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Analysis of the Caddisflies (Trichoptera) of the
Manistee River Watershed, Michigan
David C. Houghton1, Constance M. Brandin1, and Kelsey A. Brakel1

Abstract
We document 134 caddisfly species and their seasonal and habitat affinities based on 93 samples collected from 26 sites throughout the Manistee River
watershed in the lower peninsula of Michigan from May through September,
2010. Eleven of these species: Banksiola dossuaria (Say), Cheumatopsyche
aphanta Ross, Cheumatopsyche pasella Ross, Hydroptila xera Ross, Ironoquia
lyrata (Ross), Lepidostoma vernale (Banks), Neotrichia vibrans Ross, Nyctiophylax affinis (Banks), Oxyethira aeola Ross, Oxyethira rivicola Blickle and Morse,
and Polycentropus timesis (Denning) are reported from Michigan for the first
time. More than 85% of species reached peak adult abundance during June or
July, although a few species reached peak abundance or emerged exclusively
during the other months. Overall species richness reached its peak during early
July, with a smaller peak of unique species in September. Caddisfly faunas in
lakes, small streams, medium rivers, and large rivers were all distinct from each
other, suggesting that the overall watershed is following patterns predicted by
the River Continuum Concept. It is likely that the Michigan caddisfly fauna
contains considerably more species than what is currently known.
____________________

Despite the ecological importance of caddisflies in aquatic ecosystems
and their utility in biological monitoring (Allan 1995, Dohet 2002), the faunas
of the north central U.S. and southcentral Canada are not well known. Only
the Minnesota fauna (Houghton et al. 2001; Houghton 2004a,b; 2007) has been
studied extensively. Geographic areas of this state have been delineated into
“caddisfly regions” based on similar assemblages, and such assemblages have
been correlated to both natural and anthropogenic environmental variables.
Having such a framework in place renders future changes to the Minnesota
fauna easier to evaluate (Houghton and Hozenthal 2010). For the remainder
of the area, basic species checklists have been compiled for the Indiana (Waltz
and McCafferty 1983), Manitoba (Flannagan and Flannagan 1982), Michigan
(Leonard and Leonard 1949), North Dakota (Harris et al. 1980), Ohio (Huryn
and Foote 1983), and Wisconsin (Longridge and Hilsenhoff 1973) caddisflies.
All of these studies are >25 years old, and it is difficult to ascertain if changes
to the faunas have occurred during the interim.
The caddisflies of Michigan are known primarily from Leonard and Leonard’s (1949) checklist. Recently, additional state records have been reported
(Bright and Bidlack 1998, Craig and Chriscinske 2007, Houghton et al. 2010), but
no comprehensive inventory of the state has occurred. Bright (2010) maintains
an online checklist of known species. Prior to the current study, 252 species
were reported from the state.
The Manistee River watershed is located in the northwestern portion of
the lower peninsula of Michigan (Fig. 1). The mainstem of the Manistee River
is 375 km in length and drains a watershed area of approximately 2800 km2
Department of Biology, Hillsdale College, 33 East College Street, Hillsdale, MI 49242.
(email: david.houghton@hillsdale.edu).
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Figure 1. The location of the Manistee River watershed in Michigan showing the 26
sampling sites of this study. Site names are in Table 1.

before entering Lake Michigan. High groundwater input with subsequent stable
river flow and overall good water quality make the Manistee and its tributaries
excellent fisheries for the native brook trout (Salvelinus fontinalis Mitchill), as
well as steelhead (Oncorhynchus mykiss [Walbaum]), brown trout (Salmo trutta
L.) and other fish (MIDNR 1996). Thus, fishing is one of the most popular uses
of the river system. Despite the importance of caddisflies in aquatic ecosystems,
no comprehensive inventory has been done on the caddisflies of this watershed.
The primary objective of this study, therefore, was to document the caddisfly
species of the Manistee River watershed. A secondary objective was to make
preliminary assessments on patterns of biological diversity relative to season
and habitat type.
Materials and Methods
Site determination. Adult caddisflies were collected from a variety of
lakes and streams throughout the watershed (Table 1, Fig. 1) from May through
September. The majority of samples were collected during June and July, the
typical peak of the adult caddisfly emergence in northern United States temperate environments (Monson 1996, Houghton 2004a). Habitats were chosen to
yield a geographically representative sample. Nearly all habitats had official
protective status (e.g., state or national forest) and were perceived as minimally
disturbed based on observed upstream land use. Four habitats: Rockwell Lake
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Table 1. The 26 sampling sites of this study and the number of samples collected from
each site. Numbers correspond to those in Figure 1. Stream sizes based on width:
small (<3 m), medium (3–15 m), and large (>15 m).
Site # Site name
Location
Type
					
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Harper’s Lake
Pine River Oxbow Wetland
Mainstem, Manistee River
Arquilla Creek
Slagle Creek
Hinton Creek
Syers Lake
North Branch, Twin Creek
South Branch, Twin Creek
Pine River
Lower Little Manistee River
Middle Little Manistee River
Upper Little Manistee River
Rockwell Lake
Lower Fairfield Creek
Middle Fairfield Creek
Upper Fairfield Creek
Coe Creek
Edgett Creek
Beebe Creek
Crocker Creek
North Branch, Manistee River
Big Cannon Creek
Blue Lake
Goose Creek
Upper Manistee River

N44.13°, W85.98°
N44.23°, W85.91°
N44.28°, W85.86°
N44.29°, W85.83°
N44.33°, W85.82°
N44.28°, W85.79°
N44.07°, W85.80°
N44.06°, W85.78°
N44.06°, W85.76°
N44.13°, W85.69°
N44.03°, W85.73°
N44.03°, W85.68°
N44.02°, W85.63°
N44.06°, W85.64°
N44.04°, W85.66°
N44.04°, W85.65°
N44.04°, W85.64°
N44.10°, W85.55°
N44.09°, W85.47°
N44.10°, W85.26°
N44.10°, W85.24°
N44.64°, W85.03°
N44.50°, W85.00°
N44.80°, W84.90°
N44.77°, W85.86°
N44.77°, W84.84°

Lentic
Lentic
Large river
Medium river
Medium river
Medium river
Lentic
Medium river
Medium river
Large river
Medium river
Medium river
Medium river
Lentic
Small stream
Small stream
Small stream
Medium river
Medium river
Medium river
Medium river
Medium river
Medium river
Lentic
Medium river
Medium river

Number
of samples
1
1
6
1
1
1
1
1
1
1
6
6
6
3
16
16
16
1
1
1
1
1
1
1
1
1

(#14), Fairfield Creek (#s 15–17), the Little Manistee River (#s 11–13), and the
Manistee River Mainstem (#3) (Fig. 1) were a priori considered representative
of lakes, small streams (width <3 m), medium rivers (3–15 m), and large rivers
(>15 m) respectively, and were sampled on multiple occasions throughout the
sampling period. Stream sizes approximated the size divisions of the River
Continuum Concept (Vannote et al. 1980), thus inferring ecological information
about each site. Samples were taken from multiple sites along a short continuum
of both Fairfield Creek and the Little Manistee River.
Sampling. Caddisflies were sampled using ultraviolet light traps, which
consisted of an 8-watt portable ultraviolet light placed over a white pan filled
with 70% EtOH. Each trap was placed within 2 m of a habitat at dusk and
retrieved approximately two hours later. Although the primary purpose of our
study was a qualitative assessment of the caddisfly fauna, light traps with a
consistent wattage, capture area, and sampling period do allow for quantitative
comparisons between sites (Houghton 2004a). To standardize weather conditions, samples were collected only if the peak daytime temperature was >22°C,
dusk temperature was >13°C, and there was no noticeable wind or precipitation at dusk. All specimens and their respective locality data were databased
using BIOTA software (Colwell 2007) and deposited in the Hillsdale College
Insect Collection.
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Habitat ordination. All sampling sites were examined for patterns in
their caddisfly assemblages with Detrended Correspondence Analysis (DCA)
using the program PC-ORD for Windows® (McCune and Grace 2002). DCA
is a multivariate gradient analysis that reduces complex patterns inherent in
large data sets into several determined axes of ecological interest. Unlike other
ordination techniques, such as Principle Components Analysis, DCA does not
produce a spurious third axis based on a data arch, and can ordinate species and
sampling sites simultaneously. DCA essentially produces a plot of sampling sites
in “species-space”, which allows visual expression of pure gradients of species
assemblages, with distance between sampling sites corresponding to differences
in caddisfly faunal composition (McCune and Grace 2002).
Our DCA analysis was performed on a two-dimensional data matrix of
sampling sites by species relative abundance values. Relative abundances
were determined by counting the number of specimens collected at each site
and then coding 0 specimens as ‘0’, 1–10 as ‘1’, 11–100 as ‘2’, 101–1000 as ‘3’,
and 1001–10,000 as ‘4’. Such data coding accounted for variation in specimen
abundance between sites and was, therefore, a more powerful measure than
simple presence or absence data (Feminella 2000, Houghton 2004a). By coding
on a log10 scale, however, the effects of outlier samples often associated with
light-trapping data were mitigated, as was the influence of highly abundant
species (Cao et al. 1997, Anderson and Vondracek 1999, Dohet 2002, Houghton
2004a). For sites visited more than once, the number of specimens was divided
by the number of visits before data coding. All species were weighted equally
in the analysis.
Results
A total of 134 species representing 50 genera and 17 families were collected
during this study (Table 2). These species were determined based on over 26,000
specimens from 93 different collections (Table 1). Eleven species: Banksiola
dossuaria (Say) (Phryganeidae), Cheumatopsyche aphanta Ross and C. pasella
Ross (Hydropsychidae), Ironoquia lyrata (Ross) (Limnephilidae), Hydroptila xera
Ross, Neotrichia vibrans Ross, Oxyethira aeola Ross and O. rivicola Blickle and
Morse (Hydroptilidae), Lepidostoma vernale (Banks) (Lepidostomatidae), and
Nyctiophylax affinis (Banks) and Polycentropus timesis (Denning) (Polycentropodidae) were collected in Michigan for the first time. Of these records, all but
C. aphanta, N. vibrans, and N. affinis were found exclusively at the three sites
of Fairfield Creek.
Oecetis inconspicua (Walker) (Leptoceridae) was the most common species,
followed by Psychomyia flavida Hagen (Psychomyiidae), Lepidostoma togatum
(Hagen) (Lepidostomdatidae), and Banksiola crotchi Banks (Phryganeidae).
Oecetis inconspicua was also the most abundant species, followed by Ceraclea
arielles (Denning) and Nectopsyche albida (Walker) (Leptoceridae), and Lepidostoma bryanti (Banks) (Lepidostomatidae). The remaining common and
abundant species are in Figure 2. These abundant species represented 8% of the
total fauna, yet contained nearly 70% of total specimen abundance. In contrast,
40% of the fauna was represented by <10 specimens and 15% was represented
by only a single specimen (Fig. 3).
Goera stylata Ross (Goeridae), Nemotaulius hostilis (Hagen) (Limnephilidae), and Parapsyche apicalis (Banks) (Arctopsychidae) all reached their
highest abundance during May (Table 2). Forty-two species reached their
highest abundance during June. Seventy-three species reached their highest
abundance during July. Lepidostoma griesum (Banks) (Lepidostomatidae)
reached its highest abundance during August. Ten species, all in the families
Limnephilidae and Uenoidae, reached their highest abundance during September. Limnephilus moestus Banks (Limnephilidae) had equal peak abundance
during June and July. Lepidostoma bryanti (Lepidostomatidae) had nearly
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Table 2. The 134 caddisfly species collected during this study, including the number
of specimens collected per month and per habitat type for each species. Author
names excluded for brevity. Sampling effort was greater in June and July than in
the other months, and greater in streams than in lakes. Taxa are arranged alphabetically by family and genus. The number of species within each family is listed
after each respective family. Species reported from Michigan for the first time are in
boldface type.
			Number present 			
Taxon
May Jun Jul Aug Sep
ARCTOPSYCHIDAE (1)
Parapsyche apicalis
BRACHYCENTRIDAE (2)
Brachycentrus americanus
Micrasema rusticum
GLOSSOSOMATIDAE (5)
Glossosoma intermedium
G. nigrior
Protoptila erotica
P. maculata
P. tenebrosa
GOERIDAE (1)
Goera stylata
HELICOPSYCHIDAE (1)
Helicopsyche borealis
HYDROPSYCHIDAE (13)
Cheumatopsyche aphanta
C. campyla
C. gracilis
C. oxa
C. pasella
C. pettiti
Diplectrona modesta
Hydropsyche betteni
H. bronta
H. morosa
H. slossonae
H. sparna
Potamyia flava
HYDROPTILIDAE (25)
Agraylea multipunctata
Hydroptila amoena
H. armata
H. consimilis
H. grandiosa
H. hamata
H. jackmanni
H. metoeca
H. spatulata
H. waubesiana
H. wyomiya
H. xera
Neotrichia vibrans
Ochrotrichia spinosa

Number present
Lakes Streams

33

3

2

0

0

0

38

13
0

459
111

179
31

106
0

0
0

0
4

757
138

0
5
0
0
0

0
54
0
0
5

4
56
4
3
2

0
14
0
0
0

0
0
0
0
0

0
0
0
0
0

4
129
4		
3		
7

48

3

0

0

0

0

51

0

345

163

3

0

1

510

0
0
0
3
0
3
15
4
0
0
21
40
0

0
10
0
95
0
65
17
15
2
0
64
88
0

37
2
14
48
1
43
51
32
13
1
71
147
1

0
0
0
1
0
1
1
0
0
0
9
28
0

0
0
0
0
0
0
0
0
0
0
2
0
0

0
1
0
4
0
6
0
1
0
0
2
4
0

37
11		
14
143
1
106
840
50
15
1
165
299
1

3
0
0
0
0
0
1
2
0
0
1
0
0
0

56
2
0
5
2
0
5
27
0
4
4
6
1
1

78
0
1
27
0
2
16
41
1
0
0
0
0
0

11
0
0
4
0
0
0
7
0
0
0
0
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0

24
0
0
2
0
0
0
0
0
0
0
0
0
0

125
2
1
34
2
2
22
77
1
4
5
6
1
1
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Table 2. Continued.
			Number present 			
Taxon
May Jun Jul Aug Sep
Orthotrichia aegerfasciella
O. balduffi
O. cristata
Oxyethira aeola
O. forcipata
O. michiganensis
O. obtatus
O. pallida
O. rivicola
O. serrata
O. zeronia
LEPIDOSTOMATIDAE (4)
Lepidostoma bryanti
L. griseum
L. togatum
L. vernale
LEPTOCERIDAE (26)
Ceraclea alagma
C. arielles
C. cancellata
C. diluta
C. tarsipunctata
C. transversa
Leptocerus americanus
Mystacides interjecta
M. sepulchralis
Nectopsyche albida
N. exquisita
N. pavida
Oecetis avara
O. cinerascens
O. disjuncta
O. inconspicua
O. osteni
O. persimilis
Setodes incertus
Triaenodes abus
T. dipsius
T. ignitus
T. injustus
T. marginatus
T. nox
T. tardus
LIMNEPHILIDAE (20)
Anabolia bimaculata
A. consocia
Hesperophylax designatus
Hydatophylax argus
Ironoquia lyrata

Number present
Lakes Streams

1
0
0
0
0
2
1
0
0
0
0

7
5
10
0
5
13
0
0
6
0
1

2
1
29
2
19
78
2
1
7
1
7

0
0
5
0
0
5
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
6
0
0
0
0
0

10
6
44
2
24
32
3
1
13
1
8

237
0
0
10

496
0
355
16

11
3
479
0

453
8
9
0

8
0
0
0

0
0
2
0

1205
11
841
26

0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
5
0
0
0
0
0
0
0
0
0
1

61
3058
13
0
823
3
332
12
10
1545
0
4
4
48
0
3570
102
86
0
3
2
1
15
1
15
8

194
6
1
3
62
278
31
1
380
123
3
0
0
20
1
319
21
257
6
2
9
16
6
5
6
7

0
0
0
0
1
0
0
2
0
7
0
0
0
0
0
67
0
29
0
0
0
0
0
0
0
4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
0
0
0
0
0
0
0
0
0
0

120
41
10
3
845
11
345
4
16
8
0
3
0
11
0
2765
104
352
0
0
0
0
0
0
0
0

135
3017
4
0
41
272
18
11
374
1667
3
1
4
57
1
1202
19
20
6
5
11
17
21
6
21
20

0
0
2
2
0

1
2
0
14
0

9
2
4
0
0

0
0
0
0
0

0
0
0
0
3

4
1
0
0
0

5
3
6
16
3
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Table 2. Continued.
			Number present 			
Taxon
May Jun Jul Aug Sep
I. punctatissima
Limnephilus indivisus
L. moestus
L. ornatus
L. rhombicius
L. sericeus
L. submonifer
Nemotaulis hostilis
Onocosmoecus unicolor
Platycentropus amicus
P. radiatus
Pycnopsyche antica
P. guttifer
P. lepida
P. subfasciata
MOLANNIDAE (3)
Molanna blenda
M. tryphena
M. uniophila
PHILOPOTAMIDAE (3)
Chimarra feria
C. obscurra
Dolophilodes distinctus
PHRYGANEIDAE (10)
Agrypnia improba
A. vestita
Banksiola crotchi
B. dossuaria
Hagenella canadensis
Phryganea cinerea
P. sayi
Ptilostomis angustipennis
P. ocellifera
P. semifasciata
PSYCHOMYIIDAE (2)
Lype diversa
Psychomyia flavida
POLYCENTROPODIDAE (14)
Cernotina spicata
Neureclipsis crepuscularis
Nyctiophylax affinis
N. moestus
Polycentropus albipunctus
P. auroleus
P. cinereus
P. clinei
P. interruptus
P. melanae
P. pentus

Number present
Lakes Streams

0
1
1
0
0
0
0
10
0
0
0
0
0
0
0

0
4
18
0
0
0
0
2
0
0
50
35
0
15
0

0
6
18
4
0
1
0
2
0
1
17
255
0
19
0

0
1
0
0
0
0
1
0
0
0
0
123
0
12
0

1
0
0
0
1
0
7
0
4
0
0
31
233
1
1

0
0
0
1
0
0
0
0
0
0
12
0
0
22
1

1
12
37
3
1
1
8
14
4
1
55
444
233
25
0

0
0
0

58
2
8

71
1
10

18
0
0

0
0
0

0
0
12

147
3
6

4
0
0

25
344
88

10
2
228

16
0
41

0
0
0

0
0
0

54
346
357

1
1
11
2
0
0
0
0
0
0

4
0
308
29
0
2
5
2
24
4

3
3
188
7
4
26
12
5
34
12

0
0
0
0
0
10
1
2
2
0

0
0
0
0
0
0
0
0
1
0

0
0
35
0
1
15
0
0
6
6

8
4
473
38
3
23
18
9
55
10

12
3

52
708

106
129

12
2

0
0

11
6

171
836

0
0
0
0
0
0
5
0
1
0
4

62
16
430
12
1
1
11
1
86
15
39

1
43
121
78
2
4
10
3
0
0
64

0
0
0
1
0
0
0
0
0
0
2

0
0
0
0
0
0
0
0
0
0
0

63
0
85
14
0
0
4
0
14
0
10

0
59
456
76
3
5
22
4
72
15
99
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Table 2. Continued.
			Number present 			
Taxon
May Jun Jul Aug Sep
P. remotus
P. timesis
P. weedi
RHYACOPHILIDAE (2)
Rhyacophila fuscula
R. vibox
UENOIDAE (2)
Neophylax concinnus
N. oligius

Number present
Lakes Streams

1
0
0

1
0
0

4
1
3

0
0
0

0
0
0

0
0
0

6
1
3

0
0

0
5

1
13

0
0

0
0

0
0

1
18

0
0

0
0

0
0

0
0

9
11

0
0

9
11

equal peak abundance during June and August, with minimal abundance during July, suggesting bivoltinism.
Only 11 species exhibited greater abundance in lakes than in streams
(Table 2). Eight of these species were in the family Leptoceridae, and 1 each
were in the Limnephilidae, Molannidae, and Polycentropodidae. Three of these
species: Ceraclea diluta (Hagen) (Leptoceridae), Cernotina spicata Ross (Polycentropodidae), and Pycnopsyche subfasciata (Say) (Limnephilidae) were found
exclusively in lakes. In contrast, 87 species were found exclusively in streams.
Although there was substantial variability between individual collections,
the number of species caught per collection was low in May, increased throughout
June, and peaked in early July. It began declining in August before reaching
the lowest point in September (Fig. 4). The largest increase in cumulative species caught occurred during June and July. It leveled off to zero during mid
August, and then rose slightly again in September (Fig. 5).
The DCA analysis suggested two axes of ecological interest and four clusters of sampling sites based on caddisfly relative abundance data (Fig. 6). Axes
1 and 2 had eigenvalues of 0.29 and 0.26, respectively, indicating that over half
of the variance in the data set was explained by these two axes. Since DCA
searches for the maximum possible resolution on the first two axes, it is unlikely
that other axes were highly informative in assessing differences in sampling
sites (McCune and Grace 2002). Axis 1 corresponded with stream size, with
small streams (width < 3m), medium rivers (3–15 m), and large rivers (>15
m) each appearing to constitute distinct groups. Axis 2 corresponded with the
change from lotic to lentic habitats, with lakes and wetlands also appearing to
constitute a single distinct group.
Discussion
Biological diversity. The primary objective of this study was to document the biological diversity of caddisflies in the Manistee River watershed as
a contribution to the overall knowledge of Michigan Trichoptera. A grand total
of 263 species have now been reported from the state. Over half of these known
Michigan species were collected during the current study. Over 8% of the species collected during the current study were new to the state.
Our rigorous sampling of Fairfield Creek, a first-order stream with a protected watershed, yielded 8 of the 11 new state records. Two of these species:
Banksiola dossuaria and Lepidostoma vernale, were represented by >20 specimens and caught on multiple dates, suggesting that they are fairly abundant
and easy to collect at the site. Their previous absence from the documented
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Figure 2. The top 10 most widespread (A) and most abundant (B) caddisfly species of
the Manistee River watershed based on our sampling.
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Figure 3. The number of caddisfly species caught per date. Each point represents
one sample on a respective date. Overlap occurs between points.

Figure 4. The accumulated number of species caught based on accumulated samples
and corresponding dates.
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Figure 5. The number of caddisfly specimens for each species collected from the Manistee River watershed.

Michigan fauna probably reflects a lack of collecting in small, protected woodland
streams. Such streams are becoming increasingly rare in the lower peninsula
of Michigan and elsewhere (Houghton 2007, Wang et al. 2008). Another species
collected from Fairfield Creek: Polycentropus timesis, was known previously
only from Massachusetts and New Hampshire (Weaver 1995). The Fairfield
Creek population is separated from the others by >800 km. This fact may also
indicate the rarity of protected small streams in the northcentral US and the
difficulty of locating such habitats.
It is likely that the actual number of caddisflies occurring in Michigan
remains considerably higher than has been reported. The neighboring state of
Minnesota, for example, has been collected extensively since the 1890s, including
rigorous sampling of nearly all of its 58 watersheds (Houghton 2004a, Houghton
and Holzenthal 2010). Despite the greater collecting effort, the Minnesota fauna
contains only 277 species. The new state records and unique species collected
during our limited study suggest that the Michigan fauna would likely be larger
than that of Minnesota with a comparable collecting effort.
Limitations of sampling. Our sampling strategy was designed with
our primary objective in mind. Thus, we sampled with greater effort during
the high-emergence months of June and July instead of with an equal effort
during all months. Likewise, we were more interested in sampling throughout
the watershed area and collecting as many species as possible, than in sampling
all habitat types with equal effort. Our sampling, therefore, included many
medium rivers and fewer of other habitat types. Large rivers, for example, are
not abundant within a single watershed. Small streams typically contain fewer
species than medium rivers and are more difficult to find (Houghton 2004a). The
one small stream that we did sample, Fairfield Creek, was visited several times
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Figure 6. Detrended correspondence analysis ordination of 26 sampling sites based
on the relative abundance of 134 caddisfly species and suggesting four distinct types of
habitats within the watershed. A: lakes and wetlands, B: large (>15 m width) rivers,
C: medium (3–15 m) rivers, and small (<3 m) streams. Numbers correspond to sites
names in Table 1. Arrows indicate correlations between site characteristics and determined ecological axes.

to represent small streams of the watershed. Further, our sampling effort was
higher overall in streams than in lakes, which may explain in part the greater
abundance in streams for >90% of the fauna (Table 2). Due to these limitations
in sampling, our conclusions about faunal differences between seasons or habitat
types should be viewed as preliminary. Despite these limitations, our data do
suggest some trends worth noting.
Seasonal periodicity. Many studies assume a peak flight period during
late June and early July for sampling purposes. One result of our study—a
definite peak in species richness in early July—certainly appears to corroborate
this assumption. Sampling exclusively during July would have yielded 84% of
the total species caught (Table 2).
Our data suggest some other trends worth noting about sampling and
season. First of all, a distinction should be made between emergence and adult
flight period. Many species in our study reached peak abundance in June or
July and then decreased in later weeks and months (Table 2). We suspect
that the highest abundance of a species probably occurred immediately after
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the adult emergence, and that later adult presence probably reflected individuals that had already mated but not yet senesced. This suspicion would
explain why August has higher species richness than September, despite the
fact that the latter month had 10 species unique to it, whereas August had
only 1. Likewise, our species accumulation curve (Fig. 5) indicated that the
number of species caught for the first time remained unchanged throughout
most of August, and then increased again in September as additional species
began emerging.
Sampling in both July and September may, therefore, be the best approach
to capture the greatest species richness without an exhaustive effort. In our
study, 80% of all species were caught by sampling 5 sites during the first 2 weeks
of July and 2 during the second week of September. Obviously, weather would
also need to be taken into consideration when planning such a specific sampling
regime, but these two periods collectively appear to be the most productive for
sampling caddisflies of the Manistee River watershed.
Habitat differences. There appears to be a distinct difference in the
overall caddisfly faunas of small streams, medium rivers, large rivers, and lentic
habitats (Fig. 6). The River Continuum Concept (RCC) (Vannote et al. 1980)
predicts distinct changes in the aquatic insect fauna of a river system from
headwaters, to middle reaches, to lower reaches due to changes in stream morphology and interaction with the riparian corridor. In watersheds disturbed by
agriculture or deforestation on a landscape level, however, different habitat types
often become “homogenized” due, in large part, to a loss of coarse allochthonous
input and the increase in fine particulate organic matter (Quinn 2000, Zweig
and Rabeni 2001, Baker and Richards 2003, Nord and Lanyon 2003). In such
disturbed watersheds, all habitat types have a similar aquatic insect fauna—a
high abundance of pollution tolerant fine-particle filtering collectors—regardless
of stream type, and all sites cluster together regardless of habitat type in DCA
analyses (Houghton 2006, 2007).
The distinct differences observed in the caddisfly faunas of different-sized
streams and of lentic systems suggest that the Manistee River watershed is
functioning as predicted by the RCC. Such a conclusion would be enhanced with
a greater sampling effort and an exploration of changes in trophic functional
groups between different habitat types. The latter, however, is beyond the scope
of this study. Further, Houghton (2007) found that in agriculturally disturbed
watersheds in Minnesota, virtually all small and medium streams had the
caddisfly faunal composition of large rivers. Thus, even our small sample size
should have been able to detect some homogenized small and medium streams
if they were present. Instead, all of our medium stream sites, and the sites of
our single small stream, clustered in groups of their own habitat type distinct
from other types. Such a result suggests that the Manistee River watershed,
although possibly disturbed in portions, is a relatively “healthy” (Karr and Chu
1999) watershed throughout much of its area. Houghton (2007) found a similar
result for watersheds of northern Minnesota, an area similar to the Manistee
River watershed in habitat and land use (USGS 2007).
Future research. The asymptotic shape of our species accumulation
curve (Fig. 5) suggests that the majority of the caddisfly biological diversity in
the Manistee River watershed was discovered during our study. Despite this
observation, the fact that 15% of all species caught were represented by a single
specimen suggests that additional species remain undiscovered in the watershed, particularly in habitats that are difficult to access such as small woodland
streams and vernal wetlands. To representatively inventory the Trichoptera of
the entire state will, obviously, take a concerted effort. Such an effort, however,
is important and will allow for the evaluations of future changes to the fauna
with greater precision.

14

THE GREAT LAKES ENTOMOLOGIST

Vol. 44, Nos. 1 - 2

Acknowledgements
We thank R. McCarty, A.J. Pytel, S.E. Rogers, J.L. Wasson, and D.R. Wright
for laboratory and field assistance, and the G.H. Gordon BioStation of Hillsdale
College for field accommodations. We also thank J.S. Weaver for examining our
illustrations of P. timesis and helping to confirm its identity. Funding was provided by the Hillsdale College biology department. The valuable comments of R.J.
Shealy and 2 anonymous reviewers improved earlier versions of the manuscript.
This is paper #2 of the G.H. Gordon BioStation Research Series.
Literature Cited
Allan, J.D. 1995. Stream ecology: structure and function of running waters. Chapman
and Hall, London, U.K.
Anderson, D.J., and B. Vondracek. 1999. Insects as indicators of land use in three
ecoregions in the Prairie Pothole region. Wetlands 19: 648–664.
Baker, D.B., and R.P. Richards. 2003. Phosphorous budgets and riverine phosphorous export in northwestern Ohio watersheds. Journal of Environmental Quality
31: 96–108.
Bright, E. 2010. Aquatic insects of Michigan. Available at: http://insects.ummz.lsa.
umich.edu/~ethanbr/aim/. Accessed 14 September 2010.
Bright, E., and D. Bidlack. 1998. Psilotreta indecisa and Agarodes distinctus (Trichoptera: Odontoceridae, Sericostomatidae): New state records and notes on the habitat
of these species in Michigan. The Great Lakes Entomologist 31:199–200.
Cao, Y., A.W. Bark, and W.P. Williams. 1997. A comparison of clustering methods for
river benthic community analysis. Hydrobiologia 347: 25–40.
Colwell, R.K. 2007. Biota II: The biodiversity database manager. Sinauer Associates,
Ltd., Sunderland, Massachusetts.
Craig, J.M., and M.A. Chriscinske. 2007. First record of Ithytrichia (Trichoptera:
Hydroptilidae) in Michigan, USA. Entomological News 118: 313–314.
Dohet, A. 2002. Are caddisflies an ideal group for the assessment of water quality in
streams?, pp. 507–520. In: W. Mey (editor), Proceedings of the 10th International
Symposium on Trichoptera, 30 July–05 August, Potsdam, Germany. Nova Supplementa Entomologica, Keltern, Germany.
Feminella, J. W. 2000. Correspondence between stream macroinvertebrate assemblages
and 4 ecoregions of the southeastern United States. Journal of the North American
Benthological Society. 19: 442–461.
Flannagan, P. M., and J. F. Flannagan. 1982. Present distribution and the post-glacial
origin of the Ephemeroptera, Plecoptera, and Trichoptera of Manitoba. Manitoba
Department of Natural Resources Technical Report 82: 1–79.
Harris, S. C., P. K. Lago, and R. B. Carlson. 1980. Preliminary survey of the Trichoptera of North Dakota. Proc. Entomol. Soc. Wash. 82: 39–43.
Houghton, D. C. 2004a. Minnesota caddisfly biodiversity (Insecta: Trichoptera): delineation and characterization of regions. Environmental Monitoring and Assessment.
95: 153–181.
Houghton, D. C. 2004b. Utility of caddisflies (Insecta: Trichoptera) as indicators of
habitat disturbance in Minnesota. Journal of Freshwater Ecology 19: 97–108.
Houghton, D. C. 2006. The ability of common water quality metrics to predict habitat
disturbance when biomonitoring with adult caddisflies (Insecta: Trichoptera). Journal
of Freshwater Ecology 21: 705-716.

2011

THE GREAT LAKES ENTOMOLOGIST

15

Houghton, D. C. 2007. The effects of landscape-level disturbance on the composition of
Minnesota caddisflies (Insecta: Trichoptera) trophic functional groups: evidence for
ecosystem homogenization. Environmental Monitoring and Assessment 135: 253–264.
Houghton, D. C., and R. W. Holzenthal. 2010. Historical and contemporary biological
diversity of Minnesota caddisflies: a case study of landscape-level species loss and
trophic composition shift. Journal of the North American Benthological Society 29:
480–495.
Houghton, D. C., R. W. Holzenthal, M. P. Monson, and D. B. MacLean. 2001.
Updated checklist of the caddisflies (Trichoptera) of Minnesota. Transactions of the
American Entomological Society 127: 495–512.
Houghton, D. C., C. Lux, and M. Spahr. 2010. Demonstration of sex pheromones in
Molanna uniophila, Platycentropus radiatus, Pycnopsyche indiana, and P. subfasciata
(Trichoptera: Limnephilidae, Molannidae), with an assessment of interspecific attraction in four sympatric Pycnopsyche species. The Great Lakes Entomologist 42: 72–79.
Huryn, A. D., and B. A. Foote. 1983. An annotated list of the caddisflies (Trichoptera)
of Ohio. Proc. Entomol. Soc. Wash. 85: 783–796.
Karr, J. R., and E. W. Chu. 1999. Restoring life to running waters: better biological
monitoring. Island Press, Washington, D.C.
Leonard, J. W., and F. A. Leonard. 1949. Noteworthy records of caddisflies from
Michigan with descriptions of new species. Occasional Papers of the University of
Michigan Museum of Zoology. 520: 1–8.
Longridge, J. W., and W. L. Hilsenhoff. 1973. Annotated list of the Trichoptera (caddisflies) in Wisconsin. Wisconsin Academy of Science, Arts, and Letters 61: 241–256.
McCune, B., and J. B. Grace. 2002. Analysis of ecological communities, 2nd edition.
MjM Software Design, Gleneden Beach, OR.
(MIDNR) Michigan Department of Natural Resources. 1996. Manistee River Assessment: Executive Summary. Available at: http://www.michigandnr.com/PUBLICATIONS/. Accessed 13 October 2010.
Monson, M. P. 1996. The caddisflies of the Lake Itasca region of Minnesota (Insecta:
Trichoptera), pp. 309–322. In: R.W. Holzenthal and O.S. Flint, Jr. [eds]. Proceedings
of the 8th International Symposium on Trichoptera, 09–15 August 1995, Minneapolis,
MN. Ohio Biological Survey, Columbus.
Nord, E. A, and L. E. Lanyon. 2003. Managing material transfer and nutrient flow in
an agricultural watershed. Journal of Environmental Quality 32: 562–570.
Quinn, J. M. 2000. Effects of pastoral development. In: K.J. Collier and M.J. Winterbourn [eds.], New Zeeland Stream Invertebrates: ecology and implications for
management. Caxton, Christchurch.
(USGS) United State Geological Survey. 2007. Water Resources of the United States.
Available at: http://water.usgs.gov/. Accessed 14 October 2007.
Vannote R. L., G. W. Minshall, K. W. Cummins, J. R. Sedell, and C. E. Cushing.
1980. The River Continuum Concept. Canadian Journal of Fisheries and Aquatic
Sciences 37: 130-137.
Waltz, R. D., and W. P. McCafferty. 1983. The caddisflies of Indiana. Agricultural
Experimental Station Bulletin 978, Purdue University, Lafayette, IN.
Wang, L., T. Brenden, P. Seelbach, A. Cooper, D. Allan, R. Clark, and M. Wiley.
2008. Landscape based identification of human disturbance gradients and reference
conditions for Michigan streams. Environmental Monitoring and Assessment 141: 1–17.
Weaver, J. S. 1995. Transfer of Neureclipsis timesis Denning to Polycentropus. Proceedings of the Entomological Society of Washington 97: 892.
Zweig, L. D., and C. F. Rabeni. 2001. Biomonitoring effects of deposited sediment in
streams. Journal of the North American Benthological Society 20: 643–657.

16

THE GREAT LAKES ENTOMOLOGIST

Vol. 44, Nos. 1 - 2

Effects of Low Temperature Storage on Fecundity and
Adult Mortality for the Alfalfa Snout Beetle,
Otiorhynchus ligustici (L.) (Coleoptera: Curculionidae)
Elson J. Shields and Antonio M. Testa1

Abstract
The alfalfa snout beetle, Otiorhynchus ligustici L. (Coleoptera:Curculionidae),
was introduced into the United States from Europe via wooden sailing ships
carrying soil as ballast, was first reported in New York State in 1896 at the Port
of Oswego and was first recorded as a pest of alfalfa when alfalfa was introduced
into the area in the area. In subsequent years, this flightless and parthenogenetic insect has spread to nine Northern New York counties, infested over
200,000 hectares of cropland and has become the most serious pest of alfalfa in
northern New York State. Research requires the availability of all life stages for
an extended period of time. With a 2-year lifecycle and a mandatory diapause,
the artificial rearing of a laboratory culture appears to be a non-viable option.
Since the adults can be collected in the spring in large numbers, long term cold
storage of adults would provide an extended window where all life stages would
be available for laboratory and greenhouse research. A series of experimental
storage regimes were developed and newly emerged beetles were placed under
those regimes for extended periods of time. The impact of the storage conditions
was measured by mortality and fecundity when compared to a control group.
Generally, beetles survived better in storage at the colder temperatures. Beetles
allowed to feed seven days before storage generally survived better than unfed
beetles. In most cases, any length of storage reduced the number of eggs laid
compared to the control group. Beetles survived for more than 300 days in storage and when warmed up, consumed food and laid viable eggs.
____________________

The alfalfa snout beetle, Otiorhynchus ligustici L. (Coleoptera: Curculionidae), was introduced into the United States from Europe via wooden sailing ships
carrying soil as ballast (Lindroth 1957, York et al. 1971). The beetle was first
recorded in New York State in 1896 at the Port of Oswego and was first recorded
as a pest of alfalfa when alfalfa was introduced into the area in the 1920s (York
et al. 1971). In subsequent years, this flightless and parthenogenetic insect has
spread to nine Northern New York counties, infested over 200,000 hectares of
cropland and has become the most serious pest of alfalfa in northern New York
State (Shields et al. 2009).
The biology and life history of alfalfa snout beetle has been studied and
described by several authors in Eurasia and North America (Lincoln and Palm
1941, Hanuss 1958, Nyilas 1962, York 1974, Jermy and K. Balázs 1990) and is
very similar throughout Europe and Northern New York. Alfalfa snout beetle
has a 2-year lifecycle. Larvae feed on the lateral roots and later on the tap roots
of the host plants. Most larvae mature by late fall and move down in the soil to
varying depths depending on soil type, temperature, and other factors. Mature
larvae remain quiescent deep in the soil for ca. 8 months before pupation the
Department of Entomology, Cornell University, Ithaca, NY 14853. (e-mail: es28@
cornell.edu).
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following summer. After eclosion, adults remain in the pupal cells and only move
to the soil surface the following spring after spending the second winter in the
soil (Lincoln and Palm 1941). The factors controlling the mandatory diapause
and the conditions trigging the breaking of diapause are unknown.
Research efforts focused on this insect require the availability of all
life stages for an extended period of time; usually large numbers of individuals
are needed. With a 2-year lifecycle and a mandatory diapause, the artificial
rearing of a laboratory culture appears to be a non-viable option. However, the
adults can be collected in the spring in large numbers and if the newly emerged
adults can be stored for an extended period of time, the availability of all insect
life stages will be greatly extended and allow for a long time period to conduct
research in the laboratory and greenhouse environments (Shields et al. 2007).
Materials and Methods
The adult beetles used in these experiments were collected in Jefferson
Co, New York near Great Bend, NY. Beetles were collected shortly after spring
emergence on April 27, 1994 and April 28, 1995. In 1994, 2,000 beetles were
collected and 5,300 beetles were collected in 1995. Collected beetles were placed
in a cooler with ice packs and returned to the laboratory. In the laboratory,
beetles were randomly assigned to each experimental regime. For the 1994 experiments, a total of 500 beetles were assigned to each of three storage regimes
(total beetles 1500). In 1995, a total of 800 beetles were assigned to each of four
storage regimes (3200 beetles). Each year, 15 beetles were randomly selected
and placed immediately in egg laying containers with fresh food. These beetles
were considered the control group.
Experimental storage temperatures were 1, 3 and, 5oC in 1994. All beetles
were placed under one of these three temperatures immediately after return to
the laboratory and being sorted. Most of the collected beetles had little chance
to feed before collection and had been emerged from the soil less than two days.
Beetles were placed in storage in the unfed condition. In 1995, the storage regimes were reduced to 1oC and 5oC. Two groups of beetles were placed in each
temperature regime. The first group was placed directly into cold storage in the
unfed condition while the second group was allowed to feed on alfalfa stems at
ambient laboratory temperature for 7 days before being placed in cold storage.
These beetles were fed in 60 cm × 60 cm × 60 cm screen cages with 400 beetles
per cage. Fresh alfalfa cuttings were placed in the cages 3 times per week. Seven
days was selected because the adults have ca. 21 day pre-oviposition period.
Prior to being placed in storage, groups of 30 beetles were placed together
in 100 mm plastic petri dishes with a damp piece of filter paper on the bottom.
The beetle filled petri plates were then placed into a Styrofoam ice chest with a
two inch layer of moistened vermiculite in the bottom. The ice chest was then
placed into a Fostertm upright freezer (model GL-20-AD-T(2)) adjusted to the
desired storage temperature. Temperature probes were placed inside the ice
chest and their leads were accessible from outside the freezer to monitor the
temperature inside the ice chest. The ice chest was used to moderate the typical
temperature variations within a freezer during the cooling cycles.
Approximately every 30 days, 15 live beetles/ experimental regime were
removed from storage and placed individually in 130 ml glass bottles with screwtop lids. Each bottle contained a layer of approximately 1 cm of moist autoclaved
soil to encourage oviposition. The soil was sifted through an 18 mesh screen (1
mm opening) to remove the large particles. Fresh alfalfa foliage was provided to
the beetles every other day as food. All beetles were maintained at 23oC for the
duration of this portion of the experiment in a large walk in chamber. Beetles
were fed field collected alfalfa during May – September and greenhouse grown
alfalfa during September – March.
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Eggs were collected by washing each individual jar and counting each
jar’s contents. The soil from each bottle was rinsed in a 60-mesh screen (250
micron openings) to separate the eggs and large soil particles from the small
soil particles. After the small soil particles were washed through the screen,
the eggs and remaining soil particles were washed into a glass 100 mm petri
dish. Eggs were counted and recorded. Jars with surviving beetles were supplied with new soil and fresh alfalfa. Dead beetles were recorded at the same
time. Total and weekly egg production and time to mortality were analyzed by
storage regime using SAS version 9.1 (SAS Institute 2006).
Results
1994 Study
Egg production. Eggs produced per beetle per week across all temperature treatment regimes were similar and some treatments were significantly
different from the control group (F = 4.62, df = 20, P = 0.05) (Table 1). If the eggs
produced per beetle per week per temperature is averaged across the storage
duration, most levels of oviposition are significantly less than the control. The
exception is 150 days of storage where there is no significant difference from
the control. High variability within treatments makes it difficult to explain the
treatment/regime differences. However, the total eggs laid in any storage regime
was significantly lower (F = 4.78, df = 20, P = 0.05) than the control group. Cold
storage of newly emerged beetles for a duration as short as 30 days reduced the
total eggs production about 50%.
Mortality. Overall, beetle mortality in storage increased with time. The
most rapid mortality was recorded under the 5oC temperature regime followed
by the 1oC regime and then the 3oC regime. All beetles in 5oC were dead by 127
days in storage whereas the 1oC regime achieved 100 % mortality by 191 days.
The 3oC regime recorded 100% mortality at 226 days in storage (Table 1). Even
though all the 5oC beetles died in storage by 127 days, the study was able to
proceed because numerous surplus beetles were also stored at 5oC and enough
surviving beetles were available to continue the study to 226 days.
After removal from storage, the time to 50% mortality during the first
127 days of the study was not significantly different from the control group.
However, time to 100% mortality was significantly shorter (F = 3.97, df = 20,
P = 0.05) for the 3oC and 5oC groups compared to the control throughout the
study. The exception occurred at 127 days. We believe this sudden increased
lifespan for all temperature groups was due to the massive die off of weaker
individuals in storage, leaving only the most robust individuals to be selected
for the study (Table 1).
Beetles never ovipositing. The number of beetles never ovipositing
before death after being removed from storage generally increased the longer
beetles were in storage. In the control group, all beetles laid eggs. In contrast,
after 180 days in storage at 1oC, the percent of beetles never laying eggs increased
to a high of 45%. Under most of the temperature x storage duration regimes,
the percentage of beetles not ovipositing varied between 10-20% (Table 1).
1995 Study
Egg Production. Egg production per beetle per week per experimental regime varied and the differences were significant (F = 3.66, df = 43, P =
0.05). Weekly egg totals through 140 days of storage were very similar across
treatments, ranging between 57 and 24 eggs per beetle per week. The oviposition values at either end of the range are significantly different but there is
substantial overlap of the ranges between treatments (Table 2). High levels
of variability may be masking differences between groups, but high levels of
variability in oviposition is characteristic with this parthenogenic insect.

353.4 ± 35.2 a

142.7 ± 19.1 b
157.5 ± 18.5 b
183.9 ± 25.0 b

149.8 ± 14.5 b
163.1 ± 21.5 b
194.1 ± 32.9 b

184.7 ± 19.3 b
178.9 ± 27.7 b
200.0 ± 39.1 b

180.5 ± 14.5 b
183.3 ± 19.9 b
158.2 ± 22.1 b

205.8 ± 23.8 b
213.1 ± 33.6 b
223.2 ± 26.9 b

30d storage
1o Unfed
3o Unfed
5o Unfed

60d storage
1o Unfed
3o Unfed
5o Unfed

90d storage
1o Unfed
3o Unfed
5o Unfed

120d storage
1o Unfed
3o Unfed
5o Unfed

150d Storage
1o Unfed
3o Unfed
5o Unfed

Total eggs
per beetle

Control

Treatment

3
3
6

4
3
4

4
3
1

0
2
2

1
0
3

0

# Beetles not
ovipositing

20.6 ± 2.4 ab
26.6 ± 4.2 a
37.2 ± 4.5 a

18.1 ± 1.4 b
26.2 ± 2.8 a
22.6 ± 3.2 ab

23.1 ± 2.4 ab
25.6 ± 4.0 ab
25.0 ± 4.9 ab

21.4 ± 2.0 ab
27.2 ± 3.6 a
24.3 ± 4.1 ab

15.9 ± 2.2 b
22.5 ± 2.6 ab
23.0 ± 3.1 ab

29.5 ± 2.9 a

X eggs laid
beetle/wk

4.9
3.9
3.0

5.0
3.5
3.4

4.0
3.4
4.0

3.5
3.0
4.0

4.5
3.5
4.0

6.8

50% egg
production

8.8
7.1
5.4

9.0
6.3
6.3

7.2
6.2
7.2

6.3
5.4
7.3

8.1
6.3
7.2

10.5

90% egg
production

8.9
8.9
3.8

9.3
8.8
7.8

7.1
5.9
7.1

8.1
7.2
6.5

8.1
6.8
7.9

7.5

50% mortality
(wks)

Table 1. Effects of cold storage conditions on adult alfalfa snout beetle mortality and egg production, 1994-95.

13
10
9

13
13
11

12
9
11

11
10
11

11
9
11

13

100% mortality
(wks)
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173.6 ± 21.9 b
123.0 ± 2.9 b
142.1 ± 20.2 b

168.0 ± 21.7 b
98.5 ± 13.2 b

170.6 ± 18.0 b

210d Storage
3o Unfed
5o Unfed

240d Storage
5o Unfed

Total eggs
per beetle

180d Storage
1o Unfed
3o Unfed
5o Unfed

Treatment

Table 1. Continued.

3

5
4

9
3
4

# Beetles not
ovipositing

28.4 ± 3.0 a

24.0 ± 3.1 ab
16.4 ± 2.2 b

17.4 ± 2.1 b
20.5 ± 0.5 ab
15.8 ± 2.2 b

X eggs laid
beetle/wk

3.0

3.5
3.1

5.1
2.9
4.4

50% egg
production

5.5

6.3
5.5

9.2
5.3
8.0

90% egg
production

6.4

6.5
5.2

1.0
6.8
3.5

50% mortality
(wks)

10

10
10

13
10
11

100% mortality
(wks)
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276.4
279.6
250.2
272.1

349.3
181.1
193.3
207.3

255.5
318.1
237.8
295.8

242.5
329.8
286.8
340.9

29d storage
1o Unfed
1o Fed
5o Unfed
5o Fed

56d storage
1o Unfed
1o Fed
5o Unfed
5o Fed

84d storage
1o Unfed
1o Fed
5o Unfed
5o Fed

112d storage
1o Unfed
1o Fed
5o Unfed
5o Fed

± 33.2 bc
± 45.1 ab
± 46.9 ab
± 57.6 a

± 27.7 bc
± 29.8 ab
± 44.5 bc
± 35.6 ab

± 39.5 a
± 19.4 de
± 13.5 cd
± 21.4 cd

± 42.8 ab
± 31.8 ab
± 35.3 bc
± 39.0 ab

317.4 ± 34.2 ab

Total eggs
per beetle

Control

Treatment
		

0
0
4
2

0
0
2
0

1
1
4
2

3
2
1
1

1

# Beetles not
ovipositing

40.4
47.1
36.5
56.8

31.9
39.8
29.7
40.0

34.9
25.9
32.2
25.9

34.5
28.0
35.8
34.0

± 5.5 bc
± 6.5 ab
± 5.9 bc
± 9.6 a

± 3.5 cd
± 3.8 bc
± 5.6 cd
± 4.9 bc

± 3.9 bc
± 2.8 de
± 2.2 cd
± 2.7 de

± 5.4 cd
± 3.4 cde
± 5.2 bc
± 5.6 cd

28.9 ± 3.2 cde

X eggs laid
per week

3.0
3.5
4.0
3.0

4.0
4.0
4.0
3.7

5.0
3.5
3.0
4.0

3.9
5.0
3.5
4.0

5.5

50% egg
production

5.4
6.3
7.0
5.5

7.2
7.2
7.1
6.6

9.0
6.3
5.4
7.2

7.1
9.0
6.3
7.2

9.8

90% egg
production

7.6
7.5
5.3
6.5

7.4
7.3
5.6
8.5

8.2
8.3
6.0
8.5

8.1
8.1
7.0
8.2

9.0

50% mortality
(wks)

Table 2: Effects of cold storage conditions on adult alfalfa snout beetle mortality and egg production, 1995-96.

10
10
10
10

12
9
8
11

14
10
10
10

11
14
9
11

13

100% mortality
(wks)

2011
THE GREAT LAKES ENTOMOLOGIST
21

170.5
169.9
143.3
259.7

76.9
81.7
73.3
129.0

121.7
100.2
91.6
109.4

74.0
218.3
79.5
52.5

331.3
348.8
279.2
292.9

169d Storage
1o Unfed
1o Fed
5o Unfed
5o Fed

197d Storage
1o Unfed
1o Fed
5o Unfed
5o Fed

226d Storage
1o Unfed
1o Fed
5o Unfed
5o Fed

255d Storage
1o Unfed
1o Fed
5o Unfed
5o Fed
4
3
8
1

9
7
13
11

7
8
5
6

3
1
9
11

2
0
5
5

# Beetles not
ovipositing

55.2
49.8
46.5
58.6

18.5
27.3
13.3
10.5

20.3
25.1
22.9
27.4

12.8
16.3
18.3
32.3

24.4
24.3
23.9
37.1

± 5.9 a
± 6.0 a
± 6.4 ab
± 6.7 a

± 1.7 ef
± 3.0 cde
± 2.7 gh
± 2.8 h

± 2.3 ef
± 8.4 de
± 3.9 de
± 6.0 cde

± 1.8 gh
± 1.6 fg
± 3.5 ef
± 6.6 cd

± 3.9 de
± 3.4 de
± 2.7 de
± 5.5 bc

X eggs laid
per week

3.0
3.5
3.0
2.5

2.1
4.0
3.1
2.6

3.1
2.0
2.1
2.0

3.0
2.6
2.0
2.0

3.5
3.5
3.0
3.5

50% egg
production

5.0
6.3
5.5
4.6

3.7
7.3
5.5
4.3

5.5
3.6
3.8
3.6

5.3
4.6
3.7
3.6

6.4
6.4
5.4
6.3

90% egg
production

7.0
7.0
2.1
4.0

4.7
4.5
1.0
1.2

3.0
5.0
3.5
5.0

5.0
6.0
3.0
2.5

6.6
6.4
3.0
4.0

50% mortality
(wks)

10
10
8
8

9
11
10
9

9
7
6
7

9
8
7
6

9
9
8
9

100% mortality
(wks)
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± 35.4 a
± 41.1 a
± 38.5 ab
± 33.4 ab

± 25.2 hi
± 23.7 cd
± 16.5 hi
± 14.0 ij

± 14.2 fg
± 25.6 gh
± 15.7 gh
± 24.0 gh

± 10.8 hi
± 8.2 ghi
± 14.1 hi
± 26.9 efg

± 27.5 de
± 23.9 de
± 16.2 ef
± 38.3 bc

Total eggs
per beetle

140d Storage
1o Unfed
1o Fed
5o Unfed
5o Fed

Treatment
		

Table 2: Continued.
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Total eggs
per beetle

186.4 ± 28.9 de
169.8 ± 13.4 de
98.0 ± 4.3 gh

172.5 ± 33.2 de
207.9 ± 29.8 cd
66.0 ± 0.0 ij

142.7 ± 4.8 ef
182.9 ± 12.4 de

Treatment
		

282d Storage
1o Unfed
1o Fed
5o Unfed

310d Storage
1o Unfed
1o Fed
5o Unfed

339d Storage
1o Unfed
1o Fed

Table 2: Continued.

7
8

5
5
14

2
8
13

# Beetles not
ovipositing

28.5 ± 0.9 cde
36.6 ± 2.5 bc

43.1 ± 8.2 ab
34.7 ± 5.0 cd
16.5 ± 0.0 fg

31.1 ± 4.9 cd
34.0 ± 2.8 cd
49.0 ± 2.1 a

X eggs laid
per week

2.5
2.5

2.0
3.0
1.0

3.0
2.5
1.0

50% egg
production

4.6
4.6

3.6
5.3
1.8

5.4
4.5
1.8

90% egg
production

5.3
6.1

3.5
5.2
1.0

5.4
3.5
1.0

50% mortality
(wks)

8
8

7
8
4

9
9
5

100% mortality
(wks)

2011
THE GREAT LAKES ENTOMOLOGIST
23

24

THE GREAT LAKES ENTOMOLOGIST

Vol. 44, Nos. 1 - 2

During the first 29 days of storage, weekly egg production and total egg
production for all treatment groups did not differ significantly from the control
group. At 56 days of storage, the eggs per week were not different from the
control but the total egg production for three of the storage regimes (1oC fed,
5oC unfed, 5oC fed) were significantly less (F = 2.98, df = 4, P = 0.05) than the
control. After 84 days of storage, the weekly egg production per beetle continues
to not be significantly different from the control group. In addition, total egg
production per treatment regime was not significantly different from the control
group. By 112 days in storage, the weekly egg production in two of the regimes
(1oC fed, 5oC fed) were significantly higher (F = 3.20, df = 4, P = 0.05) than the
control group. However, total egg production under all temperature regimes was
not significantly different from the control. After 140 days in storage, weekly
egg production averages were the same as the control, but total egg production
in three of the regimes (1oC unfed, 1oC fed, 5oC unfed) was significantly less (F =
2.76, df = 4, P = 0.05).
Total egg production was significantly less (F = 3.11, df = 4, P = 0.05) for all
storage regimes for 168 days, 196 days and 224 days. Weekly egg production was
significantly different from the control for most regimes (F = 3.27, df = 4, P = 0.05)
except 5oC fed, 5oC unfed – 169 days, 1oC fed and unfed, 5oC fed and unfed – 197
days and 1oC fed – 226 days. A big spike in egg production was recorded after 255
days in storage. Weekly egg production in all regimes was significantly better
than the controls and the total egg production increased to a non-significant
difference with the control group (F = 2.87, df = 4, P = 0.05). At 282 and 310
days in storage, all the experimental regimes were not represented due to beetle
mortality in storage, and only 1oC fed and unfed, and 5oC unfed were available
for testing. At 339 days in storage, only the two 1oC regimes were available for
testing. In all cases, the total egg production in each regime was significantly
less than the control. In contrast, most of the weekly egg production numbers
were not different than the control with the exception of 5oC unfed – 282 days
and 1oC unfed – 310 days (F = 3.32, df = 4, P = 0.05) (Table 2).
Mortality. A similar trend in overall mortality in storage was recorded
in the second year of the study. At a given temperature, the “fed before storage” group survived better under the storage regime than the unfed group.
All beetles were dead in the 5oC unfed group by 140 days whereas the 5oC fed
group survived until 253 days. In the 1oC temperature, the fed group survived
at a higher rate early in the study (56 d - 253 d) but both groups were equal in
survival at the last three storage durations (300 d - 356 d) (Table 2).
5oC storage. Beetles removed from 5oC storage survived a similar time to
the 50% mortality bench mark as the control group during oviposition through
84 days in storage. Unfed beetles recorded a higher numerical mortality rate
when removed from storage than the fed beetles. By 112 days in storage, the
unfed group had a numerically lower survival rate that the control group but
remained similar to the fed group. Beetles removed from storage beyond 112
days had lower survival than the control group but were not different between
the fed and unfed groups. Similar trends were observed in the 100% mortality
bench mark although a slight increase in survival was noted at 224 days and 253
days (F = 1.98, df = 4, P = 0.05). The longer the beetles were in cold storage, the
higher the number of beetles which never oviposited after being removed from
storage. For example, after 29 days storage, only a single beetle failed to lay any
eggs but after 226 days in storage, a majority of the beetles failed to lay eggs.
Overall, beetles survived better when stored at 1oC than at 5oC. However,
no difference was noted in survival between the fed and unfed experimental
groups at 1oC . Using the 50% mortality bench mark, survival at 1oC, during
the oviposition period was not different from the control group through 112 days
in storage, though numerically lower in most cases. At 140 days in storage, the
fed group had a numerically lower survival rate to the 50% bench mark than
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the control group but was not different from the unfed group. Storage for 168
d, 196 d, and 224 d resulted in lower survival rates than the control group. By
253 days in storage, the survival rate increased to the level of the control group
but was reduced for the last three storage durations (282 d, 310 d, and 339 d).
Similar trends were noted using the 100 % mortality bench mark. These data
were more variable because a small group of long-lived individuals have a disproportionate impact on the data. The longer the beetles were in cold storage,
the number of beetles which never oviposited after being removed from storage
had an upward trend. However, the number of beetles not ovipositing after
being stored at 1oC was lower than 5oC.
Discussion
Our results suggests that extended storage of adult beetles has a physiological cost at the temperatures tested. Beetles stored at temperatures between 1oC and 5oC remained inactive, but were still consuming fat reserves
to remain alive. This is expressed by the reduction of total egg production
when beetles are stored for a duration as short as 30 days (1994), increasing
incidence of beetles which survive but do not lay any eggs as storage duration
increases and increasing mortality of beetles in storage as the storage duration
increases. These data suggest that the replenishing of depleted fat reserves
is not completely reversible with feeding after the beetles are removed from
storage. Pre-feeding the beetles for 7 days before storage allowed the beetles
to replenish some of the fat reserves depleted during their 18 month diapause
underground and allowed the beetles to survive longer in storage and positively
influenced total egg production in some of the experimental regimes. If the
beetles were allowed to feed for a longer duration after spring emergence before
being placed in cold storage, the longer feeding period may allow for a greater
accumulation of fat reserves, better survival and a great positive impact on total
egg production. This insect has a ca. 3 week preoviposition period. During this
time, food consumption is directed to building fat reserves prior to the onset of
oviposition. Once oviposition is initiated, feeding by the beetle drops to a low
level and the fat reserves are primarily utilized for egg production. Once the
insect shifts from fat storage to oviposition, the question arises as to whether
cold storage would have a larger negative impact on egg production than cold
storage before the shift to ovipostion.
Oviposition data within each treatment was quite variable, but this high
variability between individuals is characteristic of this insect. In Palm (1935),
total egg production from caged beetles which were collected shortly after
emergence ranged from 125 to 515 (330.7 ± 82.4). While cold storage reduced
the total number of eggs laid by beetles compared to the control group, there
was very little difference between many of the stored and control group in the
rate of oviposition. As a result, the time benchmark of 50% and 90% oviposition
was shorter for the cold stored beetle groups compared to the control group.
The results of this study effectively show that this insect can be stored
under cold temperatures for extended periods of time. When needed, beetles can
be removed from storage conditions and will lay viable eggs useful in research.
For an insect which is very difficult to rear, the ability to store this insect for an
extended length of time is very useful in extending the research season for this
insect. Since this insect emerges in fairly large numbers over a rather short
interval, large numbers of newly emerged adults can be collected and placed in
storage for future research use (Shields et al. 2007).
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Revisiting the Mound-Building Ant, Lasius claviger,
in a Reconstructed Tallgrass Prairie
Chris E. Petersen, Christine Berta, Dwight T. Johnson, and Barbara A. Petersen

Abstract
A tallgrass prairie located in northeastern Illinois was revisited to update
relationships in a 2002 study between the presence of mounds of Lasius claviger
(Formicidae) and characteristics of the soil and prairie flora. Reconstruction of
the 7.1 ha site began 26 years ago. As in 2002, mounds of L. claviger did not
appear to be affecting soil temperature, but were associated with higher floral
richness and differences in soil moisture at 10 cm depth as compared to control
sites having the same major grass type. In addition, soil organic content and
above-ground plant biomass were significantly higher where mounds were
present. Findings indicate a continued effect of the ant on soil and flora in the
reconstructed prairie.
____________________

Soil dwelling ants (Formicidae) have important ecological roles in material transport, altering soil texture, nutrient enriching the soil, and tunneling
which can aerate and affect water infiltration (Jurgensen et al. 2008, Lobry de
Bruyn 1999, Wagner et al. 2004). They can promote the growth of microflora
(Dauber et al. 2001), disperse seeds (Handel et al. 1981, Rissing 1986, Schütz et
al. 2008), and serve as major consumers of plant and animal tissues, directly or
indirectly by tending herbivorous homopterans (Soulé and Knapp 1996, Stiles
and Jones 2001, Wilson 1971). Through multiple ways, soil ants regulate community productivity and structure (Beattie and Culver 1977, Lesica and Kannowski 1998, Rissing 1986, Schütz et al. 2008, Soulé and Knapp 1996). For
these reasons, ants cannot be overlooked in ecological restoration and have been
used as indicator species to restoration success (Andersen and Sparling 1997,
Boris et al. 2009, Fagan et al. 2010, Lobry de Bruyn 1999).
Ants have significant effects in restoration of tallgrass prairie, particularly
during early stages of restoration where they can create spatial heterogeneity in soil and vegetation (Lane and BassiriRad 2005). The tallgrass prairie
largely has been eliminated in the Midwest. Efforts to reverse losses and
preserve remaining tallgrass biodiversity have included ecological restoration
and reconstruction of the system. In Illinois, examples of these efforts include
the 7600 ha Midewin Prairie, the 400 ha Fermilab tallgrass prairie, and many
smaller sites to include the 7.1 ha Russell R. Kirt Tallgrass Prairie, the location
of this study. This last site, typical of other reconstructed plots in the Chicago
metropolitan area, is space limited, isolated in a suburban sea, and was begun
on land that had little resemblance to the original prairie. The Russell R. Kirt
plot was reconstructed beginning in 1984 on substrate evacuated during construction of the campus of College of DuPage (Kirt 1996). Reconstruction was
only concerned with restoring prairie flora to the area. Consumers, to include
ants, have been left to colonize from the surrounding environment.
Biology Department, College of DuPage, 425 Fawell Blvd., Glen Ellyn, IL 60137-6599.
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This paper examines changes to soil and the flora associated with Lasius
claviger (Roger) (= Acanthomyops claviger), the major mound-building ant in
the Russell R. Kirt prairie. The study, conducted during the summer of 2010,
revisits the ant population in the plot 8 years after the completion of an earlier
study (Petersen et al. 2004). L. claviger is a subterranean ant that tends soil
homopterans (Burrill and Smith 1919, Stuart and Polavarapu 2002). Its mounds
may exceed 40 cm in diameter. In the current study site, the ant forms mounds
at the bases of tall grass, including big bluestem (Andropogon gerardii Vitman)
and prairie dropseed (Sporobolus heterolepsis Gray). In a 2002 study, floral
richness was higher; soil organic content and temperature were unchanged;
and soil moisture was lower during much of the growing season where mounds
of L. claviger were located (Petersen et al. 2004). Lane and BassiriRad (2005)
observed diminishing effects of ant mounds on soil moisture, N content, and C
content over 26 years in the much larger reconstructed tallgrass prairie located
at Fermi National Accelerator Laboratory, 12 km from our plot. They attributed the loss in heterogeneity to increased plant establishment through time as
influenced by ant presence. Hence, we were interested seeing how these trends
in soil and plant heterogeneity persisted in our 26 year- old plot.
Methods
Reconstruction of the Russell R. Kirt Tallgrass Prairie began in 1984.
Dominant grasses of the Russell R. Kirt Tallgrass Prairie include big bluestem
(Andropogon gerardii Vitman) and prairie dropseed (Sporobolus heterolepis
Gray). Flora include over 100 species, largely forbs. The prairie was burned
annually until 2006 when selective burning was begun to create the landscape
variability which can be critical to the persistence of some species (Fuhlendoft and Engle 2001). The southern portion of the prairie, where 9 mounds of
L. claviger in this study were located, was burned during March, 2010. The
northern portion, which contained the remaining 16 mounds of L. claviger under
study, had not been burned for 3 years. All mounds were either associated with
big bluestem or prairie dropseed.
Measurements of soil moisture, soil temperature, fraction organic content,
flora richness, and above-ground plant biomass were taken from mounds, and
control sites lacking mounds. Within 1 to 3 m of each L. claviger mound, a control
was located that was comprised of the same major grass type of the mound, but
otherwise randomly selected. Samplings of soil moisture and temperature at
10 cm depth were taken using an Aquaterr Temp-200 meter (Aquaterr Instruments, Costa Mesa, CA) beginning late April and proceeding at 2 week intervals
through September. Preliminary core analysis of mounds yielded ants at this
depth. Measurements of some mounds were skipped when previous heavy rains
prevented access to their location. All measurements for a particular sampling
period were taken between 1 pm and 3 pm on the same day. Fraction organic
content was determined by taking soil cores at 10 cm depth from each site during July, oven-drying the soil to a constant weight at 60°C, and then burning
the soil at 600oC for 6 hours in a muffle furnace. Soil cores from mounds were
examined for homopterans prior to drying and burning to test the possibility of
tending by L. claviger. Floral richness was recorded during July by counting
the number of plant species found within a 1-m radius of the center of a mound
or control site. Above-ground plant biomass was measured by harvesting all
material above 5-cm height during late September when the vegetation had
senesced, and then oven-drying samples to a constant weight at 60°C.
Data analysis- Statistica (StatSoft 2001) was used in all statistical procedures.
Repeated-measures analysis of variance (ANOVA) was used to analyze
soil moisture and soil temperature data to determine if statistically significant
differences exist between L. claviger mounds and control sites. Arcsine √ trans-
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formation was used to normalize data distribution and of moisture content or log10
temperature (°C) was treated as the dependent variable per ANOVA. Sample
period provided the within-subject measure, while mound presence, grass type
based on mound appearance, and burning interval (1 or 3) provided betweengroup factors. Paired Student t-tests were used to examine differences based
on presence of L. claviger nests in arcsine √ transformation of fraction organic
content, square-root transformation of floral richness, and log10 transformation
of plant biomass.
Results
Since the 2002 study, mounds in the Russell R. Kirt Prairie have been
the subject of ongoing observation. At least 10 mounds have endured over the
2002-2010 time frame. The effects of mound presence and sample period on
soil moisture were significant (Table 1). Mean fraction soil moisture was lower
in ant mounds than control sites (Fig. 1). Grass type and burning interval did
not appear to have significant effects on soil moisture. Mound presence, grass
type, or burning interval did not appear to effect soil temperature (Table 2).
Soil organic content, floral richness, and above-ground plant biomass were
significantly higher where mounds of L. claviger were present (Table 3). While
L. claviger workers were common within soil samples, no homopterans were
found. Sampling of L. claviger mounds not included in our study only yielded
one root aphid.

Table 1. Repeated-measures ANOVA on arcsine √ (fraction soil moisture) at 10 cm
depth where Lasius claviger mound presence, grass type, and time interval of plot
burning (within 1 year or 3) are between-group factors and sample period, the withinsubject effect.
Effects

df

F

P

Between subjects
Mound presence
Grass type
Last burn
Mound presence × Grass type
Mound presence × Last burn
Grass type × Last burn
Mound presence × Grass type × Last burn
Error

1
1
1
1
1
1
1
22

28.58
0.35
1.40
<0.01
0.40
2.95
<0.01

<0.001
0.558
0.249
0.982
0.533
0.100
0.961

20.57
1.71
0.86
6.41
1.05
1.16
1.23
0.55

0
0.071
0.581
0
0.405
0.315
0.265
0.868

Within subjects
Sample period
11
Sample period × Mound presence
11
Sample period × Grass type
11
Sample period × Last burn
11
Sample period × Mound presence × Grass type
11
Sample period × Mound presence × Last burn
11
Sample period × Grass type × Last burn
11
Sample period × Mound presence × Grass type × Last burn 11
Error
242
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100

% moisture saturation at 10 cm depth

95
90
85
80
75
70
65
60
55

Apr 29
May 25
Jun 21
Jul 19
Aug 16
Sep13
May 10
Jun 7
Jul 7
Aug 2
Aug 30
Sep 27

Nests present
Nests absent

Sample period

Figure 1. Percent soil moisture (sample + 95% confidence interval) according to the
presence of Lasius claviger mounds in grass clumps. Data have not been transformed.
Table 2. Repeated-measures ANOVA on log10 (soil temperature) at 10 cm depth where
Lasius claviger mound presence, grass type, and time interval of burning (within 1 year
or 3 years) are between-group factors and sample period, the within-subject effect.
Effects

df

F

P

Between subjects
Mound presence
Grass type
Last burn
Mound presence × Grass type
Mound presence × Last burn
Grass type × Last burn
Mound presence × Grass type × Last burn
Error

1
1
1
1
1
1
1
22

0.45
0.45
0.71
0.14
0.40
0.13
0.11

0.510
0.511
0.409
0.707
0.535
0.725
0.740

11
11
11
11
11
11
11
11
242

48.29
0.23
0.35
2.13
0.19
0.21
0.51
0.21

0
0.996
0.973
0.019
0.998
0.997
0.895
0.997

Within subjects
Sample period
Sample period × Mound presence
Sample period × Grass type
Sample period × Last burn
Sample period × Mound presence × Grass type
Sample period × Mound presence × Last burn
Sample period × Grass type × Last burn
Sample period × Mound presence × Grass type × Last burn
Error
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Table 3. Summary (mean + standard error) of soil organic fraction, floral richness, and
above-ground plant biomass according to Lasius claviger mound presence. Results of
t-tests between mound and control sites are provided. Organic soil fraction was arcsine
√ xi transformed, floral richness was √ xi transformed, and plant biomass was log10 (xi)
transformed in t-testing. All n = 25.

Soil organic fraction
Floral richness
Above-ground
plant biomass (g)

Mounds of
Lasius claviger present

Control sites with
mounds absent

0.14 ± 0.03
6.64 ± 0.29
90.67 ± 17.26

t

P

0.08 ± 0.01
5.72 ± 0.31

2.285
2.548

0.031
0.018

65.37 ± 12.25

3.319

0.003

Discussion
In keeping with the 2002 study, soil moisture and flora richness continued
to be significantly different based on the presence of L. claviger mounds (Petersen
et al. 2004). In addition, soil organic content and above-ground plant biomass
were higher. Elevated organic content in mounds of L. claviger can be explained
by the influx of materials, microbial colonization, accumulation of ant waste,
and greater plant growth in and around mounds. Higher soil organic levels
may not have been evident 18-years after initial restoration due to slow rates of
accumulation associated with the establishment of our restored plot. Nutrient
enrichment associated with higher organic content is commonly observed in ant
mounds (Jurgensen et al. 2008, Wagner et al. 2004) and can explain greater
plant growth. We question the importance of exudates from soil homopterans
to the diet of L. claviger. The absence of homopterans in soil cores may reflect a
limitation of this sampling method. However, a dietary study of L. flavus which
also was assumed to tend soil homopterans, indicated more of a predatory diet
(O’Grady et al. 2010). Such a possibility also should be investigated with L.
claviger as inputs from predation may also explain the higher organic content
of soil from mounds. Soil modification created by mounds may facilitate plant
colonization and growth. An increase in these plant parameters would not be
expected if homopteran infestation was prevalent.
Soil moisture, as in 2002, was found to vary significantly based on the
presence of L. claviger mounds. Tunneling by ants is known to affect the porosity of soil (Lobery de Bruyn 1999), promoting water drainage and explaining the tendency for soil moisture levels to be lower in mounds and perhaps
favoring higher flora richness and above- ground biomass. Elevated mounds
also should encourage run-off and less water capture. Bucy and Breed (2006)
found that vegetation clearing by harvester ants functions to expose soil to
more solar radiation, increasing surface temperatures. Our findings of greater
above-ground plant growth on mounds do not support grazing or temperature
differentiation. However, shading can explain the lack of temperature differences between mound and control sites in our study versus Bucy’s and Breed’s
(2006). The absence of an effect of burning interval based on mound presence
may reflect the insensitivity L. claviger has to fire as seen among ants in firedisturbed landscapes (Parr and Andersen 2008).
Our ongoing study continues to indicate that significant ecological changes
including effects on flora are associated with L. claviger in the 26-year old Russell
R. Kirt reconstructed prairie. These changes persist in contrast to decreased
heterogeneity findings at the Fermi Lab prairie (Lane and BassiriRad 2005).
Reasons may include differences in the composition of underlying substrates,
plot sizes, interactive affects of existing fauna, and the resource pools for and
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dispersal rates of colonizers. Other studies involving natural and grazed areas
of varying sizes and floral communities indicate persistent soil heterogeneity
created by ground-dwelling ants even for some time after an anthill has been
abandoned (Beattie and Culver 1977, Dauber et al. 2001, Jurgensen et al. 2008,
Kristiansen and W. Amelung 2001, Lesica and Kannowski 1998). Continued
study is warranted to test for differences in ecological succession when areas
are occupied by L. claviger and other mound-building ants versus when they
lack mound-building colonies. Such extended studies are needed to elucidate
the roles of ants in regulating the underlying biotic and physical factors affecting succession within reconstructed sites and optimizing conservation goals.
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Measuring the Effects of “Opportunistic Defense” of the
Bracken Fern, (Pteridium aquilinum) by Patrolling Ants
(Hymenoptera: Formicidae) at Pierce Cedar Creek Institute
in South Central Michigan
Ricki E. Oldenkamp1, 2 and Matthew M. Douglas1

Abstract
In this study we show that in South Central Michigan (Pierce Cedar Creek
Institute) eight ant species patrol bracken fern (Pteridium aquilinum) during the
sensitive crozier growth stage. At times these ants remove herbivorous insects
from rapidly expanding fronds. A new method for analyzing herbivory of bracken
fern is employed to measure chewing damage to the fronds. Our results show
that ants do in fact remove some herbivores from bracken fronds during the
crozier stage; however, statistical analyses comparing the amount of chewing
damage between treated and untreated fronds at the end of the growing season
show no statistical difference.
____________________

The arthropod communities associated with ferns, especially bracken
fern (Pteridium aquilinum), are of scientific interest because arthropods have
failed to take full advantage of this widely available food source (Tempel 1981).
Cooper-Driver (1978) estimates that only 9,300 insect species may use ferns as
a food source, compared to approximately 400,000 species of insects that use
angiosperms. Under-utilization may stem from the secondary plant compounds
that protect the ferns from herbivorous arthropods (Cooper-Driver et al. 1977).
Despite these chemical defenses, insect miners, gall formers, and borers avoid
these toxins by utilizing non-toxic tissues of the phloem. Previous studies also
show that bracken has developed a notable relationship with localized ant species in a variety of areas of its cosmopolitan distribution (Rashbrook et al. 1992).
Ants have been known to use the secretions derived from the axillary
nectaries (AN) of bracken fern, often “patrolling” the plants and removing
herbivorous species of potential harm to the fern (Bentley 1977, Buckley 1982,
Douglas 1983, Beattie 1985). [Note: Axillary nectaries (AN) also have been
called extra-floral nectaries (EFN) in the scientific literature (Chamberlain
and Holland 2008).] A sample of Californian bracken has shown that nectary
secretions include glucose, fructose, sucrose, maltose, and a variety of free
amino acids (Douglas 1983). The idea that ants may be taking ownership of
this food source is contentious (Tempel 1983, Rashbrook et al. 1992), but not all
biologists dismiss the idea (Cooper-Driver 1990). Bronstein et al. (2006) state,
“…interactions between ants and EFN-bearing plants are often mutualistic,
as EFN is a food resource that attracts and rewards ants that in turn protect
plants from herbivory.”

Grand Rapids Community College, grand Rapids, MI 49503.
Correspondence: R.E. Oldenkamp (email: ricki.oldenkamp@gmail.com).

1
2

2011

THE GREAT LAKES ENTOMOLOGIST

35

Why would bracken ferns produce complex, morphologically distinct nectaries that secrete complex mixtures of amino acids and sugars if not for some
benefit to the plant? Indeed, several studies suggest that ants do not reduce the
rate of herbivory of bracken (Tempel 1983, Heads and Lawton 1984, Heads 1986).
Ness et al. (2009) proposes that these studies did not establish whether ants
attacking a plant’s natural enemies could translate into greater plant fitness,
in the evolutionary sense. One study by Heads (1986) found that some aggressive ants of several species (e.g., Camponotus spp., Formica spp.) did remove
herbivores that were experimentally introduced to bracken. A study by Koptur
et al. (1998), involving other ferns with nectaries (Polypodium spp. of Mexico),
has shown a significant difference in damage between ant-excluded fronds and
control fronds. These studies suggest that even a small selective advantage for
the fern would be a plausible evolutionary strategy for maintaining nectaries.
For this reason, we hypothesized that bracken-ant mutualism represents a
relationship that provides the fern with an active defense system when patrolling ants remove potentially harmful herbivores during the crozier stage--when
pinnae are expanding and are most susceptible to damage. We sought to test
this hypothesis by comparing the chewing-damage area lost over the growing
season for experimental fronds with ant access restricted and for control fronds
where ant access was not restricted.
Methods and Study Sites
During the research period, 15 April - 15 August 2010, we conducted experiments designed to compare the amount of chewing damage experienced by
bracken fronds that were allowed to have ants regularly visit the nectaries, and
those fronds to which we restricted ant access. We randomly selected experimental croziers, which we treated with Tanglefoot® (Grand Rapids, MI), and
control fronds which we left untreated. Ferns were photographed weekly from
the crozier stage through senescence. These photographs were used to calculate
the area of chewing-damage loss due to herbivory over the term of the project.
The two sites (Plots 1 and 2) for our experiment were established within
the property limits of the Pierce Cedar Creek Institute (PCCI), located in Hastings, Barry County, Michigan. The PCCI comprises 660 acres of protected land
with diverse habitats (for complete information, see: www.cedarcreekinstitute.
org). We began our experiments when the bracken croziers emerged within
each site, which resulted in the experimental plots being established at slightly
different times.
Plots 1 and 2 were located adjacent to each other with the White Trail
passing between them. (Note: Plots 1 and 2 actually may represent a single
plant, given the growth pattern of bracken fern’s underground rhizomes, which
could easily pass under the trail. For this reason we will use the word “frond”
throughout this paper to identify the separate tripartite leaves of bracken that
may possibly belong to only one individual plant.) Plot 1 was along the trail
under thick forest canopy cover except for the margin of the plot near the trail
on its west side; while Plot 2 was also along the trail but much more exposed
without complete canopy cover. It was completely exposed to sun near the trail
on its east side.
Plot 1 was set up with 20 treated experimental fronds and 20 untreated
control fronds that were randomly selected. Plot 2 was set up with 10 experimental fronds and 10 control fronds. The total at the beginning of the project
for experimental and control was 30 fronds each, for a total of 60 fronds.
To exclude ants we cut clear drinking straws to a length of 12 cm and
then slit the side of each straw along its entire length. The straws were placed
around the raches (the vertical stems) of emerging croziers, with half designated
as treated fronds and half as control fronds for each plot. The treated fronds had
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Tanglefoot® (The Tanglefoot Co., Grand Rapids, MI) applied to the outside of
the straw to deter or entrap ants attempting to climb the raches and access the
nectaries. Bracken fronds in close proximity to treated fronds were removed so
that ants could not bypass the Tanglefoot® treatment by accessing the experimental frond from a neighboring frond. The untreated fronds also had straws
placed over the raches, but the straws were not treated with Tanglefoot®. All
fronds, treated and untreated, were tagged with an identifying number.
Photographs were taken with a Canon Rebel XS digital camera at a distance of 1 meter from where the rachis met the ground. A white background
was used to ensure that only frond vegetation was calculated when analyzing
area. Photographs were taken weekly, beginning with the week the plots were
set up to document the expansion of each frond as well as the damage to each
frond. Digital photographs were input into Adobe Photoshop® to measure and
compare the weekly area loss (in pixels) due to chewing damage. These data,
collected over a period of six weeks, were analyzed statistically for fronds in
Plots 1 and 2 separately. Procedures for photography of the fronds were similar
to methods used by Tackenberg (2007) for biomass measurements of grasses;
and Adobe Photoshop® methods were similar to those used by Lehnert (2010)
for estimating butterflies’ loss of wing area due to avian predators. Photographs
also documented ant visitors and arthropod interactions on the fronds, especially
at the nectaries.
In our bi-monthly sampling we documented, and recorded to the ordinal
level, the transient non-adapted arthropods that were associated with bracken
fern. We did not witness herbivory and because of this we were not able to document the actual arthropod herbivores.
Fronds perished from a variety of factors ranging from frost, to deer foraging and human trampling, to frond lodging caused by boring insects. Those
fronds that survived the duration of the study were analyzed for chewing damage herbivory through comparisons of surface area amounts on each day photos
were taken. Photographs of chewing damage were not analyzed between June 5
and June 28 because the photographs were not taken at the same scale, making
comparisons impossible.
Ant defense was tested by experimentally introducing herbivorous arthropods (unidentified geometrid larvae collected from over-hanging trees or leaf
litter within the plots) to the fronds where ants were attending the nectaries.
The larvae were added to the top of pinnae and allowed to freely crawl on the
frond. We conducted 10 trials throughout the study period and recorded the
reaction of the ants.
We performed an ANOVA using the Statistical Package for the Social Sciences (SPSS) to compare the amount of chewing-damage destruction (i.e., loss
of surface area due to chewing damage alone) at the end of the growing season
between the experimental plants (ants excluded by Tanglefoot®) and control
plants (ants not excluded).
Results
Plot 1 was established with a greater number of fronds than Plot 2, but
also lost more fronds over the study resulting in a similar number of fronds being analyzed between the two plots. Overall in Plots 1 and 2 the treated fronds
lost less surface area then the untreated fronds. When the losses for both plots
are combined, the treated fronds lost 14% total surface area while untreated
lost 21% (Table 1).
Figure 1 shows the total average values in pixels for treated and untreated
fronds for each day photographs were analyzed over the study. Treated and
untreated fronds both experienced growth with an increase in surface area;

209,301

Average Difference

18%
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928,907
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149,686
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238,833
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9

21
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Table 1. Number of fronds starting and ending the study, average surface area (pixels) per frond starting and ending the study, and the difference in surface area for fronds in Plot 1 and Plot 2 from June 5th-July 24th.
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Figure 1. Average surface area (pixels) of treated and untreated fronds for Plots 1 and
2 combined (showing error bars with 1 standard deviation, n = 30 at the start)

Table 2. . Hymenopterous species collected during bi-monthly sampling. All species
listed were “patrolling” fronds in Plots 1 and 2. The symbol x indicates the species was
present in the corresponding plot.
Hymenoptera (Formicidae)
Camponotus noveboracensis (Fitch)
Camponotus pennsylvanicus (De Geer)
Formica aserva (Forel)
Camponotus castaneus (Latreille)
Lasius (Acanthomyops) claviger (Roger)
Leptothorax muscorum (Nylander)
Myrmica Americana (Weber)
Myrmica punctiventris (Roger)

Plot 1

Plot 2

x
x
x
x
x
x
x
x

x
x
x
x

x
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before the chewing-damage herbivory loss until senescence. The averages show
that overall treated fronds and untreated fronds began with almost the same
average surface area (total treated fronds had only 40,000 pixels more than total
untreated). During the study the total treated fronds had less surface area in
the beginning of July than the total untreated, but the untreated rapidly lost
surface area over the remainder of July. When senescence began the total treated
fronds had lost less surface area than the untreated fronds.
Statistical analysis using ANOVA show that in this study there was not
a significant difference (F1,20 = 0.244; P = 0.626) in the amount of surface area
lost between the treated fronds (with Tanglefoot®) and untreated fronds (controls without Tanglefoot®).
Arthropods Associated with Bracken. Arthropods associated with
bracken fern at PCCI during the study period were diverse but not abundant.
Measuring non-adapted arthropod species diversity at bracken fern was not a
major focus of this study; however, transient non-adapted species not known to
have phytophagous associations with the fronds (those consuming the leaf material at any stage in their life cycle) comprised members from 9 orders of insects
and at least 5 families of spiders, Order Araneae. Other arachnids included
at least several species of oribatid mites that make destructive bracken galls.
Also found in Plot 1 were associated (but non-adapted arthropods of bracken fern) in the following orders: Orthoptera, Dermaptera, Odonata, Hemiptera,
Coleoptera, Neuroptera, Hymenoptera, Lepidoptera, Diptera. Phytophagous
insects on bracken included pentatomid immatures and lycid beetles at nectaries.
For Plot 2 associated but non-phytophagous arthropods of bracken
included: Orthoptera, Hemiptera, Hymenoptera, Lepidoptera, and Diptera.
Phytophagous insects consisted of numerous mite galls as well as pentatomid
immatures at nectaries.
Eight ant species visited bracken AN and transiently patrolled the fronds
during the course of this study (Table 2). Relative species diversity within Plot
1 was twice as great as that of Plot 2, despite the fact that these two plots were
separated by less than two meters (the White Trail) along the plot lengths.
Ant Defense. Herbivorous arthropods were experimentally introduced to
ants attending the nectaries of bracken to record ant defensive behavior. In 9 of
10 trials done throughout the study, patrolling ants attacked the test herbivore
until it either was expelled from the crozier or was killed. There was but one
instance in which the ants did not pursue removing the herbivore from the frond.
Discussion
The early warm temperatures in the spring of 2010 allowed the bracken
croziers to emerge within the frost window and as a result, many of the fronds
in Plot 1 were killed by a late, severe frost. Plot 2 fared better since the croziers
were just beginning to emerge, and apparently were more resistant to frost than
rapidly expanding croziers.
Surface Area Loss. When Plots 1 and 2 are combined the results show
that the treated fronds appear to experience less chewing damage herbivory
over the course of the study than the untreated fronds (14% surface area loss for
treated and 21% for untreated.) This may be due to the fact that when restricting
ants’ access to the bracken ferns by application of Tanglefoot®, we may have
also restricted some larvae (e.g., geometrid larvae) access to the fronds as well.
Ant Defense. In 9 out of the 10 trials where herbivores of bracken were
experimentally introduced the ants evicted or killed the herbivores. This data
clearly shows that the ants do perform defense behaviors when presented with
herbivorous arthropods. However, whether or not this behavior was carried
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out depended largely on whether or not the introduced herbivore crawled down
toward the ants attending the nectaries. Ants did not seem to notice the intruding herbivores when they took several minutes to reach the area where the ants
were attending to the nectaries. In contrast, when ants left the nectary to patrol
the plant, the test herbivore was immediately attacked when encountered.
Conclusion
Our study consistently showed that ants were abundant on fronds in
the crozier stage. However, as the croziers expanded ants stopped visiting the
nectaries and ceased to patrol because the nectaries ceased to produce “nectar”.
The ants subsequently began to treat the expanding pinnae as they would any
other plant. Herbivores were then free to attack the fronds if they could counter
or avoid the inhibitory secondary plant compounds produced by the ferns.
The most sensitive stage in bracken fern’s development is the crozier
stage because even minor damage can stunt or kill the frond. The crozier stage
is targeted because it is when the fern has the most nutritional value for herbivorous arthropods since the levels of tannins and cyanogenic compounds have
not begun to increase and other secondary compounds bracken fern is known to
produce have yet to be manufactured (Cooper-Driver 1990). The nectar secreted
by bracken fern is produced only in this critical developmental period. As the
fern expands, the secondary compounds are produced, nectar production ceases,
and (formerly) patrolling ants leave (Douglas 1983, Cooper-Driver 1990).
The data show that there is no statistically measurable difference in the
amount of surface area loss over the course of the growing season for treated
fronds versus untreated fronds. Even though the amounts of chewing-damage
herbivory at the end of the season do not show a significant difference, ants may
be able to defend a frond to some extent. We witnessed ants evicting or killing
herbivores when they were experimentally introduced. This defense however,
is only pertinent when the ants are present, which is during the crozier stage,
when the fern is secreting nectar.
Our study compared damage caused by chewing herbivorous arthropods
over the entire growing season. However to determine if ants have a defensive
impact, it would be necessary to quantify their defensive effects during the
nectar-producing crozier stage when the ants are naturally present. It would be
worthwhile to find a way to measure the effects of restricting ants at this critical
stage, when even minor damage could kill the entire frond. Also an experimental
design that restricts ants without restricting all potential herbivores would be
preferred in future investigations.
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Field Persistence of Steinernema carpocapsae Weiser
(NY001), Steinernema feltiae Filipjev (Valko) and
Heterorhabditis bacteriophora Poinar (Oswego) in Alfalfa
Fields
Gabor Neumann1 and Elson J. Shields2

ABSTRACT
The long term field persistence of Steinernema carpocapsae Weiser,
strain NY001, S. feltiae Filipjev, strain Valko and Heterorhabditis bacteriophora Poinar, strain Oswego was investigated in an alfalfa field infested
by the alfalfa snout beetle, Otiorhynchus ligustici L. Nematodes were applied
in single-species, two-species and three-species combinations at a total of 2.5
× 109 infective juveniles per hectare. Soil samples were taken approximately
every two weeks from mid/late May to late October in 2004 and 2005. Two
soil samplings were conducted in 2006 at the end of May and in early July.
All nematodes persisted in the field at the time of the last sampling in July
2006, over two years after application suggesting long term persistence of these
nematodes and the potential to coexist in combinations. Steinernema feltiae
Valko was not detected in the three-species combination after June 8, 2005,
approximately one year after nematode application suggesting that S. feltiae
Valko cannot compete effectively when a specialized ambusher nematode (S.
carpocapsae NY001) and a specialized cruiser nematode (H. bacteriophora
Oswego) are present simultaneously. In 2006, two years after nematode application, a marked movement of nematodes into experimental plots where
they were not applied was observed. S. carpocapsae NY001 was found in the
highest number of plots where it wasn’t applied. Given the ambusher behavior of S. carpocapsae NY001, it is suspected that its movement occurred via
infected, but still live adult alfalfa snout beetles.
____________________

Entomopathogenic nematodes in the genera Steinernema and Heterorhabditis have been studied as potential biological control agents of soil-inhabiting
insect pests (Gaugler 1988, Kaya 1990, Shapiro-Ilan et al. 2002, Grewal et al.
2005). These parasitic nematodes can kill hosts rapidly, are relatively easy
to apply, and are exempt from federal and local registration requirements in
most countries because of their safety to mammals and plants (Georgis et al.
1991). However, the use of entomopathogenic nematodes on large scale has
been limited by their low persistence in field conditions (Lewis et al. 1995).
Many factors such as soil moisture, texture and porosity (Barbercheck 1992,
Glazer 2002, Stuart et al. 2006) can contribute to the persistence of nematodes.
Lawrence et al. (2006) emphasized the importance of soil moisture as one of the
most important factors associated with the presence and persistence of endemic
nematodes. Besides abiotic factors, nematode strain selection can be also very
important. Shields et al. (1999) compared Heterorhabditis bacteriophora Poinar
(Oswego) to another strain, H. bacteriophora (NC), for biological control of the
alfalfa snout beetle, Otiorhynchus ligustici L., the most severe alfalfa pest in
La Trobe Univ. PO Box 612, Christmas Island, WA Australia,
Department of Entomology, Cornell University, Ithaca, NY 14853.
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Northern New York State. Shields et al. (1999) found that the NC strain would
be more appropriate in situations where a biopesticide is desired, and the Oswego
strain is more appropriate where long-term insect suppression is desired within
more stable ecosystems. The NC strain was more aggressive in searching for
prey than the Oswego strain but while the Oswego strain persisted in the field
for >4 years, the NC strain did not persist for longer than one growing season
under field conditions.
Recent research in the biological control of the alfalfa snout beetle has
been focusing on a multi-species natural enemy approach using entomopathogenic nematodes with different foraging and dispersal strategies (Neumann
and Shields 2006). Neumann and Shields (2008) conducted a field experiment
in which Steinernema carpocapsae Weiser (NY001), an ambush nematode, H.
bacteriophora (Oswego), a cruiser nematode, and Steinernema feltiae Filipjev
(Valko), an intermediate nematode (both ambush and cruiser characteristics)
(Grewal et al. 1994) were applied in single- and multiple-species combinations in
alfalfa snout beetle infested fields. The objectives of that study were to control
alfalfa snout beetle and to prevent root damage with nematode combinations.
Besides alfalfa snout beetle larval control and root damage prevention, the persistence of the nematodes was also followed. Here we present the persistence
data of these nematodes when exposed to interspecific competition.
Materials and Methods
Study site. The experiment was conducted in an alfalfa (Medicago sativa
L.) field infested with alfalfa snout beetle located in the township of Great Bend,
Jefferson County, New York. The alfalfa field was in its first production year,
therefore, the alfalfa snout beetle infestation of the experimental area occurred
during the spring of the nematode application and establishment. Thirty two
plots with dimensions of 3 m by 6 m were arranged in a randomized complete
block design with seven different treatments and a control. Each treatment
was replicated four times. The plots were separated by 3-m alleys. The site was
surveyed for naturally occurring entomopathogenic nematodes before nematode
application by taking five random soil samples per plot (30 cm deep, 2.5 cm
diameter). The soil cores were placed in 350-ml plastic cups and were assayed
for nematodes in the laboratory using last instar Galleria mellonella L. larvae
as trap insects. G. mellonella were obtained from Webster’s Waxie Ranch (5355
County Road A, Webster, WI 54893). Ten larvae were placed in each cup and
were inspected for mortality after 2 and 7 days. Dead larvae were dissected to
confirm nematode infection.
Nematode culture and application. H. bacteriophora Oswego, S. carpocapsae NY001 (both isolated in Oswego County, New York, in fall 1990), and
S. feltiae Valko (isolated in Valko, Hungary, in spring 2002) were used in this
study. The nematodes were mass produced in G. mellonella larvae (Flanders
et al. 1996). Infective juveniles (IJs) were collected in White traps (Woodring
and Kaya 1988) during a three-day period after the onset of IJ emergence from
the G. mellonella cadavers. IJs were counted for each species by serial dilution.
Subsequently, IJs to be applied to each plot were suspended in 100 ml deionized
water in sterile 250-ml culture flasks and stored at 10oC for approximately 36
hours before application.
Nematodes were applied on 17 May 2004. The IJs for each plot from the
culture flasks were suspended in 11.4 liters of water and applied using a 30-Psi
CO2-powered backpack sprayer with 3.5-m handheld 2-person boom (Shields
et al. 1999). Ten fertilizer nozzles (0006), with screens removed, were mounted
on the boom 30 cm apart. All single-species and multiple-species combinations
of nematodes were applied. Each treatment was 2.5 × 109 IJs/hectare (total
of 4.5 × 106 IJs/plot). For combinations of nematodes, the total number of IJs
was divided to equal proportions among the nematode species: 2.25 × 106 IJs/
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species in two-species combinations and 1.5 × 106 IJs/species in three-species
combinations. To avoid the contamination of nematodes with the sprayer among
plots while minimizing the need for cleaning the sprayer, the treatments were
applied in the following sequence: control plots (water only); S. carpocapsae
NY001; combination of S. carpocapsae NY001 and S. feltiae Valko; combination
of S. carpocapsae NY001, S. feltiae Valko and H. bacteriophora Oswego then
the sprayer was washed. The next treatments were H. bacteriophora Oswego;
combination of H. bacteriophora Oswego and S. carpocapsae NY001 then the
sprayer was washed again. The final two treatments were S. feltiae Valko and
the combination of S. feltiae Valko and H. bacteriophora Oswego.
Application of the nematodes began at ≈ 1900 hours EDT and finished
at 2300 hours.
Nematode persistence. Soil samples were collected during 2004, 2005
and 2006 to track the persistence of the applied nematodes. In the year 2004,
soil samples were taken on 25 May, 7 and 21 June, 7 and 21 July, 10 and 24
August, 13 and 29 September , and 18 October . In the year 2005, soil samples
were taken on 17 and 26 May, 8 and 22 June, 7 and 21 July, 11 August, 10 and
28 September, and 17 October. In the year 2006, two samplings on 25 May and
7 July were conducted to detect nematode persistence and movement among
the plots. On each sample date, ten, 30-cm-deep random samples were taken
from each plot. In control and single-species plots, the soil cores were placed
in 350-ml plastic cups. In multi-species plots, the soil cores were divided into
two sections, 0-5 cm and 5-30 cm. The upper sections were placed in 118-ml
cups while the lower sections were placed in 350-ml cups. All samples were
taken to the laboratory and baited with G. mellonella larvae. Ten larvae were
exposed to the samples in the 350-ml cups and five larvae were exposed to the
samples in the 118-ml cups. This procedure was followed to facilitate the detection of nematodes in samples where more than one nematodes species with
different vertical distribution in the sample were expected. The samples were
incubated at 23°C and mortality was first recorded after five days. Dead larvae
were replaced with live larvae to insure maximum detection of nematodes in
the samples. Mortality was recorded every other day from this point until no
more mortality was observed for 10 days. Dead larvae were dissected to confirm
nematode infection and to verify the nematode species causing death. Nematode
identification was based on adult morphological characteristics (Adams and
Nguyen 2002). In 2004 and 2005, the mean percentages of positive soil cores for
each species in all plots were determined as well as the percentages of positive
soil cores containing two nematode species simultaneously in the two-species
combination plots. In 2006, only the presence or absence of the nematodes in the
different plots and the total percentages pooled across all plots were determined.
Results
Nematode persistence. The presence of naturally occurring nematodes
was not detected during pre-sampling of the study site.
Eight days after nematode application, the percentages of positive soil cores
(soil cores with nematodes detected) for each nematode species ranged between
37.5 ± 4.8% and 42.5 ± 4.8% in single-species treatments, between 25.0 ± 2.9%
and 40.0 ± 4.1% in two-species treatments, and between 20.0 ± 11.5% and 27.5
± 6.3% in the three-species treatment. One year after nematode application,
the percentages of positive soil cores for each nematode species ranged between
2.5 ± 2.5% and 10.0 ± 4.1% in single-species treatments, between 0.0 ± 0.0%
and 10.0 ± 4.1% in two-species treatments, and between 2.5 ± 2.5% and 7.5 ±
2.5% in the three-species treatment. With the exception of S. feltiae Valko in
the three-species combination plots, all nematodes were present ~25.5 months
after nematode application (Figs. 1 and 2). S. feltiae Valko was last detected
in the three-species combination plots on 8 June 2005. In the third season, S.
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Fig.1. Mean (±SE) percent of positive soil cores in single-species nematode applications
(2.5 × 109 IJs/ha application rate) through a more than 16-month period from application (“SC” – S. carpocapsae NY001, “SF” – S. feltiae Valko, “HB” – H. bacteriophora
Oswego).
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Fig. 2. Mean (±SE) percent of positive soil cores in multi-species nematode applications (2.5 billion/ha total application rate) through a more
than 16-month period from application (“SC” – S. carpocapsae NY001, “SF” – S. feltiae Valko, “HB” – H. bacteriophora Oswego).
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carpocapsae NY001 was found in 16.9% and 12.2% of soil samples on 25 May
2006 and on 7 July 2006, respectively. S. feltiae Valko was found in 4.4% and
3.4%, and H. bacteriophora Oswego was found in 8.1% and 12.8% of the soil
samples on 25 May 2006 and on 7 July 2006.
Multi-species soil cores. In the S. carpocapsae NY001+ S. feltiae Valko
combination plots, 28.6 ± 4.8% of positive soil cores contained both species eight
days after nematode application (Fig. 3). The highest percentage of positive soil
cores with both species (39.6 ± 21.3%) was observed on 21 July 2004. During the
second season in 2005, the highest percentage of positive soil cores with both species was 13.3 ± 8.2% on 22 June. In the S. carpocapsae NY001+H. bacteriophora
Oswego combination plots, 33.8 ± 11.1% of the positive soil cores contained both
species eight days after nematode application. The highest percentage of positive soil cores with both species was 39.0 ± 9.9% on 24 August 2004. In 2005,
the highest percentage of positive soil cores with both species was 12.5 ± 12.5%
on 17 October. In the S. feltiae Valko + H. bacteriophora Oswego combination
plots, 26.2 ± 9.2% of the positive soil cores contained both species eight days after
nematode application. The highest percentage of positive soil cores with both
species was 51.7 ± 21.2% on 10 August 2004. In 2005, the highest percentage
of positive soil cores with both species was 13.3 ± 8.2% on 10 September. No
soil cores contained both species between 17 May and 8 June 2006 and during
the last two samplings on 28 September and 17 October 2005 in case of the S.
carpocapsae NY001 + S. feltiae Valko combination. In case of the S. carpocapsae
NY001 + H. bacteriophora Oswego combination, no soil cores contained both
species between 13 September and 29 September, between 17 May and 8 June,
and on 28 September 2005. In case of the S. feltiae Valko + H. bacteriophora
Oswego combination, no multi-species soil cores contained both species between
17 May and 21 July, and on 17 October 2005 (Fig. 3).
Nematode presence and movement among experimental plots.
S. carpocapsae NY001 was detected in 3 experimental plots in 2005 where it
wasn’t applied and in 12 additional plots in 2006. S. feltiae Valko was detected
in one experimental plot in 2005 where it wasn’t applied and in one additional
plot in 2006. H. bacteriophora Oswego was found in four plots in 2006 where
it wasn’t applied (Fig. 4).
Discussion
The nematode establishment in the field plots was lower than expected
based on a similar study done by Shields et al. (1999). All nematodes were detected approximately 26 months after the application. Although the nematode
populations were relatively low 357 days after application compared to the year
of application, they still persisted. Neumann and Shields (2004) found similar
percentage of naturally occurring S. feltiae in Hódmezővásárhely, Hungary,
where the alfalfa snout beetle population was not at an economically important
level. With the exception of S. feltiae Valko in the three-species combination
plots, all nematodes showed an increasing frequency in the next three to five
weeks suggesting nematode recycling. The patterns of nematode frequencies
seemed to fluctuate to a lesser degree in the second season with less variability
at the different sampling dates. Due to the high variability of percentages and
the low positive percentages in the second season, only descriptive statistics
were used in the analysis but some observations can still be made. We believe
that the percentage data from the second season better represents a natural
situation because the first season was less independent from the initial application of nematodes, even at the end of the season. In contrast, the nematodes
went through several recycling periods by the second season which was heavily
influenced by the density of the available hosts. Considering the data obtained
in 2006 in single-, and two-species plots (Figs. 1 and 2), the positive soil core
percentages of the S. carpocapsae NY001 and S. feltiae Valko appears to peak
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Fig. 3. Mean (±SE) percent of multi-species soil cores (multi-species soil cores/total
positive soil cores) in two-species nematode applications (2.5 x 109 IJs/ha application
rate) through a more than 16-month period from application (“SC” – S. carpocapsae
NY001, “SF” – S. feltiae Valko, “HB” – H. bacteriophora Oswego).
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Fig. 4. Nematode (A: “SC” – S. carpocapsae NY001, B: “SF” – S. feltiae Valko, C: “HB”
– H. bacteriophora Oswego) movement among the experimental plots. The letters
indicate where a nematode was applied (either alone or in combination) in 2004. The
+ sign indicates plots where the given nematode was not applied but was detected in
2005 and the asterisk indicates plots where the given nematode was not applied but
was detected in 2006. (The drawing shows the spatial arrangement of the plots but
doesn’t show the 3-m alleyways between the plots.)
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early and late in the season with some decrease in percentages in mid-season.
In contrast, H. bacteriophora Oswego shows a steady increase in positive soil
core percentages and populations peaked late in the season. Shields et al.
(1999) and Neumann and Shields (2008) showed that H. bacteriophora Oswego significantly reduced the number of surviving alfalfa snout beetle larvae
in alfalfa while not preventing root damage, suggesting that this nematode
maybe attacking the majority of alfalfa snout beetle larvae in its late instars.
Neumann and Shields (2008) found that S. carpocapsae NY001 and S. feltiae
Valko prevented root damage effectively suggesting that the adult beetles and/
or early instar alfalfa snout beetle larvae may have been successfully attacked
by these nematodes. This would explain the early increase of positive soil core
percentages for S. carpocapsae NY001 and S. feltiae Valko. S. feltiae Valko also
reduced the numbers of surviving late instar larvae similarly to H. bacteriophora
Oswego which would explain the increase in positive soil core percentages of this
nematode late in the season. However, the late-season peak of S. carpocapsae
NY001 is not clear. There may be a host that is available for this nematode
at this time of the year, or the alfalfa snout beetle larvae moving closer to the
surface late in the season due to increasing soil moisture and larvae are exposed
to S. carpocapsae NY001. These differences probably result in the spatial and
temporal niche separation of the nematodes, allowing them to coexist, except in
the scenario when all three species are present. In the three-species combination, S. carpocapsae NY001 and H. bacteriophora Oswego showed similar trends,
but S. feltiae Valko was not detected after 8 June 2005. Since S. feltiae Valko
persisted in the two-species combinations, its disappearance in the three-species
combination may suggest that S. feltiae Valko cannot effectively compete when
both a specialized ambusher (S. carpocapsae NY001) and a specialized cruiser
(H. bacteriophora Oswego) are present in the same habitat.
The long term detection of positive soil cores containing multiple nematode
species in two-species combination plots suggested that the long term coexistence
of these nematode combinations is possible, although the proportion of multispecies soil cores was generally low and, on several sampling dates, zero. The
data suggest that horizontal overlap, when more than one species of nematodes
are found in a soil core, occurs between species to some extent and, therefore,
distinct and distant pockets, where only one nematode is present, are less likely
to form. This is an important factor in a multi-species natural enemy approach
when targeting a host such as the alfalfa snout beetle that moves vertically
during its larval stage through the different nematode niches.
The results of the sampling on 25 May and 7 July 2006 indicated that
nematodes moved into several plots where they were not applied. The same
descriptive analysis of the percentage data would have had limited value because
a given plot may have contained positive soil cores but not the expected nematode species. The data summary method used in 2004 and 2005 was not used in
2006 instead all positive soil cores for a particular species were pooled for each
sampling date. Of course, this method still limits the information gained, but
it clearly shows that the nematodes still persisted well into the third growing
season after the application.
The movement of nematodes into adjacent experimental plots was rather
surprising. We expected the ambusher S. carpocapsae NY001 to show little
movement among the plots, and the cruiser H. bacteriophora Oswego to move
into more plots. The results proved to be the opposite. It must be noted, however,
that these results are not supported very strongly since they are based on one
single observation per species where the observation is the whole experimental area. The movement of S. carpocapsae NY001 may be due to movement of
infected hosts or could be phoretic, but there is no direct evidence for this. Due
to the movement of nematodes into adjacent plots, the experiment could not be
continued for more than two seasons. In future studies, the experimental plots
should be placed much further from each other.
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Interrupting the response of Dendroctonus simplex LeConte
(Coleoptera: Curculionidae: Scolytinae) to compounds that
elicit aggregation of adults
Elizabeth E. Graham1 and Andrew J. Storer2

Abstract
The eastern larch beetle, Dendroctonus simplex LeConte (Coleoptera:
Curculionidae: Scolytinae), is a native bark beetle that has caused significant
mortality to tamarack, Larix laricinia, in the Upper Peninsula of Michigan.
The effectiveness of potentially attractive chemicals for D. simplex was tested
and the most attractive compound, seudenol, was used in subsequent studies to
test interruptants against D. simplex. Verbenone, methylcyclohexenone (MCH),
and 4-allylanisole were tested as potential interruptants in combination with
seudenol. Catches of D. simplex in traps baited with seudenol and MCH were
not significantly different from catches in unbaited control traps, indicating successful interruption of the response to seudenol by MCH. Verbenone released
at commercially available doses significantly increased catches of D. simplex
in traps baited with seudenol, however it did not catch significantly more D.
simplex than the unbaited control traps when released alone. Traps baited with
4-allylanisole did not significantly reduce the number of D. simplex captured
compared to traps baited solely with seudenol. The potential for MCH to be
used to protect individual trees and in stand level management of D. simplex
is discussed.
____________________

Infestations of the eastern larch beetle, Dendroctonus simplex LeConte
(Coleoptera: Curculionidae: Scolytinae), have been recorded in North America
since 1883 (Seybold et al. 2002). D. simplex is a native bark beetle and is considered a secondary pest of tamarack, Larix laricina, generally attacking already
weak or wounded trees (Langor and Raske 1987). The geographic range of D.
simplex coincides with that of tamarack, extending from Maine to Minnesota,
throughout most of Canada, and as far west as Alaska (Johnston 1990). D.
simplex caused tamarack mortality of >1.4 million m3 in northeastern North
America during outbreaks between the mid 1970s and 1980s (Langor and Raske
1989). Outbreaks of D. simplex may occur when trees are under physiological
stress such as defoliation, flooding, drought, fire, age, etc. (Seybold et al. 2002).
When outbreaks occur, D. simplex may attack apparently healthy trees (Langor
and Raske 1989). Tamarack is not a major commercial timber species. However
it is used for pulpwood, posts, poles, mine-timbers, and railroad ties (Johnston
and Carpenter 1985). Tamarack is also valuable as an ornamental tree because
of its rapid growth and fall colors (Johnston 1990).
Dendroctonus simplex generally has one generation per year although in
extreme conditions it may complete two generations per year (warmer climates)
or one generation every two years (colder climates) (Seybold et al. 2002). Adult
D. simplex females tend to emerge first from host trees, generally between
Department of Entomology, Rm. 243 Natural Science Bldg., Michigan State University, East Lansing, MI 48824, USA. (e-mail: graha139@msu.edu).
2
School of Forest Resources and Environmental Science, Michigan Technological
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April and June, and initiate attack on weakened or stressed trees (Langor and
Raske 1987). The males and additional females begin to emerge about two
days later, and are attracted to an aggregation pheromone produced by the
pioneering females (Seybold et al. 2002). Seudenol (3-methyl-2-cyclohexen-1ol) may be a component of this aggregation pheromone because when released
in combination with α-pinene (2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene) it has
been shown to be an effective attractant for D. simplex in Alaska (Werner et
al. 1981). The result of pheromone-mediated aggregation is mass attack of
individual trees.
Many species of bark beetles (Scolytinae) release an antiaggregation
pheromone once a tree is successfully colonized that acts as a interruptant and
deters further attack, thereby reducing intraspecies competition (Wood 1982).
Antiaggregation pheromones have been exploited as a management tool for
multiple scolytine species. Successful management strategies for Dendroctonus
pseudotsugae Hopkins, a sister species of D. simplex, involves a combination
of attractant-baited traps and protecting trees from infestation with the interruptant compound MCH (3-Methyl-2-cyclohexen-1-one ) (Ross and Daterman
1995, Ross et al. 2001). MCH was identified as a pheromone released by male
D. pseudotsugae to deter additional beetles of the same species from attacking
already colonized trees (Kinzer et al. 1971). D. pseudotsugae is closely related
to D. simplex taxonomically (Wood 1982), and similar management strategies
may be effective for controlling D. simplex in outbreak areas. MCH has already
been shown to interrupt the response of D. simplex to traps baited with both
seudenol and α-pinene (Werner et al. 1981). However, the effect of MCH on
the response of D. simplex to seudenol has not been tested in Michigan.
The compounds verbenone (4,6,6-Trimethylbicyclo[3.1.1]hept-3-en-2-one),
and 4-allylanisole [1-Methoxy-4-(2-propen-1-yl)benzene;methyl chavicol; or
estragole] can also interrupt the responses of a number of scolytine species to
their attractive compounds (e.g., Dyer and Hall 1977, Hayes et al. 1994, Ross
and Daterman 1995, Werner 1995, Holsten et al. 2001, Huber and Borden 2001,
Rappaport et al. 2001, Haack et al.2004 ). Verbenone-baited trees significantly
reduced attacks by the mountain pine beetle, Dendroctonus ponderosae Hopkins,
on single trees and groups of trees (Huber and Borden 2001). Verbenone interrupts the responses of several other Dendroctonus spp. such as the western pine
beetle, Dendroctonus brevicomis LeConte (Betram and Paine 1994a; 1994b),
southern pine beetle, Dendroctonus frontalis Zimmermann (Payne and Billings
1989), and the red turpentine beetle, Dendroctonus valens LeConte (Rappaport
et al. 2001) to their respective aggregation pheromones. In the laboratory, 4-allylanisole can repel D. frontalis, D. brevicomis, D. ponderosae, and D. rufipennis
Kirby (Hayes et.al. 1994). The vapors of 4-allylanisole are toxic to D. simplex
adults when exposed at certain doses for 24 hours (Werner 1995).
Previous experiments have tested attractive and interruptive compounds
for D. simplex in Alaska (Werner et al. 1981, Werner 1995). However, some
scoyltine species exhibit variation in their chemical ecology when populations
are widely distributed. For example, the pheromone of Ips pini (Say) in New
York and Wisconsin is strongly synergized with the addition of lanierone, however this effect was not significant in California (Miller et al. 1997). The goal
of this study was to examine the chemical ecology of D. simplex in Michigan as
very little work has been conducted on D. simplex outside of Alaska. We had
three objectives: (1) to compare chemical compounds alone and in combination
for attractiveness to D. simplex; (2) to test chemical compounds that have the
potential to reduce the response of D. simplex to attractant, i.e., interruptants;
and (3) determine whether D. simplex is attracted to any of the potential interruptants in the absence of the attractants tested in objective 2.
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Materials and Methods
Site Description
Trapping studies were conducted during the summers of 2002 and 2003
at sites in Luce and Schoolcraft counties in the Upper Peninsula of Michigan.
The sites were located in areas with D. simplex-associated L. laricina mortality,
identified during aerial surveys in early 2002 by the Michigan Department of
Natural Resources. All sites were dominated by L. laricina with dead, declining and healthy trees. Stands were located on poorly drained, wet lowlands,
which is typical for L. laricina (Johnston 1990). Other species present included:
black spruce (Picea mariana), northern white cedar (Thuja occidentalis), and
paper birch (Betula papyrifera). The study sites were located between 85.95º
W, 46.34º N and 85.68º W, 46.33º N, and were separated by a minimum of 100
m and a maximum of 33 km.
Trap Description and Experimental Design:
We used 12-unit multiple-funnel traps (Lindgren 1983) laid out in a
complete randomized block design. The traps were hung from branches of L.
laricina approximately 1.5-2 m off the ground. Branches and foliage surrounding the traps were removed to allow beetles easy access to the traps. Traps
were placed ≥5 m in from the edge of the stand and were separated by ≥10 m
to reduce potential interference from other chemicals on adjacent traps. Baits
were hung outside of the fourth funnel from the top on all traps. A small block
of Vapona No-Pest Strip (Greencross, Fisons Horticulture Inc., Missassauga,
Ontario) was placed in each collecting cup to minimize escape and predation by
other arthropods. Trap contents were emptied and the position of the traps was
randomized within each block every 3-10 days, to control for location effects.
Entire traps and their baits were moved during randomization to ensure there
was no residual effect from the previous bait.
Bait Descriptions:
All baits for this study were provided by PheroTech Inc. (now Contech
Enterprises Inc., Victoria, British Columbia, Canada), except for 4-allylanisole
that was provided by Penta Manufacturing Co. (Livingston, New Jersey). The
PheroTech baits were packaged in controlled-release devices with known release
rates (Table 1) and did not need to be replaced during the experiments. The
4-allylanisole baits consisted of open 2-ml micro-centrifuge tubes containing 1.5
ml of compound and were renewed when traps were rotated (every 3 d). Five
micro-centrifuge tubes were used in each trap, and the release rate of 4-allylanisole was determined gravimetrically (Table 1).

Table 1: Release rates of compounds used in Experiments 1-3 at 20ºC. Data provided
by PheroTech Inc. except, * determined gravimetrically.
Chemical

Release Rate

Ultra High Release α-Pinene
Ultra High Release Ethanol
Frontalin
Seudenol
Verbenone
Methylcyclohexenone (MCH)
4-allylanisole

1-2 g per day
275 mg per day
2.5 mg per day
.2 mg per day
2 mg per day
3.5 mg per day
29.7 ± 0.0001 mg per day *
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Experiment 1: Comparison of potential attractants for D. simplex.
Three replicate blocks were used to test potential attractants for D. simplex.
Each block contained six traps, one with each of the following treatments assigned at random: α-pinene, α-pinene + ethanol, frontalin, frontalin + seudenol,
seudenol alone, and an unbaited trap (negative control). The baits were selected
because of their success as attractants for related species of bark beetles and
in previously reported studies of D. simplex (Seybold et al. 2002, Werner et al.
1981). Trap contents were emptied and the number of D. simplex adults counted
every 9-15 d. The trapping treatments were randomized within each block after
the insects were collected. Four rounds of trapping were carried out between
1 August and 12 September 2002 (n = 12). Date and block combinations that
collected fewer than 10 D. simplex were eliminated from the analysis, resulting
in n = 11.
Experiment 2: Interruption of the response of D. simplex to seudenol using MCH, verbenone, and 4-allylanisole. Six blocks of traps were used
to test the interruption of the response of D. simplex to the most attractive lure
from experiment 1, seudenol (see Results), in Luce County, Michigan in June
2003. The distance between blocks was between 50 m and 8 km. The blocks were
located in stands with characteristics similar to those used in Experiment 1 and
all study sites contained trees known to be infested with D. simplex. Treatments
were randomly assigned to the traps in each block. Each block contained the following treatments: seudenol (positive control), seudenol + verbenone, seudenol +
MCH, seudenol + 4-allylanisole, and an unbaited trap (negative control). Traps
were emptied every 3 d and the positions of the treatments within each block
were randomized. Five rounds of trapping took place between 10 June and 25
June 2003 (n = 30). Date and block combinations that collected fewer than 10
D. simplex were dropped from the analysis, resulting in n = 16.
Experiment 3: Attractiveness of MCH, verbenone and 4-allylanisole released without seudenol. A further study was conducted in the six
blocks used in Experiment 2 to test the attraction of D. simplex to the potential
“interruptant” compounds when released without an attractant in Luce County,
Michigan in July 2003. Each block contained the following treatments: seudenol (positive control), verbenone, MCH, 4-allylanisole, and an unbaited trap
(negative control). Treatments were randomly assigned within each block.
Trap contents were emptied every 3 d and the position of the treatments were
randomized within each block. Three rounds of trapping took place between 8
July and 17 July 2003 (n = 18).
Data Analysis. Mean number of D. simplex adults captured per trap
in each experiment were compared with the nonparametric Friedman’s test
(PROC FREQ with CMH option; SAS Institute, 2001) because assumptions
of analysis of variance (ANOVA) were violated by heteroscedasticity (Sokal
and Rohlf 1995). Differences between pairs of means were tested with the
REGWQ means-separation test to control maximum experiment-wise error
rates (SAS Institute, 2001).
Results
Experiment 1: Comparison of potential attractants for D. simplex.
Overall, 14,778 D. simplex beetles were collected in Experiment 1. Significant
differences were detected among treatment types (Fig. 1, Friedman’s Q5,71 =
31.03; P < 0.0001). Traps baited with seudenol and the combination of seudenol
+ frontalin caught significantly more beetles than the other treatments (Fig. 1).
Traps baited with only frontalin did not capture significantly more beetles than
the unbaited control. Differences in catches of D. simplex among the remaining
treatments were not significant.
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Figure 1. Mean ± SEM number of D. simplex adults captured per trap during Experiment 1 in funnel traps baited with seudenol, frontalin, seudenol + frontalin, α-pinene +
ethanol, α-pinene, frontalin, or unbaited (control). See Table 1 for release rates of each
compound. Bars designated with different letters were significantly different (REGWQ
test P <0.05). The study took place between 1 August and 12 September 2002 in Luce
and Schoolcraft counties, MI.

Experiment 2: Interruption of the response of D. simplex to
seudenol using MCH, verbenone, and 4-allylanisole. In Experiment 2,
1225 D. simplex were collected. Significant differences were detected among
treatments (Fig. 2, Friedman’s Q4,149 = 43.52; P < 0.0001). Traps baited with
4-allylanisole did not catch significantly fewer beetles than traps baited with
seudenol (Fig. 2). Verbenone was also an ineffective interruptant, given that
traps baited with seudenol + verbenone captured significantly more beetles on
average than those baited with seudenol alone (Fig. 2). MCH, however, was
successful in shutting down the beetle’s response to seudenol as indicated by no
significant difference in mean trap count between traps baited with seudenol +
MCH and the unbaited control traps (Fig. 2).
Experiment 3: Attractiveness of MCH, verbenone and 4-allylanisole released without seudenol. Overall, traps baited with the interruptants
or seudenol caught only 44 beetles. This study tested compounds that are not
known to be attractive to D. simplex, with the exception of seudenol as a positive
control; therefore large trap captures were not expected. Regardless, enough
beetles were captured to analyze statistically and the results were significant
(Fig. 3, Friedman’s Q4,59 = 33.28; P < 0.0001). Mean trap catches in response to
seudenol were significantly higher than to any of the other compounds tested;
in fact 89% of the beetles were captured in traps baited with seudenol (Fig. 3).
Differences among the number of D. simplex captured in traps baited with the
interruptant compounds and the unbaited control were not significant.
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Figure 2. Mean ± SEM number of D. simplex adults captured per trap during Experiment 2 in funnel traps baited with seudenol, seudenol + verbenone, seudenol + 4-allylanisole, seudenol + MCH, or blank (control). See Table 1 for release rates of each
compound. Bars designated with different letters were significantly different (REGWQ
test P <0.05). The study took place between 10 June and 25 June 2003 in Luce County,
MI.

Discussion
Seudonol was the most attractaive compound tested for D. simplex in
Michigan. Ethanol is commonly produced and released by weaken or stressed
conifers (Kimmerer and Kozlowski 1982) and α-pinene is a major component of
L. laricina (Rudloff 1987). In combination the two compounds are attractive to
some Dendroctonus spp. (Shroeder and Lindelöw 1989); however this was not
the case for D. simplex in this experiment. Demonstrating attraction of bark
beetles to host volatiles is often problematic given that the attraction effect
may be very small (e.g. Warren et al. 1996). Although not tested in the present
study, Werner et al. (1981) found a synergistic effect on the number of beetles
captured in trap baited with α-pinene and seudenol. We refrained from using
these combinations because traps were hung from trees that were naturally
producing these compounds.
Frontalin is a known attractant for D. pseudotsuage, which is closely related to D. simplex (Pitman and Vite 1970, S.L. Wood 1982). However attraction
to the frontalin-baited traps was not significantly different from the unbaited
traps. Similar results were reported from a study in Alaska suggest that this
phenomenon may help ensure reproductive isolation between the two species
in areas of sympatry (Werner et al. 1981). Traps baited with the combination
of frontalin and seudenol caught more D. simplex than the unbaited traps, but
not more than the traps baited with seudenol alone. Seudenol alone was used
as the attractant in Experiments 2 and 3, given that the addition of frontalin
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Figure 3. Mean ± SEM number of D. simplex adults captured per trap during Experiment 3 in funnel traps baited with seudenol, verbenone, 4-allylanisole, MCH, or blank
(control). See Table 1 for release rates of each compound. Bars designated with different letters were significantly different (REGWQ test P <0.05). The study took place
between 8 July and 17 July 2003 in Luce County, MI.

did not significantly increase trap catch of D. simplex. This finding is consistent
with other studies involving D. simplex in Alaska and Minnesota (Werner et al.
1981; Seybold et al. 2002).
Dramatically fewer beetles were caught in Experiments 2 and 3 than Experiment 1 (1269 combined versus 14,778 respectively). This may be because
the outbreak was subsiding and the number of adult beetles decreased regionwide. Alternatively, these numbers may be the result of using a different field
site in Experiments 2 and 3 than in Experiment 1, which may have had a lower
population. Another possible factor is that Experiments 2 and 3 took place
earlier in the summer than Experiment 1. D. simplex generally overwinter as
adults and emerge between April and June and immediately initiate attacks in
new host trees. The parent brood may then emerge again during the summer to
attack a new host tree and some of the newly formed adults will emerge in the
fall (Seybold et al. 2002). It is possible that Experiments 2 and 3 were conducted
after initial emergence, whereas Experiment 1 was conducted during peak flight
of the reemerged parent brood and newly formed adults.
MCH was extremely successful in shutting down the response of D.
simplex to traps baited with seudenol in Michigan. This is consistent with the
reported interruption of the response of D. simplex to seudenol and α-pinene
baits by MCH in Alaska (Werner 1981). MCH is known to be released by female
D. pseudotsugae upon a sonic signal from the males and has been widely used
as an anti-attractant for that species (Rudinsky et al. 1972, Rudinsky 1973a,
Rudinsky et al. 1973, Ross and Daterman 1995). It is also an effective anti-
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attractant for D. rufipennis; another closely related species that uses similar
pheromones (Dyer and Hall 1977, Holsten et al. 2003). Further testing should
be conducted to determine if female D. simplex also produce MCH and to test
its ability to protect individual, high-valued tamarack trees from D. simplex
attack. In addition, the potential for MCH to be used in stand-wide protection
programs using techniques similar to those employed against D. pseudotsugae
should be considered.
In our study looking at seudenol in combination with potential interruptants, trap catches of D. simplex with seudenol + verbenone were significantly
higher than trap catches with seudenol alone. Other than seudenol, none of the
potential interruptants released alone were attractive to D. simplex. Verbenone
is an interruptant for numerous scolytine species including, D. ponderosae (Huber and Borden 2001), D. brevicomis (Betram and Paine 1994a; 1994b), D. valens
(Rappaport et al. 2001), and D. frontalis (Payne and Billings 1989). However,
in other studies involving verbenone, interruptant properties were not evident
for D. ponderosae (Bentz et al. 1989), Conophthorus coniperda (Schwarz), and
Conophthorus resinosae Hopkins (de Groot and DeBarr 2000).
The synergistic effect of verbenone on the attraction of D. simplex to traps
baited with seudenol has not been reported in previous studies. Traps baited
with seudenol + verbenone consistently captured more beetles than seudenol
alone despite their location within the block. Further studies should be conducted to determine what dosage of verbenone is needed to gain a synergistic
effect with seudenol. For example, low doses of MCH increased D. pseudotsugae
attraction to its pheromones (Rudinsky 1973a). It is possible that verbenone is
acting as a mixed function pheromone for D. simplex, and would interrupt attraction at higher doses. Rudinsky (1973b) demonstrated that the behavioral effect
of verbenone on D. frontalis depends upon the concentration. The baits used in
the present study are commercially available and marketed as an anti-attractant
dose for various scolytines. A dose response test for verbenone combined with
seudenol needs to be conducted for D. simplex to clarify this effect.
Conclusion
This study has shown that seudenol is an effective attractant for D.
simplex and can be used to monitor D. simplex activity in Michigan and likely
throughout the East. The combination of seudenol and verbenone as an enhanced bait for D. simplex should be verified and if confirmed, considered for
use in D. simplex survey efforts. MCH effectively interrupted the response of
D. simplex to seudenol and should be further studied for its ability to protect
individual high value trees and stands during outbreak periods. The results
of this study are consistent with experiments involving D. simplex in Alaska
thereby demonstrating that the response of D. simplex to the compounds tested
does not vary across large geographical areas.
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Populations of Pear Thrips, Taeniothrips inconsequens
(Thysanoptera: Thripidae) in Sugar Maple Stands
in Vermont: 1989-2005
B. L. Parker1, M. Skinner1, D. Tobi1, J. S. Kim1 and H.B. Teillon1

Abstract
Development of an effective IPM strategy for pear thrips, Taeniothrips
inconsequens (Uzel) (Thysanoptera: Thripidae), a pest of sugar maple, Acer saccharum Marshall, demands an understanding of their population fluctuations
over time. Pear thrips populations were monitored using a standardized soil
sampling method every fall from 1989 – 2005 in 14 counties of Vermont (U.S.).
Data from individual sites were combined into north, central and south regions.
High numbers of thrips emerged from soil sampled in 1989, 1990, 1993 and 2001,
particularly in the north region (Washington, Lamoille, and Franklin counties).
The central and south regions had lower pear thrips populations over all years.
These results provide, for the first time, fundamental knowledge of pear thrips
populations across a wide geographical area of Vermont and will assist in the
design of suitable control strategies for pear thrips in the future.
____________________

The sustained health of sugar maple, Acer saccharum Marsh, is critically
important in the northeastern U.S. because of its economic value (Horsley et
al. 2002, Werner et al. 2005). Its wood is highly valued for furniture, its sap is
used to produce maple syrup and its world famous fall foliage draws millions of
tourists annually. The total value of maple syrup production in New England
was estimated at $34 million in 2007 (NASS 2007, Sinclair 2007). Vermont’s
2007 revenue from maple syrup sales was $14 million, and exceeded $130 million when proceeds from value-added products such as maple candies, cream,
and syrup repackaging for retail were added.
High maple sap yield is associated with tree health and growth as measured by the following factors: living crown ratio, width of the crown, and overall
growth rate (Moore et al. 1951). Generally, sugar maple is affected by a variety
of abiotic and biotic factors that cause economic loss by reducing tree vigor and
causing root, stem, and crown damage. Soil moisture, extreme weather events
including late spring frosts, midwinter thaw and freeze cycles, ice damage, and
atmospheric deposition are among the important abiotic factors (Horsley et al.
2002). Sugar maple is exposed to a variety of rots, cankers, wilts, defoliators,
borers, sucking insects, bud miners, and diseases (Godman et al. 1990). In
forests from which maple syrup is produced, stands are commonly thinned to
create essentially a sugar maple monoculture which encourages pest outbreaks
much like what occurs with other agricultural production environments such as
western corn rootworm in corn (Schroeder et al. 2005) and white pine weevil in
white pine plantations (Taylor et al. 1996). Among the numerous biotic factors
attacking maples, foliage-consuming insects are regarded as the most serious
problem over a wide geographic area. Loss of foliage early in the growing season reduces the accumulated levels of nonstructural carbohydrates related to
Entomology Research Laboratory, University of Vermont, 661 Spear St., Burlington,
VT 05405-0105 USA. (e-mail: bparker@uvm.edu).
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sap production. Pear thrips, Taeniothrips inconsequens (Uzel) (Thysanoptera:
Thripidae), is an exotic invasive pest that significantly impacts maple health
and the economic potential of sugar maple trees. The importance of controlling
pear thrips has been documented by Kolb et al. (1992), who reviewed the thrips
outbreak in the Northeast in the late 1980s.
Pear thrips was originally considered a pest of fruit trees primarily (Bailey
1944). They were first identified causing injury to sugar maple in Pennsylvania
forests in 1980 (Laudermilch 1988). Thereafter heavy foliar injury to sugar maple
trees occurred for several years in the Northeast, with the greatest impact in
1988 and 1989 (Parker et al. 1992, Kolb and McCormick 1993). Introduced into
California around 1904 (Bailey 1944), pear thrips is now distributed widely in
the U.S. Adult pear thrips emerge from soil in early spring and feed on foliar
and flower tissues, often within swollen buds prior to budburst (Kolb and Teulon 1992, Bailey 1944). Synchrony between sugar maple budburst, pear thrips
emergence from soil, and cool temperatures that slow budbreak promotes injury
(Kolb and Teulon 1991), because most pear thrips feeding and damage is done
inside the bud before the leaves expand. The bud contains multiple tiny leaves
folded together, and the leaf tissue within the bud is very tender. When a pear
thrips inserts its stylet into the tissue, it can damage multiple leaves simultaneously. As the buds unfold, leaves that have been heavily fed on by pear thrips
are tattered, chlorotic, and misshapen. In years when there is a longer time
between initial budbreak (when the bud is open enough to allow the entry of
thrips) and leaf expansion, greater damage may occur because pear thrips have
more time in which to feed on the tender leaflets within the protection of the bud.
Heavy injury by pear thrips results in nutritional deficiencies for the tree
and entry points for foliar diseases (Kolb et al. 1990). Heavily damaged trees
have lower levels of sap and nonstructural carbohydrates, and reduced sugar
contents in sap (Kolb et al. 1992, Kolb and McCormick 1993). After attack by
pear thrips, the foliage of seedlings and mature trees are highly susceptible to
maple anthracnose infection caused by Discula campestris (Pass.) Arx (Horsley
et al. 2002).
The biology of pear thrips has been studied intensively, but little information is available on population fluctuations across wide geographical areas
over multiple years. The present work describes the occurrence of pear thrips
in 14 counties of Vermont (U.S.) for 17 years from 1989-2005 based on sampling
populations in the soil in the fall. This provided an estimate of the population
level prior to emergence in the spring, eliminating confounding factors resulting
from aerial migration. Several different methods of sampling for pear thrips
have been used previously, including various methods of soil extraction (Parker
et al. 1992, Skinner and Parker 1995, 1996), aerial trapping (Teulon et al. 1992,
Coli et al. 1997) and bud sampling (Teulon et al. 1992). The soil sampling and
natural forced emergence extraction method used for this study was simple, reliable and cost-effective, allowing the processing of the large numbers of samples
required to conduct sampling over a wide area.
Materials and Methods
Sampling procedure. Pear thrips populations were determined by taking soil samples in forest stands throughout Vermont where sugar maple made
up >75% of the basal area. The state was separated into three regions, north,
central and south, and forest stands predominating in sugar maple within each
county in these regions were selected for sampling (Table 1). Stands selected
were 6 – 10 ha in size at elevations of ~365 to 550 m, located at latitudes from
42°47´N to 44°58´N and longitudes from 71°40´W to 73°15´W.
Samples were taken in the fall (Sept. – Nov.) according to a standardized
thrips soil survey protocol developed based on extensive sampling within forest
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Table 1. Geographical sampling information for the Vermont pear thrips population
study.
Region

County

No. of sites sampled

North

Franklin
Washington
Caledonia
Chittenden
Lamoille
Orleans
Essex
Grand Isle

12
21
11
7
9
7
5
3

Central

Orange
Addison
Rutland

12
5
5

South

Bennington
Windham
Windsor

10
10
14

stands to determine the number of samples required to obtain a reliable estimate
of the population (Skinner 1993, Skinner and Parker 1995). Five dominant
or co-dominant sugar maple trees (A co-dominant tree receives direct sunlight
from above, not from the side due to crowding from the canopy of adjacent
trees.), located at least 60.8 m apart and distributed throughout each stand,
were selected for sampling. Soil samples were taken at 2 and 4 m from the bole
of each sample tree with a bulb planter (10 cm long, 7.2 cm top diam., and 6.0
cm bottom diam.). Previous research has shown that >80% of the pear thrips
are found to a depth of 10 cm (Skinner 1993). Samples were held in the dark
at 4°C prior to inducing emergence.
Induction of pear thrips emergence in soil samples. Each soil
sample (200 g) was held individually in a container (9.5 cm diam., 10 cm height)
covered with a clear sticky lid, sticky-side down, ensuring that soil did not touch
the sticky surface of the lid. The sticky lids were made with clear plastic sheets
(1~2 mm thick, 18 cm2) coated with a thin layer of TanglefootTM (Tanglefoot Co.,
Grand Rapids, MI). The sticky lids were secured with tight-fitting clear plastic
covers or rubber bands. All containers were kept at room temperature for 35 d,
away from direct sunlight and heat. After 35 d, the number of pear thrips per
sticky lid was counted using a magnifying glass (10×).
Data analysis. The number of pear thrips that emerged from the two
soil samples per tree was averaged to obtain the mean number of thrips per soil
sample per tree. Means per soil sample per tree were further averaged for the
five trees at each site to determine the mean number of thrips per soil sample
per site. This provided a relative estimate of the population level within a site.
Thrips population data were checked for normality with the Anderson-Darling
test. Because the data were not normal, mean relative numbers of pear thrips
in each site were analyzed by the generalized linear model (GzLM), assuming
a Poisson error distribution linked with a logarithmic function (deviance ratio
= 1.07) (McCullagh and Nelder 1989). A bubble graph showing the overall geographical distribution of pear thrips for the whole periods was generated on the
Vermont map. All analyses were conducted using SPSS ver. 17.0 (SPSS Inc.,
2009) or Minitab ver. 15.0 (Minitab Inc., 2008) with an α level of 0.05.
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Results

No. of pear thrips/sample/tree (mean ± se)

Annual emergence of pear thrips. Overall, significant differences
occurred among the annual numbers of emerged pear thrips (χ2 = 1495.91, df
= 16, P < 0.001). High pear thrips population levels occurred in 1989-1990 and
again in 1993 and 2001 (Fig. 1). In 1989 and 1990 populations were 6.4 ± 1.2
and 6.9 ± 1.3 pear thrips/sample/tree, respectively. These population levels
were significantly higher than the lowest population in 2000 (0.2 ± 0.01 pear
thrips/sample/tree), which was set as a reference for annual comparisons in
the analysis. Though lower than emergence levels in 1989-1990, populations
in 1993 and 2001 were also relatively high, 3.1 ± 0.6 and 2.9 ± 0.7 pear thrips/
sample/tree, respectively, compared to the reference.
Geographical distribution of pear thrips emergence. Significantly
more pear thrips emerged from samples collected in the north than in the south
2
(χ = 15.2, df = 1, P < 0.001), whereas differences in pear thrips emergence between the central and south counties were not significant (χ2 = 0.1, df = 1, P =
0.734) (Fig. 2). Pear thrips population levels were not consistently high in all
counties within the north region. Three northern counties (Franklin, Lamoille
and Washington) had significantly higher levels of emergence than Essex county
which was set as a reference for the northern region [Franklin (χ2 = 69.9, df =
1, P < 0.001), Lamoille (χ2 = 47.5, df = 1, P < 0.001), and Washington (χ2 = 31.6,
df = 1, P < 0.001)]. Specifically, high levels of emergence were observed in the
Sheldon, Bakersfield, Fairfax sites in Franklin county; the Waterbury, Barre and
Duxbury sites in Washington county; and Stowe, Johnson and two Waterville
sites in Lamoille county.
The highest population levels of pear thrips were found in the western
and middle part of the north region of Vermont (Fig. 3). A cluster analysis
indicated that counties of Vermont can be grouped into four categories according to thrips abundance: very high abundance (mean of 15 pear thrips/sample/
8
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Figure 1. Mean number (± SE) of pear thrips/soil sample/tree averaged across sites
and counties in Vermont from 1989-2005 (n = 1131 data points obtained from averaging the mean number of thrips per site [mean of 10 soil samples per site; 2 per tree]).
Numbers marked with an asterisk (*) are significantly different from the mean number
in 2000 (†), which was set as a reference in the GzLM analysis (P = 0.05).
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Figure 2. Mean number (± SE) of pear thrips/soil sample/tree averaged across sites
within counties of the north (A), central (B), and south (C) regions of Vermont from
1989-2005 (n = 1131 data points obtained from averaging the mean number of thrips
per site [mean of 10 soil samples per site; 2 per tree]).
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Figure 3. Geographical distribution of the relative abundance of pear thrips averaged over 1989-2005, based on soil sampling in different sites throughout Vermont,
displayed as circles of different sizes relative to thrips numbers within counties in
Vermont (n = 1131 data points obtained from averaging the mean number of thrips per
site [mean of 10 soil samples per site; 2 per tree]) and results of the clustering analysis
(Ward’s method, with correlation coefficient distance) for the pear thrips distribution
based on county.
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tree) in Franklin, Lamoille, Washington, Orleans, and Orange counties; high
abundance (mean of 10 pear thrips/sample/tree) in Bennington, Windham, and
Windsor counties; moderate abundance (mean of 5 pear thrips/sample/tree) in
Caledonia, Chittenden, and Rutland counties; and low abundance (mean of 1
pear thrips/sample/tree) in Addison, Essex, and Grand Isle counties.
Discussion
This project provided a long term evaluation of trends in pear thrips over
17 years. Population levels of pear thrips fluctuated slightly from year to year,
while high populations occurred in some sites sporadically. Specifically, relatively
high thrips populations occurred in 1989-1990, and again in 1993 and 2001. In
general, the highest thrips populations were found in the north region. Relatively low pear thrips populations were observed in 1994-2000 and 2002-2005,
but a few thrips were generally found each year in every site, which served as a
source for subsequent higher populations in some sites. A clear cyclical pattern
in the populations of pear thrips was not evident, though the pest was present
throughout the state over the entire sample period.
Extensive research has been done previously in an attempt to understand
the factors that influence the population dynamics of thrips, including pear
thrips (Kirk 1997, Teulon et al 1998). Because of their small size and cryptic
behavior, determining the reasons for fluctuations in thrips population levels
is particularly challenging. In addition, in the case of pear thrips, heavy foliar
damage is not a reliable way to assess population levels because of the influence
of the timing and duration of maple budbreak. The number of pear thrips in the
soil was not consistently correlated with damage in the spring (Skinner et al.
1996). When budbreak is delayed due to cold temperatures late in the spring,
pear thrips can feed within the partially open buds for a longer time causing
serious damage, even if populations are low (Kolb and Teulon 1991). The insect’s
biology, host plants and multiple environmental factors interact to influence the
population dynamics of pear thrips in sugar maple forest stands. The complexity of these interactions, and the costs associated with measuring these factors
prevent their study over a long time period or over a wide geographical area.
This study focused solely on measuring the number of pear thrips emerging
from the soil to better understand the pattern of fluctuations in their population levels over time. These emerging pear thrips represented the population
that would be present in the spring to feed on and damage sugar maple foliage,
and ultimately reproduce.
Several biotic and abiotic factors have been reported to impact pear thrips
population levels, based on short term research (Kirk 1997, Teulon et al. 1998).
These studies help to explain why fluctuations in the populations sampled over
17 years lacked evidence of a cyclical pattern. The tree species composition in a
forest is one factor that is likely to influence pear thrips populations. Historically,
when forests are managed for production of maple syrup, non-maple species are
removed to achieve a basal area of >75% sugar maple. While improving maple
health, this monocroping favors the buildup of pests such as pear thrips (Kirk
1997). Because all of the stands sampled in this study had similar proportions
of sugar maple, this should not have influenced the results directly. However,
thrips readily fly long distances and thus could migrate from forests surrounding
the stands where samples were collected. Therefore, tree species composition
in nearby forests could have an influence on population levels and may help
explain the geographical distribution of pear thrips on a statewide basis. The
species distribution of sugar maple is fairly constant throughout the state, but
distribution of conifers and other hardwoods vary greatly statewide. For example
the forest composition of Essex, Orleans, Caledonia, and parts of Bennington
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counties, where low levels of pear thrips populations were observed, have relatively high proportions (20-49%) of balsam fir, Abies balsamea (L.) Miller, which
is not a pear thrips host (Wharton et al. 2003). The potential impact of forest
composition on pear thrips populations support current forest management
recommendations that encourage promoting a diverse forest composition that
includes conifers such as balsam fir.
Pear thrips, like many other thrips species, feed on pollen as well as
plant sap, and the reproduction potential of thrips is enhanced when pollen is a significant component of their diet. While every year some flowers
can be found on maple trees, in some years they produce particularly large
numbers of flowers, providing pear thrips with an abundant source of pollen
on which to feed. Teulon et al. 1998 found the amount of maple flowers to be
an important factor influencing pear thrips population levels. It is unknown
what stimulates maples to produce more flowers, and this phenomenon can
sometimes occur in an individual stand or in an entire area. It is likely
the amount of flowers in a stand influenced population levels in the stands
sampled for this study as well.
Pear thrips spend about 10 months of the year within the top 10 cm of the
soil, which provides protection from most extreme weather conditions that could
affect population levels (Skinner et al. 1991). Though this segment of the soil
may freeze over the winter if snow cover is insufficient to insulate it, there is no
evidence to suggest pear thrips are killed by freezing. They readily emerge when
the ground thaws. However, heavy rain has been reported to negatively impact
survival of many thrips species (Kirk 1997). In the early summer pear thrips
larvae drop from the tree canopy, crawl over the forest litter for a few days and
then enter the soil where they aestivate over the summer and overwinter. This
usually occurs over a relatively short period of about one week, during which
time large numbers of soft-bodied larvae can be seen clinging to the undersides
of leaves on the forest floor. Heavy rains during that time could greatly reduce
populations. State climate data are of little value for understanding the pear
thrips population fluctuations because weather conditions vary greatly from
site to site. Droughts are relatively rare in Vermont’s forests, and therefore are
not likely to affect pear thrips populations. However, some maple forests at
high elevations occur on ledge sites where the soil and litter layer is relatively
shallow, which could contribute to pear thrips mortality.
Though a wide range of general predators occur in the sugar maple ecosystem, none have been observed in sufficient numbers to affect pear thrips
populations. However, the entomopathogenic fungus, Lecanicillium lecanii
(Zimmermann) Viegas, was found infecting pear thrips larvae extracted from
forest soil. In 1989, around 12% of the pear thrips extracted from forest soil
were infected, compared to only 2 and 4% from northern and central Vermont
(Skinner et al. 1991).
In conclusion, relatively high populations of pear thrips were observed in
the north region of Vermont over several years in the early 1990s, which likely
impacted sugar maple tree health for several subsequent years. For the past
17 years after the initial outbreak, soil samples were taken throughout the
state, showing that pear thrips populations fluctuate somewhat, but have not
reached the high population levels first observed. Due to the multiple complex
interacting biotic and abiotic factors, it is impossible to identify the specific conditions that contribute to the fluctuations in pear thrips populations from year
to year. Though population levels since the outbreak have been comparatively
low, pear thrips continue to survive in Vermont forests, and remain a threat to
the sugar maple resource.
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New State Distribution and Host Records of
North American Buprestidae (Coleoptera)
Jason A. Hansen1, Toby R. Petrice2 and Robert A. Haack2

Abstract
The following new state records are reported for buprestid species in the
eastern United States: Agrilus egeniformis Champlain and Knull and Polyceta
elata LeConte from Georgia, Agrilus defectus LeConte and Agrilus vittaticollis (Randall) from Minnesota and Agrilus paramasculinus Champlain and Knull
from Michigan and Indiana. Chrysobothris shawnee Wellso and Manley and
Chrysobothris rugosiceps Melsheimer are reported from red oak (Quercus rubra
L.) and English oak (Quercus robur L.) for the first time, after being reared from
naturally infested host material collected in Michigan, USA.
____________________

Larvae of metallic woodboring beetles (Coleoptera: Buprestidae) are often
restricted to a narrow range of host plants, i.e., a single genus or family of plants
(Nelson et al. 2008). Understanding the host range and geographic distribution of buprestids can aid in preliminary identification of potential pest species
when specimens are collected as larvae and when planning pest management
activities. In some cases precise knowledge of host plants and geographic range
can aid in selecting buprestids as biological control agents (Campbell and McCaffrey 1991). Herein we report six new state records from four U.S. states
and new host records for two members of the Chrysobothris femorata species
group. The geographic range of Agrilus paramasculinus Champlain and Knull
is significantly expanded northwards into the Great Lakes region. New state
records were confirmed using Nelson et al. (2008) and performing a search of
relevant literature on buprestid distribution in the United States. Codens for
collection repositories follow the Insect and Spider Collections of the World
website (Evenhuis 2009).
Agrilus egeniformis Champlain and Knull. NEW STATE RECORD.
This species is widely distributed in the eastern U.S., but has also been recorded
from New Mexico (Nelson and Westcott 1981). The two known larval host plants
are Gleditsia triacanthos L. and Sapindus saponaria L. var. drummondii (H.
& A.) L. Benson (Nelson et al. 2008). Georgia: Carlton Co., Okeefenokee Nat.
Wildlife Refuge, Camp Cornelia, 17–19-VI-1988, three specimens, C.L. Smith;
Emanuel Co., 9-V-1973, one specimen, R.T. Franklin. [UGCA]
Agrilus defectus LeConte. NEW STATE RECORD. The larvae of this
eastern species feed in several Quercus species (Nelson et al. 2008). It has been
found as far north as Quebec in Canada and as far south as Texas in the U.S.
(Nelson et al. 2008). It is also known from North Dakota and Iowa and in the
province of Ontario, Canada (Fisher 1928, Nelson and Westcott 1976, Bright
1987). Minnesota: Clearwater Co., 18-VI-1978, 1♂, R.T. Franklin [UGCA].
Agrilus paramasculinus Champlain and Knull. NEW STATE RECORDS. This species has been recorded from three midwestern U.S. states
Department of Entomology, Michigan State University, 243 Natural Sciences Building, East Lansing, MI 48824.
USDA Forest Service, Northern Research Station, 1407 S. Harrison Rd, East Lansing,
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with Polk Co., Iowa, being the northernmost record reported by Nelson (1987)
and Nelson and Westcott (1976). Bright (1987) includes Michigan and possibly
Ontario as part of its geographic range, citing personal communication with G.H.
Nelson, “… ex MI (Wellso, in litt.)”. No other reference was given by Bright
(1987) to support a record of A. paramasculinus from Michigan. Neither Wellso
et al. (1976) nor Nelson et al. (2008) included A. paramasculinus as part of the
buprestid fauna of Michigan. Specimens reported here significantly expand the
range of A. paramasculinus northeastward into northern Indiana and southeastern Michigan. Michigan: Ingham Co., East Lansing, Tree Research Center,
Lat 42.6752 N, Long 84.467053W, captured on yellow sticky card suspended
from live branch of Quercus robur L., 21–28-V-2010, 1♂, T.R. Petrice [MSUC];
Ingham Co. East Lansing, Michigan State University (MSU) tree recycling center, 26-VI-1980, 1♂, 1-VII-1980, 1♂, 2-VII-1980, 1♂, 2-VI-1982, 1♂, S.G. Wellso
[SGWC]. Indiana: Tippecanoe Co., West Lafayette, 13–23-V-1990, eight adults
emerged from Gymnocladus dioica (L.) K. Koch. wood collected 2-VI-1989, S.G.
Wellso [SGWC].
Agrilus vittaticollis (Randall). NEW STATE RECORD. Larval hosts
of this species include: Amelanchier canadensis (L.) Medik., Crataegus sp., Malus
spp. and Pyrus spp. (Nelson et al. 2008). Its geographic range includes the provinces of British Columbia, Ontario,9 and Quebec, Canada (Bright 1987, Nelson et
al. 2008). In the U.S., A. vittaticollis has been recorded in states from Florida in
the southeast to Washington in the northwest (Fisher 1928, Nelson et al. 2008).
Minnesota: Clearwater Co., 12-VI-1978, one specimen, R.T. Franklin [UGCA].
Polycesta elata LeConte. NEW STATE RECORD. Georgia: Athens,
15-X-1953, one specimen, W. Garrett [UGCA]. This species has been collected
in several southeastern and midwestern states where at least one of its three
known host plants occurs, i.e. Fraxinus greggii Gray, Platanus occidentalis L.
and Quercus texana Buckl. (Nelson et al. 2008).
Chrysobothris shawnee Wellso and Manley. This common eastern species has been reared from Castanea dentata (Marshall) Borkhausen, Q. stellata
Wangenh, Q. phellos L. and Q. palustris Muenchh (Wellso and Manley 2007).
Wellso and Manley (2007) also report collecting C. shawnee adults on Q. rubra
L. and numerous other Quercus spp. In our lab on the MSU campus, larvae
of this species were found in naturally infested logs of red oak (Q. rubra) and
English oak (Q. robur), NEW HOST RECORDS. Trees that were apparently
uninfested with buprestids were cut into 1-m-long logs and stood vertically
in a Q. robur and Q. alba L. provenance planting at the MSU Kellogg Forest,
Kalamazoo County, Michigan, in May 2010. Logs remained in the field until
brought into the laboratory in March 2011. For each log, one half was debarked
and larvae removed, while the other half of each log was placed indoors (~22ºC)
in rearing tubes to allow for adult emergence. Adults were collected from both
rearing tubes and reared from the dissected late-instar larvae that were placed
on artificial diet modified from Gindin et al. (2009). Larvae on artificial diet
pupated within two weeks of being placed on diet. Michigan: Ingham Co., East
Lansing, MSU Tree Research Center, Quercus robur girdled 21-V-2010, adult
emerged 25-III-2011 in rearing tube held indoors, 1♀, S. Shooltz [MSUC]; Ingham Co., East Lansing, MSU Tree Research Center, Quercus robur girdled
spring 2010, tree section cut 13 m above ground, 7 cm in diameter, adult emerged
18-IV-2011 in rearing tube held indoors, 1♀, S. Shooltz [MSUC]; Kalamazoo Co.,
Kellogg Forest, larvae extracted from Quercus rubra log 1 m long and 18 cm in
diameter, finished pupating 18-IV-2011 indoors, 1♂1♀, J.A. Hansen [MSUC];
Kalamazoo Co., MSU Kellogg Forest, larva extracted from Quercus rubra log,
1 m long and 18 cm in diameter, finished pupating 11-IV-2011 indoors, 1♂, J.A.
Hansen [MSUC].
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Chrysobothris rugosiceps Melsheimer. Wellso and Manley (2007)
reported larvae of this species in Castanea dentata, Quercus alba, Q. macrocarpa Michaux and Q. velutina Lam. Chrysobothris larvae were recovered from
English oak (Q. robur) and red oak (Q. rubra) that were later reared to adult C.
rugosiceps, NEW HOST RECORDS. All adults collected as described in the
preceding paragraph. Michigan: Kalamazoo Co., MSU Kellogg Forest, adult
emerged 3-V-2011 in rearing tube held indoors from Quercus rubra log, 1 m
long, 13 cm in diameter, 1♀, S Shooltz [MSUC]; Kalamazoo Co., MSU Kellogg
Forest, larva extracted from Quercus robur log 1-IV-2011, log 1 m long and 18
cm in diameter, finished pupating 5-V-2011 when held indoors, 1♀, J.A.Hansen
[MSUC]; Kalamazoo Co., MSU Kellogg Forest, larva extracted from Quercus
robur log 1-IV-2011, log was 1 m long and 18 cm in diameter, finished pupating
18-IV-2011 when held indoors, 1♀, J.A. Hansen [MSUC].
Chrysobothris rugosiceps and C. shawnee are two of 12 species in the
Chrysobothris femorata species group in North America (Wellso and Manley
2007). Half the species in this complex utilize Quercus species as host plants
and some utilize the same Quercus species (Wellso and Manley 2007). The
occurrence of multiple species of the Chrysobothris femorata species group
in the same host plant makes initial identification of these borer species difficult. For example, Q. rubra is a known host plant of C. quadriimpressa as
well as C. shawnee and C. rugosiceps, as reported here. This overlap in plant
host utilization may lead to misidentification if larvae are not reared to adults.
Many of the eastern Chrysobothris species in this species group have subtle
male genitalic differences between them, suggesting that interbreeding may
occur. Taxa within the Chrysobothris femorata species group are so closely
related that recent molecular investigations using nuclear and mitochondrial
gene sequences were largely unable to resolve their phylogenetic relationships
(Hansen 2010). Future studies focusing on interbreeding between species within
the Chrysobothris femorata species group will help clarify these taxa as currently delimited. Until such studies are complete, careful attention to reliable
morphological characters in this species group, especially male genitalia, can
facilitate species separation (Wellso and Manley 2007).
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Tramea calverti (Odonata: Libellulidae):
New for Michigan with Notes on Other New Reports
for the Great Lakes Region
Julie A. Craves1,2 and Darrin O’Brien2

Abstract
Beginning in late summer 2010, the Neotropical dragonfly Tramea calverti
Muttkowski, striped saddlebags, was observed in a major northward movement
in eastern North America. This species appeared for the first time in three Great
Lakes states and Canada (Ontario). A specimen from Michigan is the first and
only voucher in the Great Lakes, and an observation in Minnesota established
a new northernmost report for North America.
____________________

Tramea Hagen is a cosmopolitan genus of 24 species, of which ten occur
in the New World (Garrison et al. 2006), with seven in North America (Abbott
2005). Tramea calverti Muttkowski, striped saddlebags, is a Neotropical species
found in the West Indies, Mexico, and Central America, south to Argentina; it
is the most common Tramea in Middle America (Needham et al. 2000, Abbott
2005, Esquivel 2006). It is rare in the United States, typically restricted to south
Texas, southern Arizona, and south Florida (Needham et al. 2000, Abbott 2005).
Tramea calverti is known to wander and is considered a vagrant in the
eastern U.S. (Paulson 2009). Prior to 2010, there were few observations of T.
calverti north of 38° latitude. The exception was in late summer and early fall
1992, when there were numerous (>20) sightings (with at least two vouchers
obtained) from coastal New Jersey and New York (Soltesz 1992). Aside from
that event, there were reports of T. calverti from three coastal states north of 38°
before 2010: a voucher from Maryland in 1976 (Anon. 1994); observations in New
Jersey in 1993, 1994, and 2007 (Anon. 1993, May and Carle 1996, Abbott 2007);
and Massachusetts in 1997 (sighting), 1999 (voucher), and 2007 (photo) (Nikula
et al. 2001, Nikula 2007). The three inland states north of 38° with T. calverti
records prior to 2010 were Missouri, with a voucher in 1988 (Beckemeyer 1998);
Ohio in 2006, 2007, and 2008, all photographic records (Gardella 2007, Nirschl
2008, Nirschl 2010), and Iowa in 1972 (Hummel 1999). The Iowa specimen,
from the Yellow River State Forest in Allamakee Co. at approximately 43.2°N
was the northernmost record of this species prior to 2010.
A northward movement of T. calverti in 2010 exceeded the 1992 event in
both geographic and temporal scope. Between 11 August and 27 October, this
species was reported north of 38° in eight states and one Canadian province,
never having been previously reported in five of those states or Canada. Four
of these new locations were in the Great Lakes region.
On 29 September, we observed at least three T. calverti at the Humbug
Marsh Unit of the Detroit River International Wildlife Refuge, located along
the lower Detroit River in Wayne County, Michigan. We had been conducting
regular Odonata surveys at this site since 2007 (Craves 2007, Craves 2008); this
Corresponding author: (e-mail: jcraves@umd.umich.edu).
Rouge River Bird Observatory, University of Michigan-Dearborn, Environmental
Interpretive Center, Dearborn, MI 48128.
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is where we collected Michigan’s first Erythrodiplax umbrata L., band-winged
dragonlet, another tropical species, in 2007 (Craves and O’Brien 2007). A portion
of the Unit is a former brownfield. Areas nearest to the Detroit River consisting
of old field and scattered shrubs had yielded fall aggregations of Tramea spp.
in the past, mostly T. lacerata Hagen, black saddlebags, but also T. carolina
Hagen, Carolina saddlebags, and T. onusta, red saddlebags.
The observations of T. calverti were also in this field/shrub zone. Initially,
they were most often seen in flight. One of us (DO) eventually netted a female
T. calverti, and this specimen has been deposited in the Insect Division of the
University of Michigan, Museum of Zoology (specimen number MOS0033743).
We were unable to locate any additional individuals the following day at this site.
Three other Great Lakes locations reported T. calverti in 2010, although
no specimens were obtained: 1) 4 September: A sight report from Lighthouse
Point, Two Harbors, Lake County, Minnesota (Lind 2010). This location north
of Duluth along Lake Superior represents the northernmost report of T. calverti
in North America; 2) 7 September: One female T. calverti, among dozens of
other Trameas, mostly T. lacerata, was photographed at Montrose Dunes on the
Lake Michigan shoreline, Chicago, Cook County, Illinois (Spitzer 2010); 3) 29
September (the same day we found the Michigan individuals): A single female
T. calverti was photographed at Point Pelee National Park, Essex County,
Ontario on the east side of the tip, along Lake Erie (Curry and Slessor 2010).
This represents a first report for both Ontario and Canada. Other individuals
were photographed on 4 and 8 October; on the latter date at least two T. calverti
were present (Lamond 2010a,b).
Ohio also reported T. calverti in 2010, although photographs of this species
for the state date back to 2006 (Rosche et al. 2008). In 2010, there were multiple
sightings (at least one individual photographed) at Metzger Marsh Wildlife Area,
Lucas County, in late September through late October, and another observation
from Lake County in late October (Pogacnik and Nirschl 2010).
Two states outside the Great Lakes also reported T. calverti for the first
time in 2010. The first was Delaware (Kent County, 11 August), followed by
New Hampshire (Merrimack County, 13 August) (White 2010). These were
both photographed, but not collected.
The Michigan record described here is the only one represented by a
voucher specimen in the Great Lakes region, and to our knowledge the only
specimen collected in the 2010 incursion in the eastern U.S. While the New
Hampshire and Minnesota sites are farther north than the Michigan location,
there are only two voucher specimens further north than the Michigan record:
the 1972 Iowa specimen described above, and a 1999 specimen from Ipswich,
Essex County, Massachusetts (Goodwin 1999, Nikula et al. 2001). The northernmost sighting in the western U.S. is believed to be in Inyo County, California
at 36.9°N (Biggs and Oriti 2010), and is therefore farther south than the reports
discussed above.
Among Odonata known to migrate, Tramea spp. are one of the bestrepresented genera (Corbet 1999, Russell et al. 1998, May and Matthews
2008). Odonata migration is roughly defined as a one-way flight spanning tens
or thousands of kilometers, or ≥20° of latitude, from near the adult emergence
site to new reproductive habitat (Corbet 1999). Tramea spp. are examples of
typical migrant dragonfly species which inhabit ephemeral to semi-permanent
water bodies that are prone to drying up (Corbet 1999, May and Matthews 2008).
Southern states, and particularly south Texas where there are resident
populations of T. calverti, were largely unaffected by drought conditions in
the six months leading up to the first reports in the Northeast (USDM 2011).
Conversely, by September 2010, the northeast and mid-Atlantic regions had
experienced several months of below-normal rainfall and were experiencing
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drought conditions, considered moderate to severe in New Jersey (NRCC 2010).
So although obligate migration in dragonflies is usually associated with seasonal
drought in the emergence region (Corbet 1999), significantly dry regional conditions do not appear to have been a major causal factor in the 2010 movement
of T. calverti.
Large movements of migratory dragonflies are often associated with the
passage of strong, broad-scale cold fronts or tropical low pressure systems (Russell et al. 1998, Needham et al. 2000, Moskowitz et al. 2001), although migrant
dragonflies also commonly occur in small groups or as scattered individuals
(May and Matthews 2008). There were no obvious organized weather fronts
immediately preceding most appearances of T. calverti in 2010. The exception
was a strong synoptic cold front that passed through the western Great Lakes
region on 3 September. It may explain the reports in Minnesota and Illinois
in the following days.
The uptick in observations of T. calverti in the U.S. over the last decade
could be due, at least in part, to a heightened awareness and increased reporting of Odonata sightings in recent years. That the occurrence of this species in
northern latitudes is genuinely increasing and is being influenced by climate
change is speculative. Odonata species which are expanding their ranges in
Britain, Germany, and the Netherlands, or appearing in these areas for the
first time, are mostly species with southern distributions expanding northward,
and increasing temperatures are thought to play a role (Ott 2010, Parr 2010,
Termaat et al. 2010). The ponds typically occupied by New World migrant Odonata such as T. calverti can be reduced by higher temperatures and increased
evapotranspiration rates, decreased precipitation, and/or unsuitable water
temperatures (Matthews 2010), conditions which may be influenced by climate
change. A decrease in habitat suitability may increase the tendency for longdistance movements by T. calverti and other dispersal-prone Odonata species.
Concurrently, anthropogenic changes to the landscape, e.g., the proliferation of
stormwater detention/retention basins constructed for compliance with federal
regulations since 1990, provide additional habitat for pond-breeding species. The
availability of new habitats over a wide geographic area is likely to facilitate
colonization attempts by far-ranging odonates.
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First Collection Records of Hippodamia variegata
(Coleoptera: Coccinellidae) in Minnesota Corn and Soybean
Thelma T. Heidel1 and Amy C. Morey1

The coccinellid Hippodamia variegata (Goeze) (Coleoptera: Coccinellidae)
is a relatively recent addition to the North American coccinellid fauna. This
species was first reported in 1984 near Montreal, Quebec (Gordon 1987). Since
then, its range has expanded beyond northeastern North America with the
newest records in the midwestern United States, including Michigan (Gardiner
and Parson 2005), Ohio (Pavuk et al. 2007), Wisconsin (Williams and Young
2009), and most recently South Dakota (Hesler and Lundgren 2011). Here
we provide the first records of H. variegata in Minnesota. In addition, our
records further define the movement pattern of this beetle across the Midwest
by documenting its presence in the gap between Wisconsin and South Dakota.
Surveys of soybean and sweet corn natural enemies in Minnesota from
2007-2010 provided an indirect way to sample for the presence or absence
of H. variegata in five different locations in Minnesota. Four locations were
University of Minnesota Research and Outreach Centers, and the fifth location
(Evansville, MN) was a private soybean farm. Sampling methods for H. variegata and other natural enemies varied by year and location but utilized one
or more of the following methods: sticky traps, whole-plant visual inspection,
ground sampling, and/or sweep net sampling. Sampling was conducted from
June-August for each of the locations. Because the purpose of these surveys
was not to specifically address abundance of H. variegata, we are presenting
here the presence and absence data of this species at the five locations and
are including only general comments on the abundance of beetles observed.
Voucher specimens were deposited into the University of Minnesota Insect
Collection.
Sweet corn natural enemy sampling in 2007 and 2008 resulted in no
collection of H. variegata in Minnesota. The first individuals of H. variegata
were collected during the summer of 2009 in two locations, the University of
Minnesota Outreach, Research and Education (UMORE) Park in Rosemount,
MN and the Minnesota Agricultural Experiment Station in St. Paul, MN in
both sweet corn and soybean (Table 1). Numerous individuals (>20 beetles)
of H. variegata were observed and collected over the summer months of 2009
in both crops. During 2010, H. variegata was collected from three of four
sampling locations in both sweet corn and soybean. No specimens were collected in soybean from Southwest Research and Outreach Center (SWROC) in
Lamberton, MN, located in southwest Minnesota; however H. variegata was
collected from Evansville, MN, located in west central Minnesota.
The results of these surveys demonstrate that the range of H. variegata
continues to expand in the United States; within two years, we found this coccinellid from eastern to western Minnesota. These surveys also demonstrate
that a new predator species has established in two major crops in Minnesota.
Perhaps this rapid range expansion was facilitated by abundant food sources
such as the soybean aphid (Aphis glycines Matsumura) and corn leaf aphid
(Rhopalosiphum maidis (Fitch)) present throughout the crops we surveyed.
One outcome of this establishment, then, could be enhanced natural control
of certain prey species, as has been demonstrated with the introduction of the
similarly alien coccinellids Harmonia axyridis (Pallas) and Coccinella septempunctata L. on soybean aphid (Costamagna and Landis 2006, Fox et al. 2004).
Alternatively, the introduction of H. variegata could threaten already declining
Department of Entomology, University of Minnesota, St. Paul, MN, 55108 (e-mail:
heide067@umn.edu, morey041@umn.edu).
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Table 1. Hippodamia variegata Minnesota sampling location information from 20072010.
				
Year
Location
County
Crop Sampled
2007
Rosemount, MN
Dakota Co.
Sweet Corn
				
2008
Rosemount, MN
Dakota Co.
Sweet Corn
				
2009
Rosemount, MN
Dakota Co. Sweet corn & soybean
St. Paul, MN
Ramsey Co.
Soybean
				
2010
Rosemount, MN
Dakota Co. Sweet corn & soybean
Becker, MN
Sherburne Co.
Soybean
Evansville, MN
Douglas Co.
Soybean
Lamberton, MN
Redwood Co.
Soybean

Hippodamia variegata
collected
No
No
Yes
Yes
Yes
Yes
Yes
No

native coccinellid populations (Harmon et al. 2007, Gardiner et al. 2009). In
sum, however, the longterm impacts of this new species in Minnesota are yet
to be determined.
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Polistes dominula (Christ) (Hymenoptera: Vespidae:
Polistinae) Recorded from Nebraska
Louis S. Hesler 1

Abstract
Polistes dominula (Christ), a Palearctic paper wasp that has established
in various areas of North America, is reported for the first time from the state of
Nebraska based on specimens from the city of Lincoln. Potential implications
of its presence in Nebraska are discussed.
____________________

Polistes dominula (Christ) is a Palearctic paper wasp that has been introduced at least twice into North America (Liebert et al. 2006). It was first
detected in the eastern U.S. near Boston, Massachusetts in the late 1970s (Hathaway 1981), and a second introduction of P. dominula was found along the
Pacific coast of North America (Landolt and Antonelli 1999). Both eastern and
western populations of P. dominula have expanded (Liebert et al. 2006), and
this species has become established in central North America, including Missouri (Arduser and Stevens 1999), Minnesota (Liebert et al. 2006), and South
Dakota (Hesler 2010).
On 26 September 2010, about 10 individuals of P. dominula were found
in Lincoln, Lancaster County, Nebraska, foraging simultaneously with several
individuals of a native paper wasp, P. fuscatus (F.), on flowers of stonecrop (Sedum sp.) and ornamental onion (Allium sp.; Fig. 1). Several individuals were
collected for identification using diagnostic characters in Buck et al. (2008).
Specimens of P. dominula (Fig. 2) were identified based on coloration, dense
punctation of the mesopleuron, and strong ridging of the propodeum (Buck et al.
2008). Voucher specimens are held at the North Central Agricultural Research
Laboratory, USDA-ARS, Brookings, South Dakota.
The wasps from Lincoln represent the first specimens of P. dominula collected in Nebraska. However, a nest attributable to P. dominula was collected in
Lincoln on 21 August 2008 (University of Nebraska-Lincoln 2011). It is unclear
whether the presence of P. dominula in Lincoln was due to geographic range
expansion from neighboring state(s) or the result of a separate anthropogenic
introduction. Polistes dominula may spread throughout Nebraska, given its
expansion in other areas of North America and its presence in nearby states
with common landscape features. Surveys for P. dominula are needed in other
areas of Nebraska to determine its rate of spread and the extent of its geographic
distribution in the state.
The observations in Lincoln also document the co-occurrence of P. dominula
with the native paper wasp, P. fuscatus. This is important because the two species, which are sympatric in eastern North America, compete for nesting space
and prey (Buck et al. 2008). Polistes dominula may have a competitive advantage over P. fuscatus because of its broader prey spectrum (Cervo et al. 2000),
greater tendency for nectar storage (Silagi et al. 2003), faster development, higher
USDA, Agricultural Research Service, North Central Agricultural Research Laboratory, 2923 Medary Avenue, Brookings, SD 57006. (e-mail: louis.hesler@ars.usda.gov).
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Figure 1. Polistes dominula (yellow arrows) foraging with a native paper wasp, P.
fuscatus (red arrows), on flowers of Allium sp. in Lincoln, Nebraska.

productivity (Armstrong and Stamp 2003), and lower incidence of parasitism
(Buck et al. 2008). However, P. dominula may initially become more prevalent
than P. fuscatus in newly colonized areas, but eventually the two species may
reach population levels in which they coexist in a given region (Gamboa et al.
2004, Buck et al. 2008, O’Brien 2010). Nonetheless, future studies are needed
to determine the possible impacts of P. dominula on the abundance of prey
species and on P. fuscatus.
Finally, like P. fuscatus, P. dominula nests in anthropogenic structures,
and is well adapted to urban and suburban environments (Cervo et al. 2000, Silagi et al. 2003). Therefore, P. dominula is an additional stinging hymenopteran
that humans are likely to encounter unwantedly in Lincoln and eventually in
other cities and towns in Nebraska. This record serves to alert pest management
and medical personnel of its presence in the Lincoln area. Pest management
practitioners in Nebraska should be aware of the potential spread of P. dominula
in Nebraska and act to manage this wasp and minimize the number of stinging
incidents resulting from encounters between it and humans.
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Figure 2. Side view of Polistes dominula from Lincoln, Nebraska.
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Feeding Records of Aphids (Hemiptera: Aphididae) From
Wisconsin, Supplement
Andrew H. Williams1, Doris M. Lagos2 and James C. Trager3

Abstract
Basic to our understanding of any animal and its habitat requirements is
knowing what it eats. Reported here are observations of feeding by 24 species
of aphids encountered in Wisconsin over 2002-2010.
____________________

Knowing what an animal eats is basic to understanding that animal and
its habitat requirements. Reported here are observations of feeding by 24 species of aphids (Hemiptera: Aphididae) collected in Wisconsin by Williams from
2002 through 2010.
Aphids were reared in the lab on the same plant species on which they had
been found feeding so that both wingless and winged adults could be secured.
These were put into 80% or 95% EtOH and sent to Lagos, who determined them
using morphological and in some cases genetic characters and deposited the
specimens in the collection at Illinois Natural History Survey. Ants tending
the aphids were collected, point mounted and sent to Trager, who determined
them and returned them for deposition in the Insect Research Collection (IRC)
of the Entomology Department at University of Wisconsin - Madison. Predators
of aphids were collected, immatures reared out on those same aphids in the lab
and adult specimens deposited in the IRC.
These aphid data are presented in Table 1. All insects were collected by
Williams. All plants and aphid predators were determined by Williams. Plant
nomenclature follows Gleason and Cronquist (1991). Data reported here supplement similar data reported in Williams et al. (2004).
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On stems and on undersides of youngest leaves.
On pedicels of flowers in umbels.
On young leaves.
Few, on upper side of youngest leaf of resprout,
by midvein.
On stems, especially at bases of young lateral stems.
On stems just below flowers.
On stems just below flowers and flower buds.
On stems just below flowers.
On peduncles just below involucres.
On stems of inflorescence.
These aphids, with their young, are often found on
the undersides of yellowing terminal leaves and
adjacent stem tips only when the plant is
beginning its seasonal senescence, all across
northern Wisconsin.
In small clusters on upper stems, plants now with
flower buds.

Aphis fabae Scopoli
Arctium minus
Lasius alienus Mayr
Asclepias hirtella
Formica montana Wheeler
Asclepias syriaca
Lasius neoniger Emery
		
Prenolepis imparis (Say)
			
Cirsium altissimum
Formica postoculata Kennedy & Dennis
		
Camponotus americanus Mayr
Cirsium discolor
Crematogaster cerasi (Fitch)
Cirsium muticum
Crematogaster cerasi (Fitch)
Erechtites hieracifolia
Formica obscuripes Forel
Froelichia floridana
Formica obscuripes Forel

Aphis helianthi Monell
Apocynum androsaemifolium usually tended by ants
			
			
			
			
Cryptotaenia canadensis
Prenolepis imparis (Say)
			

Myrmica emeryana Cole
Forelius pruinosus (Roger)

On youngest leaves.
On flowers.

NOTES

Aphis craccivora Koch
Asclepias syriaca
Tephrosia virginiana

ANT
Many winged adults and young on undersides of
leaves, especially on veins.

PLANT

Anoecia corni Fabricius
Cornus racemosa
Formica obscuriventris Mayr
			

APHID

Table 1. Observations of aphids feeding on plants, ants tending those aphids and aphid predators.
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In large hollow galls with gallmaker aphids
Mordvilkoja vagabunda (Walsh),
terminal on green twigs, ants also inside galls,
which have openings by which ants come and go.
In dense colony encircling green twig near its tip.
On green twigs & leaf petioles.

On peduncles just below involucres.
Many together with young on underside of a leaf
adjacent to plant of Cirsium vulgare with more
such aphids on undersides of its leaves.
On upper surfaces of leaves, mostly by midveins,
high on plant.

On youngest leaves.

Chaitophorus populicola Thomas
Populus deltoides
Crematogaster cerasi (Fitch)
			
			
		
		
Formica glacialis Wheeler
Populus tremuloides
Formica obscuripes Forel

-----

Aulacorthum solani Kaltenbach
Asclepias purpurascens

Many together on stems.

On youngest green twigs.

Lasius neoniger Emery

Aphis pulchella Hottes & Frison
Euphorbia corollata

Clustered at shoot tip on youngest leaves.

On stems and undersides of leaves.

NOTES

Brachycaudus cardui (Linnaeus)
Erechtites hieracifolia
Lasius alienus Mayr
Asclepias syriaca
Formica montana Emery
			
			
		
Formica obscuripes Forel
			
Chaitophorus nigrae Oestlund
Salix sp.
Formica obscuriventris Mayr

Formica montana Emery

Aphis oestlundi Gillette
Oenothera biennis

ANT

Crematogaster cerasi (Fitch)

PLANT

Aphis nasturtii Kaltenbach
Nepeta cataria

APHID

Table 1. Continued.
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PLANT

Macrosiphum euphorbiae (Thomas)
Apocynum androsaemifolium ----		
----Apocynum cannabinum
----			
----			
----		
----		
----			
			

On lesser veins on undersides of leaves.
Together on youngest leaves & shoot tips.
Together on shoot tips & upper & lower surfaces
of youngest leaves.
Together on shoot tips & scattered on
undersides of leaves.
Together on stems at shoot tips.
Together on youngest leaves & shoot tips.
Together on shoot tips & scattered on
undersides of leaves, prey of larval Chrysopa
carnea Stephens (reared) and larval coccinellid.

On youngest green twigs.
On youngest green twigs.

Hysteroneura setariae (Thomas)
Prunus pumila
		

Formica dolosa Buren
Crematogaster cerasi (Fitch)

On sides of blooming heads & peduncles
with Macrosiphum euphorbiae (Thomas).
On sides of blooming heads & peduncles
with Macrosiphum euphorbiae (Thomas).

Hyperomyzus lactucae (Linnaeus)
Senecio vulgaris
----			
Sonchus asper
----			

On veins on undersides of leaves.

NOTES

On leaves, prey of larval and adult
Harmonia axyridis (Pallas).

-----

ANT

Glabromyzus sp.
Rhus glabra
----			

Cryptomyzus galeopsidis (Kaltenbach)
Galeopsis tetrahit

APHID

Table 1. Continued.
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On stems among flowers.
On flower buds and first open flower.
On flower buds, pedicels and the sheaths from
which they spring.
On stems just below flowers.

Uroleucon ambrosiae (Thomas)
Ambrosia trifida
Formica postoculata Kennedy & Dennis
Silphium integrifolium
----Silphium perfoliatum
----			

Uroleucon impatiensicolens (Patch)
Impatiens pallida

THE GREAT LAKES ENTOMOLOGIST

-----

In large hollow galls with aphids Chaitophorus
populicola Thomas, terminal on green twigs, ants
also inside galls, which have openings by which
ants come and go.

Very many, feeding on leaves & green loments,
prey of many adult Coccinellidae: Coccinella
septempunctata (Linnaeus), Cycloneda munda
(Say), Harmonia axyridis (Pallas), Hippodamia
variegata (Goeze), and Scymnus sp.

On undersides of mature leaves.
Clustered on stems below inflorescences.
Generally solitary on young developing seed
capsules and their stems.
On sides of blooming heads & peduncles
with Hyperomyzus lactucae (Linnaeus).
On sides of blooming heads & peduncles
with Hyperomyzus lactucae (Linnaeus).

Microparsus desmodiorum Smith & Tuatay
Desmodium canadensis
----			
			
			
			
Mordvilkoja vagabunda (Walsh)
Populus deltoides
Crematogaster cerasi (Fitch)
			
			
			

Asclepias syriaca
----Polytaenia nuttallii
Formica subsericea Say
Scrophularia marilandica
----			
Senecio vulgaris
----			
Sonchus asper
----			
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Uroleucon sonchellum (Monell)
Lactuca canadensis

Uroleucon sonchi (Linnaeus)
Sonchus arvensis

On peduncles of flowers & flower buds.

On green seedheads.

On branches of inflorescence.

-----

NOTES

Uroleucon pseudoambrosiae (Olive)
Lactuca canadensis

ANT
On stem tip.
On undersides of youngest leaves, on stem tip &
on stems of budded inflorescence.
On upper stems.
On young leaves & shoot tips.

PLANT

Uroleucon nigrotuberculatum (Olive)
Solidago canadensis
----		
----			
Solidago nemoralis
----Solidago rigida
-----

APHID

Table 1. Continued.
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Status of Zygiella and Parazygiella (Araneae: Araneidae)
in the Great Lakes States
Michael L. Draney1

Abstract
A confusing nomenclatural history has resulted in the persistence of
the idea that Parazygiella montana (C. L. Koch, 1834), a Palearctic species of
orbweaver (Araneae: Araneidae), occurs in the Great Lakes states. I discuss
this nomenclatural history and report upon all available material from the Great
Lakes states to show that P. montana has never been recorded from the region,
and that all previous records of Zygiella/Zilla montana refer to a native species, Zygiella nearctica Gertsch, 1964. Although Z. nearctica has been collected
from mainland Michigan and Wisconsin historically, all post 1960 records of
this species are from islands in Lakes Michigan and Superior. This suggests
that changes on the mainland (perhaps due to introduced species) may have
resulted in the decline of Z. nearctica in this region.
____________________

Zygiella is a genus of small to medium-sized (total body length 2.5-10.0
mm, Gertsch 1964, Levi 1974) orbweaving spiders (Family Araneidae) that
are noted for weaving “incomplete” orbwebs, without silk in a sector equal to
several radii (Gertsch 1964). This “free sector” is apparently an adaptation
allowing the spider quick access to the web from a protected retreat; Zygiella
species usually remain in a retreat during the day (and sit at the web’s hub at
night) but will enter the web in daytime to subdue struggling prey (Grasshoff
and Edmunds, 1979).
There are currently 11 named species in the genus Zygiella (6 Palearctic, 1
Holarctic, 1 Nearctic, and 1 Oriental in distribution; Platnick, 2010). Additionally, Wunderlich (2004) transferred three species formerly placed in Zygiella
to the genus Parazygiella, including one Nearctic, one Palearctic, and one with
Holarctic distribution (Platnick 2010). North America is presently host to both
native and introduced species of Zygiella and Parazygiella. The native species
are P. dispar (Kulczynski, 1885), occurring in Siberia and Japan as well as coastal
California to Alaska; P. carpenteri Archer, 1951 from California, Oregon, and
Washington; and Zygiella nearctica Gertsch, 1964, from the northern nearctic
region (discussed below). Z. atrica (C.L. Koch, 1845) and Z. x-notata (Clerck,
1757) have apparently been introduced from Europe (Gertsch 1964).
In our list of 900 species documented from the Great Lakes states of Illinois,
Indiana, Ohio, Michigan and Wisconsin (Sierwald et al. 2005), we noted that 25
(~2.8%) were demonstrably non-native. One of the species we discussed (pp.
121-122) was Parazygiella montana (C. L. Koch, 1834), which at that time was
placed as Zygiella. We correctly noted that P. montana is native to European
mountains at elevations above 1,000 meters, and it has been reported from
Wisconsin and Michigan. But we also stated that “the species is also reported
from Maine, North Carolina, and The Adirondacks and White Mountains.”
This was not properly cited, but seems to refer to Levi’s (1974) distribution of
Department of Natural and Applied Sciences and Cofrin Center for Biodiversity, University of Wisconsin-Green Bay, Green Bay, WI USA (e-mail: draneym@uwgb.edu).
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Z. dispar, under which Levi included North American records of Z. montana.
It appears we erroneously attributed these records to Z. montana. Since we
were also aware of the existence of voucher specimens labeled Z. montana from
Michigan and Wisconsin, we concluded that “there seems to be little doubt
that Z. montana is established in both Michigan and Wisconsin.” Sierwald et
al. (2005) lists one native Zygiella species, Z. nearctica, from Michigan based
on literature records (Bixler 1967, Drew 1967, Snider 1991) and a record of a
voucher at Milwaukee Public Museum (MPM). P. montana is recorded from
Michigan (Chickering 1934, Snider 1991) and Wisconsin (in Levi and Field 1954
and a voucher specimen from MPM).
However, understanding the nomenclatural history of the group (discussed
below) shows that old records of Zygiella/Zilla montana are likely to be Zygiella
nearctica. Also, during the course of various research projects, the author has
collected many thousands of spiders belonging to hundreds of species in Wisconsin and Michigan, and these collections did not include any specimens of Z.
montana. However, during a survey of Saint Martin’s Island off Michigan’s upper
peninsula mainland, I collected a number of individuals of Zygiella, but they
were the native species Z. nearctica. I began to suspect that perhaps the two
species remain confused in the literature. However, even though Z. nearctica
and P. montana were confused in the past, it was still possible that P. montana
had been introduced into the New World, so I have reexamined all available
voucher specimens originally identified as Z. montana.
Objectives of this paper were to 1) evaluate evidence for the existence of
P. montana in the Great Lakes region, and 2) evaluate the status of Z. nearctica
in the Great Lakes region, based on all existing records for the species.
Parazygiella montana does not exist in the Great Lakes States.
In the description of Z. nearctica, Gertsch (1964) noted that the species was
long confused with the European species Z. montana. This started with a misidentification by Emerton (1884), who was long followed by other workers. As
presently delimited, the two species can be differentiated by details in the male
and female genitalia (Levi 1974). Z. nearctica is also smaller in size, lighter
in color, and has a pale stripe on a dark sternum that is lacking in P. montana
specimens (Gertsch 1964).
Zygiella nearctica was synonymized with Z. dispar by Levi (1974), but this
synonymy was rejected by Dondale et al. (2003), stating that Gertsch (1964)
provided numerous characters to separate the northern and eastern species
Z. nearctica from the Pacific coastal species Z. dispar. In his review of the genus, Levi (1974) makes no mention of Z. montana being introduced into North
America, stating only that it is distributed in the Alps above 1,000 meters in
elevation, usually at 1,300-1,800 meters.
Material examined and determinations. Using Gertsch (1964), Levi
(1974) and additional illustrations in Paquin and Dupérré (2003), I re-examined
all available specimens of Zygiella from the Great Lakes states, except for those
already examined by the authorities W. J. Gertsch and H. W. Levi, which are
held in the Museum of Comparative Zoology (MCZ) at Harvard (discussed below).
There is no North American material identified as P. montana in the MCZ collection (L. Leibensperger, pers. comm.). All MCZ material has been determined
by Levi as Z. nearctica, not P. montana. Abbreviations: ARC, Albert J. Cook
Arthropod Research Collection, Michigan State University; MLD, collection of
author; MPM, Milwaukee Public Museum.
Specimen from Winnebago County, WI. Originally from Oshkosh Museum,
Ralph N. Buckstaff collection: 1st label (pencil): “F1618 Buckstaff; Oshkosh,
WI”. 2nd label (ink, different handwriting): “Zygiella mantana [sic] 9.11 1954”
[I assume this is determination date, not collection date. No collector is listed.].
MPM. Det. M. Draney 2009: Penultimate instar male. Not Zygiella/Parazygiella.
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Specimen is too large (body size 12 mm; other examined specimens are ca. 4.5
mm). Specific determination is problematic with immatures, but dorsal and
ventral abdominal markings look like Larinioides, prob. L. cornutus (Clerck,
1757) a holarctic species that is very common in Wisconsin (author’s personal
observation).
Handwritten label: Zilla Montana (Koch) Along mill run. 6/27/31. Three
typed labels: 1) MCZ; Michigan; A. M. Chickering [coll.]; 2) Ex M.C.Z. exchange
1978 Milwaukee Museum; 3) Zygiella dispar (Kulcz.) det. Levi 1973. MPM.
Det. M. Draney 2010: Zygiella nearctica 1 ♀.
MI: Delta Co., St. Martin’s Island. N 45.50989o, W 086.77845o. Beechmaple forest w/ thick Taxus ground cover, north slope of island near escarpment. 1 hour sweep net/beating sheet/brush. 2 June 2006. Coll. M. Draney.
St. Martin’s “sample 4”. MLD. Det. M. Draney 2006: Zygiella nearctica 1 ♂.
MI: Delta Co., St. Martin’s Island. N 45.51032o, W 086.77737o. Escarpment face w/ cedar understory, middle terrace, north end of island. Brushing
cliff face, 30 min. 2 June 2006. Coll. M. Draney. St. Martin’s “sample 5”. MLD.
Det. M. Draney 2006: Zygiella nearctica 13 ♂, 5 ♀, 1 imm.
MI: Charlevoix Co., Beaver Island. Veg. beach Iron Ore Bay. 17 July
1961. L. C. Drew. Female Zygiella montana (C.L. Koch) [Note: Drew listed this
specimen as Z. nearctica in Drew 1967]. ARC. Det. M. Draney 2010: Zygiella
nearctica 1 ♀.
MI: Charlevoix Co., Beaver Island. Shrubs-Cedar-Aspen. Iron Ore Creek.
9 Oct. 1963. L. C. Drew. Female Zygiella montana (C.L. Koch) [Note: Drew
listed this specimen as Z. nearctica in Drew 1967]. ARC. Det. M. Draney 2010:
Zygiella nearctica 1 ♀.
MI: Keweenaw Co. Isle Royale. 3 mi. Camp, Rock Harbor. EX-Shelter.
22 June 1965. David E. Bixler. Zygiella montana (C. L. Koch) Males, Females.
[Note: Bixler listed these specimens as Z. nearctica in Bixler 1967]. ARC. Det.
M. Draney 2010: Zygiella nearctica 3 ♂, 4 ♀.
MI: Keweenaw Co. Isle Royale. Daisy Farm. EX-Shelter. 24 June 1965.
David E. Bixler. Zygiella montana (C. L. Koch) 1 female [sic]. [Note: Bixler
listed this specimen as Z. nearctica in Bixler 1967]. ARC. Det. M. Draney 2010:
Zygiella nearctica 1 ♂.
MI: Keweenaw Co. Isle Royale. Wendigo. EX-Shelter. 30 July 1965.
David E. Bixler. Zygiella montana (C. L. Koch) 1 female. [Note: Bixler listed
this specimen as Z. nearctica in Bixler 1967]. ARC. Det. M. Draney 2010:
Zygiella nearctica 1 ♀.
MI: Keweenaw Co. Isle Royale. Perdue Camp, Rock Harbor. EX-Cabin.
12 Aug. 1965. David E. Bixler. DB Ecological Note 1R-117: Ex cabin and buildings of Perdue Camp, across from Daisy Farm, under eves. Males and females
from buildings in Birch-Aspen subclimax forest. This is the only habitat DEB
found Zygiella on Isle Royale. Zygiella montana (C. L. Koch) 1 female. [Note:
Bixler listed this specimen as Z. nearctica in Bixler 1967]. ARC. Det. M. Draney
2010: Zygiella nearctica 1 ♀.
Examination of available material leaves little doubt that Great Lakes
region specimens identified as Zygiella montana are either Z. nearctica or (as
in the case of the “Buckstaff” MPM specimen, above) just misidentifications.
The two additional published records known to me include a female from Trout
Lake, Vilas Co., WI, Sept. 6 1932 (Field 1938, Levi and Field 1954. I have been
unable to locate this specimen), and a record from Grand Marais, Alger Co.,
MI, 9 July 1932 (Chickering 1934). This specimen and four additional records
from Michigan that I was previously unaware of are housed at the Museum of
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Comparative Zoology, Harvard University (L. Leibensperger, pers. comm.). All
of these have “nearctica” det. labels by the Zygiella revisor H. W. Levi, and I did
not feel it necessary to re-examine them: 1) The Alger Co. specimen was in a
vial with a second label, with 4 specimens total. The second vial reads Pictured
Rocks, Michigan [also in Alger Co.], 26 June 1932; 2) Emmet Co., MI, Goodheart.
No date. A.M. Chickering Coll.; 3) Detroit, MI [probably Wayne Co.], 7 August
1942 Coll. G. Struphal(? name unclear); 4) MI, Keweenaw Co., Isle Royale, 11
July 1938, A. M. Chickering Coll. All of these records were originally cited as
Zilla montana, a name predating Zygiella F. O. P-Cambridge, 1902.
This case is illustrative of a fundamental asymmetry inherent in faunal
lists: It is much more difficult to remove a species record than to include it
initially. A conservative approach to new faunistic records is thus warranted,
and only well-documented and unambiguous instances should be included in
such lists.
Status of Zygiella nearctica in the Great Lakes states. Zygiella
nearctica is fairly widespread through the northern Nearctic region. In addition to the Wisconsin and Michigan records mentioned above, Gertsch (1964)
reports the species from the northeastern United States (Maine, New Hampshire,
Vermont, New York, Maryland, West Virginia, Virginia, and North Carolina)
and the northern Rocky Mountain states (Montana, Wyoming, and Colorado) as
well as across Canada (Yukon, British Columbia, Alberta, Manitoba, Ontario,
Quebec, and Nova Scotia; also reported from Saskatchewan, New Brunswick,
Labrador, and Newfoundland in Paquin et al. 2010). It is known from a variety
of habitats, including “bushes and trees”, rocks and cliffs, and on man-made
structures such as bridges, houses, and barns (Gertsch 1964).
It is of some note that all recent (post 1960) records of Z. nearctica from the
Great Lakes region are from islands in Lakes Michigan and Superior, whereas
the older (pre 1940) records are, with one exception, all mainland records.
This species has probably never been particularly common or conspicuous in
the Great Lakes region, but it is an open question as to whether the species
has recently been in decline. It is possible that competition or predation from
some non-native species (which has not yet colonized these lake islands) has
resulted in a recent decline in the species on the mainland. If the species does
occur on the mainland in our region, I predict it would most likely be collected
from cliff-like habitats near the lakes, such as the Niagara Escarpment on the
lake Michigan shore in Door County, Wisconsin or at Pictured Rocks National
Lakeshore on the Lake Superior shore in Alger County, Michigan (which is likely
the habitat that yielded Chickering’s 1932 specimens). Only further collecting
can shed light on these questions.
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