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Validation of CTmax Protocols Using Cased and Uncased
Pycnopsyche guttifer (Trichoptera: Limnephilidae) Larvae
David C. Houghton1*, Ashley C. Logan1, and Angelica J. Pytel1

Abstract
The critical thermal maximum (CTmax) of a northern Lower Michigan population of Pycnopsyche guttifer was determined using four rates of temperature
increase (0.10, 0.33, 0.50, and 0.70ºC per minute), and two case states (intact
and removed). Across all temperature increase rates, larvae removed from their
cases had a significantly lower mean CTmax than those remaining in their cases,
suggesting that the case can increase the larva’s ability to tolerate thermal
stress, possibly due to respiratory advantages. Regardless of case state, mean
CTmax was significantly lower at the 0.10ºC per minute increase rate than the
other three rates, likely due to increased exposure time. Our results indicate
that CTmax studies done using 0.33–0.70ºC per minute increase protocols would
be comparable with each other, but not with studies using an increase rate of
0.10ºC per minute.
____________________

Temperature is widely recognized as one of the most important variables
influencing the distribution and ecology of aquatic organisms, nearly all of which
are exothermic (Reyjol et al. 2001, Caissie 2006, Haidekker and Hering 2008,
Dallas and Rivers-Moore 2012). Since many anthropogenic activities increase the
temperature of freshwater ecosystems, it is important to accurately determine
and predict the thermal tolerance of freshwater organisms to thermal pollution.
The critical thermal maximum, CTmax, is a non-lethal means of experimentally
assessing this thermal tolerance (Cowles and Bogert 1944). In these studies,
temperatures are raised at a prescribed rate starting at the acclimation temperature until a predetermined behavioral endpoint is reached. For aquatic
invertebrates, this endpoint usually involves a loss of equilibrium or grip on
the substrate (Dallas and Rivers-Moore 2012).
Since CTmax usually occurs at temperatures higher than organisms encounter in the wild, the primary importance of CTmax studies is in the comparison of
determined values to those of other organisms (Lutterschmidt and Hutchison
1997, Dallas and Rivers-Moore 2012). Thus, it is necessary to conduct CTmax
studies so that results are comparable to each other. For example, several studies have demonstrated that CTmax values using different laboratory acclimation
temperatures may not be comparable to each other, even within the same species
(Ernst et al. 1984, Moulton et al. 1993, Galbraith et al. 2012).
Several studies on fish and terrestrial insects have suggested that temperature increase rate can also affect CTmax (Becker and Genoway 1979, Elliot
and Elliot 1995, Mora and Maya 2006, Rezende et al. 2011, Ribeiro et al. 2012).
No comparable studies have been done on aquatic insects. The objective of our
study, therefore, was to test several different temperature increase rates on a
population of caddisfly. A second objective was to test the influence of portable
1
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caddisfly cases on CTmax. Our study organism, Pycnopsyche guttifer (Walker)
(Limnephilidae) is a tube case-making caddisfly common in woodland streams
throughout lower MI (Houghton et al. 2011). No data on the CTmax of P. guttifer,
or of any other limnephilid caddisfly, have been previously reported.
Materials and Methods
Fifth instar larvae of P. guttifer were collected from the Little Manistee
River (N44.02°, W85.63°), a third-order woodland stream located in the northwestern portion of the Lower Peninsula of MI. A detailed description of this
site can be found in Houghton et al. (2013). Specimens were collected by hand
during May 2012, transported back to the laboratory, and housed without food
in a Frigid Units Living Stream™ (www.frigidunits.com). Temperature (17.5ºC)
and photoperiod were set to ambient, although there was some minor deviation
in temperature due to mechanical problems (Table 1).
Four different temperature increase rates were tested: 0.10, 0.33, 0.50,
and 0.70º C per minute. Two different case states were also tested: intact and
removed. For the latter scenario, cases were carefully deconstructed piece-bypiece until larvae evacuated. Each case state and temperature increase protocol
had three trials each. The order of the 24 trials was randomized. Sample size
for each individual trial was 5 specimens. All trials finished before P. guttifer
began burying into the substrate for their summer aestivation.
Each trial group was placed in a Julabo MB-13 circulating heated water
bath (www.julabo.com) set to 40% external and 60% internal circulation. The
device was linked to a computer using Julabo EasyTemp™ software, allowing
for precise programming and logging of temperature protocols. In each trial,
specimens were placed into the water bath containing Living Stream water,
given 1x1 mm latex window screen to use as substrate, and allowed to orient
themselves relative to the current for 2–3 minutes before the temperature was
raised. Water temperature began at ambient and was raised until CTmax was
reached for all trial specimens. CTmax was defined as the loss of equilibrium or
ability to cling to the substrate. Specimens that were temporarily dislodged
by the current or by other specimens were not removed from the water bath if
they were able to re-attach and assume a normal posture.
After the trial ended, specimens were placed in an 850 ml bowl which was
floated in the Living Stream to cool specimens back to acclimation temperature
over a 30–60 minute period. Once acclimation temperature was reached, specimens were returned to the Living Stream and their survival checked every 8 h for
96 h. Voucher specimens were deposited in the Hillsdale College Insect Collection.
In a separate experiment, three trials of each protocol were conducted to
clarify the relationships between time, temperature, dissolved oxygen, and percent oxygen saturation. P. guttifer larvae were added to the water bath to ensure
consistent experimental conditions, but CTmax was not determined. Instead, the
variables were recorded every minute using a YSI-55 oxygen probe (www.ysi.com)
as temperatures increased from 17 to 35ºC. These observations were all conducted
within a 2-day period to ensure similar beginning experimental conditions.
Results
CTmax for cased P. guttifer acclimated to 17°C with a 0.33°C per minute
temperature increase protocol was 33.7°C. Mean CTmax was higher in specimens
with intact cases (32.8°C) than those removed from their cases (31.7°C) across
all temperature increase protocols. CTmax was lower for specimens using the
0.10° C per minute temperature increase protocol (30.3°C) than the other protocols (32.9°C) across both case states (2-way Analysis of Variance with post-hoc
Tukey test, F = 27.6, 17.9; df = 3, 1; P < 0.001) (Fig. 1). Interactions between
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Table 1. Summary data for CTmax trials of P. guttifer. ‘Temperature’ and ‘dissolved
oxygen’ were measured in the living stream immediately before the respective trial
commenced. n.d. = no data.
		
Date
28 May
29 May
29 May
30 May
30 May
30 May
01 June
02 June
05 June
05 June
05 June
05 June
11 June
11 June
11 June
12 June
12 June
12 June
13 June
13 June
13 June
13 June
18 June
18 June

Temperature
(°C)
17.9
17.9
17.9
17.3
17.3
17.5
17.2
17.3
17.1
17.1
17.1
17.1
18.3
18.3
18.3
18.3
18.3
18.5
17.3
17.3
17.3
17.3
17.5
17.5

Dissolved oxygen		
(mg/L)
Case status
8.1
8.1
8.4
8.9
8.4
8.5
8.9
8.7
8.4
8.4
8.4
8.4
7.1
7.1
7.1
6.6
6.6
7.5
8.3
8.3
8.3
n.d.
8.0
8.0

intact
removed
removed
intact
removed
intact
removed
intact
intact
removed
removed
removed
removed
removed
removed
intact
removed
intact
intact
intact
removed
intact
intact
intact

Increase
(°C/Minute)

CTmax
(°C)

0.50
0.70
0.50
0.33
0.10
0.10
0.70
0.10
0.70
0.50
0.33
0.33
0.10
0.70
0.10
0.10
0.50
0.70
0.33
0.50
0.33
0.33
0.70
0.50

32.9
31.2
31.0
33.8
28.3
30.8
33.5
30.7
34.0
32.4
32.6
33.1
30.0
33.7
30.9
30.8
32.6
33.2
34.0
33.4
33.3
33.4
32.7
34.2

the factors were not significant (P = 0.81). There was no correlation with CTmax
between trial date (R2 = 0.08), or temperature (R2 = 0.03) or dissolved oxygen
level (R2 = 0.13) in the Living Stream immediately before the beginning of trials.
Post-trial mortality was <1% within 96 h of the experiment.
Mean dissolved oxygen exhibited a very strong negative linear correlation with temperature for all observed temperature increase protocols (Fig. 2).
Mean beginning dissolved oxygen levels were the same for all protocols (1-way
Analysis of Variance, F = 0.2, P = 0.86). Mean ending dissolved oxygen level
was lower for the 0.10°C protocol then for the other protocols, even though all
protocols ended at the same temperature (1-way Analysis of Variance, F = 42.3 P
< 0.001). Dissolved oxygen saturation continually increased in the 0.70 and 0.50
°C protocols, leveled off towards the end of the 0.33°C protocol, and decreased
after an initial increase in the 0.10°C protocol.
Discussion
Our determined CTmax for P. guttifer of 33.7°C based on acclimation to
17°C and a 0.33°C/minute increase protocol—the most frequently used testing
conditions in the literature—rated the species as barely ‘moderately sensitive’
(as defined by CTmax = 33–39°C) according to the Dallas and Rivers-Moore
(2012) sensitivity classification scheme. The species probably has value as a
thermal bioindicator due to its relative stenothermy. Some of its observed value,
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Figure 1. CTmax values for P. guttifer based on case state and temperature increase
protocol. Dashed lines indicate the means for larvae in intact and removed cases,
respectively. Superscript letters denote statistically distinct groups (2-way Analysis of
Variance with post-hoc Tukey test, F = 27.6, 17.9; df = 3,1; P < 0.001).

however, may come from its specific habitat in our study. The Little Manistee
River is one of the coldest and most stable streams in Lower Michigan, only
rarely rising above 20°C during the heat of the summer (Tonello 2005, Shoup
and Houghton 2013). Our studied population of P. guttifer may be relatively
intolerant to thermal stress due to its consistently cold environment never exposing it to warm temperatures. Several studies have shown that the thermal
history of an organism has a strong influence on its determined CTmax (Garten
and Gentry 1976, Moulton et al. 1993, Galbraith et al. 2012). Thus, populations of this widely-distributed species in warmer streams may have a more
eurythermic response.
Differences in CTmax based on case status and temperature increase
protocol may be due to changes in both temperature and dissolved oxygen. As
observed in our study and elsewhere, oxygen solubility decreases as temperature
increases. The metabolic activity of ectothermic organisms, however, increases
with an increase in temperature. Thus, oxygen needs increase simultaneously
with decrease in oxygen availability. Determining whether CTmax is caused
by thermal stress, asphyxiation, or a combination of these factors constitutes
a difficult challenge in CTmax studies (Portner 2001, Portner and Knust 2007).
The lower CTmax of specimens using our 0.10°C protocol and the higher
CTmax result for cased larvae both suggest that low dissolved oxygen levels
may affect thermal tolerance. In the case of the latter observation, many
tube case-making caddisflies such as P. guttifer rely on woody debris as a food

THE GREAT LAKES ENTOMOLOGIST

Figure 2. Correlations between mean (±SE) dissolved oxygen and mean (±SE) percent oxygen saturation with temperature during our
experimental trials. A: 0.70 °C/minute, B: 0.50 °C/minute, C: 0.33 °C/minute, D: 0.10 °C/minute temperature increase protocols. Measurements were taken every minute.
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source (Wiggins 1996). Thus, they often live in areas of low current, such as
the depositional areas of streams where such woody debris accumulates. The
tubular case, therefore, may serve a respiratory function — a larva undulating
its abdomen inside its case will create a steady micro current of water to bathe
the gills (Williams et al. 1987). Thus, the higher CTmax of cased larvae in our
study may be due to this respiratory advantage in an increasingly deoxygenated
experimental environment. Cased larvae also may have had a higher CTmax
because the case increased their volume, thus taking longer for them to heat
up (Ribeiro et al. 2012).
Our results also indicate that the time spent under adverse conditions
also has an effect on dissolved oxygen and CTmax. Larvae of our 0.10°C protocol likely exhibited a lower CTmax than the other protocols because the slow
increase exposed them to adverse conditions for a longer (2–3 h) period of
time (Rezende et al. 2011, Ribeiro et al. 2012). Likewise, dissolved oxygen
levels may also have been affected by the slower temperature increases. The
rate of oxygen outgassing in our warming water bath appeared to be slower
than the rate of temperature increase in the 0.50 and 0.70°C protocols; thus,
saturation continued to increase throughout the trials. In the 0.33°C protocol, the outgassing rate appeared similar to temperature increase rate. In
the 0.10°C protocol, the outgassing rate appeared to be faster than the temperature increase rate, leading to decreasing oxygen saturation. The lower
dissolved oxygen at the end of the 0.10°C protocol—despite being at the same
temperature as the other protocols— further suggested that the longer time
spent at each temperature allowed more oxygen to outgas than it did when
using the faster increase rates.
Previous studies with fish and terrestrial insects have also demonstrated
differences in CTmax relative to temperature increase rate, although the specific
results are somewhat contradictory with each other and with our study. Ribeiro
et al. (2012) found that the ant Atta sexdens L. generally exhibited higher CTmax
as temperature increase rates increased from 0.16 to 2.00°C per minute, although
the authors did not test for differences between their specific rates. Elliot and
Elliot (1995) found that speeding up the temperature increase rate from 0.0002°C
per minute to 0.02°C per minute resulted in increasingly higher CTmax in two
species of trout. Further increasing to 0.25°C per minute promoted no further
CTmax increase. Becker and Genoway (1979) and Mora and Maya (2006) found
similar results except the former study demonstrated an increased CTmax to a
1°C per minute rate with the sunfish Lepomis macrochirus, Rafinesque, and
the salmon Oncorhynchus kisutch, Walbaum, whereas the latter actually found
decreasing CTmax at 1°C per minute with the blenny Acanthemblemaria hancocki,
Myers and Reid. The authors of the latter study suggested that differences in
the species used and slight differences in experimental design between studies
may account for the differing results.
One source of potential error in our experiment was a succession of
power outages that caused the temperature in the Living Stream to increase
to 18.3–18.5°C prior to 6 trials. Due to the effect of acclimation temperature
on CTmax, it is possible that specimens de facto acclimated to this higher temperature may have had an artificially high CTmax. The lack of correlation
between pre-trial Living Stream temperature and CTmax, however, suggests
that the warmer temperatures did not have an important effect on our overall
experiment. Studies on acclimation temperature usually acclimate specimens
for 4–7 d before trials (Moulton et al. 1993, Galbraith et al. 2012), whereas our
specimens were exposed to the warmer temperatures for ~2–3 h. Moreover, half
of the affected trials were of the 0.10°C protocol, which had the lowest CTmax.
Thus, if CTmax was artificially higher in the trials affected by the higher Living
Stream temperature, then our observed differences between the 0.10°C protocol
and the other protocols may actually have been underestimated.
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Overall, our results suggest that temperature increase rate can affect
CTmax, even within our limited testing range. More specifically, our results
suggest that fundamental differences in temperature and dissolved oxygen
profiles, as well as in CTmax, may occur between the 0.10°C and 0.33°C per
minute temperature increase rates. Our results also indicate that organisms
tested at increased rates between 0.33 and 0.70°C per minute, which encompass
the majority of aquatic insect CTmax trials in the literature (Dallas and RiversMoore 2012), are comparable with each other. Further research will be needed
to elucidate the specific interactions between temperature and dissolved oxygen
in creating thermal stress in aquatic organisms. More basically, the differing
results between studies on this topic strongly suggest the need for further basic
research as well as a standardized experimental design.
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Comparative Study of Mecinus janthiniformis (Coleoptera:
Curculionidae) Attack and Simulated Mowing for Control of
Linaria dalmatica spp. dalmatica (Plantaginaceae)
Elizabeth J. Goulet1, Antonio Ditommaso2, and Elson J. Shields3*

Abstract
Dalmatian toadflax, Linaria dalmatica spp. dalmatica (L.) Mill. (Plantaginaceae) has invaded over one million hectares in the western United States
and Canada, in habitats similar to its native range. Two field studies were
conducted to examine the impact of simulated mowing or insect herbivory on
L. dalmatica growth and reproduction. Simulated mowing over the duration of
the study decreased L. dalmatica total biomass per square meter, significantly
reduced the total number of fruits and flowers per square meter, and resulted
in significantly shorter flowering stems in the simulated mowing plots than in
their controls. Plants in plots attacked by Mecinus janthiniformis Toševski and
Caldara (Coleoptera: Curculionidae) had significantly less biomass per square
meter, significantly fewer total numbers of fruits and flowers per square meter,
and significantly fewer reproductive structures per stem than plants in paired
control plots over the duration of the study. Specifically, both management
tactics resulted in a negative impact on this invasive plant. With repeated
tissue removal or damage, a reduction in numbers of fruits and flowers per
stem on both the stems subjected to simulated mowing and Mecinus-attacked
stems relative to their controls suggests that long term stress effects on the
plants may be similar. The results of these studies suggest that mowing may
warrant further evaluation as a possible method of control in areas where M.
janthiniformis release is not effective.
____________________

Dalmatian toadflax, Linaria dalmatica spp. dalmatica (L.) Mill. (Plantaginaceae), a native of the eastern Mediterranean and Black Sea regions of Europe
and Asia, was introduced in the United States as an ornamental by 1894 and first
planted in Canada in 1901 (Vujnovic and Wein 1997). L. dalmatica has invaded
over one million hectares in the western United States and Canada, in habitats
similar to its native range (Sheley and Petroff 1999). Its closest relatives include
yellow toadflax (Linaria vulgaris Mill.) and narrow leaved toadflax (Linaria genistifolia (L.) Mill.), also considered invasive species in North America (Sheley and
Petroff 1999). L. dalmatica often invades well-drained disturbed sites such as
road cuts and overgrazed rangeland. Once established, the aggressive vegetative
growth of the plant allows it to invade undisturbed habitats where it can outcompete most other vegetation, placing native plant communities at risk (Sheley
and Petroff 1999). The plant is toxic to cattle (Vujnovic and Wein 1997), although
sheep are reported to graze it without adverse effects (Sheley and Petroff 1999).
Individual L. dalmatica plants are short-lived perennials and can survive up to
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four years (Robocker 1974), but stands can persist for long periods of time due to
vegetative propagation and prolific seed production (Robocker 1970). Seeds can
remain dormant in soil for up to 10 years under field conditions.
Mowing when root reserves are low has been identified as a control strategy
for other perennial weeds (Peters and Lowance 1978, Bouhache et al. 1993), and
work by Robocker et al. (1972) showed reduction in L. dalmatica carbohydrate
root reserves after two seasons of mowing. However, mowing is not currently
recommended as a control tactic for L. dalmatica (Sheley and Petroff 1999).
Other perennial weeds, such as perennial sow thistle (Sonchus arvensis L.)
have been successfully controlled with mowing as part of an integrated control
strategy (Vanhala et al. 2006).
Biological control of L. dalmatica with Mecinus spp. (Coleoptera: Curculionidae) has shown promise in the US and Canada. Recent molecular data indicate that some individuals within the species M. janthinus Germar are actually
members of the cryptic species M. janthiniformis Tosevski and Caldara, which
prefers Dalamatian toadflax. M. janthinus prefers yellow toadflax (Tosevski
et al. 2011). While the older literature reports that M. janthinus was originally
released in the US, the preference of the released insect to attack Dalamatian
toadflax suggests the insect released was actually M. janthiniformis. M.
janthiniformis is a univoltine stem boring weevil specific to a small number
of perennial Eurasian Linaria species with stem diameters greater than 0.9
cm. Like its Linaria spp. host plants, M. janthiniformis is native to southern
and central Europe and southern Russia (McClay and De Clerck-Floate 2002).
The beetle was found to be established in 100% of 22 release sites in British
Columbia, Canada (1991-94), and all stems at some of the sites were attacked
after only three years (De Clerck-Floate and Harris 2002, Van Hezewijk et al.
2010, Schat et al. 2011). Studies on post release feeding behavior showed no
evidence of non-target herbivory on native plants growing at toadflax sites in
the US where M. janthiniformis is established (Breiter and Seastedt 2007).
Adult insects feed on new L. dalmatica stems in the spring, most often
feeding on leaf tissue near the tops of stems. For several months after mating, females oviposit singly in cavities chewed in the stem. Larvae feed on the
internal stem tissue of the host and pupate in the stem after about 40 days.
The insect overwinters as a non-feeding adult and emerges from dead toadflax
stalks in spring (Jeanneret and Schroeder 1992).
We examined the effects of either simulated mowing or herbivory on L.
dalmatica in order to gain insight into the impact of each treatment on L. dalmatica and its potential for area wide management in Washington State and
surrounding states with similar habitats.
Materials and Methods
Mowing Study. This study was established in 2004 utilizing three study
sites, each comprised of five sets of plots to compare the potential control of L.
dalmatica using mechanical control (simulated mowing).
Sites. Ski Hill Top (47o56.19’N, 120o03.35’W) and Ski Hill Bottom
(47o56.20’N, 120o03.34’W) were established at the Echo Valley Ski Hill, approximately 10 km from the town of Chelan. The Cooper site (47o56.42’N,
120o03.39’W) was within 1 km of the ski hill sites on a south-facing slope. All
mowing sites are in Chelan County, Washington, USA. All sites were in open
habitats with little to no woody vegetation.
Ski Hill Top site (0.30 ha) was primarily flat and had been cleared of all
vegetation with a bulldozer in 2002, leaving compacted soil with Centaurea diffusa Lam. (diffuse knapweed) and L. dalmatica as the main vegetative cover.
L. dalmatica had dense but patchy distribution throughout the site.
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Ski Hill Bottom site (0.40 ha) was primarily flat and was bulldozed approximately 10 years prior the start of this study. This site had greater plant
species diversity and a more even distribution of L. dalmatica than the Ski Hill
Top site. Both Purshia tridentata (Pursh) (bitterbrush) and Artemisia tridentata Nutt. (sagebrush) were present, as were Bromus tectorum L. (cheatgrass),
Stipa spp., Achillea millefolium L. (common yarrow), Brassica spp., and Secale
cereale L. (common rye grass).
Cooper Road site (0.60 ha) was a south facing slope with a gentle grade and
had the highest native plant component of the three mowing sites. L. dalmatica
was evenly distributed throughout the site at densities similar to those at the
Ski Hill Bottom site. Sagebrush was the most abundant shrub with bitterbrush
and Ribes spp. (currant) also present. The shrub cover and density were both
low. The main grass cover was cheatgrass, a non-native invasive species. Other
species included the native grass Agropyron spicatum (Pursh) and several Stipa
spp. Also present were native forbs, including Lupinus spp., Brodiaea douglasii
S. Wats., Balsamorhiza sagittata (Pursh) Nutt., Aster spp., Calochortus macrocarpus Dougl., and the non-native but naturalized A. millefolium.
Five circular 1 m2 permanent plots were randomly established in each of
the three mowing study sites. At each of the mowing sites, a replicate set of
control plots was established in a random direction from each of the five permanent plots at a distance between 0.8 m and 2 m from the permanent plots.
All L. dalmatica stems and all other vegetation in each of the permanent
mowing plots were cut annually with scissors to simulate mowing. Cutting in
year one (2004) was timed to match mowing by local landowners, which occurred
in mid- to late July. From 2005 to 2007, cutting was timed to closely match
the maturation of the flowering stems in year one. The time of cutting was
determined by calculating the ratio of fruit to flowers in a random selection of
20 stems in the cutting areas weekly, starting in the first week of July. Stems
were cut at the sites when the ratio of flowers to fruits was within 10% of the
average ratio calculated for the site from the first year’s cut. By matching the
time of mowing and post-treatment data collection closely to the maturity of the
flowering stems from year one, a more accurate representation of actual effects
on the plants across years can be made.
Data Collection and Analysis. The height of each stem within all plots
was measured in cm, its reproductive phenology (flowering or non-flowering)
recorded, and the number of flowers and fruits for each flowering stem counted.
Stems in all of the plots were clipped at ground level, separated by phenological
grouping, oven-dried at 60º C for 48 hours, and weighed to determine biomass.
Total vegetative (i.e., non-flowering) stem biomass and total flowering stem
biomass for each plot were recorded separately. All simulated mowing was
conducted between 15 July and 4 August for all field seasons.
A repeated measures analysis was used with 2004–2006 data to test for
effects between treatments over three years for the mowing sites. Least squares
means with Bonferroni adjustment were used to determine differences in means
for data group-by-year combinations. Differences in means between years as
a simple factor were determined using a least squares means comparison for
years only. All analyses used SAS version 9.1 mixed model procedures (SAS
Institute 2006).
When insufficient data were available to run either of these models, a
block t-test or simple t-test was used for analysis. A t-test comparing 2004 and
2005 stem density on mowing sites also was performed. Vegetative stem heights
and numbers of fruits and flowers per stem were natural log transformed for all
within year analyses. A square root conversion was used on the total numbers
of fruits and flowers per square meter and the stem density data for among
year analysis in mowing sites. Stem heights were square root transformed for
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across year analysis of mowing sites. A square root transformation was used for
total biomass data in t-tests with 2006 and 2007 comparisons on mowed plots.
Flowering stem data were distributed normally.
Biological Control Study. This study was established in 2004 utilizing
one site, comprised of five sets of plots to evaluate the potential control of L.
dalmatica using M. janthiniformis as an insect biological control. In 2006, two
additional M. janthiniformis biological control sites were added to the study
with five additional sets of plots at each site.
Sites. The Gracey site was located near Danville, in Ferry County,
Washington (48o59.73’N, 118o30.79’W). The Railroad site was located 1.5 km
northeast of the Gracey site near a railroad track approximately 150 m south of
the Canadian border (48o59.94’N, 118o29.62’W). The Gebbers site was located
approximately 5.6 km from State Highway 150 in Chelan County, Washington
(47o55.82’N, 120o03.25’W). All sites were in open habitats with little to no
woody vegetation.
Gracey site was a fallow field which had last been planted in 1999 with
alfalfa. The Mecinus-attacked plots were located in the north side of the field
in a L. dalmatica stand of approximately 1.2 ha, which experienced severe M.
janthiniformis attack. The Mecinus-free controls were located in a 0.60 ha stand
of L. dalmatica, approximately 300 m south from the Mecinus-attacked plots and
had little to no M. janthiniformis activity and damage in 2004. L. dalmatica was
present at high densities and fairly evenly distributed throughout the Gracey
field. The primary species present in locations where M. janthiniformis was
successfully limiting L. dalmatica was Lepidium draba L. (hoary cress) with
both cheatgrass and Amsinckia spp. (fiddleneck) also present. Gracey-north
Mecinus-attacked plots were flat or had a gentle southwesterly grade, and
Gracey-south control plots were flat.
Railroad site (1.0 ha) was approximately 150 m south of the Canadian
border near railroad tracks in very rocky soil. The Mecinus-attacked sites were
on the east side of the tracks up a slight embankment from the railroad cut,
and the controls were located along the west side of the tracks approximately
200 m from the attacked plots. Both fiddleneck and cheatgrass were common
at the site, and L. vulgaris (yellow toadflax) also was present in the Mecinusattacked section of this site.
Gebbers site (0.80 ha) was located on a relatively undisturbed slope above
a road cut edge. Mecinus-attacked plots were located approximately 400 m
from the control plots along the same road. The vegetation at this site was very
similar to the Cooper mowing site, which was located approximately 6 km away.
At each of the three M. janthiniformis biological control sites, five circular
1 m2 permanent plots were randomly established. The non-Mecinus-attacked
control plots were established in L. dalmatica stands closest to the permanent
attacked plots, which had not yet been heavily colonized by M. janthiniformis.
Each year, a new set of control plots were selected at each site in a different
direction and distance than control plots from all previous years to eliminate
any potential effect of vegetation removal from the previous year’s control plot
on the current year data.
Stems in the permanent Mecinus-attacked plots at the M. janthiniformis
sites were not cut, since clipping effects on stems would confound effects from
insect attack. Instead, a ‘matched’ plot was selected in a random direction and
distance within two meters of the permanent Mecinus-attacked plot, and data
from these stems were used to estimate annually the biomass and insect numbers for Mecinus-attacked plots. All other data for M. janthiniformis attacked
stems were collected directly from the stems within the permanent plots. The
Mecinus-attacked ‘matched’ plots and their controls were cut at the same maturation stage as stems from the clipped sites as described previously.
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Data Collection and Analysis. The height of each stem within all plots
was measured in cm, its phenology (flowering or non-flowering) recorded, and
the number of flowers and fruits for each flowering stem was counted. Stems
in all of the plots were clipped at ground level, separated by phenological grouping, oven-dried at 60º C for 48 hours, and weighed to determine biomass. Total
vegetative (i.e., non-flowering) stem biomass and total flowering stem biomass
for each plot were recorded separately.
An estimate of L. dalmatica biomass in the Mecinus-attacked permanent
plots each year was made by using the vegetative and flowering biomass values
calculated from the ‘matched’ plots associated with each permanent plot for that
year. A biomass per centimeter stem length was calculated by dividing total
biomass by the total stem length. This biomass per centimeter value was then
multiplied by the stem lengths in the permanent Mecinus-attacked plots to estimate the biomass in the non-clipped permanent Mecinus plots. Likewise, an
estimate of the average number of insects per stem length in M. janthiniformis
attacked stems was calculated using data from the ‘matched’ plot stems. All
stem collection was conducted between 15 July and 4 August for all field seasons.
Split-plot analysis was used to directly compare the Mecinus-attacked treatments within a given year (2006 and 2007). Significant differences between the
treated and control stems were determined by least squares means comparisons.
The covariance structure was limited to within group stems for all split-plot analysis.
Differences in all stem variables from the Mecinus-attacked sites across
two years were analyzed using a split-plot model with two years (2006 and
2007) and two treatments (Mecinus-attacked or control). Significant differences between treatments within and between years were determined by least
squares means comparisons. A Tukey’s adjustment controlled for error rate.
All split-plot, repeated measures, and covariate analyses used SAS version 9.1
mixed model procedures (SAS Institute 2006).
When insufficient data were available to run either of these models, a block
t-test or simple t-test was used for analysis. A regression of flowering biomass
per plot on total number of flowers and fruits within a given plot using 2006
data also was calculated using a standard regression procedure in SAS version
9.1 (SAS Institute 2006).
Linaria dalmatica stem densities and stem heights for split-plot analyses
were natural log transformed to normalize the data. Vegetative stem heights
and numbers of fruits and flowers per stem were natural log transformed for
all analyses. Natural log transformations were used for stem density, stem
height, and numbers of fruits and flowers per square meter in M. janthiniformis 2006–2007 comparisons. Flowering stem data were distributed normally.
Results
Impact of mowing on L. dalmatica. Whenever M. janthiniformis was
found in toadflax stems from a mowing plot, the plot was dropped from the
analysis. The presence of M. janthiniformis confounded the results by either
affecting control measurements or by interaction with the mowing treatment
effect. This situation occurred in two plots in 2006 and four additional plots in
2007. One of the mowing plots had no stems in the final year of the study and
was excluded from the final year analysis.
An analysis of 2004–2006 data showed that total L. dalmatica biomass
per square meter decreased in the mowed plots in 2006 when compared to 2004
and 2005 data (t = -4.86; P < 0.001), while there was no change in total biomass
production in the control plots. However, data were not robust enough for analysis of biomass production over time for the 2005–2007 growing seasons. This is
primarily due to the required removal from data analysis of M. janthiniformis
attacked stems in 2007 (Fig. 1).
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Figure 1. Mean L. dalmatica biomass (g/m2) (± se) in mowed, M. janthiniformis-attacked,
and control plots in July 2006 and July 2007. Asterisk (*) indicates significant difference
between treated and control stems within treatment type group at α = 0.05 level.
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To test if trends from earlier analyses were supported, t-tests comparing
2006 and 2007 data were used. A decreasing trend in total biomass in the 2007
mowed plots compared to 2006 mowed plots was observed (3.4 g/m2 vs. 5.6 g/
m2), but the decrease was not significant due to high variance. Stem densities
decreased in the mowing plots compared to their controls, when data were
analyzed from 2004 to 2006 (F = 16.07; P ≤ 0.0001); treatment by year interactions were significant (F = 16.10; P = 0.0001). When 2006 data were compared
with 2007 data, the decrease in stem density relative to controls continued (t
= -3.76; P = 0.0008, 2006; t = -2.06; P = 0.0499; 2007). Control plots showed no
significant differences in stem density between years. There were no significant
differences in stem height between plants in the control plots and mowed plots
either within or between years.
The total number of fruits and flowers per square meter was significantly
less in the mowed plots compared with their controls over the duration of the
study (2004–2007) (t = -3.80; P = 0.009). Most notable was a decrease in total
fruits and flowers in the treated plots in 2006 compared with 2005 (t = -4.09; P
= 0.0018) and in 2007 compared with 2005 (t = -4.34; P = 0.0006). There was
no significant difference in the number of total fruits and flowers per square
meter in the control plots between years (Fig. 2).
Flowering stems from mowed plots were significantly shorter than their
controls (t = -2.88; P = 0.0231). Repeated measures analysis of L. dalmatica
flowering stem height for 2004–2006 data showed significant differences between years (F = 36.81; P < 0.0001) and between treatments among years (F =
3.55; P = 0.0292). The 2007 flowering stem data were not robust enough for an
analysis among all four years.

Figure 2. Total number of L. dalmatica fruits and flowers (± se) per square meter in
mowed, M. janthiniformis-attacked, and control plots in July 2006. n = 13 plots for
each treatment. Asterisk (*) indicates significant difference between treated and control stems within treatment type group.
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A set of t-tests comparing 2007 and 2006 control and mowed flowering
stems indicated that the height of mowed flowering stems in 2007 decrease
relative to the 2006 flowering mowed stems (t = -1.84; P = 0.0736). Also notable
was the decrease in height of clipped flowering stems in 2007 relative to their
controls (t = 2.72; P = 0.0104). In contrast, there was no difference in height of
control flowering stems between the two years.
There were no significant differences in the number of reproductive
structures per stem between the control plots and the mowed plots over time
(2004–2007). While the data showed trends toward fewer flowers or fruits per
stem in the mowed plots, these were not significant.
Impact of Mecinus janthiniformis on Linaria dalmatica. Over the duration
of the study, the control plots remained free of M. janthiniformis until 2007,
when four control plots were attacked by the insect. In addition, one of the M.
janthiniformis plots had no stems in the final year of data collection. Data from
these plots were not included in the analysis.
Analysis of 2004–2006 data showed that plants had significantly less biomass per square meter in M. janthiniformis attacked-plots compared with their
control plots in 2006 (t = 2.28; P = 0.0286). Analysis of biomass data from the
nine useable pairs of M. janthiniformis attacked plots from all sites indicated
significantly less biomass was present in the insect attacked plots relative to
their controls (t = -2.16; P = 0.0442) (Fig. 1).
No significant differences were recorded in stem densities between the
insect-attacked plots and their controls in 2006 or 2007. However, differences
were found between the Mecinus-attacked and insect control stem heights
(t = -4.93, P < 0.0001) with Mecinus-attacked stems shorter than their controls
(t = -5.01; P < 0.0001). The total number of fruits and flowers per square meter was significantly less for M. janthiniformis attacked plots than controls
when compared between years (2006–2007) (t = -2.25; P = 0.0341) (Fig. 2). In
addition, control stems had significantly more reproductive structures than
Mecinus-attacked stems (F = 17.95; P < 0.0001) and produced more than twice
as many fruits and flowers as attacked stems, averaging 59.1 ± 8.76 per stem
compared with 24.4 ± 4.74 for the Mecinus-attacked stems. Mecinus-attacked
flowering stems also were significantly shorter in 2006 than their controls
(t = -5.89; P ≤ 0.0001). Flowering stem height data from 2007 were insufficient
for analysis.
Using data from dissected stems in 2006 Mecinus-attacked plots that had
at least one M. janthiniformis present (n = 63), a positive correlation was found
between the number of M. janthiniformis larvae per stem and the number of
flowers (r = 0.47; P < 0.0001). A significant but weaker correlation also was
found between the number of larvae per stem and height (r = 0.27; P = 0.0029).
Using a stepwise regression with the number of M. janthiniformis per stem
as the dependent variable and 1) stem height, and 2) the number of fruits and
flowers per stem as independent variables, stem height had no effect on the
abundance of insects per stem.
Discussion
Both management tactics had a negative impact on this plant and resulted
in lower plant biomass in treated plots compared with matched control plots.
However, stem density increased in simulated mowing plots in the year following
first cutting. This indicates that L. dalmatica stems may respond differently
to major stress factors, such as clipping or mowing, than to sustained but less
severe damage, such as insect feeding. For example, perennial plants often will
respond to initial tissue removal with a flush of new or compensatory growth,
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when subjected to grazing (McNaughton 1983, Gold and Caldwell 1990). The
extensive root systems of L. dalmatica plants likely provides the nutrients and
carbohydrates necessary for plants to resume growth quickly after a single
disturbance event such as clipping or mowing, but these resources are likely
exhausted in subsequent years if tissue removal continues to occur. Vujnovic
and Wein (1997) suggest that prolific growth from L. dalmatica, after removing
aboveground plant parts by grazing, mowing, or burning, limits the effectiveness of these cultural control methods. Our data indicates that this biomass
reduction in simulated mowing sites may initially be influenced by a reduction
in stem numbers and a decrease in flowering stem height after continued stress.
Research on the invasive perennial legume, Chinese lespedeza, Lespedeza cuneata (Dum. Cours.), suggests that clipping can decrease plant density while
mowing can increase it (Brandon et al. 2004). Thus, assessing the response
of L. dalmatica response to full field mowing could help clarify its response to
large-scale stem removal.
Our study design did not allow determination of whether weevil attack
was the causal factor for the decreased biomass observed on toadflax plants in
M. janthiniformis sites. In a follow up study utilizing individually caged stems
and potted plants, this relationship was established (Goulet et. al 2013).
The negative effect of biological control agent herbivory on biomass of
other invasive plant species is well documented (Häfliger et al. 2006). Since the
initial stem densities of Mecomis-attacked L. dalmatica stands was not known,
presumptions about biological control impact on stem density over time are
limited. The fact that toadflax stem density did not vary between the attacked
and control plots suggests that stem height and fruit and flower production
were most negatively impacted in these plots. However, Van Hezewijk et al.
(2010) showed decreased density of L. dalmatica stems in patches colonized by
M. janthiniformis after seven years. Reductions in stem height from biological
control agent herbivory have been demonstrated in other studies (Franks et al.
2006, Häfliger et al. 2006).
Reduced fruit and flower production by stems subjected to M. janthiniformis attack or simulated mowing relative to their paired controls indicates that
reproductive capacity also was negatively affected by both treatments. Initially,
reductions in fruits and flowers may have been a result of decreased stem density
in simulated mowing sites rather than a reduction in fruits and flowers produced
on each stem. However, with repeated tissue removal or damage, a reduction
of fruits and flowers per stem in both the mowed and Mecinus-attacked stems
suggests that long-term effects on the plants may be similar.
The results from our two studies suggest that mowing may warrant further
evaluation as a possible method of control in areas where M. janthiniformis release is not appropriate or feasible. Some of these locations might include land
adjacent to orchards or other areas where insecticides may negatively impact
the efficacy and longevity of the beetle.
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Disjunct Lake Michigan Populations of Two Atlantic Coast
Spiders, Disembolus bairdi and Grammonota pallipes
(Araneae: Linyphiidae)
James F. Steffen1* and Michael L. Draney2
Abstract
Two species of linyphiid spiders, Disembolus bairdi Edwards, 1999 and
Grammonota pallipes Banks, 1895, were discovered along the southwestern
coast of Lake Michigan in Lake County, Illinois representing an Atlantic Coastal
Plain disjunct distribution. A brief discussion of known collection sites, habitat
preferences, and possible modes of dispersal are given.
____________________

Disembolus bairdi Edwards, 1999 is a small erigonine spider species that
was described by Edwards (1999) from the coastal marshes of Cape Cod, Massachusetts and Long Island, New York from material collected in 1985 through
1990 in Massachusetts and in 1995 in New York. The species was found under
mats of organic debris, usually Zostera or Spartina, near the highest tide levels
in areas protected from direct ocean influence. To our knowledge, it has not
been reported from other locations since the publication of Edwards (1999) (type
specimens deposited in United States National Museum, Washington D. C.; Museum of Comparative Zoology, Cambridge, Massachusetts; American Museum of
Natural History, New York; and British Museum of Natural History, London).
Grammonota pallipes Banks, 1895 is another erigonine spider that has been
recorded from Long Island, New York (Banks 1895), Cape Cod, Massachusetts
(Edwards 1993), Washington County, Maine (Jennings and Graham 2007), May’s
Landing, New Jersey (Bishop and Crosby 1932), Somersworth, New Hampshire
(Canadian National Collection of Insects, Arachnids and Nematodes, K. W. Wu,
pers. comm.), as well as several locations in Canada (unknown Nova Scotia
record reported in Buckle et al. 2001; Quebec records reported in Bélanger and
Hutchinson 1992; and Ontario, New Brunswick, and Quebec records in Canadian National Collection of Insects, Arachnids and Nematodes, K. W. Wu, pers.
comm.). To our knowledge, these species have not previously been recorded for
any of the states bordering Lake Michigan (Sierwald et al. 2005).
In late April of 2005, pitfall traps were established in the dunes and interdunal swales (panne) at Waukegan Beach along the west coast of Lake Michigan
for the purpose of surveying the spider communities there. The beach area is
located approximately 0.8 km (0.5 miles) north of the harbor in Waukegan, Lake
County, Illinois (42° 22’ 21” N, 87° 48’ 47” W). The interdunal swales are flat,
damp depressions located behind and between the foredune and backdunes.
The substrate is damp sand with a sparse cover of Salix leaf litter. The vegetation, which was patchily distributed, consisted mostly of Salix myricoides,
Plant Science and Conservation, Chicago Botanic Garden, 1000 Lake Cook Road, Glencoe,
Illinois, 60022.
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Schizachyrium scoparium, and Juncus balticus. The dunes surrounding these
swales were covered by several grass species, including Ammophila breviligulata, Calamovilfa longifolia, and Schizachyrium scoparium. Several species
of spiders from a number of families were sampled (see complete list in Table
1). One male of an unidentified species of Linyphiidae was trapped along with
six seemingly conspecific females on 1 May 2005. The male was tentatively
identified as Disembolus bairdi by the second author, and the identities of the
male and female specimens were later confirmed by Robert L. Edwards (pers.
comm. to first author). In an attempt to obtain more individuals of the species,
litter collections were taken at the site. Interdunal litter samples from 5–9
May yielded 16 mature females, but no further males. The spider appeared
to be restricted to the interdunal swales, as no individuals were obtained from
litter collections on the dunes. The first author returned to the area on 27–28
December 2005 at which time 6 mature male and 35 mature female D. bairdi
were found in the litter, and one female of Grammonota pallipes was found in
a back-dune area of the beach.
Litter samples also were taken approximately 11 kilometers north of
Waukegan Beach at the northern unit of Illinois Beach State Park in Lake
County during similar seasons in subsequent years (7 and 30 August and 17
November 2008 and 27 March 2009) to see if D. bairdi was present in similar
interdunal habitats. No individuals of this species were obtained from those
samples. However, six individuals of G. pallipes were collected at this site (one
male on 30 August 2008 and five females on 17 November 2008). A more recent
litter sample (19 October 2012) from the southern unit of Illinois Beach State
Park near the camp ground (42° 26’ 00.43” N 87° 48’ 15.55” W) produced one
male and three females of D. bairdi in a black oak savanna close to the beach
on a back-dune, approximately 55 meters from the water’s edge. This location
is approximately 7.2 kilometers north of Waukegan Beach.
One male and one female specimen of D. bairdi have been deposited in
the collection of the Field Museum (FMNH) in Chicago, Illinois. Two males
and seven females are in the second author’s collection at the University of
Wisconsin Green-Bay, Green Bay, Wisconsin, and two males and 42 females
are in the first author’s collection at the Chicago Botanic Garden, Glencoe, IL.
Table 1. Ground-dwelling spiders of Waukegan Beach, Waukegan, Lake Co., IL. All
species were either trapped in pitfall traps or sorted from litter between 1 May 2005
and 28 December 2005.
Family

Species

Clubionidae
Dictynidae
Linyphiidae

Clubiona abboti L. Koch, 1866
Phantyna bicornis (Emerton, 1915)
Agyneta fabra (Keyserling, 1886)
Disembolus bairdi Edwards, 1999
Eridantes erigonoides (Emerton, 1882)
Grammonota pallipes Banks, 1895
Collinsia plumosus (Emerton, 1884)
Idionella formosa (Banks, 1892)
Islandiana flaveola (Banks, 1892)
Marpissa pikei (Peckham & Peckham, 1888)
Neon nelli Peckham & Peckham, 1888

Salticidae
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One male and one female also were sent to Robert L. Edwards at Woods Hole,
MA. Two females of G. pallipes have been deposited at the Field Museum in
Chicago while the remainder of the material is held by the authors.
Discussion
For D. bairdi, the Waukegan Beach site represents a range extension of
approximately 1,287 km (800 miles) from the New York and Massachusetts
collection localities of Edwards (1999). The known habitat distribution and
collection records suggest that D. bairdi is a shoreline species. All known records (Edwards 1999 and the present report) are from littoral wrack, and no
individuals have been found inland, although litter samples were collected in
higher elevation areas at the Waukegan Beach site, approximately 260 meters
from the water’s edge.
Although G. pallipes appears to have a broader distribution than D. bairdi,
the Illinois records for this species appear to be a westward range extension of
approximately 850 km (528 miles) from the previous western collection site of
Chatterton, Ontario. Looking at all the known records, the species still appears
to be restricted to the Atlantic Coastal Plain and the Great Lakes/St. Lawrence
Seaway region of the United States and Canada. Several specimens from the
Canadian National Collection were collected within 10 km of the Ottawa River
in Kingsmere, Quebec and Nepean and Torbolton, Ontario; other specimens
were found within 20 km of Lake Ontario in Chatterton, Ontario (K. W. Wu,
pers. comm.). The remainder of the known G. pallipes records are from within
25 km of the Atlantic coast from New Brunswick to New Jersey, with many
specimens recorded from coastal Kouchibouguac National Park, New Brunswick.
G. pallipes appears to be less confined to beach environments than D. bairdi.
In addition to the inland records mentioned above, it has been collected 5 km
inland in Maine and 20 km inland in New Jersey and approximately 23 km inland in Somersworth, New Hampshire (see records cited above). The available
habitat information is consistent with coastal (and similar) microhabitats, with
specimens having been collected from sand dunes, sandy beach, dunes, forest in
beach heather (Hudsonia tomentosa) litter and under debris, and ponds, which
probably means near the shoreline (Bélanger and Hutchinson 1992; K. W. Wu,
CNC records, pers. comm.).
Peattie (1922) describes Atlantic Coastal Plain disjunct plant communities
in the Great Lakes region, some of which are concentrated in the southern end
of Lake Michigan. Reznicek (1994) gives a detailed discussion of 62 species of
Atlantic Coastal plant species known to be disjunct in the Great Lakes region with
the highest concentrations occurring in southwest Michigan, northern Indiana,
and central and northwestern Wisconsin. McLaughlin (1932) provides a thorough discussion of several possible postglacial avenues of dispersal, including the
Mississippi River basin, the Mohawk-Hudson outlet, and the Ottawa connective,
which resulted in more Atlantic Coastal Plain plant species being found in the
region of the southern end of Lake Michigan than any other inland location. The
prevailing hypothesis is that these plant species gradually migrated along shorelines of postglacial lakes and drainages. Reznicek (1994) suggests that, although
random long distance dispersal is unlikely, dispersal jumps of varying distance
occurred between areas of suitable habitat created along postglacial drainages
after which they became established in areas with extensive drying shorelines.
While the plant component of these communities has been described, the animals
accompanying them are less well known (Thomas 1951). Thomas (1951) mentions
two grasshopper species that presumably followed the sand and gravel outwash
plains during post-Wisconsin times, which have survived in sandy areas around
the Great Lakes. Shapiro (1970) details the biogeography of several Atlantic
Coastal Plain disjunct butterfly species. He suggests the post-Wisconsin HudsonMohawk outlet of Lake Ontario (12,500–10,500 B.P.), a corridor connecting the
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Great Lakes and the Coastal Plain, as a means of dispersal for these organisms.
He also suggests that the sedge-feeding marsh-living ecology of those insects was
important in that dispersal, a pattern that is rare in butterflies with different
non-sedge-feeding, non-marsh-living ecologies. In spiders, ballooning is known as
a common means of long distance dispersal (Duffey 1998). However, Bonte et al.
(2003) have shown that ballooning is negatively related to habitat specialization
in spiders and also that habitat specialists are characterized by poorly developed
dispersal behavior. Hawes (2007) suggests that high arctic Linyphiidae may have
originally colonized those habitats by ballooning, and then ballooning behavior
atrophied over evolutionary time. Therefore, although D. bairdi is currently
an apparent habitat specialist, it may have initially dispersed by means of ballooning during a time of more or less continuous postglacial beach and shoreline
habitat availability (McLaughlin 1932) and then later lost ballooning behavior
as habitat became more restricted. The degree of habitat specialization for G.
pallipes is less clear, but the species does seem to be present only within a few
kilometers of the Atlantic Coast, Great Lakes, or Saint Lawrence/Ottawa River
systems, which also suggests fairly specific microhabitat requirements and lack
of long-distance ballooning ability.
Disembolus bairdi may be the first example of a true Atlantic Coastal
Plain disjunct spider in the Great Lakes region. Although G. pallipes may also
be an Atlantic Coastal Plain disjunct species, its status is less clear because of
having a wider distribution, being found at least several kilometers away from
littoral environments. Two wolf spider (Lycosidae) species, Arctosa littoralis
(Hentz, 1844) and Pardosa groenlandica (Thorell, 1872) also are found in both
geographical locations, but these species seem to be more widespread and less
restricted to specific microhabitats. Although most populations of these species have been recorded from sandy (in the case of A. littoralis) or cobbly/pebbly
(in the case of P. groenlandica) seashore and lakeshore habitats, A. littoralis
also has been found in similar sandy habitats on riverbanks and inland, and
P. groenlandica is found in alpine scree above timberline across Canada and in
the mountain west (Dondale and Redner 1983; Dondale 1999). Only D. bairdi
seems to be truly restricted to littoral microhabitats and may represent an ideal
model organism to trace range expansion after the last glaciation.
Only a small segment of Lake Michigan shoreline was examined in this
study. Therefore, it would be important to make a wider search of these littoral
areas throughout the Great Lakes region, and in particular, those areas of high
concentrations of disjunct plant species, to further document the distribution of
D. bairdi and G. pallipes and search for other possible disjunct species restricted
to the same microhabitat. Making these specimens available as identified and
digitized museum collections will facilitate researchers in distinguishing habitat
specialists and tracing their distributional history and possible mode of dispersal
based on known geological events and timelines.
Acknowledgments
We are grateful to the late Robert Edwards for kindly agreeing to examine specimens and encouragement in our studies of linyphiids. We also
thank Don Buckle (Saskatoon, Saskatchewan) for helping us find information
about Grammonota pallipes and King Wan Wu, Valerie Behan-Pelletier, and
Owen Lonsdale of the Canadian National Collection of Insects, Arachnids, and
Nematodes (Ottawa, Ontario) for making specimen information available to us.
Literature Cited
Banks, N. 1895. A list of spiders of Long Island, N. Y., with descriptions of new species.
Journal of the New York Entomological Society 3: 76–93.

24

THE GREAT LAKES ENTOMOLOGIST

Vol. 47, Nos. 1 - 2

Bélanger, G., and R. Hutchinson. 1992. Liste annotée des araignées (Araneae) du
Quebéc. Pirata 1: 2–119.
Bishop, S. C., and C. R. Crosby. 1932. Studies in American spiders: the genus Grammonota. Journal of the New York Entomological Society 40: 393–421.
Bonte, G., N. Vandenbroecke, L. Lens, and J. Maelfait. 2003. Low propensity for
aerial dispersal in specialist spiders from fragmented landscapes. Proceedings Royal
Society of London B 270: 1601–1607.
Buckle, D. J., D. Carroll, R. L. Crawford, and V. D. Roth. 2001. Linyphiidae and
Pimoidae of America north of Mexico: Checklist, synonymy, and literature. Part 2,
pp. 89–191. In P. Paquin, and D. J. Buckle (eds.), Contributions à la connaissance
des Araignées (Araneae) ďAmérique du Nord. Fabreries Supplément 10.
Dondale, C. D. 1999. Revision of the Groenlandica subgroup of the genus Pardosa
(Araneae: Lycosidae). Journal of Arachnology 27: 435–448.
Dondale, C. D., and J. H. Redner. 1983. Revision of the wolf spiders of the genus
Arctosa C. L. Koch in North and Central America (Araneae: Lycosidae). Journal of
Arachnology 11: 1–30.
Duffey, E. 1998. Aerial dispersal in spiders, pp. 187–191. In P. A. Selden (ed.), Proceedings of the 17th European Colloquium of Arachnology, Edinburgh 1997. British
Arachnological Society, Burnham Beeches, Bucks. X + 350 pp.
Edwards, R. L. 1993. New records of spiders (Araneae) from Cape Cod, Massachusetts,
including two possible European immigrants. Entomological News 104: 79–82.
Edwards, R. L. 1999. A new Disembolus (Araneae, Linyphiidae) from Cape Cod, Massachusetts and Long Island, New York. Journal of Arachnology 27: 16–18.
Hawes, T. C. 2007. Ballooning in high Arctic linyphiids: a case of behavioral atrophy?
Bulletin of the British Arachnological Society 14: 39–42.
Hentz, N. M. 1844. Description and figures of the araneides of the United States. Boston
Journal of Natural History 4: 386–396.
Jennings, D. T., and F. Graham, Jr. 2007. Spiders (Arachnida: Aranae) of Milbridge,
Washington County, Maine. General Technical Report NRS-16 Newtown Square, PA:
U.S. Department of Agriculture, Forest Service, Northern Research Station. 204 pp.
McLaughlin, W. T. 1932. Atlantic coastal plain plants in the sand barrens of northwestern Wisconsin. Ecological Monographs 2: 335–383.
Peattie, D. C. 1922. The Atlantic coastal plain element in the flora of the Great Lakes.
Rhodora 24: 57–70, 80–88.
Reznicek, A. A. 1994. The disjunct coastal plain flora in the Great Lakes region. Biological Conservation 68: 203–215.
Shapiro, A. M. 1970. Postglacial biogeography and the distribution of Poanes viator
(Hesperiidae) and other marsh butterflies. Journal of Research on the Lepidoptera
9: 125–155.
Sierwald, P., M. L. Draney, T. Prentice, F. Pascoe, N. Sandin, E. M. Lehman, V.
Medland, and J. Louderman. 2005. The spider species of the Great Lakes States.
Proceedings of the Indiana Academy of Science 114: 111–206.
Thomas, E. S. 1951. Distribution of Ohio animals. The Ohio Journal of Science 51:
153–167.
Thorell, T. 1872. Om några Arachniden från Grönland. Öfversigt af Kongliga Vetenskaps-Akademiens Förhandlingar 29: 147–166.

2014

THE GREAT LAKES ENTOMOLOGIST

25

Eutarsopolipus hemistylus sp. nov. (Acari: Podapolipidae),
Subelytral Parasite of Chlaenius prasinus Dejean
(Coleoptera: Carabidae) from Central and Eastern USA
Robert W. Husband1 and David O. Husband2

Abstract
Eutarsopolipus hemistylus sp. nov. (Acari: Podapolipidae), subelytral, parasite of Chlaenius prasinus Dejean, 1826 (Coleoptera: Carabidae), is described
from Illinois, Ohio, Missouri, Kentucky, North Carolina and Georgia, USA.
E. hemistylus is compared with E. americanus Husband and Husband 2013
described from the same host, C. prasinus, collected in Michigan and Missouri.
Species in the myzus group of Eutarsopolipus that parasitize beetle species of
the genera Chlaenius, Poecilus, Scarites and Diplocheila are noted. Including
a species from Japan currently under study, E. hemistylus is one of 8 species
in the myzus group with adult females with stylets exceeding 43 micrometers
but less than 90 micrometers.
____________________

Mites in the family Podapolipidae (Acari: Tarsonemina) are all specialized
haemolymph-feeding parasites of five orders of insects: Blattodea, Heteroptera,
Hymenoptera, Orthoptera and especially Coleoptera. Regenfuss (1968) placed
18 species in the genus Eutarsopolipus, all parasites of the beetle family Carabidae, in seven groups based on apomorphic and other characters. Keys to adult
females of 18 species of Eutarsopolipus in the myzus group of Eutarsopolipus
and a discussion of the myzus group were presented by Husband and Kurosa
(2013). The purpose of this paper is to describe a new species of Eutarsopolipus
in the myzus group that is parasitic on Chlaenius prasinus Dejean (Coleoptera:
Carabidae) in six states in central and eastern U.S.A., compare the species with
E. americanus that occurs on the same host in the central U.S.A. and compare
the species with previously described species in the myzus group.
Methods
Nine of 32 specimens of C. prasinus borrowed from the University of Michigan Museum of Zoology by the senior author were parasitized by podapolipid
mites. Podapolipid mites with adult females with stylets 47-50 micrometers
were removed from beetles collected in Carter County, Missouri; Inglebrook,
Illinois; Hamilton Co., Ohio; Henderson Co., Kentucky; Moore Co., North Carolina and Floyd Co., Georgia. Mites were mounted in modified Hoyer’s medium.
Measurements were taken with the aid of a Zeiss compound phase contrast
microscope with an ocular micrometer. Setae no longer than the diameter of
setal acetabulae are listed as microsetae (m). Setae represented by acetabulae
without setal remnants are listed as vestigials (v). Terminology follows Lindquist
(1986). Long setae are often bent, obscured, broken or at an angle that makes
measurement difficult. Setae are at least as long as indicated.
Biology Department, Adrian College, Adrian, Michigan 49221, U.S.A. (e-mail: husbandadrian@aol.com).
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Abbreviations for institutions cited are: National Museum of Nature and
Science, Tokyo, Japan (NSMT); National Museum of Natural History, Washington, D.C., U.S.A. (NMNH); Biozentrum Grindel und Zoologisches Museum,
Hamburg, Germany (BGZM); Department of Entomology,Tarbiat Modares
University, Tehran, Iran (TMUI) and University of Michigan Museum of Zoology, Ann Arbor, Michigan, U.S.A. (UMMZ).
Taxonomy
Podapolipidae Ewing 1922
Eutarsopolipus hemistylus Husband and Husband sp. nov. (Figs. 1-3)
Differential diagnosis. Cheliceral stylets of adult female E. hemistylus 47-50.
Setae h1 are 6-15 for adult female E. hemistylus and 22-29 for E. americanus (stylets 90-100) with the same host species (Table 1). Stylets of larval
females of E. hemistylus (31-38) are longer than stylets of larval female E. mirifici
Husband (23) and shorter than stylets of E. americanus (57-60). Gnathosomal
setae ch1 of larval female E. hemistylus (12-20) are nearly ½ the lengths of stylets
(31-40) in contrast to short setae ch1 in E. jacobi Husband (7-10) with stylets
34-35. Femur I setae l’ for adult female E. hemistylus are 3-4 in contrast to
17 in female E. jacobi. Male stylets of E. hemistylus are 19-23 in contrast to
29-30 in E. americanus. Male prodorsal setae sc1 and plate C/D setae d are m
in E. hemistylus and 5 in E. americanus. Males of E. hemistylus have widths of
genital capsules (18-22) about equal to stylet lengths (19-23) in contrast to widths
of genital capsules of E. jacobi (30) distinctly wider than stylet lengths (20-21).
Description
Female (Fig. 1, n = 6). Gnathosoma length 50-55, width 46-55. Cheliceral
stylets length 47-50, pharynx width 14-15, setae ch1 14-15, su 3-4, distance susu 17. Idiosoma. Stigmata at posterolateral margins of gnathosoma. Idiosoma
length 255-462, width 195-245. Prodorsal seta v1 5-7, v2 v, sc1 5-6, sc2 35-42,
distance v1-v1 32. Plate C setae c1 5-6, c2 6-9, plate D setae d 7, plate EF setae
e 5-7, plate H setae h1 6-15 (Table 1). Right cupule ia evident in holotype. Left
cupule obscured. Distance h1-h1 20-22. Venter with apodemes 1, 2 faint, coxal
setae 1a and 2a 2, 3a 2-5, seta 3b 6-9.
Legs. Setation (including solenidia) for femur, genu, tibia, tarsus I, II, III
2-0-7-8, 0-0-4-7, 0-0-4-6, respectively. Ambulacra I, II, III with prominent claws.
Femur I setae l’ 3-4. Tibia I setae d 25, solenidion φ 5, tarsus I solenidion ω 5.
Tibia II setae d 10, tarsus II solenidion ω 5. Tibia III setae d 8, tarsus III pl’’ 15.
Male (Fig. 2, n = 10). Gnathosoma length 25-30, width 23-32. Cheliceral
stylets 19-23, setae ch1 5-7, su m, distance su-su 10.
Idiosoma. Length 125-158, width 81-103 (Table 1). Prodorsal plate setae
v1 m, v2 v, sc1 m, sc2 40-47, distance v1-v1 18-23. Fused plates CD setae c1 m,
c2 m-2, d m, plate EF seta e m-2. Aedeagus length 18-28, width 18-22. Venter
with apodemes moderately developed. Coxal setae 1a and 2a m, 3a m-2, 3b 4-5.
Legs. Setation (including solenidia) for femur, genu, tibia, tarsus legs I,
II, III 2-0-7-8, 0-0-4-7, 0-0-4-5, respectively. Femur I seta l’ m, d m, tibia I seta
d 15-20, solenidion φ 4-5, tarsus I solenidion ω 5. Tibia II seta d 5-7. Tibia III
seta d 5-7, tarsus III seta pl’’ 10-13. Ambulacrum I with one claw, ambulacra
II, III without claws.
Larval female (Fig. 3, n = 8). Gnathosoma length 32-40, width 35-43.
Cheliceral stylet length 31-40. Pharynx width 8-10, seta ch1 12-20, seta su m,
distance su-su 9-10.
Idiosoma. Length 150-182, width 105-182 (Table 1). Prodorsal plate seta
v1 2-5, v2 v, seta sc1 5-7, sc2 47-70, distance v1-v1 20-23. Plate C seta c1 3-5, c2 5-7,
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Figure 1. Eutarsopolipus
hemistylus Husband and Husband
sp. nov., adult female, dorsal view.

plate D seta d 3-5, plate EF seta e 3-5 (one 10), plate H seta h1 74-80, h2 20-25,
distance h1-h1 3-6. Venter with apodemes 1, 2 weakly developed, apodemes 2
not extending to sternal apodeme. Coxal setae 1a and 2a m, 3a and 3b 6-7.
Legs. Setation (including solenidia) for femur, genu, tibia, tarsus legs I,
II, III 2-0-7-8, 0-0-4-7, 0-0-4-5. Ambulacrum I with two claws (2-5), ambulacra
II, III without claws. Femur I seta l’ m-2, d m, tibia I seta d 18-25, solenidion φ
5, setae k 3-5, tarsus I solenidion ω 5. Tibia II, III d 5-10 and 5-8, respectively.
Tarsus II solenidion 5, tarsus III seta pl’’ 10-15.
Egg (n=1). Length 240, width 135.
Etymology. The name Eutarsopolipus hemistylus is derived from the
lengths of adult female stylets (47-50) that are approximately 1/2 the lengths
of stylets in a second species with the host C. prasinus, E. americanus, with
stylets of adult female 90-100.
Host. Mites were found on the basal portion of hind wings, meso- and
meta- thoracic tergites under the elytra of beetles, C. prasinus.
Type material. Holotype, adult female (RWH200309-11), from C. prasinus
Cincinnati, Hamilton County, Ohio, U.S.A., June 1934, collector unknown, deposited in the University of Michigan Museum of Zoology UMMZ). Paratypes,
two adult females, 1 male, with same data as holotype; one adult female, two
males, one larval female, Inglebrook, Illinois, 12 September 1909, collector
unknown; one male, one larval female, Henderson, Kentucky, 10 April 1928, collector unknown and one larval female with same locality collected 9 September
1928, collector unknown; one female, two males, one egg on slide with male,
Southern Pines, North Carolina, 16 May 1917, A. H. Manee leg; one female,
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Table 1. Comparison of selected maximum measurements for species in the hemistylus
subgroup of the myzus group of the genus Eutarsopolipus: E. hemistylus (Eh), E. jacobi
(Ej), E. caudatus (Ec), E. regenfussi (Er), E. tomentosi (Eto), E. mirifici (Em), E. terricolae (Ete), and a non-hemistylus species, E. americanus (Ea). Measurements for E.
americanus of the longistylus subgroup of the myzus group with female stylets 90-100
are included as this mite shares the host species, Claenius prasinus, with E. hemistylus. All measurements are in micrometers.
Character

Eh

Er

Eto

Em

Ete

Ea

Idiosoma length
Idiosoma width
Gnathosoma width
Cheliceral stylets
Gnathosomal setae ch1
Idiosomal setae v1
sc1
h1
Femur I setae l’
Tibia I setae d
Tibia III setae d
Tarsus III setae pl’’
Coxae 3a setae

ADULT FEMALES
462
600
500
590
245
480
360
298
55
57
48
48
50
52
60
48
15
15
25
23
7
7
8
6
6
6
11
7
15
15
56
16
4
17
18
12
25
34
39
41
8
8
8
10
15
17
17
22
9
5
12
4

233
170
53
46
7
4
4
8
3
24
8
11
2

600
280
75
49
20
8
9
12
16
27
9
12
12

645
371
55
50
24
m
m
7
12
c. 27
c. 10
c. 20
5

727
620
108
100
30
10
20
29
22
50
10
38
13

Idiosoma length
Idiosoma width
Gnathosoma width
Cheliceral stylets
Gnathosomal setae ch1
Genital capsule length
Genital capsule width
Femur I setae l’
Tibia I setae d
Tibia III setae d
Tarsus III setae pl’’

158
103
32
23
7
28
22
m
20
7
13

136
99
27
18
6
22
22
m
28
8
22

162
115
32
23
9
23
25
m
25
4
16

208
140
40
17
4
30
35
m
12
2
-

184
144
34
12
12
30
35
4
18
c. 8
c. 7

237
172
48
30
8
31
31
5
30
5
12

Idiosomal length
Idiosomal width
Gnathosoma width
Cheliceral stylets
Gnath. setae ch1
Idiosomal setae v1
sc1
h2
Femur I setae l’
Tibia I setae d
Tibia III setae d
Tarsus III setae pl’’

LARVAL FEMALES
182
235
152
230
182
190
130
130
36
40
38
33
38
35
38
30
20
10
18
12
7
8
4
3
7
6
3
23
31
32
27
2
6
2
5
25
28
33
26
8
5
6
7
15
14
12
14

290
190
37
37
7
4
3
28
m
23
8
14

150
120
31
23
12
6
5
18
-

209
127
47
27
17
m
m
39
c. 5
-

390
230
65
60
20
3
13
50
10
50
10
26

Ej

Ec

MALES
205
178
122
180
33
30
21
20
6
7
30
20
30
20
2
m
25
31
7
3
15
10
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Figure 2. Eutarsopolipus hemistylus
Husband and Husband, sp. nov., male.

Figure 3. Eutarsopolipus
hemistylus Husband and
Husband, sp. nov., larval female.
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two larval females, Southern Pines, North Carolina, 5 June 1914, collector
unknown: two males, one larval female on the same slide as one of the males,
Rome, Georgia, 13 July 1930, C. F. Byers leg; two males, three larval females,
Van Buren, Carter County, Missouri, 21 June 1930, collector G. A. Pence. One
adult female, one male and one larval female are deposited in each of the following museums: NSMT, TMUI, NMNH, BGZM and UMMZ. The remaining
paratypes are deposited at UMMZ.
Discussion
Fifty-six species of Eutarsopolipus in 14 groups were discussed and a
key to groups was presented by Husband and Husband (2009). Husband and
Husband (2013) added E. americanus. Husband and Kurosa (2013) added E.
asiaticus and presented a key to 18 species in the myzus group. The species
described herein, E. hemistylus, is assigned to myzus subgroup hemistylus,
intermediate between the longistylus (90-110) subgroup (two species) and the
brevistylus (23-40) subgroup (10 species) of the myzus group. Initially, five species of Eutarsopolipus were placed in the myzus group based on the apomorphic
characters: genu III without setae and larval females with trochanter I bearing a
lobe (Regenfuss 1968). Relationships with species in the myzus group discovered
since 1968 were discussed by Husband and Husband (2012). The five species
listed by Regenfuss (1968) as comprising the myzus group have idiosomal lateral
bulges. Regenfuss (1974) described E. caudatus, myzus group, and noted it is
cylindrical and lacks lateral bulges. Khaustov (2010) described E. steveni and
noted the cylindrical shape as in female E. caudatus. Adult female E. steveni
females have shorter stylet lengths (28-31) and shorter setae h1 (24-26) than
E. caudatus (56). Hajiqanbar and Mortazavi (2012) described two species of
Eutarsopolipus in the myzus group in Iran: adult female E. anichtchenkoi with
cheliceral stylets 32-35 and setae h1 3-4 in contrast to adult female E. terricolae
with stylets 49-50 and setae h1 7. With a majority of the 34,275 species of Carabidae (Lorenz, 2005) not examined for podapolipid mites, we anticipate additional
discoveries of podapolipid mites from Carabidae as more potential host species
are examined and relationships of their parasitic podapolipid mites are studied.
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A Black Phase Female in the Historical Breeding Range of
Canadian Swallowtails (Lepidoptera: Papilionidae)
Goran E. D. Blomberg1 and Edward Herig, Jr.2

Abstract
A black phase female, collected in 2000 in Isabella Co., MI, in the historical
range of Papilio canadensis Rothschild and Jordan, could be a result of recent
introgression by P. glaucus L. If so, black females may become widespread,
though infrequent, in the northern Lower Peninsula.
____________________

A black phase female swallowtail in Michigan State University’s entomology museum, was captured alive on the Central Michigan University campus,
Isabella Co., 10 May 2000, by Mr. Edward Herig, Jr. (EH). Nielsen (1999)
showed this county to be occupied solely by Canadian swallowtails (Papilio
canadensis Rothschild and Jordan). The location is well within the historical
breeding range of presumably purebred P. canadensis, being roughly 44 km (27
mi) north of the historical zone of hybridization between this species and the
eastern tiger swallowtail (P. glaucus L.) (Scriber 2002). Scriber, Hagen, and
Lederhouse (1996) show Isabella Co. as within range of 0 % black phase females.
That black females occur in P. glaucus, but not in P. canadensis was implied or
stated by Rothschild and Jordan (1906), Clark and Clark (1951), Brower and
Brower (1962), and Daniels (2005). (Rarely, “somewhat melanic” individuals of
P. canadensis are reported, however (Daniels 2005).)
The geographical distribution of the W-linked melanism gene (b+) and
the Z-linked enabling factor (s-) has been described (Scriber et al. 1996). The
W-linked gene b+ is very slow to move forward via genetic introgression, while
the Z-linked s- appears to move more freely northward (Scriber 2011).
Discussion
Four possible causes of a live capture of the specimen (Fig. 1) are that
it (1) is a mutant, (2) strayed from the hybrid zone or farther south (over 40
km), (3) was blown in by persistent southerly winds, and (4) reflects recent
introgression of P. glaucus genes into the historical range of P. canadensis of
Michigan’s Lower Peninsula (LP). Because black phase females in P. canadensis
have never been reported, the first cause appears unlikely. The second cause
seems unlikely in light of Scriber et al. (1998) reporting that intensive marking/
release/recapture studies in northern Michigan and in Florida (Highlands Co.)
have failed to produce distances greater than 11 km (7 mi).
The third and fourth possible causes merit more discussion. The date of
capture (10 May 2000) supports the possibility of the specimen having been
blown in. Dr. J. Andresen in the Department of Geography, MSU (2011, pers.
comm.), reported persistent southerly winds through mid-Michigan during 4-7
May 2000. Said winds became stronger the two following days, and perhaps
1
2
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Figure 1. Black phase female of probable Papilio canadensis X P. glaucus, captured
on the Central Michigan University campus, Isabella Co., MI, 10 May 2000, by Mr.
Edward Herig, Jr.

more importantly, preceded the passage of a cold front through the LP late 9 May
and on 10 May. Scriber et al. (1998) reported a dark phase female from Dickinson Co. in Michigan’s Upper Peninsula in a population of P. canadensis on 25
June 1997. To their knowledge, no dark phase female had been captured at this
latitude before, and none within 400 km (250 mi) had ever been reported. They
reasoned that the specimen was most likely a blow-in, on a strong southwesterly
weather front that began two days earlier in Wisconsin. The last possible cause,
recent introgression of P. glaucus genes into the P. canadensis population of
the northern LP, is supported by two forms of evidence (Scriber 2002): (1) A
northward movement, during 1998-2001, of alleles enabling caterpillars in the
LP’s historical breeding range of P. canadensis to detoxify leaves of tulip tree
(Liriodendron tulipifera L.), even though this tree species has not expanded its
range northward, and (2) a decrease in the mean percentage widths of the abdominal black borders of the hind wings (measured from edge to origin of Cu2).
He reported mean widths of 67% (n = 448) for P. canadensis (Dickinson Co.)
and 23.2% (n = 35) for P. glaucus (St. Joseph Co.). In Isabella Co., from 1998
to 2000, the mean width for the former species had decreased, 58.9 % (n = 50)
to 52.4% (n = 34). He reported similar decreases for Leelanau Co. and Benzie
Co., from 1999 to 2000. It is reasonable to assume that the W-linked allele,
b+, that confers blackness on females, has simultaneously moved northward,
granted that it is infrequent, and that its expression is normally suppressed by
a Z-linked allele, s+, in the P. canadensis population. EH found the specimen
in a very fresh condition, with the wings still being soft, and therefore believes
it eclosed from a nearby tree. Furthermore, the specimen, after being caged,
failed to lay eggs; this suggests that eclosion was too recent to provide a chance
to mate. Thus, we believe it more likely to be a local, hybridized P. canadensis,
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than a blow-in. However, it is also possible that a mated dark phase P. glaucus
female may have flown to, or more likely was blown into this area the previous
summer, laid eggs, and the resultant offspring may have included the specimen
caught here. A similar example, from 1999, is a P. glaucus male appearing in
Charlevoix Co. (roughly 180 km (112 mi) further north); it mated with a P. canadensis female that was collected. Her offspring, reared in a laboratory, were
hybrid-like in many ways (Donovan and Scriber 2003).
Unfortunately, the reported specimen’s taxonomic status cannot be determined by measurements of the forewing, specifically from the origin of the
front edge to the ends of veins R4, Cu1, and Cu2. There appears to be no real
difference, in Table 1, between respective means of these measurements for
females of P. canadensis and of females of early P. glaucus. Each measurement
of the reported specimen, respectively 4.80, 3.55, and 3.40 cm, closely coincides
with its respective mean plus standard error of the latter species; differences are
at most 1%. Genetic testing of the specimen for hybrid status seems desirable.
Because the specimen is dry, however, extraction and detection of the three
critical allozymes, LDH, PGD (Z-linked), and HK (somatic) (Scriber et al. 1998)
is precluded. The remaining possibility (not attempted) would be detection of
mitochondrial DNA (mtDNA) from a male P. canadensis. This paternal “leakage”, at fertilization, has been reported in butterflies (Gompert et al. 2008), and
possible evidence thereof was reported for P. glaucus (Andolfatto et al. 2003).
It is nevertheless believed to be unusual in insects (Avise 1989, Sperling 1993,
Hurst and Jiggins 2005), and normally only a female’s mtDNA is passed on
to the next generation. Any attempt to find paternal mtDNA (from some dry
body part) will likely not be rewarded. It should be noted that (1) the allele b+
(confers blackness) is W-linked, and therefore is passed on only by females (the
heterogametic sex), to female offspring, and (2) a black hybridized female has
allele s- on her single Z chromosome (not s+, evidence of a male P. canadensis
ancestor); therefore, with no paternal leakage, hybrid status via examination
of mtDNA cannot be established for the specimen.
Assuming that the reported specimen is a local hybridized P. canadensis
and a result of the reported introgression, as we believe, we speculate that
black females, even if they become widespread in the LP’s historical range,
are expected to remain at low frequency, for the following reasons: (1) Most or
all introgression must be attributed to the early (more contemporary) flight of
P. glaucus, in which perhaps only 1% of the females are black (while roughly
5% of what are presumably late flight females in Ingham Co. and Clinton Co.
are black (Scriber et al. 1996), and lower proportions of black females in the
early flight were reported for the District of Columbia by Clark (1932) and for
West Virginia by Scriber et al. (1996, citing Thomas Allen (1992, pers. comm.)),
(2) According to Scriber et al. (1996), obligate diapause has been strongly selected
for in P. canadensis (while P. glaucus is bivoltine), and is closely linked to the
allele s+, on the Z chromosome, that suppresses the expression of the W-linked
allele, b+ (confers blackness); this means low frequency of crossovers between
the two Z-linked loci in heterozygous males, and therefore a low proportion of
daughters having a Z chromosome containing allele s- (passive, or enabling
expression of blackness, when b+ is present) linked with obligate diapause,
(3) Aside from the close linkage of the suppressor allele, s+, with obligate diapause, it is believed that introgression by s- into the population will only slightly
reduce the proportion of its suppressing counterpart, (4) In the P. glaucus-P.
canadensis hybrid zone the unpalatable pipevine swallowtail (Battus philenor
L.), model for black (mimetic) females, becomes rare or absent (Burns 1966,
Scriber et al. 1996, Daniels 2005); it is believed that blackness in females
confers little or no selective advantage there and farther north, and (5) The
expectedly infrequent black females, even if widespread geographically, will be
at a reproductive disadvantage if males, as anticipated, will preferentially mate
with yellow females (Brower and Brower 1962, Burns 1966, Scriber et al. 1996).
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Table 1. Means and standard errors of measurements (cm) to the ends of selected veins
in forewings of females of Canadian swallowtails and eastern tiger swallowtails.
Numerals in parentheses denote number of specimens.
Vein
R4

Cu1

Cu2

1

Papilio canadensis1

early P. glaucus

late P. glaucus

4.47 + 0.042

4.65 + 0.12

5.29 + 0.048

(57)

(16)

(15)

3.40 + 0.033

3.51 + 0.082

3.96 + 0.043

(57)

(16)

(16)

3.22 + 0.031

3.28 + 0.087

3.71 + 0.036

(57)

(16)

(16)

No measurements from specimens caught during or after 1998, in the LP, are included.
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Desirable Host Plant Qualities in Wild Rice (Zizania palustris)
for Infestation by the Rice Worm Apamea apamiformis
(Lepidoptera: Noctuidae)
Nathan B. Dahlberg1 and John Pastor2*

Abstract
The rate at which an insect infests hosts by ovipositioning and/or subsequent growth of larvae often depends on specific desirable host plant qualities.
In this study, we measured the infestation rate of wild rice, Zizania palustris,
by the wild rice worm, Apamea apamiformis, D. F. Hardwick (Lepidoptera: Noctuidae) and compared it to sediment nitrogen availability, plant biomass, plant
density, litter accumulation, and seed carbohydrate and nitrogen concentration.
Plant density and litter accumulation had no effect on infestation rates. Infestation rate increased with plant biomass and sediment nitrogen availability. The
correlation between infestation rate and sediment nitrogen availability seems
to reflect the fact that high nitrogen availability produces larger plants rather
than more nutritious seeds as the infestation rate was not correlated with seed
glucose content and surprisingly decreased with concentration of nitrogen
in seeds. Infestation rate was not related to any other measured quantities.
Therefore, Apamea appear to infest larger, rapidly growing host plants which
are made possible by high sediment nitrogen availability.
____________________

The rate at which an herbaceous insect infests its host by ovipositioning
and/or subsequent growth of larvae is thought to be directly related to desirable
host qualities (Awmack and Leather 2002, Wiesenborn and Pratt 2008). Host
selection of their food plants is thought to be essential to the fecundity of many
insects (Awmack and Leather 2002). Factors such as host plant size (Heisswolf
et al. 2005), leaf tenderness (Takagi and Miyashita 2008), host plant density
(Rauscher 1983, Courtney and Forsberg 1988, Chew and Courtney 1991), and
nitrogen content of plant tissues (White 1993, Awmack and Leather 2002, Wiessenborg and Pratt 2008), among many other qualities, can be some of the host
qualities desired by many species of Lepidoptera.
Apamea apamiformis D. F. Hardwick, a member of the Noctuidae, the
largest family in Lepidoptera, is the most important pest of wild rice (Zizania
palustris) in the Upper Great Lakes region (Aiken et al. 1988). Despite its importance to this commercially valuable aquatic grain, little is known about the
ecology of A. apamiformis, commonly but incorrectly known as the “rice worm”
even though it is the larva of a lepidopteran. To our knowledge, there have been
only two studies on the development and emergence of A. apamiformis (MacKay
and Rockburne 1958, Melvin 1966). MacKay and Rockburne (1958) were the first
to publish taxonomic characteristics of the larva and classified it into the genus
Apamea. They were also the first to describe its life cycle. Eggs of A. apamiformis
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are laid in July inside the floret of wild rice flowers when the flowers are open.
If no pollination occurs, the flowers will remain open for 2-3 days, giving adult
females time to deposit hundreds of eggs (Mackay and Rockburne 1958). As
larvae develop, they typically feed on different plant organs. Early instars feed
on seed heads, leaving a characteristic hole in the seed coat, while later instars
feed on heads as well as stalks. It is not known whether larvae move among
different inflorescences, but given that the Zizania seed heads are usually approximately 20-30cm apart, movement of larvae between plants seems unlikely.
This assumption requires additional research. As development progresses and
the growing season ends, late instars seek an alternative habitat, thought to
be wild rice litter on the shore (Melvin 1966). There, they bore into rice stalks
or in the ground (if available) and pupate and complete their life cycle in the
spring, emerging in their adult form. The larvae that manage to reach the shore
are thought to be the only larvae that survive (Melvin 1966).
Nitrogen limits wild rice vegetative and seed production (Walker et al.
2010, Sims et al. 2012a, b) and so may play a role in regulating both Zizania
and Apamea populations. Wild rice populations undergo production and density oscillations on an approximately 4 year cycle, with productive years being
followed by a crash and then a slow recovery over the next 2 or 3 years (Jenks
1899, Moyle 1944, Archibold and Weichel 1985, Aiken et al. 1988). The oscillations of wild rice are due to delays in nitrogen supply caused by microbial immobilization of nitrogen into fresh decaying wild rice litter (Pastor and Walker
2006, Walker et al. 2010). Eventually, nitrogen is released in the later stages of
decomposition, allowing the wild rice populations to recover. A large amount of
litter, produced by productive plant growth during the previous year, depresses
sediment nitrogen availability, seed biomass, and seed nitrogen content the
following year (Walker et al. 2006, 2010). Apamea populations also oscillate on
a 4-year cycle (Melvin 1966), but Aiken et al. (1988) state that it is not clear
whether the cycles of A. apamiformis populations are the cause or effect of cycles
in wild rice populations. However, since host plant density, sediment nitrogen
availability, and seed production and nitrogen content all vary during a wild rice
population cycle (Walker et al. 2010) and they may each affect food supply and
food quality to ovipositing females, it is possible that these plant attributes drive
A. apamiformis population cycles by altering host preference and performance.
The roles of plant density, litter production, sediment nitrogen availability, and
seed nitrogen content on preference and performance of A. apamiformis need
to be sorted out by manipulative experiments.
To understand the complicated relationships between nitrogen supply,
wild rice productivity and density, and infestation rates by A. apamiformis, we
must first understand the factors by which A. apamiformis infests host plants,
including plant density as well as nitrogen supply rates from the sediments and
nitrogen concentrations in host plant tissues. In this study, we hypothesized
that the number of seeds infested by A. apamiformis larva would vary with host
plant density, litter amount, soil nitrogen availability and nitrogen concentrations in the seeds.
Methods
We took advantage of a larger study on productivity, nitrogen cycling,
and population oscillations in wild rice to investigate factors controlling infestation by A. apamiformis. (see Walker et al. 2010 for details of the experimental
design, but they are briefly reported here). Wild rice plants were grown at The
University of Minnesota Duluth Research and Field Station in Duluth, Minnesota. Fifty four, 400 liter tanks were placed in the ground and filled with
10 cm of sediment overlying 10cm of sand. The sediment was collected from a
lake on the Fond du Lac Reservation in Carlton County in northern Minnesota.
Water was added to the tanks immediately after the sand and sediment layers
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were placed in the tanks. The tanks were connected to a 20 L plastic bucket by
a PVC pipe whose opening was 23 cm above the sediment surface. The water
was refilled weekly to the height of the PVC pipe. This allowed us to keep the
water level relatively constant and analyze any water draining into the bucket.
In the study of Walker et al. (2010), tanks were given two different treatments in a crossed factorial design. These treatments were either thinned (to
30 plants total) or unthinned, and either litter removed or litter retained. While
these treatments were established to test hypotheses about the causes of wild
rice population cycles (Walker et al. 2010), they can also help us understand
factors influencing A. apamiformis infestation. Comparing thinned tanks to
unthinned tanks allows us to determine if plant density is a factor determining
A. apamiformis ovipositing and larval survival rates, as suggested by studies
on other lepidopteran and other insect species (Rauscher 1983, Courtney and
Forsberg 1988, Chew and Courtney 1991). Manipulation of the litter alters sediment nitrogen availability and consequently plant growth and seed nitrogen
content (Walker et al. 2006, 2010), so the direct effects of litter accumulation
as well as its influence on sediment and plant nitrogen and how they indirectly
influence A. apamiformis can also be tested. These two treatments were applied
in a random factorial design across 54 tanks, yielding four combinations.
During the growing season, we selected a representative sample of six
Zizania plants from each tank for detailed measurements of biomass and its
allocation amongst roots, shoots, seeds and nitrogen content. The seeds of these
plants were counted and classified into full, empty, and Apamea infested, so that
larval feeding activity can be calculated in relation to nitrogen content of the
plants and nitrogen availability in the tanks. These six plants were harvested
after they senesced in October and were dried to determine moisture contents.
All aboveground biomass in the tanks was also collected and weighed, and their
dry biomass determined by multiplying the wet weight by the dry: wet biomass
ratio of the six sampled plants.
Plants were counted in early September. Plant density was calculated by
dividing the number of plants per tank by the area of the tank (0.54 m2). Plant
biomass was measured in late autumn after Zizania had completely senesced.
The total dry biomass in each tank was divided by the number of plants per
tank. This value gave us the mean plant weight per tank.
Wild rice seeds were collected beginning in August and ending in September of 2011. We picked seeds every other day until every seed was harvested
from the 6 sample plants from each tank. Seeds were placed in a drying oven
at 60˚ C for at least 24 hours to inhibit fungal growth and kill remaining larvae
that may have been collected in the envelopes used to collect seeds. After the
seeds were dry, total seed number, viable seed number, number of seeds with
larvae feeding holes, viable seed weight, peduncle number, and peduncle weight
were measured on each plant. Viable seed number and weight correspond with
biomass and productivity of wild rice (Sims et al. 2012b). The peduncle number
and total seed number were compared to determine the error in collecting seeds.
Usually, 2-3 seeds were not collected because they ripened and fell into the
tanks before they had been sampled. Mean viable seed weight was calculated
by multiplying the ratio of viable seeds to total seeds by the number of seeds
counted on the peduncle. This number was then multiplied by the average viable
seed weight to estimate total viable seed weight per plant.
After all seeds were counted, the seeds from the six individual plants
from each tank were combined into 54 composite samples and ground in a seed
sample grinder. After seeds were ground, 5 µg of sample was saved for nitrogen
and glucose analysis. Nitrogen content was analyzed using a Thermo Scientific
FLASH EA™ 1112 Elemental Analyzer. Glucose was measured to determine the
effects of carbohydrates on Apamea infestation. We extracted starches from 10
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randomly selected infested tanks and 10 randomly selected uninfested tanks by
hot water starch extraction. After seeds were ground, they were weighted and
placed in a 75mL volumetric tube. The tubes were filled with deionized water
and heated to 103˚ C for three hours. We then performed a phenol-sulfuric acid
assay to test for sugars (Dubios et al. 1956).
Sediment N availabilities were measured with three mixed bed resin ion
exchange bags (Binkley 1984) placed in the sediment in each tank in spring
and harvested at the end of the 2011 growing season. The resins (Fisher Rexyn
300) were then extracted using 1N KCl, which was then analyzed for NH4 and
NO3, using Lachat Autoanalyzer methods 10-107-06-1-J and 10-107-04-1-A,
respectively.
Seed infestation rate was calculated as the proportion of the total number
of seeds from the six sampled plants infested with feeding holes. Plant infestation rate was calculated as the proportion of the six sampled plants per tank
infested with at least one Apamea larva. These two measurements were used
to analyze two different levels of infestation.
The main (and direct) effects of plant density (via thinning) and litter
amount (via litter removal) on seed and plant infestation rates were tested using a randomized complete block, 2-factor ANOVA with interaction terms after
normalizing the data with an arc sine square root transformation and ensuring
equal variances. Plant and seed infestation rates were also regressed against
seed nitrogen and carbohydrate concentrations, resin bag nitrogen availability
(µg/g resin), total stem density per tank, average plant biomass, seed biomass
per plant, and average height of the six sample plants to determine which of
these factors potentially determined preferences of the female adult moths for
host plants.
Results
Neither seed infestation rate (proportion of the number of seeds on a
plant which were infested by Apamea) nor plant infestation rate (proportion of
plants in a population infested with at least one Apamea larva) were directly
affected by either thinning the host plant density (F = 2.95, df = 1, P = 0.09 for
seed infestation rate and F = 3.27, df = 1, P = 0.08 for plant infestation rate)
or by litter removal (F = 0.812, df = 1, P = 0.37 for seed infestation rate and F
= 0.332, df = 1, P = 0.57 for plant infestation rate). There were no statistically
significant interactions between host plant density and litter removal on either
seed or plant infestation rates.
However, seed infestation rate increased as both plant and seed biomass
increased. Seed infestation was more strongly correlated with plant biomass (P
= 0.007; r2 = 0.14) than it was with seed biomass (P = 0.030; r2 = 0.09).
Plant infestation rate increased with seed (P = 9.8E-5; r2 = 0.19) and
plant biomass (P = 5.8E-6; r2 = 0.33) even more strongly than seed infestation.
A. apamiformis may select how many plants to infest per tank based on plant
and seed biomass and/or the survival rate of their larvae is enhanced on larger
plants (Fig. 1). However, the correlation between plant biomass and seed and
plant infestation rates are not solely functions of plant height because mean
plant height was not correlated with plant infestation rate nor with seed infestation rate (P = 0.10 and P = 0.28; respectively). These results suggest that
plant height per se does not play a role in determining infestation rate of A.
apamiformis, but rather that A. apamiformis infestation rate is greater on
larger and more robust plants.
The greater infestation rate on larger plants may be an indirect result of
sediment nitrogen availability because the proportion of infested seeds per plant
increased with sediment nitrogen availability (P = 0.047, r2 = 0.37, Fig. 2a).
There was no significant difference in glucose concentrations in seeds
between infested and uninfested tanks (P = 0.96). In contrast, seed infestation
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Figure 1. The comparison of seed and plant biomass to infestation rate. Both seed and plant infestation rate increases as seed weight and
plant weight increases. Fig. 1a and Fig. 1b represent seed and plant biomass compared to seed infestation, and Fig. 1c and Fig. 1d represent
seed and plant biomass compared to plant infestation. Plant infestation rate is more significant than seed infestation. Filled circles represent
non-thinned tanks and Xs represent thinned tanks. r2 values are shown (* and ** represent P < 0.05 and P < 0.01 respectively).
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Figure 2. Resin bag nitrogen and percent seed nitrogen correlated to seed infestation rate. Resin bag nitrogen and seed nitrogen show an
opposite relationship. As resin nitrogen increases, seed infestation increases (Fig. 2a), but infestation rate decreases with increasing seed
nitrogen concentration (Fig. 2b). Fig. 2a, P = 0.047; Fig. 2b P = 0.024.
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rate declines with the concentration of nitrogen in seeds (P = 0.024, r = 0.45,
Fig. 2b). Surprisingly, seed nitrogen concentration was not correlated with sediment nitrogen availability (P = 0.671, r2 = 0.005).
2

Discussion
A. apamiformis does not appear to preferentially infest taller plants, plants
with high seed glucose concentrations, or plants in dense populations. Instead,
A. apamiformis infestation rate increased with individual plant biomass (Fig.
1). Since wild rice is an annual plant, the largest plants were the ones that grew
fastest that growing season. Ovipositing females may select large plants with
rapid growth rate; alternatively (or in addition) plants with rapid growth rate
may provide larvae with abundant food. Either or both of these processes could
increase both plant and seed infestation rate. Plant infestation rate was more
strongly related to plant biomass than it was to seed biomass. Seed infestation
rate was less strongly related to individual plant biomass than plant infestation
rate. This suggests a selective pressure for adult moths to lay eggs on large,
rapidly growing plants, but the effect of rapid growth on seed infestation within
a plant was not as strong. These results are consistent with the plant vigor hypothesis (Price 1991, 2003; Craig et al. 1986, 1989; Heisswolf et al. 2005) which
proposes that infestation rate increases with plant growth rate
A. apamiformis infestation also increased with sediment nitrogen availability but this may be because wild rice productivity also increases with sediment nitrogen availability (Walker et al. 2010, Sims et al. 2012a). Sims et al.
(2012b) found that A. apamiformis infestation rates of plants increased with
added fertilizer nitrogen, which is in support of our findings of a correlation fo
sediment nitrogen availability and infestation rates. The correlation between
infestation rate and nitrogen availability may therefore reflect the fact that high
nitrogen availability produces larger plants. Therefore, A. apamiformis appear
to infest larger, rapidly growing host plants which are made possible by high
sediment nitrogen availability.
Surprisingly, even though it increased with increasing sediment N availability seed infestation rate decreased with increasing seed N concentration
(Fig. 2). Therefore, infestation rate did not increase with sediment nitrogen
availability because seeds were more nutritious. Neither did infestation rates
increase with glucose concentrations. Surprisingly, seed nitrogen concentration
and sediment nitrogen availability were not correlated with one another, suggesting that these two factors act independently of one another on infestation
rates. These data suggest that there may be some type of nitrogenous secondary
metabolite in Zizania seeds that A. apamiformis is avoiding and which may be
under control of other factors independent of sediment nitrogen availability.
Although alkaloids have been found in several members of the Poaceae (Indu
and Onyibe, 2011), the family which includes wild rice, the presence of alkaloids
have not yet been detected in wild rice or any other species of the same genus.
Sunlight is thought to be one of the important factors for producing secondary metabolites (Jansen and Stamp, 1996) which may deter adult moths from
laying eggs on plants in full sunlight. Full sunlight and high nitrogen availability
together can lead to high energy stores and surplus N supplies, both of which
together may allow the plant to produce more alkaloids, thus reducing host
quality. Sims et al. (2012b) found that A. apamiformis infection rates on wild
rice increased when plants grown with added nitrogen were also shaded, which
lends support to this hypothesized mechanism. Experiments should be done
manipulating both nitrogen and light availabilities and measuring seed nitrogen
content, alkaloid concentrations, as well as A. apamiformis infestation rates,
fecundity, larval growth, and consumption rates (Awmack and Leather 2002).
Our experiment could not distinguish whether the high infestation rates
on larger plants were due to host selection by ovipositing females or by greater
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larval survival and development or both. Distinguishing the effects of host selection and larval survival on infestation rates would require observations on
both ovipositing adult female moths as well as larval survival and growth rates
on Zizania grown under different nitrogen and light availabilities (Craig et al.
1989).
In summary, A. apamiformis infestation rate increases in wild rice plants
with high seed and plant biomass growing in sediments of high nitrogen availability but decreases in plants with seeds that have high N concentrations, which
may be due to the presence of alkaloids in the seeds. Seed carbohydrate content,
plant density, and plant height do not seem to affect how larvae infest plants.
Our data suggests that desirable host plant qualities include high biomass and
low seed (or at least not high) N concentrations.
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Notes on Chrysomelobia labidomerae
(Acari: Heterostigmata: Podapolipidae), Parasites of
Labidomera clivicollis (Coleoptera: Chrysomelidae)
in Michigan and Wisconsin
Robert W. Husband1 and Andrew H. Williams2

Abstract
Chrysomelobia labidomerae Eickwort, ectoparasitic mite of chrysomelid
beetles, is reported from 11 Wisconsin counties, from 16 of 82 adult Labidomera
clivicollis (Kirby) beetles wild-caught in Wisconsin, and from 27 of 141 presumably wild-caught L. clivicollis beetles from 13 Michigan counties. Wisconsin
beetles harboring C. labidomerae were found in dry to wet-mesic, open habitats.
A distribution map and comments are presented.
____________________

Mites in the family Podapolipidae are all haemolymph feeding parasites of
insects, including Blattodea, Coleoptera, Hemiptera, Hymenoptera and Orthoptera (Kurosa and Husband 2013). These mites parasitize the subelytral space,
trachea, reproductive tract and any surface area which may be penetrated by
stylets with or without the aid of digestive enzymes for dissolving sclerotized
tissue (Husband et al. 2008). Regenfuss (1968) first described the genus Chrysomelobia and species C. mahunkai based on one adult female on the beetle now
known as Chrysolina graminis (Linnaeus) (Daccordi 1982) collected in Hungary.
It has since been collected on a second chrysomelid beetle, Phytodecta sp., in
Germany by the first author.
Chrysomelobia labidomerae Eickwort was discovered under the elytra of
Labidomera clivicollis (Kirby) and described as only the second mite in this genus
and the first from the Nearctic by Eickwort (1975), in which paper the mite's
distribution data of Connecticut, Illinois, Indiana, Iowa, Michigan (Cheboygan
Co.), New York, Ohio, Texas and Wisconsin (Rock Co.) were presented. This
beetle is more widely distributed in eastern North America and is an obligate
feeder on milkweeds, Asclepiadaceae (Clark et al. 2004, Riley et al. 2003).
Chrysomelobia labidomerae was later found parasitizing four other species of
chrysomelid beetles in the closely related genus Leptinotarsa in Mexico, including L. decemlineata (Say) (Drummond et al. 1984), now a very widespread pest
of potatoes (Clark et al. 2004). As yet, five species of chrysomelid beetles are
reported to host C. labidomerae (Houck 1992). Abbot and Dill (2001) reported C.
labidomerae from L. clivicollis beetles collected off Asclepias incarnata Linnaeus
in southern Ontario, at Queens University Biological Station near Elgin, at a
latitude similar to central Wisconsin and central Michigan. The first author has
collected C. labidomerae from L. clivicollis beetles in southern Texas, at Lyford.
The reported limits of this mite's distribution to the northwest are Cheboygan
Co., Michigan, and Rock Co., Wisconsin, (Eickwort 1975) (see Fig. 1).
Baker and Eickwort (1975) report that these mites do not parasitize eggs
or larvae of L. clivicollis, that dispersal is accomplished only by adult females
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transferring between adult beetles, and that the incidence of these mites on 56
museum specimens of presumably wild-caught L. clivicollis from the vicinity
of Ithaca, New York, was 14.3%. Abbot and Dill (2001) reported that, in midsummer, over 90% of 118 wild-caught males and females in southern Ontario
had these mites.
Serendipitous collection of mites in the course of broader research on this
beetle in Wisconsin by the second author provided us with new information
about the range of habitats in which this mite occurs, the plants on which the
beetles harboring mites were collected and new distribution data. These last
were supplemented with new county data from museum specimens of Michigan
beetles inspected by the first author.
Materials and Methods
Over the course of ongoing research into the milkweed specific fauna
of Wisconsin, the second author collected many eggs, larvae and adults of L.
clivicollis to voucher various aspects of the beetle's life history and distribution.
Eggs and larvae were reared. When partly grown, these larvae were each isolated and provided with sterile soil into which they burrowed to pupate. Adult
beetles, either caught in the wild or reared in the lab, were quickly put into vials
of 80% ethanol. These were later checked for mites by the first author. Some

Figure 1. In the original description of Chrysomelobia labidomerae Eickwort (Podapolipidae), a mite parasitizing Labidomera clivicollis Kirby (Chrysomelidae), Eickwort
(1975) listed Cheboygan Co., Michigan, and Rock Co., Wisconsin, as rough northwestern limits of the mite’s broad distribution across much of the eastern United States.
These counties are cross-hatched. The shaded counties — Cheboygan, Dickenson,
Ingham, Ionia, Kalamazoo, Lenawee, Livingston, Midland, Oakland, Oceana, Ottawa,
Washtenaw and Wayne in Michigan, and Adams, Buffalo, Crawford, Grant, Kewaunee,
LaCrosse, Manitowoc, Sheboygan, Vernon and Walworth in Wisconsin — represent
new collection data. These data show counties in which these mites have been found,
not their actual distribution.
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specimens were retained by the first author, others were later deposited into
the Insect Research Collection of the Entomology Department at University of
Wisconsin — Madison. Prompted by this research into the distribution of the
mite in Wisconsin, the first author studied pinned specimens of L. clivicollis
housed in the University of Michigan Museum of Zoology to generate new distribution data for the mite in Michigan. Plant nomenclature follows Gleason
and Cronquist (1991).
Results
New records of C. labidomerae for Wisconsin are: Adams Co., T15N R6E
S14, sandy prairie, 10 August 2000, on Asclepias syriaca Linnaeus, #7002.2,
A. H. Williams; Buffalo Co., T20N R12W S10, open roadside, 24 July 2001,
on A.syriaca, #7631.2, R. A. Christoffel; Crawford Co., T6N R6W S11, highway right-of-way, 05 July 2000, on Asclepias verticillata Linnaeus, #6770.2,
A. H. Williams; Grant Co., T8N R3W S24, dry sandy prairie, 20 July 2001,
on Asclepias viridiflora Rafinesque, #7589.2, A. H. Williams; Kewaunee Co.,
T23N R23E S24, gravelly south-facing roadside bank, 10 August 2001, on A.
verticillata, #7715.2, A. H. Williams; LaCrosse Co., T16N R7W S32, Hixon
Forest Nature Center, 30 June 2001, on A. syriaca, #7486.2, A. H. Williams;
Manitowoc Co., T18N R21E S10, gravelly roadside bank, 11 August 2001, on A.
verticillata, #7740.2, A. H. Williams, T20N R22E S34, moist roadside, 11 August
2001, on Asclepias incarnata, #7738.2, A. H. Williams; Sheboygan Co., T15N
R20E S24, open roadside, 06 September 2000, on A. verticillata, #7189.2, A. H.
Williams; Vernon Co., T11N R7W S15, open roadside, 16 August 2000, on A.
syriaca, #7067.2, A. H. Williams; Walworth Co., T4N R16E S5, Young Prairie
State Natural Area #132, a wet-mesic prairie, 30 June 2000, on A. incarnata,
#6741.2, A. H. Williams.
New records of C. labidomerae for Michigan are: Cheboygan Co., July
1964, collector unknown; Dickenson Co., Floodwood, 26 July 1915, A. W. Andrews; Ingham Co., date and collector unknown; Ionia Co., 24 July 1941, R.
R. Dreisbach; Kalamazoo Co., Fort Custer Recreation Area, 30 July 1991, L.
Williams; Lenawee Co., southwest Adrian, 08 September 1980, R. W. Husband;
Livingston Co., E. S. George Reserve, 14 June 1955, D. C. L. Gosling, 07 June
1936 and 04 July 1937, S. Moore, June 1934, H. K. Wallace; Midland Co., 8
miles west of Midland, 14 July 1935, A. Olsen and L. K. Gloyd, 14 July 1935,
L. K. Gloyd; Oakland Co., Bloomfield, 24 July 1932, S. Moore; Oceana Co.,
5 miles north of Hart, 29 July 1941, I. J. Cantrall; Ottawa Co., Grand Haven,
30 August 1911, H. Ramstadt; Washtenaw Co., 29 July 1933 and 02 August
1933, I. J. Cantrall, Ann Arbor, 01 August 1927, W. K. Bigelo, Pittsfield Ponds,
02 June 1919, T. H. Hubbell, Mud Lake, 12 June 1950, C. S. Rogers; Wayne
Co., 04 July 1909, collector unknown, Detroit, 15 June 1916, A. W. Andrews.
None of 86 adult Labidomera clivicollis reared in isolation in the lab in
Wisconsin hosted C. labidomerae. Of 82 wild-caught beetles from Wisconsin,
18 (22%) hosted these mites. Of 141 adult beetles collected in Michigan and
presumably caught in the wild, specimens in the collection of the University of
Michigan Museum of Zoology, 27 (19%) hosted these mites.
Discussion
These data shift the known distribution of this mite in Wisconsin from
Rock Co. (Beloit, 07 July 1962, R. Beardon) (Eickwort 1975), Beloit being central
and right at the southern border, up through and all across the southern half
of the state, a total of 11 counties (Fig. 1). These data shift the mite's known
distribution in Michigan from Cheboygan Co. (21 June 1953, S. E. Neff) (Eickwort 1975), at the northern tip of the Lower Peninsula, to include at least part
of the Upper Peninsula and to occur more generally around the southern half
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of the Lower Peninsula, a total of 13 counties (Fig. 1). These data show where
these mites have been found, not their actual distribution. Labidomera clivicollis occurs throughout Wisconsin, though it is much harder to find in northern
Wisconsin than in southern Wisconsin.
These data include the first association of the mite with L. clivicollis collected from a spectrum of open habitats, from dry sandy prairie through dry
south-facing roadside bank, open roadside, moist roadside to wet-mesic prairie,
as well as beetles on four local food plants that are associated with this spectrum
of habitats, typically growing in situations ranging from dry to moist: Asclepias
viridiflora, A. verticillata, A. syriaca and A. incarnata.
That no mites were found on the 86 lab-reared adult beetles is not a
surprising result. Baker and Eickwort (1975) stated that mites parasitize only
adult beetles to which adult females disperse from other adult beetles. These
86 lab-reared adults never had contact with any other beetles from which mites
might have been acquired. Our frequencies of occurrence of 22% on beetles
wild-caught in Wisconsin and 19% on presumably wild-caught Michigan beetles
are similar to the 14.3% reported on presumably wild-caught New York beetles
(Baker and Eickwort 1975). In contrast, Abbot and Dill (2001) reported that,
in midsummer, over 90% of 118 wild-caught males and females in southern
Ontario had these mites.
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Observations on the Biological Control Agents of the
American Plum Borer (Lepidoptera: Pyralidae) In Michigan
Cherry and Plum Orchards
David J. Biddinger1 and Timothy W. Leslie2

Abstract
The American plum borer, Euzophera semifuneralis (Walker) (Lepidoptera:
Pyralidae), is an important pest in orchards, yet little is known regarding its
biological control. We performed a comprehensive survey of the natural enemy
complex contributing to American plum borer control in Michigan plum and
cherry orchards, while also exploring the relationship between pest infestation
and tree wounding from mechanical harvesting. We scouted 30 orchards with
varying degrees of tree wounding to document extent of infestations of American plum borer and another pest, the lesser peach borer, Synanthedon pictipes
(Grote and Robinson) (Lepidoptera: Sessiidae). We simultaneously recorded
biological control agents, including the presence of a Hirsutella fungal pathogen. Live American plum borer larvae and pupae were collected for rearing and
identifying hymenopteran parasitoids. American plum borer infestations were
highest in orchards with high levels of tree wounding, or in orchards that used
minimum pesticides or were abandoned. Numerous organisms were documented
as biological control agents including various species of birds, spiders, beetles,
and ants. Ichneumon wasps were the dominant parasitoids, of which Venturia
nigricoxalis (Cushman) (Hymenoptera: Ichneumonidae) was the most common.
Liotryphon variatipes (Provancher) (Hymenoptera: Ichneumonidae) was commonly reared from a closely associated sessiid pest, but not from American plum
borer. Hirsutella was commonly found and had a density-dependent relationship with American plum borer infestations. Our information gathered on the
natural enemy complex of E. semifuneralis includes many new host associations
and can serve as a starting point for developing biological control programs for
fruit orchards in the Great Lakes region.
____________________

The American plum borer, Euzophera semifuneralis (Walker) (Lepidoptera:
Pyralidae), has been considered the most important indirect insect pest of Michigan plum and cherry orchards since the mid 1970s (Brunner and Howitt 1981,
Biddinger 1989). It is also an important pest of tart cherries in Pennsylvania
(Biddinger and Hull 1994), New York (Kain and Agnello 1999), and Wisconsin
(Weiner and Norris 1983), and a minor pest of almonds (Van Steenwyk et al.
1986), pecans (Pierce and Nickels 1941), olives (Essig 1917), and in the burr
knots of clonal apple rootstocks (Kain et al. 2004). Although found throughout
most of the U.S. and parts of Canada and Mexico and possessing a wide host
range that includes 15 plant families (Biddinger and Howitt 1992), very little is
known about the biological control of this pest. Considered to be double-brooded
Pennsylvania State University, Fruit Research and Extension Center, 290 University
Dr., Biglerville, PA 17307. (e-mail: djb134@psu.edu).
2
Long Island University, Department of Biology, 1 University Plaza, Brooklyn, NY
11201.
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in Michigan, New York and Pennsylvania, it is thought to have only a single
generation in parts of Canada and possibly three generations in the southern
part of its range (Biddinger and Hull 1994, Kain et al. 2004). This study focused
on the biological control agents of American plum borer in Michigan on cherry
and plum, for which it is currently the most economically important pest.
On these Michigan crops, American plum borer larvae are cambium feeders. The hatching larvae access the cambium through wounds or cracks in the
overlying bark. In the early 1970s, such wounds became much more abundant
in eastern tart cherry orchards because manual harvesting was then largely
replaced with hydraulic trunk and limb shakers that mechanically harvest
fruit. The hydraulic clamps of these mechanical harvesters frequently cause
the cracking and tearing away of bark and often crush the underlying cambium
around the trunks and lower scaffold limbs during harvest. Once established
through these wounds, American plum borer larvae feed on the cambium and
very quickly enlarge the initial damaged area. Trunks and scaffold limbs may
be girdled in 5 years or less (Biddinger 1989).
Control of American plum borer is often accomplished with the application
of long residual insecticides, such as chlorpyrifos (and until recently, endosulfan),
to the trunks and scaffold limbs early in the season (Biddinger and Howitt 1992,
Kain and Agnello 1999). The use of such insecticides is becoming increasingly
restricted, making biological control a more relevant option, even at low levels,
than ever before. A two-year study of the life history and control of this previously obscure insect in Michigan cherry and plum orchards (Biddinger 1989)
found several biological control agents that can contribute to the regulation of
this pest and are presented for further investigation.
Materials and Methods
American plum borer life history observations were made throughout the
cherry growing areas of western Michigan during 1985-1987. To determine the
degree of infestation by this moth and the relationship to tree wounding, 30
orchards with varying levels of tree wounding (from mechanical shakers), tree
age, and general maintenance were sampled throughout the state. Ten wounded
trees per orchard were randomly selected and evaluated for the presence of live
American plum borer larvae and pupae, old exuvia, and the presence of another
lepidopteran pest often found in close association, the lesser peachtree borer,
Synanthedon pictipes (Grote and Robinson) (Lepidoptera: Sessiidae). Orchards
were categorized based on percent trees wounded by mechanical shakers (0-20%,
20-50% and 50-100%). Differences in mean density of American plum borer
larvae among these categories were examined through one-way ANOVA and
Tukey means test in JMP 5.0.1a (SAS Institute 2002).
Natural enemies were scouted and recorded for all orchards. Large
quantities of live American plum borer larvae and pupae (approximately 1,500
individuals) were collected from the field to rear out and document the parasitoid complex. American plum borer larvae and pupae were also being reared
in the laboratory to develop a commercial pheromone lure for monitoring the
biology of this pest and for the timing of insecticide applications (Biddinger et
al. 1994). For the development of a sex pheromone for use as a monitoring tool,
these samples were heavily biased toward collecting late instars, pre-pupae, and
pupae sampled the late fall and early spring of the overwintering generation, and
during the mid-summer pupal period for the summer generation. Undoubtedly,
this affected the sampling of the parasitoid complex associated with this pest
and excluded parasitoids of the eggs and early instars. Counts of Hirsutella
mummies were recorded when scouting for American plum borer infestations.
A relationship between larval density and Hirsutella mummies was examined
using bivariate regression in JMP. Both larval density and Hirsutella values
were log(x+1) transformed to account for a small number of large values skewing
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the distribution of residuals. Field scouting was also conducted to document
vertebrate predators and arthropod predators observed feeding on American
plum borer.
Results and Discussion
American Plum Borer and Tree Wounding. American plum borer larvae (Fig. 1), pupae, and/or pupal exuvia were found in 26 out of the 30 orchards
surveyed (Table 1). Lesser peachtree borer was found in 22 of the 30 orchards
(Table 1). American plum borer density differed among orchards with different
levels of tree wounding (F = 22.38; df = 2, 27; P < 0.0001). Orchards with little
wounding (0-20%) had significantly fewer larvae and pupae than orchards with
greater than 20% wounding (Fig. 2).
Biological Control of American Plum Borer
Insectivorous birds and mammals. Several species of insectivorous
birds were observed contributing to the control of American plum borer. The
most prominent of these were the downy woodpecker (Dendrocopos pubescens)
and the yellow-shafted flicker (Colaptes auratus), which could commonly be found
probing the trunks of plums and cherries, mainly in the spring and summer.
In the fall, nuthatches (Sittidae) and related insect-feeding species were seen
to probe the wounds and splits in the barks seeking quiescent larvae in their
overwintering hibernaculae. Blackslee (1915) also noted woodpeckers as being
important predators of American plum borer on apple in Virginia. Infrequently,
shrews (probably Blarina brevicauda) were also found under the loose bark
around infested shaker wounds and were observed in the late fall feeding on
overwintering hibernacula and on the pupae early in the spring.
Parasitoid wasps. The most commonly noted parasitoids of American
plum borer were the ichneumon wasps (Hymenoptera: Ichneumonidae) (Table
2). Blackslee (1915) lists some of the members of this family in his study and
indicates one of these as Idecthis sp. as being very common and accounting
for over 13% of 104 larvae reared from the field. These were later identified
as Idechthis nigricoxalis by Cushman (1915), but are now placed in the genus
Venturia. This species, Venturia nigricoxalis (Cushman) (Fig. 3; Table 2), was
by far the most commonly reared ichneumon parasitoid in Michigan as well. V.
nigricoxalis was found to have two generations each season, with adult emergence delayed slightly after the peak flight of American plum borer adults in

Figure 1. Larva of the American plum borer, Euzophera semifuneralis. Photo: DJB
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6 yr., good, no LPTB, 1st year shaken
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4

Leelenau Co., Northport

8
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7

16

Leelenau Co., Peshawbestown

7

0

Leelenau Co., Bingham Twp.

Pupal
exuvia

4

Orchard
#
Location

Table 1. Results of American plum borer, lesser peach tree borer (LPTB) and Hirsutella survey in 30 Michigan cherry and plum orchards (10
trees / orchard) with different levels of tree wounding, tree age and maintenance.
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Table 1. Continued.
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Orchard condition: Age,
General Care, LPTB presence
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Figure 2. American plum borer (APB) larval density (mean ± SE) in orchards with
varying degrees of tree wounding.

Figure 3. Venturia nigricoxalis, a parasitoid (Hymenoptera: Ichneumonidae) of American plum borer. (A) male; (B) female. Photos: DJB
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Not reared

Larval

Mesostenus gracilus
(Cresson)

<1%

Larval

Cocoon – idiobiont
ectoparasitoid of
pupae or pre-pupae

Summera

Diadegma sp.

1 specimen

Larval – koinobiont
endoparasitoid of
larvae

Not reareda

Summera

Campoletis pyralidis
(Walley)

<15%

% APB
parasitism Parasitoid guild

Mesostenus thoracicus
(Cresson)

Both

APB
generation

Ventura nigricoxalis
(Cushman)

Species

Acrobasis ssp.

Acrobasis ssp.

Synanthedon pictipes
(<1% parasitism)

Synanthedon exitiosa

Euzophera ostricolorella
Hulst.

Alternative
Lepidopteran hosts

Quebec west
to British
Columbia,
south to
FL, TX &
southern CA,
Bermuda &
Mexico
Nova Scotia
south to FL,
west to MN,
TX

Quebec south
to eastern
SC, west to
Saskatoon &
nw AK

NY, MI, &
IN – south to
southern GA
& AK

Range

Table 2. Summary of characteristics of hymenopteran parasitoid species recovered from American plum borer (APB), E. semifuneralis, and
Sesiidae larvae in Michigan cherry and plum orchards, 1985-1988.
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Lyotryphon variatipes
(Provancher)

Coccygomimus aequalis
(Provancher)

Species
Not reareda

APB
generation

New host records according to Krombein et al. (1979).

Pimplinae

Ichneumonidae
parasitoids

Table 2. Continued.

<1%

Cocoon

Cocoon – idiobiont
ectoparasitoid of
pupae or pre-pupae

% APB
parasitism Parasitoid guild

Grapholita molesta

Cydia pomonella

Synanthedon pictipesa
(<10% parasitism)

Acrobasis ssp.

Cydia pomonella

Grapholita molesta

Alternative
Lepidopteran hosts

Quebec, NH,
south to MD,
WV, west to
MN

Range
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mid-May and again throughout July. Krombein et al. (1979) lists Euzophera
ostricolorella Hulst (Lepidoptera: Pyralidae), a sibling species of American
plum borer as an alternate host for V. nigricoxalis. This species is a common
economic forest pest of poplars and tulip trees in the eastern U.S., but appears
to be uncommon and limited to the southern counties of Michigan according
to Neunzig (1990). Krombein et al. (1979) also lists two common sesiid stone
fruit orchard pests (Lepidoptera: Sesiidae) as alternate hosts: the peachtree
borer, Synanthedon exitiosa (Say); and the lesser peachtree borer, Synanthedon
pictipes (Grote and Robinson). Also listed as an alternate host is the oriental
fruit moth, Grapholita molesta (Busck) (Lepidoptera: Tortricidae), which is a
major pest of pome and stone fruits.
Attempts to rear the adults of V. nigricoxalis during this study in the
laboratory were unsuccessful and the adults died in 3-5 days, despite attempts
to prolong activity with honey-water solutions. It is assumed that the adults of
this parasite are also short-lived in the field and attack early instars of American plum borer soon after hatching, but before they are fully concealed while
feeding in the cambium, as the ovipositors of the female wasps are relatively
short. Parasitized larvae generally died as full-grown larvae or pre-pupae, and
in the case of the overwintering generation, this occurred soon after diapause
was broken in April. Only one parasite adult completed development per host.
V. nigricoxalis was most commonly found in older orchards which generally had
received many successive years of mechanical harvester injury and thus had
higher populations of plum borer larvae. This parasite was also more abundant
where chemical control programs had been neglected, but could be found in some
numbers in all but the most intensively sprayed orchards. Parasitism rates
reached as high as 25% in older, semi-abandoned orchards, but averaged about
10-15% in most established commercials orchards more than 5 years of age.
Blackslee (1915) also noted Itoplectis marginatus (Provancher) (Hymenoptera: Ichneumonidae) as a parasitoid of American plum borer in Georgia.
Cushman (1921) later placed this name and Scambus marginatus as being
pseudonyms of Ephialtes aequalis (Provancher). Also listed by Blackslee (1915)
as parasitoids were several species that he misidentified as belonging to Pimpla (Hymenoptera: Ichneumonidae). Cushman (1915) later identified these
specimens as all being E. aequalis, which is now a pseudonym of Coccygomimus
aequalis (Provancher). C. aequalis is very common in Michigan (R. Fisher,
personal communication), but was not reared during this study. Also noted by
Blackslee (1915), as far less common ichneumon parasitoids of American plum
borer, were Mesostenus thoracicus (Cresson) and Mesostenus gracilus Cresson,
which both occur in Michigan, but were also not reared in this study.
Another ichneumon parasitoid of American plum borer reared from our
study was Campoletis pyralidis Walley. First described as an undetermined
species of Campoletis from larvae reared on forest species of Acrobasis larvae
(Lepidoptera: Pyralidae) by Finlayson (1967), it was later described as a species
from these adults (Walley 1970). C. pyralidis is listed as an eastern US species
that ranges up into Canada and westward to Ohio, but has not been previously
recorded in Michigan (R. Fisher, pers. comm.), and E. semifuneralis is a new
host record (Krombein et al. 1979). Only a single specimen was reared from an
overwintering generation larva of American plum borer, so it does not appear
to be very common.
During our study, we commonly found the lesser peachtree borer, S. pictipes, in close association with E. semifuneralis in plum and cherry and often
in the same wound (Biddinger and Howitt 1992). In the course of this study,
Liotryphon variatipes (Provancher) (Hymenoptera: Ichneumonidae) was found
to be a very common parasitoid of the lesser peachtree borer, reaching levels
of 10-20% parasitism, but surprisingly was never reared from American plum
borer. According to Krombein et al. (1979), S. pictipes is a new host record for
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L. variatipes, but he does list two other very common orchard tortricid pests
(Lepidoptera: Tortricidae) as hosts: codling moth, Cydia pomonella (L.); and
oriental fruit moth, Grapholita molesta (Bsk.). Both of these pests overwinter
as larvae on the trunks of mainly apple, but also cherry and plum, and would
be in the same general search area for a parasitoid as the larvae of American
plum borer and the lesser peachtree borer.
Predatory arthropods. Two species of spiders were found as predators of
American plum borer (Table 3). Both were from the crab spider family (Thomisidae), and although many species of spiders were found in the galleries under the
cherry bark, only those individuals that were actually found feeding on larvae
were saved for identification. The most common of these was a Coriarachne
sp., of which only immatures were collected feeding on overwintering larvae in
mid-October, and hence could not be identified to species. Another species of
spider found feeding on American plum borer larvae was Xysticus triguttatus
Keyserling, which ranges throughout most of Canada and throughout all but
the western US (Turnbull et al. 1965). Adults were found feeding on larvae in
mid-April as American plum borer broke diapause and probably overwintered
in this stage. Neither spider species was found under the bark of cherry during
the summer months and were presumed to move into the orchard after overwintering. Neither spider species was found to specialize on borer larvae, and
were only rarely found feeding on the smaller instars or sick individuals that
were moribund and ‘greasy’ to the touch and appearance.
Tenebriodes corticalis (Melsheimer) (Coleoptera: Trogossitidae) larvae
were the only beetles found feeding on American plum borer larvae during our
study (Table 3). Blackslee (1915) also noted it as a predator of American plum
borer on apple and it is reported to range throughout the US and Canada, Mexico
and Guatelmala (Barron 1971). The larvae were mostly found in older trees
that had loose bark with extensive galleries, such as those found in neglected
or abandoned orchards, and fed on all larval instars of American plum borer
throughout the season. In our study, they were found overwintering as fullgrown larvae under the tree bark in close association with the borer larvae and
pupated in the spring like American plum borer. Although adults of T. corticalis
are also known to be predaceous (Barron 1971), they were never found feeding
on American plum borer larvae. T. corticalis is an important predator of various forest insects, especially the Scolytidae, and may serve as a predator of the
scolytid pests of fruit orchards known as shot-hole borers.
We noted ants to be significant predators of American plum borer (Table
3), as did Blackslee (1915). Ant colonies were common under the bark of older,
extensively damaged cherry and plum trees in Michigan, but lepidopteran borer
larvae were rarely found on trees with ant colonies. Because lepidopteran borers were observed on nearby healthier trees without ant colonies, it seems that
predation by ants may be significant in some cases. Unfortunately, trees of
this age and level of bark damage were often not producing a commercial crop,
so the benefits of ant predation to cherry growers may be minimal. Blackslee
(1915) noted a large nematode, tentatively identified as a Mermis sp. (Hymenoptera: Formicidae), as a parasite reared from American plum borer larvae
that we did not find.
Fungal pathogens. Finally, a Hirsutella sp. of pathogenic fungi was
found to be very common in American plum borer larvae in commercial orchards
throughout Michigan (Table 1). It was identified to genus by Richard Humbar
(USDA-ARS, Ithaca, NY) and Katherine Hodge (Cornell University), but several
attempts to rear the pathogen on agar were unsuccessful and precluded species
identification. Speare (1920) recognized Hirsutella as belonging to the Stilbaceae
of the Fungi Imperfecti. Petch (1932) found the sexual stages of one species
of Hirsutella that is now classified as Cordyceps and since that study, several
species of Hirsutella have been found to be the condial or imperfect stages of

a

Hirsutella sp.

Fungal pathogen (Fungi
imperfecti)

New host records according to available literature

Mermis sp.

Entomophagous nematode

Tenebrionidae

Tenebriodes corticalis (Melsheimer)

Both generationsa

Summer

Overwintering

Overwintering

Xysticus triguttatus Keyserling

Coleoptera

Overwintering

Coriarachne sp.

Spiders

APB generation

Species

Predators and pathogens

Synanthedon scitulaa

Synanthedon exitiosaa

Cydia pomonella

Alternative lepidopteran hosts

Table 3. Summary of predators and pathogens observed feeding on American plum borer (APB), E. semifuneralis, and Sesiidae larvae in
Michigan cherry and plum orchards, 1985-1988.
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species of Cordyceps (Charles 1941, Mains 1951). The most similar Hirsutella
species found to what we reared from E. semifuneralis is that of H. subulata
Petch, which was reared from codling moth in Virginia apple orchards and illustrated in Mains (1951).
Most Hirsutella-infected larvae of American plum borer were found with
long external hyphal ‘horns’ growing outward from the larva and sometimes
attaining more than twice the length of the larva (Fig. 4). The cadavers of the
larvae first became somewhat ‘greasy’ in appearance, then extremely hard
and rigid soon after death, as the internal organs were quickly converted to
hyphae. Later the hyphal horns emerged through the oral and anal openings,
appendages, genital openings and sometimes laterally through the body wall.
Many of the mummified larvae found in the field never developed these horns.
Fresh mummies brought indoors required moisture before developing these
horns, and those collected fresh in the fall required a cold period, as reported
by Charles (1941) for H. subulata on codling moth larvae. Fresh mummies of
American plum borer with and without horns could be found in both the spring
and summer generations, indicating this pathogen may be capable of at least
two generations each year. In both generations, the larvae were generally killed
by the pathogen before pupation, although several younger instar larvae and
a few pupae with the characteristic fungal horns were also found. In the field,
development of the fungal horns and presumably spore release coincided with
American plum borer adult emergence and egg-laying.
Mummified borer larvae from the overwintering generation developed
horns during May, and the spores were probably ingested by the hatching larvae
in late May and early June. These infected larvae died prior to pupation in
mid-June to July, and developed horns to release spores that infected the young
larvae of the next generation during late July and August. The infected larvae
of this second generation died in October, prior to constructing overwintering
hibernacula, and did not develop horns until after adult emergence the following
spring. Mummies of the overwintering larvae required a cold period of about

Figure 4. Hirsutella-infected American plum borer larvae. Photos: DJB
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two weeks before development, as reported by Charles (1941), but the summer
generation did not. Almost all the larvae killed by this pathogen in the summer were in their last instar, but those larvae of the overwintering generation
were killed in whichever instar they happened to be in when diapause began,
and were often of earlier instars.
Trees with heavy infestations of borers with the fungal pathogen could
often be distinguished by the white fungal horns protruding through the cracks
in the bark to disseminate the spores. In a plum orchard in Allegan County, 114
out of 278 larvae on a single tree, or 41%, were killed by this pathogen before
pupation within a single season (Biddinger 1989). In this orchard, almost 16%
of the lesser peachtree borers were killed by what appeared superficially to be
this same pathogen. This or a similar species of Hirsutella was also found in a
few specimens of dogwood borer, Synanthedon scitula (Harris), (Lepidoptera:
Sesiidae) larvae in Michigan apple orchards, and more commonly on lesser
peachtree and peachtree borer larvae in peach orchards. All specimens are now
kept by Dr. Kathie Hodge at the Cornell Plant Pathology Herbarium. In a survey
of the tart cherry and plum orchards throughout the fruit growing counties of
western Michigan (Biddinger 1989), 15 out of 26 orchards that had American
plum borer (about 58%) were found to have this fungal pathogen present. This
survey also indicates that this pathogen seems to be density-dependent, since
it is most prevalent in those orchards with the highest populations of American
plum borer (Fig. 5; F = 11.21, df = 1, 28; P = 0.0023, R2 = 0.29). However, the
significant, yet relatively weak, correlation suggests that the variance is only
partially explained by American plum borer density, and other environmental
factors are likely contributing to Hirsutella incidence.
Conclusion. Numerous biological control agents for American plum
borer exist and can cause significant mortality (>25%) to this pest. The many
new host associations of parasitoids, pathogens and predators is surprising for a
major pest of cherries in the Great Lakes region, and for which a wide host and

Figure 5. Relationship between American plum borer (APB) density and Hirsutella
infections.
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geographical range spanning many important crops exists (Essig 1917, Weiner
and Norris 1983, Van Steenwyk et al. 1986, Biddinger and Howitt 1992, Kain
et al. 2004). E. semifuneralis has the potential to serve as an alternate host for
parasitoids of other major pests such as the oriental fruit moth, codling moth,
peach tree borer, lesser peach tree borer and dogwood borer, which are commonly
found in close association on the trunks of many of these crops. Similarly, a
new parasitoid host association of L. variatipes for the lesser peach tree borer,
could mean that this sessiid pest could serve as a closely associated alternate
host for codling moth and oriental fruit moth parasites. Further investigation
of the density-dependent Hirsutella fungal pathogen reared from American
plum borer appears to be warranted as it may be the same species identified
attacking codling moth in the past (Charles 1941). It, or a similar species, also
appears to attack three major sesiid pests of pome and stone fruit in Michigan.
Additionally, reducing tree wounding during the mechanical harvest of cherries
would demote American plum borer back to minor-pest status; this could be a
suitable area of research for agricultural engineers.
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Additions to the Checklist of Wisconsin Ground Beetles
(Coleoptera: Carabidae), Including the Adventive
Harpalus rubripes (Duftschmid) Among
Seven New State Records
Peter W. Messer1

Abstract
Sixteen species are added to the checklist of Wisconsin Geadephaga. Of
these, seven species are reported here as new to Wisconsin. Nine taxa from the
list are affected by new information resulting in the removal of six names. The
Eurasian beetle Harpalus rubripes was discovered as early as 2009 on annually surveyed beaches along Lake Michigan in southeastern Wisconsin. This
discovery greatly extends the species distribution westward from its presence
in northeastern North America where it was first recorded in 1981.
____________________

There appears no end to the current accelerated pace of published faunal
records and regional checklists. The vast majority of such endeavors are based
arbitrarily on political geographic units rather than on well-defined natural
systems. The scientific and esthetic allure of the ground beetles has contributed greatly to the surge in publications (e.g., Erwin 2007, 2011; Erwin and
Pearson 2008) on Western Hemisphere Caraboidea, the catalogue of North
American Geadephaga (Bousquet 2012), and the concerted effort among users
of BugGuide.net to supplement the latter catalogue by archiving new records
at http://bugguide.net/node/view/744417.
Bousquet (2012) updated all 2678 valid North American Geadephaga
species-group taxa along with consolidating everything known about their
geographic-political distributions. The present contribution adheres to Bousquet’s nomenclature, classification, and phylogenetic order of the tribes. The
relevant hierarchal classification descends according to order Coleoptera:
suborder Adephaga: superfamily Caraboidea = Geadephaga: families Trachypachidae, Rhysodidae, and Carabidae. The latter family is by far the largest
one, accounting for 99.55 % of the North American Geadephaga.
Messer’s (2009) annotated checklist reported 489 species of Wisconsin
Geadephaga. The present contribution updates that checklist with information
on 25 species of Carabidae. They appear below in a list arranged phylogenetically by tribe. Each species name is followed by one of these descriptors: “add
to checklist” (from a state record reported elsewhere), “new state record” (first
known literature report), “confirmation” (removes prior uncertain status), “delete
from checklist”, or “erratum”.
The collection data for each new state record follow the order of county
name in bold, locality, coordinates, collection date, bionomics, collector, number
of specimens, repository. Repositories include the collections of Jim Steffens
Riverlake Dr., Mequon, WI 53092, USA. (e-mail: pmesser@wi.rr.com).

1

2014

THE GREAT LAKES ENTOMOLOGIST

67

(JSC), Peter Messer (PMC), Carnegie Museum of Natural History in Pittsburgh,
PA (CMNH), and the UW-Insect Research Collection in Madison, WI (WIRC).
The geographic ranges of species follow Bousquet (2012). The author determined
and retained at least one specimen from each of the seven new state records.
NEBRIINI
Nebria gyllenhali castanipes (Kirby) (add to checklist)
This species occurs in Wisconsin and surrounding states Michigan and
Minnesota according to Bousquet (2012).
Nebria pallipes Say (delete from checklist)
This species was included in the Messer (2009) Wisconsin checklist in deference to Bousquet and Larochelle (1993). Not acknowledged in that checklist
is the northern Wisconsin record claimed by Wickham (1896). Bousquet (2012)
considered the Wickham record probably referred to Nebria lacustris Casey. The
occurrence of N. pallipes in Wisconsin has not been confirmed by any specimen
or additional literature. Therefore, this species is removed from the state list.
CYCHRINI
Scaphinotus elevatus coloradensis Van Dyke (add to checklist)
This species was absent from the 2009 checklist. Bousquet (2012) included
Wisconsin with uncertainty based on the southeastern Wisconsin record by
Rauterberg (1885) under the name, Cychrus elevatus Fabr. This species occurs
southwestwardly from known surrounding states Iowa and Minnesota. Davidson (personal communication) reported a Wisconsin specimen from the Robert
Graves Collection, now at the Carnegie Museum of Natural History.
Kenosha: Carol Beach, Chiwaukee Prairie, 20 IX 1975, marsh floor, W.
Suter (1♂ det R. Davidson, CMNH).
CARABINI
Calosoma sayi Dejean (delete from checklist)
This species was included on the 2009 checklist per Bousquet and Larochelle (1993). That record is probably in error, based on a stray, according to
Bousquet (2012). Therefore, the species is removed from the state list.
Carabus cancellatus Illiger (delete from checklist)
This species was included on the 2009 checklist per Bousquet and Larochelle (1993). According to Bousquet (2012) this European beetle was recorded
many decades ago from North Carolina, Georgia, and Wisconsin but no specimens have been collected since then. The species is likely not established on
this continent. Therefore it is removed from the state list.
SCARITINI
Scarites quadriceps Chaudoir (delete from checklist)
This mostly southern species is removed from the Wisconsin checklist
until a specimen can be confirmed. The basis for this decision is discussed below
regarding Scarites vicinus Chaudoir.
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Scarites vicinus Chaudoir (add to checklist)
Based on Bousquet and Skelley (2010) and an online key to the species
(http://bugguide.net/node/view/2990), all examined Wisconsin specimens formerly identified as Scarites quadriceps are now treated under the resurrected
name, Scarites vicinus. This species is common and widespread throughout
North America.
CLIVININI
Clivina acuducta Haldeman (add to checklist)
This species is recorded in southwestern Wisconsin (Grant Co., CMNH)
and nearby states Illinois and Indiana according to Bousquet (2012).
DYSCHIRIINI
Dyschrius sublaevis Putzeys (add to checklist)
Bousquet (2012) alluded to one old specimen labeled “Milwaukee WIS” in
the Museum of Comparative Zoology (Cambridge, MA). This species did not appear on the 2009 checklist. It is known in states along the Atlantic and Gulf of
Mexico coasts, far removed from Wisconsin where its status remains uncertain.
BEMBIDIINI
Bembidion petrosum petrosum Gebler (erratum)
This species should have its “rare” status removed from the 2009 checklist
because it was learned later that many specimens of this species were previously
misidentified as Bembidion obscurellum (Motschulsky). The latter species now
appears to be relatively uncommon in Wisconsin.
Elaphropus dolosus (LeConte) (erratum)
Although Bousquet and Larochelle (1993) and Bousquet (2012) recorded
Wisconsin within the geographic range, no specimen has been confirmed by this
author. The single specimen associated with Iowa County in the 2009 checklist
is now confirmed to represent Elaphropus ferrugineus (Dejean), cited below as
a new state record.
Elaphropus ferrugineus (Dejean) (new state record)
Iowa: Ridgeway Pine Relict SNA, N43º 00.683’, W89º 59.641’, 8-16 VI
2004, Lindgren funnel trap baited with ipsdienol in remnant Pinus resinosa
and Pinus strobus stand adjacent southern dry-mesic forest, J.J. Dorshorst (1,
PMC). This species occurs both eastwardly and southwardly from known surrounding states Iowa and Illinois.
Tachys (Paratachys) oblitus Casey (new state record)
Ozaukee: Mequon, N43.2106º, W88.9649º, 13 VII 2000, evening blacklight
on suburb lawn, P. Messer (1♀, PMC). This species occurs mainly eastward and
southward from known surrounding states Iowa and Illinois.
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PTEROSTICHINI
Pterostichus adoxus (Say) (confirmation)
Without record confirmation this species was included on the 2009 checklist
on the basis of Bousquet and Larochelle (1993). Subsequently, the author confirmed a single specimen from Ashland County (photographed and documented
at http://bugguide.net/node/view/887457).
Pterostichus punctatissimus (Randall) (add to checklist)
Mayry et al. (2014) recently documented a specimen taken from Langlade
County in 2013. The species occurs throughout Canada and eastwardly from
known surrounding states Minnesota and Michigan.
ZABRINI
Amara crassispina LeConte (add to checklist)
This species occurs in Wisconsin and surrounding states Illinois, Michigan
and Minnesota according to Bousquet (2012).
OODINI
Oodes brevis Lindroth (new state record)
Sauk: Spring Green, 2 V 2010, 5 V 2010, 10 VIII 2010, moist wooded area
along Wisconsin River, J. Steffens (1♂ PMC, 3♂2♀ JSC). Leopold Reserve,
4 VIII 1987, pitfall, L.F. Goodman (1, WIRC). This species occurs in Ontario
and both eastwardly and southwardly from known surrounding states Illinois
and Michigan.
HARPALINI
Agonoleptus thoracicus (Casey) (add to checklist)
Bousquet and Messer (2010) discussed this species under the name Stenolophus thoracicus and cited several records from south-central Wisconsin. It
occurs throughout the roughly northeastern quadrant of USA.
Anisodactylus opaculus (LeConte) (add to checklist)
The Wisconsin state record was reported by Bousquet (2012) from a personal communication with Robert Davidson of the Carnegie Museum of Natural
History (Pittsburgh, PA). This is the northernmost record for the species. The
species range is a disjunct between Wisconsin and the span Kansas-MissouriKentucky from which the range continues southward. Davidson conveyed to this
author the collection data for the single specimen from south-central Wisconsin.
Sauk: Prairie du Sac, N43º 17.748’, W89º 44.772’, 17-22 VII 2009, C.
Barksdale (1♂ det R. Davidson, CMNH).
Harpalus rubripes (Duftschmid) (new state record)
Ozaukee: Mequon, Lake Michigan shore at Seacroft Ct., N43.23344º,
W87.90932º, 7 VI 2009 (1♀), 20 V 2012 (1♀), 26 V 2014 (1♂), 31 V 2014 (3♀),
daytime under driftwood on sandy beach, P. Messer (6, PMC). Mequon, Lake
Michigan shore at Sheridan Dr., N43.19730º, W87.89620º, 28 V 2014 (1♂), 4
VI 2014 (1♂), daytime under driftwood on sandy beach, P. Messer (2, PMC).
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This medium-sized beetle is native to much of Europe, Russia, Anatolia,
Central Asia, and China (Löbl and Smetana 2003). Its earliest known presence
in North America, specifically 1981 in New Hampshire, was first reported by
Bell and Davidson (1987) who felt confident that the accidental introduction was
recent. Bousquet (2012) cited the distribution in North America to be Canada:
NB, NS, ON, PE, QC and USA: CT, MA, ME, NH, NY, PA, RI, VT in which
eastern Ontario and central Pennsylvania (Davidson et al. 2011) defined the
western limit of the range. Steury and Messer (2014) extended the southern
limit to northern Virginia (Fairfax Co.) with the capture of one beetle on May
20, 2013 under leaf litter in a parking lot. See the discussion below for remarks
on the apparent disjunct nature of the Wisconsin populations.
PLATYNINI
Agonum ferreum Haldeman (delete from checklist)
Bousquet (2012) cited Wickham (1896) for the single record from northern Wisconsin along Lake Superior. This author believes this is likely in error,
hence, the species is removed from the state list.
Agonum galvestonicum (Casey) (new state record)
Dane: Madison, Arboretum facing Curtis Prairie, 15 VI 1967, black light,
D. Schwehr (1♀, PMC). This species occurs in southernmost Ontario and both
eastwardly and southwardly from known surrounding state Michigan.
Agonum punctiforme (Say) (delete from checklist)
This species was included on the 2009 checklist solely on the basis of the
record in northern Wisconsin along Lake Superior by Wickham (1896). Bousquet (2012) felt the record was probably in error and so the species is removed
from the state list.
LEBIINI
Apenes lucidula lucidula (Dejean) (new state record)
Dane: Cross Plains, 23 IX 2012, attracted to lights, Ilona L. Cross Plains,
24 IX 2012, at lights, I. Loser (1, PMC). The author confirms this record by
means of habitus photographs (http://bugguide.net/node/view/694424) that corresponded to an examined specimen. The species occurs both southwardly and
eastwardly from known surrounding states Iowa and Illinois.
Coptodera aerata Dejean (new state record)
Iowa: T6N R5E S1, 12-21 VII 1976, “Gypsy Moth -M.T.” (1, PMC). This
species occurs eastwardly and southwardly from known surrounding states Iowa,
Illinois, and Michigan.
Discussion
This update of Messer (2009) presents new information on 25 species
of which sixteen names are added to the checklist of Wisconsin Geadephaga.
The seven new state records all come from southern Wisconsin: Elaphropus
ferrugineus, Tachys (Paratachys) oblitus, Oodes brevis, Harpalus rubripes,
Agonum galvestonicum, Apenes lucidula lucidula, and Coptodera aerata. Five
species are removed from the 2009 list based on dubious old records according
to Bousquet (2012). In addition, Scarites quadriceps is removed as a result of
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new revisionary research (Bousquet and Skelley 2010). The net effect is 489 +
16 - 6 = 499 ground beetle species are now confirmed to inhabit Wisconsin. It
is noteworthy that several other species listed in 2009 (not cited here) have not
yet been verified by the author from known state specimens. However, those
species are retained on the list because Bousquet (2012) included Wisconsin
in the known distribution, even if some are acknowledged as being uncertain.
Most surprising among the new state records is the westward range extension of the Palearctic H. rubripes to the shores of Lake Michigan in southeastern
Wisconsin. The author hand-collected adult specimens under driftwood widely
scattered on two sandy beaches during the daytimes of 7 June 2009 (one female),
20 May 2012 (one female), and from 26 May to 4 June 2014 (three each of male
and female). The narrow beaches lie about three miles apart against a continuous
high bluff of dense vegetation on clay soil. These sites are routinely visited by
the author mostly during the spring months during which any collecting day
produced abundant individuals of the gregarious carabids Chlaenius cordicollis Kirby and Stenolophus ochropezus (Say). The two isolated specimens of H.
rubripes from 2009 and 2012 remained unidentified until the author was alerted
by the discovery of several individuals during the spring of 2014.
Evidence for an established, breeding population of H. rubripes in southeastern Wisconsin is supported by the sampling of several individuals of both
sexes that occupied the same area during the past five years. The actual first
appearance of H. rubripes is surmised to be either 2009 or the previous year
because no additional specimens were taken from these routinely checked
beaches in several preceding springs. Most collecting days during the spring
months failed to produce such specimens. Adults of H. rubripes apparently have
a narrow window of beach activity that would permit their capture.
It is possible that the Wisconsin populations of H. rubripes resulted from
a recent accidental introduction into the immediate area, since the Wisconsin
populations appear to be widely disjunct from other known North American
populations. Perhaps more likely the species spread westward from the nearest currently reported populations in eastern Ontario (Bousquet 2012), and
Ulster County, New York (west of the Hudson before the year 2000) and central
Pennsylvania (Davidson et al. 2011). Widespread occurrence of this common
beetle in Europe and Asia indicates successful adaptability to varied environments. Larochelle and Larivière (2003) relate that the natural history of H.
rubripes includes occurrence on open sandy soil covered by sparse vegetation
with frequent sightings in seashore drift, which indicates flight ability. The
species apparently has a strong attraction to human-modified environments and
activities. Therefore, it is likely that H. rubripes has used the shores of the Great
Lakes in northeastern North America as a corridor to the west. Further collecting should elucidate whether the Wisconsin populations are truly disjunct, or
whether this species has moved undetected through Ohio, Indiana and Illinois.
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New Distributional Record for Balcha indica (Hymenoptera:
Eupelmidae) in Eastern West Virginia Discovered During
Emerald Ash Borer Parasitoid Recovery Surveys
Tara Spinos1, Amy Hill1, Rachel Braud2, and Richard M. Turcotte1*

Abstract
Between 2010 and 2012, approximately 6,300 Spathius agrili Yang
(Hymenoptera: Braconidae) and 9,500 Tetrastichus planipennisi Yang (Hymenoptera: Eulophidae) parasitoids were released for biological control of the
invasive emerald ash borer, Agrilus planipennis Fairmaire, at Cacapon State
Park and the Cool Front Development in Morgan County, West Virginia. The
invasive beetle was first detected there in 2009, and extensive ash mortality
is currently occurring. We conducted parasitoid recovery surveys in 2013 but
did not recover either of the released parasitoid species. However, we did rear
Balcha indica Mani and Kaul (Hymenoptera: Eupelmidae), which is native to
Asia and is a documented parasitoid of A. planipennis, from bolts infested with
A. planipennis. This is the first documented record of B. indica for West Virginia.
____________________

Emerald Ash Borer (EAB) Agrilus planipennis Fairmaire (Coleoptera:
Buprestidae) is a wood-boring beetle introduced from eastern Asia (Haack et al.
2002, Poland and McCullough 2006) that is causing severe mortality in North
American ash (Tluczek et al. 2011, Herms and McCullough 2014). EAB affects
all species and diameter classes of ash and often kills both healthy and stressed
trees within three to five years after becoming infested (Siegert et al. 2006).
In addition to the economic damages caused by EAB, there are ecological
consequences associated with the loss of ash from North American forests. Ash
provides food and habitat for several bird and mammal species (Faanes 1984,
Rumble and Gobeille 1998), and it contributes to nutrient cycling in hardwood
forests (Reiners and Reiners 1970). Moreover, at least 43 native arthropod species are thought to be at high risk due to their association with ash for breeding
or feeding (Gandhi et al. 2010).
One management strategy currently being used against EAB is a classical biological control program, which was initiated in the early 2000s (Liu et
al. 2003). Under this program, three parasitoid species, Spathius agrili Yang
(Hymenoptera: Braconidae), Tetrastichus planipennisi Yang (Hymenoptera:
Eulophidae), and Oobius agrili Zhang and Huang (Hymenoptera: Encyrtidae)
were imported from China after environmental safety assessment, mass reared
in the United States (US), and released in the US at various locations (Bauer et
al. 2008). Since 2010, the Animal and Plant Health Inspection Service (APHIS)
has released a total of 72,305 parasitoids at 11 locations throughout West Virginia; site selection was based on developed guidelines, site access, and other
site condition criteria (Gould et al. 2012). Two of these parasitoids, S. agrili and
United States Department of Agriculture, Forest Service, Morgantown, WV 26505.
United States Department of Agriculture, Animal Health and Inspection Service, WV.
*Corresponding author: (e-mail: rturcotte@fs.fed.us).
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T. planipennisi, were released at Cacapon State Park (CSP) and the Cool Front
Development (CFD) in Morgan County, West Virginia. Between 2010 and 2012,
approximately 6,300 S. agrili and 9,500 T. planipennisi have been released.
The parasitoids were produced and supplied by the United States Department
of Agriculture (USDA) EAB Parasitoid Rearing Facility in Brighton, MI. Both
the CSP and CFD sites have been infested with EAB for several years and both
have experienced extensive ash mortality recently. The primary objective of this
study was to determine if any of the released EAB parasitoids had established
successfully at CSP or CFD. As part of this study, we identified another EAB
parasitoid not previously known to be present in West Virginia.
Materials and Methods
Five green ash (Fraxinus pennsylvanica Marshall) trees with symptoms
of EAB infestation (e.g., woodpecker damage) and an average dbh (diameter at
breast height 1.37 m above ground) of 25 cm were felled at Cacapon State Park
(39º 29’ 53.63” N, 78º 17’ 49.02” W) and at the Coolfont Development (39º 34’
30.00” N, 78º 16’ 42.02” W) in Morgan County, WV on 20 and 21 March 2013.
Felled trees were delimbed and cut into 1.3 m long bolts. Alternating bolts were
either debarked on site or set aside for rearing. The debarked bolts were peeled
using draw knives and exposed EAB larvae were collected using forceps and
placed in plastic vials. Vials were sent to the USDA APHIS Center for Plant
Health Science and Technology (Buzzards Bay, MA) for rearing. The rearing
bolts were transported to the USDA Forest Service Morgantown Field Office
(Morgantown, WV), placed in cardboard 35 cm diameter rearing tubes (Nzokou
et al. 2006, Gould et al. 2012), and placed in an outdoor insectary. Emerging
arthropods were collected weekly for identification.
Results and Discussion
EAB emergence from rearing bolts began on 21 May, and continued
through 30 August 2013. In total 105 EAB were collected (Table 1). Six species of hymenopteran parasitoids were recovered; only one, Balcha indica, was
likely to be associated with EAB because previous studies (Duan et al. 2009,
Duan et al. 2011, Duan et al 2013) have demonstrated its association in North
America. The remaining species (Table 1) were fly, caterpillar or other parasites
unlikely to be associated with EAB (John Strazanac, personal communication,
West Virginia University). Voucher specimens of all species identified were
deposited in the U.S. Forest Service collection in Morgantown, WV. Voucher
specimens of B. indica were deposited with the West Virginia Department of
Agriculture in Charleston, WV. In the bolts that were debarked, 19 EAB larvae
were collected but none were parasitized. None of the released parasitoids were
found during this survey. Several reasons exist to explain the failure to recover
the two released parasitoids at either site. These include the small sample size
(only five trees/site), the short time since release (2 years) or the most probable
reason, the high EAB-population densities which have caused extensive localized ash mortality at the release sites.
This is the first collection of B. indica in West Virginia (Laura Millar,
personal communication, West Virginia University). B. indica is an exotic
solitary introduced eupelmid parasitoid that attacks EAB (Bauer et al. 2004)
and likely other wood-boring beetles (Gibson 2005). B. indica was first collected
in Virginia in 1994 (Gibson 2005) and has since been collected in Maryland,
Michigan, and Pennsylvania, were it has been found parasitizing various stages
of EAB, including larvae, prepupae, and pupae (Bauer et al. 2004, Gibson 2005,
Duan et al. 2009).
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* Includes the emerald ash borer A. planipennis.
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Arachnida
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Table 1. Summary arthropod data for ash log rearing from Cacapon State Park and Cool Front Development, Morgan County, West Virginia,
May through November 2013.
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New State Records for Perillus strigipes
(Heteroptera: Pentatomidae: Asopinae)
Edwin L. Freese1

Abstract
The stink bug Perillus strigipes is reported from Alabama, Iowa, Kansas,
Louisiana, Maine, and Mississippi for the first time. This insect species has a
wide distribution but generally is seldom collected.
____________________

A specimen of Perillus strigipes (Herrich-Schaeffer, 1851) was collected
in flight by the author on 24 March 2012 while walking along a wooded bike
trail on a warm sunny afternoon at Cherry Glen Recreation Area on the eastern shore of Saylorville Reservoir, Polk County, Iowa. A check of references
indicated this species was known from Missouri (Froeschner 1941, Sites et al.
2012) and Illinois (McPherson 1978, 1979, 1980, 1982), and may be a new Iowa
state record (Osborn 1892; Osborn and Ball 1897; Stoner 1920; Slater 1950;
McPherson 1980, 1982; Froeschner 1988). This was later confirmed by e-mails
(McPherson, Rider, Krauth, pers. comm.) and identification of the specimen was
confirmed by Chordas (pers. comm.).
Gottlieb August Wilhelm Herrich-Schaeffer first described this insect as
Podisus strigipes during 1851 (Herrich-Schaeffer 1851; Thomas 1990, 1992;
Sherborn 1914). Later in 1867, Carl Stål moved this species to his new genus
Mineus, which was created specifically for this species (Stål 1867; Thomas
1990, 1992), and more recently, Hoffman (1971) moved this species to its present genus Perillus Stål, 1867; Thomas (1990, 1992) corroborated this generic
transfer. Froeschner (1988) listed the distribution of Mineus strigipes as AZ,
CO, CT, DC, FL, GA, IL, IN, KY, MA, MD, MI, MO, NC, NJ, NM, NY, OH,
OK, SC, TX, and VA; however the record from Pennsylvania (Wirtner 1904) as
well as the generic name change to Perillus by Hoffman (1971) apparently was
missed. Willis S. Blatchley (1926) reported only one specimen from Indiana and
McPherson (1982) listed this species as rare in Illinois. Hoffman (pers. comm.)
indicated that this species “must be quite rare here [in Virginia].”
Further inquiries located more Iowa specimen records of Perillus strigipes.
A specimen collected 10 July 1932 at Ottumwa, Wapello County, Iowa, by Hazel
Beck, was located in the Wisconsin Insect Research Collection, University of
Wisconsin, Madison; however no specimens from Wisconsin have been reported
(Krauth, pers. comm.). Another Iowa specimen was located on the internet
(http://bugguide.net/node/view/734241, determined by D. B. Thomas) posted 30
December 2012 by M. J. Hatfield; the specimen was collected in a grasslands
sweep sample from a “patch-burn grazing” Grand River Grasslands prairie
restoration project, 2 July 2009, Kellerton Area, Ringgold County, Iowa, and
the specimen is deposited in the Iowa State University Insect Collection, Ames
(Hatfield, Debinski, Courtney, pers. comm.). One more specimen was collected
at Folsom Point Preserve, Mills Co., Iowa, 5 July 2013, sweeping prairie plants,
1
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Ed L. Freese. Five more Iowa specimens were located in the Iowa Insect Survey
Collection at Iowa Wesleyan College, Mt. Pleasant: Henry Co., Iowa, 8 May
1930, McGavie; Mt. Pleasant, Iowa, 28 April 1934, Knutson; Mt Pleasant Ia,
Sept 1934, Alston; Henry Co., Iowa, 1 March 1936, J. M. Weir; Henry Co., Iowa,
5 August 1942, R. McDowell.
Two specimens located in the University of Arkansas Arthropod Museum,
Fayetteville, collected 3 May 1952 and 11 May 1952, Baton Rouge, Louisiana,
represent a new Louisiana state record; however no specimens from Arkansas
have been reported (Barnes, pers. comm.). Three more Louisiana specimens
that were collected by Joe Eger, 30 June 1976 (St. Landry Parish), 3 October
1976 (East Baton Rouge Parish), and 18 May 1978 (West Baton Rouge Parish),
were located in a private collection (Eger, pers. comm.). Several more Louisiana specimens were located in the personal collection of David Rider (pers.
comm.): East Baton Rouge Parish, Baton Rouge, 9 October 1982 (1 ♀female), 6
November 1982 (1 ♀), 27 April 1983 (2 ♀, night sweeping), 11 October 1985 (2
♀), 15 October 1985 (1 ♀), 17 October 1985 (1 ♀), D. A. Rider; Evangeline Parish, Ville Platte, 6 August 1987 (1 ♂), E. G. Riley; Iberville Parish, St. Gabriel
Experiment Station, 15 September 1984 (1 ♂), 26 September 1984 (1 ♂), D. A.
Rider; Livingston Parish, Frost, 25 April 1981 (1 ♀), E. G. Riley; Natchitoches
Parish, Kisatchie National Forest, Red Bluff Campground, 11 April 1984 (1
♀), E. Riley; St. Landry Parish, 7 September 1973 (1 ♀), 11 September 1973
(1 ♂), no collector on label. Two more Louisiana specimens were located in
the University of Kansas collections (J. C. Thomas, pers. comm.): Beauregard
Parish, Louisiana, 9 August 1928, R. Beamer; Cameron Parish, Louisiana, 17
June 1948, McDermott.
New state records for Alabama and Mississippi were also found in the
personal collection of David Rider (pers. comm.): Lee Co., Alabama, Student
Garden Plots, 24 June 1982 (1 ♀), D. A. Rider; Yazoo Co., Mississippi, 28 June
1984 (1 ♀), D. A. Rider. No specimens from Mississippi were located in two
university collections (Lago, Worthington, Schiefer, pers. comm.).
Two specimens reported from the University of Kansas collections represent a new state record for Kansas (J. C. Thomas, pers. comm.): Sumner Co.,
Kansas, 1916, R. Beamer; Leavenworth Co., Kansas, 1924, R. Beamer. No
specimens from Nebraska were located in the University of Nebraska Insect
Collection (Paulsen, Spomer, pers. comm.).
Another new state record for Maine was also first located on the internet
(http://bugguide.net/node/view/450611, identified by Tom Murray): a nymph was
collected 1 September 2010 by Brandon Woo sweeping tall grass and plants in
a field at Kennebunk, York County, Maine, and the nymph molted to an adult
on 2 September 2010. Both life stages were photographed, and the specimen
currently resides in the Brandon Woo personal collection (Woo, pers. comm.).
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Improvement of Pheromone Trapping in Low Density
Populations of Choristoneura pinus pinus
(Lepidoptera: Tortricidae)
J.G. Fidgen1, P. Silk2, K.L. Ryall1, and T. Scarr3

Abstract
Pheromone baited bucket traps (e.g., Multipher) are popular as a monitoring tool for the jack pine budworm, Choristoneura pinus pinus Freeman (Lepidoptera: Tortricidae), in Canada. However, there is no evidence to support their use
when budworm populations are low. We therefore evaluated the capture rate of
bucket traps at two placement heights (2 vs 6 m) in two jack pine forests in 2011,
having low (≤5 fifth instars per m foliated branch length) budworm populations.
Compared to wing traps (e.g., Pherocon 1C), the trap design used initially to
evaluate efficacy of the C. pinus pheromone, bucket traps caught fewer C. pinus
and capture rates of both trap designs did not differ significantly between the
two heights tested. Loss of bucket traps at 2 m, due to black bears, suggested
that higher placement of traps was warranted to maintain the integrity of the
array. However, wing traps are recommended due to their ability to consistently
catch more moths when C. pinus populations are low.
____________________

The jack pine budworm, Choristoneura pinus pinus Freeman (Lepidoptera:
Tortricidae) (hereafter C. pinus), is the most damaging insect pest of jack pine,
Pinus banksiana Lamb, in the north eastern USA and eastern Canada (Kulman et al. 1963, Clancy et al. 1980, Gross 1992). During a C. pinus outbreak
in Ontario, 5.1 million m3 of jack pine wood volume was lost due to mortality of
trees from severe, repeated C. pinus defoliation. During this same timeframe
growth loss of surviving trees was estimated at 2.1 million m3 (Gross and Meating
1994). Outbreaks of C. pinus can develop suddenly and cause heavy defoliation
for 1-3 yrs, with large outbreaks occurring every 20 yrs (Clancy et al. 1980,
Scarr et al. 2012). Therefore, reliable prediction of the onset (early detection)
of damaging C. pinus populations is necessary so that foliage protection treatments (e.g., aerial sprays) are timely and appropriate. In Canada, traps baited
with synthetic C. pinus pheromone (see Silk et al. 1985) are deployed for this
purpose (For. Pest Tech. Comm. 2010).
White wing traps (e.g., Pherocon 1C) were used in initial research evaluating efficacy of the synthetic pheromone (Butterworth et al. 1989, Silk and
Kettela 2004). However, bucket traps (e.g., Multipher) soon became popular for
monitoring C. pinus populations in part because they are non-saturating and
reusable (Sanders 1986a, 1986b) and they are also used in eastern Canada to
monitor populations of spruce budworm, C. fumiferana Clemens (Ramaswamy
et al. 1982, Sanders 1986b, 1988). However, no empirical data exists for the
efficacy of either trap design when C. pinus density is low. If wing traps catch
more moths and variation in trap captures are more consistent than bucket
Natural Resources Canada, Atlantic Forestry Centre, P.O. Box 4000, Fredericton, NB
Canada E3B 5P7.
3
Ontario Ministry of Natural Resources, Suite 400, 70 Foster Drive, Sault Ste. Marie,
ON Canada P6A 6V5.
2
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traps for monitoring low C. pinus populations, then their use would be preferred.
Indeed, wing traps are recommended for monitoring low density populations of
other important pests of conifers (Angerilli and McLean 1984, Grimble 1988,
Daterman et al. 2004).
There are no published accounts addressing the optimum height at which
traps used for C. pinus monitoring should be deployed in host stands. Placing
traps higher off the ground may minimize disturbance by large animals, but
may expose traps to high winds, heavy rainfall, or both. However, traps placed
immediately adjacent to host foliage may catch more moths than traps placed
distal to host foliage (Hanula et al. 1984, David and Horsburg 1989, Knight and
Light 2005). Jack pine typically grows in dense stands with very few understory
trees as this species is shade intolerant (Harlow et al. 1979). Therefore, as jack
pine stands age, lower crown foliage is found increasingly higher in the canopy.
For example, in mature stands of jack pine, lower crown foliage could be as high
as 16 m above ground. Therefore, traps placed 2 m high would be a considerable
distance (e.g., 14 m) from the typical habitat (foliage) of C. pinus.
We carried out two experiments in two locations in Ontario, Canada that
had low populations of C. pinus to compare capture rates in bucket and wing
traps and to determine if placement height of traps influenced capture rates.
In addition, we also evaluated the loss of traps for each of the two trap types
and placement heights.
Two locations, Britt (45º46.510’ N, 80º33.391’ W) and Algonquin (45º57.638’
N, 78º3.890’ W), were trapped in 2011. Trees at each location were similar in
height and dbh, but markedly different in basal area, age and stand index
(basal area = 6.2 vs. 20.4 m2/ha; age: 72 vs. 40 yrs; and stand index = 9.5 [low
productivity] vs. 17 [high productivity]) (Carmean et al. 2001). Ten plots were
established at each location to place pheromone traps, resulting in a total of 20
plots. Plots were at least 1 km apart and were confirmed to have low budworm
populations, with ≤5.0 fifth or larger instar larvae per 1 m long branch tip. Traps
were installed ~2 wk prior to predicted peak moth flight.
Two wing (Pherocon 1C; Trécé Inc., Adair, OK) and two bucket (Multipher;
Les Services BioContrôle, St.Foy, QC, Canada) traps were installed along a 75 m
long transect at each plot, with inter-trap spacing of 25 m. Two traps (one wing
and one bucket) were hung 6 m high within the lower portion of the live crown
of jack pine; and a second pair was hung 2 m high along the transect. Proximity
of jack pine foliage varied between the two locations for traps at the 2 m height.
At Britt, traps placed at 2 m were immediately adjacent to foliage of jack pine.
At Algonquin, traps placed at the 2 m height were ≥4 m away from host foliage.
The trap design-placement height combinations used were randomized for each
of the four positions of the transect at the beginning of the experiment. The 2 m
height is also the height that traps are placed each year for operational monitoring of C. pinus in several Canadian provinces (For. Pest Tech. Comm. 2010).
Each trap was baited with a C. pinus lure, consisting of 1.0 mg of C. pinus
pheromone loaded in a grey rubber septum (ISCA Technologies Inc., Riverside,
CA). Septa were attached to the underside of the lid of bucket traps using a
safety pin or were placed in the adhesive at the center of the lower half of wing
traps (sticky surface area ~323 cm2). A recent field study established that trap
catches of C. pinus using ISCA lures did not differ from that of custom-made
lures from our laboratory (Fidgen and Silk, unpubl. data). A strip of Hercon
VapourTape II® (10% dichlorvos; Hercon Environmental, Emigsville, PA) was
placed in the bottom of bucket traps to ensure rapid death of trapped insects.
A large stainless steel hook (Mid-West Wire Products, Sturgeon Bay, WI),50
cm long × 16 cm wide and 160 g in weight, was attached to the top of each trap
placed 6 m high. Hooks facilitated attachment of traps to branches in the live
crown of host trees because they provided sufficient weight to keep most traps
in place throughout the experiment. Traps were serviced mid-way through the
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experiment (3 wk): This involved replacing the sticky bottom of the wing traps
and transferring the lure to the new bottom. Bucket traps were serviced by
emptying the contents into 40 dram plastic pill bottles. At 6 wk all traps were
recovered and the experiment was terminated. Also, if possible the cause (e.g.,
bear, wind or rain, human, etc.) of all traps found dislodged at the 3 or 6 wk
periods was recorded.
Analysis of variance (ANOVA) (R Development Core Team 2010) was used
to determine if a significant proportion of the variation in capture rate (number of moths per day) was attributable to the deployment height × trap design
interaction. There were apparent differences in stand architecture and of C.
pinus population levels between locations (populations at Britt were about 9×
higher than Algonquin), so we ran separate models for each location. If significant differences were detected in the ANOVAs, Tukey’s HSD tests were used to
separate means at P ≤ 0.05 or less. Variance ratio tests were used to determine
if catch rate of wing traps was less variable than catch rate of bucket traps,
separately for the Britt and Algonquin locations (F-tests, Zar 1984). Chi-square
tests were used to determine if loss of traps was independent of placement height
and design of trap (Zar 1984). Results appear as raw means ± standard error.
Results. Eight traps, or 10% of the total number of traps, were dislodged
during the experiments at the Britt location whereas all traps were in-place
at the Algonquin location. Of these 8 traps, seven bucket traps (5 at 2 m and
2 at 6 m) and one wing trap (6 m height) were dislodged. Loss of bucket traps
at 2 m was due to black bears, whereas the three traps at 6 m were lost due to
high winds. Loss rate of bucket traps was significantly higher than loss rate of
wing traps (χ2 = 5.00, P = 0.03). However, loss rate of traps was not significantly
influenced by trap placement height (χ2 = 0.56, P = 0.47).
At Algonquin, 0.04 ± 0.02 and 0.34 ± 0.07 male C. pinus moths were caught
per day in the bucket and wing traps during the 6 wk period. A significant proportion of the variation in moth catch was explained by trap design (Table 1A),
with wing traps outperforming bucket traps (Fig. 1A). The variance ratio tests
indicated that moth capture rate in wing traps was considerably more variable
than bucket traps (F = 46.53; df = 20, 16; P < 0.0001).
At Britt, 2.25 ± 0.45 and 4.37 ± 0.16 male C. pinus moths were caught
per day in bucket and wing traps during the 6 wk trapping period. If servicing
of wing traps had not been performed at 3 wks, trap saturation would have
occurred prior to the end of the experiment at Britt. This would have lead to
an underestimate of the potential of wing traps to attract and hold moths,
though not necessarily a catastrophe for prediction of subsequent population
intensity. For example, Daterman et al. (2004) showed that trap saturation was
a good predictor of visible defoliation of the Douglas-fir tussock moth, Orgyia
pseudotsugata McDunnough, the following season. A significant proportion of
the variation in catch rate of male C. pinus was due to trap design (Table 1B),
with wing traps outperforming bucket traps (Fig. 1B). The variance ratio test
indicated that moth capture rate in bucket traps was considerably more variable
than wing traps (F = 5.99; df = 14, 18; P = 0.0005).
The use of wing traps for detection and monitoring of low (prior to onset
of visible damage) C. pinus populations is supported by this study; provided
that a secure form of attachment, such as a tether line, is used to anchor traps
in the live crown of the co-dominant and dominant trees to aid absorption of
weather shocks. These findings support previous studies regarding use of nonreusable sticky traps to monitor endemic pest populations (e.g., Angerilli and
McLean 1984, Grimble 1988, Daterman et al. 2004). We were surprised that
higher placement of traps did not significantly increase moth capture rates due
to their proximity to host foliage. Perhaps the pheromone is so attractive that
proximity to foliage is not necessary for C. pinus trapping or the difference in
trap placement height (4 m) was not sufficient to detect statistical significance.
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Table 1. Influence of placement height and design of trap on capture of male C. pinus
moths at the Algonquin and Britt locations.
Variable

DF

Trap Height
Trap Design
Trap Height × Design
Residuals

1
1
1
32

Variable

DF

Trap Height
Trap Design
Trap Height × Design
Residuals

1
1
1
30

Algonquin
Sum Squares
0.09
0.90
0.07
1.56
Britt
Sum Squares
2.07
38.58
4.61
42.82

Mean Squares F-value
0.09
0.90
0.07
0.05

1.81
18.41
1.46
---

Mean Squares F-value
2.07
38.58
4.61
1.43

P>F
0.19
0.0002
0.24
--P>F

1.45
0.24
27.03 0.00001
3.23
0.08
-----

Figure 1. Influence of trap type and placement height of traps on mean number ± SE of
C. pinus males caught per day at (a) Algonquin and (b) Britt. Columns of same shading
with different letters differed significantly (P ≤ 0.05, Tukey’s HSD).
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Perhaps this situation would be different in mature jack pine stands in northern
Ontario where the bottom of the live crown begins 16 m above ground, or about
10 m more vertical spacing than the present study. Clearly more work is needed
to refine the trapping procedure for C. pinus.
Higher variability in capture rate in bucket traps at Britt suggests a less
effective trap design compared to wing traps (Dent 2000, Jactel et al. 2006).
However, we were surprised that bucket traps were less variable than wing
traps at Algonquin. Upon closer examination of the data, 5 of 16 (31%) bucket
traps caught zero moths with remaining buckets catching very small numbers of
moths (0.05 moths/ day), resulting in low variance. Although wing traps caught
significantly more (6-8×) moths per day than bucket traps on average, there was
a 12× difference in capture rate in wing traps among plots. The high variance
in captures in wing traps among plots, therefore, explained the reversal in the
variance ratio test results between Britt and Algonquin. Because our experiments were conducted in remnant populations of C. pinus that had collapsed,
future research should focus on improvement of a trapping protocol that provides
suitable accuracy at predicting building C. pinus populations prior to the onset
of moderate or higher intensity defoliation.
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Ten Bee Species New to Green Roofs in the Chicago Area
Kelly Ksiazek1*, Rebecca Tonietto2, and John S. Ascher3

Abstract
Green roofs increasingly provide habitat for many insects in urban environments. Pollinators such as bees may utilize foraging and nesting resources
provided by green roofs but few studies have documented which species occur
in these novel habitats. This study identified bees from 26 species, 11 genera
and 5 families collected from 7 green roofs using pan trapping methods over 2
years. Ten of these species have not previously been recorded on green roofs in
the Chicago region. Although the majority of bee species collected were solitary,
soil-nesting, and native to Illinois, the proportion of exotic species was high
compared to previous collections from Chicago area green roofs and urban parks.
Urban green roofs may enhance populations of both native and exotic bees, but
their ability to support the same range of native diversity recorded from other
urban habitats requires further investigation.
____________________

The construction of green roofs (rooftops designed to incorporate a layer
of growing media and plants) has increased throughout North America over
the past decade (Green Roofs for Healthy Cities 2012, greenroofs.com and LLC
2013) leading to an increase of potential insect habitat in many urban environments. Ants, beetles and spiders, including rare species, have been documented
on green roofs in North America (MacIvor and Lundholm 2010, Coffman and
Waite 2011) and Europe (Brenneisen 2005, Kadas 2006, Madre et al. 2013) but
few studies have documented bees (Hymenoptera: Apoidea: Anthophila) on green
roofs in North America (MacIvor and Lundholm 2010, Coffman and Waite 2011,
Schindler et al. 2011, Ksiazek et al. 2012), and only two have identified these to
species (Colla et al. 2009, Tonietto et al. 2011). More information about green
roofs and the species which occur at these sites is needed to increase overall
knowledge about urban bee ecology (reviewed by Hernandez et al., 2009).
Chicago, Illinois, including its suburbs, is the leader in green roof quantity
and coverage in the United States (Green Roofs for Healthy Cities 2012), and
a previous study from this city and its suburbs reported 19 species from these
novel habitats using bowl collection methods (Tonietto et al. 2011). Here, we
report collections from 2009-2010 that included 14 of the 19 previously recorded
bee species and ten species new to green roofs in the Chicago region.
Seven green roofs located within the city limits of Chicago and three from
the northwest suburbs were chosen as collection sites (Fig. 1, Table 1). All of the
Plant Biology and Conservation, The Chicago Botanic Garden and Northwestern University, 1000 Lake Cook Road, Glencoe, IL 60022. (e-mail: kellyksiazek@u.northwestern.edu).
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Plant Biology and Conservation, The Chicago Botanic Garden and Northwestern
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Figure 1. Collection sites in Cook County, Illinois. A: Chicago Botanic Garden Rice
Center for Plant Conservation. B: Tyner Interpretive Center at Air Station Prairie. C:
Optima Views Condominiums. D: S & C Electric Company. E: Peggy Notebaert Nature
Museum. F: Chicago Center for Green Technology. G: Chicago Transportation Authority Headquarters. H: Chicago City Hall. I: Joffrey Ballet Building. J: University of
Chicago Physics Building. Sites A-C are located outside the city limits of Chicago.

sites except two from the city and one from the suburbs were used by Tonietto
et al. (2011) for previous collections (Table 1). Though all had floral resources
available (blooming) during the collection period, the selected green roof sites
ranged from intensively maintained gardens with over 200 plant species to
typical shallow-substrate (extensive) roofs with very low plant diversity and
minimal maintenance (Table 1). The habitat surrounding the roofs also ranged
from extremely urban with few nearby parks or gardens to suburban, surrounded
by gardens designed to mimic prairie landscapes (Table 1).
Bees were collected once per month between June and September in both
years of the study using bee bowls; 88 ml plastic pan traps coated with UV-reflective blue, white or yellow paint and filled with a strongly diluted water/detergent
solution (LeBuhn et al. 2003). Fifteen bowls (5 bowls of each color) were placed at
least 5 m apart at each site for approximately 24 hours. Specimens were dried,
pinned, and identified to genus using keys in Michener et al. (1994) and online
at Discover Life (Droege et al. 2013) after which JSA identified most specimens
to species or, in the case of difficult Lasioglossum (Dialictus) Robertson (Halictidae), to subgenus. The collection is currently stored at the Chicago Botanic
Garden, Glencoe, Illinois.
The resulting collection contains 248 bee specimens representing 26 species, 11 genera and five families (Table 2). Over half of the species are native to
Illinois (63.7%) and are polylectic with the exception of the oligolectic Melissodes

High
Medium
Low
Low
High
Low
Low
High
Low
High

A+
B
C
D
E
F+
G
H+
I
J

Botanic Garden
Tyner
Optima Views
S & C Electric
Notebaert
Green Tech
CTA
City Hall
Joffrey Ballet
U of C

Floral
diversity

		
Site
Name
1600
310
330
700
1350
250
1740
2500
410
130

Approx. size
(m2)
1
1
4
2
2
2
15
12
4
2

Height
(stories)
2009
2006
2004
2009
2003
2002
2004
2001
2007
2006

Year of
construction

suburban, prairie garden
suburban, prairie garden
urban
urban
urban, prairie garden
urban, prairie garden
heavily urban
heavily urban
heavily urban
urban

Surrounding
ground-level habitat

Table 1. Green roof properties. A plus sign (+) indicates sites not previously sampled by Tonietto, et al. (2011). Roofs with low floral diversity
were planted with Sedum species and fewer than 10 other species, medium diversity with Sedum and up to 30 additional species, and high
diversity with Sedum and over 50 additional species.
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Calliopsis andreniformis Smith*
2			
Apis mellifera (L.)
8			
Bombus impatiens Cresson
1			
Melissodes b. bimaculata Lepeletier
3			
Melissodes desponsa Smith*
1			
Colletidae
Hylaeus affinis (Smith)*
2		
2
Hylaeus hyalinatus Smith
3			
Hylaeus leptocephalus (Morawitz)
1			
Hylaeus mesillae cressoni (Cockerell)*
1			
Hylaeus punctatus (Brullé)*
1			
Halictidae
Agapostemon virescens (Fabricius)
5		
2
Augochlorella aurata (Smith)*			
1
Halictus confusus Smith
33		
1
Halictus ligatus Say
29		
2
Halictus rubicundus (Christ)*
2			
Lasioglossum anomalum (Robertson)
4			
Lasioglossum illinoense (Robertson)
3			
Lasioglossum pectorale (Smith)			
1
Lasioglossum pilosum (Smith)*
5		
1
Lasioglossum smilacinae (Robertson)*			
1
Lasioglossum zephyrum Smith
13			
Lasioglossum (Dialictus) spp.
43		
Megachilidae Anthidium m. manicatum (L.)*
2			
Anthidium o. oblongatum (Illiger)
12		
15
Megachile centuncularis (L.)
1			
Megachile rotundata (Fabricius)
36		
11

Andrenidae
Apidae

			Abundance
Family
Species
females		 males
F
EFH
D
EHI
C
BH
BCH
C
I
C
CE
H
EFH
ABCDEFG
AB
ABF
C
E
F
C
CE
ABCDEFHJ
FH
BCDFGH
H
ABEFHGJ

Green
Roof Sites
0.8
3.2
0.4
1.2
0.4
1.6
1.2
0.4
0.4
0.4
2.8
0.4
13.7
12.5
0.8
1.6
1.2
0.4
2.4
0.4
5.2
17.3
0.8
10.9
0.4
19.0

% of
total
Small
Large
Large
Large
Large
Small
Small
Small
Small
Small
Medium
Small
Small
Medium
Medium
Small
Small
Small
Small
Small
Small
Small
Large
Large
Medium
Medium

Size
class
N
E
N
N
N
N
E
E
N
E
N
N
N
N
N
N
N
N
N
N
N
N
E
E
E?
E

Native
status

S
H
H
S
S
C
C
C
C
C
S
S
S
S
S
S
S
S
S
S
S
S
C
C
C
C

Nesting
habit

Table 2. Abundance, locations and life history characteristics of bees on green roofs. An asterisk (*) indicates species newly detected on green
roofs in the Chicago region. See Figure 1 and Table 1 for locations and names of green roof sites. Small bees are <8 mm long, Medium 8 mm11 mm, Large >11mm. Species are classified as native to North America including Illinois (N), exotic (E), or status uncertain (E?). Nesting
preferences are categorized as cavity (C), hive (H) or soil (S) [but some unidentified Lasioglossum (Dialictus) may nest in soft wood].
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desponsa Smith (Colletidae), a pollen specialist of Cirsium (thistle). Very few
hive-nesting species were collected (3.6%: eight Apis mellifera (L.) (Apidae),
one Bombus impatiens Cresson (Apidae)); the majority of the species collected
are known or inferred to nest in soil (61.3%) or possibly soft wood in the case
of some of the unidentified Lasioglossum (Dialictus). The remaining third are
cavity-nesting species (35.1%). Urban sites outside of the heavily urbanized city
center (sites C-F, J) had the highest proportion of individuals (mean 33.8/site).
Suburban sites (A and B) had a higher proportion of individuals (mean 19/site)
than heavily urbanized roof sites (mean 13.3/site).
Fourteen bee species from our collection are among the 19 species previously
reported from green roofs in the Chicago region (Tonietto et al. 2011). The current
collection also includes the honey bee A. mellifera, a species found by Tonietto, et
al. (2011) during their collections in 2008 though not reported. Here we report 10
bee species new to green roofs records in the Chicago region (Table 2).
The most common species in this study was the exotic Alfalfa Leafcutter
Bee Megachile rotundata (Fabricius) (Megachilidae), which was widely present
in suburban, urban and heavily urban site types. Native, primitively eusocial
sweat bees including Halictus ligatus Say (Halictidae) and species of Lasioglossum (Dialictus) were also very common and found at all site types as was the
exotic, wool-carder bee Anthidium oblongatum (Illiger) (Megachilidae). The
latter is associated with the plant genus Sedum which was available on all the
green roofs.
Although the family Colletidae has been considered scarce in urban bee
collections (Hernandez et al. 2009), we found five species of Hylaeus (19.2% of all
species, although only 4.0% of individuals) on green roofs. Three of these were
exotic, with a single female Hylaeus punctatus (Brullé) (Colletidae), providing
a new record for the Chicago area (the others were also recorded by Tonietto et
al. 2011). The proportion of exotic bee individuals on green roofs in our study
(36.3%) and in the previous Chicago area study (27%, Tonietto et al. 2011) is
high compared to urban parks in Chicago (17%, Tonietto et al. 2011), urban
gardens in New York City (19%, Matteson et al. 2008), and in both green roofs
and mixed urban green areas in Toronto (14.7% and 7.7% respectively, Colla et
al. 2009). Although many bee species are present on green roofs, and some of
these including exotic species are numerous and widely distributed, these engineered habitats may not currently support the same range of native diversity
as other urban habitats. Future studies addressing the extent to which bees
make use of these unique spaces and how plant, substrate and microhabitat
diversity influence bee species abundance, richness and diversity are needed
to demonstrate the ability of green roofs to act as foraging or nesting sites for
a wide range of species.
A diverse bee community is now known to occur in newly constructed
anthropogenic habitats such as the Chicago green roofs. These habitats are becoming increasingly prevalent and may enhance populations of bees and other
arthropods, thereby potentially increasing ecosystem services for urban flora
and wildlife but also increasing populations of exotic species.
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New Eastern Record of Ptosima walshii
(Coleoptera: Buprestidae)
Lawrence E. Barringer1, Claire M. Ciafré2

Abstract
Ptosima walshii LeConte (Coleoptera: Buprestidae) is reported for the
first time in Pennsylvania, being the eastern-most record of the species. Four
specimens were captured in Lindgren funnel traps in Bedford and Fulton counties during invasive wood-destroying beetle surveys.
____________________

The genus Ptosima Dejean contains 13 species worldwide, of which 10 are
extant. Of these, 3 are from the Oriental region and 3 are from the Palearctic
region. The remaining 4 species are of the Nearctic region (Bellamy 2013). Two
of these are found in the south-central region of the United States: Ptosima
idolynae Frost and Ptosima laeta Waterhouse. Ptosima gibbicollis Say has a
larger distribution reaching from the Atlantic east coast and west into Texas
and Kansas. Ptosima walshii LeConte has been documented to have a Midwest
United States distribution from Kansas east to Ohio and south to Texas. The host
plant for this species, Quercus macrocarpa Michx. (Nelson et al. 2008, Paiero
et al. 2012), has a much larger range covering the eastern half of the United
States, excepting the Carolinas, Georgia, and Florida, and extends as far west
as Wyoming and New Mexico (USDA and NRCS 2013).
Four specimens of P. walshii were taken during annual invasive beetle
surveys conducted by the Pennsylvania Department of Agriculture (PDA).
These are the first known vouchered records of this species from the state of
Pennsylvania. All four specimens were collected individually, each with a different lure type, using 12-unit Lindgren funnel placed by Nathan Delp of PDA.
Two specimens were taken 3 May 2013 in Bedford County using Trypodendron
lineatum lure (Coleoptera: Curculionidae: Scolytinae) (Contech Enterprises,
Victoria, BC) and ethanol (Science Lab, Houston, TX) respectively. An additional specimen was taken at the same site on 16 May 2013 using Querciverol
lure (Coleoptera: Platypodidae) (Contech Enterprises). The final specimen was
collected in adjacent Fulton county on 14 June 2013 using Pityopthorus lure
(Coleoptera: Curculionidae: Scolytinae) (Contech Enterprises).
Interestingly, none of the lures are specific to buprestids; most were intended for other families of beetles. This suggests that the trap shape resulted
in the captures rather than chemical attraction, though the ethanol lure has
been used as a generalist attractant of wood-boring beetles because it mimics
the symptoms of a damaged or stressed tree.
Ptosima walshii is easily distinguished from other Ptosima species by its
distinctive markings; the variable elytral patterns of P. walshii are both smaller
and more broken-up when compared with other United States members (Nelson
et al. 2008). All four Pennsylvania specimens of P. walshii are housed in the
PDA collection [PADA] (Evenhuis 2012).
Pennsylvania Department of Agriculture, Bureau of Plant Industry, Division of Entomology, 2301 Cameron St., Harrisburg, PA 17110. (e-mail: lbarringer@pa.gov).
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Harrisburg, PA.
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New Wisconsin Record for
Pterostichus punctatissimus (Coleoptera: Carabidae)
Jessica Mayry1, Xia Lee2 and Scott Larson2

Abstract
A single specimen of Pterostichus punctatissimus (Randall) (Coleoptera:
Carabidae) was recovered from an unbaited pitfall trap in northern Wisconsin
in late May, 2013. This is the first recorded extant specimen of the species collected in Wisconsin.
____________________

Pterostichus punctatissimus (Randall) with elytral furrows and ridges
forming sinuate patterns may be one of the most attractive species of the genus
in North America (Bousquet 2012). This species is characteristic of northern
boreal forests, found usually under the bark or moss of tree stumps (Lindroth
1966, Bousquet 2012). The fifth largest genus of Carabidae in Wisconsin,
Pterostichus has 23 recorded species (Messer 2009). An extant specimen of P.
punctatissimus has not been previously recorded from Wisconsin. This species has been documented from Newfoundland throughout southeastern Yukon
Territory, Maine, northeastern Minnesota, Michigan, New York, and “Massachusetts” with confirmation needed for a record in northern Ohio (Bousquet
and Larochelle 1993, Gandhi et al. 2008, Bousquet 2012). A single specimen
of P. punctatissimus was collected for the first time in Wisconsin in May, 2013.
Unbaited pitfall traps were placed in five sites in northern Wisconsin from
late May to late June, 2013 as part of a study examining possible relationships
of ground dwelling arthropod communities to deer tick (Ixodes scapularis Say)
abundance. A single female specimen of P. punctatissimus was recovered from
the 20-24 May 2013 sample in northeastern Langlade County. The collection site
is approximately 160 m southwest of McCaslin Brook in the Diamond Roof State
Natural Area, and nestled in the Chequamegon-Nicolet National Forest. Lowland
coniferous swamps surrounding the brook consist mainly of black spruce (Picea
mariana (Mill.), balsam fir (Abies balsamea ( L.) Mill.), white cedar (Chamaecyparis thyoides (L.) BSP) and yellow birch (Betula lutea Michx. f.). Sugar maple
(Acer saccharum Marsh.), basswood (Tilia spp.) and white ash (Fraxinus americana L.) dominate the stream canopy. The specimen is housed in the University
of Wisconsin-Madison Insect Research Collection (WIRC), Madison, Wisconsin
labeled USA: WI: Langlade Co. Diamond Roof SNA approx. 160 m SW of McCaslin
brook 45.344889°, -88.694333° WGS 84; 20-24 V 2013 Xia Lee.
Fossil remnants of this species have been recorded from Kewaunee,
Wisconsin (Schwert 1992). The only recent discovery of an extant specimen in
Wisconsin may be due to environmental changes facilitating a downward range
expansion of this species or more likely the infrequency of pitfall trapping in
northern Wisconsin.
Department of Entomology, University of Wisconsin-Madison, 445 Russell Laboratories,
Madison, WI 53706.
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Department of Entomology, University of Wisconsin-Madison, 739 Russell Laboratories,
Madison, WI 53706
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Book Review
BEETLES OF EASTERN NORTH AMERICA. Arthur V. Evans. 2014. Princeton
&University Press, 560 pp., 8x10 paperback. ISBN:9780691133041. Price: 35.00.
My early interests in entomology were augmented with How to Know the
Beetles by H.E. Jacques (1951), and the Peterson Guide - A Field Guide to the
Beetles of North America by Richard E. White (1983). In addition, Dillon and Dillon’s (1972) A Manual of Common Beetles of Eastern North America was extremely
helpful to a beginning collector trying to identify his catches. Imagine how great
it would have been to have full-color photographs of the species, rather than
the line drawings that dominated the literature at the time. White’s wonderful
full-color renderings of some the beetles were greatly appreciated. Tackling a
regional guide of large group of insects such as the Coleoptera is a major task,
and although there are many catalogs and keys made over the years, all suffered
from a lack of good illustrations of a significant number of species that are likely
to be seen. Beetles of Eastern North America, by Art Evans will not disappoint
the beetle enthusiast and it will delight the naturalists, as the author presents a
vivid catalog with more than 1500 photographs of this huge order of insects. This
is not a pocket field guide, and at 560 pages, Beetles of Eastern North America, is
a perusable book with excellent photographs of living beetles that I found to be
very enjoyable and informative. I am very pleased with the price of the book, as
$35 US is an absolute bargain for such a large, colorful volume.
One cannot begin to seriously study insects without some background
in their morphology, ecology, behavior, and taxonomy. Evans has provided
excellent summaries of the natural history and morphology that will be very
helpful to those wanting to study beetles. In addition, I found his sections on
observing, collecting, and curatorial procedures to be very good and applaud him
for explaining why collecting is necessary. My only real criticism of the book
is the use of common names for the families in the table of contents preceding
the correct family name. However, given the nomenclatural changes in Coleoptera families over the past few years, perhaps it makes sense. With a little
over 1400 species covered in all 115 families east of the Mississippi, Beetles of
Eastern North America is an ambitious and successful guide to the beetle fauna.
The species accounts vary in length -- obviously for some groups and species we
know very little, and Beetles of Eastern North America may just be the gateway
to encourage research into some of the lesser-known groups of beetles. Unlike
the online Bug Guide, which may present the viewer with sometimes hundreds
of images of a taxon, Beetles of Eastern North America has one very good photo
(sometimes two) for each species that will often result in someone saying “Wow,
now I know what that beetle is.” As a demonstration of beetle diversity, Beetles
of Eastern North America is a great resource and learning tool. As a guide to
what one may find, Beetles of Eastern North America is very good, and the author
provides references for those wishing to delve deeper into this amazingly diverse
and interesting order of insects. Beetles of Eastern North America may well
become the “go-to” guide for many of us, and I congratulate the author on this
wonderful book. The typical response I get from those that I have shown this
book to is “oooooh.” Beetles of Eastern North America is a book that belongs in
the hands of any naturalist, whether he or she likes insects or not. The diversity
and beauty of these insects may just turn a few more people onto the Coleoptera.
Mark F. O’Brien
Museum of Zoology
The University of Michigan
1109 Geddes Avenue
Ann Arbor, MI 48109
mfobrien@umich.edu
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Book Review
BEETLES OF EASTERN NORTH AMERICA. Arthur V. Evans. 2014. Princeton
&University Press, 560 pp., 8x10 paperback. ISBN:9780691133041. Price: 35.00.
Those of you who know me may think I’ve always been a “beetle guy”
but growing up in southwestern Michigan and loving to trout fish, my first
real insect infatuation was with aquatic insects. It was, in fact, not until the
summer of my junior/senior year at Michigan State University that I was really introduced to beetles – by a Ph.D. student for whom I worked as a student
hourly (on cucumber pollination and honey bees)! He also loved beetles but was
at a career nexus heading in a different direction and he bequeathed to me a
partial set of old Coleopterists Bulletins. So the love affair began and it was a
hot romance that summer! I was largely self-taught and tattered my copy of Dillon and Dillon's (1972) A Manual of Common Beetles of Eastern North America,
incomplete though it was.
I certainly echo Mark O’Brien’s assessment that for anyone to attempt
coverage of as large a region as eastern North America, for as rich and diverse
a group of insects as the Coleoptera is a major undertaking. I also agree that
Beetles of Eastern North America, by Art Evans, will not disappoint the serious
beetle novice as well as naturalists and those for whom Coleoptera is an interest
from numerous tangential disciplines such as ecology, behavior, and general
field entomology. Mark has also well outlined the essential strengths and high
points of this new contribution - - most notably the plethora of very fine images
in wonderfully odd contrast to the very modest price tag!
The anatomy section is reasonably sound. I should note, however, a few points
that Art might address in a second edition (I hope there will be one)! The ventral
view of a carabid (p. 11, Figure 1) incorrectly indicates the “tarsus” as does Figure
10 (p. 17). The insect tarsus does not include the pretarsus as these figures suggest.
The associated text (p. 17, column 2, lines 18-19) likewise need correcting. While
this may seem trivial, it most certainly is not as anyone who has tried to key out
beetles will know. Ever since Geoffrey (1727-1810) introduced the concept of tarsal
structure (“tarsal formula”) as a critically important character set in the familial
classification and identification of beetles, serious students of Coleoptera have been
ruining their eyesight in attempts to correctly interpret coleopteran tarsal structure.
Misinterpreting the tarsal structure (e.g., Figure 10, p. 17) incorrectly comingles
the pretarsus (claws + arolium + auxillae + unguitractor plate) with the ultimate
tarsomere (in Figure 10, that is the 5th tarsomere). Coleopteran mouthparts (p. 13,
column 2, lines 24-25 are described as basically consisting of “two pairs of chewing
appendages (mandibles, maxillae).” Morphologically, there are three pairs of appendages since the insect labium is the result of paired appendages quite homologous
to the maxillae that have fused together. Also, I can’t readily think of an instance
wherein the maxillae “chew” (= masticate) in the sense that mandibles commonly
carry out this function. The description of the elytra and some modifications is very
useful (p. 16, column 2 – p. 17, column 1), however, I really wish they would have
been defined right away as the mesothoracic wings. The typically rigid nature of
the elytra is very commonly and misleadingly described as the “shell” of a beetle
and since beetles are neither mollusks nor crustaceans nor turtles, I should think it
prudent to emphasize their true nature. The ground plan for the coleopteran abdomen (p. 17, column 2, 3rd line from the bottom) consists of 10 (not nine) segments,
and there are two (not four) sclerites: tergum and sternum. The insect abdomen
– unlike the thorax - virtually always lacks a “true” morphological pleuron as the
pleuron is generally hypothesized to have been derived from ancestral “leg-dervied”
sclerites (i.e., the subcoxa or subcoxal elements of the ancestral leg). These paired,
“podite derived” structures are thought to have been largely “abandoned” in the
evolution of the abdomen. The abdominal spiracles are commonly associated with
what is often called the “pleural membrane” but that is, as I understand it, not an
indicator of the morphological pleuron.
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While it is true that the antennae of most beetle larvae (p. 23, column
2, line 16) have “two to four simple segments” the second segment frequently
bears a conspicuous sensorium that sometimes has taxonomic significance. It
should also be noted that larvae of Scirtidae (pp.180-183) are quite remarkable
in Coleoptera for exhibiting long, multi-segmented filiform antennae. The “last
abdominal segment” (p. 23, column 2, 6th line from bottom) might be better described as the terminal segment in that it is not the anatomically last segment
in many families. In fact, that is the case in the associated figure (p. 23, Figure
16) wherein the urogomphi of Pyrochroidae (pp. 373-375) are associated with
the ninth abdominal tergum and the remnants of tenth abdominal segment are
ventral and recessed.
The section on aquatic beetles (p. 31) provided a good, quick summary,
but it might have benefited by noting that several families of aquatic beetle larvae
possess gills (e.g., Psephenidae: p. 22, Figure 15h; pp. 203-204). The eclectic set
of techniques, observations, hints, and practical suggestions relating to finding,
collecting, photographing, and preparing beetle for study as well as for making
a permanent collection (pp. 33-52) are rarely presented in book form. To new
students of Coleoptera these pages should be a real treat and should be visited
regularly as these elements become part of the coleopterist mind-set! My only
recommendation in this context might be a section discussing research collections: housing, curatorial and management topics, and preparing specimens for
shipments as loans or exchanges with other coleopterists.
Attempting to write even a simple familial key (pp. 53-57) to beetles is a
task inherently fraught with the perils of daunting species and phyletic diversity.
The author strikes a good balance between simplicity of use and thoroughness.
The key is, for the most part, relatively easy to interpret and understand and
should offer reasonable reliability. Two specific comments: (couplet 5′) I’d be
careful to define the lamellate antennal club as being distinctly asymmetrical
or “1-sided” lest the reader think any antennal club is lamellate; (couplet 15′)
the head is still distinct, it’s just not exposed and clearly visible, dorsally.
While I did not particularly care for the overly large-sized type to introduce each family by common and taxonomic name, and I did not agree with all
the pronunciation guides, the general composition and balance of the family
treatments is very well-struck. And while the diagnoses may, to a professional
coleopterist, seem a bit odd, I believe they will be of immense help to the novice
coleopterist and hobbyist. The images are of good size and appear generally
to be very well chosen to represent a wide array of diversity in a reasonable
amount of space.
My rather detailed critiques of this book are not offered because I think it
is a flawed treatment. To the contrary, my sincere hope is that the first printing
will fly off the shelves quickly and some suggestions might find their way into a
subsequent edition. I’ll be offering an “Advanced Taxonomy of Coleoptera” course
this fall semester, and I certainly plan to recommend this book to my students. I
concur with Mark O’Brien’s assessment that, “Beetles of Eastern North America
may well become the "go-to" guide for many of us.” I, too, congratulate the author
on this very significant contribution which should inspire a new generation of
coleopterists-in-training as well as naturalists.
Daniel K. Young
445 Russell Laboratories
Department of Entomology
1630 Linden Dr.
University of Wisconsin
Madison, WI 53706
young@entomology.wisc.edu
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Errata
In the Fall/Winter 2013 issue of this journal, the 2nd to last sentence of
the abstract on p. 174 of Swengel and Swengel (2013) should have read:
“O. jutta was significantly more abundant in odd than even years in
northeast Wisconsin but not in the other subregions.”
Reference
Swengel, S. R., and A. B. Swengel. 2013. Jutta Arctic (Oeneis jutta) (Lepidoptera:
Nymphalidae) Populations in Central and Northern Wisconsin: Localized Butterfly
Populations in a Naturally Fragmented Landscape. The Great Lakes Entomologist
46: 174-192.

