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European Springtails Orchesella cincta (L.) and
O. villosa (L.) (Collembola: Entomobryidae):
Vagabond Species of the Nearctic Region
Catherine L. Smith1, John K. Moulton1*, and Ernest C. Bernard1

Abstract
North American specimens of the European invasive springtail Orchesella
cincta (L.) were compared to several published European haplotypes in a phylogenetic framework using likelihood methods based on a portion of cytochrome
oxidase II (cox2). Our analyses provide direct evidence of at least two distinct
introductions of this invasive to North America from different regions of Europe. Additional introduction events cannot be ruled out because detection is
limited by extremely low sequence divergence among populations inhabiting
different regions of the continent. Orchesella villosa (L.), another invasive from
Europe, is another candidate for multiple introductions. Herein we include
the cox2 sequence from single specimens of O. villosa from Maine and Oregon.
Although these two specimens are identical in sequence, they differ from a
published sequence from a European specimen by 15%, indicating significant
undocumented genetic variation in the natal range of O. villosa. Additional
sampling of Nearctic populations of O. villosa might reveal the same situation
reported herein for O. cincta.
____________________

The hexapod class Collembola consists of small, primitively wingless
hexapods with an ancient worldwide distribution (Hopkins 1997). Commonly
known as springtails, they primarily feed on lichens and fungal hyphae and are
an important part of the soil formation process (Hopkins 1997). The springtail
genus Orchesella has a Holarctic distribution, with members found in North
America, Europe, and Western Asia (Stach 1960, Frati et al. 1992). Of the Old
World members, two species have been accidentally introduced to North America:
O. villosa (L.) and O. cincta (L.). It is thought that both species were originally
introduced to North America in the ballast of early European ships, or when
agricultural plants or products were transported to the New World (Maynard
1951); probably both species have been introduced repeatedly since then. Both
O. cincta and O. villosa have since become established and widespread but spotty
in North America (Christiansen and Bellinger 1998), most often in disturbed
habitats of the northern United States and southern Canada along coasts and
near seaports. O. cincta has also been reported from Portland, Oregon (Scott
1942), where native Nearctic congeners apparently are absent (Christiansen
and Bellinger 1998).
Timmermans et al. (2005) used the mitochondrial gene cytochrome oxidase
subunit II (cox2) to study the genetic relationships among different populations
of O. cincta in Europe. Their findings suggested there were three main population groups within the native range of O. cincta (northwestern Europe, central
Department of Entomology and Plant Pathology, The University of Tennessee, 370
Plant Biotechnology Building, 2505 EJ Chapman Drive, Knoxville, Tennessee 379964560.
*Corresponding author: e-mail: (jmoulton@.utk.edu).
1

104

THE GREAT LAKES ENTOMOLOGIST

Vol. 48, Nos. 3 - 4

Europe, Italy). The objective of this research was to use the data of Timmermans
et al. (2005) to determine whether the presence of O. cincta populations in the
Nearctic Region is due to single or multiple introductions. To meet this objective we obtained sequences of cytochrome oxidase II corresponding to the same
fragment used by Timmermans et al. (2005) from several Nearctic populations
of O. cincta, added these sequences to their data, and conducted phylogenetic
analyses. A similar analysis was conducted on two specimens of O. villosa, one
each from Maine and Oregon.
Materials and Methods
Taxon Sampling. Specimens of Orchesella cincta were collected from
Wisconsin, Minnesota (two sites), Maryland, Michigan, Oregon, and Washington.
Specimens of O. villosa were collected from Maine and Oregon. Most specimens
were aspirated from under the bark of decaying logs, collected by sifting leaf
litter, or beaten from lichen-covered branches; the Maryland specimen of O.
cincta, was extracted from leaf litter samples by means of a Tullgren funnel.
Voucher specimens and cuticles were deposited at the University of Tennessee
(ECB research collection). When multiple specimens were collected (Minnesota, Wisconsin, Michigan, Oregon), the largest individual was photographed
prior to total DNA extraction for vouchering puposes. Outgroups added to root
the phylogeny included Dicranocentrus marias Wray and Heteromurus major
(Moniez 1889), several Nearctic Orchesella species, viz., Orchesella hexfasciata
Harvey, Orchesella gloriosa Snider, and Orchesella annulicornis Mills, and
the closely related European species O. villosa (represented by the Maine and
Oregon specimens). Collection information and GenBank accession numbers
for all specimens are given in Table 1.
Laboratory Methods. Total DNA was extracted using the ThermoScientific GeneJET Genomic DNA Extraction (ThermoScientific, Waltham, MA)
kit following the manufacturer’s suggested protocol, except for the final step
where the DNA was eluted in 70µL of elution buffer warmed to 52°C. Purified
DNA samples were stored at -20°C. We used the forward primer used by Timmermans et al. (2005): TL2-J-3037 (5’-AATATGGCAGATTAGTGC-3’) (Simon
et al. 1994) and a custom reverse primer designed by JKM (COII-R: 5’-CCACAGATTTCTGAGCATTGACC-3’), which amplify a 563 base pair fragment from the
mitochondrial genome comprising the 3’ end of the tRNA gene encoding for the
amino acid leucine (i.e., the first 10 bases of polished final sequences) and the ca.
5’ half of cytochrome oxidase II (cox2). This gene region has been previously and
successfully used for phylogenetic purposes in Collembola (Frati and Carapelli
1999; Frati et al. 2001; McGaughran et al. 2010; Luque et al. 2011).
Amplifications were performed in GenePro (Bioer Technology Co., Hangzhou, China) thermal cyclers, using 0.2µL TaKaRa Ex Taq Hotstart DNA
polymerase (Takara Bio, Shiga, Japan) and the following components: 36µL
ddH2O, 5µL 10x buffer, 2µL MgCl2, 3.5µL dNTPs, 1.3µL template DNA, and
3µL (7µM) of forward and reverse primer. Thermal cycling parameters were
as follows: 1.5 min denaturation soak at 94°C; 5 cycles of 94°C for 30s, 52°C for
30 s, and 72°C for 45s; 15 cycles of 94°C for 30s, 47°C for 25s, and 72°C for 45s;
35 cycles of 94°C for 30s, 42°C for 20s, 72°C for 45s, 72°C soak for 3 min, and
13°C hold. PCR products were electrophoresed in 1% agarose, excised from the
gel, and purified using a QiaQuick Gel Extraction Kit (Qiagen, Valencia, CA).
The reverse strand of each product was cycle sequenced in 20µL reactions using
16-fold diluted Big Dye 3.1 (Applied Biosystems, Foster City, CA). Sequencing
reactions were cleaned using Centrisep columns (Prinecton Separations, Adelphia, NJ) and dried in a Centrivap Concentrator (LABCONCO, Kansas City,
MO). Sequencing of samples was performed by the University of TennesseeKnoxville Molecular Biology Resource Facility. Sequences were verified for
accuracy using Sequencher 4.7 (GeneCodes, Ann Arbor, MI).
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Table 1. Sources of North American specimens used in this study.
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DNA Alignment and Phylogenetic Analysis. Sequences from all
European populations of O. cincta reported in Timmerman et. al (2005) were
added to our data matrix of Nearctic O. cincta populations plus selected outgroups. Alignment of the sequences was straightforward, requiring no indels.
Mesquite (Maddison and Maddison 2011) was used to partition the data set
into codon positions. PAUP* (Swofford 2001) was used to calculate pairwise
sequence divergence. HKY85 corrected distances were calculated because this
model was selected as the best fit by jModelTest (see below).
Bayesian and maximum likelihood analyses were performed on the
nucleotides. The optimal evolutionary model was determined using jModelTest 2.1.4 (Guindon and Gascuel 2003; Darriba et al. 2012), which selected the
HKY+I+G as the best fit model based on the Bayesian information criterion
[-lnL=3885.2396;K=54; BIC=8112.4764; f(A)=0.3358; f(C)=0.1979; f(G)=0.1087;
f(T)=0.3577; Ti/tv=4.7769;I=0.4620; G=1.018].
Best-fit models were implemented in Bayesian analyses using MrBayes
3.2.2 (Ronquist and Huelsenbeck 2003). Every Markov chain in the Bayesian
search was started from a random tree and set to compute 1 × 107 generations,
sampling every 1000th one from the chain, resulting in a total of 1000 trees.
Three hot chains and 1 cold chain were run simultaneously, with pre-stationarity
trees discarded as burn-in. Each simulation was run twice. Default settings
for the priors were used, and the base frequencies were estimated from the
data. Tracer 1.6 (Rambaut et al. 2013) was used to parse and combine the log
files, determine at which point the Markov Chain Monte Carlo (MCMC) began
to sample from the stationarity distribution, and to check that effective sample
sizes (ESSs) were sufficient for all parameters. To reduce the probability of
convergence on local optima, multiple starting points for each chain were used.
Maximum likelihood analysis was performed using RAxML-HPC2 (Stamatakais
2006; Stamatakis et al. 2008), as implemented in CIPRES-XSEDE (Miller et al.
2010). Analyses were conducted using the evolutionary model GTRGAMMAI
(HKY+I+G) as well as the default model (GTRCAT), each with 1,000 bootstrap
replicates, with the data partitioned by codon position and gene. There were no
discernible differences between approaches. Bayesian posterior probabilities
and nonparametric bootstrap proportions were used to assess node support
(Felsenstein 1985).
Results
mtDNA Data Set Properties. The analyzed data matrix was comprised
of 25 taxa, including 2 distal outgroups, 4 proximal outgroups from the Nearctic
region, 2 proximal outgroups from Europe (1 specimen of O. villosa from Maine
that was identical in sequence to a specimen taken in Oregon and 1 from Europe
(Carapelli et al. 2007), 7 Nearctic individuals of O. cincta, and 11 specimens
of O. cincta from Europe (Timmermanns et al. 2005). Cox2 sequences for the
newly acquired North American samples are deposited in GenBank (Table 1).
Percent pairwise divergence between distal outgroups ranged from 30.4
(H. major and D. marias) to 38.9 (H. major and O. gloriosa). Percent pairwise
divergence between O. villosa and O. cincta populations ranged from 21.3 (O.
villosa Maine and O. cincta Oregon) to 28.7 (O. villosa Europe and Italy 3).
Percent pairwise divergence within populations of O. cincta ranged from 0.0%
(12 comparisons) to 19.5 % (Italy 1 and Italy 3). Pairwise divergence between
USA and European specimens of O. villosa was 15.2%.
The North American specimens of O. cincta from Oregon, Washington, and
Minnesota were identical to published sequences from specimens examined by
Timmermans et al. (2005) from northwestern Europe (NW Europe 1 and NW
Europe 6). Our Michigan O. cincta specimen differed from the Timmermans et
al. (2005) Italy 5 specimen by 1.1% divergence.
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Results of Phylogenetic Analyses. With H. major selected as the root
D. marias was the sister group to Orchesella spp. The three Nearctic representatives of Orchesella were strongly supported (BS = 97, PP = 1.0) as a monophyletic
group and formed the sister group to a weakly supported O. villosa plus O. cincta
clade. Monophyly of O. cincta was strongly supported (BS = 100, PP = 1.0). Within
O. cincta, Italy 1 formed the sister group to all remaining sampled populations,
although with weak support. A strongly supported (BS = 91, PP = 1.0) clade of
three Italian O. cincta populations (Italy 3, Italy 4, and Italy 6) formed the sister
group to Italy 5 plus Michigan, which were strongly supported as sister taxa (BS
= 100, PP = 1.0) and in turn were sister to a well-supported (BS=94, PP=0.99)
clade comprised of all remaining sampled O. cincta specimens (Fig. 1).

Figure 1. Phylogram depicting relationships inferred from maximum likelihood
analysis (RaxML, GTR+I+G) of nucleotides from portions of mitochondrial genes encoding tRNA-leucine and cytochrome oxidase II. Maximum likelihood nonparametric
bootstrap scores and Bayesian posterior probabilities shown above and below nodes,
respectively. An asterix denote samples examined by Timmermans et al. (2005).
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Discussion
With one exception, all sampled North American O. cincta specimens
matched up closely with an assemblage of weakly or undifferentiated populations
found in northwestern Europe. Immigration patterns of cultural groups from this
region of Europe into the U.S. (Anderson and Blanck 2012) would predict such
an occurrence. Migration of humans and intercontinental trade of agricultural
and horticultural goods from the Upper Midwest to the West Coast are the most
likely explanation for western movement of newly established northwestern
European O. cincta populations in the Nearctic. The one exception among the
Midwestern USA populations was the specimen collected from Michigan, which
paired strongly with a specimen Timmermans et al. (2005) examined from Italy
(Italy 5). International shipping through the Saint Lawrence River/Great Lakes
system to the large ports in Michigan could explain how this population was
introduced. The presence of two distinct populations of O. cincta in the United
States clearly indicates this species may have been introduced multiple times
from different parts of its native range.
The considerable genetic distance (i.e, 75 base pairs, 15.2% pairwise
divergence) between the O. villosa specimens collected in Maine and Oregon,
which were identical in sequence, and the specimen from which the published O.
villosa mitochondrial genome (GB# NC_010534) was generated, is on par with
observations made by Frati et al. (2000), who noted large amounts of differentiation among native populations of this species. A thorough phylogeographic
study of this species in its native established ranges might yield data similar
to what we present here for O. cincta.
The results reported here do not agree fully with the conclusions of Porco
et al. (2013), whose analysis of barcodes for Canadian O. cincta and O. villosa
versus European specimens suggested similar genetic structure of European
and North American populations due to massive and multiple introductions.
Instead, it appears that both species have been introduced repeatedly but different haplotypes occur only at widely scattered sites.
Orchesella cincta is common throughout Europe (Stach 1960) and sometimes
more abundant in forest than any other springtail species (van Straalen 1989).
The potential effects of O. cincta in North America on native springtail populations
are unknown but not likely to be of consequence, as the species has been present
on the continent for at least 140 years without becoming widespread. Other much
more recently introduced species (e.g., Homidia socia Denis and Lepidocyrtus
paradoxus Uzel) now occur over much of the eastern half of temperate North
America (see records in Christiansen & Bellinger 1998). Packard (1873) noted
O. cincta (as O. flavopicta Packard) from Massachusetts. Since then it has been
verified from U.S. localities stated in this paper as well as from coastal Maine
and Vermont (Christiansen & Bellinger 1998), and from the Canadian provinces
of New Brunswick, Newfoundland, Nova Scotia, and Ontario (Porco et al. 2013).
Its apparent preference for cooler regions, its large size, and ease of identification
make it a potentially good indicator species for assessment of climatic warming.
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Observations of Xyleborus affinis Eichhoff
(Coleoptera:Curculionidae:Scolytinae) in Central Michigan
Richard A. Roeper1,*, Mark A. Bunce1, John E. Harlan1, and Richard G. Bowker1

Abstract
Xyleborus affinis Eichhoff colonized wind thrown timber in the moist
floodplain habitats of Central Michigan. Single adult females constructed a
complex gallery system consisting of phloem–sapwood interface tunnels and
sapwood tunnels. An average of 24 progeny adults and a sex ratio of 14 females
to 1 male were found in mature galleries after the first of September.
____________________

Xyleborus affinis Eichhoff (Coleoptera: Curculionidae: Scolytinae) has a
pan-tropical distribution infesting some 300 woody hosts (Schedl 1963, Wood
1982, Rabaglia et al. 2006). Wood (1982) considered the beetle to be tropical
American in origin, and it is distributed from Florida north to Massachusetts
and west to Michigan, Missouri, and Texas within the USA. The beetle has
extended its range or has been introduced into Africa, Hawaii, and Southeast
Asia through New Guinea and some Pacific islands. Bright (1968) listed the genera Betula, Carya, Castanea, Celtis, Diosypra, Liquidambar, Mimosa, Quercus
and Robinia as temperate tree hosts. Schneider (1987) listed Fraxinus. Schedl
(1963) provided observation of beetle’s habits in Africa under the synonym X.
mascarensis Eichhoff. Roeper et al. (1980a and b) cultured the beetle using in
vitro techniques and provided life cycle observations. This study reports on the
natural habits of X. affinis infesting deciduous woody hosts in Central Michigan.
Methods
These observations were made over three decades from the mid-1970s to
the 1990s during the collection of live beetle specimens for use in vitro culture
studies. The study areas were the Pine River floodplains near the village of
Sumner, Gratiot County, Michigan. Overall 32 host logs were collected and
returned to the laboratory. Within days each collected bole was cut into disks
and then carefully dissected using wood chisels. Eighty-eight complete galleries
and 77 partial galleries of X. affinis were dissected for this study. Life stages
of X. affinis and measurements of tunnel lengths were recorded.
Results and Discussion
Host Characteristics. Xyleborus affinis primarily attacked wind-thrown
silver maples boles (Acer saccharinum L.) (N = 29) in the moist floodplain forests and river habitats in central Michigan. The prone trees were found over
standing water of temporary ponds or flowing water of the river. On some occasions the bole of the silver maple was partly submerged in the river water.
These observations suggest the beetles preferred a high moisture and/or high
relative humidity environment. The boles of the host trees were horizontal and
uprooted, yet often had live leaves existing on lateral branches. On two occaDepartment of Biology, Alma College, Alma, MI 48801.
*Corresponding author: (e-mail: rroeper@yahoo.com).
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sions X. affinis were observed on wind- thrown northern red oak (Quercus rubra
L.) and once on a wind-thrown ash (Fraxinus sp.). Acer is recorded as host for
this beetle here for the first time. The beetle was never found in wind- thrown
trees in adjacent, upland, non–floodplain habitats after three years of study.
Host Colonization Patterns. Similarly to other Xyleborus species, only
the adult females fly to infest new host material. In Gratiot County only a single
colonization period was observed with the earliest attacks beginning in midMay and continuing to mid-June. The density of attack entrance attack holes
averaged 25.2 per dm2 (SE = 3.7, N = 16), ranging from 11.3 to 41.0 entrance
holes per dm2 on the surface of the maple boles.
Gallery Characteristics. Schedl (1963) speculated that two or more
females would cooperate in the construction of a gallery system. We found no
evidence supporting Schedl’s hypothesis based on these Michigan observations.
Single foundress females constructed each gallery system. The boring frass
produced by the female adult was granular sawdust of woody material pushed
out the beetle’s entrance hole.
Among developed gallery systems (N = 69) we observed that within 53
galleries (76.8%) the adult females bored through the bark and constructed
a lateral tunnel at the phloem-sapwood interface. These laterals are always
straight and constructed perpendicular to the length of the longitudinal axis of
the host bole in contrast to Schedl (1963) who described these phloem-sapwood
laterals as curving and joining other similar laterals. In 36 galleries (52%) the
phloem-sapwood laterals were constructed in one direction from the entrance.
In 17 (24.6%), phloem–sapwood laterals were constructed in two directions from
the entrance. The average length of these phloem-sapwood lateral galleries
was 28mm (SE = 2.8, N = 53) and ranged from 4.0 to 49.0 mm in length. The
phloem-sapwood laterals appear to be an unusual characteristic compared with
other ambrosia beetle species that usually excavate tunnels directly into the
sapwood. Xyleborus ferrugineous F. (Wood 1962) and X. seriatus Brandford
(Hoebeke and Rabaglia 2008) also construct phloem-sapwood galleries. Schedl
(1963) speculated that the construction of these tunnels provided supplementary
nutrition to the beetle’s normal xylomycetophagous habit found in the sapwood
tunnels. The lateral tunnel constructed at the phloem-sapwood interface rarely
varied in depth. Occasionally along their length there were short segments that
were burrowed 2 to 3 mm into the outer most portion of the sapwood xylem.
These phloem–sapwood laterals never extended deeper into the sapwood. The
adult females were observed ovipositing two to four eggs at the end of the phloem
interface tunnels in only three of 43 galleries.
Sixteen (23.2%) of the mature galleries lacked phloem-sapwood lateral
galleries, and all the gallery systems tunnels were further constructed into the
sapwood, as is typical of ambrosia beetles. The sapwood tunnels were at first
usually constructed perpendicular to the outer surface of the host near the initial entrance hole of the female adult. The tunnels constructed to a particular
depth into the sapwood then each curved laterally, not always following a growth
ring. Further penetration into the sapwood led to the construction of as many
as six secondary or tertiary lateral sapwood tunnels that usually curved toward
the heartwood. The fungal symbionts failed to cause dark staining of the wood
around the galleries that is generally typical of ambrosia beetle gallery systems.
The sapwood galleries during June averaged 39.3 mm in length (SE = 1.8; N
= 29) and ranged from 21 to 65mm. During July to mid August the sapwood
tunnels averaged 70.3 mm in length (SE = 1.7, N = 22) and ranged from 60 to
91 mm. In mid August galleries were mature with a mean length of 112 mm
(SE = 5.6, N = 37) and ranging from 82 to 163 mm long since boring activity
had ceased, evidenced by the lack of fresh boring frass.
Progeny. From dissection of galleries though the summer period, eggs
were observed from mid-June to late July. Larvae were found from mid-June to
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mid-August and pupae from late July to late August. The larvae appeared to be
mycetophagous because they were not involved in the enlargement of the gallery
system. The first teneral adults were observed in late July. The approximate
time of development from egg to adult was 5.5 to 7 weeks. The teneral adults
overwintered in their parental gallery system. From mature gallery systems
after the first of September the number of progeny adults averaged 24.0 per
gallery (SE = 0.61, N = 22) and ranged from to 17 to 41. The sex ratio was found
to be 14 females to 1 male (493 females to 35 males from 22 galleries).
We observed only a single generation breeding in each particular log.
However, when X. affinis females were removed from their gallery system and
cultured in vitro, they did not exhibit any reproductive diapause and constructed
gallery systems and oviposited in culture media (Roeper et al. 1980a, 1980b).
We never observed progeny adults using an old parental gallery system for a
second breeding season as suggested by Schedl (1963) in Africa and Schneider
(1987) in Kansas. Seasonal changes may account for the differences in X. affinis’
gallery habits observed in this study.
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Ecological Traits Fail to Consistently Predict Moth Species
Persistance in Managed Forest Stands
Keith S. Summerville1

Abstract
Species traits have been used as predictors of species extinction and
colonization probabilities in fragmented landscapes. Thus far, trait-based
analytical frameworks have been less commonly employed as predictive tools
for species persistence following a disturbance. I tested whether life history
traits, dietary traits, and functional traits were correlated with moth species
persistence probabilities in forest stands subjected to varying levels of timber
harvest. Three harvest treatments were used: control stands (unharvested since
1960), shelterwood cut stands (15% canopy removed), and patch cut stands (80%
standing bole removed). Logistic regression models were built to assess whether
species persistence probabilities were a function of species traits; separate
models were constructed for each level of timber harvest treatment. Species
persistence probabilities were mainly a function of pre-harvest abundances.
Species traits had idiosyncratic effects on species persistence depending on the
level of timber harvest employed. These results suggest that species traits may
indirectly influence how moth species assemblages change as a result of forest
management by determining pre-harvest abundance rather than persistence per
se. The absence of significant trait effects on persistence probabilities may also
reflect prior reduction in species trait space. That is, the range of species trait
combinations sampled in this study was much lower than observed in historically unlogged eastern deciduous forest systems. Thus, the lack of significant
trait-persistence correlations observed here might indicate historic extinctions
of species from prior logging events that have not been offset by post-harvest
recovery of original species assemblages.
____________________

Forest fragmentation is known to cause significant changes in lepidopteran
community structure and diversity (Summerville and Crist 2004, Fox 2013,
Slade et al. 2013). In general, loss of species richness and shifts in species composition are a function of the magnitude of disturbance to the forest landscape
(Forkner et al. 2006). Recovery of species richness can be rapid, especially for
forest stands with a limited disturbance footprint (Summerville 2013). Recovery
of pre-disturbance species composition appears to require longer time-courses,
and there is some question about how we develop baseline community targets
with which we can assess species recovery (Usher and Keiller 1998, Merckx et
al. 2009). How the recovery of species within ecological communities correlates
to reestablishment or recovery of functional processes within forests is also a
major unknown.
Explicitly linking shifts in species diversity and composition to persistent
shifts in ecosystem function has been challenging (Boerschig et al. 2013). Ecologists, however, are increasingly recognizing that the effects of fragmentation
need to be understood as a disturbance that may impair ecosystem function
Department of Environmental Science and Policy, 131 Olin Hall, Drake University,
Des Moines, Iowa 50311-4505. (e-mail: Keith.Summerville@drake.edu).
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beyond merely reducing species diversity per se (Luck et al. 2012). Finding
clear correlations between changes in lepidopteran diversity and forest ecosystem properties has revealed equivocal conclusions. For example, variation in
herbivory by larval Lepidoptera is connected to litter quality in forest systems,
but how specific species contribute to this phenomenon is less resolved (Chapman et al. 2003). A species’ contribution to ecosystem function is determined, in
part, by the evolved traits of that species (Pla et al. 2012). Thus, understanding
whether variation in traits among species predicts response to forest disturbance
is an important first step to linking how changes in species diversity correlate
to alternation of ecosystem function (Öckinger et al. 2010).
Traits may influence how likely a species persists in the face of disturbance in a variety of ways. First, life history traits such as fecundity, body size,
voltinism, and overwintering stage are connected to variation in population size
in both space and time (Spitzer and Lepš 1988, Betzholtz and Franzén 2011,
Boerschig et al. 2013). Body size in particular has proven a useful predictor of
both fecundity and dispersal capacity (Spitzer et al. 1984, Sekar 2012). Analysis
of dietary traits, such as host plant breadth, feeding mode (e.g., borer, chewer,
miner), and host plant type suggests that greater levels of specialization render
lepidopterans more vulnerable to disturbance (Summerville and Crist 2002,
Koh et al. 2004, Mattila et al. 2006, Slade et al. 2013). Less well studied are
functional traits, which explicitly identify the contribution of species to processes
such as pollination, decomposition, nutrient cycling, or carbon sequestration
(Schowalter 2000, Chapman et al. 2003). Pollinators and decomposers might be
considered more vulnerable to forest disturbance given their seeming inability to
move through heterogeneous land cover types and sensitivity to soil temperature
and moisture, respectively (see Hohn and Wagner 2000, Bommarco et al. 2010).
The goal of this study was to determine whether specific traits or trait
combinations of forest moths were related to species persistence probabilities
in stands experimentally managed with differing levels of timber harvest. I
obtained three types of trait data for each moth species sampled: life history
traits, ecological traits, and functional traits. I hypothesized that species would
be more likely to persist in managed forest stands if they were multivoltine,
generalist herbivores that used a combination of herbaceous and woody larvae
hosts. Furthermore, I predicted that pollinators and detritivores would be
especially sensitive to harvest disturbance, and species performing these functions would be unable to persist in managed stands. Finally, I tested whether
post-disturbance species’ persistence probabilities were affected by pre-harvest
abundance in conjunction with species traits.
Methods
Study System. This research was performed within Morgan-Monroe State
Forest; a ≈ 9,725 ha managed system in south central Indiana. Morgan-Monroe
State Forest occurs within the North-Central Interior Dry-Mesic Oak Forest and
Woodland ecological system (39o31′28′′N, 86o44′13′′W). In unfragmented landscapes, canopy cover tends to be dense, although historic fire regimes maintained
open canopy (Homoya et al. 1985). Quercus montana Wilde. (chestnut oak) is a
dominant species with Q. alba L. (white oak), Q. rubra L. (red oak), or Q. velutina
L. (black oak) present depending on soil moisture regimes. Carya cordiformis
Koch (bitternut hickory) and C. ovata (Mill.) Koch (shagbark hickory) are also
common. Additionally, this ecoregion is among North America’s richest for herbaceous plants and shrubs with over 2,000 species described (Homoya et al. 1985).
Experimental Design. This study is part of a long term research
project designed to test for critical thresholds in levels of timber removal and
biodiversity changes within eastern deciduous forests (Hardwood Ecosystems
Experiment, HEE; see http://www.heeforeststudy.org/). In early 2007, I identified three large forested landscapes within Morgan-Monroe State Forest for
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lepidopteran sampling (see Summerville 2011). These landscapes possessed
a similar history of timber harvest, most were clearcut ≈ 60 y in the past, but
the historical data regarding levels of timber removal were unavailable (D.
Vadas, personal communication). A subset of forest stands in each of these
landscapes was manipulated with timber harvest in 2008. One of two harvest
methods were used to manipulate forest stands in 2008: patch-cut harvests, in
which 80% of the standing forest canopy was removed in a 3–5 ha patch, and
shelterwood logging, in which the first of three planned cuts removed 15% of
the standing canopy. Furthermore, control treatments, in which 100% of the
standing biomass was retained within the entire forest stand, were designated.
To determine whether species persistence in managed stands was influenced
by combinations of species traits, I established moth sampling points in patchharvested stands, shelterwood cut stands, and controls. In total, I identified 4
stands that were patch-cuts, 4 stands that were unlogged controls, and 3 stands
forest stands that were managed with shelterwood techniques. All forest stands
were 3–5.8 ha in area.
Sampling Methodology. Lepidoptera were sampled from all 11 forest
stands in 2007, one year prior to timber harvest. Then, in 2008, private timber
concessionaires were contracted to remove trees from management concessions
with specific harvest allocations corresponding to the experimental design.
All stands were re-sampled in 2009. Moths were collected from forest stands
using Universal blacklight traps (12-watt, BioQuip Products, Inc., Rancho
Dominguez, CA) powered by 12 V, 26 Amp-hr batteries. Traps were located
in the approximate center of each forest stand to reduce edge effects from the
surrounding forest. On nights of operation, a single trap was placed at each
site on a platform 2 m above the ground and remained lit from 2000–700 CDT.
I sampled Lepidoptera every 9–14 days from 30 May–30 August in both 2007
and 2009, producing 55 total samples from the 11 sites (5 per site) per sampling
year (110 samples across both years). Weather and moon intensity are known
to affect sampling efficiency of blacklight traps, so trapping was restricted only
to nights that had a minimum temperature ≥ 16oC, no precipitation, and low
levels of ambient moonlight (½ to new moon phases) (Summerville et al. 2006).
Species nomenclature and authorities follow Hodges et al. (1983), with revisions following Ferguson (2008) and Lafontaine and Schmidt (2010). Voucher
specimens were deposited at in the insect collection at Drake University.
Trait Classification. Measurement of species traits followed the same
general protocol as Summerville et al. (2006) with several important exceptions.
First, I expanded the range of traits modeled based on the results of Koh et al.
(2004) and Mattila et al. (2006). This involved determining two critical aspects
of species natural history: the overwintering stage and species function in the
ecosystem (e.g., pollinator, detritivore). Such data are readily obtained for a
large number of Erebidae, Noctuidae, Geometridae, Notodontidae, Saturniidae,
and Sphingidae but were lacking for other less well-known microlepidoptera
taxa (see Covell 2002, Tuttle 2007, Ferguson 2008, Wagner et al. 2011). Thus,
I was only able to obtain complete natural history data for 278 out of the 389
total species sampled. These were the only species retained in the trait-based
analysis. In total, the following traits were assigned to species: voltinism, overwintering stage, diet breadth, host plant type, use of Quercus as a larval host,
use of Acer as a larval host, role as a pollinator (after species descriptions in
Wagner et al. 2011 and LeCroy et al. 2013), role as a detritivore, and body size
(see Table 1 for a more complete breakdown for how these species traits were
coded for each species). It is important to note that my assessment of species’
role in pollination services is conservative; additional species of Noctuidae and
Erebidae may provide pollination services without being formally documented
as doing so in the primary literature.
Data Analyses. I used logistic regression models to determine if particular species traits were significant predictors of species persistence probabilities
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Table 1. Species traits used as predictors of persistence probabilities in forests managed with different harvest regimes. Species traits fall into one of three categories:
dietary traits, functional traits, and life history traits. Trait categories follow Summerville (2006) and Pla et al. (2012).
Species Trait

Trait category

Trait measurement

Diet Breadth

Dietary

Two levels: generalist or specialist
following Summerville (2006)

Host plant type

Dietary

Four levels: woody plant feeder,
herbaceous feeder, fungivore /
lichinivore, and generalist after
Summerville and Crist (2002)

Use of Quercus spp.

Dietary

Two levels (0 = no; 1 = yes)

Use of Acer spp.

Dietary

Two levels (0 = no; 1 = yes)

Role in pollination

Functional

Two levels (0 = no; 1 = yes)

Role in detritivory

Functional

Two levels (0 = no; 1 = yes)

Voltinism

Life history

Number of adult generations per year
(1-4)

Overwintering stage

Life history

Four levels (egg, larvae, pupae, adult)

Body size

Life history

Mean wingspan after Gaston and
Reavey (1989)

within patch-cut, shelterwood, and control stands. To perform these analyses, I
first screened the trait variables for significant intercorrelations using Pearson
product-moment correlation coefficients (PROC CORR, SAS Institute, Cary, IN).
Most trait variables were orthogonal (Pearson r < 0.30); however, host plant
type was highly intercorrelated with a number of factors. It was subsequently
excluded from analyses. In addition, overwintering stage was strongly intercorrelated with voltinism (multivoltine species tend to winter as larvae). Thus, I
also removed overwintering stage from logistic regression models.
I used the SAS Enterprise system to create separate logistic regression
models for each of the three harvest treatments. Species were considered to have
‘persisted’ if they had a post-harvest abundance > 5 (across all replicate stands
within a harvest treatment) and occurred in at least one stand per treatment
in both 2007 and 2009. These cut offs were chosen to be consistent with other
recent studies that have examined persistence probabilities in lepidopteran communities (see Koh et al. 2004). To some extent, the specific values are arbitrary,
but species with post-harvest abundance > 5 have detection probabilities > 0.80.
Higher detection probabilities suggest that species absences from ecological
communities reflect the impact of timber harvest rather than sample bias (Summerville et al. 2006). Models that retained singleton and doubleton species
(i.e., those that possessed only one or two sampled individuals) produced qualitatively identical results as models built using this more conservative definition
of persistence. Model significance was assessed using likelihood ratios, which
tested the global null hypotheses that included trait variables have no effect on
persistence probabilities (Piegorsch and Bailer 1997). In addition, I followed
the recommendations of Nagelkerke (1991) and calculated the generalized R2
parameter to further describe the fit of the model to the data. Voltinism and
body size values were log-transformed prior to analyses to meet the assumptions
of logistic regression. Quercus use, Acer use, pollinator status, and detritivore
status were square root transformed prior to analyses (Sokal and Rohlf 1995).
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In addition to trait variables, I also included each species’ abundance in 2007
as a random covariate. That is, I tested whether species persistence probabilities were related to pre-harvest population size (as sampled using light traps)
rather than species traits per se. Because I lacked a well resolved phylogeny
to test for relationships among the species traits and moth taxa (families, subfamilies) (see Felsenstein 1985), I followed the method of Koh et al. (2004) and
created a second logistic regression model with a dummy variable used to code
for lepidopteran families. The effect of moth family on persistence probability
was non-significant in this model (Wald χ2 = 1.34; df=1; P = 0.19) despite there
being a significant correlation between moth family and body size (Pearson correlation = 0.54; P < 0.01), voltinism (Pearson correlation = 0.28; P < 0.05), and
role in detritivory (Pearson correlation = 0.75; P < 0.001). The significance of
all model effects was assessed using Wald χ2 statistics.
Results
Trait data were available for 278 of the moth species sampled from MorganMonroe State Forest in 2007. Of this total, 64 species persisted in the stands
managed with patch cut harvests, 66 species persisted in the stands managed
with a shelterwood cut, and 83 species persisted in the stands treated as controls. To place these data in context, in 2007 the richness of moth species in
stands allocated for patch harvests was 177 and the richness of moths sampled
in stands to be managed with shelterwood cuts was 159. The pre-harvest richness of moths in control stands was 150. Thus, richness was lower across all
three treatments in 2009 compared to 2007. The decrease in species richness,
however, was greater in managed stands. Finally, the five most abundant
species that were sampled in 2007 were the same five most abundant species
in 2009: Halysidota tessellaris (Smith) (Erebidae), Hypoprepia fucosa Hübner
(Erebidae), Nadata gibbosa (Smith) (Notodontidae), Lambdina fervidaria Hübner (Geometridae), and Heterocampa obliqua Packard (Notodontidae).
Persistence probability for moth species in control stands was a function
of Quercus use by larvae and pre-harvest abundance (χ2 = 38.47; df = 7; P <
0.0001). The model R2 was calculated to be 0.30, indicating about one-third of the
variance in species persistence was described by the model effects. Functional
traits and life history traits, however, were not significant predictors of species
persistence (Table 2). Species that persisted in control stands post-harvest in
Morgan-Monroe State Forest were those that did not rely on Quercus as a host
plant (χ2 = 3.73; df = 1; P < 0.05) and those that were sampled at high abundance
in 2007 (χ2 = 18.30; df = 1; P < 0.0001).
In contrast to the persistence model for the control stands, the likelihood
that a moth species sampled in 2007 persisted in shelterwood harvested stands
in 2009 was a function of one functional trait and initial abundance (Table 3).
The overall model was significant (χ2 = 37.57; df = 7; P < 0.0001), but the R2 value
was slightly lower than the model for the control stands (R2 = 0.28). Persistence
probabilities were lower for species that were considered detritivores (χ2 = 3.99;
df = 1; P = 0.045) and those species that were sampled at low abundances in
2007 (χ2 = 22.87; df = 1; P = 0.006). Diet breadth, host plant type, voltinism, and
body size were not significant predictors of persistence probabilities (Table 3).
Species traits were not significant predictors of persistence probabilities
for moths sampled within patch cuts harvest stands (Table 4). The full model
was significant (χ2 = 53.73; df =7; P < 0.0001) but persistence appeared solely
to be a function of initial sampling abundance (χ2 = 33.92; df = 1; P = 0.0001).
The Nagelkerke R2 value for this model was the highest of the three (R2 = 0.38).
Species that were abundant in 2007 tended to persist in stands managed with
the patch cut harvest treatment. Quercus feeding might be considered a minor
contributor to species persistence with a low but non-significant test statistic
(Table 4). Species known to feed on Quercus leaves were less likely to persist
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Table 2. Results of logistic regression model relating moth species traits to persistence
probabilities in control forest stands. Replicate forest stands (n = 4) were sampled preharvest in 2007 and post-harvest in 2009. The full model was significant (χ2 = 38.47; df = 7;
P < 0.0001).
Model parameter

df

Use of Quercus species

1

Diet breadth
Role in pollination

Estimate

Wald χ2

P

-0.79

3.72

0.05

1

0.56

0.05

0.82

1

0.61

0.46

0.50

Role in detritivory

1

-14.87

0.01

0.97

Voltinism

1

0.06

0.04

0.83

Body size

1

2.65

0.89

0.67

Log initial (2007) abundance

1

-1.60

18.30

0.0001

Intercept

1

1.25

3.28

0.001

Table 3. Results of logistic regression model relating moth species traits to persistence
probabilities in forest stands managed with a shelterwood cut. Stands (n = 3) were
sampled pre-harvest in 2007 and post-harvest in 2009. The full model was significant
(χ2 = 37.57; df = 7; P < 0.0001).
Model parameter

df

Estimate

Wald χ2

P

Use of Quercus species

1

-0.23

0.34

0.56

Diet breadth

1

0.42

0.68

0.41

Role in pollination

1

0.56

0.71

0.40

Role in detritivory

1

-1.45

3.99

0.04

Voltinism

1

-0.15

0.34

0.56

Body size

1

3.29

1.89

0.23

Log initial (2007) abundance

1

-1.55

22.87

0.0001

Intercept

1

1.71

7.49

0.006
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Table 4. Results of logistic regression model relating moth species traits to persistence
probabilities in forest stands managed with a patch harvest. Stands (n = 4) were
sampled pre-harvest in 2007 and post-harvest in 2009. The full model was significant
(χ2 = 53.73; df = 7; P < 0.0001).
Model parameter

df

Estimate

Wald χ2

P

Use of Quercus species

1

-0.63

2.38

0.10

Diet breadth

1

0.16

0.08

0.78

Role in pollination

1

-0.63

0.92

0.34

Role in detritivory

1

-0.96

1.59

0.21

Voltinism

1

0.03

0.01

0.92

Log body size

1

0.89

1.12

0.29

Log initial (2007) abundance

1

-2.09

33.93

0.0001

Intercept

1

2.47

13.84

0.0002

in the patch cut stands post-harvest compared to those moths known to feed
on other host species (χ2 = 2.38; df = 1; P = 0.10). However, the power of this
test is fairly low due to the limited replication of stands within management
category (β = 0.60).
Discussion
The response of lepidopteran species to contrasting levels of timber harvest
was only weakly predicted by species traits, and no single trait was consistently
related to species persistence following logging. Previous studies in this system, however, have demonstrated that removal of standing timber biomass is
correlated with significant loss of species richness (Forkner et al. 2006; Summerville 2011, 2013). The equivocal nature of species trait-species persistence
relationships complicates efforts to link changes in lepidopteran assemblages
to alteration of forest ecosystem function. Low levels of replication within harvest treatments and across the forested landscape of the Hardwood Ecosystem
Experiment certainly contributed to lack of significant model effects (i.e., the
power of some of my tests was ≈ 0.60). Accommodating lower statistical power
by allowing significance to be assigned at a higher P-value (e.g., 0.10), however,
only adds one significant species trait in the patch cut treatment (Quercus use,
see Table 4). Variability between years due to environmental stochasticity may
also dilute the effects of management treatment on lepidopteran persistence
(Lepš et al. 1998), but I did not detect a clear pattern of significance in sampling
year × species trait interactions.
Within the context of background annual variation and lower that optimal
statistical power, forests managed with timber harvest possess fewer species,
but loss of species within lepidopteran communities does not confined to a single
feeding guild, life history strategy, or functional group (e.g., pollinators). Instead,
the single best predictor of a species’ persistence probability post-harvest was its
initial abundance. The abundance of moths in these forest stands is related to
voltinism, body size, and feeding guild (Summerville et al. 2013). Multivoltine
species with smaller body sizes and larvae that develop on a wide range of woody
plant foliage were more abundant pre-harvest and thus more likely to persist
following logging (see also Summerville and Crist 2002). In addition, inclusion
of initial abundance as a co-variate accounts for potential ‘noise’ associated with
species’ detection probabilities. Some subset of those species that ‘persist’ are
likely ‘persistent’ because they are readily sampled using light traps.
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Studies of lepidopteran communities in grasslands suggest that functional
homogenization results from landscape disturbance as species persisting in
communities become more generalist (Lepš et al. 1998, Boerschig et al. 2013).
Furthermore, extinction probabilities of forest butterflies and moths in fragmented forests are significantly predicted by species traits (e.g., Koh et al. 2004,
Mattila et al. 2006, Beck et al. 2006, Slade et al. 2013). Species more likely to
experience an extinction event post-fragmentation were specialists (as larvae),
small-bodied, and univoltine. Species persisting in highly managed landscapes
tended to be ‘generalists’ (e.g., see Summerville et al. 2006). One major difference between these studies and the results presented here is the spatial scale
at which species persistence was assessed.
Spatial scale clearly influences how the effects of logging are measured
(Hamer and Hill 2000). In this study, relatively small forest stands (3–5 ha) were
disturbed and most of the intervening landscape was maintained as unmanaged
forest > 60 years old. Studies that tend to document significant correlations
between species traits and persistence probabilities occur at the other end of
the landscape disturbance gradient (Slade et al. 2013). In these studies, forest
stands that were sampled represented isolated patches in a more highly managed
landscape (Koh et al. 2004). The matrix was more inhospitable and less likely
to facilitate re-accumulation of species (Ricketts et al. 2001). Thus, persistence
probabilities of moth species may be a function of the species composition of
the undisturbed matrix when the disturbance footprint is small relative to the
extent of the unmanaged forest. Indeed, species that were the most abundant
in forest stands pre-harvest (and thus more likely to persist) were also more
abundant in unmanaged forest matrix pre-harvest (Summerville et al. 2013).
When the disturbance footprint of logging is larger, effectively fragmenting
the landscape, species traits may become better predictors of which moths will
contribute to the recovering forest community.
The lack of significant trait correlations observed in this study may also
reflect the legacy of past timber harvest. There are few historic data that would
allow a comparison of trait distributions for forest moth communities prior to
the timber harvest that occurred in 1930s and 1940s and the trait distributions
measured in this study. In contrast to old-growth and historically unlogged
forests in states such as Ohio (USA), however, the moth communities sampled
here contain a higher proportion of generalist feeders and many fewer Quercus
specialists (Summerville et al. 2008). Perhaps when generalists dominate a
community, only their pre-disturbance abundances will be consistent predictors
of which species survive. How ecologists define the reference point by which
we evaluate species persistence or changes in ecosystem function is therefore
critical (e.g., Murphy and Romanuk 2014). Managing for recovery of the 2007
moth communities in Morgan-Monroe State Forest will miss important aspects
of lepidopteran biodiversity that is present in stands lacking historic logging
activities. Our current forest moth assemblages may be highly altered artefacts
of historic lepidopteran communities, even if logging has not occurred for long
time periods. Establishing a framework to understand how both historic and
current forest management affects functional diversity of insects will be critical
to understanding how to conserve eastern deciduous forests as they are additionally impacted by future climate and invasive species stressors.
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Detection of Hemlock Woolly Adelgid
(Hemiptera: Adelgidae) Infestations with Sticky Traps
Jeffrey G. Fidgen1*, Mark C. Whitmore2, and Jean J. Turgeon1

Abstract
We deployed sticky traps underneath the crown of eastern hemlock, Tsuga
canadensis (L.) Carrière, to assess their sensitivity at detecting crawlers (1st
instar nymphs) of the non-native hemlock woolly adelgid, Adelges tsugae Annand (Hemiptera: Adelgidae). We found these traps more sensitive at detecting
infested trees with low densities of A. tsugae than branch-tip sampling with pole
pruners. We observed two peaks of crawler abundance at all sites: these peaks
likely represented the timing of the progrediens and sistens crawler stages of
A. tsugae. Deployment of sticky traps in treated and high-risk stands may prove
useful at detecting residual and new infestations, respectively.
____________________

The hemlock woolly adelgid, Adelges tsugae Annand (Hemiptera: Adelgidae), is a bivoltine insect with a polymorphic (sistens, progrediens, and sexuales)
life cycle that is obligatorily parthenogenetic in its invaded range (McClure 1989,
Fitzpatrick et al. 2012). Each morph has 3 stages of development: egg, nymph
(4 instars), and adult (McClure 1989). Crawlers are first instar nymphs and the
only stage that is mobile. Crawlers become sessile as soon as they insert their
mouthparts into tree tissues to feed (McClure 1989). In early spring, before bud
burst in eastern hemlock, Tsuga canadensis (L.) Carrière, progrediens crawlers
emerge from sistens ovisacs and attempt to settle on the stem at the base of a
hemlock needle from the previous year’s growth (hereafter twig) amongst their
sistens mothers. After bud burst, progrediens adults lay sistens eggs. Sistens
crawlers emerge and settle on the stem at the base of a hemlock needle on either
the current or previous year’s growth. First instar sistens crawlers undergo an
aestival diapause and develop throughout fall and winter, maturing in spring
(McClure 1989). Natural dispersal of crawlers is facilitated by wind, rain, and
animal activity (McClure 1990), but many crawlers become dislodged and likely
land on non-host plants and the forest floor near their point of origin (McClure
1989, Turner et al. 2011).
Populations of A. tsugae presently found in the eastern United States
originated from southern Japan (Stoetzel 2002, Havill et al. 2006). From its
original detection in Virginia (Richmond) in 1951, A. tsugae has spread to 20
other states and the District of Columbia and has likely killed millions of T.
canadensis (e.g., Orwig et al. 2002). The loss of stands dominant in hemlock is
tragic because such stands create unique conditions within which several animal
species flourish (Ellison et al. 2005, Adkins and Rieske 2013, Orwig et al. 2013).
The adelgid can now be found in states as far north as New York, Vermont, New
Hampshire, Maine, and occasionally as far northwest as Michigan (USDAFS
2014). These states all share a border with eastern Canadian provinces. In
Canada, A. tsugae is a regulated pest (CFIA 2014a) and as such is the subject of
Canadian Forest Service, Great Lakes Forestry Centre, 1219 Queen Street East, Sault
Ste Marie, Ontario, Canada P6A2E5.
2
Cornell University, 106 Fernow Hall, Ithaca, NY 14850, USA.
*
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a directive (D-07-05) or quarantine program designed to prevent its introduction
and spread (CFIA 2014b). Its presence in Canada could lead to economic impacts
and to an ecological loss; however, loss of hemlock in riparian environments is
particularly concerning (Brantley et al. 2013). Eastern hemlocks infested by A.
tsugae were detected recently in eastern Canada at two locations in southern
Ontario (NAPPO 2014) using a ground-based visual assessment of lower crown
branches modified from Costa and Onken (2006). To prevent further spread of
this insect in eastern Canada, the Canadian Food Inspection Agency (CFIA)
removed within weeks of detection all trees known to be infested at the time
and incinerated all woody material (L. Shields, CFIA, personal communication).
At both locations, more infested trees were found the following year (NAPPO
2014); these trees were also destroyed within weeks of detection.
The canopy distribution of A. tsugae at the early stage of an invasion is
unknown, but the upper crown may be the first to become infested (Evans and
Gregoire 2007). Sampling the upper crown of mature hemlock is time consuming
due to the height of branches (> 15 m) above ground; in many instances, this
foliage is out of reach of conventional, relatively rapid assessment techniques,
such as pole pruning and visual assessment. There is an urgent need to develop
early detection tools that permit evaluation of all possible hemlock habitats
rather than just a portion of it, particularly if eradication continues to be the
response to new finds.
Alternatively, if a trap could be used to detect dispersing 1st instar A. tsugae
crawlers during the earliest stages of A. tsugae establishment, then directly
sampling the upper crown of hemlock trees is not necessary. We investigated
the efficacy of sticky traps deployed under the canopy of individual trees at detecting the presence of A. tsugae crawlers in hemlock stands and compared it to
sampling branch tips from the lower half of the crown with pole pruners. As an
a posteriori objective, we looked at the relationship between the abundance of
ovisacs on branch tips per tree to that of crawlers on traps under the same trees.
Materials and Methods
Study Sites. We carried out this study at three sites in upper New
York State from May to July 2014: Texas Hollow (TH) lat. 42.416031°N, long.
76.794492°W; Rattlesnake Hollow (RH) lat. 42.541684°N, long. 76.852352°W;
and Mill Creek (MC) lat. 42.585108°N, long. 76.816722°W. The trees at TH were
the largest used in this study (mean height = 27.7 ± 1.0 m; mean height to live
crown = 7.0 ± 1.4 m; mean DBH = 47.4 ± 2.4 cm) followed by those at MC (21.2 ±
1.2 m; 3.8 ± 1.1 m; 39.8 ± 1.9 cm) and RH (18.7 ± 1.3 m; 1.2 ± 0.1 m; 42.0 ± 2.3 cm).
Sticky Traps. We purchased pairs of commercially available green prism
traps (Synergy Semiochemicals Corp., Burnaby, BC, Canada). Each pair comes
with one side already coated with a clear insect trapping glue (facing each other).
We cut 6 squares (25 × 25 cm; 625 cm2), two from each panel of the pair of prism
traps. We selected six trees at least 20 m apart at each site and installed two
sticky traps (sticky side up) under each one. We nailed each trap to the top end
of a wooden stake (2.5 × 2.5 × 200 cm) hammered about 70 cm deep into the
ground. One trap was placed within 1 m of the bole (interior) and the other was
placed at the outer edge of the drip line (exterior) on the same side of the tree;
inter-trap spacing under a tree varied between 3 and 5 m. We set up the first
traps on 5 May before progrediens crawlers had emerged.
We replaced traps every 2 wk until 10 July at MC and RH and 31 July at
TH, after most sistens crawlers had settled on branches. We placed each usedup trap into a clear 7.6 L Ziplock® Hefty Jumbo Slider bag (S.C. Johnson &
Son Inc., Racine, WI) and stored the bags at -15°C until we could examine the
trap with a dissecting microscope (64×) (Fig. 1). To assess crawler abundance,
we left the traps in Ziplock bags. We drew two sets of lines on each bag. The
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Figure 1. Example of first instar crawler of A. tsugae caught on green sticky trap. Image
was created using the extended depth of focus (EDF) module of Nikon NIS-Elements v.
4.0.08 software and touched up using Adobe Photoshop CS6 v. 13.0. Photo: Gene Jones.

first set consisted of two perpendicular lines passing through the centre of the
trap, resulting in four quadrants: 12.5 × 12.5 cm. We subdivided further each
quadrant by tracing four lines parallel to the trap’s edge at 2 cm intervals
starting at 2 cm from the edge of the trap. This second set of lines created four
rectangles of 2 × 12.5 cm in each quadrant for a total of 100 cm2 per quadrant.
Thus, when crawler abundance was low (running total per quadrant < 100), we
examined a maximum of 400 out of 625 cm2 per trap and recorded the number of
crawlers. When abundance was high (cumulative total per quadrant ≥ 100), we
calculated crawler density using the following formula: running crawler count
÷ area scanned in cm2 × 10,000 (to convert cm2 to m2). Because the duration of
collection periods sometimes varied by 2 to 3 days amongst sites, we standardized estimates of crawler interception rate by dividing crawler density by the
number of days traps were in the field.
Branch-Tip Sampling. We estimated A. tsugae populations for each
of the six trees paired with a set of sticky traps. On 5–6 May (sistens ovisacs)
and 9–10 July (progrediens ovisacs), we removed five 30-cm-long branch tips
haphazardly from the lower half of the live crown of each tree using a modified Gilmour Commercial Tree Pruner (Robert Bosch Tool Corp., Peoria, IL;
maximum reach: 8.5 m). We examined each branch tip and counted live sistens,
progrediens, or dead adults with egg masses (hereafter ovisacs) found on the
twigs. We also noted the length (cm) of each twig. Because densities of A. tsugae
were low, we expressed abundance as the average number of ovisacs per 10 cm
of twig length examined.
Analysis. We used a one-way repeated measures analysis of variance
(AOV function, R Core Team 2014) to determine if a significant proportion of
the variation in daily crawler interception rate was attributable to trap position
(interior vs. exterior) at TH. We used simple linear regression to determine if
peak interception of sistens crawlers on traps was related to abundance of sistens
ovisacs in the crown, separately for each site (LM function, STATS package, R
Core Team 2014). Analyses were considered significant at P ≤ 0.05.
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Results and Discussion
Abundance of ovisacs varied from 0 to 4.5 per 10 cm of twig length. Population levels were low at all sites: mean abundance (± SE) of sistens ovisacs per
10 cm of twig length was lowest at RH (0.11 ± 0.05) < MC (0.86 ± 0.67) < TH
(2.02 ± 0.71). Mean abundance of progrediens ovisacs per 10 cm of twig length
was lowest at MC (0.17 ± 0.10) < RH (0.41 ± 0.19) < TH (0.53 ± 0.23).
Daily interception rates of crawlers on sticky traps varied from 0 to 1,120
crawlers per m2. DNA extraction was not possible from specimens embedded in
sticky coating (E. Maw, Agriculture Canada, personal communication). However,
gross morphology of crawler samples coupled with use of traps under hemlocks
suggests that crawlers were A. tsugae (Annand 1924). We noted two peaks of
crawler abundance at all sites (Fig. 2). We hypothesize these peaks represented
peak abundance of progrediens and sistens crawler stages, respectively. At
TH, where daily average interception rate was highest amongst traps (468 ±
97 crawlers per m2), variation in interception of crawlers was not explained by
trap position (F = 1.95; df = 1, 33; P = 0.30).
Our data also suggest that the use of intercept traps might be more effective than branch-tip sampling in indicating the presence of A. tsugae-infested
trees. At MC, four of the 6 trees were estimated to have ‘0’ sistens ovisacs by
branch-tip sampling; yet, traps placed under these trees intercepted from 2
to 6 crawlers per m2 daily. Also, at MC, three of the six trees were estimated

Figure 2. Daily interception rate (mean ± SE) of crawlers on green sticky traps during
May to July 2014 at three sites in upper New York State. Data are presented at the
midpoint dates between collections of traps. Traps were set up 5-6 May, before crawler
emergence and taken down 10 July at Mill Creek and Rattlesnake Hollow and 31 July at
Texas Hollow after most crawlers had settled on branches.
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to have had ‘0’ progrediens ovisacs after branch-tip sampling; yet, from 2 to
9 sistens crawlers per m2 were intercepted daily under the trees. Whether
crawlers intercepted on sticky traps under a tree are from that tree cannot be
ascertained; however, the stand at MC consisted predominantly of mature trees
scattered singly or in small groups of 2 or 3 trees and surrounded by broadleaf
trees. Results from Turner et al. (2011) suggested that most dispersal events
of A. tsugae crawlers likely occur within 25 m of the source.
Our results on the efficacy of sticky traps at intercepting crawlers are
consistent with the pioneering work of McClure (1990) who used this trapping
method to demonstrate the role wind played in the spread of A. tsugae. To our
knowledge, our study is the first to use sticky traps to show the timing of the
progrediens and sistens crawler activity periods of A. tsugae. This information
may be important for the development of best management practices for A.
tsugae or for research purposes.
Overall, the abundance of ovisacs in the crown of a tree appeared positively
related to interception rate on traps (Fig. 3). However, we suspect that differences in the slopes of the regressions were due to varying abundance of hemlock
and A. tsugae among sites. For example, the regression of ovisac abundance
and peak crawler interception was strong at MC (r2 = 0.92; df = 1, 5; P = 0.001)
probably because that site consisted of relatively isolated mature hemlocks with
light infestation by A. tsugae within a hardwood stand. There was no significant
regression at either of the other two sites (TH, P = 0.37; RH, P = 0.44).

Figure 3. Relationships between daily interception rate of crawlers on sticky traps and
abundance of ovisacs sampled in the live crown of eastern hemlock at three sites in upper state New York from May to July 2014. Regressions were not significant for Texas
Hollow (P = 0.37) and Rattlesnake Hollow (P = 0.44) but was significant for Mill Creek (Y
= 32.41X – 1.56; r2 = 0.92; P = 0.001), where populations of A. tsugae were low and traps
were placed under hemlock trees that were growing alone or in groups of two or three.
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As long as all new infestations of A. tsugae uncovered in Canada or
jurisdictions in the USA are limited to a few trees, it makes sense to attempt
eradication. Within that framework, it is critical to identify all infested trees
as soon as possible and treat them to prevent establishment, expansion, and
spread of the population. Grids of sticky traps represent an effective and rapidly
deployable tool for quality control following treatment. Not only could they be
used to determine whether residual populations remain, they could also be
used to find out if some have already spread to nearby stands. In addition,
sticky traps may prove useful at detection of A. tsugae infestations under trees
where their live canopy cannot be accessed from the ground by direct means
such as visual examination or by pole pruning. However, trapped specimens
suspected to be HWA may require identification because other species of adelgid
crawlers, such as Adelges piceae (Ratzeburg) and Pineus strobi (Hartig), could
be intercepted on sticky traps when white pine and balsam (or Fraser) fir are
present, respectively. These specimens should be cleared and slide mounted for
morphological identification or subjected to DNA extraction or both (Annand
1924, Castalanelli et al. 2010), but these methods may not be feasible during
survey operations or for small insects, such as A. tsugae crawlers, submerged
in the adhesive of sticky traps. At a minimum, interception of crawlers that are
suspected to be HWA should immediately trigger more intensive surveys within
the trapped area. Finally, we suspect that this technique may prove useful at
detection and monitoring of the non-native balsam woolly adelgid, A. piceae,
which is a quarantined pest in western Canada.
Acknowledgments
We thank Janet Craig, Julie Holmes, John Liebherr, and Becky Sibner for
assistance with data collection and Gene Jones for imaging and retouching of
Figure 1. Special thanks to Cornell University, New York State Department of
Environmental Conservation (Texas Hollow State Forest), and the USDA Forest
Service (Finger Lakes National Forest) for permission to use study sites. Special
thanks to the Canadian Forest Service for funding. All experiments reported
here comply with the laws of Canada.
Literature Cited
Adkins, J. K., and L. K. Rieske. 2013. Loss of a foundation species due to an exotic
invader impacts terrestrial arthropod communities. Forest Ecology and Management 295: 126–135.
Annand, P. N. 1924. A new species of Adelges (Hemiptera, Phylloxeridae). Pan-Pacific
Entomologist 1: 79–82.
Brantley, S., C. R. Ford, and J. M. Vose. 2013. Future species composition will affect
forest water use after loss of eastern hemlock from southern Appalachian forests.
Ecological Applications 23: 777–790.
Castalanelli, M. A., D. L. Severtson, C. J. Brumley, A. Szito, R. G. Foottit, M.
Grimm, K. Munyard, and D. M. Groth. 2010. A rapid non-destructive DNA
extraction method for insects and other arthropods. Journal of Asia-Pacific Entomology 13: 243–248.
(CFIA) Canadian Food Inspection Agency. 2014a. Pests regulated by Canada. Available from http://www.inspection.gc.ca/plants/plant-protection/pests/regulated-pests/
eng/1363317115207/1363317187811 (accessed February 2015).
(CFIA) Canadian Food Inspection Agency. 2014b. D-07-05: phytosanitary requirements to prevent the introduction and spread of the hemlock woolly adelgid
(Adelges tsugae Annand) from the United States and within Canada. Available
from http://www.inspection.gc.ca/plants/plant-protection/directives/forestry/d-07-05/
eng/1323754212918/1323754664992 (accessed February 2015).

2015

THE GREAT LAKES ENTOMOLOGIST

131

Costa, S., and B. Onken. 2006. Standardizing sampling for detection and monitoring
of hemlock woolly adelgid in eastern hemlock forests. U.S. Department of Agriculture Forest Service, Forest Health Technology Enterprise Team, Ft. Collins, CO.
FHTET-2006-16.
Ellison, A. M., M. S. Bank, B. D. Clinton, E. A. Colburn, K. Elliott, C. R. Ford, D.
R. Foster, B. D. Kloeppel, J. D. Knoepp, G. M. Lovett, J. Mohan, D. A. Orwig,
N. L. Rodenhouse, W. V. Sobczak, K. A. Stinson, J. K. Stone, C. M. Swan, J.
Thompson, B. Von Holle, and J. R. Webster. 2005. Loss of foundation species:
consequences for the structure and dynamics of forested ecosystems. Frontiers in
Ecology and the Environment 3: 479–486.
Evans A. M., and T. G. Gregoire. 2007. The tree crown distribution of hemlock woolly
adelgid, Adelges tsugae (Hem., Adelgidae) from randomized branch sampling. Journal
of Applied Entomology 131: 26–33.
Fitzpatrick, M. C., E. L. Preisser, A. Porter, J. Elkinton, and A. M. Ellison. 2012.
Modeling range dynamics in heterogeneous landscapes: invasion of the hemlock woolly
adelgid in eastern North America. Ecological Applications 22: 472–486.
Havill, N. P., M. E. Montgomery, G. Yu, S. Shiyake, and A. Caccone. 2006. Mitochondrial DNA from hemlock woolly adelgid (Hemiptera: Adelgidae) suggests cryptic
speciation and pinpoints the source of the introduction to eastern North America.
Annals of the Entomological Society of America 99: 195–203.
McClure, M. S. 1989. Evidence of a polymorphic life cycle in the hemlock woolly adelgid, Adelges tsugae (Homoptera: Adelgidae). Annals of the Entomological Society
of America 82: 50–54.
McClure, M. S. 1990. Role of wind, birds, deer, and humans in the dispersal of hemlock
woolly adelgid (Homoptera: Adelgidae). Environmental Entomology 19: 36–43.
(NAPPO) North American Plant Protection Organization. 2014. Phytosanitary
Alert System. Available from http://www.pestalert.org/opr_search.cfm (accessed
February 2015).
Orwig, D. A., A. A. Barker-Plotkin, E. A. Davidson, H. Lux, K. E. Savage, and A.
M. Ellison. 2013. Foundation species loss affects vegetation structure more than
ecosystem function in a northeastern USA forest. PeerJ 1e41. 29 pp. doi: 10.7717/
peerj.41.
Orwig, D., D. Foster, and D. Mausel. 2002. Landscape patterns of hemlock decline
in New England due to the introduced hemlock woolly adelgid. Journal of Biogeography 29: 1475–1487.
R Core Team. 2014. R: a language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. Available from http://www.R-project.
org/ (accessed July 2014).
Stoetzel, M. B. 2002. History of the introduction of Adelges tsugae based on voucher
specimens in the Smithsonian Institute National Collection of Insects, p. 12. In B.
Onken, R. Reardon, and J. Lashomb (eds.), Proceedings: Hemlock Woolly Adelgid
in the Eastern United States Symposium, 5–7 February, East Brunswick, NJ. New
Jersey Agricultural Experiment Station and Rutgers University, New Brunswick, NJ.
Turner, J. L., M. C. Fitzpatrick, and E. L. Preisser. 2011. Simulating the dispersal
of hemlock woolly adelgid in the temperate forest understory. Entomologia Experimentalis et Applicata 141: 216–223.
(USDAFS) United States Department of Agriculture Forest Service. 2014. Forest
Health Protection Forest Pest Conditions. Available from http://foresthealth.fs.usda.
gov/portal/Flex/FPC, select ‘Northeastern Area’ and ‘Hemlock Woolly Adelgid’ (accessed February 2015).

132

THE GREAT LAKES ENTOMOLOGIST

Vol. 48, Nos. 3 - 4

Comments on a Major Range Extension of the Little-Known
Acrocera bakeri (Diptera: Acroceridae)
Derek A. Woller1, Sandor L. Kelly2, and Daniel K. Young3*

Abstract
The spider fly Acrocera bakeri Coquillett, 1904 (Diptera: Acroceridae) is
reported as a new state record for Wisconsin. This is a major range extension,
because this rarely-encountered species was previously known only from the
western U.S., specifically Arizona, California, and Nevada. The taxonomic history
of the species is briefly discussed and hypotheses are offered for its unexpected
presence in Wisconsin.
____________________

Acroceridae, commonly referred to as spider flies, is a fascinating and
understudied family within the insect order Diptera. Based on personal observations and correspondence, and as indicated by recent descriptions of species
and genera (Winterton 2012, Schlinger et al. 2013), the family is also not wellrepresented in collections. The life histories of its species are intriguing as well
in that the larvae are spider parasitoids that exhibit hypermetamorphic development (distinctly different larval stages: Schlinger 1987). Based on the examination of numerous specimen data labels, trapping (especially with Malaise traps)
appears to be one of the most effective methods of capturing these cryptic flies.
While examining and identifying acrocerids on loan from the University of
Wisconsin Insect Research Collection (WIRC) in Madison, WI, two male specimens quickly stood out from the remainder. These specimens were determined
to be Acrocera bakeri Coquillett, 1904 (Diptera: Acroceridae) (Fig. 1A–D). Not
only does this discovery constitute a new state record for Wisconsin, it also suggests the range of A. bakeri is considerably wider and much farther east than
previously known. Prior to this, A. bakeri had been considered a western U.S.
species, having been recorded only from the western U.S. states of Arizona,
California, and Nevada (Coquillett in Baker 1904, Sabrosky 1948). Herein, we
report this new record, discuss potential reasons for the extension of its range,
and include figures of the species.
Materials and Methods
Digital images of one specimen were taken in the Song Laboratory of Insect
Systematics and Evolution at the University of Central Florida (UCF) (recently
relocated to Texas A&M University) using a Visionary Digital BK Plus Imaging
System in combination with a Canon EOS 7D camera and 65mm lens (often coupled
with a 1.4x magnifier) to take multiple images at different focal lengths. The resulting files were converted from RAW to TIFF format using Adobe Lightroom 3.2
Song Laboratory of Insect Systematics and Evolution, Department of Entomology,
Texas A&M University, College Station, TX, U.S.A. (e-mail: asilid@gmail.com).
2
University of Central Florida Collection of Arthropods (UCFC), Department of Biology,
University of Central Florida, Orlando, FL, U.S.A.
3
Department of Entomology, University of Wisconsin, Madison, WI. U.S.A.
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Figure 1. Acrocera bakeri male. (A) Habitus, lateral view; (B) Habitus, dorsal view,
displaying characteristic abdominal pattern; (C) Head, anterior view; (D) Left wing,
dorsal view. Composite Digital Images: D.A. Woller.

and then stacked into a single composite image using Zerene Stacker (v.1.02).
Next, Adobe Photoshop CS5 Extended was used to add a scale bar and adjust
light levels, background coloration, and sharpness.
The habitat image (Fig. 2) was taken using a Canon EOS Rebel T2i digital
camera and depicts the specific locality where the acrocerids were captured in a
Malaise trap. This site is dominated by large-toothed aspen, Populus grandidentata
Michaux, within the confines of Quincy Bluff in southcentral Wisconsin (TNC
2015). Originally purchased by The Nature Conservancy, Quincy Bluff and
Wetlands has recently been turned over to the Wisconsin Department of Natural
Resources for its management. The bluff area is largely managed as an oak-pine
savanna with smaller prairie restorations, although numerous sites within the
acreage have significant aspen stands. Malaise traps have been running for several years in aspen, mixed oak (Quercus spp.), and jack pine (Pinus banksiana
Lambert) habitats, but the acrocerids discussed here were recovered solely in
the aspen or oak-aspen habitat.
The specimens were field collected into 70–80% ethanol. However, since most
Diptera are prone to excessive tissue distortion during the normal dehydration
process associated with pinning, the HMDS technique (Nation 1983) was used
in specimen preparation to minimize exoskeletal collapsing and shriveling.
Two male specimens were examined from the same locality: U.S.A.: WI:
Adams Co., Quincy Bluff TNC, 43.86627, -089.88363 [WGS84], collected by
Daniel K. Young, ex: Malaise in Populus grandidentata blow. One specimen was
collected 13–21 July 2011 and the other 26 July–1 August 2011. Both specimens
are deposited in the WIRC.
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Figure 2. Aspen stand habitat where both male specimens of Acrocera bakeri were
recovered from a Malaise trap (image taken 29 September 2014).
Digital Image: D. K. Young.

Results and Discussion
The taxonomic history of A. bakeri is convoluted. Prior to Sabrosky (1948),
males of A. bakeri and Acrocera melanderi Cole, 1919 were comingled with a
third species: Acrocera bulla auctorum multorum, non Westwood, 1848, which
was named and described as Acrocera steyskali Sabrosky, 1944 due to his (and
previous authors’) disagreement with the original description in relation to
specimens in their possession. Sabrosky (1948) did not indicate specifically
how A. melanderi and A. steyskali differ, because he wanted to first examine
the type of A. melanderi. However, he suspected that A. steyskali might be a
junior synonym of A. melanderi, a suspicion confirmed by Schlinger’s (1965)
synonymization of the two species.
Regarding A. bakeri and A. steyskali, Sabrosky (1948) commented that
males were superficially similar while females were quite different. His couplet
that separates the two species, his comments regarding the males of A. bakeri,
and his citing of figures from an earlier work (Sabrosky 1944) indicate that the
general abdominal color pattern (Fig. 1B) is the primary character separating
the males of the species. Although Sabrosky (1948) insisted this patterning
was enough to consider A. bakeri a unique species, it should be noted that he
possessed only nine specimens, seven of which were males. Furthermore, A.
bakeri was originally described from a single female from Nevada (Coquillett in
Baker 1904), while all other known specimens are from Arizona and California
(Sabrosky 1948).
We know first-hand that acquiring acrocerid material is generally difficult,
which, as outlined above, can cause taxonomic issues. Thus, at first, it does seem
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remarkable that this hitherto western species has been found in a state so far to
the northeast, so we offer the following hypotheses to explain this new locality.
First, it is feasible that the Wisconsin specimens represent a new species
based largely on the geographic location. We are hesitant to follow this hypothesis,
because over-splitting in Acroceridae is not unknown, especially in Acrocera and
Ogcodes (Kehlmaier and Almeida 2014, C.J. Borkent personal communication),
and we still have very few specimens. C.J. Borkent (personal communication)
has suggested that a general lack of geographically-intermediate specimens
has often led to over-splitting, as many species have been described from only
a few specimens in a small geographic region. Probably, as more specimens are
acquired, colors, and even patterns, may exhibit variation across the range.
Recently, Kehlmaier and Almeida (2014) utilized molecular and morphological
evidence to demonstrate this possibility. They investigated a potential species
complex in the European acrocerid, Acrocera orbiculus (Fabricius, 1787), and,
although some degree of differentiation was detected in both sets of evidence,
they concluded that variation at the genetic level was not significant enough to
warrant the recognition of multiple species. They posited that a high degree of
phenotypic plasticity was responsible for the observed differences in specimen
size and color throughout its range and within populations.
A second hypothesis (C.J. Borkent, personal communication) is that the
spiders serving as hosts (currently unknown) for larvae of A. bakeri may have
moved eastward, whether by human-mediated means or naturally. If it was the
latter, then it might imply that these spiders move fairly quickly in terms of
time (1948 until now). Alternatively, the flies, and their spiders, may actually
have moved westward, and A. bakeri may have simply gone unrecorded in the
non-western U.S. until now. Yet another possibility is that either the hosts or
their corresponding flies (or both) are actually widespread across the U.S., but
the flies are rarely collected. Finally, it is conceivable that these flies and their
hosts are now becoming more common, in general, due to a suite of ecological
and environmental reasons, like climatic alteration, human-mediated habitat
fragmentation, or even host switching. Given the relatively low numbers of acrocerids in U.S. insect collections, none of these ideas are improbable and only
further collecting efforts will provide support for one to prevail over the others.
Since we possessed only two males, we followed the more conservative
approach of assigning the Wisconsin specimens to A. bakeri until additional material or other evidence indicates otherwise. The Wisconsin specimens strongly
conform to the pattern concept of Sabrosky (1948), and we see no other obvious
features to suggest that these males should be considered a new species.
We strongly encourage the continued pursuit of members of this fascinating fly family as increased knowledge will only come from the acquisition
of more acrocerids; this is not exactly a new idea (Sabrosky 1944), but worth
repeating. Quite likely, many collections possess undiscovered acrocerid treasures – perhaps contained in the vast unsorted residues of insect traps. Such
“insect soup” often sits untouched for years in the average collection due to time
and personnel constraints (ABN 2015). We conclude with this invitation: if you
encounter unidentified acrocerids and would like them identified (to at least
the genus level), we encourage you to contact the first author.
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New Records of Native and Non-Native Bark and Ambrosia
Beetles (Coleoptera: Curculionidae: Scolytinae) in Illinois
Charles Helm1* and Brenda Molano-Flores1

Abstract
From 2009–2012, we conducted surveys with Lindgren funnel traps for
native and non-native bark and ambrosia beetles (Coleoptera: Curculionidae:
Scolytinae) in northeastern Illinois. During this study, we collected a total of
10,194 bark and ambrosia beetles representing 50 species in 28 genera. Ten
scolytine species not previously reported to occur in Illinois were collected
during this survey. Three of these new records are species not native to North
America, including Cyclorhipidion bodoanum (Reitter), Cyclorhipidion pelliculosum (Eichhoff), and Hylastinus obscurus (Marsham). Native species reported
from Illinois for the first time include: Anisandrus obesus (LeConte), Dryocoetes
autographus (Ratzeburg), Hylocurus spadix Blackman, Pityophthorus cariniceps
LeConte, Pityophthorus puberulus (LeConte), Pseudothysanoes lecontei Blackman, and Xyleborinus gracilis (Eichhoff). The results presented here will update
and improve the somewhat limited information regarding the overall bark and
ambrosia beetle community in northeastern Illinois.
____________________

Most bark and ambrosia beetles (Coleoptera: Curculionidae: Scolytinae)
are primary decomposers that favor stressed or recently fallen timber, and
most are often of no economic importance. However, under certain conditions,
ambrosia beetles in particular can be serious pests in nursery operations (Oliver
and Mannion 2001), and some bark beetle species are currently causing widespread mortality of conifers throughout western North America (Logan and
Powell 2001, Bentz et al. 2010). Also, there is growing concern because of the
continued accidental importation and subsequent establishment of potentially
damaging non-native bark and ambrosia beetles. As of 2010, a total of 58 species of exotic scolytines representing 27 genera are known to be established in
the continental United States (Haack and Rabaglia 2013) and of this total, 12
species were first reported since 2000.
Because of the persistent threat posed by non-native bark and ambrosia
beetles, state and federal surveys to detect and monitor new introductions
have steadily increased (PPQ/EDP/EP 2006). The USDA Forest Service Early
Detection and Rapid Response (EDRR) Project for Non-Native Bark and Ambrosia Beetles (Rabaglia et al. 2008) identified five species of scolytines new to
North America and 47 new state records for native species during a 5-year Pilot
Project (PPQ/EDP/EP 2006, Rabaglia et al. 2008). Ongoing surveys within the
Great Lakes region have resulted in numerous reports of new state records of
native and exotic bark and ambrosia beetles (Lightle et al. 2007, Cognato et al.
2009, Gandhi et al. 2010). Currently, an on-line database dedicated to the bark
and ambrosia beetles of the New World that compiles distribution information
based on over 300 published scientific articles and electronic records of EDRR
survey results (Atkinson 2014) lists 74 scolytine species in Illinois. Thirteen
Illinois Natural History Survey, 1816 South Oak Street, Champaign, IL 61820.
Corresponding author: (e-mail: cghelm@illinois.edu).
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species recorded from Illinois are not native to North America. However, since
there are few published reports of comprehensive surveys of bark and ambrosia
beetles in Illinois, the species checklist in this database must rely primarily on
original distribution records reported in Wood (1982), a 35-year old survey of
black walnut plantations in extreme southern Illinois (Weber and McPherson
1991), and a few more recent reports of EDRR trap catches provided by the US
Forest Service. Thus, additional survey activities are needed to determine the
presence of new Illinois species or to better refine the distribution of established
species within the State.
Following the general guidelines of the EDRR project (PPQ/EDP/EP 2006,
Rabaglia et al. 2008), we conducted an intensive survey of native and introduced
bark and ambrosia beetles in four northeastern Illinois counties using Lindgren
funnel traps. Since these counties encompass the greater Chicago metropolitan
area (including O’Hare International Airport, the Port of Chicago, and innumerable commodity import and distribution facilities), they are considered to
be of especially high risk for the accidental introduction of non-native bark
and ambrosia beetles. Survey sites were primarily restricted to county forest
preserves adjoining Canadian National Railroad lines at the request of the Illinois Natural Resources/Water Resources Stakeholder Group and the Canadian
National Railroad. The primary objectives of this study were not only to detect
possible new infestations of exotic bark and ambrosia beetles but also to update
and improve the somewhat limited information regarding the overall scolytine
beetle community in northeastern Illinois.
Materials and Methods
Study Locations. Eight natural areas in four separate County Forest
Preserve Districts were selected as study sites (Fig. 1). The two northernmost
locations in Lake County were MacArthur Woods and Cuba Marsh Forest
Preserves; south of these sites were Spring Creek Valley and Poplar Creek
preserves in Cook County; DuPage County locations included Pratt’s Wayne
Woods Forest Preserve and the Fermi National Accelerator Laboratory site; and
farthest south in Will County were Lake Renwick Forest Preserve and Lockport
Prairie Nature Preserve.
Forested areas within study locations consisted of diverse stands of hardwoods primarily represented by oak-hickory woodlands, open oak groves, and
elm-ash-cottonwood stands. A scattering of mixed conifers was present within
all locations. These wooded areas were typically interspersed among a complex
of prairie, old field, and wetland habitats. All eight locations were surveyed in
2009 and 2010, but only the four higher quality wooded sites in Lake and Cook
counties were monitored in 2011 and 2012.
Trapping Protocol. Sampling methodology followed protocols outlined
in the EDRR Project (Rabaglia et al. 2008). In 2009 and 2010, two sets of three
Lindgren funnel traps (8-funnel units) were placed along forest edges at each
location. Traps were suspended from elbowed metal poles with the collecting
cup positioned approximately 1–1.25 m above the ground. Individual traps were
placed at least 25 m apart and each set of traps was separated by at least 100 m.
Within each 3-trap set, an individual trap was baited with one of the following
three lures: 1) ultra-high release ethanol, 2) ultra-high release alpha-pinene,
or 3) three-component exotic bark beetle lure (combination of methyl butenol,
cis-verbenol, and ipsdienol) (Contech Enterprises, Victoria BC, Canada). Lures
were replaced during the season according to manufacturer’s recommendations,
approximately every four to six weeks. Vaportape (Contech Enterprises) killing strips were placed in each collection cup (dry trapping method) and were
replaced at eight week intervals during the trapping season to ensure a quick
kill of collected insects. Traps were in place from 1 June to 23 September in
2009 and from 17 May to 20 September in 2010.
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Figure 1. Map of Illinois showing survey locations in four northeastern Illinois counties.
MW=MacArthur Woods Forest Preserve; CM=Cuba Marsh Forest Preserve; SC=Spring
Creek Valley Forest Preserve; PC=Poplar Creek Forest Preserve; PW=Pratt’s Wayne
Woods Forest Preserve; FL=Fermi National Accelerator Laboratory (Fermilab);
LR=Lake Renwick Forest Preserve; LP=Lockport Prairie Nature Preserve.
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In 2011 and 2012, only the four northernmost sites in Lake and Cook
County were included in the survey program. Each location was sampled following the same protocols as before, with the exception of trap placement. A
single 3-trap set was once again placed along the forest edge, but the second
3-trap set was placed a minimum of 30 m within the forest interior. Trapping
began on 17 May and ended on 4 October in 2011 and extended from 15 May
to 15 October in 2012.
Sample Processing. Samples were collected at approximately two-week
intervals. On each collection date, the contents of each collection cup were transferred to a labeled Whirl-Pak bag in 95% ethanol and stored in a freezer prior
to further processing. All bark and ambrosia beetles were sorted, counted, and
identified to species by the lead author. Identifications were confirmed by Dr.
E. Richard Hoebeke, Associate Curator and Collection Manager of the Museum
of Natural History, University of Georgia. Voucher specimens for all species
were deposited in the Illinois Natural History Survey Insect Collection on the
campus of the University of Illinois, Urbana-Champaign, IL.
Results
Overall, 10,194 bark and ambrosia beetles were captured in this study
representing 50 species in 28 genera (Table 1). The two most common and abundant species, encountered at all trapping locations and most every collecting
date, were Xyleborinus saxeseni (Ratzeburg) and Lymantor decipiens (LeConte).
These two species alone accounted for 84% of the total scolytine captures. Three
other species, Xylosandrus germanus (Blandford), Ips grandicollis (Eichhoff),
and Hypothenemus interstitialis (Hopkins) also were collected from all survey
sites but in far lower numbers. Together these three species represented only
slightly over 4% of the total trap captures. The third most abundant species,
Anisandrus sayi Hopkins, also accounted for slightly over 4% of the total captures, but it was not collected at either site in DuPage County and only a single
specimen was captured at Lockport Prairie in Will County.
Eleven of the species collected during this study are not native to North
America (Table 1), but all are considered to be established within the Great
Lakes region. These non-native species represented 62% of the bark and ambrosia beetles collected during this study, primarily due to the frequency and
abundance of Xyleborinus saxeseni and to a lesser degree, Xylosandrus germanus,
in trap captures.
In contrast, 14 of the species identified were very rarely encountered,
occurring in only one trapping location and in some cases, are represented by
only a single specimen. The two most northern locations in Lake County accounted for 10 of these single location occurrences. MacArthur Woods was the
only site to produce specimens of Anisandrus obesus (LeConte), Chramesus
chapuisii LeConte, Hylocurus spadix Blackman, Hypothenemus rotundicollis
(Eichhoff), Xyleborinus gracilis (Eichhoff), Xyleborus ferrugineus (Fabricius),
and Xyloterinus politus (Say), while the Cuba Marsh site was the only location
where we detected Chramesus hicoriae LeConte, Hylocurus binodatus Wood,
and Xyleborus viduus Eichhoff. In Cook County, specimens of Ambrosiodmus
rubricollis (Eichhoff) and Pityophthorus cariniceps LeConte were only collected
at the Poplar Creek location and Cyclorhipidion pelliculosum (Eichhoff) was
only found at Spring Creek. Finally, Lockport Prairie in Will County was the
only site where Monarthrum fasciatum (Say) was captured.
Overall, 41 of the 50 species we collected occurred within the Lake County
study sites. Of the four locations surveyed for the full four years of this study,
MacArthur Woods Forest Preserve had the highest number of species detected
at 36. The lowest number of species collected from a single site over four years
was 27 at the Poplar Creek Forest Preserve in Cook County.
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Ten scolytine species not previously reported to occur in Illinois were collected during this survey (Table 1). Three of these new records are species not native
to North America, including Cyclorhipidion bodoanum (Reitter), Cyclorhipidion
pelliculosum, and Hylastinus obscurus (Marsham). The seven other native species
representing new Illinois records are: Anisandrus obesus, Dryocoetes autographus
(Ratzeburg), Hylocurus spadix, Pityophthorus cariniceps, Pityophthorus puberulus
(LeConte), Pseudothysanoes lecontei Blackman, and Xyleborinus gracilis. Nearly
half of these new records (Cyclorhipidion bodoanum, Hylastinus obscurus, Dryocoetes autographus, Pityophthorus puberulus, and Pseudothysanoes lecontei) were
detected at more than one location. Seven of the new state records occurred in
MacArthur Woods, three of which (Anisandrus obesus, Hylocurus spadix, and
Xyleborinus gracilis) were unique to that location.
Discussion
From 2009 to 2012 the native and non-native bark and ambrosia beetles
were documented in northeastern Illinois in four forest preserves (Fig. 1).
Comparing the 50 species collected during the four years of this survey with
the most up-to-date Illinois checklist provided by the on-line bark and ambrosia
beetles database (Atkinson 2014), we determined that 10 of these species (Table
1) had not previously been reported to occur in the state. These new additions
bring the Illinois state inventory of bark and ambrosia beetles to 84 species. In
comparison, inventories for neighboring states in the region provided by this
same database range from 113 species in Michigan, 110 in Indiana, 81 in Minnesota, 74 in Ohio, and a low of 53 species for Wisconsin (Atkinson 2014). Of
the 11 non-native species collected in this survey, three constitute first state
records, which brings the total number of exotic bark beetle species known to
occur in Illinois to 16. Numbers of non-native species reported in these same
neighboring states range from a low of 4 in Minnesota to 10 in Wisconsin, 19 in
Michigan and 20 species in both Indiana and Ohio.
A number of species already known to occur in Illinois were newly detected
in our regional survey of northeastern Illinois, well distant from reported records
in the extreme southern portion of the state (Weber and McPherson 1991).
However, these disjunct records are not necessarily indicative of a true range
expansion in all cases, since most of the species we detected for the first time in
northeastern Illinois also are known from similar or more northern latitudes in
neighboring states (Deyrup 1981, Cognato et al. 2009, Gandhi et al. 2010, Pfammatter et al. 2011, see also Bark and Ambrosia Beetles of the U.S. and Canada
species distribution maps in Atkinson 2014). For instance, prior to this survey,
Hylocurus binodatus was known in Illinois only from Alexander County at the
extreme southwestern tip of the state (Atkinson et al. 1991). Although our new
record from Cuba Marsh is well over 600 kilometers north of the previous Illinois
record, this species is also known to occur in east-central Indiana (Deyrup and
Atkinson 1987) as well as southeastern Michigan (Atkinson 1989). However,
this species has not been recorded in either Wisconsin or Iowa.
For several species, though, these new northeastern Illinois records
represent their northernmost known range in the Great Lakes region. Our
records for Hypothenemus interstitialis, Hypothenemus rotundicollis, and
Chramesus chapuisii are nearly 200 kilometers north of their reported known
range in Indiana (Deyrup 1981), and none of the three species have been
reported in Michigan, Wisconsin, or in neighboring Iowa. Likewise, the single
specimen of Xyleborus viduus we collected at the Cuba Marsh site in Lake
County is the most northern collection record for this unique and somewhat
infrequently collected species. This species was previously collected in eastcentral Illinois 300 kilometers south of our study sites (electronic collection
record, Atkinson 2014), and there are no records of X. viduus from Michigan,
Wisconsin, or Iowa.
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Exotic bark and ambrosia beetles collected in this survey represented 22%
of the total species recorded and 62% of the total individuals collected. A similar
survey in Ohio (Gandhi et al. 2010) reported that exotic species constituted
32% of the total number of scolytine species and approximately 60% of the total
individuals collected. Non-native ambrosia beetles were even more abundant in
a Missouri survey of oak-hickory forest stands where exotic species accounted
for 87% of the total individuals collected (Reed and Muzika 2010). Except at the
Poplar Creek location in Cook County, Xyleborinus saxeseni was the dominant
species collected throughout our survey (Table 1). Nearly 59% of the total scolytine specimens collected during our study were X. saxeseni. Lindgren funnel
surveys in Missouri (Reed and Muzika 2010) and Tennessee (Oliver and Mannion
2001) also reported X. saxeseni as the most abundant species where it comprised
33% and 50%, respectively, of the total individuals collected.
Collection records for the ten species not previously reported from Illinois
in published records or documented in the bark and ambrosia beetles on-line
database (Atkinson 2014) are summarized below. Data provided for each species includes county, specific site information (name of preserve, latitude and
longitude), date of first collection each year, and lure information.
Exotic Scolytinae
Cyclorhipidion bodoanum (Reitter). Lake Co., MacArthur Woods Forest
Preserve, 42° 15′18″N 87°55′36″W, 29 May 2011, alpha-pinene; 18 July 2011,
ethanol; 26 May 2012, ethanol; 23 June 2012, exotic Ips lure. Lake Co., Cuba
Marsh Forest Preserve, 42° 10′28″N 88°06′42″W, 29 May 2011, both ethanol
and alpha-pinene lures; 26 May 2012, both ethanol and alpha-pinene lures.
Cook Co., Spring Creek Valley Preserve, 42° 05′18″N 88°11′43″W, 26 May 2012,
ethanol. Cook Co., Poplar Creek Forest Preserve, 42° 02′46″N 88°12′51″W, 23
June 2012, ethanol.
Although absent from all locations during the first two years of our survey,
this species was captured in relatively high numbers at the MacArthur Woods
location (65 individuals) and was also encountered at the other three sites in Lake
County and Cook County during 2011 and 2012. First reported in the eastern
United States in 2000 (Vandenberg et al. 2000), it is now widely distributed
in the Midwest (Rabaglia et al. 2006, Lightle et al. 2007, Cognato et al. 2009,
Reed and Muzika 2010).
Cyclorhipidion pelliculosum (Eichhoff). Cook Co., Spring Creek Valley
Preserve, 42° 05′18″N 88°11′43″W, 29 May 2012, ethanol.
This introduced species was first reported in North America in 1987
(Atkinson et al. 1990). It has since established along the east coast from Maine
south to Virginia and west to Ohio (Lightle et al. 2007), Tennessee (Rabaglia et
al. 2006), and Missouri (Reed and Muzika 2010). Although not reported to occur in Indiana or Wisconsin, an unpublished electronic EDRR record (Atkinson
2014) shows it present in far southeastern Michigan at a latitude similar to our
Cook County detection.
Hylastinus obscurus (Marsham). Cook Co., Spring Creek Valley Preserve,
42° 05′18″N 88°11′43″W, 1 June 2010, ethanol, alpha-pinene, and exotic Ips lures;
26 May 2012, ethanol. DuPage Co., Fermi National Laboratory, 41° 50′16″N
88°12′45″W, 1 June 2010, alpha-pinene. Will Co., Lake Renwick Forest Preserve,
41° 35′58″N 88°10′50″W, 1 June 2010, both ethanol and exotic Ips lures.
Although this species is known to occur in Indiana (Deyrup 1981) and
Wisconsin (Atkinson et al. 1991) and is widely distributed in other northeastern
states and the Pacific northwest (Wood 1982), until now H. obscurus has not
been reported in Illinois. This species feeds on the roots of clovers and several
other species of legumes (Wood 1982).
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Table 1. Summary of bark and ambrosia beetle trap captures at eight locations in four northeastern Illinois counties. Scolytine species not
previously reported to occur in Illinois are preceded by the symbol (*).
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Native Scolytinae
Anisandrus obesus (LeConte). Lake Co., MacArthur Woods Forest Preserve, 42° 15′18″N 87°55′36″W, 12 June 2011, ethanol.
This species is known from Indiana (Deyrup 1991), Michigan (Cognato et
al. 2009), and Wisconsin (Bright 1968). Given its presence in these surrounding
states, its discovery in Illinois is not surprising. A variety of hardwoods, including
poplar, oak, and beech, are reported as hosts (Wood 1982).
Dryocoetes autographus (Ratzeburg). Lake Co., MacArthur Woods Forest
Preserve, 42° 15′18″N 87°55′36″W, 9 June 2009, alpha-pinene. Lake Co., Cuba
Marsh Forest Preserve, 42° 10′28″N 88°06′42″W, 6 September 2011, alphapinene.
This species is well known from Indiana (Deyrup 1981), Wisconsin (Bright
1963), and throughout North America (Rabaglia and Valentini 2003) but was first
reported to occur in Ohio as recently as 2007 (Lightle et al. 2007). It most often
inhabits the base of injured or dead conifers and Liriodendron (Bright 1963).
Hylocurus spadix Blackman. Lake Co., MacArthur Woods Forest Preserve,
42° 15′18″N 87°55′36″W, 14 June 2010, ethanol.
Until this new Illinois record, the known distribution for H. spadix was
limited to Pennsylvania and North Carolina (Wood 1982), Delaware (electronic
EDRR record, Atkinson 2014), and an unpublished Tennessee trapping record
from 2013 (Atkinson 2014). The Lake County, IL record represents a significant
range expansion for this species, but whether this is due to normal movement
or the result of an accidental introduction into this new region is unclear. Little
is known about the biology of this species other than its presence in Carya
(Wood 1982).
Pityophthorus cariniceps LeConte. Cook Co., Poplar Creek Forest Preserve,
42° 02′46″N 88°12′51″W, 1 June 2010, alpha-pinene.
This species is known from both Indiana (Deyrup and Atkinson 1987) and
Wisconsin (Wood 1982) where it has been collected from the twigs of a number
of coniferous hosts. It is widely distributed throughout the northeastern United
States (Rabaglia and Valentini 2003).
Pityophthorus puberulus (LeConte). Lake Co., MacArthur Woods Forest
Preserve, 42° 15′18″N 87°55′36″W, 26 June 2010, alpha-pinene. Lake Co., Cuba
Marsh Forest Preserve, 42° 10′28″N 88°06′42″W, 1 June 2010, both ethanol and
exotic Ips lures.
This is yet another species widespread in Indiana (Deyrup 1981) and
Wisconsin (Wood 1982) as well as most northeastern states. It, too, breeds in
small twigs of various pine, spruce, and fir hosts.
Pseudothysanoes lecontei Blackman. Lake Co., MacArthur Woods Forest
Preserve, 42° 15′18″N 87°55′36″W, 9 June 2012, exotic Ips lure. Lake Co., Cuba
Marsh Forest Preserve, 42° 10′28″N 88°06′42″W, 12 June 2011, both ethanol and
exotic Ips lures. Will Co., Lake Renwick Forest Preserve, 41° 35′58″N 88°10′50″W,
1 June 2010, alpha-pinene.
Prior to this new Illinois record, Indiana was the only Great Lakes state
reporting the occurrence of this species (Deyrup 1981). Until its detection in
Texas in 2005 (Atkinson and Riley 2013), the range of this species was restricted
to several states east of the Appalachians (Wood 1982, Weber and McPherson
1991, Atkinson et al. 1991). It is most frequently encountered in freshly killed
branches and twigs of oaks.
Xyleborinus gracilis (Eichhoff). Lake Co., MacArthur Woods Forest Preserve,
42° 15′18″N 87°55′36″W, 4 August 2012, ethanol.
The reported distribution of this species was limited to several southern
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and southeastern states, including Florida, Louisiana, North and South Carolina
(Rabaglia et al. 2006) until it was detected in Missouri in 2007 (Reed and
Muzika 2010) and in New Jersey in 2010 (electronic EDRR record, Atkinson
2014). Missouri specimens were recovered from oak-hickory forest stands. This
Illinois record represents a fairly significant midwestern range expansion for
this species.
The extensive list of native and non-native bark and ambrosia beetles
identified during this study, including ten species not previously recorded in
Illinois, broadened our knowledge of their distribution throughout the Great
Lakes region. Many of the species detected in our survey, including several reported as new state records, may well have been present in northeastern Illinois
for some time and were simply undetected. We base this assumption either on
their abundance and widespread distribution among our study sites or because
of their presence in neighboring states. For these reasons, the new state records
for Anisandrus obesus, Dryocoetes autographus, the two Pityophthorus species, and
even two of the exotic species, Hylastinus obscurus and Cyclorhipidion bodoanum,
are not particularly unexpected. The four remaining new state records are more
noteworthy. The detection of Cyclorhipidion pelliculosum and Pseudothysanoes
lecontei in northeastern Illinois represents the western edge of their known range
in the Great Lakes region and more significant range expansions are suggested
by the new Illinois records for Hylocurus spadix and Xyleborinus gracilis.
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Occurrence of a Gynandromorphic Bombus bimaculatus
(Hymenoptera: Apidae) in Southeastern Ohio
MaLisa R. Spring1, Katy S. Lustofin2, and Mary M. Gardiner1

Abstract
Herein, we introduce the first reported case of gynandromorphy in the
bumblebee Bombus bimaculatus (Cresson) (Hymenoptera: Apidae), a relatively
common North American species found east of the Mississippi River. The specimen was collected in Marietta, Ohio as part of a bee diversity assessment project
for Washington County. Gynanders exhibit discrete male and female characters
in a single individual. We discuss the potential causes of gynandromorphy exhibited by this specimen, which has differing antennal segments (12 and 13),
facial maculation, abdominal hair coloration, and the presence of a corbicula –
secondary sex characters that are characteristic for the genus Bombus.
____________________

The presences of intersexes and gynandromorphs among the Insecta appear
to be exceedingly rare based on those reported to date (Michez et al. 2009), yet
this may be due in part to a lack of careful investigation of insect specimens to
make such discoveries. An intersex is a genetically uniform individual that is
ambiguously neither male nor female (Narita et al. 2010). A gynandromorph
is an organism that has both genetically male and female tissues which can be
distinguished from one another based on the characteristics of the tissues (Morgan,
1916). Gynandromorphs are found in three main forms: bilateral, mosaic, or
transverse (Michez et al., 2009). Bilateral gynandromorphy is defined as the
individual being divided bilaterally with one half male and the other female
(Michez et al. 2009). Mosaic gynandromorphy is a patchwork of male or female
areas (Michez et al. 2009). Transverse gynanders are less common and have the
head of one sex and the body of another sex (Michez et al. 2009).
Given that bees are sexually dimorphic, it is easier to notice gynandromorphs
compared to species that do not show as many secondary sex characteristics.
Further, given that identifications of many bee species require careful inspection
of multiple features under high-powered magnification, these characteristics
may be more likely to be noted than on other arthropod species. Interestingly,
a review of gynandromorphy in Apoidea found that there have only been 109
reports of gynandromorphy divided between the 6 families of bees (Apidae,
Colletidae, Halictidae, Megachilidae, Andrenidae, and Melittidae) (Michez et
al. 2009). A more recent review has increased this number to 113 bee species
divided between 29 genera (Hinojosa-Diaz et al. 2012). It does not appear
that certain species are more prone to gynandromorphy; however, with so few
reports it is difficult to say how common and widespread this phenomenon
is among bees. To date, gynandromorphy is best documented in the genus
Megachile, largely due to work by T. B Mitchell in the 1920s to1940s (Michez
et al. 2009).
During a study aimed at assessing bee diversity and pollen loads in Washington County, Ohio, a single gynandromorph of the species Bombus bimaculatus
Department of Entomology, The Ohio State University, Wooster, OH 44691.
Department of Biology and Environmental Science, Marietta College, Marietta, OH
45750.
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(Cresson) was collected. Herein, we document the characteristics of this individual
and discuss potential causes and implications of gynandromorphy.
Methods and Materials
Study Sites. Three sites were selected as part of a bee diversity assessment project in Washington County, Ohio (Barbara A. Beiser Field Station (BFS),
the Marietta College Campus (MC), and the Washington County Career Center
(WCCC)). Within each site, three transects were established, with each being
150 meters in length (Fig. 1). These study sites contained wooded areas as well
as developed areas containing built structures, turf grass, and weedy forbs and
trees. The transects established at BFS and WCCC were located within old field
habitat bordered by forest edge. The MC transects were located within mown turf
grass alongside a stream containing weedy and invasive plants along its banks.
Bee Collection. Bees were collected from the sites using three main
sampling methods: pan trapping, blue vane traps, and hand netting. Pan trapping was conducted every 1-2 weeks on non-rainy days from April to October
2013. Ninety 96 ml soufflé cups half full of soapy water (blue Dawn dish soap,
The Proctor and Gamble Co., Cincinnati, OH) were placed along each transect,
with alternating colors of white, fluorescent blue, and fluorescent yellow (Guerra
paints, New York, NY). Blue vane traps were used from August to October to
catch larger bees such as Bombus and Melissodes which pan traps were less
likely to collect (Geroff et al. 2014). One blue vane trap was established per
transect and half filled with soapy water. Both the blue vane traps and pan
traps were set before sunrise and collected 24 hours later; trapping with vane
traps coincided with pan trap sampling during August - October. Hand netted
bee samples were also collected. These collections took place three times in 2013:
in April, July, and August. For hand collection, the surveyor spent 5 minutes
walking each transect and hand collected any bees found using a sweepnet.
Bees were collected within 5 meters of the transect.
Collected bees were returned to the laboratory and stored in 70% ethanol
in a refrigerator until they could be processed. Once sorted from bycatch, the
bees were washed, blown dry, pinned and labeled with their collection date,
site, and transect. Bees were identified under a stereo microscope following
Michener et al. (1994) for genus determination and Discoverlife.org (Droege
and Orr, 2013) for current species identification. The gynander individual was
discovered during the identification process.
Results
Description of the Gynander - Bombus bimaculatus. The gynandromorphic
Bombus bimaculatus was hand collected 3 July 2013 at the Barbara A. Beiser
Field Station along transect 1. This transect was on an access road that was also
old field habitat bordered by forest edge. The transect was parallel to the Little
Muskingum River which was 20 meters from the transect and prone to flooding.
We found several differences in our gynander, summarized in Table 1.
This individual’s right antennae had 12 segments (♀) and its left 13 (♂) (Fig.
2). At the base of the right antennae, predominantly black hairs were found
(♀) whereas the bee had yellow hairs at the base of the left antennae (♂) (Fig.
2). The mandible maculation was hairy and difficult to see (♂) on the right and
glabrous with the integument clearly visible (♀) on the left (Fig. 3a and b). The
hind leg had a distinct corbicula (♀) on the left, but a more rounded hind leg
(♂) on the right (Fig. 4a and b). The femur hair color was black (♀) on the left
and yellow (♂) on the right. The abdominal segment T4 was all black (♀) on
the left and black with interspersed yellow hairs (♂) on the right. The hair on
the abdominal sternites was black (♀) on the left and yellow (♂) on the right.
The reproductive characteristics are unknown due to the fragile character of

Figure 1. Transects at each of the sites. All transects are the same length (150 meters), but distances between them differ: A) Marietta College Campus. B) Washington County Career Center. C) Barbara A. Beiser Field Station (where the gynander was collected).
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Female

12 segments

mainly black with a small patch of
yellow

glabrous, integument clearly visible

distinct corbicula on hind leg

black hair

all black

black

Character

Antenna

Hair near antennae base

Mandible maculation

Legs

Femur - hair

Abdomen - T4 hair

Abdomen - Sternites hair color

yellowish

black with yellow mixed in

yellow hair

rounded hind leg without corbicula

hairy mandible, difficult to see integument

mainly yellow hairs

13 segments

Male

Left ♀, Right ♂

Left ♀, Right ♂

Left ♀, Right ♂

Left ♀, Right ♂

Left ♀, Right ♂

Left ♂, Right ♀

Left ♂, Right ♀

Gynander

Table 1. Characteristics present on the collected B. bimaculatus gynander compared with normal male and female characteristics for this
species, based on the bees’ left and right sides.
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Figure 2. The gynander of B. bimaculatus exhibited differentiation in the number
of antennal segments present, with 12 segments on the right (female) and 13 on the
left (male). At the base of the antenna, black hairs predominate on the right (female)
whereas on the left mainly yellow hairs are present (male). Left and right refer to the
bee’s left and right sides, not the photo.

the specimen. Since resecting the genitalia is not a common practice for normal
bee identification, we did not perform this procedure upon initial pinning. The
specimen has since become too brittle and frail to safely determine this.
Based on our observations, this bee does not fit in the category of bilateral.
The sex does appear to be divided bilaterally, but it is not consistent across the
entire bee. The male parts are on the right side of the abdomen and thorax, but
for the head the male antennae and facial hair coloration is on the left side.
However, the head is not perfectly divided either. The mandibles are hairy (♂) on
the right side and glabrous (♀) on the left side. Thus, this bee is best categorized
as mosaic because the pattern does not divide the entire organism in half.
Interestingly, another deformed bee was also collected as part of this
project, but it was not a gynander. A Ceratina strenua specimen found to have
deformed antennae with only 10 segments was also collected at the Beiser Field
station. Otherwise, the C. strenua specimen appeared normal. Additionally, 6
intersexes of Andrena spp. were collected, but they had obvious Strepsiptera in
their abdomens, a known cause of intersexuality.
Discussion
Gynandromorphs are known to be rare. Michez et al. (2009) compiled a list
of the gynandromorphs in the literature, of which they only found 109 reported
cases in the 6 families of bees worldwide. Our gynander was 1 of over 2,700 bees
collected as part of a diversity assessment project in Marietta, Ohio. Although
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A

B

Figure 3. Sexual differentiation is more pronounced in the mandibles of Bombus, with
the male having a smaller, hairy mandible (A) and the female having a larger, glabrous
mandible (B).
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A

B

Figure 4. A distinct secondary sex characteristic in the Bombus genus is the presence of
a corbicula in females. A) shows the female corbicula with a smooth hairless section in
the center. B) reveals the opposite side of the gynander where a corbicula is distinctly
lacking on the hindleg and is instead convex and covered with hairs.
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multiple bees were collected with altered development, it is unlikely to be due
to environmental contamination at the field station. The intersexes of Andrena
spp. and reduction in secondary sex characteristics can easily be explained by the
Strepsiptera parasitizing them (Salt, 1931). However, parasite infestation does
not explain either the B. bimaculatus gynander or the C. strenua specimen with
deformed antennae. Importantly, baselines in wild populations have not been
established for developmental errors within bees, thus we do not have a basis
for comparison. This was one of our motivations in reporting these individuals.
Several possible causes of gynandromorphy have been identified including
chromosome elimination, polyspermy, postcleavage fertilization, and binucleate
eggs (Narita et al., 2010). Errors in sexual determination play an important role
in the production of gynandromorphs. For Hymenoptera, sex determination is
based on haplodiploidy (Heimpel and de Boer 2008). This means that females
are produced from fertilized eggs whereas males are produced from unfertilized
eggs (Heimpel and de Boer 2008). Moreover, bees have a single locus complementary sex determiner (sl-CSD) where males are hemizygous and females are
heterozygous for said locus (Crozier 1977, Heimpel and de Boer 2008). Thus,
inbreeding in haplodiploid species with sl-CSD leads to the production of a male
phenotype (Duchateau et al. 1994, Duchateau and Marien 1995).
Moreover, chromosome elimination can play a critical role in the expression
of male or female sex. Chromosome elimination is the process of eliminating an
entire set of chromosomes making a diploid individual into haploid (Michez et
al., 2009). Failure to eliminate the chromosomes throughout the entire organism
can lead to a patchwork of sexes in an individual (Michez et al. 2009). In the
case of bees, the haploid tissue develops into the male areas and diploid into
female tissues.
Polyspermy is an alternative explanation to creation of gynandromorphs.
In this case, the egg is fertilized once to create a diploid female (Michez et al.
2009). However, with the additional sperm, there is a haploid nucleus that
develops into the male parts of the organism (Michez et al. 2009). Dobata et al.
(2012) found that mosaic gynandromorphy in an ant in the genus Diacamma
was caused by either polyspermy or maternal genome elimination in the male
tissues. Similar to polyspermy, postcleavage fertilization involves an issue with
sperm. In this case, the sperm is unable to penetrate the egg until after the initial
cleavage. This leads the fertilized section to become diploid with normal female
characteristics whereas the unfertilized section becomes male tissue (Michez et
al. 2009). Drescher and Rothenbuhler (1963) concluded that fertilization after
the first cleavage was the cause of their gyndandromorphs when they chilled
the eggs. Binucleate eggs could also explain gynandromorphy. If only one of the
nuclei is fertilized, then the remaining nuclei will remain haploid and develop
into male tissues.
It is unknown what caused this B. bimaculatus to be a gynandromorph. There
are several possible explanations, but even with genetic testing, elucidating the
specific error that lead to the creation of this gynandromorph would be challenging. Regardless of what caused it, this developmental anomaly is the first
reported case of gynandromorphy in the species. Gynanders provide a unique
aspect of field biology to understand the normal rate of developmental errors
in the field instead of induced errors in the laboratory.
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Decline in Relative Abundance of Hippodamia convergens
(Coleoptera: Coccinellidae) in Fall Shoreline Aggregations on
Western Lake Superior
Wayne P. Steffens¹ and Ryan P. Lumen²

Abstract
In the 1970s, migratory coccinellid aggregations on western Lake Superior
shorelines consisted of over 90% Hippodamia convergens Guérin-Méneville. In
2014, the alien Harmonia axyridis (Pallas) accounted for over 80% of shoreline
coccinellid aggregations and H. convergens declined to less than 10% of the total.
Additional work is needed to elucidate the extent and cause of the decline of H.
convergens in western Lake Superior shoreline aggregations.
____________________

In recent years, several native North American coccinellids (Coleoptera:
Coccinellidae) including Adalia bipunctata (L.), Coccinella novemnotata Herbst,
and C. transversoguttata richardonsoni Brown have declined across eastern
North America, while over this same period alien species have spread over
the same area (Wheeler and Hoebke 1995, Turnock et al. 2003, Harmon et al.
2007, Losey et al. 2007, Bahali et al. 2015). Less widely reported are declines
of the native coccinellid Hippodamia convergens Guérin-Méneville. Turnock et
al. (2003) reported an 80% decline in relative abundance of H. convergens in
Manitoba after invasion by the alien Coccinella septempunctata L.. Gardiner et
al. (2009) failed to find any H. convergens in Michigan soybean fields in 20052006, although the species was previously found there and in soybeans in Iowa,
Wisconsin and Minnesota. The species has also declined in Ohio (Gardiner et al.
2012). We report a decline in relative abundance of H. convergens in western
Lake Superior coccinellid shoreline aggregations since the 1970s.
Lee (1980) sampled late summer and fall migratory coccinellid shoreline
aggregations at Duluth, Minnesota’s Park Point six times and the Brule River
beach in northwest Wisconsin twice, as well as other sites in northwest Wisconsin from 1975 through 1977. Hippodamia convergens often accounted for
more than 90% of the coccinellids he collected on Lake Superior sites, and never
numbered fewer than 113 per site (Table 1). The second most abundant species
over all surveys at those locations was H. tredecimpunctata tibialis (Say). Other
native species made up the remainder. Based on the near absence of coccinellids
at Park Point in November and early spring, and the fact that none of nearly
1000 marked beetles were recovered, Lee (1980) concluded that the coccinellids
had merely washed up and were not overwintering there. Most of the migratory
aggregations had moved on within 2-3 weeks.
In five surveys at the Park Point Pine Forest Scientific and Natural Area
(SNA) and two visits to the mouth of the Brule River in October of 2014, we found
610 coccinellids in shoreline aggregations. The two most abundant species were
Harmonia axyridis (Pallas) and H. convergens (Table 2). The alien Harmonia
axyridis accounted for over 80% of all specimens while the formerly dominant
H. convergens accounted for less than 10%. We found only 39 H. convergens
1993 Holm Road, Two Harbors, MN 55616.
²1605 E. 5th Street, Superior, WI 54880.
1
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and a single specimen of H. t. tibialis. Native species and aliens including C.
septempunctata and Hippodamia variegata (Goeze) made up the remainder of
specimens. Minnesota voucher specimens have been deposited in the University
of Minnesota Duluth Insect Collection, Duluth, MN; Wisconsin specimens were
counted and left in situ
All of the sample sites are sandy beaches, and the shoreline habitats
that migratory coccinellid aggregations encountered in the 1970s and in 2014
were probably not significantly different. Shorelines on western Lake Superior
are constantly being reworked by storms and wave action, but review of aerial
photography spanning 1980-2014 indicate few permanent changes in shoreline
habitats during that period.
Gardiner et al. (2009) found that H. convergens was still the most common
native coccinellid in Minnesota soybean fields at 19.5% of the total, but also found
that H. axyridis was more than twice as abundant. Gardiner et al. (2009) also
reported that heterogeneous landscapes with an abundance of forested habitat
favor H. axyridis over native species such as H. convergens. The western Lake
Superior Region is largely forested, which may explain why H. axyridis is now
even more abundant relative to H. convergens in Lake Superior shoreline aggregations than in Minnesota agricultural settings.
Harmonia axyridis became established in Minnesota by the late 1990s (Hesler at al. 2001) and may have been first collected in Wisconsin in 1994 (University of
Wisconsin-Madison Insect Research Collection Specimens # 1926 A-B), but it now
appears to dominate autumn shoreline aggregations on western Lake Superior
while H. convergens has declined dramatically. Invasive coccinellid populations
will eventually stabilize their rapid population growth and expansion into new
areas (Turnock et al. 2003, Bahlai et al. 2015), and evidence from Michigan suggests some native coccinellids might also stabilize and recover somewhat after
invasion-related declines (Bahlai et al. 2015). Turnock et al. (2003) reported
occasional years of high H. convergens abundance in shoreline aggregations even
after the species had declined 80% in Manitoba. Additional surveys of western
Lake Superior migratory aggregations and resident populations are needed to
better understand trends in relative and absolute abundance of H. convergens
and other native and exotic coccinellids.
Table 1. The two most abundant coccinellids in western Lake Superior shoreline
aggregations 1975-1977.
Location
Park Point MN
Park Point MN
Park Point MN
Park Point MN
Park Point MN
Park Point MN
Brule R. WI
Brule R. WI
Cornucopia WI
Cornucopia WI
Herbster WI
Port Wing WI
Total

Date

H. convergens

H. tredecimpunctata

9/21/75
10/26/75
10/26/76
8/30/77
9/12/77
10/21/77
10/25/76
9/12/77
10/25/76
9/12/77
10/25/76
10/25/76

365
1630
148
474
211
222
283
192
167
260
217
113

3
217

4282

236

10
1
2
1
1
1
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Table 2. The two most abundant coccinellids in fall shoreline aggregations on western
Lake Superior in 2014.
Location
Park Point
Park Point
Park Point
Park Point
Park Point
Brule R.
Brule R.

Date

H. convergens

H. axyridis

10/14/14
16
10/15/14
13
10/18/14
1
10/23/14
1
10/30/14
7
10/6/14
1
10/12/14		

48
31
196
54
80
1
100

Total		

39

510

Acknowledgments
We thank Richard E. Lee (Miami University) for sharing data in Table
1 and the Minnesota Department of Natural Resources Scientific and Natural
Areas Program for permission to collect at Park Point Pine Forest SNA. This
project was funded by the University of Minnesota Duluth's Undergraduate Research Opportunities Program, the Wisconsin Department of Natural
Resources Division of Forestry Biotic Inventory Fund, and NOAA’s Office for
Coastal Management, in cooperation with the Minnesota Department of Natural
Resources-Minnesota’s Lake Superior Coastal Program. Additional funding and
support provided by the Minnesota Department of Natural Resources Parks and
Trails and Nongame Divisions.
Literature Cited
Bahlai, C. A., M. Colunga-Garcia, S. H. Gage, and D. A. Landis. 2015. The role of
exotic ladybeetles in the decline of native ladybeetle populations: evidence from
long-term monitoring. Biological Invasions 17: 1005–1024.
Gardiner, M. M., L. L. Allee, P. M. J. Brown, J. E Losey, H. E. Roy, and R. R. Smyth.
2012. Lessons from lady beetles: Accuracy of monitoring data from US and UK
citizen-science programs. Frontiers in Ecology and the Environment 10 (9): 471-476
Gardiner, M.M., D.A. Landis, C. Gratton, N. Schmidt, M. O'Neal, E. Mueller, J.
Chacon, G.E. Heimpel, and C. D. Difonzo. 2009. Landscape composition influences patterns of native and exotic lady beetle abundance. Diversity and Distributions 15: 554-564.
Harmon, J. P., E. Stephens, and J. Losey. 2007. The decline of native coccinellids
(Coleoptera: Coccinellidae) in the United States and Canada. Journal of Insect
Conservation 11: 85-94.
Hesler, L. S., R. W. Keickhefer, and D. A. Beck. 2001. First record of Harmonia axyridis (Coleoptera: Coccinellidae) in South Dakota and notes on its activity there and
in Minnesota. Entomological News 12: 264–270.
Lee, R. E., Jr. 1980. Aggregation of ladybugs on the shores of lakes (Coleoptera: Coccinellidae). American Midland Naturalist 104 (2): 295-304.
Losey, J. E., J. E. Perlman, and R. Hoebeke. 2007. Citizen scientist rediscovers rare
nine- spotted lady beetle, Coccinella novemnotata, in eastern North America. Journal
of Insect Conservation 11: 415-417.

162

THE GREAT LAKES ENTOMOLOGIST

Vol. 48, Nos. 3 - 4

Turnock W. J., I. L. Wise, and F. O. Matheson. 2003. Abundance of some native coccinellines (Coleoptera: Coccinellidae) before and after the appearance of Coccinella
septempunctata. The Canadian Entomologist 135: 391-404.
Wheeler, A. G. Jr, and E. R. Hoebeke. 1995. Coccinella novemnotata in northeastern
North America: historical occurrence and current status (Coleoptera: Coccinellidae).
Proceedings of the Entomological Society of Washington 97: 701-716.

2015

THE GREAT LAKES ENTOMOLOGIST

163

Gallery Characteristics and Life History of the
Ambrosia Beetle Trypodendron betulae
(Coleoptera: Curculionidae: Scolytinae) in Birch
Richard Roeper1,*, Michael Allen1, Teresa Hutchinson1,
Corrina Quidot1, and Mark Bunce1

Abstract
Trypodendron betulae Swaine distributed attack entrance holes uniformly
over the surface of standing stressed sub-canopy birch trees. Male and female
pairs constructed galleries consisting of an entrance tunnel about 20 mm in
length and then primary and secondary lateral tunnels averaging between 16
and 23 mm in length into the sapwood. Egg niches were constructed in the lateral tunnels after the symbiotic fungus was established in the galleries. Larvae
enlarged the niches into cradles. Pupae and eventually teneral adults developed
in the cradles. The sex ratio of resulting progeny adults was approximately one
to one, and they emerged from galleries in September to overwinter in the litter.
____________________

Trypodendron betulae Swaine (Coleoptera: Curculionidae: Scolytinae) was
described by Swaine (1911) and further defined by Wood (1957). Dodge (1938)
and Leech et al. (1940) briefly described the beetle’s habits in Minnesota. The
hosts of the beetle include all Betula species and Alnus viridis subsp. sinuata
(Regel) with the distribution of T. betulae following the natural distribution
of Betula spp. in North America (Wood 1957, Wood 1982, and Atkinson 2015).
Kuhnholz (1994) found the aggregation pheromone of T. betulae was composed
of the ESR and ZRR stereoisomers of titalol while other Trypodendron species
used the pheromone (+)-lineatin and suggested that conophthorin was an active
kariomone. The fungal transmitting structure of T. betulae was described as a
pair of prothoracic tubular mycangia and was similar in structure to that found
in other Trypodendron (Abrahamson et al. 1967). The purpose of this paper is to
describe the attack pattern on birch and the nature of the beetle’s constructed
gallery and life history.
Materials and Methods
Collection Sites and T. betulae Attacked Host Trees. Trees were
sampled at the following locations: 1) Fish Creek, Door Co., Wisconsin. 45°
07' 34" N, 87° 14' 36" W. Twenty-six white birches, Betula papyrifera Marshall
were sampled in 1982-1985; 2) Alamado Rd., Midland Co. Michigan. 43° 43'
15" N, 84° 31' 28" W. Thirty-two white birches were sampled in 1989-1990; 3)
Buelah, Benzie Co., Michigan. 44° 41' 05" N, 86° 06' 55" W. Two yellow birches,
Butela alleghaniensis Britt. were sampled in 2013; 4) Chippewa Township,
Isabella Co., Michigan. 43° 33' 40" N, 84° 37' 12" W. Twelve white birches were
sampled in 2014.
Beetle colonized trees were felled between early May and early September
during the sampling years at each site and brought to the laboratory for further
dissection and study. Tree diameters at breast height were measured, foliage
Department of Biology, Alma College, Alma, MI 48801.
*Corresponding author: (e-mail: rroeper@yahoo.com).
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characteristics were observed, and the position of the tree within the canopy
of the stand was recorded. In early June 1990 two white birches colonized by
T.betulae in Midland Co. were felled and cut into meter sections. Basal diameters
of the two trees were 12.5 cm and 17.3 cm. The circumference at each end of the
meter sections was measured and surface area calculated. Each attack entrance
hole of T. betulae was labeled and counted to determine the density of attack
entrance holes per square meter. Distances between entrance holes were also
measured to study the spacing pattern of attacks on the surface of the bark. The
Clark and Evans (1954) test for nearest neighbor distribution characteristics
was used to analyze for uniformity of distribution of the entrance holes.
For all tree sections sampled, two three-inch disks were cut and galleries
were exposed using wood chisels. Measurements of galleries were made in millimeters using flexible plastic rulers and life stages of the beetle were recorded.
A total of 163 galleries were studied.
Results and Discussion
Geographic Distribution. These collections of Trypodendron betulae
Swaine represent new county records in Michigan: Isabella Co. and Benzie Co.
and a second recorded location from Wisconsin based on Wood (1982), Cognato
et al. (2009), and Atkinson (2015).
Nature of Host Tree. Kuhnholz (1994) suggested that T. betulae attacked and colonized healthy birches. A second hypothesis is that the attacked
host trees were stressed by sub-canopy shading. The mean (± SE) diameter at
breast height of attacked sub-canopy birch hosts examined in our study was
17.4 ± 3.7cm (N = 61) and ranged from 11.6 to 27.2 cm. It was observed that
attacks by T. betulae occurred on standing trees with foliage that was yellowed
and wilted. Since the collections for this study began in mid–May each year,
we cannot determine that the host trees were either previously stressed by
shade conditions within the stands or that the earlier attack by T. betulae
caused the stressed appearance. If trees lacked foliage, it was assumed that
they had been dead more than one year; these were never found to have been
actively attacked.
Nature of Attacks on Surface of Bark. When a male-female pair
of beetles constructed the gallery system, they initiated boring through the
branch scars or lenticels on the bark surface. The female was always found
deeper in the gallery system than the male. Typically, the male was found near
the entrance hole and appeared to be responsible for the ejection of the boring
frass. The diameters of the entrance holes averaged 1.55 ±.03 mm (N = 130).
The boring frass of T. betulae builds up as a conical mound surrounding the
entrance hole. This conical feature of the frass mounds can be used to differentiate attacks by T. betulae from those of Xyloterinus politus (Say) (Coleoptera:
Curculionidae:Scolytinae) which can also colonize birches. X. politus produced
a cylindrical tube of frass that holds together for about an inch in length extending from the entrance hole. The sawdust-like frass of T. betulae was at first
white, but darkened to a light brownish color due to the growth of the beetle’s
symbiotic fungus that produces a reddish brown pigment.
Leach et al. (1940) and Furniss and Kegley (2006) observed that most
of the attack entrance holes of T. betulae were found in the basal portion of
the tree. While this pattern was generally found in our study, a more uniform
distribution of entrance holes was observed on two birches studied over their
entire bole length (Table 1).
In the first tree the density of attacks per square meter was found to be
relatively constant with 80 to 120 entrance holes per square meter to a height
of 5 m. In the second tree the density of entrance holes was not as great and
showed a slight variation in the pattern of entrance holes. The highest number

2

1

24
48
53
37
18
35
32
21
27
15
12
2
0

1
120
50.0±3.8
2
117
51.4±4.8
3
97
63.0±8.9
4
103
60.5±7.9
5
80
74.4±9.3
6
10
190.0±15.8
7
0
0.0
8			
9			
10			
11			
12			
13			

basal diameter = 12.2 cm.
basal diameter = 17.3 cm.

No. of entrance
holes per
square meter

No. of entrance
holes per
square meter

Tree 11		
Mean (± SE) distance
between entrance
holes (mm)

Meter
section
numbered
from base

Tree 22

73.1±6.9
51.9±4.8
58.2±8.9
62.3±7.9
74.4±9.3
95.5±10.5
60.7±7.4
61.0±8.7
65.5±7.8
96.6±10.8
89.9±10.1
552.5±0.0
0.0

Mean (± SE) distance
between entrance
holes (mm)

Table 1. Distribution of entrance holes of T. betulae along the length of two standing white birches felled in early June 1990 in Midland Co.,
Michigan.

2015
THE GREAT LAKES ENTOMOLOGIST
165

166

THE GREAT LAKES ENTOMOLOGIST

Vol. 48, Nos. 3 - 4

of attacks was found in the second through the fourth meter sections. The densities of attacks were then relatively constant to the ninth meter height section.
When the distances between entrance holes were measured for each meter
section on both trees, it appeared that the beetles were uniformly spacing their
entrance holes on the surface of the bole (Table 1). The Clark and Evans (1954)
test concluded that the entrance holes were significantly uniformly distributed
on the surface of the bark (tree 1: R =1.141, P < 0.005; tree 2: R = 1.165, P <
0.001). This uniform distribution may minimize competition between galleries
within the sapwood. We observed only two of 163 galleries of T. betulae fusing
within the sapwood.
Entrance Tunnels. The beetles bored an entrance tunnel perpendicular
to the surface of the bark and into the sapwood. The mean (±SE) length of entrance tunnels with developed lateral tunnels was 21.2 ± 0.98 mm and ranged
from 7 to 54 mm (N=163). None the constructed tunnels varied up or down in the
axis of the bole, and thus they could be easily dissected, exposed and measured.
Lateral Tunnels. Lateral tunnels were bored at right angles from the
end of the entrance tunnel. A primary lateral tunnel was bored in one direction and then the beetles returned to the entrance tunnel and constructed a
second primary lateral tunnel in the opposite direction. The lateral tunnels did
not appear to follow a growth ring of the xylem but tended to curve deeper into
the sapwood. In only four galleries was it observed that a lateral tunnel curved
back outward towards the bark. The entrance tunnels or lateral tunnels never
extended into the heartwood. The primary lateral tunnels originating from the
entrance had a mean length of 23.3 ± 0.6 mm and ranged from 4 to 63 mm (N
= 222). In 33% of the galleries, along the primary lateral tunnels, the beetles
constructed secondary lateral tunnels that curved outward or inwards into the
sapwood. These secondary lateral tunnels had a mean length of 16.1 ± 3.5 mm
and ranged from 2 to 60 mm (N = 37). All of the newly constructed lateral tunnels
were observed to show a darkening from the growth of the beetle's symbiotic
fungus assumed to be originating from the female's mycangia.
Larval Cradles and Progeny. As soon as fungal growth was visible on
the tunnel walls, the female constructed shallow niches in the upper or lower side
of the tunnel of the longitudinal axis of the bole’s sapwood. An egg was laid into
each niche. These niches were only found in primary and secondary laterals and
never in the entrance tunnels. After the eggs hatched the resulting larvae began
to enlarge the egg niches into cradles. The larvae ingested both sapwood and
fungus, and thus should be considered to be xylomycetophagous. The distance
between cradles averaged 3.6 ±0.5 mm and ranged from 0.5 to7.4 mm (N=79).
In early to mid-July, full-length larval cradles had been constructed and
pupae were observed. The full-length cradles averaged 3.5 ±0.09 mm in length(N
= 122) and were assumed to represent the fully successful development of the
progeny. The average width of the cradles was measured to be 1.4 ± 0.05 mm,
(N = 117). Eighty–two percent of the cradles (N = 1097 of a total 1337) were
fully developed in length based on galleries studied in late July to early August.
The average number of fully developed cradles per gallery was 9.7 ± 1.1 (N =
1097) and ranged from 1 to 30 cradles per gallery. The remaining cradles were
incomplete in length and lacked progeny, thus indicating larval mortality during some stage of their development. The teneral adults were first observed in
mid-July. The sex ratio of males to females in mature galleries after the end of
July was approximately one to one (345 males to 327 females).
Dodge (1938) observed that after the beetles had constructed their initial
set of primary and secondary lateral tunnels and oviposited in these lateral
tunnels, they would return and extend the entrance tunnel deeper into the
sapwood. Eventually they would develop a second set of primary laterals which
the female would inoculate with fungus and oviposit. In only three galleries after
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late July did we observe this type of behavior. By early September the number of
progeny adults began to decrease in the gallery system, suggesting that progeny
adults were leaving the gallery system and emerging from the trees. Like other
Trypodendron species it is assumed that progeny adults overwinter in the litter
to fly and attack new hosts during the following spring (Borden 1988).
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Infrared Lighting Does Not Suppress Catch of
Codling Moth (Lepidoptera: Tortricidae)
in Pheromone-Baited Monitoring Traps
C. G. Adams1,*, P. S. McGhee1, and J. R. Miller1

Abstract
Video cameras are increasingly being used to record insect behaviors in
the field over prolonged intervals. A nagging question about crepuscular and
nocturnal recordings is whether or not infrared light emitted by such cameras to
illuminate the scene influences the behaviors of the subjects or study outcomes.
Here we quantified catches of male codling moths, Cydia pomonella (L.), responding to sex pheromone-baited monitoring traps illuminated with infrared, red,
white, or no light. No statistically significant differences were found between
any of these treatments.
____________________

Remotely deployed video cameras are increasingly being used to record
insect behaviors in the field over prolonged intervals (Grieshop et al. 2012, and
references therein). Such cameras usually come equipped with infrared lighting
for nocturnal recording. For example, Cardé et al. (1998) used such a camera
to record and interpret nocturnal visits of pink bollworm, Pectinophora gossypiella (Saunders), males to sex pheromone-baited monitoring traps in cotton
fields under mating disruption. Measures such as number of moth visits to the
trap, timing of visits, number of insects captured, and elapsed time spent in
trap interactions or arrestment near a trap can thus be conveniently captured
and quantified.
A question that has repeatedly surfaced among researchers employing such
equipment is: does the illumination enabling nighttime videography influence
male moth behavior at a monitoring trap? It could be postulated that the additional illumination might suppress behaviors, possibly due to a heat or static
electric field effect (Newland et al. 2008), if not by the light itself (Herms 1932).
Alternatively, some researchers have wondered if added light might enhance
behavioral responsiveness when it is focused on sources of sensory cues. The
usual speculation is that there should be no effect because it has been shown
that the visual pigments of some insects are insensitive to long wavelengths
of visible light or to infrared light (Wigglesworth 1972, Menzel 1979). Some
authors (Callahan 1965, Traill 2005) have cautioned that the assumption of no
response to infrared light by insects might be an over-reach. Some bark beetles
are reported to be highly sensitive and responsive to the infrared emissions associated with forest fires (Evens 1966).
Here we report results of a small but definitive field test on whether administering infrared light from a video camera, red light from a head lamp, or
white light from a headlamp to sex pheromone-baited monitoring traps for the
codling moth, Cydia pomonella, had any influence on captures.
Department of Entomology, Michigan State University, East Lansing, MI 48824
U.S.A., e-mail: (adamsch@msu.edu).
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Materials and Methods
This test was performed within the 20 × 20 × 3 m field cages, each covering
12 standard-sized apple trees, described by Miller et al. (2010). We used codling
moth (CM) purchased from the Okanagan-Kootenay Sterile Insect Release (SIR)
rearing facility (Summerville, British Columbia, Canada) or Benzon Research
(Carlisle, PA). For each of three replicate blocks of this experiment, 100 2-3
day-old male CM were handled and released as per Miller et al. (2010) uniformly
within one cage in the early afternoon of each run. One Pherocon VI insect trap
(Trécé Inc., Adair, OK) baited with a grey rubber septum loaded with 0.1 mg
codlemone was hung 1.5 – 2.0 m above the ground in each of 5 trees per cage so
that traps were uniformly distributed and approximately equidistant from one
another. Thus, each cage had a full set of the 5 treatments randomly applied
to traps for each experimental run.
The five treatments were designed to test whether infrared light, white
light, red light or other operating features of our digital video cameras (Q-See
model QOCDC36 Digital Peripheral Solutions Inc., Anaheim CA) affected
numbers of moths captured. For each treatment a single camera, at the
same elevation as the trap and 60 cm away, was aimed directly at the trap.
The five treatments were: 1) an energized camera with infrared lamp activated (800-1400 nm, <10 lx); 2) an energized camera with black construction
paper completely blocking the infrared lamp; 3) an energized camera with
blocked infrared lamps and an Energizer 3 LED Trail Finder Head Lamp
(model MPN: HD33A20DE, Energizer, Inc., St. Louis, MO) placed adjacent
to the camera’s lamp and operating in the red light mode (650-680 nm, 60
lx); 4) an energized camera with blocked infrared lamps and an Energizer
3 LED Trail Finder Head Lamp (model MPN: HD33A20DE Energizer, Inc.,
St. Louis, MO) placed adjacent to the camera’s lamp and operating in white
light mode (400-700 nm, 250 lx); and 5) a powered off camera with no light.
Batteries to power the cameras were configured in a manner consistent with
Grieshop et al. (2012).
Traps were checked and the CM counted each morning for 5 days following each experimental run. The overall experimental design was randomized
complete block with treatments randomized for each run. The three blocks were
accumulated across three weeks during the summer of 2009 using different
cages deployed across the 8 ha orchard. Moth capture data were analyzed by
2-way ANOVA (SAS Institute 2012).
Results and Discussion
Mean male CM catch per trap (Fig. 1) was not significantly influenced by
any of the treatments (F = 0.399; df = 4,10; P = 0.804). Illumination of traps
by video cameras with active night vision using infrared light (800-1400 nm,
<10 lx) did not suppress codling moth trap capture. This outcome supports the
widely held assumption that this form of passive observation does not interfere
with the pheromone-mediated behaviors of this crepuscular and night-active
moth species. No evidence was found that IR light or the electromagnetic
emanations from a video camera operating in very close proximity to traps
had any influence on catch in a monitoring trap. Here is one example that can
now be cited confirming that the infrared lighting and electromagnetic fields
typically emitted by video cameras did not influence the behavioral outcome
of capture of a tortricid moth in a pheromone baited trap. However, before a
sweeping generalization can be made to that effect, further studies with other
animal taxa need to be performed, perhaps using the simple experimental
design employed here.
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Figure 1. Catch of codling moth males per single pheromone-baited monitoring trap as
influenced by the type of illumination bombarding the trap. No significant differences
were detected among treatments (F = 0.399; df = 4, 10; P = 0.812).
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Occurrence of Treehopper (Hemiptera: Membracidae)
Bycatch on Purple Panel Traps and Lindgren Funnel Traps
in Pennsylvania, with New State Records
Lawrence E. Barringer1

Abstract
Surveys for invasive insects in Pennsylvania conducted from 2009-2013
captured large numbers of native treehoppers (Hemiptera: Membracidae). These
were collected using Lindgren funnel traps and purple prism traps totaling 1,434
specimens in eight tribes, 20 genera, and 57 species. As a result of this work
Pennsylvania now has four new published species records: Heliria gibberata
Ball 1925, Palonica pyramidata (Uhler 1877), Telamona projecta Butler 1877,
and Telamona westcotti Goding 1893. With proper site selection Lindgren funnel
traps may be able to capture ten to hundreds of treehoppers in a single season,
especially within the Smiliinae: Smiliini and Telamonini.
____________________

Treehoppers (Hemiptera: Auchenorrhyncha: Membracidae) are phloemfeeding insects whose diversity in the Nearctic was recently treated in a checklist
using literature records (Deitz and Wallace 2012). This work produced state-level
resolution for the United States and Northern Mexico and places 94 species,
one third of the known Nearctic fauna, in Pennsylvania. An additional 36 species were listed in surrounding states (Ohio, New York, New Jersey, Delaware,
and Maryland). This diversity is largely tied to the presence and diversity of
oak (Fagales: Fagaceae: Quercus) in the Eastern United States (Wallace 2008).
Treehoppers are collected commonly by sweeping, beating, malaise traps,
yellow sticky cards, and with lights (Mason and Loye 1981, Johnson and Freytag
1997, Wallace and Troyano 2006, Wallace 2008, Wallace and Maloney 2010).
Each of these methods contributes a different representation of treehopper
fauna by targeting different behaviors and habitats. While yellow sticky cards
are most commonly employed for trapping arboreal treehoppers, sweeping and
beating are able to yield both arboreal and non-arboreal species. The faunal
composition between methods can vary greatly and produce different community
compositions as well as age striations.
Treehoppers can also be collected as bycatch in traps designed for insects
in other orders. Delta traps, pit fall traps, and others can occasionally yield
treehoppers by chance because of the variety of environments they inhabit and
localized areas of high abundance (Pers. obs.). Purple panel traps and Lindgren
funnel traps, intended for wood-boring beetles such as Cerambycidae, Curculionidae: Scolytinae, and Buprestidae, will also occasionally yield treehopper bycatch.
No known publication discusses treehopper diversity in Lindgren funnel traps
or purple panel traps. These traps are typically employed in or near trees in
exposed light situations similar to treehopper traps such as yellow sticky cards
(Wallace and Maloney 2010).
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This paper represents the collection of treehoppers from a variety of survey
efforts in Pennsylvania by the Pennsylvania Department of Agriculture (PDA)
Division of Entomology from 2009 to 2013. The PDA survey efforts were directed
at detecting invasive insect species using Lindgren funnel traps, and purple
panel traps, which are not normally associated with treehopper collecting. These
records are intended to provide abundance-based data for treehoppers using a
nontraditional sampling method, to contribute information on their life history
in Pennsylvania, and to update the list of known treehoppers for the state.
Materials and Methods
Panel Traps. Panel traps, also known as prism traps (Coroplast, Dallas
TX), are triangular prisms consisting of three panels measuring 19.5 inches long
x 14.0 inches wide with exterior sides coated in glue (Francese et al. 2008). The
traps used in this study by PDA were either green or purple designed to attract
emerald ash borer (EAB) (Agrilus planipennis Fairmaire). A Phoebe oil or a
Manuka/Z-3 Hexenol (Synergy Semiochemicals, Burnaby, British Columbia)
combination lure was attached to the trap to mimic stressed trees (Crook and
Mastro 2010) and increase trap efficacy.
Panel traps were established across the state in areas at high risk for
the spread or presence of EAB such as campgrounds, along major roadways,
rest stops, truck pull-offs, ash trafficking sites, near waterways, wood products
facilities, and parks (especially those that offered camping). Traps were placed
in or adjacent to (if the host tree was inaccessible) Fraxinus spp. in full-light
situations in the canopy anywhere from 5-40 feet above the ground. In some
areas a double-decker configuration was utilized in which two traps were placed
vertically on a PVC post anchored to the ground suspending the traps two to
five feet above the ground (Poland et al. 2011). Earlier trapping (2009 and 2010)
focused on the western and central portions of the state. In 2011 and 2012 traps
were shifted eastward to coincide with the leading edge of EAB infestation.
EAB sampling occurred from 2009 to 2012. Each year traps were set out
in May and removed in August. Traps were serviced at least twice a year. This
timing overlapped with the predicted peak flight of EAB in Pennsylvania. All
specimens were placed into 100% ethanol immediately after removal from the
trap. Specimens were later soaked in a solvent, Histoclear (Electron Microscopy
Sciences, Hatfield, PA), for 24 hours to remove glue residue. After soaking,
samples were returned to 90% ethanol.
Funnel Traps. Twelve-unit Lindgren funnel traps (Lindgren 1983) were
used to specifically target EAB as well as an additional suite of agricultural
pests particularly Curculionidae, Cerambycidae, Bostrichidae, and Buprestidae.
Funnels were black, purple, or green, coated in Fluon PTFE (AGC Chemicals
Americas, Inc. Exton, PA) to increase trap efficacy, and fitted with collection
cups filled with propylene glycol antifreeze (Sierra, Northbrook, IL). Trap color
was determined by the targeted pest, with green and purple used for EAB. Black
funnels were used for the Cooperative Agricultural Pest Surveys (CAPS) targets.
Lindgren funnel traps targeting EAB were hung from ash trees high in
the canopy in full light and were baited with Manuka oil/Z-3 Hexenol or Z-3
Hexenol/3-Z Lactone (Synergy Semiochemicals, Burnaby, B.C.). These traps
were deployed in 2010 through 2012 and were set out in May and removed in
August. Lindgren funnel traps used for CAPS taxa were placed at facilities at
high risk for invasive pest introductions and detections. High-risk sites include
locations where international products were stored, previous detection of regulatory pests, industrial areas, or locations at which dunnage and woody debris
were stored or destroyed. Trapping sites were scattered across the state in 12
counties, with the selected counties changing from year to year. Traps at these
locations were hung 2-10 feet above the ground in open light on suitable vertical structures or, preferably, in woodland edges. When matching tree species
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were available they were selected to match the host preference of the targeted
pests; many of the listed lures call for oak trees as the host. Lures used were:
ethanol (Science Lab, Houston, TX), reagent isopropyl alcohol, Scolytus lure
(Curculionidae: Scolytinae) (Synergy Semiochemicals, Burnaby, B.C.), Manuka
oil (Synergy Semiochemicals, Burnaby, B.C.), Sirex lure (Siricidae) (Contech
Enterprises, Victoria, B.C.), Pityophthrous lure (Curculionidae: Scolytinae)
(Contech Enterprises), Ips lure (Curculionidae: Scolytinae) (Chemtica, Durant,
OK), Quercivorol lure (Platypodidae) (Contech Enterprises, Victoria, B.C.), Lineatin lure (Curculionidae: Scolytinae) (Contech Enterprises), and pheromone
blends for Cerambycidae.
CAPS traps in 2009-2013 were hung from April to September, with some
traps being removed as late as October in 2013. Trap sampling for Lindgren funnels occurred every two weeks as well as a final collection during trap removal.
Collection cup contents were strained and placed into 100% alcohol until sorted.
Identification. All adult treehoppers were extracted, identified to species when possible, and curated into PDA's collection (PADA) (Arnett et al.
1993). Only reliably identified specimens were tabulated; as a result nymphs,
some females, cryptic species, and damaged specimens of some taxa were not
included in the analysis. The genus Stictocephala Stal was excluded due to the
difficulty in identifying species. Specimens were identified by comparison to
materials in the PADA collection and with published descriptions and illustrations (notably Kopp and Yonke 1973a, b, c, 1974; Wallace 2008, Wallace 2015).
Several identifications were also confirmed by Dr. Matthew S. Wallace of East
Stroudsburg University and by Mark Rothschild, Research Associate, Florida
State Arthropod Collection.
Results
Three subfamilies, 8 tribes, 20 genera, and 57 species of treehoppers
were represented (Table 1). The subfamily Stegaspidinae was represented by
a single tribe, Microcentrini, with one genus and two species. Total collections
for Stegaspidinae totaled less than 1% of all captures. Within the Membracinae, two tribes, three genera, and three species were collected. Collections
Table 1. An analysis of diversity by subfamily and tribe. Three subfamilies and eight
tribes of Membracidae were collected between 2009 and 2013 in surveys using purple
panel traps and Lindgren funnels. Specimen count is the number of individuals captured
using both methods within that tribe.
Genera

Species

Specimen
Count

1

2

15

Holophorionini

1

1

158

Membracini

2

2

87

Amastrini

1

1

172

Micrutalini

1

1

12

Polyglyptini

2

2

162

Smiliini
Telamonini

5
7

22
26

174
654

Stegaspdinae
Microcentrini
Membracinae

Smiliinae
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for Membracinae totaled 17% of all captures. Smiliinae contained five tribes
(Amastrini, Micrutalini, Polyglyptini, Smiliini, and Telamonini) and 16 genera,
and 52 species, making it the most diverse and abundant with 81% of the collected specimens.
A total of 1,434 treehopper specimens met the criteria for identification
and examination. Of those, 1,200 (84%) were from Lindgren funnel traps and
234 (16%) were from panel traps. Of the 57 species collected, 50 were collected
in funnel traps and 36 from panel traps, with 32 species collected from both.
Funnel traps yielded 21 unique species and panel traps yielded 4. From the
1,169 collection events, singleton (83%) and doubleton (9%) captures of a species
were the most common. Collections events of 3-9 individuals of a single species
were collected only 7% of the time, and double-digit collections (10+) occurred
at 1% frequency.
Species captured are summarized by order and family along with their
authority names in Table 2. Telamona ampelopsidis was the most numerous
species (212 specimens, 15% of the total), followed by Vanduzea arquata (172,
12%), Platycotis vittata (158, 11%), Entylia carinata (156, 11%), and Thelia bimaculata (146, 10%). When sorted by generic abundance, the order follows the
species trend (Telamona, Vanduzea, Platycotis, Entylia, and Thelia). Telamona,
as the only non-monotypic genus, is the only genus to increase its total percentage, from 15% to 24% (347 specimens).
The most numerous captures for Lindgren funnel traps were similar
to the overall abundance (combined trapping) with Telamona ampelopsidis
(169 specimens), Platycotis vittata (153), Entylia carinata (149), Vanduzea
arquata (131), and Thelia bimaculata (129). All other Lindgren funnel trap
collections had total specimens counts of 71 or fewer. The two largest catches
for panel traps were V. arquata (41 specimens) and Telamona ampelopsidis
(43). All other species collected on panel traps had total specimen counts
of 10 or fewer.
The earliest record was April 16 for Platycotis vittata and the latest was
September 27 for Telamona reclivata. Peak diversity and abundance values
were greatest during June and July. July had the highest abundance and
diversity with 48 species and 515 specimens, encompassing all but 9 of the
species recorded. June had diversity and abundance values of 45 species
and 351 specimens respectively. The remaining months results were April
(3 species, 30 specimens), May (10, 120), August (35, 207), and September
(22, 112).
New State Records. Four new state records for Pennsylvania were also
collected during the 5 years of survey: Heliria gibberata Ball 1925, Telamona
projecta Butler 1877 (currently valid name for species in the eastern U.S.
historically identified as Helonica excelsa Fairmaire; Wallace 2014), Palonica
pyramidata (Uhler 1877), and Telamona westcotti Goding 1893. All four new
state records are species in the tribe Telamonini.
Information from specimen labels was edited for style and consistency. Line
breaks on labels are indicated by “/”. Determination label text was not recorded.
Heliria gibberata, which has been collected on common hackberry (Celtis
occidentalis) (nymphs have only been found on hackberry), American hornbeam
(Carpinus caroliniana), and white oak (Quercus alba) (Dietrich et al 1999)
was found only in the southeastern counties of Northampton, Schuylkill, and
Dauphin. The adjacent records from New Jersey, Maryland, and Delaware also
support the concept of this species range (Deitz and Wallace 2012).
Heliria gibberata Ball 1925. USA: PA: Northampton Co. / 1772 Rt 512 /
40.89737343°N -75.13266989°W / 18 July 2011 / Coll. Serson, William / PAD:
6211 (1♂); USA: PA: Schuylkill Co. / Goodspring-5 / 40.62975°N -76.46232°W
/ 11 August 2011 / Coll. Najda, Karen / PDA: 6214 (1♂); USA: PA: Dauphin

x

Microcentrus
perditus (Amyot &
Serville)

x

Enchenopa binotata
(Say)

Vanduzea
arquata(Say)

Amastrini

SMILIINAE

x

x

x

x

Panel
Trap

June 13

June 20

July 13

April 16

May 31

July 24

Earliest
Record

September 21

September 26

September 13

September 20

July 13

Sept 26

Latest
Record

24/-

April

3/-

1/-

May

15/38

9/-

20/2

2/-

June

10/2

50/2

4/1

67/-

1/-

1/-

July

31/1

11/-

1/1

37/3

7/-

Aug.

75/-

7/-

1/-

2/-

3/-

Sep.
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x

x

Campylenchia latipes
(Say)

Membracini

x

Platycotis vittata
(Fabricius)

Holophorionini

MEMBRACINAE

x

Microcentrus caryae
(Fitch)

Microcentrini

STEGASPIDINAE

Lindgren
Funnel

Table 2. Collection method, trapping occurrence ranges, and abundance of treehoppers collected throughout Pennsylvania in 2009-2013. A
check (X) in the column for Lindgren Funnel or Panel Trap indicates that at least one specimen was collected by that trap type. The earliest
and latest records columns are the earliest and latest date the species were collected. The month columns denote how many individuals
were collected in the month with numbers left of the slash (/) from Lindgren funnels, numbers right of the slash (/) from panel traps, and a
dash (-) indicated none collected.
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x

x

x

x

x

Publilia concava
(Say)

Atymna helena
(Woodruff)

Atymna querci
(Fitch)

Cyrtolobus arcuatus
(Emmons)

Cyrtolobus discoidalis
(Emmons)

x

x

x

x

x

Cyrtolobus fenestrus
(Fitch)

Cyrtolobus fuscipennis Van Duzee

Cyrtolobus griseus
Van Duzee

x

x

x

x

x

Panel
Trap

Cyrtolobus dixianus
Woodruff

Smiliini

x

x

Lindgren
Funnel

Entylia carinata
(Forster)

Polyglyptini

Micrutalis calva
(Say)

Micrutalini

Table 2. Continued.

August 6

August 30

July 16

August 11

June 30

August 26

August 7

June 20

July 8

August 20

September 19

Latest
Record

5/-

April

1/-

5/-

95/4

May

14/-

12/-

1/-

-/1

1/1

7/3

2/-

12/-

4/-

June

4/-

4/-

-/2

-/1

-/1

14/3

3/2

July

1/-

3/-

-/1

1/-

-/1

23/-

1/1

Aug.

1/-

Sep.
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June 14

June 8

June 4

June 24

June 29

August 26

May 22

June 14

May 3

April 17

June 12

Earliest
Record
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x

x

x

x

x

x

x

Ophiderma definita
Woodruff

Ophiderma flava
Goding

Ophiderma flavicephala Goding

Ophiderma pubescens (Emmons)

Ophiderma salamandra Fairmaire

Smilia camelus (Fabricius)

Xantholobus intermedius (Emmons)

x
June 8

June 2

June 11

April 18

June 14

May 30

May 29

May 28

July 7

June 15

June 14

June 1

Earliest
Record

September 9

August 11

August 4

September 7

September 7

August 17

August 20

September 18

July 28

June 15

August 24

September 19

Latest
Record

1/-

April

2/-

1/1

2/2

May

4/-

1/2

1/1

2/2

2/-

1/-

10/7

5/1

1/-

7/4

2/-

June

1/4

1/3

1/4

-/1

2/1

2/2

-/2

1/-

July

-/1

-/1

1/-

-/1

1/1

-/3

1/1

Aug.

1/-

1/-

1/-

1/-

1/-

Sep.
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x

x

x

x

x

x

x

Cyrtolobus vau (Say)

x

Cyrtolobus puritanus
Woodruff

x

x

x

Cyrtolobus pallidifrontis (Emmons)

Panel
Trap

Cyrtolobus tuberosus
(Fairmaire)

x

Lindgren
Funnel

Cyrtolobus maculifrontis (Emmons)

Table 2. Continued.
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x

x

x

x

x

x

x

x

x

Archasia pallida
(Fairmaire)

Carynota mera (Say)

Glossonotus acuminatus (Fabricius)

Glossonotus crataegi
(Fitch)

Glossonotus univittatus (Harris)

Heliria cristata
(Fairmaire)

Heliria fitchi Ball

Heliria gibberata Ball

Heliria scalaris
(Fairmaire)

x

x

x

x

x

x

x

Archasia belfragei
(Fairmaire)

Telamonini

x

x

Xantholobus muticus
(Fabricius)

Panel
Trap

x

Lindgren
Funnel

Xantholobus lateralis
(Van Duzee)

Table 2. Continued.

August 16

September 6

September 24

September 19

August 6

August 13

September 6

September 18

August 14

August 21

July 14

July 10

Latest
Record
April

3/-

May

1/-

2/1

5/-

3/-

5/-

8/-

2/-

6/-

3/-

June

4/-

1/-

1/4

2/1

2/-

5/-

3/1

35/4

9/7

1/1

-/2

July

3/-

2/-

1/1

2/-

-/2

5/1

6/1

2/-

2/3

Aug.

1/-

1/-

1/-

2/2

Sep.
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June 29

July 6

June 18

June 14

June 14

July 6

June 12

June 21

June 24

June 24

May 16

July 8

Earliest
Record
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x

x

x

x

x

x

x

x

x

x

x

x

Telamona ampelopsidis (Harris)

Telamona collina
(Walker)

Telamona compacta
Ball

Telamona concava
Fitch

Telamona decorata
Ball

Telamona excelsa
Fitch

Telamona extrema
Ball

Telamona maculata
Van Duzee

Telamona monticola
(Fabricius)

Telamona projecta
Butler

Telamona reclivata
(Fitch)

Lindgren
Funnel

Palonica pyramidata
(Uhler)

Table 2. Continued.

x

July 6

July 7

May 30

June 13

Jun3 27

June 12

June 11

June 21

July 8

July 13

June 6

June 26

Earliest
Record

September 27

July 24

September 21

September 18

July 13

August 23

September 24

July 11

July 22

September 21

September 26

September 18

Latest
Record
April

1/-

May

22/-

1/-

1/-

7/-

14/-

1/-

42/9

1/-

June

9/1

4/2

9/7

3/-

1/-

4/4

10/3

1/1

1/2

1/-

100/9

3/-

July

-/1

1/1

2/-

23/21

Aug.

3/-

4/-

1/-

1/-

1/-

4/4

Sep.
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x

x

x

x

x

x

x

Panel
Trap
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x

x

x

Telamona westcotti
Goding

Thelia bimaculata
Fabricius

Lindgren
Funnel

Telamona tristis
Fitch

Telamona tiliae Ball

Table 2. Continued.

x

x

x

Panel
Trap

June 27

June 15

June 22

June 25

Earliest
Record

September 26

August 9

July 12

August 3

Latest
Record
April

May

15/-

2/1

1/-

-/1

June

42/8

4/1

4/-

-/1

July

35/9

1/-

-/1

Aug.

37/-

Sep.
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Co. / Wildwood / 40.30734183°N -76.88606815°W / 10 August 2011 / Coll. Miller,
Emily / PDA: 6209 (1♂).
Palonica pyramidata, which has been collected on willows (Salix spp.), red
maple (Acer rubrum), oaks (Quercus spp.) and others (Kopp and Yonke 1974,
Wallace 2014) was collected from Bradford and Bedford Counties. The records
adjoin a discontinuous distribution of Delaware, Maryland, New Jersey, and
New York (Deitz and Wallace 2012).
Palonica pyrimidata (Uhler 1877). USA: PA: Bradford co. / Oak Hill Veneer
/ 41.81719°N -76.79819°W / 26 July 2012 / Col. Malak, Rick / PDA: 6219 (1♀);
USA: PA: Bradford co. / Oak Hill Veneer / 41.81719°N -76.79819°W / 26 July 2012
. Col. Malak, Rick / PDA: 6220 (1♀); USA: PA: Bradford co. / Oak Hill Veneer
/ 41.81719°N -76.79819°W / 13 July 2012 / Col. Malak, Rick / PDA: 6217 (1♂);
USA: PA: Bedford Co. / Bedford Pallet – trap 7 / 40.081386°N -78.521647°W /
26 June 2013 / Col. N. Delp / Lindgren Funnel Trap / PDA: 7310 (1♂).
Telamona projecta, which has been collected on wild grape (Vitis sp.) and
a variety of oaks (nymphs have been reared from white and black oak; Wallace
2014), has a wide distribution stretching across Pennsylvania (Kopp and Yonke
1974, Wallace 2014). The Monroe county record collaborates with nymphal collection records in Wallace 2014. This species is also known from DE, MD, NJ,
and NY (Deitz and Wallace 2012; as Helonica excelsa Fairmaire).
Telamona projecta 1877. USA: PA: Mifflin Co. / Bald Eagle SF 2 /
40.731835°N -77.636451°W / 06 July 2011 / Coll. Fulton, Liz / PDA: 6230 (1♂);
USA: PA: Mifflin Co. / Bald Eagle SF 2 / 40.731635°N -77.363775°W / 19 July
2012 / Coll. Fulton, Liz / PDA 6232 (1♀); USA: PA: Union Co. / Centennial road 2
/ 40.987302°N -77.035238°W / 07 July 2011 / Coll. Fulton, Liz / PDA: 6231 (1♂);
USA: PA: Clarion Co. / 579 Huefner Spring Road / 41.31515°N -79.42321°W / 24
July 2009 / Coll. M. Mcdonald / Purple Panel Trap / PDA: 3893 (1♀); USA: PA:
Monroe Co. / SnowHillRd+StonyRunRd / 41.455895°N -75.203953°W / 09 July
2012 / Col. Mislinski, Danielle / PDA: 6229 (1♀); USA: PA: Beaver Co. / Raccoon
Creek Sp (Site 5) / 40.52073°N -80.43826°W / 08 July 2009 / Coll. L. Wheatall /
Green Panel Trap / PDA: 3945 (1♂).
Telamona westcotti, which has been collected on Quercus spp. (nymphs
observed on white and burk oak; Wallace 2014), basswood (Tilia spp.), and elm
(Ulmus spp.) (Deitrich et al 1999, Wallace 2014), has a wide, centrally distributed range in Montgomery, Northumberland, Juniata, Snyder and Alleghany
counties. These records fill in a gap in range with the adjoining states of Ohio,
New York, Maryland, Delaware (Deitz and Wallace 2012).
Telamona westcotti Goding 1893: USA: PA: Montgomery Co. / Horsham
Community Center / 40.20619°N -75.18005°W / 12 July 2013 / Coll. J. Shannon / Lindgren Funnel Trap / PDA: 7206 (1 ♂); USA: PA: Northumberland
Co. / Cleveland Bros. 3 / 41.125675°N -76.801988°W / 08 July 2013 / Coll. K.
Carey / Lindgren funnel trap / PDA: 7209 (1 ♂); USA: PA: Northumberland
Co. / Cleveland Bros. 3 /41.125675°N -76.801988°W / 09 August 2013 / Coll.
K. Carey / Lindgren funnel trap / PDA: 7203 (1 ♂); USA: PA: Northumberland
Co. / Cleveland Bros. 3 /41.125675°N -76.801988°W / 22 July 2013 / Coll. K.
Carey / Lindgren funnel trap / PDA: 7208 (1 ♂); USA: PA: Northumberland Co.
/ Cleveland Bros. 4 / 41.125821°N -76.80221°W / 25 June 2013 / Coll. K. Carey /
Lindgren funnel trap / PDA: 7207 (1 ♂); USA: PA: Juniata Co. / Train Crossing
/ 40.543343°N -77.26136°W / 26 July 2012 / Coll. Queen, Julie / PDA: 6406 (1
♂); USA: PA: Juniata Co. / Rt 333, Hawstone / 40.596886°N -77.493653°W / 19
July 2011 / Coll. Fulton, Liz / PDA: 6409 (1 ♂); USA: PA: Snyder Co. / Pull off
/ 40.77387°N -77.12412°W / 27 June 2012 / Coll. Queen, Julie / PDA: 6408 (1
♂); USA: PA: Allegheny Co. / Diamondmulch-4 / 40.56605°N -79.85602°W / 15
June 2012 / Coll. Heinze, Kristen / PDA: 6407 (1 ♂).
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Discussion
Although designed to attract wood boring beetles (Lindgren 1983), nontraditional collecting methods for treehoppers captured a large diversity of
membracids in Pennsylvania. The factors that influenced these successful collections are unclear. While described in the materials, the lures that accompanied
these traps were not examined as an attractant. The mechanical aspects and
physical locations of both trap types were likely mechanisms for capture which
has been shown to be an important factor when targeting wood-boring beetles
(Graham et al. 2012, McIntosh et al. 2001). It is probable that the presentation of
a strong visual profile, large trapping surface, and flight interception properties
are greater factors than chemical attractants. Trapping efforts in the Delaware
Water Gap and Long Pond, PA, for example, used lure-less traps with great
success (Wallace 2008, Wallace and Troyano 2006, Wallace and Maloney 2010).
Color preference, however, does play a role in treehopper collection. Yellow
is the predominant choice for the collection of certain hemipterans, particularly
aphids, treehoppers, and leafhoppers (Mason and Loye 1981, Johnson and Mueller 1988, Johnson and Freytag 1997, Wallace and Maloney 2010). The attractiveness of yellow has been examined in treehoppers using Spissistilus fenstinus
(Say) as a model; this indicated that treehoppers preferred yellow significantly
over other colors. The particular shade of purple used for EAB traps, however,
was not tested in this way. It is unclear whether the bycatch was due to color
or chance proximity to host trees. Although specimens collected in Lindgren
funnel traps and on panel traps cannot accurately indicate a host, they may be
used as an indicator of association as is typically done with sticky card surveys.
The presence of the two most common species on panel traps can only be
partially explained. The host plant of Telamona ampelopsidis, Virginia Creeper
(Parthenocissus quinquefolia), is a common vine across Pennsylvania and grows
in many habitats and in a diverse array of trees including Fraxinus spp. (Claire
Ciafré, Pers. comm.). The Vanduzea arquata count can be partly explained by
proximity of the suitable host trees, Black Locust (Robinia pseudoacacia), and
that this species has multiple generations in a year. While T. ampelopsidis
peaked in abundance in July, V. arquata had peaks in June and September.
The duration of surveys conducted by PDA also extended the timeframe
that treehoppers are generally collected in studies. Other recent survey efforts
in Pennsylvania started in May (Wallace and Troyano 2006, Wallace 2008, Wallace and Maloney 2010) and therefore miss the April records for species such as
Platycotis vittata, Entylia carinata, and Ophiderma pubescens (although these
studies focused on Smiliini and Telamonini, unavailable until late May in PA).
Data from these works demonstrated that June and July are the key months
to collect treehoppers for both abundance and diversity (Mason and Loye 1981,
Wallace and Troyano 2006, Wallace 2008, Wallace and Maloney 2010). PDA’s
survey’s with Lindgren funnels and panel traps followed these same trends. The
extensions of the collecting efforts into October yielded notable records. These
include a late surge in abundance of Vanduzea arquata as well as Enchenopa
binotata and Thelia bimaculata. Late season V. arquata collections concur with
Funkhouser’s (1915) description of the biology of this species in New York as
having four generations per year. The late season occurrence for E. binotata
into October and the large numbers of T. bimaculata are both consistent with
Missouri records which share a similar climate (Kopp and Yonke 1973a, 1974).
However the low diversity in October collections does not strongly support
extending the collections into October or later months.
Lindgren funnel traps have two advantages over other traps: the propylene
glycol in the collection cup allows for less frequent collection with a lower risk
of deterioration and the structure of the trap protects against bird predation
(as documented in Wallace and Maloney 2010) by limiting specimen visibility
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and accessibility. Trapping treehoppers with Lindgren funnel traps may be a
valuable tool, especially with collection of species within Smiliinae: Telamonini.
All four state records were within this tribe as well as two of the more abundantly collected species, Telamona ampelopsidis and Thelia bimaculata. With
proper site selection each Lindgren funnel trap may be able to capture tens to
hundreds of treehoppers in a single season.
Purple panel traps, however, do not show much promise as method to
collect treehoppers. Comparatively low counts (234 on panel traps vs. 1200 in
funnel traps), specimen damage from bird predation and removal from the trap,
and the necessity of more frequent trap monitoring make them a more labor
intensive choice. Specimens were also more frequently damaged and unusable.
Additionally, panel traps only captured four unique species, Cyrtolobus dixianus,
Cyrtolobus tuberosus, Xantholobus lateralis, and Telamona tiliae, compared to
the Lindgren funnel traps’ 21 unique species.
In an age where funding for research can be difficult to obtain, using bycatch to stretch resources is both practical and valuable. For treehoppers, using
bycatch from nonconventional trapping methods, particularly Lindgren funnel
traps, can be a valuable tool for extending the collection season, discovering
new distribution records, enhancing host associate information, and capturing a
high proportion of usable specimens using existing infrastructure. The further
elucidation of why treehoppers are captured by these methods, and whether lure
type plays a part, would be helpful to increase further the efficiency and usefulness of nonconventional trapping of treehoppers. Lure may also be a potential
tool to supplement catch rates of traditional capture methods.
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Macromia alleghaniensis (Odonata: Macromiidae):
New For Michigan, with Clarifications of Northern Records
Julie A. Craves1,2* and Darrin S. O’Brien2

Abstract
An Alleghany River Cruiser, Macromia alleghaniensis Williamson (Odonata: Macromiidae), collected in Cass County, Michigan on 18 June 2014, represents the first record of the species for the state, as well as the northernmost
unequivocal record in North America. Other records north of 40° latitude are
clarified and discussed.
____________________

Macromia Rambur is a genus of medium to large (61–91 mm) dragonflies
of 84 species worldwide (Garrison et al. 2006). The 7 species in North America
are dark brown or black with yellow on the thorax and abdomen in patterns
that vary, often subtly, between and among species, with multiple subspecies
and hybrids recognized in the genus (Donnelly and Tennessen 1994, Cannings
et al. 2006, Paulson 2011).
Macromia alleghaniensis Williamson (Odonata: Macromiidae), the Alleghany River Cruiser, is found most frequently in the central southeastern
United States. Records extend west to southeastern Missouri, western Arkansas and nearby Oklahoma and Texas, and south to the Gulf coast along the
Mississippi-Alabama border. Scattered records exist in Georgia, Florida, and
South Carolina.
Macromia alleghaniensis is uncommon or rare in the northern part of
its range. It is considered rare and a species of special concern in New Jersey
(Barlow et al. 2009, NJDEP 2012), critically imperiled in Pennsylvania (PHNP
2014), uncommon and imperiled in Maryland (MNHP 2010, MAIFS 2014), rare
in West Virginia (WVDNR 2012), and uncommon and a species of greatest conservation need in Ohio (Glotzhober and McShaffrey 2002, ODNR 2005). This
species is listed as critically imperiled in Illinois by NatureServe (2015), but it
is not listed in the most current state wildlife action plan or endangered and
threatened species lists (IDNR 2005, Mankowski 2011).
Macromia alleghaniensis has not been recorded in New York, Delaware,
Indiana, Wisconsin, or Ontario (Donnelly 1992, Curry 2001, White et al. 2010,
Pratt 2012, NHIC 2014, WOS 2014, Abbott 2006–2015). Prior to our record
(described below), it had not been recorded in Michigan (Byers 1927, Kormondy
1958, Donnelly 2004, MOS 2008–2014).
Macromia alleghaniensis is typically found on small to medium, slow
flowing streams and rivers (Dunkle 2000, Garrison et al. 2006, Beaton 2007,
Paulson 2011). The flight season in the northern portion of its core range
(~ 38–39° latitude) is June to August (Paulson 2011).
On 18 June 2014, DO captured a male Macromia along Wood Creek in
the Three Rivers State Game Area, Cass County, Michigan (41.861°, -85.763°).
Rouge River Bird Observatory, University of Michigan-Dearborn, Dearborn, MI 48128.
Prairie Oaks Ecological Station, 2200 Centennial Lane, Ann Arbor, MI 48103.
*
Corresponding author: (e-mail: jcraves@umich.edu).
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The creek at this location is 2 to 4 m wide and 0.25 to 0.5 m deep, clear, with a
sandy/gravelly substrate and silty edges near the bank undercuts. Habitat along
this ~ 120 m stretch of creek was fen or marsh with forbs, sedge hummocks,
and areas of cattails interspersed with occasional shrubs. The stream corridor
was 60 to 80 m wide and bordered by forest.
The voucher was deposited in the University of Michigan Museum of Zoology,
Insect Division (cataloged by the Michigan Odonata Survey as MOS0035050)
and a photograph was submitted to OdonataCentral (OC#423318, Abbott
2006–2015). It was initially identified as Macromia illinoiensis Walsh, the
common Macromia species in the state. It was subsequently correctly identified
as M. alleghaniensis by the abdominal markings (the combination of a nearly
complete yellow ring on abdominal segment 7 and a yellow ring on abdominal
segment 2 interrupted only dorsally) and the short keel on the middle tibia,
which distinguish it from males of other species of Macromia (Williamson 1909,
Donnelly and Tennessen 1994, Paulson 2011, Needham et al. 2014). This represents Michigan’s first record of this species, and the northernmost unequivocal
record in North America.
Discussion
The majority of published records of Macromia alleghaniensis are from
south of 40°. Table 1 lists records north of that latitude that are equivocal, invalid,
or unconfirmed. Other than our Michigan record, the only records confirmed
by specimens north of 40° are from 3 counties in Pennsylvania—Huntingdon,
Bucks, and Chester—with the Huntingdon County location being the farthest
north at 40.580° (Shiffer and White 2014). Our Michigan location is roughly
140 km north of that latitude.
Because their habitats tend to be less ecologically stable or persistent,
lentic species have a higher capacity for dispersal and are more prone to move
long distances, especially due to climate-related events such as drought (Arribas
et al. 2012, Hof et al. 2012, Grewe et al. 2013). This may explain the occurrence
of several southern lentic dragonfly species in northern states in the past decade
(Craves and O’Brien 2007, Mauffray 2008, Craves and O’Brien 2011).
Conversely, lotic species like most Macromia are less apt to disperse. At
the Michigan collection site, we saw several other Macromia, possibly also M.
alleghaniensis. This possibility, combined with the scarcity of records north
of 40°, even in areas well-covered by dragonfly enthusiasts, suggests that the
Michigan location perhaps represents an established disjunct population.
Accurate demarcation of species distributions is an important component
in understanding how best to conserve biodiversity, especially in the face of
climate change (Bush et al. 2014, Preuss et al. 2014). Historical records and
their locations should be verified to provide accurate baseline data for future
biogeographic comparisons. Care should be taken to record precise locations for
new records, as the county-level data that is common in invertebrate databases
tends to over-estimate geographic ranges (Collins 2014).
The lower dispersal rates of lotic species also promote genetic differentiation between populations, which in turn may advance adaptation to local
conditions or foster speciation (Hof et al. 2006, Marten et al. 2006). Securing
vouchers of out-of-range individuals and from disjunct populations, especially
of taxa most reliably identified by structural characters or in which hybridization is common such as in Macromia, will not only confirm identification and
validate records but can further our understanding of gene flow, adaptation,
and evolution in these populations.

Illinois

Ohio

40.119°

Ottawa County,
Put-in-Bay

Ohio

40.41° (county
center)

Carroll County

Illinois

42.06° (county
center)
41.658°

23 May 1991

Unknown

1934

Unknown

Unknown

Date

County-level record shown online (Kondratieff 2000) is apparently a transcription error, as the data reference is the Illinois State Museum database
(ISM 2006) which does not have a record for Hancock Co., but does have
one for Hardin Co., which was omitted on the map.
This very early instar nymph is noted as “ID ?” (Glotzhober et al. 1995,
OHC 2015). Most Odonata larval keys are for use with mature nymphs,
and the Macromia key typically used at the time this nymph was collected (Needham and Westfall 1955) was later found to be unreliable
(Donnelly and Tennessen 1994).

Two males taken by C. H. Kennedy in 1934 (not 1937, as stated in
Glotzhober and McShaffrey 2002) at the “Put-in-Bay Lake Laboratory”
were discovered at the University of Michigan Museum of Zoology and
designated as the first Ohio records (Kormondy 1956). Originally located
on South Bass Island, this Lab (operated by the Ohio State University)
was relocated to Gibraltar Island in 1925 and renamed the Stone Laboratory (Anon. 1925). Kennedy taught at each location from 1920-1938; it
is unclear why he would use the incorrect name and not provide complete
dates on the specimens, as he did with most of his material. These inconsistencies and the lack of stream or river habitats on these Put-in-Bay
islands make the provenance of these specimens uncertain. It has been
speculated they were raised in the lab (Glotzhober and McShaffrey 2002)
or brought to Kennedy from elsewhere and mixed in with his own collections (C. Trisler, pers. comm.).

OdonataCentral record OC#229280 (Abbott 2006-2015). See above.

OdonataCentral record OC#229282 (Abbott 2006-2015). This and the
next record are county-level records (Donnelly 2004). There are no associated vouchers or published data on these records, and details are unknown to state experts (ISM 2006, T. Cashatt and T. Vogt, pers. comm.).

Notes and Sources
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Franklin County
Olentangy River,
0.5 mi N of I-270

Hancock County

McHenry County

Illinois

42.32° (county
center)

Location

State

Latitude

Table 1. Equivocal, unconfirmed, and invalid records of Macromia alleghaniensis north of 40° N latitude.
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Feeding Records of True Bugs (Hemiptera: Heteroptera)
from Wisconsin, Supplement
Andrew H. Williams

Abstract
In order to understand any animal and its habitat requirements, we must
know what it eats. Reported here are observations of feeding by 27 species of
true bugs (Hemiptera: Heteroptera) encountered in various habitats in Wisconsin
over the years 2003–2014. This is the first report of Anasa repetita Heidemann
(Coreidae) from Wisconsin.
____________________

Knowing what an animal eats is essential to our understanding of that
animal and its habitat requirements. Over the years 2003–2014, I accumulated
many observations of insects feeding in Wisconsin. These data are vouchered by
hand-collected specimens given to the Insect Research Collection of the Entomology
Department at University of Wisconsin - Madison.
These data are organized in two tables: Table 1 presents plant feeding
records and Table 2, insect feeding records. Data for nymphs and adults are
both included; nymphs were reared out. Some species appear in both tables.
Only infrequently does one find a predator feeding; the predation event that
presumably preceded feeding rarely is encountered. The animal feeding records
probably represent predation, although in most instances a possibility of mere
scavenging exists.
Presented here are 27 species in 9 families of bugs: Alydidae, Coreidae,
Cydnidae, Lygaeidae, Miridae, Nabidae, Pentatomidae, Reduviidae, and Rhopalidae. All insects were collected by me, and all insects and plants were determined by me. This is the first report of Anasa repetita Heidemann (Coreidae)
from Wisconsin; adults and nymphs were collected on 15 September 2006, at
T4N R6W S34 in Grant County, beside Closing Dam Road by the Mississippi
River at Eagle Valley Nature Preserve. Data reported here supplement similar
data reported in Williams (2004). Plant nomenclature herein follows Gleason
and Cronquist (1991).
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first report of this insect from Wisconsin

RS, nymph, reared

Coreidae
Anasa repetita
Echinocystis lobata
Cucurbitaceae
Heidemann			
			

Fabaceae

N
N, nymph, reared on developing
seeds of Lupinus perennis

Astragalus canadensis

N
N
DS
N

PLANT STRUCTURE & NOTES

Megalotomus quinquespinosus
Asclepias tuberosa
Asclepiadaceae
(Say)
Ceanothus ovatus
Rhamnaceae
				

Alydus pilosulus
Herrich-Schaeffer

Asclepias syriaca
Asclepiadaceae
Asclepias tuberosa		
Desmodium cuspidatum
Fabaceae
Pycnanthemum tenuifolium Lamiaceae

Alydidae
Alydus eurinus
(Say)
		
		

PLANT FAMILY

PLANT SPECIES

BUG SPECIES

Table 1. Observations of Heteroptera feeding on plants. Bugs were adults unless otherwise indicated. Repeated insertion of mouthparts
into flower openings was assumed to be feeding on nectar (N). An immobile bug with it mouthparts inserted into plant tissue was assumed
to be feeding on developing seeds (DS), ripe seeds (RS), leaves, stems, flowers or fruits. Seeds fed upon were attached to plants. Stems fed
upon were in or just below inflorescences. Determinations done by the author.
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Leonurus cardiaca
Stachys palustris

Pycnanthemum tenuifolium

Sehirus cinctus
(Palisot de Beauvois)

Lygaeidae
Lygaeus turcicus
Fabricius

Cirsium arvense
Asteraceae
Solidago canadensis		

Nabidae
Nabicula subcoleoptrata
Kirby

THE GREAT LAKES ENTOMOLOGIST

N
N

leaves
leaves
leaves
leaves

Anacardiaceae
Apiaceae
Caryophyllaceae
Lamiaceae

Rhus copalina
Torilis japonica
Lychnis alba
Leonurus cardiaca

Poecilocapsus lineatus
(Fabricius)
		
		

N
N

DS, RS, adults and nymphs, reared
DS, adults and nymphs, reared
DS, adults and nymphs, reared
DS, RS

Apiaceae
Asclepiadaceae

Polytaenia nuttallii
Asclepias amplexicaulis

Neacoryphus bicrucis
(Say)
		
		
Miridae
Adelphocorus lineolatus
(Goeze)

N

DS, adults & nymphs, reared
DS, RS

Lamiaceae

Lamiaceae

blooming inflorescence

flowers, DS
flowers, DS

PLANT STRUCTURE & NOTES

Plantanaceae

Cacalia atriplicifolia
Asteraceae
Cacalia muhlenbergii		
Cacalia suaveolens		
Cacalia tuberosa		

Plantago patagonica

Galgupha ovalis
Hussey

Polytaenia nuttallii
Apiaceae
Taenidia integerrima		

Cydnidae
Corimelaena lateralis lateralis
(Fabricius)

PLANT FAMILY

PLANT SPECIES

BUG SPECIES

Table 1. Continued.
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DS, adults & nymphs, reared
flowering inflorescences
DS, adults & nymphs, reared
DS, adults & nymph, reared
DS, adults & nymphs, reared
DS, adults & nymphs, reared
DS, nymphs, reared
DS, adults & nymphs, reared
DS
DS, adults & nymphs, reared
DS
DS, adults & nymphs, reared
green pod, adult & nymph, reared
N
N
DS
developing fruit
DS, adult & nymphs, reared
DS

Aquilegia canadensis
Ranunculaceae
Agastache scrophulariaefolia Lamiaceae
Galeopsis tetrahit		
Leonurus cardiaca		
Nepeta cataria		
Physostegia virginiana		
Satureja vulgaris		
Stachys palustris		
Teucrium canadense		
Mimulus ringens
Scrophulariaceae
Scrophularia lanceolata		
Scrophularia marilandica		

Asclepias syriaca
Asclepiadaceae
Asclepias syriaca		
Asclepias tuberosa		
Erechtites hieracifolia
Asteraceae
Echinocystis lobata
Cucurbitaceae
Desmodium cuspidatum
Fabaceae
Scrophularia marilandica Scrophulariaceae

Cosmopepla bimaculata
(Thomas)
		
		
		
		
		
		
		
		
		
		

Euschistus servus euschistoides
(Vollenhoven)
		
		
		
		
		

N

Asclepiadaceae

Ascelpias tuberosa

N

Asclepiadaceae

Chlorochroa persimilis
Horvath

N

Asclepiadaceae

PLANT STRUCTURE & NOTES

Asclepias syriaca

Asclepias incarnata

Pentatomidae
Acrosternum hilare
(Say)

PLANT FAMILY

Apoecilus bracteatus
(Fitch)

PLANT SPECIES

BUG SPECIES

Table 1. Continued.

2015
THE GREAT LAKES ENTOMOLOGIST
195

Astragalus canadensis
Scrophularia marilandica

Euschistus tristigmus luridus
Dallas

RS
DS & stems, adult & nymphs, reared

Fabaceae
Scrophulariaceae

Satureja vulgaris

Lamiaceae

DS, nymphs, reared

THE GREAT LAKES ENTOMOLOGIST

Rhopalidae
Arhyssus lateralis (Say)

DS, nymphs, reared

Apiaceae

N
N
N

DS

Ranunculaceae

Euthamia graminifolia
Asteraceae
Rudbeckia subtomentosa		
Verena hastata
Verbenaceae

Polytaenia nuttallii

Trichopepla atricornis
Stål

Reduviidae
Phymata americana americana
Melin
		

Ranunculus pensylvanicus

Holcostethus limbolarius
(Stål)

N
green pod, adult & nymph, reared.
stem, at old oviposition sites of the
weevil Rhyssomatus lineaticollis (Say)
N
N
N, piercing floral tube

PLANT STRUCTURE & NOTES

PLANT FAMILY

			
Euschistus variolarius
Eryngium yuccifolium
Apiaceae
(Palisot de Beauvois)
Asclepias syriaca
Asclepiadaceae
				
				
		
Asclepias lanuginosa		
		
Pycnanthemum tenuifolium Lamiaceae
		
Oenothera biennis
Onagraceae

PLANT SPECIES

BUG SPECIES

Table 1. Continued.
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INSECT FED UPON
Aphis asclepiadis Fitch P
Helophilus fasciatus Walker
Alydus eurinus (Say)
Myzinum quinquecinctum (Fabricius)
Polistes dominula (Christ)
Hemaris diffinis (Boisduval)
Tetraopes tetrophthalmus (Forster)
Diabrotica cristata (Harris)
Diabrotica virgifera LeConte
Coccinella septempunctata (Linnaeus)
Cycloneda munda (Say)

FEEDING BUG

Nabidae
Nabicula subcoleoptrata Kirby

Reduviidae
Phymata americana americana Melin
		
		
		
		

Sinea diadema (Fabricius)
		
		
		
		

Coleoptera, Cerambycidae
Coleoptera, Chrysomelidae
Coleoptera, Chrysomelidae
Coleoptera, Coccinellidae
Coleoptera, Coccinellidae

Diptera, Syrphidae
Hemiptera, Alydidae
Hymenoptera, Tiphiidae
Hymenoptera, Vespidae
Lepidoptera, Sphingidae

Hemiptera, Aphididae

INSECT ORDER & FAMILY

Table 2. Observations of Heteroptera feeding on insects. All were adults. Determinations done by the author. Killing of prey, denoted (P),
was observed only on one occasion.
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First Report of Leptomantispa pulchella (Banks, 1912)
(Neuroptera: Mantispidae) from Iowa
Edwin L. Freese1 and Paul K. Lago2

Abstract
An adult specimen of Leptomantispa pulchella (Banks) (Neuroptera:
Mantispidae) was collected in southeast Iowa. Published records indicate the
species is present in southwestern Canada and much of Central America, but
this is the first published report of this species from Iowa.
____________________

An adult specimen of Leptomantispa pulchella (Banks) (Neuroptera: Mantispidae) was collected by the first author, 23 July 2005, using a combination
uv-florescent light. The collection site in southeast Iowa is at the Headquarters
of Shimek State Forest near Farmington, Van Buren County, which is about
two miles from the Des Moines River and Missouri state border. The specimen
was identified by the second author and deposited in the first author’s insect
collection. In November 2010, during an e-mail exchange with Norm Penny
(California Academy of Sciences), it was discovered that the specimen may
represent a new Iowa state record (Jacques 1935, Penny et al. 1997, Hoffman
2002, Cannings and Cannings 2006). Thus, this is the first published report of
this species from Iowa.
This species was first described as Mantispilla pulchella by Nathan Banks
in 1912, with the Type specimen being from Eureka, Utah. The generic name was
later changed to Mantispa by Waro Nakahara in 1913 (Norm Penny, personal
communication; article in Japanese). The genus Mantispa was first published
by the German entomologist Johann Karl Wilhelm Illiger in 1798 and is derived
from the Greek mantis for soothsayer or prophet; the specific name pulchella
is Latin for beautiful. Kevin Hoffman (2002) later changed the generic name
to Leptomantispa which is from the Greek lepto meaning thin, slender, or frail.
Specimens generally range in size from 11 to 15 mm in length; color is pale to
light yellow with brownish to black markings while the wings are clear with
dark veins (Banks 1912, Hoffman 2002, Cannings and Cannings 2006).
There are published records from southern Canada and much of Central
America. Hoffman et al. (2002) indicated the species occurs from “southwestern
Canada south to Costa Rica, including Cuba.” Cannings and Cannings (2006)
reported the species from “south-central British Columbia and the Windsor area
of extreme southwestern Ontario. In the United States it ranges over most of the
western states, south through California and Utah to Arizona and Texas, east
to Illinois, Ohio, and New York south to the Carolinas and Georgia, and south
through Mexico to Costa Rica and has been recorded from Cuba.” Penny et al
(1997) listed “Distribution: CO, GA, IL, NC, SC, UT.” The most recent article
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on the Neuroptera of Iowa (Jacques 1935) included only two species: Mantispa
brunnea Say, 1824 (currently in the genus Climaciella) and M. interrupta Say,
1825 (currently in the genus Dicromantispa).
Specimens of Leptomantispa pulchella are known from Missouri (Kristin
Simpson, personal communication), “NC, SC, GA, FL, MS, TX, AZ, and CA, as well
as a few exotic locales” (Paul Skelley, personal communication), but not Wisconsin
(Steve Krauth, personal communication). Kurt Redborg (personal communication)
of Coe College, Cedar Rapids, Iowa, indicated that Leptomantispa pulchella first
instar larvae are easily collected on spiders in the local area.
Individuals wishing to identify mantispids collected in Iowa, as well as
other areas in the north-central states, will find the key presented by Cannings
and Cannings (2006) to be very useful.
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Ixodes brunneus (Acari: Ixodidae)
from Two Bird Hosts: A New Michigan Tick
Richard S. Keith1, Brenda S. Keith2, William C. Scharf3, and Sarah A. Hamer4

Abstract
The tick Ixodes brunneus Koch (Acari: Ixodidae) is reported for the first
time in Michigan from two bird hosts at two locations in the lower peninsula.
All stages of this tick exclusively feed on birds, and are primarily known from
the southern U.S., although abundant records occur from northern states. The
role of this species as a vector of pathogens is discussed.
____________________

The authors regularly mist-netted and banded birds during spring and
fall migration. RSK and BSK collected ticks at the Pitsfield Banding Station,
42°10′ N, 85° 30′ W, near Vicksburg, MI, where approximately 60,000 birds
were checked for ticks during 14 of the last 18 years of spring, summer, and fall
field research. WCS collected ticks at Chippewa Run Banding Station, 44° 49′ N,
86° 31′ W, near Empire, MI, where approximately 2,500 birds were checked for
ticks over 8 seasons of spring and fall field research. Ticks were preserved in
70% ethanol and identified based on the taxonomic criteria outlined by Cooley
and Kohls (1945), Keirans and Clifford (1978), and Keirans and Litwak (1989).
We collected two engorged or partially engorged adult female Ixodes
brunneus Koch from two species of ground-level foraging migratory birds. The
bird host at Pitsfield was a White-throated Sparrow, Zonotrichia albicollis
(Gmelin) captured on 18 April 2010 (Figure 1). The bird host at Chippewa
Run was a Lincoln’s Sparrow, Melospiza lincolnii (Audubon) captured on 7
May 2015 and is deposited in the U.S. National Tick Collection (Catalogue no.
USNMENT00862224). Additionally, the identification of the Vicksburg tick
was confirmed based on amplification and DNA sequencing of the tick 12S
mitochondrial rRNA gene (Beati and Keirans 2001) from a single tick leg. The
DNA sequence from the Vicksburg tick shared >99% homology with an I. brunneus nymph from North Carolina, and has been made available in a national
database for future analyses (Genbank accession no. KT748755).
Discussion
Our collections of I. brunneus are apparently the first reported from Michigan. Walker et al. (1998) documented 21 species of ixodid ticks (hard ticks) from
Michigan in a 12-year passive survey based on tick submissions from citizens.
That survey found no I. brunneus even though there were 12 other species in
the genus Ixodes that were encountered. Additionally, Hamer et al. (2011,
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Figure 1. Infestation of a white-throated Sparrow, Zonotrichia albicollis (Gmelin)
captured on 18 April 2010 in Vicksburg, MI, with an adult female Ixodes brunneus tick.
Photo credit: Richard Keith.

2012) identified over 12,000 ticks removed from Michigan birds at the Pitsfield
field site and found no I. brunneus; the majority were I. dentatus Marx (Acari:
Ixodidae) and Haemaphysalis leporispalustris (Packard) (Acari: Ixodidae) with
I. scapularis Say (Acari: Ixodidae) and Dermacentor variabilis Say (Acari:
Ixodidae) infrequently found.
All stages of I. brunneus exclusively feed on birds, and are primarily known
from the southern U.S. (Luttrell et al. 1996, Goddard 2013, Godard et al. 2013),
although abundant records occur from northern states (Cooley and Kohls 1945,
Durden and Keirans 1996). Boyd (1951) lists 64 species of birds that have been
reported as hosts of this tick. Both avian hosts in this study- Lincoln’s Sparrow
and White-throated Sparrow- are potential long-distance migrants (Chartier et
al. 2011) and the probability of them bringing this tick from a southerly location
seems high considering both captures were during the spring migration. Further,
both host species do not nest at the site at which they were captured, but do
nest in large numbers across northern latitudes including northern Michigan.
Clifford et al. (1969) reported Rickettsia rickettsii Brumpt, causative organism for Rocky Mountain Spotted Fever, from one pool of I. brunneus from
migratory birds, although the vector potential is unknown. Avian tick paralysis
has been described by Luttrell (1996) and is caused by salivary neurotoxins from
the female I. brunneus that cause paralysis of the diaphragm and respiratory
failure (Mullen and Hribar 1991). This paralysis can lead to mortality in birds.
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