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Observations on Egg Parasitism of Aeshna tuberculifera
(Odonata: Aeshnidae) by Eulophidae, Trichogrammatidae
and Mymaridae (Hymenoptera) in Alger County, Michigan
Burton C. Cebulski1 and Mark F. O'Brien2

Abstract
Egg parasitoids were reared from a population of Aeshna tuberculifera
(Odonata: Aeshnidae) in the Kingston Lake area of Alger County, Michigan,
from 1983-2005. Leaves of Iris versicolor were repeatedly used for oviposition
during the period of observation, with the result that just a few leaves were
targeted by different females. Seven species of parasitic Hymenoptera were
reared from 1688 eggs. The cumulative rate of parasitization over the course of
the study was 18.4%. Three species of parasitoids were responsible for approximately 96% of the parasitized eggs: Aprostocetus (Ootetrastichus) mymaridis
Girault (Eulophidae) (41%); and the Mymaridae Polynema nr. needhami (34%)
and Anagrus subfuscus Förster (21%).
____________________

Observations of egg parasitism of North American Odonata have been
largely confined to groups that oviposit endophytically, i.e., the families Calopterygidae, Lestidae, Coenagrionidae, and Aeshnidae (Corbet 1999). Egg
parasitoids of Odonata have been little studied, and there are no long-term
studies in the literature. However, the egg parasitoids of aquatic insects are
chalcidoids predominantly in the families Eulophidae, Trichogrammatidae and
Mymaridae (Fursov 1995).
Aquatic plants provide a sheltered environment for the eggs that are inserted
in them by Odonata and other groups of aquatic insects, as well as a relatively
benign environment for the parasitoids. The very nature of endophytic egg deposition creates opportunities for egg predation and parasitism. The chalcidoids that
attack the eggs of aquatic insects are all associated with species that oviposit endophytically (Fursov 1995, Hagen 1995, Corbet 1999, Reinhardt and Gerighausen
2001, Querino and Hamada 2009). Endophytic oviposition in emergent vegetation
presents an opportunity to observe and record where females have oviposited,
whereas oviposition in submerged vegetation is less easily monitored. The plant
stems with oviposition scars can be marked, and the eggs collected later for study.
It was the original intent to rear and record early instars of Aeshna tuberculifera
Walker from eggs dissected from plant stems. However, as described below, the
presence of egg parasites steered the investigation into a multi-year study of the
parasitoids of the eggs of A. tuberculifera at the site. We present the results of
the rearing and identification of the parasitoids and the observations on the rates
of parasitism of the eggs of A. tuberculifera.
Methods
Study Sites. Most of the field observations and collections were made at
a small pond within Kingston Lake State Forest Campground in Alger County,
122 White Bear Drive, Negaunee, MI 49866.
Insect Division, Museum of Zoology, The University of Michigan, Ann Arbor, MI
48109-1079.
1
2
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Michigan (46.5822°N, 86.22606°W). The site is just South of Pictured Rocks National Lakeshore. Initial observations started on 8 August 1982, with repeated
visits in 1983, 1986, 1989, 1993, 1994, 2002, and 2005. The pond is in the center
of Kingston Lake State Forest Campground, and measures approximately 20m
in diameter with a maximum depth of ca. 2 m. The pond gradually slopes away
from the sandy shoreline, and the bottom substrate is largely a layer of mucky
organic material overlying the sand. Reeds (Scirpus sp.) and clumps of Iris
versicolor are the predominant vascular plants ringing the pond. Although the
pond was in sunshine from about 0900 to 1600 hr, it was surrounded by large
white pines (Pinus strobus) that cast shadows in early morning and later afternoons. Several clumps of I. versicolor that were up to 1 m from shore seemed to
be the focus of ovipositing Odonata.
In 1989 a second pond near Ewalt Lake (Alger Co., 46.55080°N,
86.17682°W) was located as a favored site of A. tuberculifera, and a second observer (Kerry Cebulski) stationed there to allow simultaneous observations at
both sites. This pond was similar to the Kingston Lake site except for a shallow
center area with emergent shrubs of Myrica gale (Sweet Gale). This additional
site and long collecting period account for the unusually high numbers collected
during 1989.
Egg Removal and Rearing Methods. Once at the laboratory, the I. versicolor leaves were examined for oviposition scars. The leaf fibers were stripped
back to reveal eggs that were placed in the spongy parenchyma. Each egg was
dislodged carefully with extra-fine point microforceps and placed into a Petri
dish of water. In the first year (1982) pond water was used, and in subsequent
years distilled water was used to retard the growth of probable Saprolegnia sp.
fungus. Fungal growth on the eggs was an ever-present problem during the
course of study. In addition, eggs with even the slightest amount of physical
damage were discarded as they would almost certainly become infected with
fungus. If fungus appeared, all eggs were immediately transferred to a clean
dish. Observations were made every 2-3 days, and eggs that did not survive were
removed. When parasitoid development was observed, those eggs were separated
for rearing. When adult parasitoids eclosed, they were placed in 85% ethanol.
Specimens were collected in 1982, 1983, 1986, 1989, 1993, 1994, 2002,
and 2005. Specimens from 1982-83 were combined as only a small number
of eggs were collected in 1982. Eggs of A. tuberculifera were left in the field a
minimum of two days and a maximum of 10 days, except for 1989, when leaves
were collected after 14 days.
Preliminary identifications of the reared parasitoids were made in 1990
by Dr. John Huber at the Canadian National Collection in Ottawa, Ontario. He
also made the majority of the identifications in 2009 after critical point-drying
of the specimens.
Field Observations. Typically, field observations consisted of watching
for ovipositing females of A. tuberculifera at clumps of I. versicolor. Vouchers
of females were collected after oviposition was completed to verify the species
identification, and oviposition sites were marked for later examination and
dissection of leaves. As an example, on 27 July 1983, a female A. tuberculifera
landed on a leaf at ca. 1000 hr and after a short inspection began to oviposit in
the leaf. The female was collected for a voucher. During the course of the day
two other A. tuberculifera were collected after ovipositing. The clump of I. versicolor was examined, and out of 18 large leaves in the clump, only two had been
chosen for oviposition. For that day, three A. tuberculifera and several Lestes
disjunctus Selys (Odonata: Lestidae) had chosen the same two leaves. The leaves
with oviposition punctures were carefully marked. Since those leaves seemed
to have been more attractive to oviposition and evidently were unique in some
way, they were not immediately collected but left undisturbed in anticipation
of collecting additional eggs. Two other clumps of I. versicolor were similarly
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marked over the next 8 days. On 31 July, leaves containing the eggs were cut
and taken to the laboratory to be removed. On subsequent years, this routine
was typical of the field observations.
Iris versicolor leaves often looked as though they have been stroked by a
wood rasp, due to the numerous punctures. Each puncture had a small curl of
leaf fiber extending from the surface (Fig. 1) and eggs were placed parallel to
the leaf veins and the dorsal surface of the leaf (Fig. 2).

Figure 1. Schematic drawing of
Aeshna tuberculifera oviposition
scars in leaves of Iris versicolor.

Figure 2. Schematic drawing of egg
placement of Aeshna tuberculifera in
leaves of Iris versicolor. Eggs were
situated between leaf veins.
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While observing A. tuberculifera at the sites, it was impossible to ignore
the large numbers of Lestes species (Odonata: Lestidae) that also utilized the
same stands of I. versicolor. There was no attempt made to mark and match
eggs with a particular species, but of the several ovipositing females that were
collected as vouchers, all appeared to be the Northern Spreadwing, L. disjunctus. Lestes spp. eggs were approximately the same length as A. tuberculifera
eggs, but were crescent-shaped with a diameter of only 0.3-0.4 mm. A single
puncture resulted in several eggs layered in galleries at a slight angle to the leaf
fibers, and was often in contact with each other. A third egg type was found
in the thin distal portion of the leaf. Those eggs were also crescent-shaped but
smaller (1.5 mm long). They were uniformly pale-yellow in color. The ovipositor
was used to penetrate the tough leaf vein and each egg was placed through the
vein at a 45° angle. Those eggs were difficult to dissect from the leaf without
damaging them. No parasites were reared from the 23 Lestes spp. eggs that
were successfully removed.
In 2008, a final attempt was made to collect additional samples to augment
the older samples for Huber to identify with fresh specimens. Unfortunately, it
was impossible due to extensive drought conditions in the UP, and many of the
previously-collected small pond habitats no longer exist.
Results
Although seven species of parasitoids were reared (Table 1), three species
were responsible for approximately 96% of the parasitized eggs: Aprostocetus (Ootetrastichus) mymaridis Girault (Eulophidae) (41%); the Mymaridae Polynema
nr. needhami (34%) and Anagrus subfuscus Förster (21%). These three species
varied yearly in the ratios of specimens reared, with Aprostocetus mymaridis
reaching a high of 79% in 2002, whereas the highest number for Polynema
needhami was 60% in 2005, and Anagrus subfuscus reached 32% in 1993. Of
the three species, A. subfuscus definitely tended to be the least numerous, except
for in 1993 when it constituted 32% of the reared specimens. Exemplars of most
of the species reared are shown in Figure 3.
Final cumulative data from 1688 A. tuberculifera eggs collected between
1983 and 2005 resulted in the rearing of 311 parasitoids, indicating a mean
parasitism rate of ca. 18.4% (Table 2). The lowest rate of 12.4% occurred in
1986. All other years had at least at 17% parasitism or higher. As noted above,
eggs were occasionally attacked by fungus. Although this was a problem, only
a small number of eggs were affected. Exact data were not kept on this, but in
casual notes it never exceeded 5%, and it could further be assumed that both
parasitized and non-parasitized eggs were equally susceptible.
In 1982 only two I. versicolor leaves were collected. Out of 50 eggs in one
leaf, only one was parasitized, and in the second leaf, 10 out of 20 eggs contained
parasites, with a range therefore, of 2% - 50% based on just those two leaves.
The cumulative parasitism rate was 18.4% at the study sites, which is perhaps
a more realistic figure.
Eggs of A. tuberculifera are approximately 2.1 mm in length × 0.5 mm
in diameter. They are cylindrical in shape with one end blunt and the other
somewhat pointed. The Mymarid, A. subfuscus is only 0.92 mm long and can
deposit two eggs in an A. tuberculifera egg (Fig. 4). Normally, Odonata develop
within the egg with the head at the more pointed end (Corbet 1999), whereas
Anagrus sp. usually develops with the head at the blunt end of the egg. In the
case of two chalcidoids developing within an egg, both may have the head at
the blunt end of the egg, or they may develop facing in opposite directions. The
larger Eulophidae were never observed to have more than one parasitoid per
A. tuberculifera egg.

4
11

1
0
8
12
28

Trichogrammatidae: Centrobiopsis sp.5

Trichogrammatidae: Lathromeroidea sp.6

Mymaridae: Anagrus perhaps subfuscus
Förster 7
Mymaridae: Polynema nr. needhami 8

Total
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31
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34
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0

0

27

0
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2002

25

15

4

0
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5
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1

2005
4
(<1%)
3
(<1%)
127
(41%)
3
(<1%)
3
(<1%)
64
(21%)
107
(34%)
311

Totals

2

1

All identifications and comments from John Huber. All of these genera are in need of a revision to sort out the species properly.
Only 2 ♂ were found, and ♀ are needed to confirm species identification.
3
Only 2 ♀ were seen, both in poor condition, making identification problematic.
4
This species was previously incorrectly identified as A. (O.) polynemae Ashmead, but it is definitely not that species.
5
Three specimens, and unsure of the species.
6
With so few specimens, its unclear what species is represented.
7
Quite common.
8
Previously incorrectly determined as needhami. It is not that species, but similar. It was the second most common species after A. mymaridis.
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2
0

1986

1982-83

1

2

Eulophidae: Aprostocetus nr. polynemae
Ashmead3
Eulophidae: Aprostocetus mymaridis Girault4

Eulophidae: Tetrastichus polynemae Ashmead

Parasitoids Reared1

Table 1. Summary of reared parasitoids from eggs of Aeshna tuberculifera from 1982-2005.
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Figure 3. Reared adults of some of the parasitoids reared from eggs of Aeshna tuberculifera. A) Anagrus subfuscus (Mymaridae). Length = 0.9188 mm. B) Aprostocetus
mymaridis (Eulophidae). Length = 1.3375 mm.C) Aprostocetus nr. polynemae (Eulophidae). Length = 2.1649 mm. D) Polynema nr. needhami ♂ (Mymaridae). Length = 1.1642
mm. E) Lathromeroidea sp. (Trichogrammatidae). Length = 0.7872 mm. F) Polynema
nr. needhami ♀ (Mymaridae). Length = 1.5095 mm.
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Table 2. Percentage of Aeshna tuberculifera eggs parasitized by chalcidoid wasps. Total number of A. tuberculifera eggs = 1688.
1982-83
163 eggs
28 wasps
17.20%

1986
170 eggs
21 wasps
12.40%

1989

1993

598 eggs
125 wasps
20.10%

275 eggs
47 wasps
17.10%

1994
174 eggs
31 wasps
17.80%

2002
173 eggs
34 wasps
19.70%

2005
135 eggs
25 wasps
18.50%

Average rate of parasitism = 18.4%.

Figure 4. Parasitized egg of Aeshna tuberculifera with two developing Anagrus subfuscus.

Although it is common to see large numbers of damselflies ovipositing on
a single piece or clump of “favorite” aquatic vegetation, the senior author had
not observed this in the Aeshnidae prior to this study. In 1983, 1986 and 1989,
extensive searches were made in the study area for a second “favorite” site, and
the 1989 Ewalt Lake site was found to be very productive. So much so, that egg
collection was stopped at nearly 600. The attraction of A. tuberculifera to the
specific clumps of I. versicolor is noteworthy in the abundance of eggs and the
repeated visitations by other A. tuberculifera females.
Discussion
Very few studies have been published on rates of parasitism of Odonata
eggs. Laplante (1975) reported rates varying from 45% to 95% of Lestes eggs in
Typha latifolia leaves from Quebec. Reinhardt and Gerighausen (2001) found
a 22.4% rate of parasitism by Anagrus sp. of the eggs of Sympecma paedisca
(Odonata: Lestidae) in Kazakhstan. Querino and Hamada (2009) report a 10.6%
rate of parasitism for Argia inspida (Odonata: Coenagrionidae) eggs in Brazil.
In our study, the lowest rate of parasitism was 12.4% and the highest 20.1%.
However, we have no other studies of Aeshna egg parsitoids with which to make
any comparisons.
Although a logical assumption might be that the longer the eggs were
left exposed to parasitoids, the rate of parasitism would be higher, there could

152

THE GREAT LAKES ENTOMOLOGIST

Vol. 46 Nos. 3 - 4

also be a limiting threshold at which the parasitoids encounter and oviposit
in the eggs due to physical changes in the substrate and other environmental/
biological cues. One recent study supports the idea that there may be a window
of opportunity that once passed, no further parasitism occurs. Santomalazza
et al. (2011) studied the incidence of parasitism by A. obscurus on Calopteryx
haemorrhoidalis Van der Linden (Odonata: Calopterygidae) and Platycnemis
pennipes Pallas (Odonata: Platycnemidae) in Italy. Different rates of parasitism
were noted from plants collected where the species were observed ovipositing,
and marked plants that were removed 5 days after oviposition was seen (with an
unknown span of oviposition dates). Differing rates were seen from the marked
plants (maximum of 50% marked vs. 14% unmarked for C. haemorrhoidalis
and 29% marked and 50% unmarked for P. pennipes). The authors suggest that
there is a 5-day optimal window of vulnerability to the A. obscurus oviposition
on the damselfly eggs. It should also be noted that the plants that were studied
by Santomalazza et al. (2011) were submerged, unlike the I. versicolor in this
study. However, the idea of a window of vulnerability bears promise, as the
parasitoids are more likely to go after fresh eggs than those that have been in
place long enough that the plant tissues have hardened over the egg scars, or
perhaps some physical change in the aging odonate egg chorion may thwart
parasitoid oviposition. The A. tuberculifera egg placement was fairly consistent
in this study, so results do not seem to depend on where the eggs were placed,
unlike that of Laplante’s (1975) Lestes study.
The size of the study area was very small, and the two ponds where most
of the observations were made and eggs collected are only 10 km apart, making
data susceptible to localized habitat and environmental fluctuations. Over the
course of the study, Alger County and much of the eastern Upper Peninsula
had been experiencing far below normal rainfall. The pond at Ewalt Lake was
completely dry in 2010 and the Kingston Lake pond's water level has fallen over
1m from when the study was initiated. The clumps of I. versicolor that were once
surrounded by water are now many feet removed from it, on dry ground. It is
doubtful that this study could be done under the present conditions (2012) at
these sites. While the observation of the intensive oviposition on a few clumps
of Iris is significant – it is unknown whether it is a widespread phenomenon, or
if it is peculiar to the often droughty conditions in the eastern Upper Peninsula
of Michigan. More observations at other sites would be beneficial for at least
comparative purposes, even without the rearing of parasitoids. For instance,
Halverson (1984) found that A. tuberculifera studied in western Virginia oviposited almost exclusively in stems of Juncus effusus.
Does oviposition choice become a localized phenomenon based upon the
plant species available, or are there regional differences due to the plant communities? Do eggs in Juncus stems suffer different rates of parasitism than
eggs in Iris leaves? Did the aggregation of eggs in so few sites result in skewed
parasitism ratios? These questions may hopefully offer an area of study for
future research.
Acknowledgments
The senior author thanks Kerry Cebulski for her companionship and assistance in the field. Dr. John Huber of the Canadian National Collection in
Ottawa, Ontario was instrumental in his encouragement of the rearing of the
parasitoids, and this paper would not have been possible without his expert eyes
and knowledge of the minuscule egg parasitoids that occupy a very different
world than ours. We also thank two anonymous reviewers for their very helpful
comments on improving the manuscript.
Voucher specimens of the parasitoids are deposited in the Canadian
National Collection. Voucher specimens of the Aeshna tuberculifera and the
parasitoids are deposited in the University of Michigan Museum of Zoology.
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A Review of the Ambush Bugs (Heteroptera: Reduviidae:
Phymatinae) of Michigan: Identification and Additional
Considerations for Two Common Eastern Species
Daniel R. Swanson1

Abstract
A review of the two species of Phymatinae found in Michigan is presented,
along with an identification key, distribution maps, and relevant literature. Also
included are brief discussions concerning natural history, variation, distribution,
past records, and two additional eastern species.
____________________

The ambush bugs are a group of predaceous insects named for their
sedentary and surreptitious method of capturing prey. The robust habitus,
incrassate terminal segments of the antennae, quadrate profemora, and raptorial forelegs render members of this group instantly recognizable. In the past,
this group was afforded family status, but recent morphological and molecular
studies have solidified the position of the Phymatinae within the Reduviidae
(Weirauch 2008, Weirauch and Munro 2009). The ambush bugs are represented
in the Nearctic region by 27 species in 3 genera (Froeschner 1988). Despite
such modest diversity, the taxonomy of the ambush bugs is notoriously difficult
to navigate. The confusion regarding the identity of past records, coupled with
small interspecific morphological differences, makes identification a particularly
arduous task. The works of Evans (1931) and Kormilev (1960) prove the most
useful, although still difficult to apply, and the subfamily as a whole remains
neglected compared to other heteropteran groups.
This neglect carries over to the species of Michigan. Among those publications enumerated by O’Brien (1983, 1988) as dealing with the terrestrial
arthropods of Michigan, only two treat phymatine species: the short regional
faunal lists by Townsend (1890) and Hussey (1922) documented the Heteroptera
from the vicinity of Constantine, Saint Joseph County and Berrien County,
respectively. Yet, even the identities of these records are difficult to interpret
within the context of this group.
With the threefold purpose of clarifying records of the Phymatinae in
Michigan, supplementing the survey of the Michigan Reduviidae (McPherson
1992) with the missing subfamily, and increasing the knowledge of the Michigan
Heteroptera, I present herein a short review of the two species of ambush bugs
known from Michigan.
Materials and Methods
The phymatine holdings of the two major university collections in southern Michigan were examined. County records were compiled, identification
keys were modified, and the limited existing natural history information, both
Michiganian and extralimital, was summarized.

Department of Entomology, University of Illinois at Urbana-Champaign, 320 Morrill
Hall, 505 South Goodwin Avenue, Urbana, IL 61801. (email: drswanny@gmail.com).
1
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The identification of the 692 specimens included in this study was rendered or confirmed by the author. All specimens reside in one of the collections
listed below unless otherwise noted. Collection dates indicate the earliest and
latest adults examined and refer specifically to specimens collected in Michigan. Locations of Michigan counties from which specimens were collected are
depicted in Figure 1.
In a group plagued by a nebulous association of names, the need to justify one's assignment of a name to an organism becomes paramount. Bortolus
(2008, 2012) and Vink et al. (2012) summarized the problems surrounding the

Figure 1. The counties of the State of Michigan.
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identification of specimens and the need for accountability and reproducibility
in biological studies. Phymata Latreille, 1802 is a perfect example of a group
where this necessity is crucial. The most recent revisionary work on the genus
(Kormilev 1960) provides the basis for my identification of the Michigan species,
and characters used in my key have been gleaned from that treatment.
The figures of the habitus, connexiva, and terminalia (Figs. 2-4) are provided to facilitate identification in a group rife with confounded and misidentified taxa. Furthermore, the two included species are widespread in eastern
North America, and therefore, visual representation fills a gap important for
multiple disciplines, wherein various studies might involve these commonly
encountered insects. The conspecific male and female used in the figures were
chosen from the same collecting event, and the same four individuals were
used for each figure.
Collections are designated as follows: Daniel R. Swanson, personal collection (DRS); Albert J. Cook Arthropod Research Collection, Michigan State
University, East Lansing, Michigan (MSUC); and University of Michigan Museum of Zoology Insect Collection, Ann Arbor, Michigan (UMMZ).
Results
Subfamily PHYMATINAE Laporte, 1832
Tribe PHYMATINI Laporte, 1832
Genus PHYMATA Latreille, 1802
Common and oft-encountered, the predatory ambush bugs are familiar
elements of the Michigan entomofauna. Only the jagged ambush bugs, or
members of the genus Phymata, are found in the state; members of the Macrocephalini have a more southern distribution. Of the 17 species of Phymata
known from America north of Mexico (Froeschner 1988), only two species are
found in Michigan: Phymata americana Melin, 1930 and Phymata pennsylvanica Handlirsch, 1897. Each species is widespread in the eastern states, and
despite the nomenclatural turmoil, Froeschner (1988) correctly listed Michigan
among both distributions.
A key for separating the two phymatine species found in Michigan is
presented below. Males are easier to identify to species, owing to the sexual
dimorphism in antennal and connexival characters, whereas females may prove
difficult in this regard, especially with a small series or absence of males for
comparison. Once familiarity with these species is attained, individuals often
may be sexed by the connexival morphology, but examining the external genitalia
(Fig. 5) is the most reliable method. Davis (1957) characterized the genitalia of
various members of the subfamily, and the two species found in Michigan do not
differ externally in these structures. Even if males are available, however, the
characters in the key should be used with caution as there seems to be a great
deal of variance and overlap between the species in these structures (Punzalan
pers. comm., Swanson pers. obs.).
Key to the Phymatinae of Michigan
1
Fourth connexivum not abruptly dilated, lateral margin near junction of third and fourth connexivum more or less straight, outline of
connexival segments 1-3 not smooth, often with small salient angles
posterolaterally (Fig. 4); male with fourth antennal segment at most
subequal in length to second and third combined; size slightly larger,
length 8.5-10 mm..................................Phymata americana americana
1’
Fourth connexivum abruptly dilated, lateral margin near junction
of third and fourth connexivum distinctly angulate, especially in the
males, outline of connexival segments 1-3 entire, smooth, usually
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Figure 2. Phymatinae of Michigan, dorsal habitus.
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Figure 3. Phymatinae of Michigan, lateral habitus.

Figure 4. Phymatinae of Michigan, connexiva.

Figure 5. Terminalia of Phymata, lateral and caudal view.
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without projecting angles posterolaterally (Fig. 4); male with fourth
antennal segment distinctly longer than second and third combined;
size slightly smaller, length 7.5-9 mm............ Phymata pennsylvanica
Phymata americana americana Melin, 1930. (Figs. 2, 3, 4, 6). – The nominate subspecies is the only form found in Michigan. Hussey (1922) reported two
specimens (as P. erosa fasciata) from New Buffalo (Berrien County), although
Townsend’s (1890) record of P. erosa also may refer to this species (see Clarification of Past Michigan Records below). 53 specimens examined. Collection
dates from 23 July to 18 September.
Phymata pennsylvanica Handlirsch, 1897. (Figs. 2, 3, 4, 7). – In the very
least, Townsend (1890) reported this species from Michigan as P. wolffii [sic]
(see Clarification of Past Michigan Records below). Hussey (1922) wrote of this
species (as P. erosa wolfii [sic]): “Moderately common. Adults were taken during
the first week in September, at New Buffalo, at Three Oaks, and in the Warren
Woods area. Nymphs were found as early as June 30." This species has been
taken from foliage of sunflower (Helianthus sp.) in Lenawee County, milkweed
(Asclepias sp.) in Oakland County, thistle (Cirsium sp.) and goldenrod (Solidago
sp.) in Jackson County, and flowers of Queen Anne’s lace (Daucus carota L.) in
Berrien, Jackson, and Livingston counties. One collection in Isabella County
was described as "sweeping fallow roadside. Solidago dominant. Some shrubs."
Specimens in Livingston County also have been taken from tamarack (Larix
laricina Du Roi) as well as several species of goldenrod (Solidago juncea Ait., S.
rigida L.) and milkweed (Asclepias verticillata L., A. incarnata L., A. erecta De
Wild.). Label data indicate a specimen from Van Buren County was taken “on
Eupatorium sp. with Boloria selene [Nymphalidae] [prey]." A few individuals
have been pinned with prey: Diabrotica undecimpunctata Mannerheim (Chrysomelidae: Galerucinae) in Jackson County, Ctenucha virginica (Charpentier)
(Arctiidae) in Oakland County, Apis mellifera Linnaeus (Apidae) in Washtenaw
County, Hedychrum sp. (Chrysididae) in Kalamazoo County, a female Bombus
sp. in Livingston County, and an unidentified ichneumonid in both Lenawee
and Livingston counties. In Michigan, P. pennsylvanica appears to be much
more common than P. a. americana. 639 specimens examined. Collection dates
from 10 June to 13 November.
Discussion
Natural History. The majority of biological studies on the Phymatinae
in the United States have focused on the widespread Phymata americana, and
each of the references in this subsection refers to that species. However, the
behavior and life history reported in those studies likely apply to P. pennsylvanica and other Phymata species; therefore, the following discussion is presented
in a more general context.
Readio (1927) and Balduf (1941) documented the life history in Kansas
and Illinois, respectively; the basic framework is outlined here. Ambush bugs
are commonly encountered in open sunny areas sitting on flowers and snatching up any of the various insects visiting or frequenting the blossoms. They
are univoltine; in Michigan, as in other parts of the eastern United States, the
nymphs start to appear in middle to late June, and the adults become more
abundant in middle to late July and often are found through much of October.
During this time, males and females exhibit two types of [partnered] behavior
designated as coupling and copulation (Balduf 1941). In coupling, the male
rides on the dorsum of the female. In this configuration, both may attack and
take down prey too large for a single insect or each may take individual prey
for consumption. Females also have been observed toting two males simultaneously. Balduf (1941) noted a distinct rise in the number of couples as the
season progressed. In contrast, copulation occurs with the male clutching the
side of the female with the terminalia united and heads diverging; thus, the
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Figure 6. Distribution of Phymata americana americana in Michigan.
Figure 7. Distribution of Phymata pennsylvanica in Michigan.

pair together form a V shape. After mating takes place, the female lays eggs,
presumably on grasses or other short non-woody vegetation, and these eggs
overwinter and hatch the following year.
Balduf compiled prey lists (1939, 1940, 1943), which indicated that these
insects are opportunistic generalist predators, with the most frequent prey being
pollinators visiting the flowers on which the ambush bugs sit. Balduf (1942) also
reviewed the economic impact of these insects (under the combination Phymata
pennsylvanica americana) in the eastern United States; he generally found that
ambush bugs consume as many beneficial insects as pestiferous ones and, therefore, should be neither destroyed nor cultivated for use in pest management. I
encountered during my survey of the literature no reports of cannibalism for Phymata species, an association not uncommon among other reduviids (e.g., Ryckman
1951, Hays 1965, Ambrose 1986, Thomas and Manica 2003, Swanson pers. obs.).
Inter- and Intraspecific Variation. As previously mentioned in the
Introduction, the paucity of consistent morphological differences has made it
difficult to characterize species in Phymata. This difficulty is clearly exemplified
in the two species found in Michigan. To my knowledge, however, no comparative studies of the genitalia of the North American Phymata have been made,
and an examination of these structures might provide reliable characters for
elucidating relationships. Furthermore, the close distributional proximity of
many species, coupled with an apparent lack of external diagnostic characters,
may allow for the possibility of hybridization (Punzalan pers. comm.; Swanson
pers. obs.), contributing to the difficulty of delimiting species. Thus, studies of
the margins of populations, viz. potential zones of overlap, also may shed light
on interspecific relationships of these and other species of Phymata.
Equally confounding is the high level of intraspecific variation within
populations, including morphological structures (e.g., antennal ratios, connexival
shape, dorsal and lateral granulation) and color pattern, compounded by appreciable levels of sexual dimorphism. These phenomena may have significant influences from both ontogenic and environmental factors (Punzalan pers. comm.).
Mason (1973) studied the variation of populations in New York, emphasizing
the differences between disturbed and undisturbed habitats. Several recent
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studies (Punzalan 2007; Punzalan et al. 2008a; Punzalan et al. 2008b, 2008c,
2010) have investigated various factors, such as thermoregulation, sexual selection, and resource availability, affecting some of these sexually dimorphic traits,
particularly color pattern. Understanding these complicated interrelationships
also may have important implications for the evolution of the group.
Distribution in Michigan and Resulting Considerations. The results of
this study raise questions about the distribution of the ambush bugs. In particular,
the abundance of P. pennsylvanica contrasts the relative scarcity of P. americana
in Michigan. Yet, both are native species, being widespread in the eastern United
States, and both were known from Michigan at the beginning of the twentieth
century. These distributional results are especially puzzling in view of the wide
transcontinental range of P. americana and are underscored by the two species
appearing to be sympatric (occasionally even syntopic) as well as synchronic.
These characteristics, contrary to those predicted for species occupying
a standard ecological niche, might be explained by their natural history. Generalist predators are not competing for a particular food source as they simply
grab anything passing that can be subdued. This is especially relevant for the
particular habitat because sundry pollinators are often abundant. The low level
of vagility perceived for the species also supports this idea. If the phymatines
are, in fact, relatively inactive, individuals might simply remain near their
hatching site rather than disperse into new habitats, thereby decreasing new
opportunities for competition. Admittedly, there might be problems with this
scenario as the high level of intraspecific variation in this group may not be
supported by a decreased level of gene flow; yet, to date, essentially nothing is
known of the population genetics of Phymata species (Punzalan pers. comm.).
It also is possible that one species (here, P. pennsylvanica) is more resilient to
habitat alterations or responds more quickly in colonizing disturbed sites, an
increasingly salient consideration in light of the growing amount of human
development in the last century (e.g., construction of highways and railroads,
urban sprawl, drainage, invasive species removal). As mentioned above, there
are localities in Michigan (e.g., Berrien County) where the species are thought
to occur together; thus, the implications of hybridization, if demonstrated to
exist in Phymata, could apply to Michigan populations. Unfortunately, these
questions are beyond the intended scope of this study and raised only to draw
attention to potential areas for further investigation.
Clarification of Past Michigan Records. As previously indicated,
the identity of the Michigan records of Phymata given by Townsend (1890) and
Hussey (1922) require some minor unraveling. Kormilev (1960) stated “Handlirsch asserts that P. wolffi is a mixture of at least three subspecies of [P.] erosa:
P. fasciata Gray, P. pennsylvanica Handlirsch, and P. granulosa Handlirsch
(three different species and not subspecies erosa).” Thus, it may be assumed
that Townsend’s (1890) record of P. wolffii [sic] and Hussey’s (1922) record of P.
erosa wolfii [sic] refer to P. pennsylvanica. Furthermore, Kormilev (1960) stated
“Handlirsch has united by the name P. erosa ssp. fasciata at least two species: P.
fasciata (Gray) and another, later described by Melin as P. americana.” Thus,
Hussey’s (1922) record of P. erosa fasciata is assigned to P. americana. More
difficult to place are Townsend’s records of P. erosa (Linnaeus, 1758) (erroneously ascribed to Herrich-Schaeffer) and Phymata acutangula (Guérin, 1857).
The record for P. erosa may refer to either P. americana or P. pennsylvanica.
As Townsend had already listed P. wolffii [sic], it seems more likely that this
record referred to P. americana. The record for the Cuban P. acutangula is
treated as erroneous because the Phymata species previously confounded with P.
acutangula would not occur in Michigan (although the dilated fourth connexiva
would more closely resemble P. pennsylvanica). Hussey (1921) also doubted this
record. These Michigan records are discussed merely in an attempt at clarification, as I have examined specimens of both P. americana and P. pennsylvanica
from each of Berrien and Saint Joseph counties.

162

THE GREAT LAKES ENTOMOLOGIST

Vol. 46 Nos. 3 - 4

Notes on Additional Eastern Species. Phymata vicina vicina
Handlirsch, 1897 is another species widely distributed in the eastern United
States. It is known from Alberta, Arizona, British Columbia, Colorado,
Connecticut, Florida, Illinois, Indiana, Kansas, Manitoba, Massachusetts,
Nebraska, New Jersey, New York, Pennsylvania, Rhode Island, Saskatchewan, South Dakota, Texas, Utah, and Virginia as well as Washington, D.C.
(Froeschner 1988, Maw et al. 2000). The northern U.S. records of this species
(IL, IN, ND, NY) and southern Canada suggest P. vicina may eventually be
found in Michigan. This species may easily be recognized by its small size
(5-6.5 mm), whereas the species known from Michigan (and the following
species) are larger (8+ mm).
Phymata fasciata (Gray, 1832), a species widespread in the United States,
is not recorded from Michigan and probably does not occur in the state. The
following comments are offered because of the confusion associated with the
name (see Clarification of Past Michigan Records above). The two subspecies
of P. fasciata have a more southerly distribution: Arizona, "Carolina," Florida,
Georgia, Louisiana, Mississippi, and Texas (Froeschner 1988). This species
has the posterolateral angles of the first three connexival segments noticeably
protruding and dentiform, in addition to an abdomen dilated abruptly from the
fourth connexivum; this combination of characters is not present in the species
found in Michigan.
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The Effect of Acclimation Temperature on the Critical
Thermal Maximum of a Cold-water Population of
Pteronarcys dorsata (Say) (Plecoptera: Pteronarcyidae)
Logan Shoup1,2 and David C. Houghton1,*

Abstract
The critical thermal maximum (CTmax) of Pteronarcys dorsata (Say) acclimated in the laaboratory to 5 different temperatures ranging from 4 to 28°C
was 34.7–36.6°C. A 6th temperature (33°C) resulted in 100% mortality during
the acclimation period. Although its CTmax values rank P. dorsata as moderately
sensitive to thermal stress, the < 2°C difference over a 7-fold increase in acclimation temperature suggests only a weak ability to adapt to warming conditions
relative to other tested aquatic insect species. This stenothermy in P. dorsata
was likely due to the consistently cool stream in which this populations lives.
Our results suggest that cold-water populations are particularly susceptible to
thermal alterations. They also provide the first CTmax values for a species of
pteronarcyd stonefly and the first of any aquatic insect over such a wide range
of acclimation temperatures.
____________________

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 (Caissie 2006, Haidekker and Hering 2008, Dallas and
Rivers-Moore 2012). Many anthropogenic activities increase the temperature
of freshwater ecosystems, for example: heated discharges from industrial sites
or agriculture (Lessard and Hayes 2003), removal of riparian vegetation with
subsequent increase in sunlight penetration (Rutherford et al. 1997, Houghton et
al. 2013), removal of groundwater and other subsurface changes (LeBlanc et al.
1997), and the developing effects of anthropogenic climate change (Daufresne et
al. 2004). These concerns necessitate studies that determine high temperature
tolerances of freshwater organisms, especially in light of the current documented
decline of such organisms (Ricciardi and Rasmussen 1999, De Walt et al. 2005,
Houghton and Holzenthal 2010).
Unfortunately, knowledge about high temperature tolerances of aquatic
organisms, especially those of aquatic insects, is still lacking. The most comprehensive study (Dallas and Rivers-Moore 2012) documented upper temperature
tolerances for 23 South African insect families within the aquatic Coleoptera,
Hemiptera, Diptera, Megaloptera, Plecoptera, Ephemeroptera, and Trichoptera.
Most of their specimens, however, were not identified to the species level. For
North American aquatic insects, laboratory studies on upper temperature
tolerance have been conducted on approximately 7 stonefly species (Heiman
and Knight 1972, Ernst et al. 1984, Poulton et al. 1989), 12 caddisfly species
(Nebeker and Lemke 1968, Gaufin and Hern 1971, deKozlowski and Bunting
1981, Moulton et al. 1993), 3 mayfly species (deKozlowski and Bunting 1981)
and 2 dragonfly species (Garten and Gentry 1976).
Department of Biology, Hillsdale College, 33 East College Street, Hillsdale, MI 49242.
Department of Zoology, Southern Illinois University, Carbondale, IL 62901.
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For most of these studies, high temperature tolerance has been defined
non-lethally, through the determination of the critical thermal maximum, or
CTmax (Cowles and Bogert 1944). CTmax is the temperature at which a predetermined non-lethal 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). CTmax is generally considered a more ecologically valuable endpoint than death, since its corresponding lower temperatures are more
realistically encountered in the natural world, and are likely to induce more
subtle and chronic effects on a population (Heiman and Knight 1972).
The temperature of laboratory acclimation before trials may account for
the majority of variation in experimental CTmax (Ernst et al. 1984, Moulton et
al. 1993, Dallas and Rivers-Moore 2012, Galbraith et al. 2012). For example,
the caddisflies Hydropsyche morosa, (Hagen) (Hydropsychidae), H. simulans
Ross (Hydropsychidae), and Chimarra obscura (Walker) (Philopotamidae),
and the stonefly Agnetina capitata (Pictet) (Perlidae) all exhibited increases in
CTmax consummate with increase in acclimation temperature (Ernst et al. 1984,
Moulton et al. 1993). All four of these species are common in both cold-water and
warm-water streams, display a wide geographic range, and are presumed to be
eurythermic (Stewart and Stark 1988, Houghton 2012). In contrast, increasing
the acclimation temperature of the spring-emerging stonefly Isoperla namata
Frison (Perlodidae) did not result in a significant increase in CTmax (Ernst et
al. 1984), even though it was found in the same river as the aforementioned A.
capitata. The authors speculated that this observed stenothermy in I. namata
resulted from the univoltine spring emergence of the species, and that summeremergent or semivoltine species would likely have greater high temperature
tolerance due to their regular exposure to warmer water temperatures during
the summer.
The purpose of our study was to determine the effects of acclimation
temperature on the CTmax of a semivoltine insect living in a cold-water stream
environment. Our study organism, Pteronarcys dorsata (Say) (Pteronarcyidae),
is a common inhabitant of cold-water streams throughout the eastern U.S.
(Stewart and Stark 1988). Temperature has previously been shown to affect the
nymphal feeding rate, adult emergence success, egg production, adult longevity,
and general life cycle of the species (Nebeker 1971, Lechleitner and Kondratieff
1983). No study of CTmax, however, has been conducted on P. dorsata, or on any
other species of pteronarcyd stonefly.
Materials and Methods
The Little Manistee River (N44.02°, W85.63°) is a third-order stream
site located in the northwestern portion of the Lower Peninsula of Michigan.
Due to its relatively undisturbed watershed and stable groundwater input,
the Little Manistee is one of the coldest and most stable streams in the Lower
Peninsula (Tonello 2005). It hosts potamodromous spawning runs of steelhead
[Oncorhynchus mykiss (Walbaum)], Chinook salmon [Oncorhynchus tshawytscha
(Walbaum)], and brown trout (Salmo trutta Linnaeus) from Lake Michigan, and
contains breeding populations of brook trout [Salvelinus fontinalis (Mitchill)]
(Seelbach 1993).
Late instar (> 2cm body length) P. dorsata specimens were collected from
the Little Manistee by hand from late June to late September 2012, transported
to the lab in Styrofoam coolers filled with river water, and housed for 36 hours
in a Frigid Units Living Stream™ (www.frigidunits.com) set to ambient photoperiod. Groups of specimens were acclimated to one of six temperatures: 4, 10,
16, 22, 28, and 33°C. Specimens were taken directly from stream temperature
to acclimation temperature, except for two trial groups of 33°C specimens which
were gradually warmed up over 30-60 minutes in an 850 ml bowl floated in the
Living Stream. Summary data for trial groups are in Table 1.
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To determine CTmax, 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 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 5 minutes before the temperature
was raised. Water temperature began at the acclimation temperature and was
raised by 0.34°C per minute (Dallas and Rivers-Moore 2012) until CTmax was
reached for all trial specimens. CTmax was defined as the loss of 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. Removed specimens were placed
into 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 at 24 and 48 h. Voucher specimens were deposited in
the Hillsdale College Insect Collection.
River temperature and dissolved oxygen saturation were measured during
the afternoon of the hottest day of a particular week throughout our sampling period using a YSI-55 handheld digital probe (www.ysi.com) in the same consistently
sunny midstream location. It was not our intention to determine the representative
thermal profile of the Little Manistee River. Instead, we wanted to document the
warmest temperatures that P. dorsata would be exposed to in its natal habitat.
Results
Nymphal mortality was 100% at 33°C during the acclimation period of all
four trials. Nymphal acclimation mortality was 0% at the other temperatures
(Table 1). Mean CTmax for the 4–28°C acclimation temperature groups ranged
from 34.7 to 36.6°C (Fig. 1). CTmax did not correlate with either acclimation
temperature (r2 = 0.18, P = 0.50) or stream temperature during specimen collection (r2 = 0.25, P = 0.20). There was also no correlation between ambient and
acclimation temperature (r2 = 0.12 =, P = 0.90). Somewhat conversely, both acclimation temperature (F = 8.6, df = 1, P = 0.004) and date (F = 8.0, df = 1, P =
0.006) explained significant variation in CTmax, whereas ambient temperature did
not (Generalized Linear Fixed Model, F = 8.1, df = 3, P < 0.001). Mean post-trial
survival of specimens over 48 hours was lower in the 28°C group ( = 69%) than in
the other groups ( = 100%, 1-way Analysis of Variance with Post-hoc Tukey test
on ArcSine transformed data, F = 3.57, df = 5, P = 0.03) (Table 1). Little Manistee
River temperatures only exceeded 20°C on one measurement day; otherwise
temperatures were ~13–20°C with > 90% dissolved oxygen saturation (Fig. 2).
Discussion
One of the fundamental criticisms of CTmax studies is that organisms are
being tested experimentally at temperatures higher than will be encountered
in the wild, thus the relevance of CTmax to survival in natural thermal regimes
is not clear (Lutterschmidt and Hutchison 1997, Galbraith et al. 2012). Dallas and Rivers-Moore (2012) argue that the real value of CTmax studies is not
in the ‘significance’ of a particular result, but rather in the comparisons of the
responses of organisms to those of other organisms. They use this approach
to identify several particularly stenothermic families that may be useful as
thermal bioindicators.
The CTmax for P. dorsata was fairly high relative to that of other stoneflies.
Relative to other aquatic insects in general, P. dorsata would be rated as ‘moderately sensitive’ (Dallas and Rivers-Moore 2012). We suspect, however, that
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Table 1. Summary data from P. dorsata CTmax trials during 2012. ‘Stream temperature’ was the temperature of the Little Manistee River at
the time of specimen capture.
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Figure 1. Mean (±SD) CTmax values for Pteronarcys dorsata acclimated to 5 different
temperatures and their correlation with acclimation temperature. Markers are slightly
offset for clarity.

Figure 2. Temperature and dissolved oxygen levels for the Little Manistee River during May–September 2012. Data were collected from a sunny midstream site during
afternoons of the hottest day of a particular week.
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CTmax may be artificially high in P. dorsata due to its large (> 2 cm in length)
size. Pteronarcys specimens are some of the largest stoneflies, and are larger
than nearly any previously tested aquatic insect (Dallas and Rivers-Moore
2012). Larger organisms take longer to heat up, and so core temperature of
the tested specimens may have lagged behind than that of the water bath (Lutterschmidt and Hutchison 1997). Dragonflies, the other insects of similar size
as P. dorsata, tend to have very high CTmax (Garten and Gentry 1976, Dallas
and Rivers-Moore 2012).
Some of the statistical incongruity in our acclimation results may be due
to overly sensitive statistical tests that do not reflect biological significance
(Hillborn and Mangel 1997), and some may be due to our experimental design.
Due to logistical constraints, we were able to acclimate groups of P. dorsata
to only a single temperature at a time. Thus, there is potential concern over
variable covariance. For example, if nymphs from relatively warm ambient
temperatures were acclimated to warm temperature in the lab, the ultimate
source of CTmax differences would be difficult to ascertain. The lack of correlation
between our ambient and acclimation temperatures, however, as well as the
lack of significance of ambient temperature as a predictor variable, suggested
that this concern was of minimal importance.
Instead, our results suggested that date may have confounded acclimation
results, possibly due to developmental differences between the tested specimens.
Garten and Gentry (1976) found that, within the same environment, larger species of dragonflies had higher CTmax than smaller species, suggesting that older
instars may have higher CTmax than younger ones. Conversely, Heiman and
Knight (1972) found smaller nymphs of Paragnetina media Walker (Plecoptera:
Perlidae) had higher CTmax than larger nymphs. They attributed this difference,
however, more to the effects of gender than size specifically. Both studies found
that the effects of acclimation temperature were more important than that of size.
While questions remain about statistical and biological significance, as
well as those of potential covariance, the most striking result of our study is the
overall lack of difference in CTmax between P. dorsata trials given the wide range
of acclimation temperatures specimens were exposed to. In previous aquatic
insect studies, acclimation temperature increases of 1.5–2.5× have resulted in
a 3–5°C increase in CTmax (Ernst et al. 1984, Moulton et al. 1993, Dallas and
Rivers-Moore 2012, and our own unpublished data). The exception, the aforementioned Isoperla namata Fison, increased in CTmax only 0.6°C after a 2.5-fold
increase in acclimation temperature. The difference in mean CTmax between our
acclimation temperature groups was < 2°C despite a 7-fold increase in acclimation temperature from 4°C to 28°C. No previous study has reported more than
2 acclimation temperatures, and only one—on corduliid dragonflies (Garten and
Gentry 1976)—acclimated specimens to temperatures > 19°C. Thus, it is not
possible to compare the full range of response of P. dorsata to other species. It
does appear, however, that the Little Manistee River population of P. dorsata
is stenothermic relative to most other tested aquatic insects.
This lack of ability to acclimate and raise its CTmax in P. dorsata is
likely related to its consistently cold-water habitat of the Little Manistee River
(Tonello 2005). The junior author has been studying the river for three years
(e.g., Houghton et al. 2013) and has never previously observed temperatures
at the study site above 20°C. Indeed, the only day we recorded a temperature
> 20°C during our study occurred on a July afternoon in a sunny midstream
location after three days of record-breaking (> 35°C) warm air temperature
(www.weatherunderground.com).
Our high rate of survival of P. dorsata specimens at the lower acclimation
temperatures 48 hours after trials validates our CTmax endpoint (Lutterschmidt
and Hutchison 1997). The lower survival in the 28°C acclimation group suggests
that those specimens were approaching their thermal tolerance limit. It is not
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clear if their mortality was caused by the stress of the CTmax trial, accumulated
stress caused by the time spent at 28°C, or both. The abrupt change of temperature from ~15°C in the field to 28°C in the Living Stream during acclimation
may have had a chronic effect on specimens, even though there was no acute
mortality. Due to this concern, we warmed up the last two 33°C trial groups
gradually to acclimation temperature. Both gradual and abrupt temperature
change to 33°C, however, resulted in 100% mortality within the acclimation
period, suggesting that temperature was simply higher than the thermal tolerance limits of P. dorsata. Nebecker and Lemke (1968) found exposure to 29.5°C
for 96 hours resulted in 50% mortality for P. dorsata.
Pteronarcys dosata is generally considered to exhibit a semivoltine life
cycle, although a southwestern Virginia population has been documented as
univoltine, presumably due to its exposure to water temperatures > 20°C from
May to September (Lechleitner and Kondratieff 1983). Although we do not
have comprehensive life cycle data for the Little Manistee River population, we
suspect a two-year cycle due to the presence of two distinct nymphal size classes
found throughout the summer. Ernst et al.’s (1984) assertion that semivoltine
insects are likely to be eurythermic due to exposure to warm summer temperature probably does not apply to our P. dorsata population due to the consistently
cool stream temperatures of the Little Manistee. Likewise, our results suggest
that cold-water populations of aquatic insects are particularly stenothermic
and susceptible to thermal alterations even if the species has the physiological
capacity for higher thermal tolerance in other habitats.
Substantial further research remains to be conducted on these topics. It
would be interesting to compare the CTmax from the Little Manistee population
of P. dorsata to that of the aforementioned southwestern Virginia population
that is routinely exposed to > 20°C temperatures. Likewise, exploring chronic
effects (e.g., mortality, sublethal effects, or adaptation) of thermal stress on P.
dorsata and other cold-water populations may be a more realistic prediction of
thermal alteration. More basically, thermal tolerance studies of any type have
been conducted on < 1% of North American aquatic insects and considerable
work needs to be done.
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Jutta Arctic (Oeneis jutta) (Lepidoptera: Nymphalidae)
Populations in Central and Northern Wisconsin: Localized
Butterfly Populations in a Naturally Fragmented Landscape
Scott R. Swengel1*, Ann B. Swengel1

Abstract
We recorded Oeneis jutta (Hübner) (Lepidoptera: Nymphalidae) at 60 of
78 peatland sites in central and northern Wisconsin on butterfly transect surveys on 113 dates during 2002–11. Additional observations come from informal
observations on 19 dates in 12 years during 1987–2001. Most sites where we
did not find O. jutta had little survey effort. The areas with the lowest O. jutta
abundance (coastal and inland Bayfield County) had the shortest flight periods
recorded in this study. O. jutta abundance negatively and significantly correlated with increasing wind speed and later times of day. O. jutta abundance
significantly varied by bog vegetation type and in similar bog vegetation between
subregions. Within each bog type, O. jutta significantly increased in abundance
with greater tree cover. O. jutta occurred in the full range of bog sizes surveyed
(1.84–114.80 ha), including the most isolated small peatlands. O. jutta showed
virtually no tendency to venture out of bogs. It was rarely found in roadsides
(only when they bisected an occupied peatland) and not farther away from a
peatland. O. jutta was significantly more abundant in even than odd years
in northeast Wisconsin but not in the other subregions. Wisconsin peatlands
present a natural experiment showing that localized butterfly populations such
as O. jutta can persist for long periods in isolated sites as long as they remain
relatively stable vegetatively.
____________________

A major threat to biodiversity is human-caused habitat loss, with fragmentation and degradation of extant patches (Brown 1997, van Swaay et al.
2006, Forister et al. 2010). Butterfly populations fare more poorly in isolated
or small sites, with nearer and larger sites more likely to remain occupied or
be re-colonized (Bulman et al. 2007, Hanski and Pöyry 2007, Dover and Settele
2009). Both habitat quality and landscape configuration are important for
maintaining butterfly populations (Dennis and Eales 1997, Thomas et al. 2001,
Hanski and Pöyry 2007, Dennis 2010), and both are under threat in a humandegraded, fragmented landscape. As a result, much research in conservation
biology concerns how to counteract the effects of habitat loss and fragmentation
on vulnerable species (e.g., Mattoni et al. 2001, Thomas et al. 2001, Dennis and
Hardy 2007, Swengel and Swengel 2007, Dover and Settele 2009, Dennis 2010,
Dover et al. 2011).
In temperate areas of North America, bog (peatland) vegetation is naturally isolated and forms a low proportion of the natural landscape. Bogs are
well known for the long-term stability of their flora and insect faunas (Spitzer
et al. 1999, Spitzer and Danks 2006, Whitehouse 2006, Whitehouse et al. 2008).
In Wisconsin, peatlands occur primarily in central and northern areas (Curtis
1
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1959). Prior to European settlement, peatlands occurred in < 1% of the Wisconsin landscape (even counting only the northern third of the state) (Hoffman
2002). Most of that vegetation is still extant, with only 9% loss, more being lost
in central than northern Wisconsin. Much of what is left, especially in northern
Wisconsin, is relatively undegraded. Primary human impacts are roads, ditches,
and logging along the margins; conversion to cranberry agriculture and peat
harvesting have occurred more in central Wisconsin bogs (Curtis 1959).
As a result, bogs present the opportunity to learn how localized butterfly
populations function in relatively undisturbed sites in a naturally fragmented
landscape. Nekola (1998) conducted a systematic survey of northwestern Wisconsin peatlands and their associated butterflies in 1996. In this paper, we
analyze our Wisconsin bog butterfly surveys to extend Nekola's (1998) study and
our prior analyses (Swengel and Swengel 2010, 2011) that describe patterns of
bog butterfly population occurrence. This study focuses on one bog-specialist
butterfly, Jutta Arctic (Oeneis jutta (Hübner)). We analyze our survey results
in relation to weather factors, vegetative characteristics, geography, and patch
size. These results should be useful for designing and interpreting survey
protocols and understanding butterfly populations in fragmented landscapes.
Methods
Study Regions. The primary study region contains 75 bog sites scattered
across an area 367 km east-west by 169 km north-south (45.33 -46.86°N, 88.21
-92.56°W) in 14 contiguous counties spanning the entire breadth of northern
Wisconsin (Table 1). At 14 of these sites, we also surveyed the lowland (wetland) roadside ditch through/adjacent to the bog or the upland roadside corridor
20–350 m from the bog. In central Wisconsin, the three bogs we surveyed in
two contiguous counties (Jackson, Wood) are in an area 29 km east-west by
4 km north-south (44.31 -44.34° N, 90.19 -90.56°W), which is 169 km south
of the nearest study site in the northern study region. Nekola's (1998) study
region comprised sites in and adjacent to the Lake Superior drainage basin in
four contiguous counties (Ashland, Bayfield, Douglas, Iron) bordering the south
lakeshore. This area is the north part of the west half of our northern study
region. Most of our sites in those counties fall within his study region. We biased
toward high-quality examples of peatland vegetation open to public visitation
and efficient to access and travel between. Nonetheless, peatlands often present difficulties of access to and across them, which reduces survey efficiency.
Roadside survey areas were selected because we noticed bog butterflies using
them; these areas were en route to or from a bog study site or they appeared
potentially interesting for either bog or other butterfly species.
Nekola (1998) described three peatland types: muskeg (black spruce
Picea mariana-cottongrass Eriophorum spissum-wiregrass Carex oligospermaSphagnum savanna similar in elevation to surrounding uplands), kettlehole
(Sphagnum-leatherleaf Chamaedaphne calyculata mats, often floating on
lakes or sunk in depressions much lower than the surrounding landscape), and
coastal peatland (tamarack Larix laricina-sedge, especially Carex lasiocarpa,
mats with ridges of muskeg-like vegetation in estuaries along the Lake Superior
coast). Many aspects of the flora are similar among these three types (Nekola
and Kraft 2002), echoing Curtis's (1959) description of remarkably uniform bog
structure and composition throughout the circumboreal region. Nekola's (1998)
kettleholes correspond to Johnson's (2011) poor fen, and Nekola's muskegs to
Johnson's (2011) "acid peatlands." Nekola (1996) identified coastal peatlands as
intermediate fens. We focused our surveying there on areas most resembling acid
peatlands. Based on Johnson's (2011) peatland classification, we did not survey
rich peatlands (rich fens), where northern white cedar Thuja occidentalis is a
prominent indicator. Our study sites fit his category of "acid peatland," which
includes both poor fens and bogs (the most nutrient-poor peatland).
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Bayfield, Burnett, Douglas, Washburn counties
6
All roadsides were next to bog study sites, and so do not add to the total number of study sites.
7
Jackson, Wood counties

Northern Wisconsin
Peatlands
		
Coastal Bayfield Co.1
		
Inland Bayfield Co.2
		
Northeast3
		
North central4
		
Northwest5
Roadsides6
Central Wisconsin7
Total		
0.69
1.25
9.25
3.64
5.81
0.36
7.12
5.11

7
8
20
23
17
14
3
78

Table 1. Summary statistics on all surveys in Wisconsin peatlands during O. jutta flight period during 2002–11.
		
				
N					
			
N unit
O. jutta
Total
Total
O. jutta
Total
			
surveys
recorded
km
hours
per hour
sites

4
1
6
5
2
12
0
18

N sites
no
detection
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Surveys. We conducted formal transect surveys throughout O. jutta
flight period on 113 dates during 2002–11 (Table 1). We surveyed in a rotation
through the western, central, and eastern sections of the northern study region,
starting before and continuing after O. jutta flight period each year. We tried
to cover one section per weekend, or more if a section was missed the previous
weekend and/or if time allowed. But we missed an occasional weekend due to
weather or another commitment. We also had visited peatlands informally in
both study regions on 19 dates in 12 years during 1987–2001 in O. jutta flight
period but had not yet standardized a route or recorded weather and time and
distance spent surveying.
We walked transect surveys along a similar route per visit to a site at
a slow pace (about 2–3 km/hr) on parallel routes 5‑10 m apart (Swengel and
Swengel 2010, 2011). We counted all adult butterflies observed ahead and to
the sides, to the limit an individual could be identified, possibly with binoculars
after being found and tracked. A new sampling unit was designated whenever
the vegetation along the route varied markedly, in peatlands primarily based on
estimated macrosite tree canopy (open bog < 10%, open savanna 10‑24%, closed
savanna 25‑49%, forest opening 50‑75% but we avoided canopy > 50% in our site
and route selection). Temperature, wind speed, percent cloud cover, percent
time sun was shining, route distance, and time spent surveying were recorded
separately for each unit. Surveys occurred during a wide range of times of day
and weather, occasionally in light drizzle so long as butterfly activity was apparent but not in continuous rain. We experienced severe constraints on obtaining
suitable weather especially in spring. The negative effect of subpar weather on
butterfly observation in our survey results is not a systematic bias, as we did
not (and could not) bias which sites were surveyed in better weather. Thus, this
factor confounds statistical power but doesn't systematically misdirect it. In
the case of large-scale, long-term datasets, variation due to weather and time
of day may be assumed to be random, so that their effects reduce precision or
power of results but may not introduce bias (van Swaay et al. 2008).
Analyses. As in Nekola and Kraft (2002), we identified the flight period
per year by the first and last date we observed O. jutta across each region. However, for purposes of identifying surveys with valid counts of zero for analysis,
we excluded O. jutta absences during the period extending from the main flight
period to the occasional one or two outlier individuals recorded days before or
after all other individuals that year. Our population index is the peak survey
count per site per brood, standardized to survey time, to create an observation
rate (relative abundance) per hour per unit survey, to make results comparable
among units of varying length. We did not set a standardized distance or time
sampled per unit or per site because of the several orders of magnitude variation
in size among sites. A standardized amount of sampling per site would either
under-sample large sites or eliminate small sites from the study.
We used Nekola's (1996) peatland sizes and classifications for his study
sites listed in Epstein et al. (1997). All kettleholes in this study were in the
northwest subregion in inland Bayfield County and all coastal peatlands in
coastal Bayfield County. Outside Nekola's study region, we classified some
bogs as muskegs that clearly fit his definition. As Johnson (2011) described,
peatland classification is a continuum defying distinct categories, especially since
different parts of the same site may ally with different categories. However, all
sites where we recorded O. jutta fit Johnson's (2011) concept of "acid peatland."
As a result, sites not classified by Nekola's (1998) scheme are called "acid peatland" here. We estimated peatland size at three small sites by pacing out these
obviously discrete patches. It was beyond our scope to estimate the size of the
remaining sites outside Nekola's (1998) study area because we did not survey
the entire peatland. It was beyond the scope of our survey dataset to calculate
detection probabilities, which requires frequent re-samplings every few days
at the same sites within brood, e.g., 6–8 times in Bried and Pellet (2012) and
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Bried et al. (2012). As a result, we were not able to distinguish between false
negatives (none found but species present) and true negatives (species absent
on that date). Instead, we chose to analyze O. jutta abundance only in sites
where we had ever recorded the species during our formal surveys. Our analyses
are intended to describe distribution and abundance within occupied sites. An
observation rate of 0 signifies either an abundance too low to be observed by us
that day or true absence, and we did not attempt to distinguish between the two.
Analyses were done with ABstat 7.20 software (1994 Anderson-Bell Corp.,
Parker, Colorado). Statistical significance was set at two-tailed P < 0.05. Since
significant results occurred at a frequency well above that expected due to spurious Type I statistical error, the critical P value was not lowered further, as more
Type II errors (biologically meaningful patterns lacking statistical significance)
would be created than Type I errors eliminated. All statistical tests in this
study are non-parametric, because they do not require data to be distributed
normally. All correlations were done with the Spearman rank correlation. To
test for significant differences between matched pairs, we used the Wilcoxon
signed ranks test and among unequal samples, the Mann-Whitney U test.
Results
Incidence. We recorded O. jutta at 60 of 78 sites on formal surveys during
2002–11 (Table 1). Most (14/18) of the sites where we did not record O. jutta
were visited only 1–3 times in the entire study during the species' flight period.
The earliest date of O. jutta observation tended to become earlier the
farther south the subregion (Table 2), from coastal Bayfield County to central
Wisconsin. However, within the northern region, the northwest sites are a bit
farther north than northeast, yet the earliest date in northwest was one week
earlier than in northeast. The kettleholes and coastal peatlands of Bayfield
County had the lowest observation rates per hour in peatlands (Table 1), and
this corresponded to the shortest observed flight periods (Table 2). In northern
Wisconsin, the latest observation date corresponds more to length of flight period,
rather than how late the earliest date was (Table 1). The longest flight span
occurred in northwest Wisconsin while flight spans were similarly intermediate
in north central and northeast Wisconsin (Table 1). The number of days per
year in the observed flight period was analyzable in the three northern Wisconsin subregions that had the most survey effort (Table 3 compared to Table 1).
These flight period spans varied not just among years within subregion but also
among subregions (Table 3). However, length of flight period across the entire
northern region and within the three subregions did not relate to number of
individuals found that year (Table 3) or to the regional abundance in Table 1.
The range of variation in start, peak, and end of flight period across northern
Wisconsin varied by over three weeks among years (Table 4).
Oeneis jutta abundance was negatively and significantly correlated with
increasing wind speed and later times of day across the entire study (Table 5).
When controlling for habitat preference, only the negative relationship to wind
speed remained significant (Table 5).
Habitat associations. O. jutta abundance was significantly higher in
muskegs and similarly lower in kettleholes and coastal peatlands (Table 6).
Unclassified acid peatlands had an intermediate abundance that statistically associated with the low abundance sites. Within kettleholes and coastal peatlands,
sites varied greatly in frequency of O. jutta observation (Table 7). However,
we recorded the species in the most isolated sites surveyed (Valhalla at 2.83 ha
and Pine Lake at 1.96 ha, > 7 and > 14 km from the nearest known peatland,
respectively). Within each bog type, O. jutta consistently and significantly increased in abundance with increasing tree cover (Table 8, 9). The two peatlands
we surveyed the most times yet still found no O. jutta were coastal peatlands
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Table 2. Earliest and latest dates of O. jutta observations and N days in these flight
periods during entire study (formal surveys and informal visits).
		
Subregion

Earliest
date

Northern Wisconsin
Coastal Bayfield Co. peatlands
Interior Bayfield Co. kettleholes
Northeast
North central
Northwest
Central Wisconsin

Latest		
date
N days

29 May
21 May
16 May
15 May
9 May
2 May

24 Jun
24 Jun
4 Jul
28 Jun
10 Jul
15 Jun

Years
visited

27
35
50
45
63
45

03–11
88–11
88–11
87–11
98–11
97–11

Table 3. N days in observed O. jutta flight period each year during 2002–11 (N = 10
years), and Spearman rank correlation coefficients (r) (none significant) of flight period
length and N individuals recorded per year.
		
All northern Wisconsin
North central
Northwest
Northeast

mean1

median

range

r

35.5
21.4
30.5
15.5

39.0
23.0
29.0
15.5

21–44
7–31
8–44
1–34

+0.085
+0.340
+0.122
-0.086

In pairwise Wilcoxon signed ranks tests of flight period length per year among the
three subregions, only northeast and northwest were significantly different (two-tailed
P = 0.02).
1

Table 4. Variation in O. jutta start, peak, and end date in northern Wisconsin among
years during 2002–11 (N = 10 years).
		

mean

median

range1

span

Start date
Peak date
Northeast
North central
Northwest
End date

24 May
11 Jun
13 Jun
6 Jun
10 Jun
28 Jun

26 May
15 Jun
14 Jun
9 Jun
12 Jun
1 Jul

9 May–2 Jun
28 May–19 Jun
1 Jun–27 Jun
25 May–15 Jun
26 May–20 Jun
18 Jun–10 Jul

25
23
27
22
26
23

In pairwise Wilcoxon signed ranks tests of peak date per year among the three subregions, only northeast and north central were significantly different (two-tailed P = 0.008).
1
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Table 5. Spearman rank correlation coefficients (r) of O. jutta abundance (individuals/
hr per unit survey) on peak survey per site per year during 2002–11 with weather factors and surveying timing, for all sites and for muskegs with more canopy than openest
category (see Table 6, 8). Only surveys at sites where we recorded O. jutta are included
for analysis.
			
		
N
Cloud cover
Percent sunshine
Temperature
Wind speed
Time of day
Crepuscularity

All bogs			Non-open muskegs
r
P
N
r
P

631
631
631
631
631
631

-0.052
+0.019
-0.066
-0.157
-0.104
+0.018

NS
NS
NS
< 0.01
< 0.01
NS

280
280
280
280
280
280

-0.072
+0.065
-0.076
-0.136
-0.030
+0.039

NS
NS
NS
< 0.05
NS
NS

Table 6. Mean ± SD, median, and range of O. jutta abundance (individuals/hr) by bog
type on peak surveys limited to O. jutta sites in northern Wisconsin during 2002–11.
Bog types not sharing any letters have statistically different abundances (Mann-Whitney U test two-tailed P < 0.05).
Bog type
Muskeg
Kettlehole
Coastal peatland
Unclassified acid peatland

N

mean		

367
42
18
208

10.19
1.66
2.10
4.50

A
B
B
B

SD

median

range

15.85
2.97
2.54
7.85

4.80
0.00
0.00
0.00

0–127.50
0–10.91
0–6.32
0–51.06

Table 7. Observations of O. jutta in inland Bayfield kettleholes (K) and coastal Bayfield peatlands (C), expressed as proportion of years found and proportion of surveys
found, and as mean individuals/hr on peak survey each year, in O. jutta flight period
during 2003–11 (no such sites were surveyed in 2002).
		
		
K
C
K
K
K
K
C
C
C

Years found/
Years surveyed

East Crane Lake
Port Wing Bibon Lake
Valhalla
East Wishbone Lake
Pine Lake
East Roger Lake
Port Wing Boreal Forest West
Bark Bay
Lost Creek

6/7
6/9
1/3
2/8
1/6
1/7
1/8
0/8
0/6

86%
67%
33%
25%
17%
14%
13%
0%
0%

Times found/
Times surveyed
7/9
6/11
1/6
2/14
1/10
1/12
1/10
0/10
0/10

78%
55%
17%
14%
10%
8%
10%
0%
0%

Mean
abundance
5.04
3.90
1.48
0.45
0.71
0.51
0.31
0.00
0.00
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Table 8. Mean ± SD, median, and range of O. jutta abundance (individuals/hr) by bog
structure (coded by category of canopy, with intermediate values) on peak surveys
in northern Wisconsin during 2002–11. Only sites where we recorded O. jutta are
included for analysis.
Canopy code
1 - open
1.5
2 - open savanna
2.5
3 - closed savanna
4 - open forest

N

mean

SD

145
17
283
68
113
1

2.39
9.20
6.62
10.60
14.74
20.00

5.75
10.69
11.35
15.99
19.00

median
0.00
6.32
0.00
5.49
9.80

range
0–51.43
0–45.71
0–80.84
0–81.88
0–127.50

Table 9. Spearman rank correlation coefficients (r) of O. jutta abundance (individuals/hr) on peak unit surveys per site per year for all sites and by bog type in northern
Wisconsin during 2002–11 with estimated percent tree canopy. Only sites where we
recorded O. jutta are included for analysis.
					
		
N
r
P
All bogs
Muskeg
Kettlehole
Coastal peatland
Unclassified acid peatland

612
358
42
18
185

+0.411
+0.389
+0.557
+0.718
+0.407

< 0.001
< 0.001
< 0.001
< 0.01
< 0.001

canopy
mean

canopy
range

11.7
12.2
12.1
6.5
10.6

1–50
1–50
3–30
5–8
0–30

(Table 7) where we did not survey the most likely habitat for O. jutta (the most
canopied areas) due to access difficulties. When the sample was limited to the
bog type (muskeg) and canopy structure (not open) that O. jutta favored (Table
10), this species was significantly more abundant in northwest than north
central. In northeast Wisconsin, O. jutta abundance exhibited extreme variation as evident in the SD and maximum observation rate, but the median was
intermediate between the other two analyzed subregions and related statistically
to both regions (Table 10).
We found two O. jutta in roadside surveys (Table 1). These occurred at
two of the sites where the road bisected a muskeg in which we also recorded
O. jutta. Thus, peatland vegetation came into the ditches on each side of the
road. In surveys of nearby upland roadsides, we found no O. jutta but did find
numerous other butterflies, most frequently Phyciodes selenis (Kirby), Carterocephalus palaemon (Pallas), and Poanes hobomok (Harris). At sites where we
walked through more upland forest to a bog where we found O. jutta, we found
no O. jutta on those access walks. However, we did note other butterflies in
these upland forests, including other members of the same subfamily (Satyrinae) as O. jutta: Enodia anthedon Clark, Satyrodes appalachia (Chermock),
and Megisto cymela (Cramer). We also encountered no O. jutta on extensive
surveys of upland barrens in northern Wisconsin in the same counties as these
bog study sites (Swengel and Swengel 2010), including barrens within 100 m
of bogs. By contrast, two bog specialist butterfly species were relatively overrepresented in boggy roadsides compared to off-road peatland vegetation, and
a few individuals occurred in nearby upland roadsides, although still highly
under-represented there (Swengel and Swengel 2011).
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Table 10. Mean ± SD, median, and range of O. jutta abundance (individuals/hr) in
muskegs with more canopy than openest canopy code (open) in Table 8, by subregion
on peak surveys in northern Wisconsin during 2002–11. Means not sharing a letter are
significantly different (Mann-Whitney U test P < 0.05).
Subregion
Northeast
North Central
Northwest

N
76
106
96

mean		
18.64
8.80
11.86

AB
B
A

SD

median

range

25.46
11.02
11.19

7.02
5.52
9.60

0–127.5
0–48.0
0–49.4

We saw O. jutta in the full range of bog sizes surveyed (1.84–114.80 ha),
although some of the surveyed bogs with missing values for site size in this
study may be larger than that (e.g., Price County). The overlap in bog size
among the three peatland types was fairly narrow (Table 11). In that small
sample of surveys, O. jutta abundance and tree canopy were significantly higher
in muskegs than kettleholes and costal peatlands. In the muskegs, O. jutta
abundance correlated significantly and negatively with bog size, but percent tree
canopy also had a significant negative relationship to bog size (Table 12). In the
kettleholes, which were smaller on average and varied much less in size, both O.
jutta abundance and tree canopy covaried significantly with bog size (Table 12).
Surveys in more canopied areas had significantly lower wind, but other
weather and time of day variables showed no pattern relative to canopy (Table
13). Within a canopy classification, however, O. jutta abundance did not correlate significantly with wind, although all correlations were negative (Table
14). Within bog type, O. jutta abundance correlated significantly (negatively)
with wind only in muskegs (Table 15). However, in all bog types, wind speed
correlated more strongly with tree canopy than with O. jutta abundance. This
relationship was negative except in coastal peatlands. However, only two sites
were in that sample, and the site with the lower canopy on our surveys actually had more surrounding forest that blocked wind more effectively than at
the other site.
Annual Variation. O. jutta was dramatically more abundant in odd
than even years in northeast Wisconsin, with average abundance 19 times as
high in odd years as even (Fig. 1). This difference in abundance between even
and odd years was significant in northeast but not in the other two subregions
(Table 16), where abundances averaged a bit higher in even years than odd. The
low abundances in the coastal peatlands were a bit higher in odd years than
even, and fairly similar between even and odd years in the kettleholes (Fig. 2,
Table 16). The one site in central Wisconsin showed fluctuation among years
(Fig. 2) but a bit higher abundance in even than odd years (Table 16). Weather
and time of day did not vary significantly between even and odd years on the
surveys at long-term sites in northeast Wisconsin, except for temperature (in
favor of even years) and wind, in favor of odd years (Table 17).
Discussion
Incidence. We found O. jutta at most (77%) peatland study sites (Table
1), and most sites where we did not find it had little survey effort. The areas
with the lowest observation rates (coastal and inland Bayfield County: Table 1)
had the shortest overall flight periods recorded in this study (Table 2). The other
subregions had flight spans similar to or greater than the 46 days (20 May to 4
July) reported for the Upper Peninsula of Michigan (Nielsen 1999, Perkins 2007).

23
29
18

14.28 A
2.14 B
2.10 B

18.42
3.36
2.54

10.00
0.00
0.00

0–91.20
0–10.91
0–6.32

N unit		
O. jutta individuals/hour
surveys
mean
SD
median
range
20.43 A
15.62 B
6.50 C

Mean %
canopy
3
3
2

N
sites
8.91
6.54
9.70

Size
mean
2.83–14.95
4.12–7.82
2.83–16.56

Size
range

Muskeg
Kettlehole

195
42

		
Bog type
N

-0.192
+0.492

< 0.01
< 0.01

190 -0.322 < 0.01
42 +0.824 < 0.001

71.89		 2.83–114.80
4.57		 1.84–7.82

O. jutta/hr			% tree canopy		 Bog size
r
P
N
r
P
mean		
range

Table 12. Spearman rank correlation coefficients (r) of bog size (ha) with O. jutta/hr and with percent tree canopy in muskegs and kettleholes.
Only surveys at sites where we recorded O. jutta are included for analysis. The sample for coastal peatlands was too small for this analysis.

Muskeg
Kettlehole
Coastal

		
		

Table 11. Mean ± SD, median, and range of O. jutta abundance (individuals/hr) by bog type on peak surveys limited to O. jutta sites ranging
in size from 2.83 to 16.56 ha in northern Wisconsin during 2002–2011. Bog types not sharing any letters have statistically different abundances (Mann-Whitney U test two-tailed P < 0.05).
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Table 13. Spearman rank correlation coefficients (r) of percent tree canopy with
weather and time of day variables on peak unit surveys (N = 603) per site per year
during 2002–2011 in northern Wisconsin. Only sites where we recorded O. jutta are
included for analysis.

Cloud cover
Percent sunshine
Temperature
Wind Speed
Time of day
Crepuscularity

r

P

-0.060
+0.029
-0.030
-0.340
-0.036
+0.078

NS
NS
NS
< 0.01
NS
~0.10

Table 14. Spearman rank correlation coefficients (r) (none significant) of O. jutta
abundance (individuals/hr) on peak unit surveys (N = 603) per site per year during
2002–2011 with wind speed, by bog structure (category of canopy) as in Table 8. Only
sites in northern Wisconsin where we recorded O. jutta are included for analysis.

1 - open
1.5
2 - open savanna
2.5
3 - closed savanna

N

r

145
17
281
61
112

-0.108
-0.414
-0.012
-0.173
-0.059

Table 15. Spearman rank correlation coefficients (r) of wind speed with O. jutta abundance (individuals/hr) and estimated percent tree canopy on peak unit surveys (N =
603) per site per year during 2002–11, by bog type. Only sites in northern Wisconsin
where we recorded O. jutta are included for analysis.
		O. jutta abundance		Percent tree canopy
N
r
P
N
r
P
Muskeg
Kettlehole
Coastal peatland
Unclassified acid peatland

367
42
18
193

-0.209
+0.019
+0.453
-0.137

< 0.01
> 0.10
< 0.10
< 0.10

358
42
18
185

-0.430
-0.168
+0.595
-0.289

< 0.01
> 0.10
< 0.01
< 0.01

2013

THE GREAT LAKES ENTOMOLOGIST

185

Figure 1. Regional abundance per year (mean O. jutta individuals per hr on unit
surveys on peak survey per year in muskeg sites surveyed each year from 2002 or 2004
through 2011), by subregion in northern Wisconsin. Nearest sites between subregions:
90 km (northeast and north central) and 117 km (north central and northwest).

Table 16. Mean O. jutta per hour on unit surveys, and mean percent years unobserved
per site, on peak survey per year for sites surveyed every year during 2004–11 and
2006–11, by odd and even years.
		
		
2004–2011
Northeast (5 sites in Forest, Oneida Cos.)
North central (5 sites in Ashland, Price Cos.)
Northwest (5 sites in Douglas Co.)
2006–2011
Coastal Bayfield peatlands (2 sites)
Inland Bayfield kettleholes (3 sites)
Central (1 site in Jackson Co.)

O. jutta/hour1		 mean % years2
Odd
Even
Odd
Even
32.84
5.09
9.50

1.74
9.01
15.01

10
40
10

70
15
0

2.75
2.33
7.62

1.88
2.58
10.83

50
56
0

50
44
0

Difference in abundance between odd and even years is significant only in Northeast
(Mann-Whitney U test P < 0.0001 for both 2004–2011 and 2006–2011).
2
Within study period, difference among subregions in percent years not observed only
significant in 2004–11 in even years
1
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Figure 2. Regional abundance per year (mean O. jutta individuals per hr on unit surveys on peak survey per year in coastal Bayfield peatlands, inland Bayfield kettleholes,
and one Jackson County acid peatland surveyed each year from 2006 through 2011).
Nearest sites between subregions: 46 km (coastal and interior Bayfield) and 169 km
(central to north central in Fig. 1).

Table 17. Mean value of each weather and time of day variable by odd and even years
in northeastern Wisconsin on peak unit surveys per site per year during 2004–2011 at
five long-term monitoring sites (Fig. 1). Two-tailed P values are provided from MannWhitney U tests between odd and even years.
		
Cloud cover (%)
Percent sunshine
Temperature (ºC)
Wind speed (km)
Time of day
Crepuscularity1
1

Odd years

Even years

P

58.0
40.7
20.9
5.7
11:57
3:00

46.3
58.8
22.5
9.7
10:55
2:22

> 0.10
< 0.10
= 0.01
< 0.05
> 0.10
> 0.10

mean time since noon standard time
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Observed flight spans in our study were lengthened in 5/6 subregions (all
except inland Bayfield kettleholes) when we found very early O. jutta in 2010,
which is after the Michigan dataset closed in Nielsen (1999) and (Perkins 2007)
(earliest date 20 May in both). In the three analyzable subregions of northern
Wisconsin, northeast had the shortest flight span per year as measured by the
mean, median, and minimum spans recorded but not the maximum (Table 3).
This may result from the consistently very low abundance and 70% survey counts
of zeros in half of years (Fig. 1, Table 16), even though there was no statistical
relationship between flight span and number of individuals recorded per year
in any subregion (Table 3).
Habitat Associations. O. jutta was more abundant in muskegs than
kettleholes and coastal peatlands (Table 6), even when controlling for size (Table
11). But the muskegs in this study were significantly more canopied than the
kettleholes and coastal peatlands (Table 11), and O. jutta significantly increased
in each bog type as canopy increased (Table 8, 9). O. jutta is widely reported to
associate with trees, groves, and forested areas (Ebner 1970, Ferris and Brown
1989, Nekola 1998, Nielsen 1999). The dramatic variation by even and odd
years (Table 16) that resulted in a higher standard deviation in observation
rates (Table 10) in northeast Wisconsin contributes to that subregion having
no statistical difference in mean O. jutta abundance from both the subregion
where O. jutta was significantly more abundant (northwest) and significantly
less (north central) (Table 6).
Effect of patch size was mixed. In kettleholes, which were all small and
had relatively little variation in size, both O. jutta and tree canopy increased with
increasing patch size (Table 12). But in muskegs, which had a greater range in
size and higher abundance of O. jutta, these correlations were negative (Table
12). Site sizes of both muskegs and kettleholes were more highly correlated
(negatively or positively) with tree canopy than with O. jutta abundance, and in
the same direction (negative or positive) as the correlation with O. jutta abundance (Table 12). Thus, canopy may be the primary explanation for O. jutta's
unusual pattern relative to patch size in muskegs. Our results suggest that
in this sample, larger muskegs had more local variation in canopy cover, and
lower overall canopy, with O. jutta preferentially occupying the more canopied
groves and patches. That is, the large bog study sites may consist of a set of
small and patchy habitats for O. jutta. Since we did not select sites randomly
in this study, it is unknown whether this pattern applies more generally to
Wisconsin peatlands.
Correlations of O. jutta abundance to wind were weaker than correlations
of canopy to wind, but were in the same direction (usually negative). This suggests that canopy is the stronger influence on O. jutta abundance rather than
wind. The underlying driver is unclear: O. jutta adults may prefer shelter from
wind, or more canopied habitat may be more suitable habitat that also happens
to be more sheltered from wind than opener bogs.
We found O. jutta in very small isolated bogs (Table 7), although not necessarily frequently. However, O. jutta showed virtually no tendency to venture
out of bogs, since we very rarely found it in roadsides (abundance rates were 15
times as high in non-roadside sites in Table 1), and only when the road bisected
a peatland occupied by the butterfly, and never farther away from a peatland.
The ability of some specialists to maintain populations in small sites was well
documented by Thomas (1984). In our surveys, two of Wisconsin's eight bogspecialist butterflies, bog copper Lycaena epixanthe (Boisduval and LeConte)
and bog fritillary Boloria eunomia (Esper), had their highest abundance in small
sites, most of which were isolated (Swengel and Swengel 2011).
The correlation between transect surveys (as done in this study) and
methods estimating population size may not co-vary between different parts
of a single site (Harker and Shreeve 2008). However, when these methods are
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compared across a range of sites or subsites, strong concordance of results has
been reported (Mattoni et al 2001). When Thomas (1983) validated a single
transect survey through core habitat of the butterfly species during main flight
period to mark-release-recapture results, he concluded that an even more approximate survey method would rank the abundance of different populations
adequately. Likewise, similar rankings of population abundance have occurred
between weekly transect counts and line-transect extrapolations (Brown and
Boyce 1998, Isaac et al. 2011). One purpose of estimating population size is to
address the bias in results among different observers (Isaac et al. 2011; Bried
et al. 2012). But since the observers were the same on all surveys in this study,
that problem is not applicable to this study. Another purpose of methods estimating population size is to account for possible impacts of variation in vegetation among sites that might affect detectability of butterflies. Increased brush
and trees could reduce detectability of butterflies by obscuring views of them.
However, this factor did not significantly relate to results in Brown and Boyce
(1998) or Isaac et al. (2011) and in this study, observation rates of O. jutta were
higher in association with more canopy (Tables 8, 9).
Annual Variation. In most Wisconsin subregions, variation in abundance among years did not show a marked pattern by even and odd years (Figs.
1–2, Table 16). Instead, this variation appeared to relate only to the annual
fluctuations reported for butterflies generally (Thomas 1984, Swengel 1990,
Pollard and Yates 1993, Swengel and Swengel 2010, Johnson 2011). However,
in addition to these fluctuations, the northeast subregion (just 90 km from the
north central subregion) also exhibited dramatic variation in O. jutta abundance between even and odd years (Fig. 1, Table 16). While the difference in
wind between even and odd years on the surveys at long-term sites in northeast Wisconsin was significant, this difference was relatively minor compared
to the extreme variation in O. jutta abundance between even and odd years.
Furthermore, the maximum wind on any of these surveys was 24 km/hr, within
the allowable range in other butterfly survey programs (van Swaay et al. 2008).
Thus, it is unlikely that this dramatic variation in O. jutta abundance between
even and odd years can be attributed to weather conditions on surveys. This
is consistent with reports that O. jutta flies mainly in odd years in Wisconsin
(Kuehn 1983) and adjacent Michigan (Nielsen 1999). Nonetheless, the species
was discovered in Wisconsin in 1954 (Ebner 1970), reported in the Upper Peninsula of Michigan on 20 May 2006 (Perkins 2007), and occurred in analyzable
numbers in northwestern Wisconsin in 1996 (Nekola 1998, Nekola and Kraft
2002). Even-year reports of O. jutta occur regularly in Wisconsin, including in
northeast Wisconsin (Langlade County in1988) but much more often in north
central and northwest (e.g., 1998, 2000, 2002, 2004) (Wisconsin Entomological
Society season summaries published in 1989, 1999, 2001, 2003, 2005).
Oeneis jutta is reported to have a two-year life cycle (Opler and Krizek
1984, Scott 1986). In many areas of North America, O. jutta consistently varies
in abundance between even and odd years, but regions differ as to whether O.
jutta is found mostly or only in even years (e.g., westward in Canada) or odd
years (e.g., eastward in Canada), or about the same in both (e.g., centrally in
Canada) (Opler and Krizek 1984, Scott 1986, Klassen et al. 1989, Layberry et
al. 1998). This pattern can vary across relatively short distances (Scott 1986,
Ferris and Brown 1989). Both Scott (1986) and Klassen et al. (1989) indicate
variation in the immature stage in the first winter (1st-3rd instar larva) and
the second winter (4th-6th instar larva or occasionally pupa) for O. jutta. It is
unclear whether this variation in rate of development occurs only among regions
or also within region but suggests the possibility that non-biennial generations
could occur. Where O. jutta adults are found regularly in both even and odd
years, as in all of the Wisconsin range, it could be difficult to determine whether
the even and odd years contain distinct cohorts or whether there is any mixing
between the cohorts.
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Applications to Butterfly Population Biology. O. jutta populations
in central and northern Wisconsin present a natural experiment for understanding how localized butterfly populations may function in a fragmented
landscape. Swengel and Swengel (2011) described how bog-specialist butterfly
populations occurred not only in metapopulations (larger populations in larger
and/or more connected habitat patches) but also with small numbers thinly
spread in larger sites or with large numbers in small, isolated sites. O. jutta
also occurs in low-density populations apparently persisting in small, isolated
sites. Outside peatlands, when a localized butterfly species is occasionally but
not consistently found in a site, this may be attributed to straying in from some
other location, even though a known source within likely dispersal distance may
not be known (many lepidopterists pers. comm., including us). This could be
the case. However, butterflies in isolated populations, including strong fliers
in bog/fen habitats, commonly exhibit very little tendency to disperse out of
the habitat patch (Thomas 1984, Schtickzelle and Baguette 2003), and adult
bog-specialist Lepidoptera are typically found in the same subhabitat within
the bog where their larvae develop (Väisänen 1992). Peatland butterfly dispersal tendency decreases as isolation and fragmentation increase (Baguette
et al. 2003, Schtickzelle et al. 2006), and the fossil record documents relative
faunistic stability in isolated peatlands (Spitzer and Danks 2006, Whitehouse
2006, Whitehouse et al. 2008). As a result, another possibility exists. These
small isolated sites may in fact support small populations of O. jutta that are
relatively difficult to observe.
If so, a great deal of survey effort may be necessary to distinguish transient
incidence in an area from a low-density resident population that is difficult to
find. In the latter situation, habitat quality– as defined specifically for a butterfly as the particular resources and conditions they require (Longcore et al.
2000, Dennis and Hardy 2007, Turlure et al. 2009, Dennis 2010)– would be more
important for persistence of specialist butterfly populations than landscape configuration of patch size and connectedness, although both contribute (Baguette
et al. 2011, Thomas et al. 2011). As a result, a focus in conservation actions on
consistent retention of specialist populations within sites, including small and
isolated ones, may be more effective for long-term butterfly persistence than
relying on rescue via recolonization from other populations, which may or may
not be effectively dispersing out into the landscape. Under this scenario, striving to maintain stable conditions at isolated sites via unintensive or no land use
is likely to aid in the longer-term maintenance of specialist butterflies (Kirby
1992, Dapkus 2004, Spitzer and Danks 2006, Whitehouse et al. 2008, Goffart
et al. 2010, Swengel and Swengel 2010).
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Geography and History of Periodical Cicadas
(Hemiptera: Cicadidae) in DuPage County, Illinois
Carl A. Strang1

Abstract.
The spatial distribution of periodical cicada (Magicicada septendecim
L. and M. cassini Fisher) emergence in 2007 did not match either historical
locations of woodlands or the cicadas’ own geography in the 19th and early 20th
centuries in DuPage County, Illinois. Cicadas were present in forest areas that
had remained above 61 ha throughout historic times, and they were absent
from areas which at some point had been reduced below 52 ha by tree removal,
mainly for agriculture. Isolation of forest areas also may have contributed to
local extinctions. The insects have spread into new, urban woodlands created
by residential plantings. Their distribution is associated with the early growth
of towns along commuter railways in the eastern part of the county (toward
Chicago). A peculiar gap in the main emergence area (encompassing two adjacent
cities) may be the result of the cicadas shifting their emergence four years early.
An active dispersal on 9–11 June, coinciding with the peak in cicada singing
in forested areas, apparently placed scattered small groups of cicadas outside
the main emergence area.
____________________

Geographical interest in periodical cicadas (Magicicada Davis) has focused on the ranges of species and broods, the latter being multispecies sets
of populations which emerge synchronously in a defined portion of the total
range (the history of the brood numbering system was reviewed by Kritsky
(2004)). Lloyd and Dybas (1966b) analyzed the temporal and geographic distribution of the 17-year broods and found adjacent and overlapping broods to
be separated by one or four years, differences that could reflect histories of cool
years delaying emergence by a year (as suggested earlier by Alexander and
Moore (1962)) or the cicadas in an area emerging four years early. In 1969,
Dybas documented such an early emergence of 17-year periodical cicadas across
several counties in the Chicago area, four years ahead of the main emergence
(Brood XIII). This was given context by White and Lloyd’s (1975) finding
that Magicicada spp. with 17-year periodicity (such as the Chicago area’s M.
cassini Fisher and M. septendecim L.) differ from more southern 13-year species through a four-year dormancy early in their nymphal lives. Subsequent
study and analysis has questioned this finding, however (Maier 1996). Though
Dybas believed that the cicadas had not reproduced in 1969 (he believed the
weather that year was too cool), newsworthy numbers subsequently emerged
in the same area in 1986 and 2003 (Fig. 1). Kritsky (2004) reported Lloyd’s
speculation that such “shadow broods” (Marshall 2001) may escape infection
by a fungal parasite (Massospora cicadina), the only consumer specific to
Magicicada, and conducted a series of dissections that provided some support
for this idea. Nymphal crowding (Lloyd and White 1976) and climatic signals
(Marshall et al. 2011) have been suggested as possible proximate stimuli for
the early emergence of such shadow broods.
1

Forest Preserve District of DuPage County, P.O. Box 5000, Wheaton, IL 60189-5000.
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Figure 1. The communities of DuPage County, their geographic centers identified with
symbols representing their record of periodical cicada emergences 4 years before the
main emergences of 1973, 1990, and 2007. Null symbols represent towns with no such
records, filled circles represent reported emergences in 1969 (Dybas 1969), triangles
represent reported emergences in 1986 (Philips 1986, Nixon 2003a, and unpublished
notes), and open circles represent reported emergences in 2003 (Nixon 2003b, Van
Matre 2003, and conversations with Wood Dale residents reported in this paper).

All the towns listed by Dybas (1969) in which the Magicicada shadow
brood first appeared were located in eastern portions of the greater Chicago
area. This was despite the presence of forested areas and urban tree plantings
throughout. Furthermore, conversations with people who had been present for
the Brood XIII emergence in 1990 did not produce recollections of cicadas in the
more western areas, though memories were strong of emergences in much of
the same area outlined by Dybas for the shadow brood. This puzzle led to the
decision to perform a mapping study of one county during the 2007 Brood XIII
emergence, documenting areas where the two species of periodical cicadas were
abundant. The working hypothesis was that areas that long have been forested
would have concentrations of cicadas, which then would have expanded into
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adjacent towns and residential areas to the degree that such areas had enough
old trees to be forest-like.
Materials and Methods
This study focused on DuPage County, immediately west of Chicago and
bounded on the east and north by Chicago’s Cook County. When the emergence
was well underway in open areas such as residences and municipal parks (27
May–3 June), I drove, bicycled and walked around the county, mapping the edges
of cicada concentrations, as well as spot-checking forest preserves both along
rivers and old woodlands that are not on rivers. I noted where each species was
chorusing (too many individuals to count), present in low enough numbers that
singers were countable, or absent, and where persisting nymphal exoskeletons
marked emergences.
At the end of July, visitors to the Forest Preserve District of DuPage
County’s booth at the DuPage County Fair were given the opportunity to stick
colored pins in a large county map, recording their observations of the emergence
around their homes. They had four choices of colors, corresponding to choruses
that were small enough that the cicadas were countable or too large to count,
and whether they peaked before or after 9 June (which coincided with both the
end of the school year and an observed active dispersal of periodical cicadas,
described below).
The earliest information on the geography of the periodical cicadas’
woodland habitat in DuPage County comes from the original 1840 land survey
(Bowles et al. 1998; Fig. 2). At that time the area was mostly prairie, with
pockets of forest and savanna largely defined by topography and wetlands that
blocked earlier prairie fires. Subsequent changes to the 18 major forest and
savanna areas in the county were obtained from an 1874 county atlas (DHS
1974), from the earliest series of aerial photographs that covered the county
in 1939 (ISGS 1997), and from present day images accessed through GoogleEarth (Google 2008). For each of these 18 areas, the largest forest remnant that
survived from 1840 to the present day (the habitat bottleneck) was identified
and its area measured by applying the ruler feature of GoogleEarth to its core
area, and estimating the irregular peripheral portions with the same tool. Some
of the forest remnants had abundant cicadas in 2007, others practically none,
and their bottleneck sizes were ranked and compared with the nonparametric
Mann-Whitney U-test (Mendenhall 1971). Old newspapers (Wheaton Illinoian
1888, 1905; Wheaton Progressive 1922) provided historical information on
habitat and past cicada emergences.
Results
By 21 May 2007, significant cicada emergences had begun in some residential areas, especially in the southern part of the Chicago region. By the end
of May both species were chorusing throughout the region, by the end of June
chorusing was significantly reduced, and by mid-July both species were quiet
or nearly so.
In the first days following emergence, areas where cicadas were abundant
were sharply defined, and mapping could be done block by block and sometimes
tree by tree. Also, cicadas initially sang close to where they emerged. Though
forested preserves lagged behind residential areas in cicada activity, enough
cicadas were emerging at woods edges to make clear which preserves had abundant cicadas and which did not. Areas of abundant cicadas generally contained
both cassini and septendecim. Typically the septendecim chorusing stopped
short of the boundary of the high-density areas, and only cassini were singing
in the outermost 100 m or so. Whether this was an indication of the spreading
septendecim population trailing that of the louder cassini, or perhaps septendecim
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Figure 2. DuPage County map, showing vegetative communities at the time of the
original land survey, 1821–1840 (Bowles et al. 1998). Most of the county then was prairie, with wetlands designated by small outlined areas. Forest and savanna area labels
correspond to entries in Table 1. Interstate, federal and state highways are indicated.

choruses referencing their locations to cassini choruses, was not determined.
Also, within the high-density areas there were places where septendecim were
few or none while cassini remained abundant nearly throughout where checked.
The resulting pattern (Fig. 3) shows a large area of cicada emergence in east
central DuPage County, with separate branches extending NW and SW from a
short stem that reached east into Cook County’s western suburbs. These lobes
appear to follow two of the three major commuter rail lines through the county.
In addition there were islands of cicada abundance in Bensenville (adjacent to
the third commuter rail line) and surrounding 3 forest preserve areas in the
south central part of the county. Finally, the Des Plaines River corridor, bounding the south edge of DuPage County’s southeastern panhandle, had high cicada
densities. Otherwise, only scattered to countable cassini in some places, and
no cicadas at all in others, could be found. On 7 June I returned to the western
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Figure 3. DuPage County map, showing areas (textured gray patterns, bounded by
heavy lines) where periodical cicadas emerged in large numbers in 2007, superimposed
over the forest and savanna areas from Fig. 2. Dotted lines show routes of the county’s
three major commuter railways.

edge of the main cicada area at the end of the main northern lobe and walked
it. This area is of interest because much of that edge is not bounded by habitat,
i.e., the edge of cicada abundance is within an area that appears suitable for
cicadas on both sides. It is composed of residential streets with many mature
trees. In places the cicada choruses extended as much as 200 m beyond the zone
of emergence, but on the whole that extension has to be described as small. In no
place did signs of emergence extend beyond chorusing, i.e., the cicadas appeared
to be expanding or at least maintaining their current range.
Cicadas were lacking in most of the western part of the county, including
forested areas. This prompted the historical aspect of the study. Reviews of old
newspapers revealed the presence of abundant cicadas in western DuPage communities (Wheaton, Bartlett and West Chicago) in 1888 (WI 1888) and persisting
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at least in one of them (Wheaton) as late as 1939 (DJ 1939). DuPage County
developed first as an agricultural area in the mid-19th Century (Blanchard
1882, Thompson 1985). Horse-based transportation soon was augmented by
important railways radiating from nearby Chicago, and the county’s communities competed to be included in the rail routings. Rail stops meant access to the
Chicago market for farmers, made those communities attractive to industry, and
facilitated commuting to work in the city. The influence of the city of Chicago as
a place of work spread from east to west in the county, where commuters first
augmented the growth of eastern towns while western DuPage remained agricultural (Thompson 1985). Those towns which succeeded prospered and grew,
and tree planting around homes and along community streets was a priority
(Russell 1977, Thompson 1985, Stewart 2006).
Comparisons of maps and aerial photos indicate that already by 1874,
agricultural clearing had reduced the 18 major forest areas to a median value of
around 67% of their original size. Between 1874 and 1939 that value had fallen
to 30%. Housing and commercial construction further reduced forest patch size
between 1939 and 2007 in 10 of the 18 forests. DuPage County’s population growth
accelerated after the 1950 census, its population tripling between 1940 and 1960
(USCB 1995), and nearly doing so again (reaching 904,161) by 2000 (USCB 2013).
The smallest (bottleneck) sizes of the forest patches appear to relate to
the presence or absence of abundant cicadas in 2007 (Table 1). It appears that
below 52 ha, forests in DuPage County do not sustain periodical cicada populations. Forests that remained above 61 ha still contain them. Consideration of
the 3 marginal forests in Table 1 raises the possibility that isolation may play
Table 1. History of periodical cicadas in DuPage County forest areas. Sizes (in ha, hectares)
of the largest persisting forest remnants in each of the 18 original (1840) forest areas in
DuPage County, in order of descending size, with presence/absence of abundant periodical cicadas in 2007 indicated. The difference in ranks of bottlenecks between those with
versus those without abundant cicadas is statistically significant (Mann-Whitney U = 2,
P < 0.01). Historical records from Bowles et al. (1998; for 1840), Wheaton Illinoian (1888,
1905) and Wheaton Progressive (1922).
		
Size of
Periodical
Historically
Early Record
		
bottleneck
Cicadas
Largest (1840)
of Abundant
Area
(ha)
Abundant 2007?
Size (ha)
Cicadas?
						
A
168
Yes
292
Yes (1888)
B
143
Yes
462
C
140
Yes
865
D
138
Yes
1012
Yes (1922)
E
136
Yes
439
Yes (1922)
F
120
Yes
2957			
G
76
Yes
177
Yes (1905)
H
63
Yes
572			
I
61
No
2241
Yes (1888)
J
58
Yes
1617			
K
52
Yes
281
Yes (1888)
L
47
No
1375
Yes (1888)
M
46
No
965
Yes (1922)
N
42
No
337
Yes (1888)
O
42
No
163			
P
36
No
980
Yes (1888)
Q
36
No
511			
R
30
No
487
Yes (1905)
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a role: the 61-ha patch without abundant cicadas is 7.7 km from the nearest
cicada concentration, while the 58- and 52-ha patches with cicadas are 1.0 and
1.8 km, respectively, from other concentration areas. That 61-ha woodland is the
largest bottleneck in the western half of the county, hence its remoteness, and
apparently, hence the near extinction of periodical cicadas in western DuPage
by the mid-20th Century.
One of the more intriguing locations is the town of Wood Dale, in the
northeast quarter of the county. Its nearest (780 m distant) original forest patch
was a 140 ha piece in Bensenville, to the east, a city which had a concentrated
cicada emergence in 2007 (Figs. 1, 3). Wood Dale had very few cicadas in 2007.
This is based on conversations with 5–10 residents and park district staff, as
well as my own 2007 surveys of the 4 forest preserves in that community and the
adjacent town of Addison. None of those forested preserves had cicadas beyond
the countable level in 2007, and as I traced the edges of areas where cicadas
had emerged in chorusing numbers, these always ended outside the boundaries of those two cities. Though I did not cover all of Wood Dale or Addison in
my survey, the portions I missed were mainly areas with concentrated houses
or industrial parks with few trees. However, both Wood Dale and Addison are
included in Dybas’ (1969) list of towns that had cicadas in the original off-year
emergence, and the Wood Dale residents reported that though there were few
cicadas in Wood Dale in 2007, there were many more, implying a concentrated
emergence, in the off year of 2003 (Fig. 1). Addison also had some in 2003 (Celmer 2003, Van Matre 2003).
There also was a regional emergence of this “shadow brood” (Marshall
2001) in 1986 (Philips 1986, Nixon 2003a), but less information on affected
communities in DuPage County is available for that year (Fig. 1). The most
specific indication is contained in Nixon’s (2003a) prediction for 2003, based on
his notes from 1986: “We expect the periodical cicadas to emerge through much
of the Cook County suburbs, [and] the eastern half of DuPage County, … arcing
to Addison and Lisle on the west ...”
An unexpected widespread active dispersal of cassini occurred around 9–11
June. This coincided with the peak in singing volume in forested areas (emergence
began earlier in more open residential neighborhoods, and singing may have
peaked a few days sooner there as well). Cicadas were flying across wide highway
corridors and other open areas they had avoided earlier, with specific distances of
200 m, 260 m and 1200 m gaps noted. This was not a wind-pushed dispersal. These
were relatively calm days, and in fact cicadas were not moving on a very windy
7 June. The result was that after 11 June, cassini were to be found in noticeably
greater numbers beyond the mapped areas of abundant emergence. None of these
choruses had densities beyond the countable level of abundance, but the numbers
of individuals involved were remarkable (examples noted with more than a dozen
males chorusing miles from the nearest concentrated emergence). M. septendecim
accompanied the dispersing cassini in only 2 known locations, both of which were
unusual in having concentration areas within 2 km on 2–3 sides. The dispersal did
not consist of males alone, as females both living and dead were found in several
locations. The contrast between the time before and after the period of observed
dispersal was stark. The small choruses formed in areas where there had been
no previous observations of enough scattered males to gather and form them, and
the challenge of surviving predation long enough to do so further argues against
these being late-forming groups of locally eclosed males.
An opportunity further to document this process was provided by participants who placed pins in the map at the DuPage County Fair in late July. The
resulting pattern was clear, with pre-dispersal pins coinciding closely with the
pattern shown in Fig. 3, and post-dispersal pins, almost entirely representing
countable choruses, spread widely through the county though concentrated in
regions surrounding the areas where cicadas had emerged in large numbers.

200

THE GREAT LAKES ENTOMOLOGIST

Vol. 46 Nos. 3 - 4

Few pins of any color were placed in the extreme northeast corner of the county.
In the Wood Dale-Addison area there were only 5 pins indicating “none,” and 1
indicating only countable cicadas after the 9–11 June dispersal.
Discussion
The areas of abundant emerging periodical cicadas (Fig. 3) did not match
expected patterns, except that they did include locations where cicadas were
known to be abundant in the 1990 emergence. The lobes of the main emergence
area had between them an extensive zone with only scattered cassini. Furthermore, only one area in western DuPage County had large numbers of emerging
cicadas. In addition to the main eastern area were a few separate islands, as well
as the Des Plaines River corridor. These results recall the fact that 200 years ago
DuPage County had some forested areas, but these were mainly isolated pockets
surrounded by prairie (Fig. 2). With the arrival of large scale agriculture in the
19th century, most of the county became farmland. Both prairie and farmland
are unsuitable for periodical cicadas. As the city of Chicago grew to the east,
DuPage County became increasingly suburban. Railways supported the growth
of the earliest major communities along three major commuter rail lines. These
areas, where people planted trees around their homes, have supported woodlands
for the longest time (outside the original forest remnants). It is no coincidence,
in this light, that the shape of the major cicada emergence area has branches
that roughly follow those rail lines. It seems likely that periodical cicadas spread
from refuges in the original forests into the newer urban plantings, limited by
their 17-year generation time and the communities’ expansion rate.
The difference between the cicada abundance in the eastern and western
halves of the county thus appears to be traceable to the influence of the growing
city of Chicago. The eastern communities, particularly those along commuter
railways, made an earlier transition from agriculture and preserved more of
their forests in the 1800s and early 1900s, though these woodlands later became
depleted by development. By that point, however, mature trees residents had
planted around their homes were augmenting the effective forest habitat area
available to periodical cicadas. In the western half of the county, the longer
period of agricultural clearing and the more recent depletion of forests by development appear to be responsible for the local extinctions of periodical cicadas.
Potential cicada habitat has increased in recent years as housing areas and the
trees planted within them mature.
There appears to be little information in the literature on minimal forest
size needed to sustain periodical cicada populations. The most relevant study
I have seen is Rodenhouse et al. (1997). They imply that areas as small as 16
or even 3–4 ha may be enough, at least in their southwest Ohio study area, but
do not provide information on distance of separation between such areas. They
focused on comparison of edge and interior of forest areas, but emphasized that
disturbance of forests is an important factor in the history of cicada persistence.
Indications are that in the DuPage County forest areas, populations have been
able to persist as long as they are able to emerge at high densities in areas of
at least 61 hectares. Smaller areas can sustain populations only if they are not
isolated from others.
A further hint of the possible importance of forest isolation is the report
that at Raccoon Grove Forest Preserve in Will County, south of DuPage, there
were few cicadas emerging in 2007 (Wisby 2007, Cooley et al. 2013). That was
the study area for the Dybas and Davis (1962) study frequently cited for measured high densities of periodical cicadas. Though that preserve is only 23.5 ha
in size, it is part of a larger woodland of 130 ha. Such a size would seem safe,
but that area is 5.2 km from the nearest woodland, Thorn Creek Woods Forest
Preserve, a much larger area that had abundant cicadas in 2007 according to
Will County Forest Preserve District staff.
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While persistence of local populations has been associated with habitat
patch size and isolation in this study, earlier studies have emphasized population
density without reference to those other measures (e.g., Alexander and Moore
1962, Dybas and Davis 1962, Lloyd and Dybas 1966b, Karban 1982, Maier
1982, Marshall et al. 2011). What may be most critical is a combination of these
measures that gives a total population size, along with habitat patch isolation.
The significant emergence of periodical cicadas in Brood XIII four years
ahead of schedule, first reported by Dybas (1969), has received increased attention as more instances of this are documented, and as it has persisted within
the same area Dybas described in subsequent cicada generations (Fig. 1).
Kritsky (2004) pointed out the need to demonstrate reproduction and raised
the possibility that the 1969 and 2003 emergences were independent events
(he did not mention the 1986 emergence). It also should be understood that
these records are mainly the result of citizen reports to scientists or to news
media rather than thorough surveys by knowledgeable investigators. The potential contribution of developmental plasticity was reviewed by Marshall et
al. (2011). While citing various potential causes, they pointed to climatic influences (mediated by tree physiology) as perhaps having the most traction. This
makes some intuitive sense, at least, in the case of 17-year species shifting to a
13-year pattern typical of more southern forms in a time of climatic warming.
The large numbers involved, the regional appearance of this shadow brood for
three sequential generations, and especially the indications that the primary
year for emergence in the communities of Wood Dale and Addison is now 4 years
ahead of the Brood XIII timing, suggest that reproduction may be occurring.
However, climatic stimuli could be confusing the issue. I plan to survey the area
in question thoroughly in the next shadow brood year of 2020. In the absence
of clear demonstration that reproduction is occurring in the early emergences,
and until the possible shift of the entire Wood Dale-Addison area cicadas to the
new pattern is better documented, developmental plasticity repeated in every
generation needs to be considered as an alternative hypothesis (i.e., a false or
“shadow brood,” Marshall 2001). Furthermore, those two communities need to
be examined in 2016. If that local population has indeed shifted, some of them
may come out 4 years ahead of that shifted timing (i.e., the next Brood XIII
emergence is anticipated in 2024, a four years early shift would occur in 2020
and developmental plasticity could bring some out in 2016).
The secondary dispersal beginning around 9 June 2007 in DuPage County
was unexpected. There is not much said in the literature about dispersal, and
I have seen nothing comparable to the distances apparently covered here. Karban (1981) investigated cicada movements around forest edges. The longest
displacement he noted (149 m) was within the same forest block. The longest
flight across an open area he observed was 72 m, by an individual crossing a
field from one edge to another of the same forest block. The degree to which
the DuPage County dispersal was vehicle facilitated or the result of capture
and release by residents disappointed by the lack of emerging cicadas in their
neighborhoods is not known, but in at least 2 cases these choruses were in blocks
of forest rather than residential areas. There are suggestions in the literature
(Lloyd and Dybas 1966a, White et al. 1979, Williams and Simon 1995) that
competition among nymphs is severe and may lead to high mortality. This might
provide an advantage to individuals that lay their eggs a short distance beyond
the main emergence area. Such dispersal might also carry offspring beyond the
fungal parasites (White et al. 1979). The risk of predation, both to dispersing
prospective parents and to emerging offspring in the next generation, would
be a counterbalance. The fact of this dispersal opens a range of possibilities for
the 2024 emergence. First, no observations in 2007 suggest that a reduction
in the range of cicada abundance is likely, except where trees may be removed
through human activity. The comparison of emergence and chorusing at the end
of the main emergence area’s northern lobe supports the possibility of a gradual
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spread into new areas where the edge of cicada abundance is within, or at least
close to, new areas of suitable habitat.
Finally there is the wild card of that wider, 9–11 June dispersal, which
potentially established local abundances of cassini in many new places. However,
the next times to survey periodical cicadas will be 2020, when the next off-year
emergence is anticipated, and 2016, to test the developmental plasticity idea
and the possibility of a complete shift in the Wood Dale-Addison area.
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Insects Associated With Droppings of Moose, Alces alces (L),
in Isle Royale National Park, Michigan
Alexander T. Egan1 and Roger D. Moon1

Abstract
Moose (Alces alces [L]) droppings were sampled in June-August, 2007,
in Isle Royale National Park, a remote wilderness island in Lake Superior, to
characterize biodiversity of the park’s moose dung fauna. Twelve Diptera and
nine Coleoptera species were obtained, for a total of 21 insect taxa. Twenty of
the taxa are newly recorded colonists or visitors to moose dung. The Diptera
were Psychodidae, Anthomyiidae, Muscidae and representatives of three other
families, and Coleoptera consisted of three species in each of Scarabaeidae,
Staphylinidae and Histeridae. Species per sample ranged from two in early June
to nine in mid-July, and a species accumulation curve indicated a total of six
more species remain to be detected. The relatively depauparate nature of the
island’s dung insect fauna may be attributed to absence of other large herbivores,
to geographic isolation from source populations on adjacent mainland, or to distinct physical or biological properties of moose dung. Among reared specimens,
Hylemyza partita (Meigen) (Anthomyiidae) and moose fly, Haematobosca alcis
(Snow) (Muscidae) required approximately 3 weeks to complete development
from egg to adult. Projections from weather records on the island indicated the
two species could have completed as many as five generations between dates of
last spring frost in May and first autumn frost in November.
____________________

Adults and immatures of many arthropods use dung of large herbivores
for habitat and nutrition. Faunas associated with many large North American
herbivores are well characterized, including cattle (Bos primigenius Bojanus),
bison (Bison bison L.), sheep (Ovis aires L.) and horses (Equus ferus caballus
L.) (see Hammer 1941, Mohr 1943, Blume 1985, Stevenson and Dindal 1987,
Cambefort 1991). With notable exceptions, these faunas share many of the same
generalist species (Dormont et al. 2007, Tilberg and Floate 2011), and many of
the species are naturally Holarctic or have been introduced from Europe through
human commerce (Gordon 1983, Hanski and Cambefort 1991). Relatively less
is known about the insects associated with droppings of Cervidae, including
deer (Odocoileus spp.; although see Brousseau et al. 2010), caribou (Rangifer
tarandus [L.]), elk (Cervus canadensis Erxleben), and moose (Alces alces L.).
Isle Royale in Lake Superior has a relatively austere community of large
herbivorous mammals, largely due to geographic isolation in the lake. Different
cervids and cattle have occurred on the island in recent history, but only moose
have persisted since the 1930s. Cochrane (1996) reviewed many historic reports
and oral histories regarding large mammals on the island. Caribou were common in the 1700-1800s, but the population declined in the late 1800s and was
likely extirpated through hunting by 1928. The Island Mine community on the
west end of Isle Royale was known to have about 300 cattle for food in 1875.
In addition, white-tailed deer (O. virginianus Zimmermann) were released
in 1910 and may have persisted as late as the 1930s. Moose apparently were
absent through the 1800s, but arrived from a Minnesota or Ontario population
Department of Entomology, University of Minnesota, 1980 Folwell Ave., St. Paul, MN
55108. e-mail: egan0059@umn.edu.
1
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around 1904 (Peterson 1999). The method of arrival is unknown, although the
most likely options include swimming or purposeful introduction. In order of
decreasing body size, other herbivorous mammals on the island are beaver
(Castor canadensis Kuhl), snowshoe hare (Lepus americanus Erxleben), muskrat (Ondatra zibethicus L.), red squirrel (Tamiasciurus hudsonicus regalis
Howell) and deer mouse (Peromyscus maniculatus Wagner).
The present study was undertaken to document the insect fauna associated with moose droppings on the island, with particular interest in species that
may be unique to moose, endemic on the island, or potential pests or vectors of
parasites or pathogens among moose and other animal populations.
Materials and Methods
Study Area. Isle Royale National Park, Michigan, is an archipelago in
northwestern Lake Superior, approximately 46 km SE of Thunder Bay, Ontario,
100 km north of Houghton, Michigan, and 57 km east of Grand Portage, Minnesota (Fig. 1). The park consists of one main island surrounded by hundreds
of smaller islands, for a total of 544 km2 of land, 99 percent of which is federally
designated wilderness. Forest-dominated ecosystems consist of northern hardwoods in western portions of the park, and boreal forest in the east. Access to
the park is generally limited to coastal docks and interior foot trails.

Figure 1. Map of Isle Royale, showing locations and dates of moose dropping collections, and locations of weather station and Davidson Island where droppings were
incubated, 2007.
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Samples and Rearing Records. Natural fecal droppings from free
ranging moose were collected as encountered at scattered locations in the park
between 10 June and 10 August 2007 (Fig. 1). Moose droppings in summer
consist of somewhat amorphous piles of varying size (Rice 2010), and samples
consisted of about 50-100% of encountered piles, depending on pile size. Most
of the droppings were near lakes in mature forest settings, except for one at
Francis Point, which was between the Lake Superior shoreline and a semi-flooded
meadow. Two defecating moose were observed on 15 June and their dung was
collected about 8 h later. In all other cases, droppings from unobserved moose
were estimated to be within 1-3 d, as judged from surface moisture and apparent insect activity. Intent was to select droppings that had been exposed long
enough to be colonized by flies and beetles, yet retrieved before wandering stage
larvae of muscoid flies could have dispersed into the surrounding soil substrate.
Each dropping was placed in a plastic bag and transported to a small,
unheated outbuilding on Davidson Island (Fig. 1) to rear out insect inhabitants.
Each sample was placed on 2.5 cm of sifted sand in a clear plastic tray (30 × 20
× 7.5 cm) and covered with thin linen that allowed ventilation but prevented
insect entry and escape. Samples were inspected and intermittently misted with
lake water to mimic natural rain and dew. After 2 wk, samples were rechecked
almost daily and then disassembled to extract individual insects by hand when
most larvae of muscoid flies had pupated in the dung or sand. Mature beetle
larvae and fly puparia were transferred to small, perforated Eppendorf tubes
and set aside to rear out adults. Free roaming adult beetles were killed directly
by freezing, as were representative specimens of small Diptera that were too
numerous to extract and count. Free-living mites were noted roaming on the
dung and sand, and attached to adult beetles and flies, but none were deliberately collected. Adult beetles and flies with associated puparia were mounted
on points or pins, identified using keys in Arnett and Thomas (2001), Bousquet
and Leplante (2006), Gordon (1983), Griffiths (2001), McAlpine et al. (1981), and
Pratt and Pratt (1980), and compared with determined reference specimens.
Although several subgenera of Aphodius (Scarabaeidae) have recently been
elevated to genus by Gordon and Skelley (2007); we retain previous names for
compatibility with earlier literature on the fauna of mammal dung, but include
subgenus names in parentheses. Specimens have been deposited in the University of Minnesota St. Paul Insect Museum.
Faunal Diversity. The fauna was characterized initially by the list of
species or higher taxonomic units encountered, and then by a species accumulation curve. An accumulation curve shows the cumulative number of species
encountered with increasing number of sample units (droppings), and was
calculated with EstimateS v. 9beta4, using the Mau Tau estimator. This estimator provides a mean and 95% confidence limits for numbers of taxa actually
present, given the number of species encountered in the initial reference sample
(Colwell et al. 2012), and has performed well in studies of insect communities
elsewhere (e.g., Basset et al. 2012). The difference between number of taxa
observed and extrapolated number was interpreted as the number of taxa that
remain to be detected.
Development Times. Time required to develop from egg to adult was
estimated for two species of muscoid Diptera that were frequent and abundant
enough for analysis. Median development times (D50) for cohorts of specimens
from individual droppings were calculated as the difference between presumed
oviposition date and median emergence date, and then examined for seasonal
variation. To test the hypothesis that any seasonal pattern was a result of
varying temperatures, concurrent records of daily minimum and maximum
air temperatures were obtained from a ground-level weather station at Mount
Ojibway, 2 km west of Davidson Island (Fig. 1). Mean temperature for each
cohort was calculated by averaging daily minima and maxima from afternoon of
oviposition date to afternoon of median emergence date. Analysis of covariance
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was used to assess differences in median development times among species and
dates or temperatures, as
D50= a+b1S+b2X+b3S´X+e,
where a was overall mean, S was a dummy variable for species, X was a covariate, either oviposition day of year or mean temperature, S´X was an interaction
term for unequal slopes, and e was for errors, presumed normal. Significance
of b3 was first checked with F-test (α = 0.05), and if insignificant, the interaction term was omitted and the simpler model fit to examine b2 and b1 for the
covariate and species, respectively. Models were fit with lm in R (R Development Core Team 2012), and F-tests were done with ANOVA in the package car
(Fox and Weisberg 2011). To estimate possible numbers of generations per yr
on the island, development times were expressed as degree-days (DDs) above
arbitrary bases of 0, 5 and 10°C (Pruess 1983). Degree-days were calculated from
the weather station’s daily records with the half-day sine wave method (Allen
1976) without adjustment for latitude. Sums from afternoons of oviposition to
median emergence were averaged to estimate mean DD requirement for each
species, and then the means of cohorts of the two species were compared with
Student’s t-test. Number of possible egg-adult intervals was computed by dividing DD accumulations between last to first frost date by mean DDs required.
Results
Samples and Rearing Records. A total of 11 droppings were obtained
from eight remote locations on Isle Royale, four on two dates in June, four on
three dates in July, and three on two dates in August (Fig. 1). Numbers of
associated insects per dropping ranged from 38 on 10 June to 1,040 on 8 Aug
(Table 1). The specimens consisted of 12 taxa in six families of Diptera, and nine
taxa in three families of Coleoptera, for a total of 21 different taxa (Table 1).
Thirteen of the taxa were identified to species, five only to genus, and three only
to subfamily. Specimens identified only to genus or to subfamily appeared to be
individual species, so we will hereafter refer to each taxon as a separate species.
Numbers of Diptera species ranged from two per dropping in June to
six in August (Table 1), and all developed as larvae within the droppings. One
species of unidentified moth fly (Psychodinae) was detected in nine of the 11
droppings, and on six of the seven collection dates, and was numerically the
most abundant of all insect species. Many samples yielded more than 500
individuals, but many additional specimens escaped uncounted while rearing
trays were being processed. The anthomyiid Hylemyza partita (Meigen) was
present in eight droppings and on every sampling date. The remaining ten species of Diptera were encountered less frequently. They included the moose fly,
Haematobosca alcis (Snow) and six other muscid flies, and three other species,
each in separate families.
Coleoptera in the island’s moose dung fauna were fewer and less frequent than Diptera (Table 1). Numbers of species per dropping ranged from
zero to three in each month. Only the scarabid Aphodius (Oscarinus) rusicola
(Melsheimer) and the staphylinid Ontholestes cingulatus (Gravenhorst) were
reared from larvae; the remaining species were obtained as adults, and were
present in the samples when the droppings were originally collected.
Faunal Diversity. Average numbers of insect species per dropping increased from 3.8 in June to 6.5 in July and 6.3 in August. Cumulative number
of species detected from first to last sample increased from 6 to 21 (Table 1, Fig.
2). Extrapolation using the Mau Tau estimator led to the prediction that examination of another 19 droppings (bringing the total to 30) would reveal a total of
26 taxa (95% confidence interval: 17-34), while another 89 droppings (bringing
total to 100) would reveal a total of 27 taxa (95% confidence interval: 16-37).

Psychodinae
●
▲
▲
▲		
▲
▲
Hylemyza partita (Meigen)
●
○
●
○
▲
○
●
Scatopsciara sp.
●				
●			
Brontaea sp.1
○		
●		
○			
Myospila meditabunda (F.)			
○
▲
○			
Haematobosca alcis (Snow) †			
○
○		
○
●
Morellia micans (Macquart) †				
○				
Hydrotaea sp.
				
○			
Morellia podagrica (Loew) †						
○
○
Brontaea sp.2
					
○		
Sepsis sp.
		
○
○
○
○		
Sylvicola marginatus (Say) †						
●		
Aphodius (Acrossus) rubripennis Horn†
○							
A. (Oscarinus) rusicola (Melsheimer)†		
○
○		
●			
A. (Chilothorax) distinctus (Müller)					
○
●
●
Ontholestes cingulatus (Grav.)†				
○		
○
○
Aleocharinae 1					
○			
Aleocharinae 2						
●		
Margarinotis faedatus (LeConte)
○
●						
Hister furtivus LeConte
○						
H. paykullii Kirby		
○					
○
38
56
1,030 1,034
58
1,040
549

8/10
> 3,560
72
6
13
26
19
2
1
2
1
9
9
1c
18d
29c
3
1c
> 10c
9c
3c
2c
> 3,805

Totalb
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Families within orders and taxa within families are arranged by date of first collection; ○ = 1-5, ● = 6-20, ▲ = 20 or more individuals per dropping.
a
Taxa with a dagger (†) are native to North America; others Holarctic, introduced from Europe, or of unknown origin.
b
No. adults reared from immatures that developed in the dung, unless noted otherwise.
c
Adults observed, no larvae.
d
Eight specimens reared from larvae.

Psychodidae
Anthomyiidae
Sciaridae
Muscidae
		
		
		
		
		
		
Sepsidae
Anisopodidae
Coleoptera Scarabaeidae
		
		
Staphylinidae
		
		
Histeridae
		
		
Total specimens

Diptera

							Collection date
Order
Family
Taxon a
6/10
6/15
7/3
7/8
7/17
8/8

Table 1. Presence and relative abundance of 21 insect taxa extracted or reared from moose droppings, Isle Royale, 2007.
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Figure 2. Mau Tau species accumulation curve (solid line) with upper and lower 95%
confidence intervals (dashed) for number of insects in moose dung in Isle Royale National Park for a sample size up to 30 droppings. Open circles depict actual numbers of
taxa observed in samples accumulated in summer, 2007.

Development Times. Median times from egg to adult for eight cohorts
of the abundant anthomyiid, H. partita, ranged from 35 d in the first dropping
from 10 June down to 19 d in the last dropping from 8 August (Fig. 3A). Similarly, times for four cohorts of moose fly ranged from 24-25 d from 3 July down
to 19 d from 10 August. Development times for the remaining muscid flies were
comparable to those of H. partita and moose fly, but numbers of cohorts were
too few for formal analysis.
Analysis of covariance indicated development times of the two species declined similarly (H0: b3 = 0; F < 0.1; df = 1, 8; P > 0.9), which was by b2 = 0.13 ±
0.02 (SE) d per calendar d of oviposition between 10 June and 10 August (H0: b2
= 0: F = 25.0; df = 1, 9; P < 0.01). After adjusting for variable oviposition dates,
mean times for the two species were not significantly different from each other
(H0: b1 = 0; F = 0.03; df = 1, 9; P = 0.86). Both moose flies and the anthomyiid
would have required about three weeks (22.6 ± 1.8 d) to develop from droppings
if they had been obtained on the average of the collection dates, 7 July.
Temperature records from the Mt. Ojibway weather station indicated the
last spring frost occurred on 20 May 2007, and the first autumn frost occurred on 1
November. Between those dates, daily extremes ranged in 0.6–31.7 °C, daily averages were in 1.7–26.2 °C, and the overall mean temperature was 14.7 °C. Derived
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Figure 3. Median development times of Hylemyza partita (open circles, dashed lines)
and Haematobosca alcis (filled circles, solid lines) reared from individual moose droppings, in relation to (A) dates when eggs were presumed to have been laid, or (B)
average temperatures between oviposition dates and d of median emergence. Lines in
each panel show results of analysis of covariance with common slopes, but different
intercepts for the two species.

mean temperatures for the eight anthomyiid cohorts and the four moose fly
cohorts ranged narrowly from 16.0 to 21.2°C, and averaged 18.2°C (Fig. 3B).
Graphical inspection suggested development times of the two species shortened
with increasing incubation temperatures, but analysis of covariance indicated
times of the two species were statistically independent of temperature (Ho:
b2 = 0; F = 0.73; df = 1, 9; P = 0.41). Thus, the observed seasonal variation in
development times (Fig. 3A) was only weakly related to variation in estimated
rearing temperatures (Fig. 3B), most likely due to the narrow range in estimated
temperatures.
Assuming development times were determined by temperature, DD requirements for the eight cohorts of the anthomyiid fly were calculated to require 436 (± SE
= 29) DDs > 0°C, 315 (± 22) DDs > 5°C and 195 (± 17) DDs > 10°C. Corresponding
requirements for the four cohorts of moose fly were slightly lower, 405 (± 32) DDs
> 0°C, 294 (± 25) DDs > 5°C, and 183 (± 19) DDs > 10°C. Mean DD requirements
for the two species were not significantly different when calculated with any of the
different base temperatures (2-sided t-tests, unequal variances: t ≥ -0.82, p ≥ 0.44),
so estimates for the two species were combined to yield 426 (± 17) DDs > 0°C, 308 (±
13) DDs > 5°C, and 191 (± 10) DDs > 10°C. Estimated number of egg-adult intervals
between 20 May and 1 November was 2,416 DDs/426 DDs = 5.6 intervals, using 0
°C base, 1,611/308 = 5.2 using 5 °C base, and 896/191 = 4.7.
Discussion
Most of the 21 insect taxa recorded from moose dung on Isle Royale (Table
1) have been recorded from the dung of cattle, horses, pigs and sheep elsewhere
in North America (Mohr 1943, Sanders and Dobson 1966, Kessler et al. 1974,
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Valiela 1974, Blume 1985, Skidmore 1985, Cervenka and Moon 1991, Downie
and Arnett 1996, Price 2004, Bousquet and Leplante 2006). The one exception
is the host-specific moose fly. This Stomoxyine native of North America is an
obligate ectoparasite of moose, and its larvae are only known to develop in moose
droppings (Snow 1891, Peterson 1955, Burger and Anderson 1974, Lankester
and Samuel 1998). Descriptions of adult moose flies can be found in an early
monograph on the biology and ecology of moose on Isle Royale (Murie 1934),
and the present results confirm the persistence of the species on the island. The
seasonal timing of the initial arrival of moose to Isle Royale, either by dispersal
or purposeful introduction, would have influenced the method of arrival of the
moose fly. In summer, flies would have arrived with moose; otherwise a separate
immigration event would have been necessary.
The remaining insects in moose dung, like those in the dung of other large
herbivores, are a mix of detritivores, coprophages and carnivores. Based on what
is known about the food habits of taxonomically related species (McAlpine et al.
1981), the detritivores are represented by the small, dung feeding psychodid,
sciarid, and anisopodid flies. Populations of these species may be sustained
elsewhere on the island by substrates other than moose dung, including aquatic
or subaquatic habitats, accumulations of decaying vegetation, rotting wood,
fungi, droppings from smaller mammals or colony-nesting birds, and outhouses
in campgrounds and remote park housing (McAlpine et al. 1981).
The coprophagous species included moose fly, H. partita, the two Morellia
spp. (Diptera: Muscidae), Sepsis sp, (Diptera: Sepsidae), and the three Aphodius
spp. (Coleopterata: Scarabaeidae). Our records of Aphodius (Acrossus) rubripennis (Horn) and A. rusicola confirm Gordon’s (1983) speculation that the host
range of those two endocoprid beetles, previously known from deer dung only,
could extend to moose. Carnivorous flies in the fauna were the muscids Brontaea
spp., Myospila meditabunda (F.), and Hydrotaea sp., whose third instar larvae
prey on fly larvae (Skidmore 1985). Carnivorous beetles were represented by
the six species of Staphylinidae and Histeridae.
In comparison with other surveys of bovine dung in the Great Lakes
Region (Sanders and Dobson 1966, Kessler et al. 1974, Valiela 1974, Cervenka
and Moon 1991, Rounds and Floate 2012), seven taxa that were prominent elsewhere were not detected on Isle Royale. Absent were large dung feeding Diptera
such as Neomyia cornicina (F.) (Muscidae), Ravinia spp. (Sarcophagidae) and
Scathophaga spp. (Scathophagidae). Also absent were many large burrowing
scarab dung beetles in Aphodius and Onthophagus and several large burrowing
hydrophilid beetles in Sphaeridium. Finally, no parasitic Aleochara (Staphylinidae) or Hymenoptera were reared from any of the 136 anthomyiid and muscid
fly puparia. It seems probable that flies, beetles and wasps recorded from bovine
dung elsewhere in the region will be among the six additional taxa predicted to
occur based on the species accumulation curve (Fig. 2).
Absence of the noted taxa on Isle Royale may be a result of insufficient
sampling, of geographic isolation from mainland source populations, or of
fundamental differences in the composition of the feces of moose, caribou and
cattle. Moose on a winter and spring diet of twigs, bark and conifer needles
pass relatively dry, spheroid pellets that are similar to but larger than those of
other North American Cervidae. In contrast, moose on a summer diet of leaves
and aquatic plants pass moister, amorphous masses (Peterson 1955, Schwartz
and Renecker 1998, Rice 2010) that are similar to dung pats from cattle on dry
summer range, but drier than dung from cattle on lush pasture. It would be
informative to compare the insect faunas in neighboring localities with moose
and cattle to assess the extent of possible intermingling of their respective
faunas, and the potential for spread of fecally transmitted pathogens and gastrointestinal parasites between the two hosts.
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From a conservation perspective, the present faunal description will serve
as a reference for management of insect communities in Isle Royale National
Park. Moose populations at Isle Royale are regulated by many factors, both biotic
(e.g., predation and forage supply) and abiotic (e.g., temperature, precipitation,
and snow depth), with abiotic factors potentially more important (Vucetich and
Peterson 2003). Moose become heat stressed at relatively moderate temperatures, which has led to speculation that the range of moose may shift north if
regional temperatures continue to warm (Lenarz et al. 2009). With a lack of
other ungulate species at Isle Royale, coprophagous insects requiring herbivore
dung could collapse if the island’s moose population were to decline. Mohr (1943)
speculated that loss of extensive buffalo populations in North America may have
dramatically changed the fauna of dung-breeding insects associated with buffalo,
forcing them to adapt to less advantageous dung of other herbivores or go locally
extinct, although herbivore diet may be more important than inherent dung
differences (Tiberg and Floate 2011). Alternative sources of dung on the island
are few; a much lower invertebrate diversity and richness has been reported for
rabbit dung when compared to cattle dung (Galante and Cartagena 1999), and
presumably there are fewer species in feces of snowshoe hares than in moose.
In addition to moose, moose fly should be recognized as a species of concern on Isle Royale, due to its specific association with moose. Moose flies are
blood sucking ectoparasites that irritate moose and contribute to skin lesions
on their hosts’ hind hocks (Lankester and Sein 1986). However, moose fly
larvae are members of a dung inhabiting community that contribute to dung
decomposition and nutrient cycling on the island. Development times of moose
flies from Isle Royale were comparable to observations made in Yellowstone
National Park (Burger and Anderson 1974). The period of activity on Isle Royale,
based on rearings from droppings, was July–August, considerably shorter than
May–September period when adult flies were active on hosts near Thunder Bay
(Lankester and Sein 1986) and June–September in Yellowstone National Park
(Burger and Anderson 1974).
The actual number of generations of moose flies on Isle Royale and elsewhere are likely to be less than the 4.7–5.6 egg-adult intervals estimated from
our rearing records. Those estimates do not consider time required by emerged
adults to find hosts, mate and lay eggs, and the estimates do not consider pupal
diapause, which may constrain population development in spring and autumn.
To the extent that the island’s climate becomes warmer in the future, the springsummer period of activity by adult moose flies and numbers of generations per
year may increase. More knowledge is needed about the effects of temperature on
moose fly development before effects of climate change on moose fly abundance
on Isle Royale and elsewhere can be predicted with much confidence.
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Supercooling Point of Western Bean Cutworm (Lepidoptera:
Noctuidae) Collected in Eastern Nebraska
Anthony A. Hanson1, Silvana Paula-Moraes2,3, Thomas E. Hunt3, and W. D. Hutchison1*

Abstract
Western bean cutworm, Striacosta albicosta (Smith) (Lepidoptera: Noctuidae), is a pest of maize and dry beans that has recently undergone a northeastern
range expansion in North America. In order to assess the cold tolerance of S.
albicosta, we determined the supercooling point of lab and field collected late
instar larvae and pre-pupae. Individuals were attached to fine contact thermocouples and cooled at 1°C per minute to detect heat released due to freezing
of body fluids. Mean supercooling points decreased as larvae developed into
later life stages. Pre-pupa collected in late fall had a mean supercooling point
of -12.63°C. This research is the first documentation of cold tolerance measures
for S. albicosta and will aid in designing future cold tolerance experiments and
predicting S. albicosta population densities based on winter temperatures.
____________________

Western bean cutworm, Striacosta albicosta, (Smith) (Lepidoptera: Noctuidae), is a native, univoltine pest of maize and dry beans in North America (Michel
et al. 2010). In recent years, significant S. albicosta infestations in maize have
been observed beyond the previously described range in the west-central United
States (Hoerner 1948, Miller et al. 2009). The pest was recently documented
in several northern, Midwestern states, including Iowa (Rice 2000), Minnesota
(O’Rourke and Hutchison 2000), and eastward into Michigan, Ohio and Ontario,
Canada (Michel et al. 2010). S. albicosta females emerge and oviposit during
mid-summer, and larvae feed within the maize ear causing damage to kernels
(Holtzer 1983). Sixth instars mature in late summer, burrow into the soil, and
construct a soil chamber approximately 12-25 cm from the soil surface (Michel
et al. 2010). Pre-pupae are non-mobile sixth instars that undergo a reduction
in size, overwinter within the chamber, and emerge as adults the following
summer (Antonelli 1974, Seymour et al. 2010).
Cold stress can often limit the distribution of insect species (Denlinger
and Lee 2010, Morey et al. 2012). Determining the temperature at which fluids
freeze within an insect, i.e., the supercooling point, is a basic primary measurement of cold tolerance (Carrillo et al. 2005). The supercooling point of an insect
can be detected by the release of heat from water crystallization as the water
within the insect freezes. The supercooling point is the lowest temperature
reached before this increase in temperature as the insect cools. The temperature
increase can be detected by attaching the insect to a thermocouple connected to
a data logger recording the temperature of the insect as it cools. Some insects
can survive freezing (i.e., freeze-tolerant), while others may die upon freezing
(i.e., freeze-intolerant) or mortality may even occur before freezing (i.e., chillintolerant) (Sømme 1982, Bale 1987, Denlinger and Lee 2010). Several cold
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tolerance studies have examined only supercooling points as a measure of cold
tolerance to determine the effects of feeding, body size, and life stage on cold
tolerance (e.g., Suh et al. 2002; Hahn et al. 2008; Jones et al. 2008). The supercooling point is typically the basis for further measures of insect cold tolerance
to determine mortality due to exposure temperature and time (e.g., Eaton and
Kells 2011, Soudi and Moharramipour 2011, Morey et al. 2012).
The intent of this research was to determine the temperatures at which S.
albicosta individuals freeze and assess the freeze-tolerance of S. albicosta as the
cold tolerance for the species had not previously been assessed. Determination
of the supercooling point will aid in designing future cold tolerance measures
for S. albicosta that may be used to determine its potential distribution based
on cold tolerance.
Methods
Rearing and Collection. Larvae and pre-pupae were obtained from field
collection and lab colonies in 2010 and 2011 from multiple rearing conditions
(Table 1). The insects, in each year, came from the same generation of egg masses
collected in the field or in cages with moths. In 2010, the fifth and sixth instars
larvae were obtained from an experimental field at the Northeast Research and
Extension Center Haskell Agricultural Laboratory, Concord, NE. Neonates
were infested 21- 23 July on maize hybrid DKC 61-72 (YieldGard, Monsanto,
St Louis, MO) expressing Bacillus thuringiensis Berliner (Bt) protein Cry1Ab,
which is not toxic to western bean cutworm (Catangui and Berg 2006, Eichenseer
et al. 2008). Larvae were collected approximately 25 days after infestation. The
larvae were kept at room temperature (~ 25°C) and 10:14 (L:D) h photoperiod,
inside jelly cups with a mixture of equal portions soil, sand, and vermiculite
until supercooling measurement of fifth and sixth instars on 19 August.
In 2011, pre-pupae were laboratory reared, and collected in the field.
Neonates were lab reared in growth chambers to pre-pupae at Concord, NE.
Supercooling points were measured for four different groups of individuals from
a lab reared cohort of neonates. Three groups were reared from neonates to
pre-pupae 18:6 h (27:20°C) thermoperiod and (L:D) photoperiod. Supercooling
points were measured for one group on 3 August and the second on 23 August.
The third group was also reared to pre-pupae under the same conditions as the
previous two groups, but placed in 15°C and 0:24 (L:D) h conditions 24 days
before supercooling point measurements on 6 October to simulate conditions
the pre-pupae may experience after burrowing into the soil. The fourth group of
neonates was reared at 25°C at 0:24 (L:D) h to pre-pupae and also held at 15°C
and 0:24 (L:D) h conditions 24 days before supercooling point measurements
on 6 October. Field populations of pre-pupae were obtained by infesting plots
at Concord and Clay Center, NE with 4th instars infested on 5 August in the
maize ear (hybrid DKC 61-72 RR) during the blister or milk stage (Ritchie et
al. 1993). The larvae were confined in the ear with flat mesh (25 × 30 cm) pollination bags (Paula-Moraes, 2012). The insects at Clay Center were collected
12 September and reared at 25°C and 0:24 (L:D) h photoperiod. The pre-pupae
were then held at 15°C and 0:24 (L:D) h photoperiod for 24 days before supercooling point measurements on 6 October. Pre-pupae were also collected from
the field in Concord, NE between 20–23 October at the Northeast Research and
Extension Center Haskell Agricultural Laboratory. After collection, the insects
were reared at 15°C 18:6 (L:D) h followed by 9°C 0:24 (L:D) h for three days
before supercooling point measurements on Oct. 28.
Supercooling Point Measurement and Freeze Mortality. Individuals were shipped overnight in insulated coolers to the University of Minnesota
in Saint Paul, MN before supercooling point measurements. Individual larvae
and pre-pupae were placed on a 32-gauge copper-constantan thermocouple
inside a 30cc plastic syringe. Pre-pupae were removed from the soil chamber
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Table 1. Life stages and rearing conditions of tested S. albicosta larvae and pre-pupae.
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if a chamber had been built. The larvae were cooled at 1.0°C per minute in a
-80°C freezer by placing the syringes inside calibrated polystyrene cubes (Carrillo et al. 2004). The thermocouple wire was attached to a multi-channel data
to monitored temperature changes with TracerDAQ Pro 2.1.6.1. Fifth and sixth
instars were cooled past the supercooling point and mortality was not assessed.
All pre-pupae were removed from the cube and warmed to room temperature
after detection of an exotherm when the temperature decreased below the supercooling point to assess freeze-tolerance. Control specimens from all groups
did not undergo the supercooling point measurement to compare mortality of
individuals experiencing ice formation with unexposed individuals. Individuals
with an observed supercooling point and unexposed individuals were reared at
25°C and 50-60% relative humidity. Mortality was assessed as lack of movement and blackening of specimens five days after exposure.
Statistical Analyses. Data were analyzed in SAS 9.3 (SAS Institute
2012). Normality of supercooling point distributions were assessed with PROC
UNIVARIATE and transformed with a Box-Cox transformation to fulfill assumptions of normality and homogeneity of variance (Box and Cox 1964). Individual
absolute supercooling point temperatures were transformed with a Box-Cox
transformation (λ = -1.9). ANOVA and orthogonal contrasts (α = 0.95) of rearing treatments were performed with PROC GLM. The proportion of mortality
in control groups for each rearing treatment was used to correct the proportion
mortality of those that froze using a modified Abbot’s correction (Abbott 1925,
Rosenheim and Hoy 1989).
Results
ANOVA indicated a significant effect between the tested groups on mean
supercooling point (F = 3.77, df = 7, P = 0.001) (Fig. 1a and b). Orthogonal
contrasts (α = 0.95) indicated mean supercooling points of fifth and sixth instars were significantly different (Table 2). Mean supercooling points were not
significantly different between active sixth instars and pre-pupae from larvae
collected in September and October (Table 2). Non-acclimated, 18:6 h (27:20°C)
thermperiod and (L:D) photoperiod, lab reared pre-pupae did not have significantly different supercooling points (Table 2). Since the two non-acclimated lab
reared groups were not significantly different, further comparisons for the two
groups were pooled. The mean supercooling point of the lab-reared cold acclimated group that was reared under the same conditions as the non-acclimated
group was significantly different than the non-acclimated mean supercooling
point, but the cold acclimated group reared under 0:24 (L:D) h conditions was not
significantly different than the non-acclimated group (Table 2). All individuals
with an observed supercooling point no longer moved or had blackened cuticle,
excluding lab reared pre-pupae exposed 23 August 2011 and field collected
pre-pupae exposed 6 October, 2011 (Fig. 1c and d). All treatment and control
individuals failed to emerge as adults, so adult emergence could not be used as
a measure of mortality.
Discussion
The significantly higher supercooling point for fifth instars than sixth
instars may indicate that the supercooling point decreases as larvae develop to
pre-pupae, but the temperatures experienced as a pre-pupa in late summer and
fall do not further decrease the supercooling point. However, the supercooling
points were significantly different between acclimated and unacclimated lab reared
pre-pupae reared at18:6 h (27:20°C) thermoperiod and (L:D) photoperiod. This
difference could be explained by either the length of the cold acclimation period,
or time spent as a pre-pupa. Since the cold acclimated group spent more time as
pre-pupae than any other group in this study, the lower mean supercooling point
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Figure 1. Back-transformed mean supercooling points (λ = -1.9) of
S. albicosta from (A) field collected larvae and prepupae and (B) lab reared pre-pupae,
as well as proportion of individuals showing discoloration or no movement five days
after freezing from (C) field collected larvae and prepupae, (D) lab reared pre-pupae.
* 15°C and 0:24 (L:D) h photoperiod 24 d before SCP measurement.

could be the result of additional time to develop cryoprotection measures, or
initiate diapause (Pullin 1996). However, the group reared at 25°C 0:24 (L:D)
h was not significantly different than the unacclimated group even after the
group reared in total darkness underwent a cold acclimation period. These
results suggest that complete lack of daylight throughout development through
early instars to prepupal stages does not decrease the supercooling point of S.
albicosta. However, these results should be interpreted with caution, since
continuous darkness is an artificial lab condition that early instars would not
experience in the field.
Another possible interpretation of the differences between the cold acclimated group with the unacclimated group is the difference in rearing temperature regimes experienced as early instars. The group reared at 27 to 20°C had
a lower supercooling point than the unacclimated group, while the group reared
at 25°C did not. These differences in temperature regimes could suggest that
temperatures experienced by instars before burrowing in to the soil could drive
changes in the supercooling point. Further cold tolerance studies would need
to control for both photoperiod and temperature prior to the pre-pupal stage to
determine how the supercooling is affected. Cooler temperatures below 15°C
could also be used for cold acclimation to determine the effects on supercooling
point and mortality.
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Table 2. Contrasts of mean supercooling point for S. albicosta larvae and pre-pupae.
Contrast

df

F Value

Pr > F

Field collected: 5th vs 6th instars1
Field collected: 6th instars1 vs. Sept. collected pre-pupae2,5
Field collected: 6th instars1 vs. Oct. collected pre-pupae3
Lab reared: 8/34 vs 8/234
Lab reared: Non-acclimated4 vs 0:24 (L:D) h photoperiod2
Lab reared: Non-acclimated4 vs Cold acclimated4,5

1
1
1
1
1
1

7.10
3.31
0
1.51
0
12.69

0.0089
0.0717
0.9682
0.2211
0.9593
0.0005

Collected from Concord, NE. Reared at 25°C and approximately 10:14 (L:D) h.
25°C and 0:24 (L:D) h. 15°C and 0:24 (L:D) h 24 d before supercooling point measurement.
3
Held at 9°C 0:24 (L:D) h 3 d before supercooling point measurement.
4
18:6 h (27:20°C) thermoperiod and (L:D) photoperiod.
5
15°C and 0:24 (L:D) h photoperiod 24 d before supercooling point measurement.
1
2

Individuals within two groups did show movement 5 days after cold exposure. This could potentially be an indication of freeze-tolerance (Sinclair 1999).
However, freeze injury could have also occurred that did not immediately cause
mortality within five days. These potentially freeze-tolerant individuals were
both in rearing treatments where temperature was decreased to 15° or 9°C for
a period of time, which could be an indication of increased cold tolerance due to
acclimation. However, field collected pre-pupae that were also acclimated to 15°C
did not survive freezing. Since many individuals turned black and no movement
occurred after cold exposure in all other groups, most S. albicosta primarily appear
freeze-intolerant or chill-intolerant, but we cannot exclude that a portion of S.
albicosta populations may be freeze-tolerant. We could not use adult emergence
as a measure of mortality because very few unexposed individuals developed
into pupae, and no adults eclosed. Since most unexposed individuals were either moving or had no noticeable damage, while individuals that experienced ice
formation typically were blackened five days after the treatment date, unknown
factors other than handling, such as rearing, may have affected development. At
the very least, high mortality occurs when overwintering S. albicosta pre-pupae
freeze. The most likely group from our data to represent overwintering S. albicosta
would be pre-pupae collected from the field, late in the year (20 and 23 Oct. 2011),
as they likely received cues to enter diapause by being exposed to declining fall
photoperiod and temperatures. The back-transformed mean supercooling point
of -12.63°C can be used to determine target exposure temperatures for further
analyses of cold tolerance in S. albicosta.
Only using the supercooling point as a measure of cold tolerance, however,
has its limitations (Jones et al. 2008). For instance, in areas where S. albicosta
has been documented, minimum annual soil temperatures are typically well above
‑12.63°C (Fig. 2). However, cold mortality can occur by mechanisms other than
freezing. Cold mortality could occur above the supercooling point if S. albicosta
is chill-intolerant. Other noctuid maize pests that overwinter in the soil, such as
Agrotis ipsilon (Hufnagel) and Helicoverpa zea (Boddie), have mean supercooling points of -20.7°C and -19.3°C, respectively, which are lower than those for S.
albicosta (Beck 1988, Morey et al. 2012). H. zea also experiences soil temperatures
warmer than its mean supercooling point. However, extended periods of cold exposure between 5°C and 0°C can lead to significant H. zea mortality (Morey et al.
2012). The effect of exposure time may also be an important factor in S. albicosta
cold tolerance. In summary, our results indicate that when soil temperatures drop
to -12.63°C, approximately 50% of S. albicosta will freeze. High mortality was
associated with freezing, although freeze-tolerance within the population could
not be ruled out by using movement after freezing as a measure of cold mortality.
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Figure 2. Minimum annual
winter soil temperatures
in: (A) Minnesota (47° 43’
N 96° 16’ W), (B) Iowa (42°
1’ N 93° 44’ W), and (C)
Nebraska (40° 51’ N 96° 28’
W). Each year represents
the minimum soil temperature between 1 May of that
year and 1 September of the
previous year (available at
www.wcc.nrcs.usda.gov).
Horizontal solid and hashed
lines represent back-transformed mean supercooling
point and 95% confidence
intervals, respectively, of
field collected pre-pupae in
late October.
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Since S. albicosta commonly are exposed to winter soil temperatures above the
mean supercooling point of -12.63°C, further cold tolerance studies should focus
on mortality at temperatures above the supercooling point for chill mortality,
effects of exposure time, and environmental effects that may lead to further cold
acclimation. Future studies should also include long term measures of mortality,
such as adult emergence, to determine if some pre-pupae are freeze-tolerant or
if freeze mortality is not always apparent five days after freezing.
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Acizzia jamatonica (Hemiptera: Psyllidae) and
Bruchidius terrenus (Coleoptera: Chrysomelidae: Bruchinae):
Additional U.S. Records of Asian Specialists on Mimosa
(Albizia julibrissin; Fabaceae)
A. G. Wheeler, Jr.1 and E. Richard Hoebeke2

Abstract
Previously published U.S. records are reviewed for two recently detected
Asian insects that have become established on mimosa, or silk tree (Albizia
julibrissin), in the southeastern United States: Acizzia jamatonica (Kuwayama)
(Hemiptera: Psyllidae) and Bruchidius terrenus (Sharp) (Coleoptera: Chrysomelidae: Bruchinae). The psyllid is newly recorded from Illinois, Indiana, Kentucky,
Missouri, and Virginia and the bruchine chrysomelid from Illinois, Kentucky,
Missouri, and Virginia. Both immigrant insects can be considered either detrimental or beneficial additions to the U.S. fauna, depending on whether mimosa
is regarded as a desirable ornamental or an invasive plant. New and previously
published records of both species are mapped.
____________________

Mimosa, or silk tree (Albizia julibrissin Durazz.; Fabaceae), native to
temperate Asia (Everett 1981), was introduced into North America as an ornamental in the eighteenth century. Although 1745 often is cited as the date
of introduction, the plant apparently was introduced by André Michaux about
1785 (Spongberg 1990, Cothran 2004). Mimosa was common in colonial American gardens (Leighton 1976), has long been a prized ornamental in southern
U.S. landscapes (Spongberg 1990; Cothran 2003, 2004), and more recently has
become a popular landscape plant in New York City (Everett 1981).
Several Old World scale insects that include mimosa in their broad range
of hosts (Miller and Davidson 2005, Ben-Dov et al. 2012) became established in
the United States in the late nineteenth or early twentieth century (Miller et al.
2005). The first Palearctic insect to feed extensively on mimosa in the New World
was the mimosa webworm (Homadaula anisocentra Meyrick; Galacticidae),
which was detected in Washington, DC, in 1940 (Clarke 1943). Nearly 65 years
passed before Asian mimosa-specialist insects were recorded from the United
States. Between 2007 and 2009, three Asian species were found in southeastern
states: the psyllid Acizzia jamatonica (Kuwayama) in Georgia (Halbert 2007,
Ulyshen and Miller 2007); the buprestid Agrilus subrobustus Saunders in Georgia (Westcott 2007); and the bruchine chrysomelid Bruchidius terrenus (Sharp)
in Alabama, Florida, Georgia, Mississippi, North Carolina, South Carolina, and
Tennessee (Hoebeke et al. 2009). Bruchidius terrenus was observed in the Athens, Georgia, area as early as 2001, but only later was identified (Chang et al.
2011). No definite additional U.S. records of B. terrenus are available, although
reference to “bruchid beetle predation” on mimosa at Pittsburgh, Pennsylvania
(Chang et al. 2011), might refer to this species. Subsequent records for the
psyllid are Alabama, Florida, Mississippi, North Carolina, South Carolina, and
School of Agricultural, Forest, and Environmental Sciences, Clemson University,
Clemson, SC 29634-0310.
2
Georgia Museum of Natural History and Department of Entomology, University of
Georgia, Athens, GA 30602.
1
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Tennessee, as well as 19 additional counties in Georgia (Wheeler and Hoebeke
2009). Currently, Agrilus subrobustus has been documented from Alabama and
South Carolina and 11 more counties in Georgia (Hoebeke and Wheeler 2011)
and mimosa confirmed as its larval host in the Southeast (Hansen et al. 2012).
Here we extend the known Nearctic range of Acizzia jamatonica to Illinois,
Indiana, Kentucky, Missouri, and Virginia and that of B. terrenus to Illinois,
Kentucky, Missouri, and Virginia.
All specimens listed below were collected (AGW) in 2012 by beating
branches of mimosa. Voucher specimens are deposited in the University of
Georgia Collection of Arthropods, Athens, GA, and National Museum of Natural
History, Smithsonian Institution, Washington, DC.
Acizzia jamatonica (Fig 1). ILLINOIS: Richland Co., Rt. 130, Olney, 38°43.393΄N 88°05.658΄W, 22 June, 1♂, 1♀. White Co., Rt. 1, Grayville,
38°14.850΄N 87°59.731΄W, 22 June, 3♂, 3♀. INDIANA: Posey Co., Rt. 66,
Blairsville, 38°04.691΄N 87°45.807΄W, 22 June, 4♂, 2♀. Vanderburgh Co.,
jct. Rt. 66 & Vienna Rd., 2.2 km E of Parkers Settlement NW of Evansville,
38°02.595΄N 87°41.437΄W, 22 June, 17♂, 4♀. KENTUCKY: Hopkins Co., Rt.
254, Madisonville, 37°19.677΄N 87°28.553΄W, 22 June, 1♂, 3♀; Rt. 41, N edge
of Madisonville, 37°23.395΄N 87°29.034΄W, 22 June, 8♂, 3♀. Webster Co.,
Pennyrile Pky., 4 km S of Sebree, 37°34.578΄N 87°28.866΄W, 22 June, 1♂. MISSOURI: Washington Co., Rt. 8, Shirley, 37°54.793΄N 90°56.655΄W, 6 July, 3♂,
3♀. VIRGINIA: Smythe Co., Chilhowie, 36°47.479΄N 81°41.771΄W, 28 July, 1♀.
Washington Co., Rt. 11, Abingdon, 36°42.749΄N 81°55.775΄W, 28 July, 1♂, 2♀.
Bruchidius terrenus (Fig 2). ILLINOIS: Richland Co., Rt. 130, Olney,
38°43.393΄N 88°05.658΄W, 22 June, 3♂. White Co., Rt. 1, Grayville, 38°14.850΄N
87°59.731΄W, 22 June, 2♂, 2♀. KENTUCKY: Webster Co., Pennyrile Pky.,
4 km S of Sebree, 37°34.578΄N 87°28.866΄W, 22 June, 4♂, 2♀. MISSOURI:
Butler Co., Poplar Bluff, 36°46.649΄–47.213΄N 90°25.926–942΄W, 6 July, 1♂,
1♀. Crawford Co., Rt. 8, 10.5 km W of Steelville, 37°56.453΄N 91°27.859΄W,
6 July, 1♀. Washington Co., Rt. 8, Shirley, 37°54.793΄N 90°56.655΄W, 6 July,
1♂; Potosi, 37°55.912΄N 90°46.838΄W, 6 July, 7♂. VIRGINIA: Smythe Co.,
Chilhowie, 36°47.479΄N 81°41.771΄W, 28 July, 3♂, 4♀. Washington Co., Rt.
11, Abingdon, 36°42.749΄N 81°55.775΄W, 28 July, 4♂, 2♀.
Discussion
When surveys were initiated for the three Asian insects detected recently
on mimosa in southeastern states, they already were too widely established to
suggest likely U.S. points of entry. The insects might have entered multiple times
at southeastern maritime ports such as Charleston or Savannah, or inland at a
major airport such as Hartsfield-Jackson in Atlanta. Their initial establishment
might not necessarily have been near port cities, but elsewhere with the transport
of infested cargo from ports of entry (Hoebeke and Wheeler 2011). In any case,
an initial establishment of the Asian insects in the U.S. Southeast seems likely
(Wheeler and Hoebeke 2009, Hoebeke and Wheeler 2011), owing not only to the
prevalence of mimosa in landscape plantings but also such extensive naturalization (Elias 1989, Pardini 2006) that the tree can be considered invasive (Miller
2003, Pardini and Hamrick 2008). Detection of A. jamatonica in Europe (Alma
et al. 2002) and the United States (Halbert 2007, Ulyshen and Miller 2007) in
the first decade of the twenty-first century suggests its recent establishment
(last 10–15 years). A similar time frame for detection of B. terennus in Europe
(Stojanova 2010) and the United States (Hoebeke et al. 2009, Chang et al. 2011),
as well as the buprestid in the United States (Hoebeke and Wheeler 2011), also
supports a hypothesis of recent introduction.
Acizzia jamatonica and B. terrenus currently can be collected from mimosa
in most areas of Alabama, Georgia, and South Carolina and are established in
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Figure 1. County-level distribution of the Asian psyllid Acizzia jamatonica in the
United States. New records: black; previous records: grayscale.

several other states (Wheeler and Hoebeke 2009; Hoebeke et al. 2009; AGW,
pers. obs.), including regions such as western Tennessee where neither species
was recorded during previous surveys. Based on fieldwork in 2012, both species
now are established in western Kentucky, southern Illinois and Missouri, and
western Virginia; the psyllid also is reported herein from southern Indiana. Even
though these five states were not included in our prior surveys, both insects
might have spread north and west since our initial surveys. In contrast, the
immigrant buprestid, A. subrobustus, was not found in 2012 in any of the five
additional states. The large psyllid densities and host injury (foliar chlorosis
and premature defoliation) now prevalent in the Southeast were not observed
in more northern and western populations where mimosa trees, though naturalized and sometimes common in southern parts of Illinois, Indiana, and Missouri (McClain et al. 2012), probably are less abundant than in southeastern
states. In 2012, the psyllid was found in Missouri at only one site, whereas the
chrysomelid was detected at three additional sites in the state. Neither the
psyllid nor chrysomelid was detected in Illinois north of Richland County, which
is near the northern limit of mimosa’s naturalization in the state (McClain et
al. 2012). The known extent of the two Asian insects’ U.S. establishment is 38°
north latitude and –90° (A. jamatonica) or –91° west longitude (B. terrenus).
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Figure 2. County-level distribution of the Asian bruchine chrysomelid Bruchidius terrenus in the United States. New records: black; previous records: grayscale.

Because our earlier surveys, as well as fieldwork in 2012, were limited and not
conducted systematically, the U.S. distribution of both adventive insects probably is more extensive than currently known.
Ulyshen and Miller (2007) noted that the newly detected psyllid A. jamatonica might be regarded as posing a threat to mimosa culture by those who
value the plant as an ornamental, but potentially beneficial as a biocontrol agent
by those who consider mimosa an undesirable non-native species. Similarly,
the other two recently detected Asian insects can be considered either useful
or detrimental additions to the North American fauna. In areas of the eastern
United States where mimosa is less common and has become little naturalized,
the three Asian immigrant insects seem more likely to be viewed as potentially
harmful to an ornamental that lends an exotic touch to the landscape. Regardless
of how the presence of mimosa and its immigrant insects are perceived in the
United States, the New World reassociation of this Asian plant with several of
its native herbivores, as noted by Chang et al. (2011), provides an opportunity
to assess ecological and evolutionary changes in a novel environment.
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First Record of the Palearctic Predatory Stink Bug,
Picromerus bidens (Heteroptera: Pentatomidae: Asopinae),
in Michigan
Daniel R. Swanson1, Oliver Keller2, and Jessica D. Rowley3

Abstract
The Palearctic stink bug, Picromerus bidens (Linnaeus, 1758), is reported
from Michigan for the first time, with a summary of the knowledge of this
species in the United States and an emendation to the most recent Michigan
pentatomid key.
_____________________
The Pentatomidae of Michigan have received much attention in comparison with other heteropteran families, and the group is well surveyed in
the state. Stoner (1922) studied some of the pentatomoids in the region surrounding Douglas Lake (Cheboygan County). McPherson (1970, 1979) greatly
expanded the knowledge of the group and augmented the known biodiversity
of the state, and his landmark treatment of the northeastern taxa (McPherson
1982) also remains relevant to the Michigan fauna. Recently, Swanson (2012)
presented an updated synopsis for Michigan in which 49 species in 29 genera
of Pentatomidae were included. Despite the relative conspicuousness in size
and habits and the resulting attention, new faunal elements are still being
found within our borders. The invasive brown marmorated stink bug (BMSB),
Halyomorpha halys (Stål, 1855), was reported recently from the state (MDARD
2011), and Swanson (2012) included one previously unreported species, Banasa
sordida (Uhler, 1871), in his updated synopsis. A single specimen collected
by two of the authors (OK and JDR) raises the total number of species found
in Michigan to 50.
Picromerus bidens (Linnaeus, 1758), a predatory stink bug widespread in
the Old World from Ireland to North Africa east to Siberia and China (Larivière
and Larochelle 1989), was first reported from North America by Cooper (1967).
Javahery (1986) subsequently reported the earliest specimen-records from Maine
in 1932 and suggested the species had been introduced accidentally among
nursery stock or other horticultural plants. At the time of the latest catalog
of taxa found north of Mexico (Froeschner 1988), this species was known from
Maine, Massachusetts, New Hampshire, New York, Quebec, and Vermont.
Larivière and Larochelle (1989) added New Brunswick, Nova Scotia, Ontario,
Prince Edward Island, and Rhode Island. Wheeler (1999) extended the range
south to Pennsylvania. Larivière and Larochelle (1989) also provided extensive
bionomic information and literature records for this species in North America.
De Clercq (2000) reported on the economic influence of P. bidens as a predator
of pestiferous species, and several subsequent studies (Mahdian et al. 2005,
2006a, 2006b, 2007a, 2007b, 2008) have continued to investigate the potential
role of this species in biological control.
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In August of 2011, a specimen of P. bidens was collected in the Thumb4
of Michigan. Initially posted on BugGuide.net, the specimen, a single female,
has been deposited in the University of Michigan Museum of Zoology Insect
Collection, Ann Arbor, Michigan (UMMZ). The specimen (Fig. 1) bears the
following label data: MICHIGAN: Huron Co., Sherman Twp., [7 mi. S. Harbor
Beach], on Solidago sp., 43° 45' 50.66" N 82° 37' 14.84" W, 21 August 2011, [elevation 600 ft.], coll. O. Keller, det. O. Keller 2012. The specimen was captured
with a sweep net in a plot also containing fern, milkweed (Asclepias sp.), wild
raspberries (Rubus sp.), and various grasses, with an ambient temperature of
approximately 21° Celsius.
In Michigan, this asopine is easily distinguished from all other predatory
stink bugs by the strong ventral tooth on the apical half of each profemur (Fig.
1c); this character is shared with two species of Perillus Stål, 1862, but these
species differ in possessing a contrasting black and pale color pattern and an
enlarged "tongue" of the scutellum. The strongly acute humeral spines, orb-like
abdomen, and "bark" brown color also are distinctive visual features (Thomas
1992). The medial projection of the second abdominal sternite is merely tuberculate and does not extend between the metacoxae (Thomas 1992), separating it
from species of Podisus Herrich-Schaeffer, 1851; in Swanson's (2012) synopsis,
it will key to that genus in couplet 11. However, the following modification to
the key will allow for earlier separation of P. bidens:

Figure 1. Picromerus bidens, adult female: (a) dorsal habitus; (b) lateral habitus; and
(c) profemur, frontal view, arrow indicating ventral subdistal spine.
The Thumb is a peninsular region in eastern Michigan which extends into Lake Huron
and delimits the eastern margin of Saginaw Bay. The name of this region, which
includes Huron, Tuscola, and Sanilac counties in its most modest definition, arises
because the Lower Peninsula is shaped like a mitten.
4
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8 (3')

Second abdominal sternite unarmed; ostiole of scent gland without
elevated ruga, evaporatorium reduced; dorsal color metallic blue; size
small, length usually less than 8 mm.......................... Zicrona caerulea
8’
Second abdominal sternite produced cephalad as spine or tubercle;
ostiole of scent gland attended by elevated ruga and surrounded by
distinct evaporatorium; dorsal color brown, reddish, or grey, not metallic
blue; size larger, length greater than 8 mm ......................................8a
8a (8') Profemur with ventral subdistal spine..................... Picromerus bidens
8a’
Profemur unarmed................................................................................ 9
Given the spread of the species in the last century, it seems likely that
future collections will reveal a wider distribution of P. bidens in Michigan.
However, it remains to be seen if the Thumb constitutes the sole point of entry
for this pentatomid, and additional collections in counties adjacent to the terrestrial international border (i.e., Chippewa, Saint Clair) as well as along the
shores of Lake Huron and Lake Superior may contribute to our knowledge of the
North American distribution of this Palearctic native. It also should be noted
that pentatomids are commonly present in beach drift (Needham 1917, Hussey
1922), being of a larger and more robust form than other heteropterans, and
observations of this phenomenon also may yield additional specimens.
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First Vouchered Record for Strumigenys louisianae
(Hymenoptera: Formicidae) in Illinois
Diane L. Wood1*, Casey L. Brennan1

Abstract
We report the first known vouchered collection of Strumigenys louisianae
(Hymenoptera: Formicidae) from Illinois. Two specimens were captured in pitfall traps during a field study at Fults Hill Prairie Nature Preserve in Monroe
County.
____________________

In the ant tribe Dacetini, Strumigenys Smith contains 834 species (Bolton
2013) with a worldwide distribution (Smith 1931, Bolton 2000). Of the New
World species, Strumigenys louisianae Roger is well represented throughout
the Neotropics but within the Nearctic (specifically United States) it is mainly
a southern distribution (Fig. 1) (Smith 1947, Brown 1953, Bolton 2000).
While S. louisianae is quite striking in morphology, its being overlooked
has been attributed to its coloration, its small size (≈ 2-3 mm), and habit of
thanatosis (Smith 1931, Van Pelt 1958). This species has been predominantly
collected in forested systems, and nests are typically located in rotting logs and
soils (Smith 1931, 1947; Van Pelt 1958; Brown and Wilson 1959). It is exclusively predacious and preferentially preys upon collembolans (Wilson 1953).

Figure 1. Known U.S.A. distribution of Strumigenys louisianae Roger in grey with
black indicating new state collection (left) and county where specimens were collected
(right).
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Figure 2. Digital images, (A) Dorsal view (B) Lateral view, of Strumigenys louisianae
Roger individual collected from the hill prairie complex at Fults Hill Prairie Nature
Preserve, Monroe County, Illinois.
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While conducting a research project at Fults Hill Prairie Nature Preserve,
Monroe County, Illinois, two specimens of S. louisianae were collected from pitfall
traps in the hill prairie complex. One specimen was collected on 19 September
2010 and the second on 3 August 2011. This is the first known vouchered collection of S. louisianae from Illinois (Fig. 2). Ross et al. (1971) listed this species
as occurring in Illinois. However, DuBois and LaBerge (1988) indicated that
there were no known collected specimens for the state. Of the two individuals,
one is housed in the invertebrate collection at the Wildlife Field Office, Forest
Preserve District of Cook County, Illinois, and the other is housed in the Biology Department Invertebrate Collection, Southeast Missouri State University,
Cape Girardeau, Missouri.
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The Woodlouse Hunter Occurs in Michigan
(Araneae: Dysderidae: Dysdera crocata C.L. Koch 1838)
Anthony I. Cognato1 and Mark F. O’Brien2

Abstract
We document the occurrence of the spider, Dysdera crocata C.L. Koch,
in Michigan. Specimens have been collected from Bay, Branch, Ingham, Kent,
Livingston, Macomb, Montcalm, Muskegon, Oakland, Washtenaw and Wayne
Counties between 1975-2013.
____________________

Dysdera crocata C.L. Koch (Araneae: Dysderidae) is a cosmopolitan spider
with European origins and it is found in mesic habitats often associated with
its prey, terrestrial isopods (Cooke 1965). Apparently spread by anthropogenic
means, D. crocata often seems to be associated with suburban and urban habitats. A detailed study of this spider's mating behavior in New Zealand exemplifies
a species that has been associated with anthropogenic transport and possible
synanthropic ecology (Jackson and Pollard 1982). The public often reports this
spider to insect diagnosticians given its frequent occurrence in houses and its
menacing appearance (H. Russell, personal communication). Its long sickle–
shaped fangs are little cause for alarm because the bite of D. crocata is only
mildly irritating and at worse, it causes a sharp pain, which dissipates within
minutes (Vetter and Isbister 2006). Six eyes, four lung slits, dark cephalothorax
and cream-colored abdomen (Fig. 1) also identify this species (Kaston 1978).
This spider occurs in many U.S. states from Maine to California (Kaston
1978). Regional reviews have documented its occurrence in Indiana, Illinois,
Ohio, Wisconsin, but not Michigan (Snider 1991, Sierwald et al. 2005). Sierwald
et al. suggested the likely occurrence of the species in Michigan. We document
that D. crocata has occurred in Michigan for at least 40 years, based on specimens found in the A.J. Cook Arthropod Research Collection, Michigan State
University and The University of Michigan Museum of Zoology (listed below).
In addition, MSU Diagnostic Services identified several specimens from Bay,
Branch, Ingham, Kent, Livingston, Macomb, Montcalm, Muskegon, Oakland
Counties between 2008-2013; however, these specimens were not vouchered (H.
Russell, personal communication).
Michigan records of vouchered specimens include: Ingham Co., East
Lansing, 821 Sunset Ln., under loose bark of dead ash, 12 January 2013, A.I.
Cognato coll. & det.; Livingston Co., Cooked Lake, Pinckney State Recreational
Area, ex. leaf litter, 22 July 2011, S. Nicols & T. Somota coll., G.L. Parsons det.;
Washtenaw Co., Ann Arbor, 5 November 1975 (in house), A. Jaslow coll. (det
HD Cameron 1977); 9 May 1976, (det HD Cameron 1976); 1 Dec. 1976, in house,
S. Jackson coll. (det HD Cameron 1977); 12 May 1983, from campus bldg., S.
Campbell coll. (det M.F. O’Brien, 1983); 7 September 1983, J. Hinshaw coll. (det
M.F. O’Brien 1983); Ann Arbor, April 1996, in house. (det M.F. O’Brien); April
1996, in house, (det M.F. O’Brien); August 2010 (from a household).; Wayne
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Figure 1. The woodlouse hunter, Dysdera crocata. Photograph of specimen in 2003
from Ann Arbor by M. F. O’Brien.

Co., Dearborn, 42.313°N x 83.197°W, 22 April 2007, J.A. Craves (photo voucher
record http://www.discoverlife.org/mp/20l?id=BBB953 and http://www.flickr.
com/photos/craves/469052496/).
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