan County, Michigan. Harris (1928) questioned the validity of the record, although it was included by Henry and Lattin
(1988). No specimens examined. Collection date is 14 August.
Notes on Additional Species
Nabis (Dolichonabis) nigrovittata nearctica Kerzhner, 1981. – Of the
three subspecies of N. nigrovittata delimited by Kerzhner (1981), this is the
only Nearctic form. Known from Alaska, Colorado, Idaho, New York, and all
adjacent territories in Canada (Henry and Lattin 1988, Larivière 1994, Maw
et al. 2000, Kerzhner and Henry 2008), this subspecies is a potential addition
to the Michigan fauna, although no Michigan individuals of this species have
been examined by the author. It closely resembles N. americolimbatus and
brachypterous forms may be separated from that species by the hemelytra
extending past the basal margin of the third abdominal tergite and the acutely
rounded to pointed apex; this contrasts the broadly rounded or truncate
hemelytra that do not extend beyond the base of the third abdominal tergite
in N. americolimbatus (Larivière 1994). Additionally, the shaft of the male
paramere is more or less straight or slightly curved mesad when viewed from
above in N. nigrovittata nearctica, whereas the shaft curves laterad in N.
americolimbatus (Larivière 1994).
Nabis (Reduviolus) kalmii Reuter, 1872. – This species was treated in
the monograph as Nabis ferus var. pallidipennis Harris, 1928; the two forms
were synonymized by Kerzhner (1981), who retained N. kalmii as a good species. Known from Alberta, Iowa, Kansas, Maine, Manitoba, Massachusetts,
Minnesota, Montana, Newfoundland, New Hampshire, New Jersey, New York,
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Figure 16. Distribution of Pagasa (Pagasa) pallipes in Michigan.

North Dakota, Nova Scotia, Ohio, Pennsylvania, South Dakota, and Wisconsin
(Henry and Lattin 1988, Kerzhner and Henry 2008), N. kalmii should occur in
Michigan. Harris (1928) separated this species from N. americoferus by the
slightly paler coloration and the slightly longer scape of the former. Of these
differences, he remarked:
“This form [N. ferus var. pallidipennis] may, when only a few
examples are at hand, appear sufficiently distinct to be accorded
specific rank. However, with a long series for study it is evident
that the differential characters are quite variable. It seems to be
no more than a form of our very variable N. [americo]ferus that is
characteristic of drier and warmer situations.”
Although the male parameres are similar, the shape of the genital capsule and the internal male and female genitalia will distinguish the two species (Henry, pers. comm.). Unfortunately, N. kalmii is, at most, peripherally
present in contemporary treatments (Kerzhner 1968, 1981, 1993; Kerzhner
and Henry 2008), and to the author’s knowledge, none provide a diagnosis for
N. kalmii or a description of the male genitalia. Specimens of N. americoferus
from Michigan examined by the author show a range of variation in the length
of the scape, even within a single series, such that the two forms sensu Harris
(1928) could not be separated adequately. The author also has made a careful
survey of the male parameres within the examined material of N. americoferus,
and while minor variations were observed, no forms seemed to indicate the
presence of another species. As no other diagnostic characters are available
and the genitalic differences are unknown to the author, N. kalmii has been
excluded from this treatment.
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Evaluating Multiple Arthropod Taxa as Indicators of
Invertebrate Diversity in Old Fields
William R. Morrison III1,2, Joseph T. Waller1,3, Alyssa C. Brayshaw1,4, David A. Hyman1,5, Michael R. Johnson1,6, and Ann M. Fraser1*

Abstract
Biodiversity, often quantified by species richness, is commonly used to
evaluate and monitor the health of ecosystems and as a tool for conservation
planning. The use of one or more focal taxa as surrogates or indicators of larger
taxonomic diversity can greatly expedite the process of biodiversity measurement. This is especially true when studying diverse and abundant invertebrate
fauna. Before indicator taxa are employed, however, research into their suitability as indicators of greater taxonomic diversity in an area is needed. We
sampled invertebrate diversity in old fields in southern Michigan using pitfall
trapping and morphospecies designations after identification to order or family.
Correlation analysis was used to assess species richness relationships between
focal arthropod taxa and general invertebrate diversity. Relationships were
assessed at two fine spatial scales: within sampling patches, and locally across
four sampling patches. Cumulative richness of all assessed taxa increased
proportionately with cumulative invertebrate richness as sampling intensity
increased within patches. At the among-patch scale, we tentatively identified
Hemiptera and Coleoptera as effective indicator taxa of greater invertebrate
richness. Although Hymenoptera, Araneae and Diptera exhibited high species
richness, their total richness within patches was not associated with overall
invertebrate richness among patches. Increased sampling throughout the active season and across a greater number of habitat patches should be conducted
before adopting Hemiptera and Coleoptera as definitive indicators of general
invertebrate richness in the Great Lakes region. Multiple sampling techniques,
in addition to pitfall trapping, should also be added to overcome capture biases
associated with each technique.
____________________

Biodiversity measurement is commonly used to evaluate and monitor the
health of ecosystems and as a tool for conservation planning (Magurran 1988,
Hoffmann 2010). Species richness is often used for these purposes, wherein
standardized methods are used to sample and catalog species-level diversity
within a designated area (Magurran 1988). Accurate species richness results
can also be obtained quickly and at lower cost using morphospecies designations (Oliver and Beattie 1996), in which specimens are sorted into recognizable
taxonomic units and identified at higher taxonomic levels (e.g., order, family).
The use of morphospecies is not without limitations, however. Error rates for
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morphospecies determinations can be high for speciose taxa such as beetles
and spiders (Derraik et al. 2002) but can be reduced if sorters are trained in
recognizing taxon-specific key characteristics (Oliver and Beattie 1996). Because
morphospecies determinations lack actual species names, however, information
on species ecology and conservation status is lost (Goldstein 1997). Despite
these limitations, the use of morphospecies allows quick sorting of specimens
and can provide gross level information on the effects of invasion, disturbance
or land use change on community composition and diversity.
Even with the increased efficiency that morphospecies determinations
provide, the sheer magnitude and variety of specimens that result from survey
collections often necessitates the use of one or more focal taxa as diversity indicators (Balmford et al. 1996, Brown 1997, Duelli and Obrist 2003). A focal
taxon is an appropriate surrogate taxon or ‘bioindicator’ of greater taxonomic
diversity when its own diversity, usually expressed in terms of species richness,
is positively correlated with greater taxonomic diversity in the same area (Duelli
and Obrist 1998, McGeoch 2007). This positive association is often assumed,
although rarely tested before being applied (Duelli and Obrist 1998). Moreover,
when relationships are tested, assumed correlations are not always upheld (Duelli and Obrist 1998, Oertli et al. 2005), may apply only in certain geographic
regions (Lindenmayer et al. 2000), or at certain spatial scales (Weaver 1995,
Hess et al. 2006, Gaspar et al. 2010). When seeking to use focal taxa as indicators of greater taxonomic diversity, preliminary assessments of their usefulness
must be made at scales relevant to desired use.
The purpose of this study was to identify focal arthropod taxa whose
diversity is indicative of larger invertebrate diversity within old field sites in
southern Michigan and the Great Lakes region. Our study was motivated by an
attempt to investigate the effects of an invasive plant species, spotted knapweed
(Centaurea stoebe L.), on the local invertebrate community and consequently on
ecosystem health and functioning (Coleman and Hendrix 2000, Weisser and Siemann 2004, Harvey et al. 2010). In a pilot study, we were quickly overwhelmed
with the diversity and abundance of invertebrate specimens retrieved by pitfall
trapping (Waller 2006) and realized a need for suitable indicator taxa for this
purpose. The diversity and abundance of arthropod taxa such as ants, beetles
and spiders, coupled with their relative ease of collection, suggested that these,
and possibly other taxa, might be good indicators of greater arthropod and general invertebrate diversity (Waller 2006). To test the suitability of these and
additional arthropod taxa as indicators of invertebrate biodiversity, we used
pitfall sampling to collect invertebrates and assessed species richness relationships between focal taxa and all invertebrates at two fine spatial scales: within
sampling patches, and locally across four sampling patches.
Materials and Methods
Field sites. This study was conducted in Kalamazoo County, Michigan
between June and August 2005. We used pitfall trapping to sample invertebrates from three locations within the Lillian Anderson Arboretum (ARB) in
Oshtemo Township, and from one location within the Chipman Preserve (CHIP)
in Comstock, approximately 19 km distant from the ARB site. Sampling was
conducted in patches of old fields that were once under agricultural cultivation
but which had not been actively managed by human enterprise for at least ten
years prior to our study. Consequently, all patches were undergoing ecological
succession. Habitat patches varied in size from ca. 1400 m2 to 15000 m2 and
all patches were bordered by hardwood trees, predominantly oak (Quercus),
hickory (Carya), maple (Acer) and wild black cherry (Prunus serotina Ehrh.).
Plant diversity within patches was not quantified. Qualitatively, however, the
CHIP patch was composed of grasses and mixed forbs, with spotted knapweed
(Centaurea stoebe) as the predominant forb. Vegetation cover in the three ARB
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patches (ARB1-ARB3) varied from primarily grasses (ARB2) with a few mixed
forbs such as horse nettle (Solanum carolinense L.), pokeweed (Phytolacca
americana L.) and thistle (Cirsium) to predominantly mixed forbs with goldenrod (Solidago), vetch (Vicia), Queen Anne’s lace (Daucus carota L.), spotted
knapweed and Rubus as the most common forbs present. The three ARB patches
were separated from one another by a 300-500 m expanse of forested vegetation.
Invertebrate sampling. We sampled invertebrates using pitfall traps
consisting of plastic cups measuring 7.5 cm diam × 8.5 cm deep. Pitfall traps
were installed between 1000 and 1200 h at the start of a sampling period and
collected 48 h later. Pitfall traps were inserted flush with the ground and
partially filled with liquid to drown invertebrates that fell into traps. Seventy
percent isopropyl alcohol was used as the trapping liquid in all cases except at
ARB1 where we used a mixture of water and dish soap during the first sampling
period. However, we found that slugs captured in soapy water secreted profuse
amounts of slime that hindered specimen sorting. At CHIP, we initially added
several drops of mineral oil to alcohol to reduce evaporation but this caused
specimens to clump, hindering specimen sorting and identification. Excessive
evaporation of untreated 70% isopropyl alcohol was not found to be a problem
in subsequent trapping.
At each patch, pitfall traps were installed at 10 m intervals along two
parallel 50 m transects, for a total of 12 traps per patch. Parallel transects were
separated by 15 m distance. Two rounds of sampling were conducted within
each patch. Sampling period I occurred in early summer, between 20 June and
9 July 2005; the second round of sampling (period II) occurred in late summer,
2-4 August 2005. Weather during both sampling periods was seasonably warm
(ca. 22-28 ºC), generally sunny and without precipitation.
Invertebrate sorting and identification. Specimens were identified to morphospecies and their abundance per trap was recorded. Voucher
specimens were preserved in glass vials filled with 70% ethanol. Adults of each
morphospecies were later identified to order, and where possible, family (most
insects, spiders) or genus (ants only). We discarded larvae of holometabolous
insects (<0.5% of all specimens collected) due to difficulty in identifying these
to family and matching these with adult counterparts. For hemimetabolous
insects and spiders, we could not reliably assign immatures of different instars
to adult specimens. Therefore, we identified immatures to family level only
and treated all immatures within a family as a single morphospecies distinct
from adults. This conservative approach avoided inflating species richness
measures. Among hemimetabolous families with immatures represented in
collections, immatures accounted for 7.8% of all individuals collected, with two
families (Araneae: Lycosidae and Hemiptera: Cicadellidae) accounting for 77.8
% of immature specimens.
Data analysis. We calculated Pearson product-moment correlation coefficients (r) to assess the strength of associations between focal taxa and remaining
invertebrate diversity (see Gotelli and Ellison 2004). Analyses were conducted
using JMP ver. 9.0 (SAS Institute). Associations were evaluated at two spatial
scales: within and among patches. For within-patch evaluation of indicator
taxa, we plotted the cumulative number of species per focal taxon against the
corresponding cumulative number of all remaining invertebrate species (total
invertebrate richness minus focal taxon richness) as successive pitfall contents
were added. This allowed us to determine whether accumulated focal taxon
richness was strongly correlated with accumulated invertebrate richness as
sampling area increased. Plotting proceeded in order of pitfall number along
transects. Data from the two sampling periods were analyzed separately to
assess usefulness of focal taxa as indicators in different periods of the season.
To evaluate the usefulness of focal taxa as indicators of greater invertebrate
diversity over the larger among-patch spatial scale we plotted total focal taxon
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richness per patch against corresponding total remaining invertebrate richness per patch, with each sampling period (n=2) and patch (n=4) representing
a single data point for a total of eight observations per focal taxon assessment.
Results
A total of 6915 invertebrate specimens representing 307 morphospecies
from 3 phyla was collected over the course of our study (Table 1). The vast majority of specimens were arthropods. The number of morphospecies captured
per patch during a single sampling period ranged from 57 to 102, with 43 to 55%
of species represented by a single specimen (singletons). Hymenoptera was the
most diverse taxon, accounting for 17 to 31% of species richness per patch in a
single sampling period, and 21% of richness overall. Coleoptera and Hemiptera
each accounted for 17% of total morphospecies richness overall, while Araneae
accounted for 16% of overall richness. Species richness for Heteroptera was
very low (1-6 species) in all patches and accounted for 2-8% of total richness
within patches.
Evaluation of focal taxa as indicators of invertebrate richness.
Within patches, cumulative morphospecies richness values for all focal taxa
except Heteroptera consistently showed strong positive correlations with total
invertebrate richness (P < 0.05, r > 0.70; Table 2, Fig. 1). At the larger amongpatch scale, however, focal taxon richness was not associated with remaining
invertebrate richness for most focal taxa (Table 2, Fig. 2). Hemiptera was
the only taxon for which total focal taxon richness was significantly positively
correlated with total invertebrate richness among patches (P = 0.02, r = 0.80;
Table 2), whereas Coleoptera and “Homoptera” (paraphyletic group used for
the sake of convenience: Gullan, 2001) showed marginally significant positive
associations with invertebrate richness among patches (P = 0.06, r = 0.69 and
P = 0.09, r = 0.64 respectively; Table 2, Fig. 2).
Despite high species richness for Araneae and Hymenoptera and their
strong within-patch correlations (r = 0.87 – 0.99) with remaining invertebrate
richness, neither of these taxa showed a significant association with invertebrate richness at the among-patch scale (Table 2). Diptera, Formicidae, and
Orthoptera richness were represented by moderate to low numbers of species
and their respective richness values were positively correlated with invertebrate
richness within patches but not associated with total invertebrate richness
among patches (Table 2).
Discussion
Our evaluation of various arthropod taxa as indicators of general invertebrate richness suggests that Hemiptera and Coleoptera have the greatest
promise as useful indicator taxa in old field habitats in Michigan and the Great
Lakes region. Additional sampling effort and use of a wider variety of sampling
techniques is needed, however, before these promising taxa can be invoked as
definitive indicators of general invertebrate richness.
The order Hemiptera (true bugs, cicadas, hoppers and allies) is underutilized as an indicator taxon relative to its diversity within arthropods (McGeoch
2007). Within Hemiptera, Duelli and Obrist (1998) showed that heteropteran
diversity is a strong indicator of arthropod richness in seminatural and cultivated
habitats in Switzerland. They note that the trophic variability of Heteroptera
may account for its strong correlation with greater invertebrate diversity and
found this suborder to be an especially efficient indicator taxon owing to the
low effort required to sort and identify specimens relative to more diverse taxa
such as Coleoptera and Araneae. Although our study did not find a significant
association between heteropteran diversity and overall invertebrate richness
among patches, this may be due to the low numbers (1 to 6) of Heteroptera species

ARB1

ARB2

ARB3

Chip

Total		

ARB1

ARB2

ARB3

Chip

ANNELIDA											
Oligochaeta
1		
1		
1						
ARTHROPODA											
Malacostraca
1
1
1	 	
1		
1
2
2	 	
Acarina
3
3
3
2
4		
2
4
3
3
Araneae
9
8
7
10
20		
14
13
8
8
Phalangida
2
1
2	 	
3		
3
3
3
1
Chilopoda			
1		
1						
Diplopoda
4
2	 	 	
4			
3
2	 	
Coleoptera
14
14
17
9
35		
11
15
17
8
Collembola
1
2
1
1
2		
3
4
4
4
Diptera
11
16
6
3
20		
11
10
7
6
Hemiptera
12
13
15
10
27		
13
16
18
5
Heteroptera
6
2
4
3
10		
6
5
5
1
“Homoptera”
6
11
11
7
17		
7
11
13
4
Hymenoptera
15
17
13
14
34		
16
15
22
18
Formicidae
9
7
7
8
16		
5
7
10
7

Taxon

4
34
5
20
38
12
26
46
17

2
6
32
6

Total

				Sampling period I					Sampling period II		

Table 1. Summary of invertebrate diversity captured in pitfall traps from four sampling patches (ARB1, 2, 3 and Chip) during early and
late summer sampling periods (I and II, respectively). Taxon values denote total number of morphospecies captured in an array of 12
pitfall traps. Row totals per sampling period are for the four sampling patches combined and do not necessarily sum across patches due to
co-occurrence of some morphospecies in multiple patches. Column totals represent totals across all species within a site. Grand total for all
samples combined was 307 morphospecies and 6915 individuals.
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ARB1

ARB2

ARB3

Chip

Total		

ARB1

ARB2

ARB3

Chip

Total species
Total individuals
Total singletons

80
995
39

82
1281
35

76
871
36

57
490
25

166		
3637		
64		

83
533
45

90
1048
41

102
1421
53

58
276
32

Lepidoptera			
1
1
2						
Mecoptera								
1
1		
Orthoptera
5
4
7
7
10		
6
2
11
5
Siphonaptera							
1				
Thysanoptera
1				
1			
1
1
1
MOLLUSCA											
Gastropoda
1
1
1	 	
1		
2
1
3	 	

Taxon

215
3278
99

4

1
13
1
3

Total

				Sampling period I					Sampling period II		

Table 1. Continued.
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ARB1

0.95
0.98
0.97
0.93
0.78
0.89
0.93
0.95
0.89

Focal taxon		

Araneae		
Coleoptera		
Diptera		
Hemiptera		
Heteroptera		
“Homoptera”		
Hymenoptera		
Formicidae		
Orthoptera		

0.96
0.94
0.97
0.98
0.68
0.97
0.89
0.74
0.93

ARB2
0.89
0.98
0.83
0.97
0.85
0.99
0.97
0.92
0.89

ARB3
0.94
0.90
0.76
0.94
0.89
0.92
0.96
0.75
0.88

Chip
0.98
0.96
0.92
0.91
0.83
0.81
0.99
0.94
0.79

ARB1
0.87
0.97
0.96
0.96
0.94
0.95
0.89
0.93
0.83

ARB2
0.93
0.95
0.92
0.97
0.91
0.97
0.94
0.97
0.84

ARB3
0.96
0.81
0.97
0.88
n/a
0.88
0.98
0.95
0.73

Chip
0.00
0.69
0.21
0.80
0.54
0.64
0.31
0.17
0.04

r

1.00
0.06
0.61
0.02
0.16
0.09
0.46
0.68
0.93

P value

					
Within-patches							
				
			
Sampling period I		
Sampling period II
Among-patches

Table 2. Summary of correlation coefficient (r) values assessing association between focal taxon richness and remaining invertebrate richness over two spatial scales (within and among patches). Within-patch correlations were calculated separately for each sampling period (I
= early summer, II = mid-summer). Among-patch correlations were calculated using values for total focal taxon richness and remaining
invertebrate richness for each patch and sampling period (n = 8 total).
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Figure 1. Scatterplots showing associations between cumulative morphospecies
richness for select taxa and cumulative richness of remaining invertebrates within a
sampling patch. Data points represent cumulative species richness values along two
50 m parallel transects at ARB1 during Sampling Period I. Within-patch correlation
coefficients are shown in Table 2.

Figure 2. Scatterplots showing associations between total morphospecies richness for
select taxa and remaining invertebrate richness at the among-patch scale. Data points
represent total species richness per patch (n = 4) for each of two sampling periods (Iearly and II-late summer). Among-patch correlation coefficients are shown in Table 2.
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captured within patches. With increased sampling effort and use of more sampling
techniques, their usefulness as an indicator taxon may be strengthened and deserves
further investigation. Homopteran richness, on the other hand, was reasonably high
in our study and was found to be marginally associated with general invertebrate
richness across patches. Species richness was greatest within the family Cicadellidae (21 of 36 homopteran morphospecies) and diversity of this family together
with Cercopidae (1 species represented in our study) has been found to be positively
associated with the quality of prairie grassland vegetation in Michigan (Dunn et
al. 2006). Further study of “Homoptera” and its constituent taxa as indicators of
invertebrate diversity and ecosystem quality is therefore warranted. Overall, our
results tentatively indicate that diversity within the order Hemiptera provides a
good indication of general invertebrate diversity at our old field sites.
Coleoptera (beetles) was one of the most diverse taxa collected. This order
yielded strong within-patch correlations with general invertebrate richness, and
a marginally significant among-patch association with invertebrate richness.
Few studies have evaluated coleopterans as surrogates for biodiversity per se;
in most instances select beetle families have been used as environmental indicators because their diversity correlates to some biotic or abiotic factor in the
environment (e.g., Pearson and Cassola 1992, Bohac 1999, McGeoch et al. 2002,
Villa-Castillo 2002, McGeoch 2007). We further explored the effectiveness of
specific subgroups of beetle as indicators but found that neither single families
(e.g., Carabidae, Staphylinidae and Scarabaeidae) nor family combinations performed as well as the entire order as predictors of greater invertebrate diversity
(data not shown). Where beetles have been used as biodiversity indicators, their
appropriateness appears to depend on collection method and spatial scale. For
example, Duelli and Obrist (1998) found beetles to be an unsuitable indicator
taxon when using pitfall traps but obtained strong correlations between beetle
diversity and invertebrate diversity when using flight traps. Sauberer et al.
(2004), however, found that diversity of carabid beetles, spiders and ants collected by pitfalls showed strong cross-correlations at a larger landscape-scale,
and each of these taxa was a useful indicator of broader taxonomic diversity. At
the finer spatial scales of our study, beetles also showed promise as indicators
of overall invertebrate richness.
Richness of Hymenoptera (wasps, ants and bees), another diverse taxon
in our study, was poorly correlated with invertebrate richness among patches.
This was not unexpected given that pitfall trapping is biased toward capturing
ground active species and the majority of Hymenoptera captured were flying
wasps that would be more effectively collected by flight traps or sweep sampling.
We also investigated the suitability of the hymenopteran family Formicidae
(ants) as an indicator group because pitfall trapping is an effective means by
which these organisms are captured. However, we found no correlation between
ant diversity and invertebrate diversity at the among-patch scale. Other studies
have shown that ant diversity is often only weakly correlated with diversity of
other invertebrate taxa (Alonso 2000), at least in Australia where the majority
of these types of studies have been conducted. Ants can be useful indicators
for monitoring environmental disturbance and recovery (Kaspari and Majer
2000, Graham et al. 2009, Hoffmann 2010) and, therefore, deserve continued
investigation in other contexts. Other pitfall-collected hymenopteran families
seem to be less well studied with respect to bioindication (McGeoch 2007).
Despite the relatively high species richness of Araneae (spiders) and
Diptera (flies) in our samples, neither taxon proved to be a good indicator of
greater invertebrate diversity at the among-patch scale. Other pitfall studies
have found spiders to be a suitable diversity indicator in agricultural and alpine
landscapes (Duelli and Obrist 1998, Sauberer et al. 2004, Finch and Löffler
2010) and as an indicator of environmental quality and change in agricultural
landscapes (e.g., Clausen 1986, Marc et al. 1999) and forest habitats (Pearce
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and Venier 2006, Gaspar et al. 2010). Consequently, their value as an indicator
taxon should not be discounted. However, we found it time consuming to identify
spider specimens to family level, especially with the inclusion of juveniles. The
low correlation between Diptera and greater invertebrate richness may reflect
the inadequacy of pitfall trapping for capturing flies. Malaise traps and sweep
netting could yield different results.
Species richness of Orthoptera (grasshoppers, crickets and katydids) was
lower than that of other orders but abundance of individuals was relatively high.
Orthoptera have been used as a surrogate taxon for other less easily sampled
taxa in arid environments (Kati et al. 2004) but their poor association with
invertebrate richness among patches in our study suggests that they were less
useful as indicators in mesic old field habitats.
The strong within-patch correlations between cumulative richness of most
focal taxa and remaining invertebrates indicates that any taxon with four or
more species per patch can serve as a surrogate of general invertebrate richness
within patches. That is, as richness of the focal taxon increases, a corresponding gradual increase in general invertebrate richness is observed, rather than
a rapid saturation of focal taxon richness. However, the relatively poor associations between species richness of focal taxa and remaining invertebrates at the
among-patch scale shows that the richness relationship between groups varies
considerably among patches.
Ideally, indicator taxa should require relatively little sampling effort and
cost to collect, and limited taxonomic expertise to identify. In our study, pitfall
traps captured a diverse array of invertebrates with relatively little effort and
at low cost. The use of morphospecies designations simplified identification
and likely provided accurate estimates of actual species richness (Oliver and
Beattie 1996). From this study, we identified two promising taxa, Hemiptera
and Coleoptera, as surrogates of greater invertebrate diversity. More work is
needed, however, to test associations with greater invertebrate diversity more
rigorously. This work includes use of more sampling techniques (e.g., sweep
netting, malaise traps, intercept traps) to overcome the unique biases of each
sampling technique, sampling throughout the active season to reduce the number
of species represented by singleton specimens, and sampling a greater number
of habitat patches to increase sample size used in tests of association. With
increased sampling, additional measures such as the geometric mean of species
abundance and a modified Shannon index of community diversity could be used
to monitor community changes over time (Buckland et al. 2005). Knowledge of
the biology of indicator taxa, and their responses to disturbance and land use
change is also needed for conservation monitoring and planning purposes (Brown
1997). With these factors in mind, more intensive investigations of arthropods
should be undertaken in the Great Lakes region to identify good indicator taxa
that could be used to monitor ecosystem health and assess ecosystem quality,
especially in light of continued environmental perturbations such as those produced by introduced, invasive species (Higman and Campbell 2009).
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Does Low-Density Grazing Affect Butterfly (Lepidoptera)
Colonization of a Previously Flooded Tallgrass
Prairie Reconstruction?
Abbey Elmer1, Jamie Lane1, Keith S. Summerville1*, and Loren Lown

Abstract
Conservation of wildlife in managed landscapes can be facilitated by
partnering with livestock producers to introduce grazing disturbances. The
effects of grazing in grassland systems, however, are often a function of other
disturbances that may occur simultaneously. The goal of this study was to
determine how grazing and flooding disturbances interacted to affect butterfly
communities on wetland reserve program easements. We sampled butterflies
from 2008-2011 in two large grassland habitats, one exposed to low density
cow-calf grazing and one maintained as a control. Both grassland habitats
were severely flooded in 2008. Repeated-measures ANOVA suggested that time
since flooding and the interaction between flooding and grazing were important
predictors of butterfly richness at these sites. Grazing may have delayed the
post-flood recolonization by butterflies, but by 2011, the grazed system contained
a slightly higher species richness of butterflies than the ungrazed system. The
grazed and ungrazed grasslands converged in butterfly species composition over
the course of four years. Our results suggest that grazing may be a useful tool
for managing wetland reserve program easement habitats and that both flooding and grazing did not appear to have lasting negative impacts on butterfly
communities at our sites.
____________________

The restoration of tallgrass prairie systems often benefits when unique
partnerships can be developed to accomplish management goals (Rowe 2010).
To that end, the use of low-density, controlled grazing as a tool during grassland restoration is an appealing way to engage cattle producers in the process
of ecosystem management in working landscapes (Vallentine 2001). Grazing
management has had rather equivocal outcomes when it is used to achieve
restoration goals (Kruess and Tscharntke 2002). Grazing has been shown to
influence plant density, thatch cover, floral heterogeneity, and, in some cases,
animal communities, but not necessarily towards a particular goal (e.g., Pöyry et
al. 2005, Őckinger et al. 2006, Reiner and Craig 2011). Specific outcomes resulting from the use of cattle as a restoration tool seem to depend on soil structure,
composition of the seed bank, stocking density, duration of grazing, and other
management tools being used simultaneously (see Collins and Steinauer 1998,
Nelson et al. 2011). Effects of stocking density and variation among grazing
strategies (e.g., flash grazing, mob grazing, or rotational grazing) are fairly
well understood – grazing for too long or at too high a density shifts grassland
composition toward annuals and can facilitate colonization by invasive species
(Vermeire et al. 2008). The outcome of controlled grazing, however, seems to
vary unpredictably when land managers fail to account for other disturbance
Department of Environmental Science and Policy, Drake University, Des Moines, Iowa
50311-4505.
2
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regimes (Collins 1987). This may be especially true when precipitation varies
toward either extreme and forage quality is diminished through drought or
vegetation is degraded by prolonged inundation.
For land managers working to achieve restoration outcomes within agricultural landscapes, developing partnerships that use cattle as a management
tool still has several appealing results (Rowe 2010). For instance, use of cattle
to control invasive species or create habitat heterogeneity is a low cost, and
preferable, alternative to herbicide application (Shindler et al. 2011). Herbicide
application often carries significant risk of nontarget effects and is costly to apply
over large areas (Russel and Schultz 2010). In addition, use of cattle to manage
grassland systems in the Midwestern USA is not associated with the same level
of negative perception as use of fire, which may inadvertently harm insects and
nesting birds (Vogel et al. 2007). Furthermore, including neighboring livestock
producers in the process of restoration is a powerful form of community engagement that builds support for regional conservation goals (Shindler et al. 2011).
In states such as Iowa, however, grazing has received limited attention as a
management tool because most publically available grassland systems occur
in riparian corridors enrolled in the Wetland Reserve Program (WRP) or the
Conservation Reserve Program. In the case of land enrolled in the WRP, grazing could only be considered as a potential management tool if clear linkages
can be made to wildlife conservation (NRCS 2011). Success of grazing on WRP
easements may be particularly difficult to measure given potential interactions
with flood disturbances in riparian systems. Indeed, flood frequencies in the
Midwestern United States appear to increasing in response to continued changes
in land cover and global climate change (see Villarini et al. 2011), so measuring
wildlife responses to both grazing and flooding will be critical when assessing
wildlife conservation on WRP easements.
The goal of this study was to determine whether the use of cattle as a
management tool to restore grassland on WRP easements had a positive effect
on the butterfly community. Butterflies were selected as a focal species for
study because they are relatively species rich in grassland systems, are easy
to identify on wing, and respond to subtle changes in vegetation (because caterpillars are dependent on particular species of host plants). In addition, the
Natural Resource Conservation Service considers butterflies to be a focal species
group for conservation (M. Monk, personal communication). We hypothesized
that cattle grazing would gradually reduce butterfly species richness within the
grassland system as their foraging slowed the trajectory of secondary succession. Secondly, we predicted that the species assemblage found in the grazed
grassland would diverge in composition compared to a control habitat. Here,
we report the results of the first four years of what is intended to be a decade
long-term research endeavor.
Materials and Methods
Our study was conducted in at Chichaqua Bottoms Greenbelt, Iowa (hereafter, CBG). Chichaqua Bottoms Greenbelt is a 3,000 ha grassland and wetland
nature preserve located in south-central part of the state near the Wisconsinan
glacial terminus, or the Des Moines Lobe physiographic region (41o46’22N
93o23’06W). Prior to settlement, the vegetation of CBG was primarily a mosaic
of grassland and swamp white oak savanna, with wet mesic prairie and sedge
meadows in glacial kettles and lowlands and more xeric prairie communities on
sandy aeolian deposits. Draining of wetlands and mesic grassland habitats for
row crop agriculture resulted in a loss of 98% of the original vegetation within
CBG after settlement. Most prairie habitats currently present at the site reflect
active restoration efforts to decrease cover of cool season grasses such as Bromus inermis Leyss. and Phalaris arundinacea L. and increase the prevalence of
conservative tallgrass prairie grasses, sedges, and forbs (Rosburg 2001).
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We performed our study within two tall grass prairie restoration sites
within CBG (41o46’14’’N, 93o23’47’’W). Both prairies are enrolled in the Wetland
Reserve Program, and both are < 2 km from the Skunk River. One of the prairie
restorations (Bolton-Hay prairie) was fenced and used for cattle grazing (see
Fig 1a) while the other (Miller prairie) was used as a control. We were unable
to secure permission from the National Resource Conservation Service to allow
grazing at more than one wetland reserve program easement over the lifecycle
of this project. Our butterfly sampling transects, however, were each ≈300 m
apart and we treated each as independent (e.g., see Summerville and Crist 2001).
Both prairies were roughly equal in area (ca. 375 ha) and contained similar
vegetation when the study was initiated in 2008. Big bluestem (Andropogon
gerardii Vitman), switch grass (Panicum virgatum L.), and reed canary grass
(P. arundinacea) were dominant graminoids in both sites and represented ≥ 80%
cover prior to the onset of cattle grazing. Both sites were seeded in 1994-1997
using a mixture of native prairie seeds comprised of 5-6 grasses and 18 forbs.
By 2000, the sites had converged in composition to a nearly complete bi-culture
of big bluestem and indian grass (Sorgastrum nutans L.). Polk County Conservation Board made several efforts over the period 2000-2004 to hay each prairie
to reduce graminoid biomass. After each cutting of hay, forbs were introduced
by interseeding or direct planting of germinated stock. Haying appeared to
reduce the cover of Indian grass but switch grass quickly replaced it as the codominant component of the vegetation at each site. The difficulty in creating
floristic heterogeneity within these systems contributed heavily to the decision
to try light grazing as a management tool. Neither site had been burned for at
least six years and neither had a prior history of mowing management for four
years prior to the onset of this experiment.
Each prairie was significantly impacted by major flooding in May and June
2008 (Fig. 1b for an image from the grazed prairie), resulting in 6 weeks of inundation and loss of upwards of 90% of the standing biomass (Lown, unpublished
data). In mid-August 2008, 100 cattle (cow-calf pairs) were introduced to the
Bolton-Hay system to test the hypothesis that grazing would have a negative
impact on butterfly species within the wetland reserve program easement.
Weekly sampling of the butterfly fauna in both the grazed and control prairies
was initiated simultaneously. To assess butterfly diversity, we used standard
Pollard transect sampling techniques (Pollard and Yates 1993). Eight transects
were positioned randomly throughout both the grazed and ungrazed tall grass
prairie restorations (Fig. 1a). Transects were walked each week on days when
ambient air temperature exceeded 19oC and there was no precipitation and low
wind speed. Species observed in flight, basking, or nectaring within the sampling transect were visually identified and recorded; species requiring detailed
examination were vouchered and identified in the lab. We considered all species
within 5 meters of the observer in all directions as “within a transect” (after
Pollard and Yates 1993). We took deliberate effort to pair the timing of cattle
introduction to Bolton-Hay prairie with the performance of butterfly sampling
each year from 2009-11. Annually, 100 cow-calf pairs were introduced to the
prairie in mid-May and removed in mid-September and transect walks occurred
weekly over the grazing season. Transects in the control prairie were walked
within one-two days of the grazed site. We present the results from four years
of grazing data (2008-2011). Species nomenclature follows Schlicht et al. (2007).
We used a two-step analysis process to determine how the use of cattle grazing
affected the butterfly communities at our sites. First, we used repeated measures
analysis of variance to determine if butterfly species richness differed between the
grazed prairie and the ungrazed prairie (df = 1), sampling year (df = 3), and the
interaction between year and grazing (df = 3) (after Von Ende 2001). To determine
species richness of butterflies, we pooled the butterfly data from each transect within
each prairie (control vs. grazed). We did not weight species richness using measures
of abundance because we cannot rule out double-counting of individuals within
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Figure 1. (a) Map of Bolton-Hay Prairie (41o46’14’’N, 93o23’47’’W), a 375 ha tall grass
prairie reconstruction in which cattle were used to create early seral grassland habitats. Location of butterfly transects is shown (─ ). The control site (not shown) is just
north. (b) Zone of inundation from a flood in 2008. Nearly all of Bolton-Hay prairie
was submerged under 1-2 meters of water for 6 weeks.
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Table 1. List of butterfly species sampled from grazed and ungrazed tallgrass prairie
reconstructions within Chichaqua Bottoms Greenbelt, Iowa. Sampling occurred weekly
from May – August 2008-2011.
Family Species
		

Present in
grazed?

Hesperiidae
Epargyreus clarus (Cramer)		
Pholisora catullus (F.)		
Ancyloxypha numitor (F.)
X
Hylephila phyleus (Drury)
X
Atalopedes campestris (Boisduval)		
Polites peckius (Kirby)
X
Polites themistocles (Latreille)		
Euphyes dion (Edwards)		
			
Papilionidae
Papilio glaucus (L.)		
Papilio cresphontes (Cramer)		
Papilio polyxenes (F.)
X
			
Pieridae
Pieris rapae (L.)
X
Pontia protodice (Boisduval & LeConte)		
Colias eurytheme Boisduval
X
Colias philodice Godart
X
Eurema lisa (Boisduval & LeConte)
X
			
Lycaenidae
Lycaena hyllus (Cramer)
X
Lycaena dione (Scudder)
X
Everes comyntas (Godart)
X
Strymon melinus (Hubner)		
			
Nymphalidae
Danaus plexippus (L.)
X
Euptoieta claudia (Cramer)		
Speyeria cybele (F.)
X
Speyeria idalia (Drury)		
Boloria bellona (F.)
X
Chlosyne gorgone (Hubner)		
Chlosyne nycteis (Doubleday & Hewitson)
X
Phyciodes tharos (Drury)
X
Junonia coenia (Hubner)
X
Polygonia interrogationis (F.)
X
Nymphalis antiopa (L.)
X
Vanessa atalanta (L.)
X
Vanessa cardui (L.)
X
Limenitis archippus (Cramer)
X

Present in
ungrazed?
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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Table 2. Results of repeated measures analysis of variance model to test for year and
treatment effects on butterfly species richness at Chichaqua Bottoms Greenbelt.
Response Variable

Source

df

MS

F

P

Butterfly species richness

Treatment (grazed vs. control)
1
5.06
2.33
0.15
Error a1
14
2.17		
Year
3 280.85 122.08 0.001
Year×Treatment
3
29.43
12.80 0.001
Error b2
42
2.30
		
1
Between-subject error from repeated measures ANOVA used to test main treatment
effects (von Ende 2001).
2
Within-subject error from repeated measures ANOVA used to test time effects (von
Ende 2001).

each prairie on each sampling date (Vogel et al. 2007). Pooling of data among
transects within each prairie is justified because transects were unlikely to be
independent replicates of “prairie habitat” (e.g., see Piegorsch and Bailer 1997).
Second, we used non-metric multidimensional scaling ordination to assess how
species composition of butterflies changed within the two prairies over time.
We used the Jaccard index of similarity as our ordination metric because it is
based only on species presence or absence rather than proportional abundance
(McCune and Grace 2002). Importantly, we were unable to replicate multiple
prairies with comparable pre-grazing vegetation and comparable levels of flooding in 2008. In addition, as noted above, we were unable to secure permission
to allow grazing at more than one site. We are careful; therefore, to limit the
scope of our inferences to the single study system that is the concern of this
research paper.
Results
A total of 34 butterfly species was observed over the 2008-11 sampling
period (Table 1). Total species richness observed within the grazed prairie
over the duration of this study was 22, whereas 29 total species were observed
from the ungrazed prairie (Table 1). Regal fritillary (Speyeria idalia Drury), a
prairie-specialist nymphalid listed as special concern in Iowa, was only observed
within the ungrazed habitat. Additionally, the dion skipper (Euphyes dion
Edwards), another relatively specialized, sedge-feeding species, was also found
only from the ungrazed prairie in 2010 and 2011. Other species sampled only
from the ungrazed habitat were represented by a single individual (e.g., Papilio
cresphontes Cramer and Pholisora catullus F.). We did not detect any species of
conservation concern from the grazed prairie, but this habitat supported large
populations of late season butterflies which tend to colonize disturbed habitats,
such as the little sulfur (Eurema lisa Boisduval and LeConte) and the buckeye
(Junonia coenia Hubner) in 2009 and 2010.
Species richness of butterflies was significantly different among sampling
years and between grazed and ungrazed prairies in some years but not others
(Table 2). In the immediate aftermath of the early 2008 flooding, butterfly
species richness was very low in both grazed and ungrazed prairies. Species
richness of butterflies rebounded over the interval 2009-2011, with increases in
observed species richness occurring relatively quickly in the ungrazed prairie
(Fig. 2). In 2008, a total of 4 species were observed across all sampling transects
in the ungrazed prairie. In 2009, the number of species observed had grown
to an average of seven per transect (for a total of 15 from the entire ungrazed
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habitat). Grazing was correlated with what appeared to be a slower post-flood
recovery of the butterfly fauna in 2009 (Fig. 2). Specifically, ungrazed prairie
transects contained, on average, twice as many species as transects in grazed
prairie. By 2010, differences among the two prairies had disappeared, and by
2011 the highest species richness observed per transect was within the grazed
prairie habitat (Fig. 2). Importantly, the average species richness of butterflies
within the grazed habitats was progressively and significantly higher over the
four-year sampling interval (F = 122.08, df = 3, P < 0.001).
The non-metric multidimensional scaling ordination required two ordination axes to significantly reduce the stress (i.e., variance) in the data. The first
ordination axes reduced the stress in the data to an average of 27.4 (P < 0.01),
and the second reduced stress by a smaller amount, 5.6 (P ≤ 0.03). Combined,
these axes reduced the stress in the data by 89.6%. The ordination suggested
that butterfly assemblages converged to a similar species composition two years
after the flooding of 2008 (Fig. 3). Butterfly assemblages were fairly different
in 2008 and 2009, but there did not appear to be a major effect of grazing on
butterfly species composition. Rather, butterflies appeared to opportunistically
colonize prairies post-flooding. For example, immediately after flooding, the
only species of butterflies present in either habitat were cabbage white (Pieris
rapae L.), the clouded sulfur (Colias philodice Godart), the orange sulfur (Colias eurytheme Boisduval), the least skipper (Ancyloxpha numitor F.), and the
monarch (Danaus plexippus L.). These species share a combination of traits;
they are regionally abundant, feed upon ruderal host plants, and have a large
capacity for dispersal.
Discussion
Flooding clearly had a significant, negative effect on butterflies in both the
grazed and the ungrazed prairie WRP easements. Importantly, the vegetation
in what would become the grazed prairie did not really “recover” from flooding
until mid-2009, and at that point, plants had been exposed to 4 months of cattle
grazing (two months at the end of 2008 and 2 months in early summer 2009).
Given this set of circumstances, we would have expected to have seen significant
impoverishment of butterfly richness in the grazed system for the duration of
this experiment (Joy and Pullin 1999, Schtickzelle et al. 2007). Instead, we
revealed a pattern of immediate species impoverishment post-flood, followed
by gradual increases in richness within both grasslands. The differences in
butterfly composition between the two prairies in 2008 and 2009 (Fig. 3) may
thus be more attributable to quicker post-flood recolonization by species in the
ungrazed prairie, which experienced a relatively quick re-vegetation in the
absence of cattle. Therefore, cattle may have influenced the speed of post-flood
plant recovery and butterfly recolonization, but grazing did not appear to create
a different butterfly community per se.
We attribute the relatively weak effect of grazing on butterflies (and the
rather speedy post-flood recovery in both grasslands) to be attributable to the
large portion of undisturbed grassland in the surrounding landscape. Chichaqua
Bottoms is ≈ 7500 ha in total area, and only 33% of the total preserve was flooded.
No additional habitat within the preserve was grazed. Studies of the effects of
grazing on butterflies in Europe suggest that cattle can increase butterfly diversity within a habitat provided that the landscape contains potential colonists
(e.g., donor pools) (Kreuss and Tscharntke 2002). Grazing and flooding appear
to have the most long-term community effects when habitats are isolated from
neighboring patches (e.g., Schtickzelle et al. 2007). It will be illuminating to
determine if the patterns in butterfly species richness and community composition reported here persist over additional sampling years. Because cattle appear
to be browsing heavily on cottonwood seedlings (Populus deltoids Bartram ex.
Marsh), willows (Salix spp.), big bluestem, and switch grass (Thomas Rosburg,
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Figure 2. Annual variation in butterfly species richness (2008-2011). Butterflies were
sampled from eight transects within two large tall grass prairie reconstructions. Species richness was higher in the ungrazed prairie one year after flooding, but was lower
in the ungrazed prairie in 2011. Means within each sampling year that are flagged
with differing (*) are significantly different (P ≤ 0.001).

Figure 3. Results of non-metric multidimensional scaling analysis of butterfly communities sampled from two large tall grass prairie reconstructions in 2008-2011. Two
ordination axes were determined to be significant (P ≤ 0.05). Although species composition was very different post-flooding (2008), butterfly assemblages converged in species
representation in grazed and ungrazed prairies.
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unpublished data), it seems unlikely that continued low-intensity grazing would
suddenly reduce butterfly diversity. Rather, as early seral plants colonize
exposed soil surfaces where cattle have trampled vegetation or wallowed, we
expect additional species to be recorded in the grazed area.
In contrast, butterfly diversity is expected to continue to decline as thatch
cover increases in the ungrazed habitat. By 2011, the thatch cover attributable to reed canary grass and big bluestem was ≈ 95% of the standing biomass
in the ungrazed prairie. This post-flood recovery to a near two-species system
suggests that passive management in response to flooding disturbance may not
be an option on WRP easements. Interestingly, other studies are emerging that
suggest a similar theme: some active management to maintain habitats in an
early seral state will be critical to achieving conservation goals (Konvicka et al.
2008). The potential for decreasing species richness over time in the ungrazed
prairie (which is suggested by the pattern in Fig. 2) should be disturbing to land
managers in the Midwest, where upwards of two-thirds of the wetland reserve
program easements occur in the 100 year floodplain of rivers. Given that there
is evidence that flood frequency is increasing in the Midwest (Villarini et al.
2011), the ability to achieve restoration outcomes in post-flooded grasslands
may be difficult to achieve without using tools such as light grazing (Konvicka
et al. 2008). Additional years of data, including an analysis of plant responses
to cattle grazing, will help us create a series of recommendations for how land
managers can set goals for the use of low-density grazing and how they can assess the effectiveness of cattle in creating habitat heterogeneity within otherwise
homogeneous tall grass prairie restorations.
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Bees (Hymenoptera: Apoidea) of the Chicago Area:
Diversity and Habitat Use in an Urbanized Landscape
Alan Molumby1 and Tomasz Przybylowicz1

Abstract
Bees (Hymenoptera: Apoidea) were collected at 24 sites chosen to represent
the diversity of urban and natural habitats in the Chicago metropolitan area.
Species richness was assessed for each site. Patterns of habitat use were inferred
from collection records. In urban areas, we collected 33 species, belonging to 15
genera and 5 families. Areas of preserved natural habitat yielded 44 species,
in 20 genera, and 6 families. Twenty species were common to both urban areas
and areas of preserved natural habitat. Species at each site were ranked by the
number of times they were collected. The bees most often collected in urban
areas were widely-distributed species documented in other urban areas. Areas
of preserved natural habitat harbored a higher richness of species, and the species most-often collected in these areas were native to North America. Urban
sites with native plant species harbored significantly more bees than urban
sites lacking native vegetation (t-test, two-tailed assuming unequal variances,
P < 0.001). In urban areas, native bees were more likely to be captured on native flowers (c2, Yates statistic, P < 0.01). Chicago’s bee fauna is comparable
in richness to the bee fauna of other cities which have been surveyed, notably
Phoenix, AZ (Mc Intyre and Hostelter 2001), Berkeley, CA (Frankie et al. 2005),
and New York City, NY, (Matteson et al. 2008). A comparison of our species list
to another, recently-published survey of Chicago bees by Toinetto et al. (2011),
revealed only 24 species overlap, from a combined total list of 93 species. The
combined species list from these two surveys shares only 44 species in common
with the 169 species documented by Pearson (1933) in his extensive survey of
Chicago bees.
____________________

To the creatures that inhabit them, urban landscapes pose distinctive
ecological challenges and rewards. Worldwide, increasing urbanization has
created progressively larger cityscapes, while simultaneously fragmenting the
natural habitats that formerly surrounded these areas of urban development.
With urbanization comes a cascade of habitat changes, each with the potential
to affect wildlife populations (Theobald et al. 1997). Dedicated natural areas
adjacent to cities have been fragmented into islands, surrounded by a matrix
of urbanized and partially urbanized habitat (Dickman 1987). As this process
continues, a progressively larger fraction of the world’s biological communities
experiences some degree of urbanization.
The implications of this process are twofold. Typically, urban areas harbor
a distinctive fauna of species adapted to, or tolerant of, the challenges of urban
life (Crooks 2002). Urban areas provide abundant resources for certain species
able to remove themselves from their original ecological context by adapting to
life in urban settings. These species are almost inevitably disturbance-tolerant
ecological generalists- and are often cosmopolitan or widespread in their distriUniversity of Illinois at Chicago, Department of Biology, 845 West Taylor Street,
Chicago, IL 60607.
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bution. Worldwide, the urban matrix supports a large number of these species,
some at densities much higher than they would normally occur in wild communities (Brady and Altizer 2007).
A probable global decline in the density and diversity of pollinating species, the “pollination crisis” (Buchanan and Nabhan 1997, Allen-Wardell et
al. 1998, Kearns et. al. 1998, Biesmeijer et al. 2006, but see Ghazoul 2005),
has heightened interest in the ecological status of pollinator guilds worldwide.
Dramatic declines in North American populations of the introduced honeybee,
Apis mellifera L., have threatened major economic losses to agriculture (AllenWardell et al. 1998), underscoring the need for pollinator conservation, and
incited renewed interest in the continent’s autochthonous bees.
Habitat fragmentation is not likely to be a new phenomenon for bees (Cane
2001). Given that the nesting substrates and flowers bees need to survive are
often ephemeral in nature, many or most species of bees may have historically
existed as metapopulations, matrices of individually unstable populations maintained by a balance of extinction and recolonization. A reduction in the size or
density of these suitable areas of habitat space is likely to cause the extinction
of species from the system as a whole, because metapopulations have minimum
viable sizes (Hanski et al. 1996). As localized areas of suitable habitat shrink,
their equilibrium species richness should decline, and the landscape as a whole
might be expected to loose species. Urban landscapes might also alter the
dynamics of neighboring natural areas by providing a reservoir of ecological
generalists, some of which are able to invade local areas of preserved habitat
and prevent their recolonization by locally extinct bees with similar resource use
but greater degrees of ecological specialization. Localized extinction of species
in a nature preserve imbedded in cityscape could be followed by recolonization
from populations of these same species located elsewhere. Alternatively, lost
species could be replaced by ecologically similar species tolerant of urban landscapes. Habitat fragmentation has been demonstrated to favor some species of
bees over others. For instance, the clearing of forests in Argentina has created
widespread ecological changes, favoring the introduced honeybee, A. mellifera,
over native pollinators (Aizen and Feinsinger 1994). The urban matrix surrounding a natural area is bound to exert an influence on the types of species
that are able to invade and establish themselves in these habitat fragments,
acting as a biological filter for potential colonists.
Because of their importance to biological communities, it is of no small
importance that we understand the impact of urbanization on bees. Several
studies have established the importance of natural habitat for the maintenance
of bees valuable to conservation (Banaszak 1992, Greenleaf and Kremen 2006).
In terms of the bigger picture, the pollination services of bees are essential to
the functioning of most terrestrial ecosystems, and studies have raised concern
that many bee species are in decline. An extensive study of the European bee
fauna by Biesmeijer et al. (2006) suggests that oligolectic, non-vagile, univoltine,
and habitat-specializing species, are particularly prone to decline due to anthropogenic habitat change.
Urban bees may be an assemblage of disturbed-habitat species opportunistically able to exploit the urban environment, native species en route to colonize
fragmented natural habitat, or some combination of the two. Certain bees are
abundant in cities (McIntyre and Hostelter 2001, Frankie et al. 2005, Cane et
al. 2006, Matteson et al. 2008). A survey of the Northern California cities of
Berkeley and Albany noted 74 different species of bees (Frankie et al. 2005).
Native plant cultivars harbored many native bees as visitors. This was also
found to be the case in Phoenix, AZ, where the highest densities of bees were
found in areas of native, xeric vegetation, planted within urbanized landscapes.
This suggests urban areas have the potential to act as refugia for bee species
that have suffered loss of habitat due to human activity, and also that certain
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urban landscapes may act as habitat corridors for bees as they travel between
remnants of natural vegetation. In contrast, a bee survey of New York City community gardens reported large numbers of exotic species (Matteson et al. 2008).
It is possible that the differences in bee fauna between these cities can be
attributed to differences in the urban landscapes themselves, suggesting that
there is a great deal to be learned about how bees interact with the resources
offered up to them by human-dominated environments. The aims of this study
were 1) to characterize the urban bee assemblages of Chicago, Illinois with
those of the natural areas surrounding it, 2) to identify aspects of habitat use
which enable some species to become common in urban areas and allow others
to use urban areas as migration corridors to areas more suited to their needs.
Materials and Methods
Bees were collected, over the eight growing seasons (April to September),
from 2002 to 2009. Collections were made at sites in metropolitan Chicago,
its suburbs, forest preserves in Cook County, and the Indiana Dunes National
Lakeshore. Specimens were collected using an insect net while bees were visiting
flowers or, in the case of some male specimens, defending territories. Bee bowls
were not used for collecting. Collected specimens were pinned and mounted,
and identified by Alan Molumby. Assistance in identifications was provided as
needed by Dr. Elizabeth Day or Dr. Mike Arduser.
Study Sites. Study sites are listed in Table 1. The sites we chose fell
into two general categories: areas of preserved natural habitat, defined as those
sites that are located within the boundaries of a dedicated conservation area,
and “urban” areas, defined as those sites that are located within the bounds of
private or public property dedicated to uses other than conservation. All the
sites in this latter category were areas dominated by human urban or suburban
development, such as railroad margins, ornamental gardens, or the like.
Areas of preserved natural habitat included sites within the Cook County
Forest Preserve and Indiana Dunes National Lakeshore, and the Woodworth
Prairie, a prairie remnant overseen by the University of Illinois at Chicago
(UIC). The sites were chosen to represent a diverse collection of the natural
habitats that have survived in the wake of the urban expansion of the Chicago,
Hammond, and Gary metropolitan areas, albeit with varying degrees of anthropogenic influence. These habitats include mesic tallgrass prairie (the Woodworth
Prairie), savannah with scattered green ash trees (Bunker Hill), mixed deciduous forest (all three essentially floodplain forests, located at Thatcher Woods,
Harms Woods, and Spears Woods), marsh (Calumet Trail), bog (Pinhook Bog),
successional oak forest (House Site, Indiana Dunes), and dunes (Kemil Beach,
Ogden Beach, Mount Baldy).
Urban sites were chosen at various locations in Chicago and its nearby
suburbs, to represent a diversity of urban habitats. These included a dedicated
prairie garden used for teaching (UIC Greenhouse), a backyard garden with
native plants (Molumby Garden), a very large urban garden for ornamentals
(the Lurie Garden), various plots used for private and public landscaping (i.e.,
the Art Institute, North and Hermitage, Wicker Park, UIC Landscaping), open
lots (West Loop), and railroad margins (Hubbard and Ogden, Chicago Honey
Co-op). Some of these urban sites harbored significant numbers of native plant
species important to the needs of native bees (Lurie Garden, Molumby Garden,
UIC Greenhouse, Hubbard and Ogden), others contained almost entirely nonnative species typical of disturbed habitats, garden cultivars which were either
nonnative (i.e., catnip, Nepeta catara (L.)), modified very significantly from
their wild growth form by artificial selection, or both. Urban sites were classed
as harboring native vegetation if, during any collecting trip, flowering native
plants could be located.

Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural

Harms Woods
Bunker Hill
Woodworth Prairie
Ogden Beach
Mount Baldy
Pinhook Bog
Beverly Shores Road
House Site, Indiana Dunes
Kemil Beach
Miller Beach

Mixed Deciduous Forest
Savannah
Mesic Tallgrass Praire
Dunes
Dunes
Bog
Successional Oak Forest
Successional Oak Forest
Dunes
Dunes

42.072934°N, 87.773252°W
42.008872°N, 87.788143°W
42.059497°N, 87.841970
41.625644°N, 87.202349°W
41.657940°N, 87.057037°W
41.615040°N, 86.848359°W
41.701948°N, 86.939428°W
41.630071°N, 87.091026°W
41.661723°N, 87.065620°W
41.615571 °N, 87.271614°W

41.869273°N, 87.646437°W
41.890170°N, 87.659333°W
41.897230°N, 87.774045°W
41.907867°N, 87.818270°W
41.879547°N, 87.623799°W
41.881001°N, 87.621803°W
41.872022°N, 87.647767°W
41.907643°N, 87.676263°W
41.888597°N, 87.655438°W
41.868346°N, 87.728169°W
41.910821°N, 87.671156°W
41.642452°N, 87.078195°W
41.895186°N, 87.832088°W
41.726166°N, 87.854362°W

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Natural
Natural
Natural

UIC Greenhouse
Hubbard and Ogden
Molumby Garden
River Forest Garden
Art Institute of Chicago
Lurie Garden
UIC Landscaping
Wicker Park
West Loop
West Side
North and Hermitage
Calumet Trail
Thatcher Woods
Spears Woods

Garden
Railroad Margin
Garden
Garden
Landscaping
Garden
Landscaping
Garden
Railroad Margin
Railroad Margin
Landscaping
Marsh
Mixed Deciduous Forest
Mixed Deciduous Forest

Urban vs. Habitat Type
Latitude/Longitude
Natural			

Name

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
No
No
Yes
No
No
No
No
No
Yes
Yes
Yes

Native
Plants?

16
21
12
10
2
5
3
17
4
3

8
9
5
4
3
4
3
5
3
3

20		
12
11
21
16
1
4
6
3
11
6
5
4
7
3
6
4
3
3
3
3
10
3
3
3
3
3

23
35
21
10
2
6
4
21
4
4

50
24
41
5
6
22
5
7
7
13
4
17
11
4

Species Collecting Specimens
Richness
Visits
Collected

Table 1. Names, Habitat Type, Latitude/Longitude, Vegetation, and Species Richness of the Field Sites Sampled for this Study.
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The area of contiguous bee habitat within each of these sites is not known
to us currently, but for each site, collections were made along a transect of 10-100
meters, following a dedicated trail, path, or sidewalk. Collections were made
at various times of day, especially mid-late afternoons, on sunny days, when
the widest diversity of bees were active. For each site, multiple collections (at
least three, up to ten or more) were made, at different times of year, and over
the course of several years. Visual sightings of bees were not included in the
data sets used for this study.
Species lists were compiled for each site, for areas of preserved natural
habitat vs. “urban” sites overall, and for all sites combined. The number of instances each species was collected, and the number of sites at which that species
occurred, were noted. The former statistic was transformed into a numerical
rank to provide a rough index of relative abundance. Nesting sites and diet of
each species was established from the literature, and from our own observations
of the bees. Bees were evaluated in terms of their nesting substrate, their diet
(oligolecithic bees that collect pollen from only one species or a restricted set of
species vs. polylecithic bees that collect pollen from a wide variety of flowering
species), their phenology (univoltine species present in spring or in late summer
vs. multivoltine present throughout the growing season), their social behavior
(eusocial, primitively social, solitary), and whether or not they are native to
North America.
Data Analyses. For urban sites, the species richness of sites harboring
native plants was compared to that of sites lacking native vegetation using a
Student’s t-test.
Habitat use patterns of native bees in urban areas were assessed, using
plant identifications from bees captured in the process of foraging. Flowers
on which bees were collected were classed as either “native” or “non-native”
based upon whether the species occurs naturally in the Chicago region. A 2 ×
2 contingency table was constructed, to test whether the occurrence of native
vs. exotic bees was independent of whether the flower was native or nonnative.
Comparison with Other Faunal Surveys. Our species list was compared with a species list from a recently published survey of Chicago-Area bees
by Tonietto et al. (2011). For comparison, ambiguous specimens (i.e., those
listed as Hylaeus affinis (Smith) or Hylaeus modestus Say) were excluded from
the Tonietto et al. (2011) list. The remaining entries were compared, and a
combined species list from the two surveys was generated. This combined list
was similarly compared to the species list published by Pearson (1933) in his
extensive survey of Chicago-area bees. Many of the scientific names used by
Pearson (1933) are now obsolete and were updated to current nomenclature for
purposes of comparison.
Results
Composition of bee fauna. An inventory of the bees collected to date
is presented in Table 2. In urban areas, we collected 33 species, belonging to
15 genera and 5 families. The various areas of preserved habitat we sampled
yielded 44 species, in 20 genera, and 6 families, with 20 species shared between them.
The habitats we sampled differed greatly in their species richness and diversity. Species lists for each habitat, ranked by the number of times each species
was collected, are presented in Tables 3 and 4. Some species were restricted to
a single habitat or collection site, but others were present across a wide range
of habitats. This was the case in both urban habitats and preserved natural
habitats. Figure 1 shows the number of species collected versus the number of
sites at which they were collected. The exotic species, A. mellifera, Anthidium
manicatum (L.), and Megachile rotundata (Fabricius) were the most commonly

Andrenidae
Andrena crataegi Robertson
1
1
N
Sand/Soil/Clay
Andrenidae
Andrena cressonii Robertson
5
1
N
Sand/Soil/Clay
Andrenidae
Andrena distans Provancher
2
1
N
Sand/Soil/Clay
							
Andrenidae
Andrena dunningi Cockerell
4
2
N
Sand/Soil/Clay
Andrenidae
Andrena imitatrix Cresson
2
2
N
Sand/Soil/Clay
Andrenidae
Andrena mandibularis Robertson
1
1
N
Sand/Soil/Clay
Andrenidae
Andrena nivalis Smith
2
2
N
Sand/Soil/Clay
Andrenidae
Andrena wheeleri Graenicher
3
2
N
Sand/Soil/Clay
							
Andrenidae
Andrena wilkella (Kirby)
2
1
N
Sand/Soil/Clay?
							
							
Apidae
Anthophora terminalis Cresson
2
2
N
Soil?
(Anthophorini)		
Apidae
Melissodes agilis Cresson
6
4
N
Soil
(Anthophorini)						
							
Apidae
Melissodes bimaculata (Lepeletier)
7
4
N
Wood Pulp
(Anthophorini)
Apidae
Melissodes druriella (Kirby)
5
3
N
Soil
(Anthophorini)						
							
Apidae
Melissodes subillata LaBerge
2
1
N
Soil
(Anthophorini)
Apidae
Melissodes tincta LaBerge
1
1
N
Soil
(Anthophorini)						
							
							
Oligo
(compositae,
Chrysopsis and
Aster)

Solitary

Late
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MidLate

MidLate

Somewhat
Solitary
Oligo (Solidago,
Aster, compositae)
Poly
Solitary

MidLate

Solitary

MidLate

EarlyMid

Solitary

Solitary

Early
Early
Early
Early
Early

Solitary
Solitary
Solitary
Solitary
Solitary

MidLate

Early

Early

Communal
Solitary
Solitary

Solitary

Moderately
Oligo
(Helianthissp.)
Poly

Poly
Poly
Oligo
(wild geranium)
Poly
Poly
Poly
Poly
Oligo
(umbellifers)
Poly
(Slightly Oligo
on Fabaceae)
Poly

				
Number Native				
			
Number
of
vs. 		
Pollen
Social
Family
Species
Collected Sites Exotic
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Apidae
Melissodes trinodis Robertson
4
2
N
Soil
Slightly
Solitary
(Anthophorini)						
Oligo (compositae,
							
Helianthis)
Apidae
Peponapis pruinosa (Say)
2
1
N
Soil
Oligo (Curcurbita Solitary
(Anthophorini)						
and Pontederia)
Apidae (Nomadini) Nomada depressa Cresson
3
2
N
Andrena nests
Parasite		
Apidae (Nomadini) Nomada sulphurata Smith
2
1
N
Andrena nests
Parasite		
Apidae
Apis mellifera L.
39
15
E
Nest boxes and
Poly
Advanced
(Corbiculata)					
cavities		
Eusocial
Apidae
Bombus bimaculatus Cresson
14
9
N
Rodent burrows Poly
Social
(Corbiculata)
Apidae
Bombus fervidus (Fabricius)
3
2
N
Underground
Poly
Eusocial
(Corbiculata)					
cavities/woodpiles
Apidae
Bombus griseocollis (DeGeer)
6
4
N
Underground
Poly
Eusocial
(Corbiculata)					
cavities
Apidae
Bombus impatiens Cresson
20
10
N
Underground
Poly
Eusocial
(Corbiculata)					
cavities
Apidae
Ceratina dupla Say/calcarata
9
5
N
Wood Holes
Poly
Solitary
(Xylocopinae)
Robertson complex
Apidae
Ceratina strenua Smith
10
4
N
Wood Holes
Poly
Solitary
(Xylocopinae)
Apidae
Xylocopa virginica (L.)
14
14
N
Wood Holes
Poly
Solitary
(Xylocopinae)
Colletidae
Colletes thoracicus Smith
1
1
N
Sand specialist
Poly
Early
Colletidae
Hylaeus affinis (Smith)
13
5
N
Twigs
Poly
Solitary
Colletidae
Hylaeus annulatus (L.)
1
1
E
Twigs
Poly
Solitary
Colletidae
Hylaeus modestus Say
7
5
N
Twigs
Poly
Solitary
Halicitidae
Agapostemon splendens (Lepeletier) 1
1
N
Sand
Poly
Solitary
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Early
All
All
All
All

All

All

All

All

All

All

All

Early
Early
All

MidLate

Late
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Halicitidae
Agapostemon virescens (Fabricius)
5
5
N
Sand
Poly
Halicitidae
Augochlora pura (Say)
7
7
N
Rotten Wood
Poly
Halicitidae
Augochlorella aurata (Smith)
3
2
N
Sand
Poly
Halicitidae
Dieunomia heteropoda (Say)
1
1
N
Sand
Poly
Halicitidae
Dufourea novaeangliae (Robertson) 1
1
N
Sand
Poly
Halicitidae
Halictus confusus Smith
3
2
N
Sand
Poly
								
Halicitidae
Halictus ligatus Say
12
7
N
Sand
Poly
Halicitidae
Halictus rubicundus (Christ)
3
3
N
Sand
Poly
								
Halicitidae
Lasioglossum anomalum (Robertson) 2
2
N
Sand
Poly
Halictidae
Lasioglossum cressonii (Robertson) 4
2
N
Sand
Poly
Halictidae
Lasioglossum obscurum (Robertson) 6
3
N
Sand
Poly
Halicitidae
Lasioglossum quebecense (Crawford) 1
1
N
Sand
Poly
Megachildae
Anthidium manicatum (L.)
13
6
E
Wood Holes
Poly
Megachildae
Chelostoma philadelphi (Robertson) 4
4
N
Twigs
Poly
Megachilidae
Heriades carinatus Cresson
5
4
N
Twigs
Poly
Megachildae
Hoplitis spoliata (Provancher)
5
1
N
Wood Holes
Poly
Megachildae
Megachile centuncularis (L.)
2
1
Holarctic
Wood Holes
All
Megachildae
Megachile mendica Cresson
1
1
N
Wood Holes
Poly
Megachilidae
Megachile montivaga Cresson
1
1
N
Wood Holes
Poly
Megachilidae
Megachile pugnata Say
5
2
N
Wood Holes
Poly
Megachilidae
Megachile rotundata (Fabricius)
21
9
E
Wood Holes
Poly
Megachilidae
Megachile texana Cresson
1
1
N
Wood Holes
Poly
Megachilidae
Osmia cornifrons (Radoszkowski)
1
1
E
Wood Holes
Poly
Megachilidae
Osmia lignaria Say
1
1
N
Wood Holes
Poly
Megachilidae
Osmia pumila Cresson
2
2
N
Wood Holes
Poly

All
All
All
All
All
Early
All
Early
Solitary
MidLate
MidLate
MidLate
All
All
Early
Early
Early

Solitary
Solitary
Solitary
Solitary
Solitary
Solitary
Solitary
Solitart

All
All

All
All
All
Late
All
All

Solitary
Subsocial
Subsocial
Solitary
Solitary
Socially
Polymorphic
Eusocial
Socially
Polymorphic
Social?
Eusocial
Social?
Solitary
Solitary
Solitary
Solitary
Solitary
Poly
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Table 3. Bee species by habitat type, ranked by the number of times that species was
collected at urban sites.
Railroad Margins
Garden/Landscaping
		
Times		
Times
Species
Collected
Species
Collected
Apis mellifera
1
Megachile rotundata
2
Bombus bimaculatus
3
Agapostemon virescens
4
Bombus impatiens
4
Melissodes druriella
4
Halictus confusus
5
Anthidium manicatum
6
Bombus griseocolis
6
Halictus ligatus
6
Lasioglossum anomalum
6
Megachile centuncularis
6
Melissodes agilis
6
Xylocopa virginica
6
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			

Anthidium manicatum
Apis mellifera
Bombus impatiens
Megachile rotundata
Hylaeus affinis
Megachile centuncularis
Xylocopa virginica
Melissodes bimaculatus
Megachile pugnata
Andrena dunningi
Halictus ligatus
Melissodes trinodis
Agapostemon virescens
Heriades carinatus
Hylaeus modestus
Hylaeus annulatus
Melissodes agilis
Hylaeus annulatus
Andrena wilkella
Bombus bimaculatus
Bombus fervidus
Bombus griseocollis
Melissodes subillata
Peponapis pruniosa
Lasioglossum obscurum
Halictus confusus
Halictus rubicundus
Megachile texana
Dieunomia heteropoda
Melissodes druriella
Anthophora terminalis

1
2
2
2
3
5
5
6
7
7
8
8
9
9
9
9
8
8
10
10
10
10
10
10
11
11
11
11
11
11
11

collected species in urban areas. They were less commonly collected in natural
habitats although they were present there. Parasitic bees of the genus Nomada
(Scopoli), were fairly well-represented at two natural sites; however, they were
absent from urban areas. Their hosts, bees of the genus Andrena (Fabricius),
were far better-represented in areas of preserved natural habitat than in urban
areas. Eusocial, corbiculate honeybees and bumblebees were represented at both
areas of preserved habitat and urban sites, but were more conspicuous elements
of the bee fauna in urban areas. Bees of the tribe Anthophorini (Apidae) were
more conspicuous elements of the urban sites we sampled, especially gardens,
though they were present in both urban sites and in preserved habitats.
Habitat use. Urban sites with native plant species harbored significantly
more bee species than urban sites lacking native vegetation (t test, two tailed
assuming unequal variances P < 0.001). Species richness for bees contrasts
sharply between urban sites lacking native plant species and urban sites harboring them (Fig. 2). Native bees were more likely to be captured on native flowers
than on nonnative flowers in urban areas (c2 test, Yates statistic, P < 0.01). As

Number
Collected

Augochlora pura
1
Lasioglossum obscurum 1
Bombus bimaculatus 1
Xylocopa virginica
1
Ceratina strenua
1
Bombus griseocollis
2
Andrena distans
2
Halictus ligatus
2
Melissodes agilis
1
Ceratina dupla/
								
calcarata
2
Ceratina dupla/
2
Andrena dunningi
2
Andrena cressonii
3
Megachile mendica
2
Apis mellifera
2
calcarata
Halictus rubicundus
2
Andrena imitatrix
2
Apis mellifera
3
Megachile rotundata
2
Augochlorella aurata 3
Hylaeus modestus
2
Andrena mandibularis 2
Augochlora pura
4
Hylaeus affinis
2
Xylocopa virginica
3
Andrena imitatrix
3
Andrena wheeleri
2
Ceratina dupla/
4
Halictus ligatus
2
Osmia cornifrons
4
				
calcarata
Apis mellifera
3
Apis mellifera
2
Chelostoma philadelphi 4
Ceratina strenua
2
Megachile montivaga 4
Bombus bimaculatus 3
Bombus bimaculatus 2
Nomada depressa
4
Ceratina dupla/
2
Hoplitis spoliata
4
						
calcarata
Ceratina strenua
3
Heraides carinatatus 2
Nomada sulphurata
4
Bombus griseocollis
2
Bombus impatiens
4
Chelostoma philadelphi 3
Andrena craetaegi
3
Lasioglossum obscurum 4
Bombus bimaculatus
2
Osmia pumila
4
Lasioglossum cressonii 3
Andrena nivalis
3
Bombus impatiens
4
Augochlora pura
2
Augochlora pura
4
Augochlorella aurata 3
Augochlora pura
3
Andrena wheeleri
5
Apis mellifera
2
Melissodes agilis
3
Hoplitis truncate
3
Anthophora terminalis 5
Agapostemon splendens 2
Melissodes bimaculata 3
Hylaeus modestus
3
Bombus impatiens
5				
Melissodes tincta
3
Lasioglossum
3
Ceratina strenua
5				
		
quebecense
Xylocopa virginica
3
Nomada depressa
3
Dufourea novaeangliae 5				
		
Osmia lignaria
3
Lasioglossum
5					
				
quebecense
		
Osmia pumila
3
Megachile rotundata
5				
		
Xylocopa virginica
3
Anthidium manicatum 5				
				
Bombus fervidus
5				
				
Halictus confuses
5				
				
Melissodes druriella
5				
				
Xylocopa virginica
5			

Oak Forest		
Mixed Deciduous Forest Prairie/Savannah		
Dune		
Wetland
		
Number		
Number		
Number		
Number		
Species
Collected
Species
Collected
Species
Collected
Species
Collected
Species

Table 4. Bee species by habitat type, ranked by the number of times that species was collected in natural areas.
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A

B

Figure 1. Numbers of bee species vs. occurrence of bee species, expressed as the number of sites at which they were collected, for (A) urban, and (B) natural areas.
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Figure 2. Comparison of species richness for bees collected in urban sites with native
vegetation to urban sites with no native vegetation. The height of the bar represents
the mean species richness for the sites surveyed, error bars represent standard error of
the mean. N = 4 sites with native vegetation and N = 7 sites lacking native vegetation.

Figure 3. Numbers of native vs. nonnative specimens collected on native vs. exotic
flowers in urban areas.
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shown in Figure 3, collections from native flowers in urban areas yielded more
native bees than exotics, while collections from non-native flowers in urban
areas showed the opposite pattern.
Comparison with Other Faunal Surveys. The species list documented
in this study shares 24 species with the survey by Tonietto et al. (2011), with 34
species unique to our study and 35 species unique to the Tonietto et al. (2011)
study. The combined species list from Tonietto et al. (2011) and this study
has 93 species. Table 5 lists species common to Tonietto et al. (2011) and this
study. Table 6 lists bee species common to the survey by Pearson (1928) and
at least one contemporary survey, either this study or the survey by Tonietto
et al. (2011). Pearson documented 125 species in his 1933 survey that were not
documented in either contemporary survey. There were 44 species documented
by Pearson (1933) that were also documented in at least one contemporary
survey. There were 49 species that were not documented by Pearson (1933)
but were documented in at least one contemporary survey.
Discussion
Bees Captured in Urban vs. “Natural” Areas. Urban areas in Chicago
harbored a distinctive assemblage of bees, which differed somewhat from the bee
fauna of surrounding natural areas. Bees collected at urban sites were largely
native, widely-distributed species, and introduced exotics (Table 3). The bees
collected most often at urban sites were peripheral members of the bee fauna
represented in surviving areas of natural habitat. For instance, M. rotundata,
a widespread introduced leafcutter bee, was often collected at urban sites. This
species was present in Chicago Forest Preserves, including the Harms Woods
Table 5. Bee species documented in the survey by Tonietto et al. (2011) and in this
survey.
Family

Species

Apidae
Apidae
Apidae
Apidae
Apidae
Apidae
Apidae
Apidae
Apidae
Apidae
Apidae
Apidae
Colletidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Megachilidae
Megachilidae
Megachilidae
Megachilidae
Megachilidae

Anthophora terminalis
Apis mellifera
Bombus bimaculatus
Bombus fervidus
Bombus griseocollis
Bombus impatiens
Ceratina dupla/calcarata
Melissodes agilis
Melissodes bimaculata
Melissodes trinodis
Peponapis pruinosa
Xylocopa virginica
Hylaeus affinis
Agapostemon virescens
Augochlora pura
Halictus confusus
Halictus ligatus
Lasioglossum anomalum
Anthidium manicatum
Megachile centuncularis
Megachile mendica
Megachile montivaga
Megachile rotundata
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Table 6. Chicago-area bee species documented in the survey by Pearson (1933) and in
this survey or the survey by Tonietto et al. (2011).
Family

Species

Andreneidae
Andreneidae
Apidae
Apidae
Apidae
Apidae
Apidae
Apidae
Apidae
Apidae, Anthophorini
Apidae, Anthophorini
Apidae, Anthophorini
Apidae, Anthophorini
Apidae, Anthophorini
Apidae, Anthophorini
Apidae, Anthophorini
Apidae, Anthophorini
Apidae, Nomadini
Colletidae
Colletidae
Colletidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Halictidae
Megachildae
Megachildae
Megachildae
Megachildae
Megachildae
Megachildae
Megachildae
Megachildae
Megachildae

Andrena cressoni
Andrena imitatrix
Apis mellifera
Bombus bimaculatus
Bombus fervidus
Bombus griseocollis
Bombus impatiens
Ceratina dupla
Ceratina stenua
Anthophora terminalis
Melissodes agilis
Melissodes bimaculata
Melissodes denticulata
Melissodes desponsa
Melissodes druriella
Melissodes trinodis
Svastra oblique
Nomada articulate
Hylaeus affinis
Hylaeus mesillae
Hylaeus modestus
Agapostemon splendens
Agapostemon viriscens
Augochlora pura
Augochlorella aurata
Halictus ligatus
Halictus parallelus
Lasioglossum albipene
Lasioglossum anomalum
Lasioglossum coriaceum
Lasioglossum cressonii
Lasioglossum leucozonium
Lasioglossum pectorale
Lasioglossum pilosum
Lasioglossum zephyrum
Heriades carinatus
Megachile centuncularis
Megachile latimanus
Megachile mendica
Megachile montivaga
Megachile pugnata
Megachile texana
Osmia lignaria
Osmia pumila
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site, but was not often collected. For both urban gardens and railroad margins,
the two species most often represented in our collections were introduced species. These include the honeybee, A. mellifera, which is actively cultivated by
entrepreneurs and urban beekeeping enthusiasts, with public encouragement
from city organizations, such as the Garfield Park Conservatory. Honeybees are
well-represented in many nature preserves in Chicago, and Northern Indiana
as well, though not as consistently nor in such numbers as in Urban Chicago. A
series of hives kept by the Chicago Honey Co-op, fed entirely by open lot, garden,
and railroad margin vegetation, produces honey commercially. Honeybee hives
atop the Chicago Cultural Center supply the Lurie Garden and Art Institute with
foraging A. mellifera. Also present in great numbers in these urban habitats
was the introduced leafcutter bee, M. rotundata. Both of these species were
collected at sites in natural areas as well, but were not nearly as conspicuous
or numerous. A cosmopolitan bee of uncertain origins, the wool carder bee, A.
manicatum, was also very common at urban sites, but inconspicuous or absent
in preserved areas of natural habitat.
Notably absent from all the urban sites we surveyed were brood parasites
of the genus Nomada, which were fairly conspicuous and diverse in wooded
forests along the Des Plaines River. Nomada spp. invade nests built by bees of
the genus Andrena, ovipositing their own eggs and displacing the larva of the
host bee. The paucity of Andrena spp. hosts is likely to be the reason Nomada
spp. were not collected at any urban site (though they were observed at the River
Forest site, they evaded multiple attempts at collection). Andrena spp. were
much less conspicuous and abundant in urban areas than in nature preserves.
This large and important genus of bees contains a large number of univoltine
and oligolecithic species, and all species in this genus build nests in sand, clay,
and loosely-packed soil. The combination of these factors may render Andrena
species poorly suited-for urban life. A large survey of New York City garden
bees by Matteson et al. (2008) included not a single member of this genus, despite the high diversity of Andrena species in natural areas of New York State.
In this light, it is interesting to note that some suburban areas near Chicago
appear to be very friendly to Andrena spp. An interesting aggregation of Andrena dunningi (Cockerell), made up of perhaps 200 individual nests or more,
occurs in the garden perimeter of a River Forest condominium, approximately
2 km from the Thatcher Woods site. In early April, males of this species were
seen patrolling the loosely-packed, loamy soil of this site, periodically landing
and searching for females. Females of this species were caught in the process
of copulation with males. This aggregation has apparently persisted for many
years at that site, and has been observed for three consecutive years by the
authors of this study.
Andrena spp. were much more conspicuous at areas of preserved natural
habitat, such as the Bunker Hill Savannah, the Harms Woods site, and the
Indiana Dunes National Lakeshore. At these sites, Andrena spp. constitute a
very important part of the bee fauna, sustaining populations of parasitic species of the genus Nomada. These floodplain deciduous forests at Harms Woods,
and the Savanna at Bunker Hill, harbored oligolectic specialists, such as the
small Andrena wheeleri Graenicher, which was frequently collected on Golden
Alexander, Zizia aurea (L.).
Habitat Use. Ground-nesting, especially for bees requiring particular
substrates, is quite possibly a factor limiting the ability of these bees to colonize
urban areas. For instance, an eroding clay river bank at the Harms Woods site
harbored a mixed species nesting aggregation of Andrena spp. (A. dunningi and
another unidentified species), and their Nomada spp. parasites. Female specimens at Indiana Dunes National Lakeshore were often captured with fine grains
of silica sand adhering to their forelegs and faces. Neither of these substrates,
packed clay or fine silica, is typical of an urban environment. In their survey of
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urban garden bees in New York City, Matteson et al. (2008) note bees that nest
in the ground are under-represented. Cane et al. (2006) studied the effects of
habitat fragmentation on pollinator assemblages in Tucson, AZ. Their group
concluded that some species responded positively to urbanization, and others
did not. In their study, cavity-nesting bees, rather than ground-nesting species,
were strongly favored in urban areas, presumably because urban habitats do
not have appropriate nesting substrates for most ground nesting bees.
Even among bees that utilize holes, and holes of similar diameters, features
of the natural history of some species make them better suited to urban life than
others. Bees of the genus Ceratina Latreille were relatively conspicuous at the
Indiana Dunes National Lakeshore, and in floodplain forests along the Chicago
River, but absent from the urban areas we surveyed. These are very small bees
that nest in small holes such as beetle borings, and urban gardens and railroad
margins may lack nest sites of the appropriate size because beetle-infested trees
are cut and cleared away. Unlike Ceratina spp., small bees of the genus Hylaeus
(Fabricius) were common at many sites, in a wide variety of habitats. H. affinis
and H. modestus occurred frequently in gardens. Hylaeus spp. utilize small
twigs as a nesting substrate, and apparently can make do with a wide variety of
habitats, provided twigs are present and flowers with a very small corolla length
are also available. A small species of leafcutter bee (family Megachilidae), Heriades carinatus Cresson nests in small holes, and was similarly collected at both
natural and urban sites, but small cavity nesters of another genus Chelostoma
(Latreille), also members of the Megachilidae, were not.
Garden sites in Chicago harbored a considerable richness of bee species.
Typically, gardens have higher floral diversity than open lots and urban railroad
margins, and are more likely to have flowers continuously in bloom throughout
the summer. This last attribute seems to make gardens especially attractive
to bees. A common gardening practice at prestigous sites downtown is to plant
dense collections of bulb flowers or other showy plants, and to remove them
once the peak flowering time is over. The soil at these sites is continuously
disturbed, and these areas were not well suited for bees. Catnip (N. catara),
sunflower (Helianthus annuus L.), and foxglove (Digitalis purpurea L.) seem
to be particularly useful to urban bees, as is sage (Salvia officinalis Linnaeus).
Native plants in a garden setting seem to be especially attractive to
bees. The difference in species richness between urban sites harboring native
vegetation, and those lacking native vegetation is substantial (Fig. 1). It is
not known whether this effect is solely due to the presence of native plants, or
is a side effect of greater floral diversity that seems to accompany sites where
gardeners have made the choice to plant native species. Some of the patterns
of resource use we documented seem to support the former possibility, however.
At urban sites, native bees were captured more often on native flowers than on
exotic flowers (Fig. 3). Oligoleges of the tribe Anthophorini, such as Melissodes
agilis Cresson, M. trinodis Robertson, and M tincta La Berge, which specialize
on sunflowers, were conspicuous and abundant at garden sites in late summer.
Cultivated pumpkin plants, native but very far removed from their original
ecological context, supported the oligolecithic squash bee, Peponapis pruinosa
(Say), at Chicago garden sites. These bees, though abundant, can be elusive. The
New York City bee survey by Matteson et al. (2008) failed to collect P. pruinosa
in New York City, but the authors of that study made no special effort to visit
squash blossoms early in the morning, which is the only reliable way of finding
this bee when it is present.
Studies of other urban bee faunas have demonstrated that there is higher
richness of bee species associated with native plants, as opposed to ornamentals, in Berkeley CA (Frankie et. al. 2005), and Phoenix, AZ (McIntyre and
Hostelter 2001). In the Berkeley study, it was demonstrated that California
native plants were much more likely to be visited by native bees (Frankie et al.
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2005). In the Phoenix study, it was demonstrated that urban sites harboring
native, xeric vegetation, harbored a higher diversity of bees than either natural
desert sites, or urban sites harboring introduced mesic vegetation (McIntyre
and Hostelter 2001).
Effects on Fauna of Forest Preserves. As for the question of whether
widespread species typical of urban environments are a potential nuisance to
adjoining areas of natural habitat, the problem seems to be restricted to a single
species, A. mellifera. Honeybees are the only exotic collected in large numbers
at sites in the forest preserve, and because of human intervention, this species
seems to do well in a wide variety of ecological settings. The ecological effects
of honeybees on native bees are hotly debated (Goulson 2003), and in Chicago,
may have played out in the early nineteenth century. When it occurs, however,
foragers of this species are almost inevitably present in very large numbers, for
short periods of time when the utility of a floral source peaks. At Pinhook bog,
an area valuable to conservation efforts because of its orchid populations, A.
mellifera is so abundant during the spring, visiting the blueberry populations,
that it is difficult for the authors of this study to imagine that honeybees have
not impacted the populations of native species more suited to pollinate the native
lady’s slipper orchids, Cypripedium acaule Aiton at that site. A. manicatum,
an aggressive competitor for floral resources, and highly territorial, was not
well-represented in the forest preserves. Worth noting was the abundance of
the bumblebees, Bombus bimaculatus Cresson and Bombus impatiens Cresson,
at both urban and natural sites. It is possible that these two, widespread species have displaced local bumblebees more typical of the conserved habitats.
In light of the widespread disappearance of Bombus spp., particularly Bombus
affinis Cresson, a bee which was formerly very common in the Chicago area
(Elizabeth Day, personal communication), it seems more likely that these two
species are filling an ecological vacuum created by the decline of many native
bumblebees, likely the result of introduction of the microsporidian Nosema sp.,
to North America (Winter et al., 2006).
Total Diversity and Comparison with Other Faunal Surveys. Bee
assemblages are highly variable in time, possess a large number of rare species, and present many challenges to effective sampling (Williams et al. 2001).
These factors make it very difficult to estimate the “true” number of species in
any given area at any given time. Published surveys of bee fauna from North
American urban areas have documented between 50 and 75 species. The total
number of bee species from the Berkley, CA survey (74 species, Frankie et al.
2005), the Tucson, AZ survey (62 species, Cane et al. 2006), the Phoenix, AZ
survey (54 species, McIntyre and Hostelter 2001), and the New York City Survey
(54 species, Matteson et al. 2008) all fall within this range.
At the same time our team was collecting Chicago-area bees for this survey, a different survey was conducted by Tonietto et al. (2011). The two groups
worked independently and were unaware of the other’s efforts. The results of
the two surveys invite comparison. Together, the two surveys present a much
more complete picture of Chicago-Area bees. The combined list from these two
studies includes 93 species of bees, in 27 genera, representing 5 families.
The redundancy of these faunal surveys presents an opportunity to examine the extent to which efforts of this sort are repeatable. Tonietto et al.
(2011) conducted their survey over a single year, 2008. They chose six parks,
six green roofs, six public gardens, and six prairies. Our survey took place over
a greater span of time, with the first specimens captured as early as 2003. We
chose railroad margins, public and private gardens, and areas of preserved
natural habitat including dunes, wetlands, prairies, and floodplain forests. Nets
and pan traps were used by Tonietto et al. (2011), whereas we used nets alone.
Even given these differences, it is interesting to note how little overlap there
is between the two species lists. The two groups collected only 24 species in
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common, out of a total list of 93 species. As noted in Table 5, the species listed
in both surveys are common bees with broad geographic ranges. Williams et
al. (2001) pointed out that bee assemblages contain many rare species and are
prone to other difficulties in reliable sampling. The small overlap between the
two species lists underscores this point.
Given the extensive reworking of natural habitat that has taken place
since the early part of the twentieth century, it is of no small importance to know
how the bee fauna of the Chicago-area has responded. In downstate Illinois, a
very interesting before vs. after comparison was made by Marlin and LaBerge
(2001) as they revisited a famous survey of Carlinville-area bees by Robertson
(1928) that lists 297 species. Despite large-scale modification of the habitat in
the vicinity of Carlinville, IL, 140 of species documented by Robertson (1928)
were still present in 2001, plus 14 new species. Species of Apis, Bombus, and
parasitic bees were not included in the survey by Marlin and LaBerge (2001),
meaning that 140 of 214 species from Robertson’s 1928 survey were recaptured.
In 1933, Pearson published an extensive survey of Chicago-area bees,
representing thousands of specimens collected from a broad range of natural
habitats present at the time. Comparing his list of 169 species to that of Robertson (1928), Pearson (1933) found that 157 of the bees he had documented
in Chicago were also present in Robertson’s survey.
Our results are not as encouraging as those of Marlin and LaBerge
(2001). Of 169 species documented by Pearson (1933), only 44 were recaptured.
Differences in sampling effort may partially account for this. Pearson (1933)
collected many more specimens than two contemporary studies combined,
our study and that of Tonietto et al. (2011). Perhaps a more likely scenario
is that the Chicago Metropolitan area has undergone dramatic faunal change
since Pearson’s survey (1933). Pearson (1933) does not list his bee species by
habitat; however, he does list the types of habitats he sampled. Clearly, he
had free access to a broad range of natural habitats, including various types of
dunes, prairies, and savannas. These same habitats, when present at all, are
now restricted in scale, modified by human disturbance, and surrounded by an
urban matrix of very dissimilar habitat.
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First Report of the Neoephemeridae (Ephemeroptera)
in Wisconsin
Kurt L. Schmude1, Tracey D. Ledder2, Tom H. Klubertanz3, and Jeffrey J. Dimick4

Abstract
The mayfly family Neoephemeridae was discovered in Wisconsin for the
first time and is represented by the species Neoephemera bicolor. Nymphs were
collected from three sites in two rivers in northern Wisconsin. Adults were
reared from nymphs. Some physical and chemical characteristics of the sample
locations are discussed.
____________________

Mayflies (Ephemeroptera) in the family Neoephemeridae are inhabitants of
streams in eastern North America and are relatively uncommon or rare throughout their range. There are four described species in the genus Neoephemera
(Berner 1956, Bae and McCafferty 1998). Neoephemera compressa Berner and
Neoephemera youngi Berner are southeastern species that occur in the coastal
states. Neoephemera purpurea (Traver) is another southeastern species that
occurs as far northwest as southern Kentucky (Randolph and McCafferty 1998).
The fourth species, Neoephemera bicolor McDunnough, was described from adults
collected in Quebec (McDunnough 1925). Subsequently, Berner (1956) described
the nymphs of a species that he attributed to N. bicolor from nymphs collected
in 1936 from the Rifle River along the eastern border of the lower peninsula of
Michigan. Jacobus and McCafferty (2002) noted that nymphs of N. bicolor have
never been reared to the adult stage, and that the nymphs that Berner described
may be attributed to this species, or they may represent a new species. The authors also mentioned that the nymphs collected in central Missouri (Sarver and
Kondratieff 1997) appeared to be conspecific with the nymphs from Michigan.
Hilsenhoff (1995) did not believe that this family would be found in Wisconsin
and did not include it in his publication.
In 2000, the lead author identified nymphs of Neoephemera collected by
one of the junior authors (TDL) from a river within the reservation lands of the
Bad River Band of the Lake Superior Tribe of Chippewa Indians, in northern
Wisconsin. Additional nymphs were collected during routine surveys by personnel of the Bad River Band’s Natural Resources Department at the same site on
several occasions from 2001-2009. Five additional nymphs were subsequently
found in 2009 in another river within the tribal reservation. All of the nymphs
appeared to agree with the descriptions of the characters for N. bicolor as presented in Berner (1956) and Bae and McCafferty (1998). [Note: the names and
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locations of these two sites within the tribal reservation are being withheld
by request from the Bad River Band of the Lake Superior Tribe of Chippewa
Indians, which can be contacted directly for further details.]
On 23 June 2009, 12 mature nymphs were found in the White River on
State Highway 13 in Ashland, Co., Wisconsin (46°30’59.02” N, 90°50’38.55” W),
which is a site outside of the tribal reservation land. The nymphs were clinging
to aquatic vegetation (Potamogeton sp.) in shallow water (10-40 cm) near the
shoreline. Due to the turbidity, the vegetation needed to be pulled from the
streambed and rinsed in a pan in order to notice the attached nymphs. The
nymphs were located at the base of the plant within or near the silt substrate.
The nymphs were reared in aquaria for several weeks until they emerged as
adults. Adult stages (subimago and imago) were allowed to live for several
days. Voucher specimens exist in the collections of KLS and THK. These reared
adults represent the first published records of reared specimens for N. bicolor.
Due to the rarity of N. bicolor, little is known about its biology and habitat
preference. It is usually found in rivers and large streams with slow to moderate
current, clinging to clumps of debris, branches, and roots of emergent vegetation
(Berner 1956, Edmunds et al. 1976). The White River is a 5th order stream at
our site with a mean monthly flow rate in the summer months ranging from
6-10 m³/s. The bottom substrates are predominantly gravel and fine sand, with
silt and submerged wood near the shoreline. Water clarity is usually poor due
to relatively high turbidity caused by erosion of the stream banks, which contain clay and fine sand. Turbidity ranges from 5 to 20 JTU (Jackson Turbidity
Units). Summer temperatures fluctuate between 16°C and 25°C, while the pH
value averages 7.8. Dissolved oxygen values range from 7.0 to 9.0 mg/L (unpublished water data courtesy of the Bad River Watershed Association for 2009 and
2010). The stream in which the species was first found has similar water data
to the White River at Highway 13. The other stream in the tribal reservation
in which nymphs were collected in 2009 is different in a few features. It is a 6th
order stream with clear water (not turbid), colder temperature (8°C), greater
dissolved oxygen (13 mg/L), and a more heterogeneous substrate consisting of
sand (25%), coarse woody debris (25%), leaf snags (25%), clay (10%), silt (10%),
and overhanging vegetation (10%).
The discovery of Neoephemeridae, in particular N. bicolor, in northern
Wisconsin is a considerable northwestern range extension for this family and
species. The distance from the site in the White River in northern Wisconsin
to the site in east-central Michigan (Rifle River in Omer) where N. bicolor was
collected 75 years ago is about 500 miles. Wisconsin has been rigorously sampled
for macroinvertebrates for several decades by the Wisconsin Department of
Natural Resources, numerous other organizations and agencies, and individual
researchers (e.g., William Hilsenhoff, University of Wisconsin-Madison). The
fact that this family of mayflies could have escaped detection from this sampling
effort, and the knowledge that the species has now been located at three separate
nearby sites with differing stream characteristics, is remarkable.
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Anthidium oblongatum (Apoidea: Megachilidae) Confirmed
as a Michigan Resident, with Notes on Other Michigan
Anthidium Species
Mark F. O’Brien1, Daniel R. Swanson2, and Jeremy Monsma3

Abstract
The Palearctic wool-carder bee, Anthidium oblongatum (Illiger) is newly
documented in Michigan, with vouchers from Kent, Washtenaw, and Wayne
Counties. Additional Michigan records are provided for Anthidium manicatum
(L.) and the native Anthidium psoraleae Robertson.
____________________

Anthidium (Proanthidium) oblongatum (Illiger) is a Palearctic
wool-carder bee that was first collected in North America in 1994, and found
to be present at various localities in New York, New Jersey, Maryland, and
Pennsylvania (Hoebeke and Wheeler, Jr. 1999). Subsequently, the species has
also been reported from northeast Ohio (Miller et al. 2002), Illinois (Tonietto
and Ascher 2009), and Connecticut (Maier 2009). Since wool-carder bees are
cavity-nesters, human-aided transport is suspected for the rapid expansion in
range of this small anthidiine bee.
Specimens of A. oblongatum were collected at two sites by J. Monsma during an arthropod survey of Michigan green roofs. The predominant flowering
plants on the roofs were Sedum spp., which are planted for their tolerance to
extreme variations in heat and availability of water. Vouchers are labeled as
follows: MICHIGAN: Wayne Co., Dearborn, Ford Motor Company green roof,
42.3075°N x 83.1560°W, 14 July 2010 (5 specimens). Kent Co., Grand Rapids,
GRCC green roof, 42.9656°N x 85.6640°W, 7 June 2010 (1 specimen), 20 July
2010 (4 specimens). A third locality was found late in 2011: Washtenaw Co.,
Matthaei Botanical Gardens, 42.304039°N x 83.66417°W, 13 Sept. 2011, C.L.
Vernier (UM student collection). Specimens were captured with a standard
insect net. These voucher specimens represent the first verifiable records for
Michigan. A photographic record by Julie A. Craves was taken on 17 August
2007, also from Dearborn Michigan. This indicates that the species has been
there for at least 3 years prior to our 2010 collections.
Miller et al. (2002) provided a key to Anthidium occurring in northeastern North America. There are now three species of Anthidium known from
Michigan: A. oblongatum, A. psoraleae Robertson, and A. manicatum (L.). We
provide additional information on the two latter species below.
Anthidium psoraleae Robertson, a native Anthidium, is found from
Colorado and North Dakota, eastward into the Great Lakes region (Hurd, Jr.
1979). While widespread, there appears to be a dearth of information, other
than it appears to prefer legume flowers. The localities for Michigan specimens
are presented here. MICHIGAN: Barry Co., 24 June 1956, Trifolium flowers,
R.W. Hodges (MSUC). Berrien Co., Warren Dunes State Park, 17 July 1982,
Insect Division, Museum of Zoology, The University of Michigan, 1109 Geddes Avenue,
Ann Arbor, ;MI 48109-1079.
2
3111 Scenic Lake Drive, Apt. 34, Ann Arbor, MI 48108.
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M. & A. O’Brien. Livingston Co., E.S. George Reserve, 12 July 1972, flowers
of Vicia villosa Roth, F.C. Evans; 12-16 July 1983, Malaise Trap, M. F. O’Brien.
Washtenaw Co., Dexter Twp., Stinchfield Woods, T1S-R4E-S11, Malaise Trap
17-21 June 1971; 28-30 June 1971, Peter Rush.
Anthidium manicatum (Linn.), the Wool Carder Bee, first recorded
from Michigan at Hidden Lake Gardens near Tipton in Lenawee Co. in 2001
(Miller et al. 2002), is probably now widely distributed across the lower half of
Michigan in suburban gardens. It appears to be a synanthropic species that
requires cultivated plants in the genus Lychnis and Stachys for lining the nests.
The senior author has monitored this species at his own garden in Ann Arbor
for 9 years, and females are commonly seen gathering trichomes from the stems
of rose campion [Lychnis coronaria (L.) Clairv.)]. Additional records are given
here. MICHIGAN: Allegan Co., 4 mi. E of Saugatuck, 10 August 2006, J.K.
Tuell, et al. (MSUC). Bay Co., Pinconning Rest Area off I-75N, 43.76163°N x
84.01777°W, 11.1 km SSW of Pinconning, 22 August 2007, 2 males at Stachys
byzantine K. Koch flowers (visual record only, MFO). Kent Co., Wyoming, 3
Sept. 2011, garden, on Salvia farinacea Benth. flowers, D.R. Swanson #47. Ottawa Co., 2 mi NNE Agnew, 9 June 2005, J.K. Tuell et al. (MSUC). Washtenaw
Co., Ann Arbor, 10 June 2000 at flowers of Digitalis purpurea L.; 20 June 2000;
22 June 2000; 13 July 2000; Marjorie O’Brien. Ann Arbor, 19 June 2005; 20
June 2004; 8 August 2010; 18 Sept. 2004, Mark O’Brien. Wayne Co., Dearborn,
42.3108°N x 83.1952°W, 7 August 2007, Julie A. Craves.
Discussion
These adventive species of Hymenoptera, not large and showy nor obviously injurious, are able to expand into new localities in North America for an
indeterminate period before being discovered by entomologists. Their modes of
nest construction in hollows of various materials which are easily transported
by humans allow new populations to be established across North America in
a very short time span. As has been documented with the megachilid bees A.
manicatum (Gibbs and Sheffield 2009), Megachile sculpturalis Smith (Mangum
and Brooks 1997, Hinojosa-Diaz et al. 2005, O’Brien and Craves 2008), and the
pompilid wasp Auplopus carbonarius Scopoli (Kurczewski and O’Brien 1992),
new populations are easily spread across great distances by human-aided
transport. Another example of rapid expansion is the horn-faced bee, Osmia
cornifrons (Radoszkowski) which was purposefully introduced for orchard pollination in Maryland by the U.S. Department of Agriculture (Batra 1979). It is
now spreading across the United States due to its commercial use for pollinating
various fruit orchards. For example, although introduced to Grand Traverse
County, Michigan in 2005 for cherry orchard pollination (Rothwell 2006), “feral”
populations have taken hold on their own in Ann Arbor, Michigan, over 320 km
to the southeast (MFO unpubl. observations).
Urban arthropod surveys can reliably document the presence of these
exotic species. Note that all of the records of A. oblongatum have thus far
come from urbanized areas. Urban and suburban pollinator surveys have been
conducted in the greater New York City area (Matteson et al. 2008, Fetridge et
al. 2008) and indicate that species richness in suburban areas is comparable to
that of mixed-habitat rural areas in the same region, while urban species richness is much reduced. However, exotic species appeared to be more abundant
in urban gardens, constituting 27% of the specimens taken, compared to only
6% in suburban gardens. Such results indicate that some sort of coordinated
citizen-science approach to pollinator sampling in urban gardens and arboreta
would be very beneficial in monitoring for new arrivals and the spread of exotic
bee species already found in Michigan.
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BOOK REVIEW
Dragonflies and Damselflies of the East. Dennis Paulson. 2011.
Princeton University Press, 576 pp. , 5 1/2 x 8 1/2 inches, 675 color photos.
350 line illus. 333 maps. ISBN: 9780691122830. (paperback) $29.95.
For many years, Odonatologists “toiled” in relative obscurity. Oh, we knew
that dragonflies and damselflies were really fascinating, but with few books
other than Needham and Westfall and the 3 volumes of Odonata of Canada
and Alaska, it appeared that identifying Odes required arcane knowledge and
a fascination for wing venation. That has all changed for the better over the
past 20 years. The Ode community has grown tremendously, and as a result, we
have had benefited from the publication of many nice regional guides, as well
as more comprehensive volumes. It’s hard to have a successful guide without
an audience, so as the guides get better, the audience benefits and grows, and
interest in the Odonata has never been larger than it is now.
With that bit of background, I am pleased to review Dennis Paulson’s latest
comprehensive guide that will certainly be the most-carried Odonata book in
the coming years. This book is well-suited for Michigan Odonata enthusiasts,
as all of the species in the state are found within.
I truly believe that if there is such a thing as the “must-have” book,
Dragonflies and Damselflies of the East is it. Paulson has paid attention to the
shortcomings of some previous comprehensive guides, and has incorporated
some very useful features and additional information that makes this book the
best yet. It contains all 336 species of Odonata that have been found in eastern
North America. Not just dragons or just damsels, but all Odonata. That means
one book for everything. It has excellent full-color photographs that are large
enough to see coloration and patterns that are important, as well as line drawings of genitalia of males and females where they are important to separate out
species. I have used a lot of identification manuals, and I find that the inclusion
of line drawings of claspers and subgenital plates, etc., are actually more useful
than most photographs. One can simplify the important features in a drawing
and it does make identification much easier. Therefore, that is an excellent
addition to this book, especially when grouped on pages where appropriate. I
also really like his introductory chapter on morphology, with its well-labeled
and clear images.
The maps are also well-done with range approximations that are based on
data from Odonata Central and from the dot-maps project that was published
by Nick Donnelly in the Bulletin of American Odonatology. The maps are just
large enough to give the reader a good idea of the species’ ranges. Some of
the changes in outlier dots and recent range extensions are not seen in these
maps, but that’s where regional guides or atlases are still very relevant and
necessary.
Dragonflies and Damselflies of the East is well organized, and I really appreciate the effort and arguments that Dennis Paulson makes for the collecting
of vouchers and the value of collections. These aspects are rarely emphasized in
field guides, and we cannot advance the science of the group without collections.
In addition, his explanation of the methods used for preservation, study, and
photography are well-done. The species accounts are very informational with
reference to similar species when appropriate. The natural history summaries
for genera are excellent, and valuable information for any Ode enthusiast. I
like the presentation and the format of the book, and I really have nothing but
praise for it. It is printed on glossy paper, so be careful in the field. The text is
densely packed on the pages, and at 538 pages, that is quite understandable.
Nobody wants to lug a 750-page book around. At the suggested retail price of
$29.95, this book is such a bargain, that it might be good to buy a couple of them.
There is also an e-book version, which I have not seen, but it would probably
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be very useful on a color e-book-reader in the field such as the Kindle Fire or
Nook Color. I doubt that most people want to carry an Apple iPad into the field.
In short, if you are going to buy any book to identify Odonata in eastern
North America --Dragonflies and Damselflies of the East is that book.
Mark O’Brien
Museum of Zoology
The University of Michigan
Ann Arbor, MI 48109
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BOOK REVIEW
A Fine Dining Experience: Review of How Not to Be Eaten. The
Insects Fight Back. Gilbert Waldbauer. 2012. University of California
Press. 221 pp.
As a long-time researcher and observer of insects, Waldbauer is the ideal
person to write a book about insect defenses. It is obvious throughout the text
that he has been intimately involved with these topics during his career, and
his enthusiasm for these animals shines through. I can imagine his many students thoroughly enjoying classes, field trips and research with such a talented
observer.
In the first two chapters of the book, Waldbauer introduces the players,
first the insects and then their predators, concentrating on the many ways that
animals capture and consume insects (including humans). In the subsequent
chapters he introduces the many ways in which insects avoid being eaten, devoting sections to escape mechanisms, crypsis of various sorts, startle defenses,
social insects, toxins and other chemical defenses, and mimicry. Waldbauer
finishes with an extensive reference list for each chapter, allowing any interested
reader to easily delve more deeply into a particular topic.
This book cleverly illustrates something that I often tell my students:
insects provide great examples of any type of ecological interaction, including
almost all conceivable variations. The ecological and behavioral diversity of
insects is on display in the topics covered in this book, and it emphasizes the
crucial role that insects play in terrestrial ecosystems (fresh water also, but
that was not a major theme of this book).
If I were to quibble with any aspect of the book, it would be that some of
the chapters seemed a bit like a tour through examples of insect defenses. This
was not necessarily a bad thing, but as much as I love the diversity of ecological
reactions in insects, examples sometimes received a very quick mention and
made parts of the book a bit disjointed. Fewer, more in-depth examples might
have been a better approach. Even this is unlikely to be a barrier for those
reading the book as an introduction to the world of insect defenses.
Waldbauer is at his best when he writes about work that he has been involved with over the course of his career, particularly mimicry. Here his prose
captures your interest and involves you in the interactions that he describes.
I truly enjoyed his personal reflections of seeing behaviors in the field, and
the explanations of experiments that he and his students did. As always, it
is wonderful to read descriptions of interesting and seldom noticed behaviors,
like those that have inspired many naturalists. I recall some of the work that
he did at the University of Michigan Biological Station while I was a graduate
student in the 1980s. During the summer, the students in the Biology of Insects
class enjoyed watching the variously painted Promethea moth males, used in
his mimicry experiments, flying to a screened enclosure with calling females.
I still have a male Promethea specimen given to me by Dr. Waldbauer after it
emerged that summer.
Although those with a significant background in insect biology may want
more depth on some topics, this is an excellent book for those interested in introducing themselves to the tremendous predation pressure on insects and the
diversity of insect defenses. As he has in his other popular books, Waldbauer
continues to find and describe topics that will increase interest in insects, a
fascinating group of animals that is crucial in ecosystem function.
Brian Scholtens
Biology Department
College of Charleston
Charleston, SC 29424
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BOOK REVIEW
OWLET CATERPILLARS OF EASTERN NORTH AMERICA. David L. Wagner,
Dale F. Schweitzer, J Bolling Sullivan & Richard C. Reardon. 2011. Princeton
University Press, 576 pp., soft cover, 8 by 10.
You may be wondering what an owlet caterpillar is, since “owlet” is not
mentioned in some books about insects. It is a general name for moths in the
family Noctuidae and is nicely defined by Marshall (2006) as: “nocturnal moths
are sometimes called owlet moths (noctua means owl in Latin) because of the
way their eyes pick up and reflect the smallest amount of light, shining brightly
in contrast with the usually inconspicuous body and forewings”.
This is an outstanding compilation/contribution for anybody who needs to
try to identify an owlet (noctuid) caterpillar in the area east of the 100th meridian.
It covers 815 species, with 2250 excellent color photos of all larvae and many
adults, sometimes with photos of multiple color or pattern variations. In addition, on the same page(s) nearly 400 species have photographs of spread and/
or naturally resting adult moths. There are also 89 face-on photos of Catocala
underwing heads showing the diverse and highly variable patterns, and 15 of
Spodoptera cutworm heads showing variations.
The introduction is 37 pp. and covers about everything you might want
to know, including importance, morphology, collecting and rearing/feeding both
caterpillars and adults, baiting, bait trapping, obtaining pairings and eggs,
over wintering caterpillars and pupae, preservation and voucher data, natural
enemies and natural history, and classification and nomenclature,. The rest of
the book includes selected keys, identification and diagnoses of the 815 species,
a glossary, cited literature, a foodplant index and species and subject indexes.
I have used “Noctuidae” as the family name in the beginning of this
review, and although there is still a lot of discussion/disagreement/flux as to
what families are in the superfamily Noctuoidea, this book uses the annotated
checklist of LaFontaine and Schmidt (2010), which recognizes the owlet families
with quadrifid forewing venation as the Notodontidae (not covered here, but in
Wagner 2005), the small families Doidae and Euteliidae, and the large family
Erebidae (154 pp ). Included as subfamilies in the Erebidae are the former
families Lymantriidae and Arctiidae which are not covered in this book, but are
covered in Wagner (2005). The rest of the owlets in the Noctuoidea are trifid
veined and are placed in the very large family Noctuidae (339 pp.)
There is a full page of introductory information about how things are
covered in the beginning of the book. For each fully covered species the common name is given, followed by the scientific name without the author. When
available, common names recognized by the Entomological Society of America
are usually used, but the authors have coined their own common names for
species with no known common name, and replaced others that they deemed
inappropriate with new names. The following text is grouped into 4 sections
which include a wealth of information: Recognition, Occurrence, Common
Foodplants and Remarks.
Nearly all of the excellent photos are lateral views of last instar living
caterpillars. Most of them are larger than life size, with the last instar length
given in the Recognition section. Many times there are additional photos of
other larval views or forms that are closer to life-size. Most of the photos of
adults are “typical noctuid” sizes, but there are some that in life are very large
or small where the adult wingspan would have been useful, especially for those
users who are not familiar with them. One good example is the adult Black
Witch where the size of the White Witch is given (may exceed 30 cm.), but the
photos of both the spread and resting Black Witch is about the size of most
noctuids in the book (4-5 cm.). The actual size of a spread Black Witch is closer
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to 15-18 cm.). In addition, the photo of the caterpillar is quite large, but the
length of the larva is not given as it almost always is for other caterpillars. The
other extreme is the small ones like the Southern Spragueia where the larva is
listed as under 2 cm. but the adult is 5 cm., or where the caterpillar of the Gulf
Lichen Punkie is under 1 cm., but the adult is 5 cm.
In summary, this is an excellent reference for anybody who wants or needs
to try to identify an “owlet” caterpillar and find out much other information, but
you should also have at hand a copy of Wagner’s Caterpillars of Eastern North
America to help in identifying caterpillars like the Notodontidae, Arctiidae,
Lymantriidae and others that are not covered in this book. It is also not a field
guide, being twice as large and heavy as the above mentioned guide.
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