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GERROMORPHA (HEMIPTERA: HETEROPTERA) IN SOUTHERN
ILLINOIS: SPECIES ASSEMBLAGES AND HABITATS
Steven J. Taylor1  and J. E. McPherson2

ABSTRACT
Gerromorphan species assemblages in southern Illinois were studied
at 86 sites representing eleven habitat types (pond, lake, swamp, temporary
pool, large river, small river, muddy eutrophic permanent stream, clear rocky
permanent stream, clear rocky temporary stream, roadside ditch, and spring)
from mid-May 1988 through late July 1991. Assemblages varied in size and
composition, with the most diverse found in clear rocky permanent streams.
Phenograms tended to cluster major habitat types (e.g., ponds, lakes) based on
taxon presence/absence and to cluster the more commonly co-occuring species
based on their presence/absence at collection sites. These phenograms indicated
the presence of natural guilds of species in different habitat types. Some taxa
were generalists based upon their widespread occurrence in a variety of both
lentic and lotic habitat types, whereas others exhibited a narrower range of
habitat use. Collections included 32 species in five families (Gerridae, Hebridae,
Hydrometridae, Mesoveliidae, and Veliidae), which represented 91.4-95.2% of
the estimated actual species present based on the species accumulation curve
and four species richness estimators. These data demonstrate the presence of
distinctive guilds of gerromorphans in different habitats in southern Illinois.
____________________
Numerous studies have evaluated macroinvertebrate assemblages in relation to aquatic or semiaquatic habitats (e.g., Palmer et al. 1991, Johnson et al.
1994, Rabeni and Doisy 2000, Sandin and Johnson 2000, Melo and Froehlich
2001, White and Irvine 2003) , and some studies have concentrated on particular
insect groups such as beetles (Coleoptera) (e.g., Fairchild et al. 2000), black flies
(Diptera: Simuliidae) (e.g., McCreadie et al. 1997), “EPT” taxa (Ephemeroptera,
Plecoptera, and Trichoptera) (e.g., DeWalt et al. 1999), and true bugs (Hemiptera: Heteroptera) including the Gerromorpha (e.g., Scudder 1987, Karaouzas
and Gritzalis 2006).
Little information is available on gerromorphan species assemblages in
America north of Mexico. Scudder (1987) surveyed the aquatic and semiaquatic
species, including gerromorphans, in peatlands and marshes of Canada, recorded
their habitats (e.g., springs, swamps, bogs), and supplemented these data with
records from the literature. Herring (1951) analyzed the aquatic and semiaquatic
Heteroptera of northern Florida and found that “characteristic” species, including
gerromorphans, often differed by habitat. More specifically, Calabrese (1977)
found Gerris species in Connecticut differed in mesohabitat preferences (e.g.,
lentic/lotic; substrate; presence or absence of hanging, floating, emergent, and
submergent vegetation; water and air temperatures). Finally, Andersen (1982),
in a worldwide treatment, discussed habitat preferences of gerromorphans at
the family and subfamily levels.
In the present study, we give preliminary characterizations of gerromorphan species assemblages in 11 habitats in southern Illinois and classify species
on a spectrum from habitat generalists to habitat specialists.
Division of Biodiversity and Ecological Entomology, Illinois Natural History Survey,
1816 South Oak St., Champaign, Illinois 61820.
2
Department of Zoology, Southern Illinois University at Carbondale, Carbondale, Illinois 62901-6501.
1
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MATERIALS AND METHODS
Field collections were made from mid-May 1988 through late July 1991,
but were limited to the active season (March-October), in an 11-county area
in southern Illinois (Fig. 1). Collection sites were classified into the following
temporary or permanent lentic and lotic habitats: pond, lake, swamp, temporary
pool, roadside ditch (both temporary and permanent), big river (Mississippi
and Ohio rivers), small river, muddy eutrophic permanent stream, clear rocky
permanent stream, and clear rocky temporary stream (Table 1). This classification was arbitrary because these habitats, collectively, form a continuum.
For example, some small river habitats appeared more similar to a roadside
ditch than a small river. For the purposes of this paper, ponds and lakes, and
streams and rivers, were defined by size. Lentic bodies of water smaller than
2.5 hectares (6.2 acres) are classified herein as ponds, those larger as lakes.
Streams are defined as fifth order or smaller, small rivers (e.g., Saline River)
as sixth order, and big rivers (Ohio, Mississippi) as seventh order (or higher)
streams. Definitions of the remaining habitats are self-explanatory.
The lentic and lotic habitats comprising the continuum do not include
the spring habitat noted in Table 1. Although the data from this habitat are
discussed later in this paper, we did not include them in comparisons between
lentic and lotic habitats for two reasons. First, only two springs were sampled,
one of which was a saline spring with a large pool, the other a freshwater spring
with a more typical stream. These differences precluded combining the data,
resulting in two small samples. Second, the springs could not be classified easily as a lentic or lotic habitat.

Figure 1. Distribution of 86 collection sites in the 11 southernmost counties (Jackson,
Williamson, Saline, Gallatin, Union, Johnson, Pope, Hardin, Alexander, Pulaski, Massac) of Illinois, where collections were made for this study from mid-May 1988 through
late July 1991.
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Table 1. Numbers of gerromorphan taxa in habitats surveyed in southern Illinois from
mid-May 1988 through late July 1991.
		
Habitat
Lentic
Pond
Lake
Swamp
Temporary pool
Roadside Ditch
Lotic
Big River
Small River
Muddy/Eutrophic
		
Permanent Stream
Clear/Rocky
		
Permanent Stream
Clear/Rocky
		
Temporary Stream
Other
Spring
Total 		

No. Sites
per Habitat

No. Species

No. Families

9
10
7
3
3

11
12
9
3
4

5
5
4
1
4

2
9

1
14

1
5

5

13

5

27

23

5

9

6

4

2

4

2

86

Bugs were collected with a D-net, an aquarium dip net, or by hand-picking.
All specimens were preserved in 70-80% ethanol and sorted in the laboratory by
species and developmental stage. These data provided information on species/
habitat associations. These same data were used to identify species assemblages
associated with particular habitats and to assess differences between habitats
and number of species present.
Collecting effort varied across sites, primarily because of the wide range
of differences in habitat size, water flow, substrate, and other features. For
example, all individuals could be collected at some small sites (e.g., temporary
pools) in a few minutes, whereas those in larger, more diverse, sites (e.g., some
permanent rocky streams) required up to 3 hours. Had intensive collecting
been conducted at these larger sites over several days, additional taxa might
have been found. For the Mississippi and Ohio rivers, sampling was conducted
only near the shoreline. Often (especially for the large, diverse sites), multiple
microhabitats were combined for sampling (e.g., stream pools and stream riffles).
Most sites were sampled only once. Each habitat type was represented by at
least two sites.
To distinguish habitats and species assemblages, presence-absence data
for taxa from all sites were used to develop phenograms of similarity using the
UPGMA (Unweighted Pair Group Method with Arithmetic mean) clustering algorithm (average linkage cluster analysis; Sneath and Sokal 1973, SAS Institute
2001). For habitats, we observed that many tended to occur together along the
right-hand margin of the phenogram and corresponded to clusters in the tree;
these clusters (A-F) are discussed in the text. Similarly, we observed that some
species occurring together along the right-hand margin of the phenogram also
occurred together in the field and corresponded to clusters in the tree; these,
too, are discussed in the text.
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A species accumulation curve (i.e., number of species) was compared with four
different estimators of species richness (ICE, Chao 1, Jackknife 2, and bootstrap),
using EstimateS (Colwell 1997).
Generalists are defined here as taxa found in 60% or more of both the
lentic and lotic habitats (not sites).
Voucher specimens of all species are deposited in the Southern Illinois
University Entomology Collection (Carbondale) and the Illinois Natural History
Survey Insect Collection (Champaign).
RESULTS AND DISCUSSION
Faunal Associations
Thirty-two species in five families (Table 2) were collected from 86 sites
(Tables 1 and 3) (see Taylor [1996] for detailed listing of sites). The number
of species per habitat ranged from 1 (big river) to 23 (clear/rocky permanent
stream) (Tables 1 and 3). In five of the habitats, all five families were represented
(Table 1). Of the 32 species, only six were collected from more than 20 sites [i.e.,
Aquarius remigis (Say) (22 sites), Gerris marginatus Say (21 sites), Limnoporus
canaliculatus (Say) (24 sites), Trepobates subnitidus Esaki (26 sites), Mesovelia
mulsanti White (36 sites), and Microvelia americana (Uhler) (34 sites)] (Table
2). These same species, however, were variable in their use of different habitats,
ranging from 3 in A. remigis to 8 in L. canaliculatus (Table 2). M. mulsanti, L.
canaliculatus, Microvelia hinei Drake, and Hydrometra martini Kirkaldy were
all generalists (Tables 2 and 3).
Lentic Habitats
Lentic habitats, together, contained 17 species (Table 3). Of the five
habitats, the faunal composition of ponds, lakes, and swamps was most similar.
M. mulsanti, L. canaliculatus, Merragata brunnea Drake, Microvelia pulchella
Westwood, and M. hinei were found in all three habitats, and several others
[e.g., T. subnitidus, Neogerris hesione (Kirkaldy), H. martini] were found in two
of the three (Table 3). Of these, M. mulsanti was the most commonly encountered species in all three habitats. The faunas of temporary pools and roadside
ditches were less diverse, consisting of only three and four species, respectively
(Table 3; see below); however, even here, the four generalists were represented,
L. canaliculatus in temporary pools and the other three in roadside ditches.
Pond. Ponds harbored 11 species, including M. mulsanti, M. pulchella,
and T. subnitidus, which were found on more than 50% of the ponds examined
(Table 3). M. mulsanti and T. subnitidus, although common in ponds, also were
present in most lotic habitats (Table 3).
Lake. The fauna of lakes was similar to that of ponds, with 12 species
(Table 3). The most common species were M. mulsanti and T. subnitidus. They
and H. martini, L. canaliculatus, M. brunnea, Merragata hebroides White, M.
hinei, M. pulchella, N. hesione, and Steinovelia stagnalis (Burmeister) were
found in both lakes and ponds. G. marginatus, one of the two most commonly
collected gerromorphans in Illinois (Taylor 1996), was collected from ponds
during this study but not from lakes. Because it has been collected from lakes
elsewhere in the state, including southern Illinois (Taylor 1996), and in other
states (e.g., Minnesota [Bennett and Cook 1981], New Jersey [Chapman 1959],
and Arkansas [Kittle 1977]), its absence from the southern Illinois lakes probably is an artifact of limited sampling.
Swamp. Seven of the 13 species found in ponds and/or lakes were absent
from swamp habitats, most notably T. subnitidus and N. hesione, which were
present at 40% or more of the ponds and lakes (Table 3). Conversely, M. mulsanti
was common in swamps (85.7%), ponds (77.8%), and lakes (100%) (Table 3).
Gerris alacris Hussey was found only in a swamp (Tables 1 and 3). S. stagnalis,

Muddy/Eutrophic Permanent Stream
Clear/Rocky Permanent Stream
Small River
Total
Clear/Rocky Temporary Stream
Clear/Rocky Permanent Stream
Muddy/Eutrophic Permanent Stream
Total
Swamp
Total
Temp. Pool
Swamp
Small River
Clear/Rocky Permanent Stream
Total
Spring
Clear/Rocky Temporary Stream
Clear/Rocky Permanent Stream
Total

Gerridae
Aquarius nebularis (Drake & Hottes)
			
			
			

		
Aquarius remigis (Say)
			
			
			

		
Gerris alacris Hussey
			

		
Gerris argenticollis Parshley
			
			
			
			

		
Gerris insperatus Drake & Hottes
			
			
			

				
				
Family
Speciesa
Habitat

1
1
3
5

1
2
1
3
7

1
1

8
12
2
22

2
9
2
13

Number
of Sites
Occupiedb

50.0
11.1
11.1

33.3
28.6
11.1
11.1

14.3

88.9
44.4
40.0

40.0
33.3
22.2

Percent of
Sites Occupied
within Habitatc

Table 2. Distribution of gerromorphan species among habitats at 86 sites in southern Illinois from mid-May 1988 through late July 1991.
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Temp. Pool
Roadside Ditch
Spring
Clear/Rocky Permanent Stream
Swamp
Pond
Small River
Total
Muddy/Eutrophic Permanent Stream
Swamp
Spring
Pond
Small River
Temp. Pool
Lake
Clear/Rocky Permanent Stream
Total
Small River
Total
Pond
Lake
Total

		
Gerris marginatus Say
			
			
			
			
			
			
			

		
Limnoporus canaliculatus (Say)d
			
			
			
			
			
			
			
			

		
Metrobates hesperius Uhler
			

		
Neogerris hesione (Kirkaldy)
			
			

				
				
Family
Speciesa
Habitat

Table 2. Continued.

4
4
8

3
3

4
4
1
4
3
1
2
5
24

3
3
1
9
2
2
1
21

Number
of Sites
Occupiedb

44.4
40.0

33.3

80.0
57.1
50.0
44.4
33.3
33.3
20.0
18.5

100.0
100.0
50.0
33.3
28.6
22.2
11.1

Percent of
Sites Occupied
within Habitatc
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Muddy/Eutrophic Permanent Stream
Lake
Small River
Clear/Rocky Permanent Stream
Total
Small River
Total
Clear/Rocky Permanent Stream
Total
Muddy/Eutrophic Permanent Stream
Clear/Rocky Permanent Stream
Clear/Rocky Temporary Stream
Total
Lake
Small River
Pond
Big River
Muddy/Eutrophic Permanent Stream
Clear/Rocky Permanent Stream
Total
Clear/Rocky Temporary Stream
Small River
Total

		
Rheumatobates palosi Blatchley
			
			
			
			

		
Rheumatobates tenuipes Meinert
			

		
Trepobates knighti Esaki
			

		
Trepobates pictus (Herrich-Schaefer)
			
			
			

		
Trepobates subnitidus Esaki
			
			
			
			
			
			

Hebridae
Hebrus buenoi Drake & Harris
			
			

				
				
Family
Speciesa
Habitat

Table 2. Continued.

1
1
2

9
6
5
1
1
4
26

1
5
1
7

6
6

3
3

2
3
2
4
11

Number
of Sites
Occupiedb

11.1
11.1

90.0
66.7
55.6
50.0
20.0
14.8

20.0
18.5
11.1

22.2

33.3

40.0
30.0
22.2
14.8

Percent of
Sites Occupied
within Habitatc
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Swamp
Clear/Rocky Permanent Stream
Total
Pond
Swamp
Lake
Total
Muddy/Eutrophic Permanent Stream
Pond
Lake
Clear/Rocky Permanent Stream
Total
Muddy/Eutrophic Permanent Stream
Clear/Rocky Permanent Stream
Clear/Rocky Temporary Stream
Total
Roadside Ditch
Lake
Pond
Muddy/Eutrophic Permanent Stream
Small River
Clear/Rocky Permanent Stream
Total

		
Hebrus burmeisteri Lethierry & Severin
			
			

		
Merragata brunnea Drake
			
			
			

		
Merragata hebroides White
			
			
			
			

Hydrometridae
Hydrometra hungerfordi Torre-Bueno
			
			
			

		
Hydrometra martini Kirkaldyd
			
			
			
			
			
			

				
				
Family
Speciesa
Habitat

Table 2. Continued.

1
3
2
1
1
3
11

1
4
1
6

1
1
1
1
4

3
2
2
7

1
1
2

Number
of Sites
Occupiedb

33.3
30.0
22.2
20.0
11.1
11.1

20.0
14.8
11.1

20.0
11.1
10.0
3.7

33.3
28.6
20.0

14.3
3.7

Percent of
Sites Occupied
within Habitatc
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Small River
Clear/Rocky Permanent Stream
Total
Lake
Total
Lake
Swamp
Pond
Roadside Ditch
Small River
Clear/Rocky Permanent Stream
Muddy/EutrophicPermanent Stream
Total
Clear/Rocky Temporary Stream
Muddy/Eutrophic Permanent Stream
Clear/Rocky Permanent Stream
Spring
Total
Clear/Rocky Permanent Stream
Total

Mesoveliidae
Mesovelia amoena Uhler
			
			

		
Mesovelia cryptophila Hungerford
			

		
Mesovelia mulsanti Whited
			
			
			
			
			
			
			

Veliidae
Microvelia americana (Uhler)
			
			
			
			

		
Microvelia austrina Torre-Bueno
			

				
				
Family
Speciesa
Habitat

Table 2. Continued.

2
2

9
4
20
1
34

10
6
7
2
3
7
1
36

1
1

1
3
4

Number
of Sites
Occupiedb

7.4

100.0
80.0
74.1
50.0

100.0
85.7
77.8
66.7
33.3
25.9
20.0

10.0

11.1
11.1

Percent of
Sites Occupied
within Habitatc
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Clear/Rocky Permanent Stream
Total
Lake
Pond
Small River
Roadside Ditch
Muddy/Eutrophic Permanent Stream
Swamp
Clear/Rocky Permanent Stream
Total
Pond
Lake
Muddy/Eutrophic Permanent Stream
Swamp
Small River
Total
Clear/Rocky Permanent Stream
Total
Clear/Rocky Permanent Stream
Total
Clear/Rocky Permanent Stream
Total

		
Microvelia fontinalis Torre-Bueno
			

		
Microvelia hinei Draked
			
			
			
			
			
			
			

		
Microvelia pulchella Westwood
			
			
			
			
			

		
Rhagovelia knighti Drake & Harris
			

		
Rhagovelia oriander Parshley
			

		
Rhagovelia rivale Torre-Bueno
			

				
				
Family
Speciesa
Habitat

Table 2. Continued.

1
1

2
2

6
6

7
5
1
1
1
15

4
3
3
1
1
1
4
17

1
1

Number
of Sites
Occupiedb

3.7

7.4

22.2

77.8
50.0
20.0
14.3
11.1

40.0
33.3
33.3
33.3
20.0
14.3
14.8

3.7

Percent of
Sites Occupied
within Habitatc
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Pond
Lake
Total

b

a

Alphabetical by genus within family.
Totals under each species are number of sites occupied out of 86 sites surveyed.
c
Percentage based on total number of sites/habitat given in Table 1.
d
Generalist = found in 60% or more of both lentic and lotic habitats (not sites).

		
Steinovelia stagnalis (Burmeister)
			
			

				
				
Family
Speciesa
Habitat

Table 2. Continued.

1
1
2

Number
of Sites
Occupiedb
11.1
10.0

Percent of
Sites Occupied
within Habitatc
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Mesovelia mulsantic
Microvelia pulchella
Trepobates subnitidus
Limnoporus canaliculatusc
Neogerris hesione
Microvelia hineic
Merragata brunnea
Gerris marginatus
Hydrometra martinic
Merragata hebroides
Steinovelia stagnalis
Mesovelia mulsantic
Trepobates subnitidus
Microvelia pulchella
Microvelia hineic
Neogerris hesione
Hydrometra martinic
Rheumatobates palosi
Limnoporus canaliculatusc
Merragata brunnea
Merragata hebroides
Steinovelia stagnalis
Mesovelia cryptophia

Lentic Sites
Pond
9
			
			
			
			
			
			
			
			
			
			

Lake
10
			
			
			
			
			
			
			
			
			
			
			

				
		
No. of Sites		
Habitata per Habitata
Species
within Habitatb

100.0
90.0
50.0
40.0
40.0
30.0
30.0
20.0
20.0
10.0
10.0
10.0

77.8
77.8
55.6
44.4
44.4
33.3
33.3
22.2
22.2
11.1
11.1

Percent of Sites
Occupied
Occupieda

7
6
5
7
2
6
4
8
3
4
2
1

7
5
6
8
2
7
3
7
6
4
2

No. of Total
Habitats (11)

Table 3. Occurrence in each of 11 habitats of 32 gerromorphan species at 86 sites in southern Illinois from mid-May 1988 through late July
1991.
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Gerris marginatus
Limnoporus canaliculatusc
Gerris argenticollis

Temporary
Pool
3
			
			

Small River
9
			
			
			

66.7
33.3
33.3
33.3

50.0

100.0
66.7
33.3
33.3

100.0
33.3
33.3

85.7
57.1
28.6
28.6
28.6
14.3
14.3
14.3
14.3

Percent of Sites
Occupied
Occupieda

6
8
7
7

6

7
7
7
6

7
8
4

7
8
7
4
3
7
5
2
1

No. of Total
Habitats (11)
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Trepobates subnitidus
Limnoporus canaliculatusc
Mesovelia mulsantic
Microvelia hineic

Trepobates subnitidus

Lotic Sites
Big River

2

Gerris marginatus
Mesovelia mulsantic
Microvelia hineic
Hydrometra martinic

Ditch
3
			
			
			

Roadside

Mesovelia mulsantic
Limnoporus canaliculatusc
Gerris marginatus
Gerris argenticollis
Merragata brunnea
Microvelia hineic
Microvelia pulchella
Hebrus burmeisteri
Gerris alacris

Swamp
7
			
			
			
			
			
			
			
			

				
		
No. of Sites		
Habitata per Habitata
Species
within Habitatb

Table 3. Continued.
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Metrobates hesperius
Rheumatobates tenuipes
Rheumatobates palosi
Aquarius nebularis
Gerris marginatus
Hydrometra martinic
Microvelia pulchella
Gerris argenticollis
Hebrus buenoi
Mesovelia amoena
Limnoporus canaliculatusc
Microvelia americana
Rheumatobates palosi
Aquarius nebularis
Aquarius remigis
Mesovelia mulsantic
Microvelia hineic
Trepobates subnitidus
Hydrometra martinic
Microvelia pulchella
Merragata hebroides
Trepobates pictus
Hydrometra hungerfordi

			
			
			
			
			
			
			
			
			
			

Muddy Eutrophic
Permanent Stream
5
			
			
			
			
			
			
			
			
			
			
			
			

				
		
No. of Sites		
Habitata per Habitata
Species
within Habitatb

Table 3. Continued.

8
4
4
3
3
7
7
6
6
5
4
3
3

1
1
4
3
7
6
5
4
2
2

33.3
33.3
22.2
22.2
11.1
11.1
11.1
11.1
11.1
11.1
80.0
80.0
40.0
40.0
40.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

No. of Total
Habitats (11)

Percent of Sites
Occupied
Occupieda
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Clear Rocky
Permanent Stream
27
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
Microvelia americana
Aquarius remigis
Gerris marginatus
Aquarius nebularis
Mesovelia mulsantic
Trepobates knighti
Rhagovelia knighti
Limnoporus canaliculatusc
Trepobates pictus
Microvelia hineic
Trepobates subnitidus
Rheumatobates palosi
Hydrometra hungerfordi
Hydrometra martinic
Gerris argenticollis
Gerris insperatus
Mesovelia amoena
Microvelia austrina
Rhagovelia oriander
Merragata hebroides
Hebrus burmeisteri
Microvelia fontinalis
Rhagovelia rivale

				
		
No. of Sites		
Habitata per Habitata
Species
within Habitatb

Table 3. Continued.

74.1
44.4
33.3
33.3
25.9
22.2
22.2
18.5
18.5
14.8
14.8
14.8
14.8
11.1
11.1
11.1
11.1
7.4
7.4
3.7
3.7
3.7
3.7

Percent of Sites
Occupied
Occupieda
4
3
7
3
7
1
1
8
3
7
6
4
3
6
4
3
2
1
1
4
2
1
1

No. of Total
Habitats (11)
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Microvelia americana
Aquarius remigis
Gerris insperatus
Trepobates pictus
Hydrometra hungerfordi
Hebrus buenoi

100.0
88.9
11.1
11.1
11.1
11.1

Percent of Sites
Occupied
Occupieda
4
3
3
3
3
2

No. of Total
Habitats (11)

Spring
2
Limnoporus canaliculatusc
50.0
8
			
Gerris marginatus
50.0
7
			
Microvelia americana
50.0
4
			
Gerris insperatus
50.0
3
Total		
86
						
a
Listed in Table 1.
b
Listed in Table 2.
c
Generalist = found in 60% or more of both lentic and lotic habitats (not sites).

Other

Clear Rocky
Temporary Stream 9
			
			
			
			
			

				
		
No. of Sites		
Habitata per Habitata
Species
within Habitatb

Table 3. Continued.

16
THE GREAT LAKES ENTOMOLOGIST Vol. 39, Nos. 1 & 2

2006

THE GREAT LAKES ENTOMOLOGIST

17

although not found at swamps in the present study, is known to occur at La Rue
Swamp in Union County (Taylor 1996, McPherson and Taylor 2006).
Temporary pool. Three species were collected from this habitat (i.e., G.
marginatus, L. canaliculatus, and Gerris argenticollis Parshley), although only
G. marginatus was found at all sites (Tables 2 and 3). Even though the presence
of this species characterized temporary pools, G. marginatus also was found
in several other lentic and lotic habitats (Table 2). All adult gerrids found at
this habitat were macropterous and may have been using the temporary pools
during dispersal. We also have seen nymphs of G. marginatus in several large
puddles (SJT, personal observation), indicating that this species reproduces in
temporary pools.
Roadside ditch. Four species were collected from this habitat (i.e.,
G. marginatus, M. mulsanti, M. hinei, and H. martini), three of which are
generalists (Tables 2 and 3). The fourth species, G. marginatus, although not
classified here as a generalist, was also collected from several other lentic and
lotic habitats (Table 2).
Lotic Habitats
Lotic habitats in general accounted for the greatest faunal diversity in
southern Illinois, with 27 species represented (Table 3). Lotic habitats also
constituted the most commonly sampled habitats; 52 (60.5%) of the 86 sample
sites were lotic. The four generalists (i.e., L. canaliculatus, M. mulsanti, M.
hinei, and H. martini) were found in small rivers, muddy eutrophic permanent
streams, and clear rocky permanent streams.
Big river. Big river sampling was limited to the margins of the main
channel. The only species collected in this habitat was T. subnitidus (Table 3).
Metrobates hesperius Uhler (Gerridae), which has been observed or collected in
smaller rivers in Illinois and elsewhere (Taylor 1996), occurs on swift open water;
therefore, it may occur in similar habitats on the Ohio and Mississippi rivers.
Small river. Fourteen species were collected from this habitat, of which
T. subnitidus, L. canaliculatus, M. mulsanti, M. hinei, M. hesperius, and Rheumatobates tenuipes Meinert were the most common (Table 3). M. mulsanti
and M. hinei were associated with quiet backwaters of these rivers, which are
more similar to lentic sites in which these species also occur. M. hesperius
and R. tenuipes were collected only from the small river habitat. M. hesperius
probably is underrepresented, as swift water in the middle of these rivers was
seldom sampled.
Muddy eutrophic permanent stream. Thirteen species were recorded
(Table 3). Four species [i.e., Aquarius nebularis (Drake & Hottes), Aquarius
remigis, Trepobates pictus (Herrich-Schaeffer), and Hydrometra hungerfordi
Torre-Bueno] were found only in lotic habitats (Table 2). A fifth, M. americana,
was found in a spring but was otherwise restricted to lotic habitats. M. americana
and A. remigis commonly occurred together in streams of all types in southern Illinois. The remaining fauna was a mixture of species found in both lotic and lentic
habitats, including generalists (i.e., L. canaliculatus, M. mulsanti, H. martini, M.
hinei) and others (i.e., T. subnitidus, M. pulchella, M. hebroides).
Clear rocky permanent stream. Large slow pools in these streams
are similar to lakes and ponds and, often, are bordered by emergent vegetation
and duckweed. Faster open water, riffles, and rocky shorelines also are common. These streams not only constituted the largest number of sites in our
study (27) (Tables 1 and 2) but also contained the most diverse microhabitats
for gerromorphans.
Twenty-three species were collected in this habitat, including 12 of the
13 listed for muddy eutrophic permanent streams. The missing species was M.
pulchella, which appears to be more typical of lentic habitats (Table 2). Species recorded for this habitat, but not for muddy eutrophic permanent streams,
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included G. marginatus, Trepobates knighti Esaki, Rhagovelia knighti Drake
& Harris, Gerris argenticollis, Gerris insperatus Drake & Hottes, Mesovelia
amoena Uhler, Microvelia austrina Torre-Bueno, Rhagovelia oriander Parshley,
Hebrus burmeisteri Lethierry & Severin, Microvelia fontinalis Torre-Bueno, and
Rhagovelia rivale Torre-Bueno. M. americana was the most commonly collected
species in this habitat (Table 3).
During field sampling, we noted that the largest rocky streams harbored
a diverse gerromophan fauna, whereas the smallest had only A. remigis and
M. americana. Six species, including T. knighti, R. knighti, M. austrina, R.
oriander, M. fontinalis, and R. rivale, were found only in clear rocky permanent
streams (Table 3).
Clear rocky temporary stream. Six species were collected from this
habitat but only M. americana and A. remigis were common (Table 3). Although
both species were found in all three stream habitats, they were found more
commonly in clear rocky temporary streams than were the other four species
(Table 3).
Other habitat
Spring. Only two springs were sampled, a salt spring and a freshwater
spring (Table 3). Four species were collected, one of which (L. canaliculatus) was
a generalist. G. marginatus was found in both lentic and lotic habitats, and M.
americana and G. insperatus were otherwise limited to lotic habitats (Table 2),
which suggests that this habitat is treated by these species as a lotic habitat.
One of us (SJT) has observed M. americana and, occasionally, A. remigis – both
of which we found limited to lotic habitats in southern Illinois – at springs in
Indiana, Illinois, Missouri, Arkansas, Tennessee, Texas, and Kentucky.
Phenograms of Similarity Among Sites and Species
The phenogram of similarity among sites demonstrates that faunas often
were similar within each habitat type (Fig. 2). Six clusters (A-E) were identified (Fig. 2, Table 4) and are discussed in detail below. Cluster A (19 sites) is
comprised primarily of ponds (36.8%), lakes (31.6%), and small rivers (21.1%).
These sites included 16 taxa, averaging 5.26 taxa per site (range, 3-8), and were
dominated by three species, T. subnitidus, M. mulsanti, and M. pulchella, each
of which occurred in 73.7% of the sites in this cluster. Cluster B (26 sites) is
dominated by permanent (53.8%) and temporary
_ (30.8%) rocky streams. These
sites included 18 taxa but fewer taxa per site (x = 2.96, range 1-5) than in cluster A. M. americana and A. remigis occurred at 96.2 and 73.1% of these sites,
respectively. Within Cluster B, the 13 sites in cluster C were mostly permanent
(46.2%) and temporary (46.2%) rocky streams. Cluster C sites averaged 2.23
taxa per site (range, 1-3), with only four species: A. remigis (100% of sites), M.
americana (92.3%), T. pictus (23.1%), and M. hinei (7.69%). Cluster D (13 sites)
is comprised primarily of swamps (38.5%) and lakes (30.8%), averaging 2.00 taxa
per site (range, 1-3), with only eight species. Of these eight taxa, M. mulsanti
(84.6% of sites) and T. subnitidus (46.2%) were most common. Cluster E (7 sites)
is comprised mostly of lotic habitats. These sites averaged 1.00 taxon per site
(range, 0-2) and included four taxa, none of which was obviously dominant. M.
americana, R. knighti, and M. hesperius each occurred at 28.6%, and R. tenuipes
at 14.3%, of the seven sites. Cluster F (7 sites) is dominated by temporary pools
(42.9% of sites) and ditches (28.6%). These sites included six taxa and averaged
2.00 taxa per site (range, 1-3). Of these six taxa, G. marginatus was dominant,
occurring at all of the sites.
Figure 2 shows that the species presence/absence data do not correlate
perfectly with habitat type. For example, several clear rocky permanent stream
sites did not cluster with the majority of these sites (Cluster B). Although
the data set has limitations (e.g., subjective classification of sites, variation in
collection effort; see discussion above), many of the sites that were classified
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Figure 2. Phenogram of similarity (normalized root mean square distance) among
collection sites (N=86) in southern Illinois based on presence or absence of 32 species of
Gerromorpha collected from mid-May 1988 through late July 1991. Clustering based
on UPGMA method (average linkage cluster analysis). Habitat types and clusters A-F
are discussed in text.
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Table 4. Species composition of clusters A-F in Figure 2a.
Family

Species

E

F

Gerridae

Aquarius nebularis		
+		
+		
Aquarius remigis		
+
+
Gerris argenticollis		
+				
Gerris insperatus		
+				
Gerris marginatus
+
+				
Limnoporus canaliculatus
+
+		
+		
Metrobates hesperius					
+
Neogerris hesione
+			
+
Rheumatobates palosi
+
+		
+
Rheumatobates tenuipes
+				
+
Trepobates knighti		
+
Trepobates pictus		
+
+
Trepobates subnitidus
+
+		
+
Hebrus buenoi
+
+
Merragata brunnea
+			
+
Merragata hebroides
+
Hydrometra hungerfordi		
+
Hydrometra martini
+
Mesovelia amoena
+
+
Mesovelia cryptophila
+
Mesovelia mulsanti
+
+		
+		
Microvelia americana
+
+		
+
Microvelia austrina		
+
Microvelia hinei
+
+
+
Microvelia pulchella
+			
+
Rhagovelia knighti		
+			
+
Steinovelia stagnalis
+

+

Hebridae
Hydrometridae
Mesoveliidae
Veliidae

a

A

B

C

D

+
+
+
+

+

See Taylor (1996, Appendix B) for species composition per site.

together a priori also formed clusters based on species composition, indicating
the existence of natural guilds.
Clustering of species based on their presence or absence at the 86 sites
is shown in Figure 3 (number of sites/species shown in Table 2). As would be
expected, the relationships are more strongly supported for common (Clusters
A and B) than rare (Clusters C-F) species, the latter being more likely to result
from chance co-occurrence of taxa. Cluster A includes only M. mulsanti (36
sites) and
_ T. subnitidus (26 sites), which were encountered most commonly at
lakes ( x = 30.6% of sites at which these species
were collected, range 27.8-34.6%),
_
but also were
often found in ponds ( x = 19.4%) and clear rocky permanent
_
streams ( x = 17.7%). Cluster B includes M. americana (34 sites) and A. remigis,
_
(22 sites), which occurred most often in clear rocky permanent streams
(x=
_
57.1% of sites, range 54.5-58.8%) and clear rocky temporary streams ( x = 30.4%
of sites, range 26.5-36.4%), and were the species encountered most frequently
in both of these habitat types. Cluster C includes M. pulchella, N. hesione, and
_
M. brunnea. The species in this cluster occurred most commonly in ponds ( x =
46.7%
of sites at which these species were collected, range 42.9-50.0%)
and lakes
_
_
( x = 36.7%, range 28.6-50.0%), but were found_ at fewer sites ( x = 10.0 sites per
_
species, range 7-15) than those in cluster A ( x = 31.0 sites per species) or B ( x
= 28.0 sites per species) and usually were absent from lotic habitats (Table 3).
Cluster D (which includes clusters E and F) groups those species that were rare
( = 3.4 sites per species, range 1-7) and/or were restricted to few habitats (Table

2006

THE GREAT LAKES ENTOMOLOGIST

21

Figure 3. Phenogram of similarity (normalized root mean square distance) among
32 species of Gerromorpha based on their presence or absence at 86 collection sites
in southern Illinois from mid-May 1988 through late July 1991. Clustering based on
UPGMA method (average linkage cluster analysis). A-F signify clusters discussed in
text. The histogram to the right in this figure indicates the number of sites at which
each species occurs.
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_
3). These taxa occurred most often in clear rocky permanent streams (x = 58.5%
of sites, range 0-100%), but represent a variety of habitat specializations, occurring in all habitat types except big rivers and roadside ditches. Cluster E
includes R. tenuipes and M. hesperius, both of which were associated only with
small rivers (Table 3). Cluster F (i.e., G. alacris, H. burmeisteri, Hebrus buenoi
Drake & Harris, Mesovelia cryptophila Hungerford, M. austrina, M. fontinalis,
R. oriander, R.
_ rivale, and S. stagnalis), comprises species collected at only one
or two sites ( x = 1.6 sites) (Table 3) but which occur in a variety of habitat types.
This analysis further supports the idea that there are natural guilds of species
in some habitats (i.e., ponds and lakes; clear rocky streams).
The robustness of these cluster analyses (Figs. 2 and 3) undoubtedly
was compromised by several factors. Adults of some species are found only at
certain times of the year, and it is likely that some were missed at some sites.
Also, migratory/dispersal behaviors of species may have influenced species
presence/absence at some sites. For example, adults of G. marginatus and L.
canaliculatus were found on temporary puddles only occasionally, presumably
when they were involved in dispersal flights. Finally, although nymphs were
common, not all could be identified to species and, therefore, these specimens
were not used in the analyses.
Ranking of Species
The southern Illinois gerrromorphan taxa fall roughly on a continuum from
rarer species found in few habitats to common species found in many habitats,
including springs (Fig. 4). A best-fit linear regression explains 59.7% of the
variation in number of habitats based on number of sites at which species were
found, whereas a best-fit polynomial line explains 69.9% (Fig. 4); both best-fit
lines were significant (both with P < 0.0001). Not surprisingly, the four generalists (i.e., L. canaliculatus, H. martini, M. mulsanti, and M. hinei), defined earlier
as those species occurring in 60% or more of both lentic and lotic habitats, were
found in 6 or more habitats. G. marginatus and T. subnitidus, although not
meeting our definition of generalists, still were associated with them because
they too were found in six or more habitats (Table 2). As is shown in Figure 4,
21 (65.6%) of the 32 species were found in three or fewer habitats.
Species accumulation curve and species richness estimators
To evaluate the effectiveness of our sampling of the fauna of southern Illinois in reaching “an adequate decrease in species accrual” (Delabie et al. 2000),
we compared our data with several estimators of species richness. In recent
years, a common approach has been to use one or more of these estimators (see
Colwell 1997, Colwell and Coddington 1994, Chazdon et al. 1998) and then to
choose a point at which further sampling would provide little additional data
(Delabie et al. 2000). We selected four estimators (ICE, Chao 1, Jackknife 2,
and bootstrap) for this comparison.
We recorded 32 species, whereas the above four estimators of species richness predicted from 33.60 to 35.01 species occurring in the study area (Fig. 5).
Thus, by these estimators, we recovered about 95.2 to 91.4%, respectively, of the
species possible. In addition, the species accumulation curve (Fig. 5) extends
well past its inflection point (Colwell and Coddington 1994, Thompson and
Withers 2003), and the plots for the richness estimators are converging, and in
some cases (Chao 1 and Jackknife 2) declining in value (Fig. 5). Comparing our
species list for southern Illinois to the species reported by Taylor (1996), which
not only includes our list (Taylor 1996, Appendix B) but also museum records
(Taylor 1996, Appendix A), shows that one species, Gerris buenoi Kirkaldy, was
not found during the present study. Thus, our study recovered nearly all of the
gerromorphans occurring in southern Illinois.

2006

THE GREAT LAKES ENTOMOLOGIST

23

Figure 4. Number of sites at which each of 32 species was found versus number of habitat types in which each occurred based on species presence or absence at 86 collection
sites and 11 habitats in southern Illinois from mid-May 1988 through late July 1991
(Table 2). Dashed line is best fit linear equation: Number of habitats = 0.1698  [Number of Sites] + 1.4796; r2 = 0.5968. Solid line is best fit polynomial equation: Number
of Habitats = –0.0072  [Number of Sites]2 + 0.401  [Number of Sites] + 0.587; r2 =
0.699. Black circles = 3-4 species, gray circles = 2 species, white circles = 1 species.
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Figure 5. Species accumulation curve (i.e., number of species, solid dark line) and four
estimators of true species richness based on presence or absence of 32 species at 86
collection sites in southern Illinois from mid-May 1988 through late July 1991. Curves
based on random resampling of the data set 1,000 times.

CONCLUSIONS
The data presented in the present study demonstrate the presence of distinctive guilds of gerromorphans in different habitats in southern Illinois. Although
some species are very common and occur at many sites and in many habitats,
several others are relatively rare, occurring in two or fewer habitat types and
at six or fewer sites. The study of the structure and functioning of these guilds,
including voltinism, phenology, and migratory and dispersal behavior of the various species, provides ample opportunity for future investigations.
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EFFICACY OF THREE INSECTICIDES APPLIED TO BARK
TO CONTROL AGRILUS PLANIPENNIS
(COLEOPTERA: BUPRESTIDAE)
Toby R. Petrice1  and Robert A. Haack1

ABSTRACT
Emerald ash borer (EAB), Agrilus planipennis Fairmaire (Coleoptera:
Buprestidae), is a serious exotic pest of ash (Fraxinus) trees in North America.
In 2003 and 2004, we tested the efficacy of different insecticides sprayed on the
bark of cut ash logs for killing emerging EAB adults. Logs (means: length = 30
cm; diam. = 16 cm) were cut from infested ash trees and treated prior to adult
emergence. In 2003, we applied imidacloprid at 2 times its label rate to logs
5 days before adults began emerging from logs stored indoors. No adults successfully emerged from the imidacloprid treated logs, while an average of 108
adults per m2 emerged from untreated control logs. In 2004, we tested permethrin and bifenthrin at their label rates, and imidacloprid at its label rate and
at 2 times its label rate. Logs (means: length = 25 cm; diam. = 12 cm) infested
with EAB and stored outdoors were sprayed once or twice 4-5 wk prior to adult
emergence; or once or twice 1-2 wk prior to adult emergence. Overall, mean
percent adult mortality was higher for treated logs (90% mortality) compared
to control logs (17%). Logs that received two applications had significantly
higher mean percent mortality compared with logs that received one application.
There was no significant difference in percent adult mortality among the three
chemicals tested or between timing of application. In conclusion, permethrin,
imidacloprid and bifenthrin were very effective at killing adult EAB emerging
from cut logs, and were most effective when applied twice 1-5 wk prior to initial
adult emergence.
____________________
The emerald ash borer (EAB), Agrilus planipennis Fairmaire (Coleoptera:
Buprestidae), is native to Asia and was first discovered in North America in
2002 (Yu 1992, Haack et al. 2002). As of January 2007, EAB was established
in the US states of Illinois, Indiana, Maryland, Michigan, and Ohio, and the
Canadian province of Ontario (Haack 2006; http://www.emeraldashborer.info).
EAB is a serious pest of ash (Fraxinus) in North America, where it has killed
millions of ash trees (Liu et al. 2003, Cappaert et al. 2005).
Throughout EAB’s current North American range, EAB adults emerge from
trees between May and August, with most appearing in June and July (Cappaert
et al. 2005). Adults feed on ash foliage before mating and periodically afterwards.
After mating, EAB females lay eggs on the bark surface of trunks and branches
of live ash trees. Eggs hatch in approximately 2-3 wk and young larvae tunnel to
the cambial region of the host trees where they feed through the summer and early
fall. Most larvae complete feeding by early fall, and then excavate pupal chambers
in the sapwood or outer bark of trees where they spend the winter as prepupae.
Larvae that have not completed feeding remain in the cambial region throughout
the winter. Overwintered prepupae begin pupation in late spring to early summer
and pupation lasts 2-3 wk. Adults form and then chew their way out of the tree
in another 1-2 wk. EAB that overwintered as larvae complete development, form
pupal cells, and become prepupae the following summer or fall. Some of these
USDA Forest Service, Northern Research Station, 1407 S. Harrison Rd., Michigan
State University, East Lansing, MI 48823.
1
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individuals may pupate and emerge as adults that same year, while others may
overwinter a second year (Cappaert et al. 2005, Petrice and Haack 2006).
Because of the threat of EAB to ash trees throughout North America, effective control methods for this pest are critically needed. Research on control
strategies in Asia is limited, primarily because EAB is rarely a significant pest
in Asia (Yu 1992, Liu et al. 2003). A recent study by Nzokou et al. (2006) found
that imidacloprid effectively prevented emergence of EAB from cut logs that
were held indoors after treatment. Although previous research has been conducted on chemical control of native North American Agrilus spp., most studies
assessed chemicals that are no longer registered or are highly toxic to mammals
(Appleby et al. 1973, Haack and Benjamin 1980). We evaluated the efficacy of
three currently available insecticides to kill EAB adults when applied to the
bark surface of ash logs prior to EAB adult emergence.
Methods
2003 Study. In March 2003, we cut 6 logs (means: length = 60 cm; diam.
= 16 cm) from 2 infested ash trees near Livonia, Wayne County, Michigan.
Logs were placed in a cold room at 4-5ºC to delay development and emergence
of EAB adults. In August 2003, we removed the logs from cold storage and
allowed EAB to develop indoors at 21-23ºC. Previous experience with EAB
rearing had shown that infested logs cut in the winter can be held at 4-5ºC for
several months to delay EAB development with little or no adverse effects on
adult emergence (D. L. Miller, USDA Forest Service, East Lansing, MI, pers.
comm.). On 11 September 2003, approximately 5 days before EAB adults were
expected to emerge, we cut each log into two equal portions; one portion was
randomly assigned to be sprayed with imidacloprid (Merit®2; Bayer Corporation, Kansas City, MO) at 2 times its label rate for foliar applications (Table 1)
and the other portion was used as an untreated control. We doubled the label
rate of imidacloprid because of a recent study that found higher concentrations
of imidacloprid to be more effective than lower concentrations for killing Anoplophora glabripennis (Motschulsky) (Coleoptera: Cerambycidae) adults that
fed on treated twig bark (Poland et al. 2006).
Existing exit holes on the logs were filled with white caulk to distinguish
them from new exit holes made by future emerging adults. Imidacloprid was
applied outdoors to all bark surfaces with a handheld sprayer until saturated to
the point of run-off. The volume of insecticide spray per unit of log surface area
was not recorded. Treated logs were allowed to dry indoors for 2 days and then
treated and untreated logs were placed in separate plastic rearing containers
with screened ventilation holes. The logs were maintained in the laboratory
(approximately 21-23ºC) and checked every 2 days for EAB adults. After adult
emergence was completed, we recorded length, diameter and number of new
EAB exits holes for each log.
2004 Study. In 2004, we conducted a similar study with the following insecticides: permethrin (Astro®; FMC Corporation, Philadelphia, PA) at
its label rate, imidacloprid at its label rate (Imidacloprid-1) and two times
its label rate (Imidacloprid-2), and bifenthrin (Onyx™; FMC Corporation,
Philadelphia, PA) at its label rate (Table 1). For each chemical, we compared
four different spray schedules with respect to timing and number of applications prior to initial EAB adult emergence: A) one early application (Early-1);
B) two early applications (Early-2); C) one late application (Late-1); and D) two
late applications (Late-2). In March and April 2004, we cut 112 logs (means:
length = 50 cm; diam. = 12 cm) from 10 EAB-infested ash trees in Ann Arbor,
Washtenaw County, Michigan, and stored them in a shaded hardwood forest.
As in 2003, just before treatment, each log was cut into two approximately equal
portions, with one portion sprayed and the other left as an untreated control.
Existing exit holes were filled with white caulk to distinguish them from new
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Table 1. Active ingredients, label rates, LD50 (mg/kg, rats), and year tested for insecticide chemicals sprayed on bark of infested ash logs to kill emerging adult Agrilus
planipennis in studies conducted in 2003 and 2004.
		
Chemical
Active ingredient
Astro®

Permethrin (36.8 %)

Merit®2

Imidacloprid (21.4 %)

Onyx™

Bifenthrin (23.4 %)

Label rate
per 100 L of H20

Ld50
(mg/kg, rats)

1250 mL

9982

2004

48703

2003, 2004

1534

2004

11.9 mL1
100 mL

Year
tested

Label rate for tree and shrub foliar application.
http://msds.fmcweb.com/files/03075tt0.htm.
3
http://www.cdms.net/ldat/mp47D004.pdf.
4
http://msds.fmcweb.com/files/8172nva1.htm.
1
2

exit holes. Logs were stood upright and insecticides were applied with a 5.7
liter handheld pump sprayer to all bark surfaces until saturated to the point
of run-off. The volume of insecticide spray per unit of log surface area was not
recorded. One half of the logs scheduled for treatment received the first early
application (Early-1) on 14 May, approximately 35 days before EAB adults began
emerging from the control logs. One wk later (21 May 2005), one half of the
logs that received the early application were sprayed a second time (Early-2).
On 3 June, approximately 15 days before EAB adults began emerging from the
control logs, the second half of the logs were treated (Late-1). One wk later (10
June 2004), half of these logs received a second application (Late-2).
Immediately after the first early application (14 May 2004), before the
insecticides had sufficient time to dry, a heavy rain occurred. We were concerned
that the rain could have washed off some of the insecticides, thus reducing their
efficacy. So thereafter, we suspended a tarp over the newly treated logs for one
day to protect them from rain while insecticides dried.
All logs were stood upright and stored outdoors under a hardwood forest
canopy until adults were expected to emerge. On 18 June, when emergence was
expected to begin, a subset of treated and untreated control logs for each chemical and spray schedule were grouped separately in plastic rearing containers.
Adults were collected approximately 3 times per wk from the containers and
fed untreated ash foliage in petri dishes for 10 d to assess latent effects of the
insecticides. EAB adults were allowed to freely exit the remainder of the logs
that were not placed in containers.
After adult emergence was completed, all logs (including those not placed
in containers) were measured to calculate bark surface area, inspected for new
exit holes, and dissected to determine the number of EAB that died before emergence. The following formula was used to calculate percent mortality of EAB
adults for each log: Percent mortality = (Total dead adults found in the bark
and xylem) ÷ (Total dead adults found in the bark and xylem + Total adults that
emerged) × 100. Mean EAB adult mortality of control logs was used to estimate
actual percent EAB adult mortality of each treated log portion using Abbott’s
correction formula (Abbott 1925): Abbott’s corrected mortality = (Treated log
adult mortality – control adult mortality) ÷ (1 – control adult mortality). To
more accurately calculate percent mortality, logs with less than 2 adults (dead
or emerged) were not included in the data set.
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Statistical analyses. In 2003, adult emergence density was compared
among treatments using one-way ANOVA (Proc GLM; SAS 2001). In 2004,
overall percent EAB mortality was compared between treated and untreated
control logs using a one-way mixed model ANOVA (Proc Mixed; SAS 2001).
Abbott’s corrected percent mortality was compared among chemicals, timing
of application, and number of sprays using a three-way mixed model ANOVA.
The tree that individual logs were cut from was used as the random factor in
the mixed model ANOVAs. Arcsine square root transformations were performed on percentage data prior to analysis to improve normality. Means that
were significantly different at P < 0.05 were separated using Tukey’s multiple
comparison test.
Results and Discussion
In 2003, after adult emergence was completed, the mean (± SE) density
of new EAB exit holes per m2 of bark surface area for logs treated with imidacloprid at two times its labeled rate (Imidacloprid-2) was significantly lower
(0 ± 0) compared to the untreated controls (108 ± 10; F = 118.3; df = 1, 11; P =
0.0001). Adults were first found in rearing containers of the control logs on 16
September, and the last live adult was collected on 26 September (47 days after
logs were removed from cold storage). No adults successfully emerged from
imidacloprid-2 treated logs, however, we did observe several dead, partially
emerged adults in the bark of these logs.
Results of this indoor test suggest that trunk application of imidacloprid at 2x the label rate provides levels of control as good or better than other
products, many of which have lost their registration. For example, Haack
and Benjamin (1980) reported that Metasystox-R (a.i. oxydemeton-methyl)
and chlorpyrofos, both restricted-use organophosphates, were 100% effective
at preventing twolined chestnut borer, Agrilus bilineatus (Weber), emergence
when bark was treated indoors. In another study, Dunbar and Stephens (1974)
found dimethoate (organophosphate), chlorpyrofos, and lindane (organochlorine;
registration cancelled) to be the most effective in killing A. bilineatus adults
emerging from logs that were held indoors after treatment, however, none of the
chemicals tested were 100% effective at preventing adult emergence. Nzokou
et al. (2006) found similar results as our study for the imidacloprid product
Preventol® (Bayer Corporation).
In 2004, total number of live adults plus dead adults averaged 54.4 ± 4.9
per m2 bark surface area for treated logs compared with 52.4 ± 5.8 for untreated
control logs. Overall, mean percent mortality of treated logs (89.9 ± 2.1 %)
was significantly higher compared to control logs (16.6 ± 3.0 %; F = 346.7; df =
1,140; P = .0001). Overall mean percent mortality (Abbott’s corrected) for logs
that received two applications was 95.3 ± 2.3%, significantly higher compared
with 81.5 ± 4.0% for logs that received one application (Table 2). No significant
difference in percent mortality was found, however, among chemicals or timing
of application (Table 2).
Adults were collected from rearing containers over the period of 23 June – 9
July 2004. All live adults emerged from untreated control logs with the exception
of one adult that emerged from a log treated with an early single application of
Imidacloprid-1. This adult died within 3 days after it was collected. Adults
that emerged from the untreated control logs lived a mean of 7 days; adults
were reared for a maximum of 10 days (N = 56 adults reared). By contrast,
dead adults were found in the bottom of each rearing container (135 adults in
4 control containers, and 10 adults in 16 treatment containers). Some or all of
the dead adults in the containers holding treated logs may have perished from
latent effects of the insecticides; however, we do not know why the adults that
died in the containers of control logs did not make it to the collection cups as
expected from previous rearing experiences (D. L. Miller, pers. comm.). Rearing
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Table 2. Mixed model ANOVA results for Agrilus planipennis adult mortality corrected
using Abbott’s formula (see text) in A. planipennis infested bolts comparing chemicals,
timing of application and number of applications (Proc Mixed, SAS 2001).
Source1
Chemical
Timing
Chemical  Timing
No. of applications
Chemical  No. of applications
Timing  No. of applications
Chemical  Timing  No. of applications
1
2

df2

F value

P

3,49
1,49
3,49
1,49
3,49
1,49
3,49

1.56
0.18
0.15
7.89
0.76
0.51
2.06

0.2126
0.6746
0.9312
0.0071
0.5202
0.4789
0.1181

Analysis performed on arcsine square root transformed data.
Degrees of freedom.

containers were stored in the shade and perhaps there was not enough sunlight
to attract the insects to the transparent collection cups (containers themselves
were either black or blue in color).
Rainfall recorded at Ann Arbor Municipal Airport (approximately 11.3 km
southwest of our study site) for the months of May-July 2004 totaled 29.7 cm,
which is above the 30 yr average of 23.9 cm for that location (http://climvis.ncdc.
noaa.gov/oa/climate/climatedata.html). In our study, timing of application did
not significantly affect percent mortality, which illustrates that despite higher
than normal rainfall, all three insecticides persisted in their ability to kill EAB
adults that emerged through the treated bark at least one month after application. The fact that logs that received two applications had significantly higher
mortality compared with one application, suggests when two applications were
made the insecticide concentration was increased which enhanced insecticide
efficacy. In absolute terms, the logs treated “late” with two applications consistently had the highest percent EAB mortality for all chemicals (Table 3).
Insecticides tested in our study gave similar control compared to dimethoate 2EC (over 95% fewer adults emerged from treated trees compared to controls), which was tested by Appleby et al. (1973) for killing bronze birch borer,
Agrilus anxius Gory. In their study, treatments were applied when adults were
active (early- and mid-June) to target current-year ovipositing adults, eggs and
young larvae, as well as emerging adults the following year. In their study,
however, no tree dissections were made to evaluate what A. anxius life stages
were affected by treatments.
Our log dissections revealed that the insecticides we tested did not penetrate the bark very deeply, given that almost all of the dead adults found on the
treated logs had died while chewing through the outer bark. Moreover, we found
similar densities of dead larvae and prepupae on treated (26.3 ± 2.4 dead larvae
and pupae per m2 of bark surface) and control logs (27.3 ± 3.3; F = 0.08, df = 1,
177, P = 0.78). These larvae likely perished from log desiccation or intraspecific
larval competition. Adult mortality was a result of contact or consumption of
the insecticide as adults emerged. Therefore, thicker barked logs should not
reduce the efficacy of these treatments. It is possible that corky bark would
absorb more insecticide as compared to smooth bark and would require more
insecticide to be applied to saturate bark surfaces to the point of run-off.
Overall, the permethrin, imidacloprid and bifenthrin products were very
effective at killing EAB adults in our study and their efficacy was increased when
logs received two applications in late spring prior to initial adult emergence.
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Table 3. Mean (± SE) Abbott’s corrected percent Agrilus planipennis adult mortality
and number (N) of A. planipennis infested ash bolts treated with one of three different chemicals at the label rate or twice the label rate in spring and stored outdoors
by timing and number of applications. Logs were sprayed to the point of runoff using
handheld sprayers. Mean percent mortality was significantly (P = 0.0071) higher for
one application versus two; no significant difference was found among chemicals or timing of application (Proc Mixed, SAS 2001).
Mean percent3 adult EAB mortality
and number of replicates (N)

Timing1
Early
Early
Late
Late

No. of
sprays
1
22
1
2

Permethrin

x ± SE
75 ±
100 ±
72 ±
100 ±

10
0
20
0

N
5
4
5
3

Imidacloprid-14 Imidacloprid-25 Bifenthrin
x ± SE
90 ±
95 ±
84 ±
96 ±

6
5
10
4

N

x ± SE

N

x ± SE

N

4
4
5
5

80 ±
100 ±
100 ±
100 ±

3
3
3
3

87 ±
76 ±
67 ±
100 ±

7
4
4
3

20
0
0
0

6
13
6
0

Early = sprayed 4-5 wk before EAB adult emergence; Late = sprayed 1-2 wk prior to
initial EAB adult emergence.
2
Second spray applied one wk after first spray.
3
Arcsine square root transformation performed on data prior to analysis; means and
SE’s of actual data are shown.
4
Merit®2 tested at its label rate.
5
Merit®2 tested at two times its label rate
1

All of these insecticides would be very effective at reducing the number of EAB
adults emerging from cut logs or the lower stems of trees that can be easily accessed with a sprayer. Doubling the label rate of imidacloprid consistently gave
100% mortality except for the earliest application in 2004 and similar mortality
would be expected if the label rate was doubled for permethrin or bifenthrin.
The increased application rates we tested were performed under research conditions. The pesticide manufacturer would have to modify their labels before
higher rates of these insecticides could be used operationally.
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Effect of the Cardenolide Digitoxin on 
Performance of Gypsy Moth (Lymantria dispar)
(Lepidoptera:  Lymantriidae) Caterpillars
David N. Karowe1  and Victoria Golston1

Abstract
Despite the central role of cardenolides in the classic milkweed-monarchpredator chemically-mediated multiple trophic level interaction, very few studies have actually demonstrated that cardenolides protect host plants against
herbivores. We tested the hypothesis that cardenolides are an effective chemical
defense against generalist insect herbivores by feeding fifth instar gypsy moth,
Lymantria dispar (L.) (Lepidoptera: Lymantriidae), larvae artificial diets containing low and high levels of digitoxin, a cardenolide found in leaves of purple
foxglove, Digitalis purpurea L. (Scrophulariaceae). Relative to performance of
larvae fed the control diet, consumption rate, conversion efficiency, and growth
rate were all reduced by at least 60% for larvae fed the relatively low level of
digitoxin found in young leaves, and by at least 90% for larvae fed the higher
level found in older leaves. Digitoxin acted primarily as a feeding deterrent at
the lower level, but was toxic at the higher level.
These results suggest that the cardenolide digitoxin is a highly effective
plant defense against generalist herbivores.
____________________
It has been estimated that approximately 80% of insect herbivores of
herbaceous plants are “specialists,” feeding on three or fewer plant families
(Schoonhoven et al. 1998). The evolution of feeding specialization among insect
herbivores is often attributed primarily to interspecific variation in plant chemical defenses (Rausher 1983, Futuyma and Peterson 1985, Jaenike 1990).
Cardenolides (cardiac glycosides) play a central role in one of the most cited
examples of chemically-driven feeding specialization among insect herbivores.
Caterpillars of the monarch butterfly Danaus plexippus (L.) (Nymphalidae) feed
almost exclusively on plants in the Asclepiadaceae (Ackery and Vane-Wright
1984) and sequester cardenolides from their Asclepias host plants (Malcolm
and Brower 1989). As a consequence, monarch caterpillars and adults are
unpalatable to a wide range of vertebrate predators, including birds (Brower
1984, Brower and Fink 1985, Brower et al. 1988) and mice (Glendinning and
Brower 1990).
Surprisingly, despite their central role in this classic example of a chemically-mediated multiple trophic level interaction, very few studies have actually
demonstrated that cardenolides protect host plants against insect herbivores.
We are not aware of any study that has definitively demonstrated an effect of
milkweed cardenolides on monarch caterpillars, possibly because it is difficult
to separate their effect from that of the sticky latex in which they are concentrated (Zalucki et al. 2001). However, feeding by monarch caterpillars was
deterred by one of three non-milkweed cardenolides, though not by two others
(Vickerman and de Boer 2002). Cardenolides in members of the Brassicaceae
genera Cheiranthus and Erysimum make these species unpalatable to larvae
and ovipositing females of the cabbage butterfly, Pieris rapae L. (Pieridae)
Department of Biological Sciences, Western Michigan University, Kalamazoo, Michigan 49008-5410.
1
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(Sachdev-Gupta et al. 1993; Chew and Renwick 1995). In the only other study of
which we are aware, Akhtar and Isman (2004) demonstrated that, when added
to an artificial diet, the cardenolides digitoxin (from foxglove) and cymarin (from
pheasant’s eye) reduce feeding and growth of the cabbage looper, Trichoplusia
ni (Hübner) (Noctuidae).
In this study, we sought to augment the sparse information about the
ability of cardenolides to defend plants by conducting quantitative feeding trials in which we exposed a generalist herbivore, gypsy moth, to concentrations
of digitoxin that spanned the range observed in foxglove plants. We asked two
related questions: 1) Does digitoxin reduce consumption, digestive efficiency,
conversion efficiency, and/or growth of gypsy moth caterpillars? and 2) If so, is
the effect of digitoxin dose-dependent?
Materials and Methods
Gypsy moth caterpillars were reared from hatching through the end of the
4th instar on gypsy moth artificial diet purchased from BioServ (Frenchtown, NJ).
Larvae that had stopped feeding and with protruding head capsules at the end
of the 4th instar were placed in individual 25-ml polystyrene cups for molting.
Upon molting into the 5th instar, 14-16 larvae per diet were weighed, placed in
individual 25-ml polystyrene cups containing a preweighed amount of artificial
diet containing no digitoxin (control), 70 µg/g dry weight digitoxin (low digitoxin),
or 575 µg/g dry weight digitoxin (high digitoxin). Low and high digitoxin levels
were chosen to represent the range found in D. purpurea leaves throughout
the growing season (Evans and Cowley 1972). After 72 hours, each larva was
removed from its diet, placed in an empty cup for two hours to allow gut clearing, frozen, dried to constant weight at 70 oC, and weighed. Uneaten food and
frass were also dried to constant weight at 70 oC and weighed. Ten additional
freshly molted 5th instar larvae were weighed, frozen, dried to constant weight
at 70 oC and reweighed to provide a conversion factor for estimating the initial dry weight of test larvae. Digitoxin was purchased from Sigma Chemical
Company (St. Louis).
Larval performance measures (Waldbauer 1968), based on dry weights,
were calculated as follows:
Relative consumption rate (RCR) = food ingested/(average larval
weight)(days)
Approximate digestibility (AD) = (food ingested – frass)/food ingested
Efficiency of Conversion of Digested Food (ECD) = weight gained/(food
ingested – frass)
Relative growth rate (RGR) = weight gained/(average larval
weight)(days)
Since data for all variables were not normally distributed, means were
compared by a Kruskal-Wallis test followed by pairwise Kolmogorov-Smirnov
tests. All statistical analyses were performed using SPSS v14.0.
Results
Even at the lowest dose reported from D. purpurea, digitoxin acted as a
powerful feeding deterrent for gypsy moth larvae (Table 1). Relative consumption rate (RCR) was reduced by 74% for larvae fed the low digitoxin diet (K-S =
2.78, P < 0.001), and by 90% for larvae fed the high digitoxin diet (K-S = 3.73, P
< 0.001). The effect of digitoxin on consumption appeared to be dose-dependent,
as larvae fed the high digitoxin diet consumed only 40% as much diet as larvae
fed the low digitoxin diet (K-S = 2.15, P < 0.001).
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Table 1. Effect of dietary digitoxin on performance of gypsy moth larvae. Means (±
S.E.) followed by different letters are significantly different at P < 0.005 by KruskalWallis tests followed by pairwise Kolmogorov-Smirnov tests. Sample sizes are 16, 15,
and 14 for the control, low digitoxin, and high digitoxin diets, respectively.
					
Diet
RCR1
AD2
ECD3
RGR4
(g/g/d)
(%)
(%)
(g/g/d)

Weight
Gained
(mg)

Control

2.08 ± 0.06a

48.9 ± 1.8a

52.4 ± 2.5a

0.52 ± 0.02a

68.2 ± 3.9a

Low Digitoxin

0.55 ± 0.06b

68.6 ± 3.3b

21.5 ± 5.6b

0.10 ± 0.02b

6.6 ± 1.9b

High Digitoxin

0.22 ± 0.02c

70.6 ± 4.1b

-15.3 ± 9.2c

-0.02 ± 0.01c

-0.7± 0.9c

RCR - relative consumption rate
AD - approximate digestibility
3
ECD - efficiency of conversion of digested food
4
RGR - relative growth rate
1
2

Likely as a consequence of reduced consumption, and therefore increased
residence time of food in the gut, approximate digestibility (AD) increased significantly for larvae fed the low (K-S = 2.25, P < 0.001) and high (K-S = 2.20, P <
0.001) diets. However, AD did not differ between larvae fed the two digitoxin
diets (K-S = 1.03, P = 0.24).
Larvae fed digitoxin diets converted significantly less digested food into
larval biomass. The efficiency of conversion of digested food (ECD) was reduced
by 60% for larvae fed the low digitoxin diet, and was actually negative for larvae
fed the high digitoxin diet (K-S = 2.39, P < 0.001). Again, the effect of digitoxin
appeared to be dose dependent, as ECD was significantly lower for larvae fed
the low digitoxin diet than for larvae fed the high digitoxin diet (K-S = 1.74, P
= 0.005).
As a consequence of reduced consumption rate and conversion efficiency,
larvae fed digitoxin diets grew significantly more slowly than larvae fed the
control diet. Relative growth rate (RGR) was reduced by 81% on the low digitoxin diet (K-S = 2.78, P < 0.001), and weight gain was reduced by 90% (K-S =
2.78, P < 0.001). RGR and weight gain were both negative for larvae fed the
high digitoxin diet (K-S = 2.73, P < 0.001 for both measures of growth). RGR
and weight gain were both significantly lower for larvae fed the high digitoxin
diet than for larvae fed the low digitoxin diet (K-S = 1.78, P = 0.004 and K-S =
1.74, P = 0.005, respectively).
Growth strongly depended on consumption for larvae fed the control and
low digitoxin diets, but not for larvae fed the high digitoxin diet (Figure 1). On
the control diet, larvae that consumed more grew more rapidly (r2 = 0.80, F =
56.1, P < 0.0001); this relationship was also very strong for larvae fed the low
digitoxin diet (r2 = 0.63, F = 22.3, P = 0.0004). However, consumption was not
correlated with growth on the high digitoxin diet (r2 = 0.05, F = 0.6, P = 0.5).
Discussion
The results of this study suggest that, even at the lowest levels reported
by Evans and Cowley (1972) for D. purpurea leaves, digitoxin constitutes an effective chemical defense against gypsy moth larvae. Relative to performance of
larvae fed the control diet, consumption rate, conversion efficiency, and growth
rate were all reduced by at least 60% for larvae fed low levels of digitoxin, and
by at least 90% for larvae fed higher levels.
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Figure 1. Correlation between weight gained and weight of food ingested (both in g
dry) for gypsy moth larvae reared on the control diet (squares, r2 = 0.80, P < 0.0001),
low digitoxin diet (circles, r2 = 0.63, P = 0.0004), and high digitoxin diet (triangles, r2 =
0.05, P = 0.5).

Larvae fed the low digitoxin diet displayed positive growth, and likely
would have completed development had they been allowed to feed for longer than
72 hours, albeit at a much slower rate than larvae that did not ingest digitoxin.
The strong positive correlation between consumption and growth for larvae fed
the low digitoxin diet suggests that, at the lower end of the range of concentrations reported from foxglove leaves, digitoxin acts primarily as a feeding deterrent
rather than as a toxin. In contrast, larvae fed the high digitoxin diet displayed
negative growth, and likely would not have completed development. Both negative
growth and the lack of correlation between consumption and growth for larvae
fed the high digitoxin diet suggests that, at levels near the high end of the range
reported from foxglove leaves, digitoxin acts primarily as a toxin.
According to Evans and Cowley (1972), the low level of digitoxin used in
this study is characteristic of young D. purpurea leaves, while the high level is
characteristic of older leaves. The lower levels of defensive compounds in young
leaves is often thought to arise from a trade-off between defense and autotoxicity and/or growth (e.g., Herms and Mattson 1992, van Dam et al. 1996, Iwasa
2000). If the response of gypsy moth larvae to digitoxin is characteristic of other
non-adapted herbivores, then our results indicate that young D. purpurea leaves
may contain little enough digitoxin to minimize autotoxicity and/or resource
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allocation costs, yet enough to dramatically decrease consumption and thereby
slow herbivore growth. As a consequence of their reduced development rate,
herbivores that are sensitive to digitoxin would be forced to ingest foliage with
high (and probably toxic) levels during their later instars. However, this hypothesis rests on the untested assumption that higher digitoxin levels would create
substantial autotoxicity and/or resource allocation costs in young leaves.
Finally, it should be noted that, while the response of gypsy moth caterpillars may be representative of non-adapted herbivores in general, it is unlikely
that even high levels of digitoxin would affect herbivores with peritrophic
membranes that prevent absorption of this compound, such as the grasshopper,
Melanoplus sanguinipes (Fab.) (Acrididae), and the caterpillar, Manduca sexta
(L.) (Sphingidae), (Barbehenn 1999, 2001), or herbivores that can sequester
cardenolides such as the milkweed bug, Oncopeltus fasciatus (Dallas) (Lygaeidae), (Duffey et al. 1978, Scudder and Meredith 1982).
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SEASONAL ABUNDANCE; DAMAGE; AND COMPARISON OF
DIFFERENT HEIGHTS, ORIENTATIONS, AND DIRECTIONS OF
YELLOW STICKY TRAPS FOR SAMPLING OF LIRIOMYZA TRIFOLII
(DIPTERA: AGROMYZIDAE) IN COTTON
Ibrahim Gencsoylu1

ABSTRACT
This study was done to determine the optimum height, orientation, and
direction of yellow sticky traps for sampling of Liriomyza trifolii (Burgess) (Diptera: Agromyzidae) in cotton fields. Leaf infestation rates for the whole plants,
as well as for each of three plant regions, and number of mines per infested leaf
were also determined. Traps were placed at 25 cm above the plant canopy and
30 cm above the ground at two orientations (horizontal and vertical) and two
directions (east-to-west and north-to-south) for each height and orientation in
Aydin province, Turkey. Horizontally oriented traps captured more flies than
vertically oriented traps. More flies were captured 25 cm above the plant canopy
than 30 cm above the ground. The upper sides of horizontally oriented traps
had the highest capture rates. Direction of traps did not significantly affect
capture rate. The infestation rate of leaves was highest (14.1%) the first week
of August and generally higher lower on the plant (79.4-100%). No mines were
found in the upper region (top third) of the plants. No adults emerged from
reared mines. These results are useful in development of sampling protocols to
aid growers in making decisions and could be used as an additional component
in Integrated Pest Management against L. trifolii in cotton fields.
____________________
Liriomyza trifolii (Burgess) (Diptera: Agromyzidae) is an important pest
insect on tomato, celery, chrysanthemum and other commercially valuable
plants in several countries (Parrella and Robb 1982, Parrella 1987, Zoebisch and
Schuster 1987), including Turkey (Akbulut and Zumreoglu 1996, Yasarakinci
and Hincal 1999, Civelek 2004). In addition to vegetables and ornamental plants,
L. trifolii damaged cotton in Arizona (USA) (Palumbo 1992), India (Jeyakumar
and Uthamasamy 1996), and Israel (Yathom 1989). Sohi et al. (1994) reported
that L. trifolii was feeding and breeding on cotton from the cotyledon stage
to the vegetative phase until mid-August in India. Larval feeding and adult
oviposition in leaves may facilitate entry of fungi and bacteria. Leaf mining
reduces rates of photosynthesis, transpiration, and stomatal and mesophyllic
conductance causing premature leaf drop (Chandler and Gilstrap 1987, Foster
and Sanchez 1988).
Gencsoylu (2003) first found L. trifolii in Buyuk Menderes Valley, Turkey,
in 1998, and reported that the largest number of infested leaves was observed
in Aydin, where 18.8% and 17.7% of the sampled leaves were infested in 1999
and 2000, respectively. These infestation rates were higher than the 2-4% rates
found in India (Jeyakumar and Uthamasamy 1996).
Some management measures are necessary to control Liriomyza spp. (Parrella 1982, Palumbo et al. 1994). Sticky card traps attract and capture flying
adults (hereafter: flies) and can help growers detect early pest activity more
effectively than intensive plant sampling and may help to determine the proper
time for implementation of control measures. Yellow sticky card traps (hereafter:
Adnan Menderes University Faculty of Agriculture, Department of Plant Protection,
09100 Aydin, Turkey. (email: igencsoylu@yahoo.com, igencsoylu@adu.edu.tr).
1
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traps) were more attractive to flies than were those of yellow-green, orange,
green, and blue (Tryon et al. 1980, Yudin et al. 1987, Park et al. 2001).
Heinz et al. (1992) reported on modifications of size and shape of traps
and the height and orientation of trap placement that increased the traps’ effectiveness. Trumble and Nakakihara (1983), Zehnder and Trumble (1984),
and Zoebisch and Schuster (1990) reported that trap height had a significant
influence on the number of flies captured in celery and tomato. Yathom (1989),
studying in gerbera greenhouses, found that more flies were caught at 30 cm than
at 70 cm above the plant tops and that horizontal and 450 angle traps caught
more flies on their upper sides. Weintraub and Horowitz (1996) studied four
heights and two orientations of traps in potato fields, where traps placed at the
plant height caught significantly more flies than traps placed near the ground
or 20 cm or more above plants, but significant differences were not found in the
numbers of flies caught on traps placed either horizontally or vertically.
As L. trifolii is a new pest in cotton in Turkey, little is known about it
except an average infestation rate of cotton leaves (Gencsoylu 2003) — no other
studies relating to this pest in cotton in Turkey have been published. This study
was done to test the use of traps as a monitoring tool in cotton, and to find the
optimum height, orientation, and direction of trap placement.
MATERIALS AND METHODS
This work was done at the Agricultural Research Center of Adnan Menderes University, Aydin province, in 2004 and 2005. The Nazilli 84-S cotton
variety was planted in rows with a north-to-south orientation on 3 May 2004
and 12 May 2005, in the same 0.5 ha field. Standard cultural practices of irrigation and fertilization were followed but no pesticides were applied. The
seasonal abundance of L. trifolii, heights, orientations, and directions of traps
were studied in one half (0.25 ha) of the field while damage and rates of infestation were studied in the other half (0.25 ha). Plots in the first half were set
up in randomized complete block design with three replicates. Each treatment
within blocks consisted of 60 rows of 160 m.
Traps were in the field over 11 June - 17 September 2004, and 17 June
- 23 September 2005. These were yellow plastic cards (15  10 cm) with >90%
reflectance in visible wave length spectrum of 540-600 nm that were placed in
the center of each plot and uniformly coated with a thin layer of an adhesive
compound mixture of synthetic hydrocarbon polymers (Kapar Organik Tarim
Sanayi, Ankara, Turkey) on both sides. Each trap was held in a wooden frame
on a wooden rod. Traps at 30 cm above the ground were fixed on the rod, while
those at 25 cm above plant canopy could be moved up the rod at each sampling
to keep them just above the plant canopy. Traps were oriented vertically and
horizontally in both north-to-south and east-to-west directions. East-to-west
direction was perpendicular to the rows. Traps were replaced weekly. Traps
were brought into the laboratory where flies stuck on each surface were counted
under a microscope. These counts were recorded as numbers per side of trap
per week. No effort was made to sex the flies trapped.
Each week, on the same dates as traps were replaced on one half of the
experimental plot, data relating to leaf infestation were collected on the other
half of the plot. At each sampling, plant height was measured and divided into
three — lower, middle and upper — regions. From 180 plants, 1080 leaves were
sampled each week by randomly selecting two leaves from the lower, middle
and upper regions of each plant and percentage infestation by plant region was
calculated. The infested leaves were put in paper bags and taken to the laboratory where they were examined under a microscope and their mines counted.
Mines were not separated into active, dead, or empty. Leaves bearing mines
were enclosed in an attempt to rear out flies.
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Data relating to trap height, orientation and direction were analyzed using
three-way analysis of variance (ANOVA) including all two-way and three-way
interactions. Means were separated by TUKEY’S adjustment for multiple comparisons of the means (P <0.05). Data were transformed using log(x+1) before
analysis of variance to correct for heterogeneity of variance. Weekly mean for
infestation rate (%) of leaves by plant region and percent of mined leaves with
different numbers of mine were analyzed by using paired-samples test. All
analyses were performed using SPSS version 9.0.1 (1999).
RESULTS
There being no significant interaction between the two years’ data, they
were combined. The first fly was captured at Week 2. Average counts of flies
captured at two heights for both horizontal and vertical orientations showed
that the traps caught more flies at 25 cm above plant canopy (18.7 ± 4.4) than
at 30 cm above the ground (4.9 ± 1.4), a statistically significant difference (F =
9.748, df = 1, P < 0.05).
The orientation of the trap affected the mean numbers of flies captured
at both heights. At 25 cm above the plant canopy, horizontal traps (34.9 ± 6.3)
captured more flies than vertical traps (2.6 ± 0.4) (F = 19.374, df = 1, P < 0.05).
At 30 cm above the ground, horizontal traps (8.5 ± 1.3) captured more flies than
vertical traps (1.45 ± 0.3) (F = 8.435, df = 1, P < 0.05). Total flies captured
varied significantly by height: at 25 cm above the plant canopy, more flies were
captured than at 30 cm above the ground. In each orientation, at both heights,
direction did not significantly affected the numbers captured (F = 1.274, df =
1, P > 0.05) (Table 1).
At 25 cm above the plant canopy (Fig. 1), in horizontal orientation, the
highest numbers taken were 122/trap at Week 12, and 117.3/trap at Week 10.
In vertical orientation, mean numbers trapped peaked at only 11.3/trap.
At 30 cm above the ground (Fig. 2), in horizontal orientation, mean numbers were highest with 27/trap at Week 5, 16.7/trap at Week 8, and 26/trap at
Week 12. In vertical orientation, mean numbers peaked at only 9.3/trap.
Average counts of flies captured varied on different sides of the traps
(Table 1). Fly numbers on the upper sides were significantly higher at 25 cm
above the plant canopy than at 30 cm above the ground (F = 8.435, df = 1, P <
0.05). At each height more flies were captured on the upper sides of the traps
than on the lower sides. Capture rates by sides of vertically oriented traps at
different directions were not significantly different (Table 1 & 2).
The infestation of the leaves (Fig. 3) was higher in the lower region of
plants, being 100% at the first two samplings and not falling below 81.8% by the
end of sampling period; whereas, in the middle region, infestation rate peaked
at 18.2% at Weeks 10, 11, and 12. In the upper region of the plants, leaf mines
were never found. Infestation rate was significantly important (F = 24.127, df
=1, P < 0.05).
Mine numbers varied from one to four on the leaves (Fig.4). The one mine
category was highest with 100% at the first sampling week and decreased by the
end of season to 45% and was statistically significant (F = 18.431, df = 3, P < 0.05).
The two mine category peaked at 36.2% at the beginning of August. The three
mine category peaked at 16.3% at Week 8. The four mine category peaked at
19.4% at Week 12. No flies were produced by the rearing efforts in this study.
DISCUSSION
Gencsoylu (2003) reported L. trifolii in Turkish cotton fields over 1998 2000, with similar infestation rates, over 1999 and 2000, as were found in this
study. This study shows that more flies were captured on traps at 25 cm above

2006

THE GREAT LAKES ENTOMOLOGIST

43

Table 1. Seasonal mean numbers (± SE) of L. trifolii captured on the yellow sticky
card traps at different heights and positions. Means followed by same lowercase letter
within columns are not significantly different (P < 0.05). Means followed by same uppercase letter within rows are not significantly different (P < 0.05). EW: east-to-west;
NS: north-to-south.
Heights

Orientations

Directions

Side

Total

			
25 cm above
Vertical
EW
plant canopy
Vertical
NS

West
2.3 ± 0.5bA
0.7 ± 0.2bA

East
1.8 ± 0.5bA
0.4 ± 0.1bA

4.1 ± 0.5b
1.1 ± 0.2b

			
Horizontal
EW
Horizontal
NS

Upper
30.6 ± 9.1aA
30.8 ± 6.1aA

Lower
4.4 ± 1.0aB
3.9 ± 0.9aB

35.1 ± 9.6a
34.7 ± 3.5a

			
30 cm above
Vertical
EW
the ground
Vertical
NS

West
0.7 ± 0.3bA
1.0 ± 0.4bA

East
0.5 ± 0.1bA
0.7 ± 0.3bA

1.2 ± 0.2b
1.7 ± 0.4b

			
Horizontal
EW
Horizontal
NS

Upper
8.8 ± 2.1bA
6.1 ± 1.9bA

Lower
1.3 ± 0.4bB
0.8 ± 0.4bB

10.1 ± 1.2b
6.9 ± 1.1b

Mean Number of L.trifolii /trap

180
160

VEW

140

VNS
HEW

120

HNS

100
80
60
40
20
0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Weeks

Figure 1. Mean number of L. trifolii captured on the yellow sticky card traps at 25
cm above the plant canopy during the sampling period (bars indicate SEM; P < 0.05).
VEW: Vertical east-to-west., VNS: vertical north-to-south, HEW: horizontal east-towest, HNS: horizontal north-to-south.
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Figure 2. Mean number of L. trifolii captured on the yellow sticky card traps at 30 cm
above the ground during the sampling period (bars indicate SEM; P < 0.05). VEW: Vertical east-to-west., VNS: vertical north-to-south, HEW: horizontal east-to-west, HNS:
horizontal north-to-south.

Table 2. Analysis of variance tables.
Source

df

Height
1
Orientation
1
Orientation  height
1
Direction
1
Orientation  direction
1
Height  direction
1
Orientation  height  direction
1
Error		
Corrected total		

Sum of squares

F

P

3.34
4.24
0.50
0.53
0.75
0.70
3.85
16
23

9.75
12.37
1.46
1.57
2.19
2.04
11.23
5.49
16.23

<0.05
<0.05
>0.05
>0.05
>0.05
>0.05
<0.05

Infested leaves (%) of plant region
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Figure 3. The percentage of those sampled leaves bearing L. trifolii mines from the
lower and middle plant regions; leaf mines were never found in the upper region.
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Figure 4. The percentage of those sampled leaves bearing L. trifolii mines having different numbers of mines.
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the plant canopy than at 30 cm above the ground. Yathom (1989) reported more
flies captured at 30 cm above the plant tops than at 70 cm above the plant tops,
in gerbera greenhouses. Weintraub and Horowitz (1996) found that traps placed
at plant height caught more flies than traps placed near the ground or 20 cm or
more above the plant tops, in potato fields.
Orientation of traps significantly affected capture rates. Horizontally
oriented traps at 25 cm above the plant canopy captured the most flies. In
contrast, Herbert et al. (1984) trapped fewer flies on horizontally oriented traps
than on vertically oriented traps in chrysanthemum greenhouses. Parrella
and Jones (1985) reported high capture rates on vertically oriented traps in
chrysanthemum where direction of the traps did not significantly affect capture
rates, which data support Herbert et al. (1984).
Significantly higher capture rates on the upper sides of the horizontally
oriented traps at both heights were found in this study. Yathom (1989) also
found highest capture rates of flies on the upper sides of traps.
This study shows that the percentage of leaves infested was highest during the first week of August and that most mines were in the lower region of
the plants. Sohi et al. (1994) reported that L. trifolii fed and bred on cotton
from the cotyledon stage to the vegetative phase up to mid-August in India,
preferred old plants for oviposition, and attacked lower canopy leaves. In this
study, even though capture rates were highest at 25 cm above the plant tops,
most mines were low on the plants, which shows that flies prefer old leaves for
oviposition in cotton.
Yathom (1989) reported that L. trifolii failed to pupate and cannot complete its life cycle in cotton. In this study, the rearing effort failed to produce
flies, supporting Yathom’s claim.
Number of mines per leaf on the leaves infested varied over the sampling
period. Initially, leaves bore a single mine or none. As time passed, two, three,
or even four mines were in some leaves low on the plants. Mines never were
found in the leaves high on the plants. This shows that the plant region is of
more importance to ovipositing flies than the presence of other mines in a given
leaf. These results contribute to the development of a sampling protocol to aid
cotton growers and can be used as an additional component in an Integrated
Pest Management against L. trifolii in cotton fields. Further studies should be
conducted on the yield effect.
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Discovery of Sirex Noctilio (Hymenoptera: Siricidae) in 
Ontario, Canada
Peter de Groot1, Kathyrn Nystrom1 and Taylor Scarr2

ABSTRACT
A sirex woodwasp, commonly called “sirex woodwasp” or the “European
woodwasp” Sirex noctilio (Fabricius) (Hymenoptera: Siricidae), is a high-risk
alien invasive forest insect for North America. In September 2004, this insect
was trapped in the field in New York, identified in February 2005 and confirmed
as established in July 2005 – the first record of such for North America. The
close proximity of the original and subsequent discoveries of S. noctilio in New
York prompted a rapid response survey for this insect in adjacent areas in
Ontario, Canada. This report records the first discoveries of this wood wasp
in Canada in 2005.
____________________
A sirex woodwasp, Sirex noctilio (Fabricius) (Hymenoptera: Siricidae),
which is commonly called “sirex woodwasp” (Haugen and Hoebeke 2005) or
the “European woodwasp” (Ciesla 2003) is native to Europe, Asia, and parts
of northern Africa. The woodwasp is not a pest in its native range, but it is a
major pest of introduced pines in New Zealand, Australia, Uruguay, Argentina,
Brazil, Chile, and South Africa (Ciesla 2003). This wasp typically is a problem
in stagnant stands and is managed by the use of silviculture to promote stand
vigor (Haugen et al. 1990) and by nematodes to reduce woodwasp populations
(Bedding and Iede 2006). In pest risk assessments, S. noctilio is rated as a very
high risk pest for North America (Haugen 2006).
On 7 September 2004, a single adult female was caught from a funnel
trap located in a mixed hardwood-pine stand located in Fulton, Oswego County,
New York as part of the USDA Cooperative Agricultural Pest Survey. It was
identified on 23 February 2005 and confirmed on 5 July 2005 as established in
the United States (Hoebeke et al. 2005, NAPPO 2005a, 2005b). Fulton is about
100 km south of Kingston, Ontario, Canada and about 80 km directly southeast
of Prince Edward County, Ontario. As of mid November 2005, a delimiting
survey had yielded 85 S. noctilio females in New York; 32 females within 8 km
of Oswego, and six females between the 30 and 110 km (approximate) radius
trap circles (APHIS 2005). The close proximity of Canada to the established
population positive finds of S. noctilio in upper state New York and the multiple
new discoveries during the summer of 2005 prompted a rapid response survey
in Canada for this woodwasp. This report describes the results of that survey
and reports on the discoveries of S. noctilio in Canada.
Thirty-six sites were sampled in Ontario along a line corridor from
Sandbanks Provincial Park southeast of Wellington to Cornwall (Fig. 1). This
narrow trapping corridor was chosen for its proximity to the known S. noctilio
infestation in New York. Trapping sites contained either two or three needle,
hard pines (Pinus spp.), and included small residential and roadside plantings,
small plantations, and natural forests. Thirteen sites contained Scots pine (Pinus
sylvestris Linnaeus), followed by 12 Austrian pine (P. nigra Arnold) sites, four
red pine (P. resinosa Aiton) sites, four jack pine (P. banksiana Lambert) sites,
Natural Resources Canada, Canadian Forest Service, Great Lakes Forestry Centre,
1219 Queen St. E., Sault Ste. Marie, Ontario, P6A 2E5.
2
Ontario Ministry of Natural Resources, Forest Management Branch, Forest Health and
Silviculture Section, Suite 400, 70 Foster Dr., Sault Ste. Marie, Ontario, P6A 6V5.
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two pitch pine (P. rigida Miller) sites and one Mugo pine (P. mugo Turra) site.
Tree height ranged from 4 to 20 m. Lindgren funnel traps (12-unit) (Pherotech,
International, Inc., Delta, British Columbia, Canada) were used to capture
woodwasps. Traps were hung from pine branches or between two pine trees
at least 1 m away from the tree trunk and at least 0.5 m above ground. Each
trap was baited with lures: –pinene, –pinene, both in separate bottles, or a
formulation of both in one release device (Table 1). These pinenes are common
monoterpenes found in conifers and known to elicit an antennal response of S.
noctilio (Simpson 1976, Simpson and McQuilkin 1976). The two different trapping configurations were set up, not as a research trial, but as an opportunity
to gather some preliminary information about the attractiveness of different
lures. At 17 sites, three traps were deployed 20 m apart, either in an equilateral
triangle or a straight line depending on the forest stand, with one trap baited
with –pinene, another with –pinene, and the third trap baited with both lures.
At the remaining 19 sites, two traps were deployed 20 m apart with one trap
containing –pinene and –pinene released from separate bottles, and the other
trap containing a blend of  and  pinenes released from one bottle. The
purity, composition and release rates of the compounds used are described in
Table 1. Traps were deployed between 23 August and 2 September 2005. All
insects were collected from the traps during 19-23 September and again during 10-13 October 2005, when the traps were taken down. The flight period of
S. noctilio was obviously unknown, but it was thought that it would be a late
summer flyer similar to other native siricids and that surveys conducted in late
August and September would not be too late to capture them.
Five adult S. noctilio females were collected from the 89 traps. Positive
traps extended 195 km from Prescott, Ontario (Site 1) to near Wellington, Ontario (Site 4) (Fig. 1). All five females were captured in traps with –pinene
lures (Table 1). At Site 4, Sandbanks Provincial Park (Fig. 1), two S. noctilio
females were captured in traps deployed in a 20 m-tall Scots pine plantation
situated on a sand dune and showing symptoms of stress. Single S. noctilio
females were also captured in Scots pine plantations at Sites 1 and 3. Trees at
Table 1. Pine species at site and attractants used to capture Sirex noctilio and native
Sirex species in traps in Ontario, August – October 2005.
Species

Pine		
species
Attractants1

Number
captured

S. noctilio

Scots, red

1

5

S. edwardsii

Scots, pitch

2, 4

3

S. juvencus

Scots

1, 3

3

S. nigricornus

Scots, red,
Austrian, pitch

1, 2, 3, 4

52

Lure codes: 1 = two 17 ml low density polyethylene (LDPE) bottles of 99% pure
–pinene (– 95/+ 5), released at 120 mg/day/bottle; 2 = two 17 ml LDPE bottles of
> 98% pure (–)––pinene, released at 100 mg/day/bottle; 3 = one 17 ml LDPE bottle
each of –pinene and –pinene (as above); 4 = one 17 ml LDPE bottle with a blend of
70% –pinene (– 25/+ 75) and 30% (–)––pinene, released at 150 mg/day/bottle. Lures 1
to 3 produced by PheroTech Inc, Delta, British Columbia, Canada, and Lure 4 produced
by Synergy Semiochemicals Corp, Burnaby, British Columbia, Canada.
1
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Figure 1. Location of Sirex noctilio survey sites in southern Ontario in 2005. Sites 1-4 (star) and open circle sites were part of the rapid
response survey; sites 5-6 were sites positive for S. noctilio as found through the Exotic Wood Borer and Bark Beetle Detection Survey conducted by the Canadian Food Inspection Agency.
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Site 3 showed obvious signs of stress and trees at site 1 appeared quite healthy.
Site 2 was an apparently healthy landscape planting of predominately red pine
with fewer than 10 trees each of Austrian and Scots pine. In addition to S.
noctilio, three adult female specimens of S. edwardsii Brullé, three S. juvencus
(Linnaeus) and 52 S. nigricornis Fabricius, were collected from the traps (Table
1). Two voucher specimens of S. noctilio from this collection are deposited in
the Great Lakes Forestry Centre Insect Collection, Canadian Forest Service,
Sault Ste. Marie, Ontario. Two specimens are deposited in the Centre for Plant
Quarantine Pests, Canadian Food Inspection Agency, Ottawa, Ontario, and one
specimen is deposited in the Canadian National Insect Collection, Agriculture
and Agri-Food Canada, Ottawa, Ontario.
After these collections were made, two additional locations for S. noctilio
in southern Ontario (Sites 5 and 6, Fig. 1) were found through the Exotic Wood
Borer and Bark Beetle Detection Survey conducted by the Canadian Food Inspection Agency (NAPPO 2006). The distance between site 1 (Cambridge) and
site 6 (near Prescott) is about 435 km. The considerable distance between these
finds in 2005 suggests that S. noctilio has probably been in Ontario for a while
and is established. Detection and delimitation surveys in Ontario and Quebec
in 2006 will help determine how widespread the infestation is and shed some
light on its history and impact.
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NOTES ON TAENIOGONALOS GUNDLACHII (HYMENOPTERA:
TRIGONALIDAE) FROM WISCONSIN
Steven J. Krauth1  and Andrew H. Williams1

ABSTRACT
This is the first report of Taeniogonalos gundlachii (Cresson) (Hymenoptera: Trigonalidae) from Wisconsin and of this hyperparasitoid reared from the
initial host Euchaetes egle (Drury) (Lepidoptera: Arctiidae). Data are provided
from 30 Malaise trap specimens and from a single reared specimen.
____________________
Taeniogonalos gundlachii (Cresson) (Hymenoptera: Trigonalidae) is a
rarely collected hyperparasitoid that generally uses a caterpillar as its initial host
(intermediate host, sensu Carmean and Kimsey 1998) and then fully develops
only if a parasitoid suitable as an ultimate host, often a tachinid or an ichneumonid, is within the caterpillar (Smith 1996, Carmean and Kimsey 1998).
Since 1997, Williams has been studying the fauna restricted to 15 Wisconsin milkweed species (Apocynaceae and Asclepiadaceae) and rearing many
immature insects and their parasitoids. Euchaetes egle (Drury) (Lepidoptera:
Arctiidae) is a distinctive caterpillar that feeds on the foliage of any of several
milkweed species and that supports many parasitoids (Arnaud, Jr. 1978, see
pg. 2529 in Krombein et al. 1979).
MATERIALS & METHODS
Samples from Townes-style Malaise traps (Townes 1972) using propylene
glycol or 95% ethanol were collected in many Wisconsin counties as part of the
Wisconsin Insect Survey over 1975 -1977. Wasps were determined by Krauth
and specimens are deposited in the University of Wisconsin Insect Research
Collection. Plant nomenclature follows Gleason and Cronquist (1991).
RESULTS
There are only 31 known specimens of T. gundlachii from Wisconsin.
Thirty of these were taken in Malaise traps over 1975 - 1977. These trap samples
yielded 27 specimens from one site in Oneida Co., in northeastern Wisconsin,
two specimens from Bayfield Co., in northwestern Wisconsin, and one specimen
from Jackson Co., in west-central Wisconsin (Table 1). In all, 10 females and
20 males were trapped.
One specimen was reared. A solitary, half-grown, E. egle caterpillar was
found in Grant Co., in the southwestern corner of the state, on 6 August 2005.
It fed on a leaf of Asclepias purpurascens growing beside a dirt road in rocky
oak woods sloping down to the Mississippi River. It was reared on leaves of
Asclepias syriaca due to the rarity of A. purpurascens in Wisconsin. Later in
August, it spun a fragmentary cocoon and pupated. With all other remaining
immatures, it was moved to a garage on 20 October, and then was returned
to lab conditions on 3 February 2006. An adult wasp (Figs. 1 and 2) appeared
on 29 April 2006, having chewed an exit hole through the side of the abdomen
of the arctiid’s pupa (Fig. 3). Most adult E. egle, other herbivores, and their
parasitoids emerged prior to T. gundlachii; 29 April was essentially the end
of this annual rearing exercise. The E. egle pupa was softened in soapy water
1
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Table 1. Collection data of Taeniogonalos gundlachii taken in Wisconsin. One reared
specimen is from Grant County. Thirty other specimens are from Townes-style Malaise trap samples.
COUNTY
SEX

LOCATION

Bayfield
T46N R9W Sect. 16
		
Grant
T4N R6W Sect. 26, 35
Jackson
T21N R4W Sect. 27
Oneida
T35N R11E Sect. 17
		
		
		
		
		
		
		
		
		
		

DATE
5 - 12 July 1977
19 - 26 July 1977
reared
30 June - 8 July 1975
1 - 8 July 1975
8 - 14 July 1975
14 - 22 July 1975
22 - 29 July 1975
29 July - 5 August 1975
5 - 12 August 1975
12 - 25 August 1975
6 - 13 July 1976
13 - 20 July 1976
20 - 27 July 1976
27 July - 2 August 1976

NUMBER,
1
1
1
1
1
2
1, 3
1, 4
1, 2
2
1
1, 1
1, 1
1, 1
2

Figure 1. Taeniogonalos gundlachii reared from the initial host Euchaetes egle, a previously unreported initial host of this hyperparasitoid.

56

THE GREAT LAKES ENTOMOLOGIST Vol. 39, Nos. 1 & 2

Figure 2. Front view of the head of Taeniogonalos gundlachii showing its relatively
massive mandibles.

Figure 3. Pupa of Euchaetes egle showing exit hole of Taeniogonalos gundlachii.
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for 48 hrs and dissected. One tachinid puparium was extracted but specific
determination was not possible as its spiracles were destroyed.
Scores of Malaise trap samples collected since 1977 and hundreds of
samples from window traps (Chandler 1987, Chatzimanolis et al. 2004), another
kind of flight intercept trap widely used in Wisconsin since 1990, have failed to
yield more T. gundlachii specimens. We have no explanation for this.
DISCUSSION
Smith (1996) found 440 T. gundlachii in Townes-style Malaise trap
samples taken over 12 years of season-long trapping in Virginia, Maryland, and
West Virginia. He reported the wasp from mid-May through the first week in
October, with its peak flight from mid-June through the first third of July. He
also noted its presence in low numbers through the rest of the season with a
very low peak from the end of August through the first third of September. Our
30 Wisconsin specimens represent trapping dates 30 June - 30 August, though
most were taken in July.
Weinstein and Austin (1991) characterized the genus Taeniogonalos as
allowing their initial hosts to complete cocoon formation. They also wrote that
adult trigonalids use their mandibles (Fig. 2) to cut emergence holes (Fig. 3) in
the side of the host cocoon/puparium (Ichneumonidae, Tachinidae, Lepidoptera)
and that, in temperate regions, emergence tends to occur in spring or summer,
with both initial host and trigonalid being univoltine. In Wisconsin, E. egle is
univoltine, and the events documented in rearing this one wasp support these
authors’ generalizations.
This is the first report of this wasp reared from the initial host, E. egle.
Smith (1996) and Carmean and Kimsey (1998) summarized the known initial
hosts of T. gundlachii as caterpillars in Arctiidae (a label bearing the name
“Apantesis anna”); Megalopygidae (a label bearing “Megalopyge opercularis”);
Noctuidae (Acronicta lobeliae Guenee, Phosphila turbulenta Hubner, and a label
bearing “Hadena turbulenta”); Notodontidae (labels bearing “Macrurocampa
marthesia” and “Symmerista albifrons”); Saturniidae (Automeris io (Fabricius)
and labels bearing “Anisota discolor” and/or “Anisota senatoria”); and probably
other large caterpillars; and both cite Gelhaus’ (1987) report of a larva in Tipulidae (Tipula sp., probably flavoumbrosa Alexander), in Diptera.
This is the first report of T. gundlachii from Wisconsin. Despite its having been rarely collected in this state, our collection data indicate this wasp is
distributed over most of Wisconsin, even to its southwestern and northwestern
corners. Carlson (1979) summarized this species’ range as, “southeastern Massachusetts south to mid-Florida, west to southern Ohio and southwestern Louisiana.” Gelhaus (1987) added Kansas, Smith (1996) added Texas, and Carmean
and Kimsey (1998) added Canada, Costa Rica and Central America.
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Comparative biology and life tables of Trichogramma 
brassicae and Trichogramma cacoeciae with Ephestia 
kuehniella as host at three constant temperatures
Nihal Özder1

Abstract
Egg parasitoids of the genus Trichogramma (Hymenoptera: Trichogrammatidae) have been successfully utilized for biocontrol of several lepidopteran
pests world-wide. The age specific fecundity of Trichogramma brassicae
Bezdenko and Trichogramma cacoeciae Marchal using Ephestia kuehniella
Zeller (Lepidoptera: Pyralidae) as host were determined at 20, 26, and 30 °C and
60-70 % R.H. in the laboratory. Both T. cacoeciae and T. brassicae demonstrate
high parasitism ability and intrinsic rates of increase on E. kuehniella and had
a similar response to increasing temperature.
____________________
Egg parasitoids of the genus Trichogramma (Hymenoptera: Trichogrammatidae) are important biological control agents that have been used successfully against several lepidopteran pests, especially through inundative releases
(Hassan, 1993). World-wide, over 32 million hectares of agricultural and forest
land are treated annually with Trichogramma for controlling various insect pests
(Stinner et al. 1974). Parasitoid releases in China, Switzerland, Canada and
the former USSR have all shown consistently high levels of parasitism, which
result in reduced pest damage on wheat, cole crops, corn, and sugarcane (Lý
1994). These egg parasitoids have low host specificity and so can be mass-reared
easily in large quantities on natural or artificial hosts (Smith 1996, Wajnberg
and Hassan 1994).
The main objectives when developing an augmentative biological control
program are to select effective natural enemy species and to develop adequate
mass production systems including rearing and storage to ensure availability
in sufficient numbers when needed (Hassan 1994, Smith 1996). Developmental time, survival, fecundity, host preference, and temperature response are
frequently used to estimate the control capability and performance of natural
enemies. The importance of these pre-release studies is still questioned despite
the significance and value of the information they yield for the selection of potential biological control candidates (Pratissoli and Parra 2000, Schöller and
Hassan 2001, Haile et al. 2002, Botto et al. 2004, Pratissoli et al. 2004).
The purpose of this work was to evaluate the parasitization potential and
the population growth parameters of two Trichogramma species, T. brassicae
Bezdenko and T. cacoeciae Marchal, at three constant temperatures.
Materials and methods
Source of parasitoids and rearing procedures. Parasitoids originally
collected from Archips rosanus L. (Lepidoptera: Tortricidae) eggs in Tekirdað,
Turkey were identified as T. cacoeciae (N. Kilinçer, University of Ankara,
Faculty of Agriculture, Department of Plant Protection). T. brassicae were
obtained from the Plant Protection Research Institute in Izmir (Turkey). The
T. brassicae and T. cacoeciae used had been raised in the laboratory mainly on
Department of Plant Protection, Faculty of Agriculture, Trakya University, Tekirdað,
Turkey. (email: nozder@tu.tzf.edu.tr).
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eggs of Mediterranean flour mouth, Ephestia kuehniella Zeller (Lepidoptera:
Pyralidae) since 1998. Both parasitoids were reared at 25 ± 1 °C, 60-70 % R.H,
and a photoperiod 16:8 L:D.
Reproductive capacity and adult longevity. Parasitization capacity
was evaluated at three temperatures (20, 26, and 30 °C). For each temperature, 20 one-day-old T. brassicae and T. cacoeciae were isolated in 13 cm  1.5
cm glass tubes, containing honey droplets on the inner walls for food. Fresh
eggs (approximately 50-60) of the Mediterranean flour moth were provided to
each individual female daily until she died. Parasitized host egg batches were
removed daily and incubated at the respective temperatures until emergence
of offspring.
The following parameters were evaluated: duration of the development
cycle, number of eggs parasitized daily, cumulative parasitism percentage, total
number of eggs parasitized by females, and female longevity. For each species,
data were evaluated using a 1-way ANOVA and differences among temperatures
were tested at the  = 0.05 level using the Tukey test.
Life-table parameters. Parameters used to construct the life table [i.e.,
net reproduction rate (R0), intrinsic rate of increase ratio (rm), geometric rate of
increase (), doubling time (DT) and mean generation time (T)] were calculated
using the methods of Birch (1948) and Vargas et al. (2000).
Results
Reproductive capacity and adult longevity
Trichogramma brassicae. The parasitization potential of T. brassicae is
presented in Table 1. There were significant differences at each temperature between adult female T. brassicae longevity (F = 25.94, df = 2, P < 0.05) and oviposition
period (F = 42.58, df = 2, P < 0.05). Both decreased with increasing temperature.
Age specific fecundity and adult female survivorship curves for T. brassicae are shown in Figures 1A and 1B, respectively. At all temperatures, the
age-specific fecundity rates were similar and the highest fecundity occurred in
the first 1-3 days of the oviposition period. Total number of eggs deposited per
female was lower at 30 °C than at the other temperatures.
Trichogramma cacoeciae. The parasitization potential of T. cacoeciae
is presented in Table 1. For female T. cacoeciae, there were significant differences at each temperature between longevity (F = 10.806, df = 2, P < 0.05) and
oviposition period (F = 6.36, df = 2, P < 0.05). Both decreased with increasing
temperature.
Table 1 Mean (±SD) total fecundity, oviposition period and longevity of T. brassicae
and T. cacoeciae at different constant temperature.
Species
Temperature
			
T. brassicae
T. brassicae
T. brassicae
T. cacoeciae
T. cacoeciae
T. cacoeciae

20 °C
26 °C
30 °C
20 °C
26 °C
30 °C

Adult
longevity (d)

Oviposition
period (d)

15.00 ± 3.96 a
21.20 ± 4.83 b
8.90 ± 2.23 c
15.30 ± 2.54 a
17.60 ± 2.72 a
12.50 ± 2.06 bc

14.00 ± 1.31 a
15.00 ± 1.41 a
7.90 ± 2.46 b
11.30 ± 4.27 ab
13.80 ± 1.931 a
9.10 ± 2.026 b

Total
Fecundity
80.75 ± 31.24 a
101.80 ± 6.55 a
83.30 ± 11.91 a
91.00 ± 14.10 a
88.60 ± 15.59 a
80.20 ± 11.13 a

For each species, means followed by the same letter in the same column are not significantly different at P < 0.05 (Tukey test).
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Fig. 1 Age-specific fecundity and survivorship curves for Trichogramma brassicae (A
and B, respectively) and Trichogramma cacoeciae ( C and D, respectively) females at
three temperatures.
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Table 2 Life table parameters (±SD) of T. brassicae and T. cacoeciae females at three
constant temperatures.
Species

Parameter

Temperature (°C)

		

20

26

30

T. brassicae
Net reproductive rate (Ro)
Intrinsic rate of increase (rm)
Finite rate of increase (λ)
Mean generation time (T) (day)
Doubling time (DT) (day)

91.67
0.22
1.25
20.53
3.15

± 1.705 107.93 ± 1.284 87.35 ± 2.919		
± 0.016
0.40 ± 0.013 0.55 ± 0.022		
± 0.004
1.49 ± 0.003
1.73 ± 0.006		
± 0.530 11.61 ± 0.516
8.12 ± 0.316		
± 0.732
1.72 ± 0.124
1.26 ± 0.106

T. cacoeciae
Net reproductive rate (Ro)
Intrinsic rate of increase (rm)
Finite rate of increase ()
Mean generation time (T) (day)
Doubling time (DT) (day)

99.65
0.25
1.28
18.40
2.77

± 1.485
± 0.016
± 0.003
± 0.520
± 0.529

91.96
0.40
1.49
11.30
1.73

± 1.519
± 0.012
± 0.003
± 0.480
± 0.848

88.8 ± 2.633
0.56 ± 0.013
1.75 ± 0.005
8.01 ± 0.470
1.23 ± 0.140

Age specific fecundity and adult survivorship curves for T. cacoeciae are
shown in Figure 1C and 1D, respectively. At all temperatures, the age-specific
fecundity rates tended to be highest on the first 1-3 days of the oviposition period.
Total number of eggs deposited per females tended to be lower at 30 °C.
Life-table parameters. The net reproduction rate (Ro) varied from 87.35
to 107.93 eggs for T. brassicae and from 88.8 and 99.65 eggs for T. cacoeciae
(Table 2). The net reproductive capacity was reached at 26°C. The values for
intrinsic rate of increase (rm) and geometric rate of increase () increased linearly
with temperature while the generation time (T) decreased for both parasitoid
species. Both species were capable of ovipositing large number of eggs in a
relatively short time at 30 °C (DT = 1.26days) (Table 2).
Discussion
Temperatures had an affect on both host acceptance and initiation of
female oviposition. Russo and Voegele (1982) determined the upper and lower
thresholds for oviposition for four species of Trichogramma were between 11 to
15 °C and 32 to 34 °C, respectively. Optimum temperatures of approximately
25 °C have been published for various species (Pak and Oatman 1982, Pratissoli
and Parra 2000, Schöller and Hassan 2001, Haile et al. 2002). Hassan (1993)
indicates that the optimum rearing conditions for mass production of Trichogramma is 27 °C temperature and 70 % relative humidity. The responses of
T. brassicae and T. cacoeciae to temperature were similar to those previously
reported for other Trichogramma species.
The highest parasitism rate occurred within the first 24 h after female
emergence. For both species, maximum progeny produced per day decreased
with increasing age of females at all temperatures evaluated (Figure 1C). This
is in agreement with the findings for other Trichogramma species (Hirashima
et al. 1990, Haile at al. 2002, Özder 2004).
The highest value for l (numbers of females added to the population per
female) occurred at 30 °C due in part to the shorter generation time at this
temperature. Both species had the same geometric rate of increase of ( = 1.49)
and intrinsic rate of increase (rm = 0.40) at 26 °C. Similar studies (Schöller and
Hassan 2001) have shown the intrinsic rate of natural increase was higher for
T. evanescens than for T. cacoeciae.
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Trichogramma cacoeciae and T. brassicae, therefore, demonstrate high
parasitism ability and intrinsic rates of increase on E. kuehniella. T. cacoeciae
could also be a candidate for use in biological control of the more thermopile
moths that infest stored products because of its tolerance of high temperatures.
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CONGENER HOST SELECTION BY THE PRE-DISPERSAL SEED
PREDATOR, APION ROSTRUM (COLEOPTERA: APIONIDAE)
Chris E. Petersen1  and Weien Wang1

ABSTRACT
Apion rostrum Say (Coleoptera: Apionidae) is the major seed predator of
the wild indigo congeners, Baptisia alba and B. bracteata in the Russell Kirt
Tallgrass Prairie, a reconstructed prairie located at College of DuPage, Illinois.
This study, conducted during 2006, investigated factors attracting A. rostrum to
each congener. The two Baptisia differ in developmental period, stature, and
patterns of dispersion. B. bracteata flowers and initiates pods usually along a
single raceme during late spring, and is a shorter plant that grows in clusters. In
contrast, B. alba flowers and initiates pods beginning a month after B. bracteata,
produces a tall central raceme with often several satellite racemes, and does
not grow in dense clusters. Mating and ovipositing A. rostrum were observed
on B. bracteata during the first half of June, and with greater abundance on B.
alba from early June through mid July. Results of stepwise multiple regression
showed a positive relationship of weevil counts per plant to raceme counts per
cluster for B. bracteata and to inflated pod counts per plant for B. alba. The
developmental synchrony between A. rostrum and pods of B. alba is evidence of
a closer evolutionary relationship than the seed predator has with B. bracteata.
This can explain the greater number of reproductive weevils seen on B. alba as
well as the higher levels of pod infestations.
____________________
Insects are major pre-dispersal seed predators, affecting the distribution
and abundance of plants as a selective force on developmental characteristics
(Norambuena and Piper 2000, Cariveau et al. 2004, Nakagawa et al. 2005, Orrock et al. 2006, Whiles and Charlton 2006). Factors attracting seed depredating
insects to plants include the availability of seeds as determined by the timing
of reproduction, abundance of seeds and fruits, plant height, and plant density
(Evans et al. 1989, Molau et al. 1989, Siemens and Johnson 1995, Cariveau et
al. 2004, Fenner and Thompson 2005, Tipping and Center 2005).
Apion rostrum Say (Coleoptera: Apionidae) is the major pre-dispersal seed
predator of the congeners Baptisia alba (L.) Vent (White wild indigo) and B.
bracteata Muhl. ex. Ell. (Cream wild indigo) in a reconstructed prairie located in
northeastern Illinois. The two legumes are native to tallgrass prairie that once
covered much of the Midwest, with B. bracteata preferring mesic prairie and
B. alba having a wider distribution extending from sandy marshes to dry clay
hills and open woods (Rickett 1963, Swink and Wilhelm 1994). The congeners
partly overlap in flowering period and share common pollinators, but differ in the
primary time of flowering and patterns of growth (Haddock and Chaplin 1982,
Petersen et al. 2000). B. bracteata blooms in May and grows in dense clusters
of a dozen or more individuals. The slender shoot of the plant emerges from
the ground during early April to form usually only a single raceme. A cluster
consists of individual shoots located within 15-cm proximity of other shoots.
The arching racemes of up to 0.5-m height radiate outward from clusters. In
contrast, the shoot of the B. alba emerges from the ground about two to three
weeks after B. bracteata, producing a central raceme of over 1 m in height and
usually several smaller satellite racemes which bloom from late May through
Natural and Applied Sciences, College of DuPage, 425 Fawell Blvd., Glen Ellyn, IL
60137.
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June. Plant counts of pods can be over 5 greater for B. alba than B. bracteata,
and pod counts of ovules and seeds 10 greater (Haddock and Chaplin 1982,
Petersen et al. 2006).
Pod infestation by A. rostrum is similar for both species of Baptisia. After overwintering, adult weevils emerge by late spring to mate. Females then
insert eggs into the soft inflating pods with often several eggs inserted per
pod. Successful pollination is indicated by pod inflation (Haddock and Chaplin
1982). Emerging larvae consume the seeds as their only source of nutrition.
Seed predation is a cause of pod abortion for both B. bracteata and B. alba, but
particularly for the latter (Petersen 1990, Petersen et al. 2000). The adult stage
is reached by August with adults leaving pods as pods dehisce.
In this study, we examine how A. rostrum is attracted to the congeners
based on reproductive yield, stature, density, and for B. bracteata, cluster size.
Reproductive yield was quantified by counts of seeds, pods, and racemes per
plant, stature by plant height, and density by counts of all Baptisia species.
Cluster size for B. bracteata was characterized by counts of shoots emerging
from the ground. Raceme count per cluster provided an additional measure of
reproductive yield per cluster.
MATERIALS AND METHODS
Reconstruction of the 7.1-ha study site, the Russell Kirt Tallgrass Prairie, began in 1984 at College of DuPage, Glen Ellyn, Illinois. The prairie is
characterized by the grasses, big bluestem (Andropogon gerardii Vitman) and
prairie dropseed (Sporobolus heterolepis Gray) (Poaceae), and some 150 native
tallgrass forbs which include B. alba and B. bracteata (Kirt 1996). The site has
been reconstructed to represent the flora of mesic tallgrass prairie that was once
found in the local area. The prairie is burned annually and was burned during
early spring, 2006, prior to the beginning of this study.
Activity of reproductive adult A. rostrum was examined by visually inspecting 40 Baptisia of each congener for the presence of weevils beginning in
May and ending in August after a 2-week period of not observing adults. Not
knowing when weevils are most active, observations of activity were done over
the course of a day. Three times a week, either during the morning, afternoon,
or evening, plants were randomly inspected for the adult weevils.
Differences in oviposition patterns of A. rostrum between the congeners
was evaluated by comparing counts of developing weevils per pod, largely eggs,
from samples taken on 13 June. Pod inspection through time also permitted
observations of weevil development and seed loss. The number of ovules, seeds
initiated, seeds surviving, and the developmental stages of A. rostrum were observed by sampling pods from 30 randomly selected Baptisia of each congener.
Sampling of pods which began on 13 June was conducted every other week until
the pods ripened and the adult stage of the weevil was reached. The 30 plants
sampled across the time interval were not necessarily the same plants, but rather
a random selection from hundreds of individuals found in the prairie.
A final tally of seeds surviving and developmental stages of the weevil
were taken from 40 plants of each congener that had been randomly selected
early in the season as the plants began to flower. These plants were never
those sampled for pod content prior to pod ripening and provided additional
measures of reproductive yield as well as stature and density. The 40 specimens
of B. bracteata were selected as they began to bloom during early May. Each
specimen came from a different cluster of the plant. Shoot count per cluster
and raceme count per cluster from which each sample plant was selected were
recorded as measures of density. Similarly, 40 B. alba were selected as they
flowered during June.
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Analyses of all 80 plants involved recording height and counts of racemes,
inflated pods, and pods ripened to maturity. Height at the tallest point of a plant
was taken at peak flowering. Once pods ripened, five pods were sampled per
raceme of all racemes per plant. Sampling involved counts of remaining seeds
and weevils. Pods sampled included the most basal pod, the most distal pod, and
3 pods between. If a raceme had fewer than 5 pods, all were sampled. Counts of
all Baptisia individuals of both congeners within 3-m-distance of each of the 80
tagged plants provided measurement of density. A distance of 3 m was chosen
based on the spatial distributions of the Baptisia species in the prairie where a
greater distance tended to not include additional Baptisia individuals.
All statistical summarization and analyses were done using Statistica
(Statsoft 2001). Mann-Whitney U tests were used to determine statistical differences between Baptisia congeners in counts of ovules, seeds, and weevils in
developing pods. Forward stepwise regressions were run to test the dependence
of counts of A. rostrum per plant on counts of pods inflated per plant, counts of
racemes per plant, density of all Baptisia species per 28.3m2, and plant height
for both congeners. Cluster size and counts of racemes per cluster were added
to the regression model for B. bracteata. Variables were only added to regression models where F > 1.0. Hence, significant regression models potentially
included 1 to 4 or 6 factors, the higher factor number being congener dependent.
Counts of A. rostrum per plant were computed as the products of counts of pods
inflated multiplied by counts of A. rostrum per ripened pod. These estimates were
believed to most closely predict levels of plant infestation before pod abortion.
Prior to regression analyses, counts of A. rostrum per plant and pods inflated
per plant were log10(x + 1) transformed, counts of racemes per plant and plant
heights were square root transformed, and counts of racemes per cluster of B.
bracteata were log10(x) transformed to meet normality.
RESULTS
The first overwintered adult A. rostrum was seen climbing a stem of B. alba
on May 30th when pods of B. bracteata were inflating and B. alba was blooming.
Within the next month, the weevils could be observed mating and ovipositing.
Reproductive adults were seen on B. bracteata during the first half of June and
on B. alba from early June to mid July (Fig. 1). The maximum mean count of
A. rostrum per plant ± standard error observed during a sampling episode was
0.13 ± 0.05 on 7 June for B. bracteata and 0.60 ± 0.11 on 13 July for B. alba.
Table 1 summarizes ovule and seed counts as well as counts of the developmental stages of A. rostrum through time in pods of each congener. Seed
count per pod continually declined through time, presumably due to predation
by weevil larvae and newly developed adults. A. rostrum showed evidence of
mortality within pods of B. bracteata with counts decreasing through time. In
contrast, counts of weevils per pod showed relatively little change after reaching
a high point during late June. Pods of B. alba statistically initiated more seeds
(13 June counts) and, conceding non-significance for the first sample period, were
infested by more weevils throughout the duration of the study period.
Measurements of plant reproductive yield, clustering, and A. rostrum
counts from the 40 tagged individuals per congener are summarized in Table
2. Stepwise regression analysis for B. alba was highly significant (r2 = 0.91,
F1,33 = 74.0, P < 0.001), with only inflated pod counts per plant being sufficiently
informative as to be included in the model describing weevil attraction to the
plant. The regression coefficient for inflated pod counts per plant was positive
(Table 3). For B. bracteata, the regression analysis was also significant (r2 =
0.26, F2,29 = 5.2, P = 0.012). Raceme count per cluster and cluster size were the
two independent factors included in the forward stepwise regression model.
However, while each coefficient was positive for these factors, only raceme count
per cluster was significant (Table 3).
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Figure 1. Mean ± standard error bars of counts of reproductive adult Apion rostrum on
plants of Baptisia alba and B. bracteata through time. Each n = 30.

DISCUSSION
Pods of B. alba produced more ovules and initiated more seeds than B.
bracteata. They were also more heavily infested by A. rostrum than B. bracteata.
With its activity period timed to when pods of B. alba are just inflating and very
susceptible to egg insertion, the weevil can maximize its reproductive potential
infesting B. alba. This synchrony is evidence of a closer evolutionary relationship with B. alba than with B. bracteata. Factors favoring such a relationship
include rewards of higher seed number per pod and per plant that can support
a greater number of developing weevils to maturity, and the wider distribution
of the legume across habitats. Greater dependence on a host that has a wider
distribution may enable weevil persistence when pod yield fails in a particular
habitat. The ability to utilize more than one host species should further buffer
the seed predator from fluctuations in seed production.
During some years, only a few seeds are matured from the populations of
Baptisia growing in the study site (Petersen and Sleboda 1994). Weather extremes can lead to pod abortion, leading to the death of weevil larvae within the
pods. The host pool is larger when the two congeners are collectively considered,
let alone considering that several other species of Baptisia are also host to A.
rostrum in North America (Evans et al. 1989, Horn and Hanula 2004).
The weevil may opportunistically infest B. bracteata as influenced by the
display of racemes per cluster. Contrarily, the attracting factor may be pods
inflated per cluster, a parameter not measured in this study. Discounting counts
of inflated pods may explain the low r2 computed for the analysis and should be
included in future studies. The earlier development of pods, fewer seeds per
pod and pods, and the reduced visibility of the shorter clumps of B. bracteata
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Table 1. Mean ± standard error counts of ovules per pod, seeds per pod, and the various
developmental stages of Apion rostrum per pod according to congener of Baptisia and
sampling date. All n = 30 unless noted otherwise. Z and P statistics are from MannWhitney comparison of the parameter between congeners. *n = 32, **n=35.
Date Parameter
June 13th
Ovules/pod
Seeds/pod
A. rostrum eggs/pod
A. rostrum larvae/pod
All A. rostrum/pod
June 27th
Seeds/pod
A. rostrum eggs/pod
A. rostrum larvae/pod
All A. rostrum/pod
July 10th
Seeds/pod
A. rostrum larvae/pod
A. rostrum pupae/pod
A. rostrum adults/pod
All A. rostrum/pod
July 24th
Seeds/pod
A. rostrum eggs/pod
A. rostrum larvae/pod
A. rostrum pupae/pod
A. rostrum adults/pod
All A. rostrum/pod
August 2nd
Seeds/pod
Adult A. rostrum/pod

Baptisia bracteata Baptisia alba

Z

P

18.13
14.63
0.87
0.30
1.17

± 0.68
± 0.69
± 0.20
± 0.09
± 0.20

33.80
26.53
1.70
0
1.70

± 0.78
± 1.56
± 0.29

6.60
4.97

<0.001
<0.001

± 0.29

1.54

0.124

7.63
0.20
1.43
1.63

± 0.79
± 0.10
± 0.16
± 0.19

25.57
2.60
1.80
4.40

± 1.30
± 0.47
± 0.33
± 0.39

6.402

<0.001

4.901

<0.001

2.13
0.43
0.83
0.13
1.40

± 0.42
± 0.12
± 0.17
± 0.06
± 0.24

8.83
2.13
1.53
0.13
3.80

± 0.92
± 0.43
± 0.25
± 0.08
± 0.37

5.253

<0.001

4.517

<0.001

1.90 ± 0.69
0		
0.07 ± 0.05
0.07 ± 0.05
0.93 ± 0.14
1.07 ± 0.17

3.30
0.07
0.10
0.37
3.33
3.87

± 1.19
± 0.07
± 0.07
± 0.16
± 0.38
± 0.31

1.937

0.053

5.877

<0.001

**1.58 ± 0.22
**3.91 ± 0.16

5.561
6.967

<0.001
<0.001

*0.59 ± 0.38
*0.85 ± 0.12

in an emerging springtime landscape may function to decrease predispersal
seed predation by A. rostrum. A low count of seeds initiated per pod has been
hypothesized to be an evolved response to distracting predispersal seed predators in other legumes (Siemens et al. 1992).
Declines in seed number after the adult stage is reached are evidence that A.
rostrum continues to feed on seeds beyond the larval stage. We have observed adult
weevils that have overwintered in the occasional pod that happened not to detach
from a raceme and fragment. However, the importance of seeds as a food resource
to these weevils is unknown. The current practice of annual burning removes all
remaining pods, yet the weevils reappear every year. Most pods dehisce or fragment, and it is believed that the new generation of adult weevils disperses at this
point. Where these weevils overwinter is unknown, but the soil may be the likely
reservoir in view of the removal of above-ground vegetation by burning.
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Table 2. Summary (mean ± sample error; n) of parameters of plant stature, reproductive yield, and infestation by Apion rostrum according to congener of Baptisia.
Parameter

Baptisia bracteata

Flower count/plant
22.13 ± 1.83; 40
Inflated pod count/plant
10.10 ± 1.27; 40
Ripened pod count/plant
6.48 ± 0.83; 40
Racemes/plant
1.23 ± 0.10; 40
Height (cm)
33.40 ± 0.88; 40
Apion rostrum count/plant
9.63 ± 1.37; 32
Cluster size of species			
Species density/m2
4.47 ± 0.24; 40
Density of all Baptisia/m2
4.58 ± 0.26; 40

Baptisia alba
74.73
39.35
10.23
3.43
117.54
165.48
13.53
0.94
0.94

± 6.78; 40
± 4.56; 40
± 1.52; 40
± 0.37; 40
± 3.42; 40
± 21.34; 35
± 1.37; 40
± 0.11; 40
± 0.11; 40

Table 3. Results of forward stepwise regression according to congener of Baptisia in
the order factors were added to the model. Factors listed were the only ones included
in the model as limited to F > 1. Counts of Apion rostrum per plant and pods inflated
per plant were log(x + 1) transformed, and counts of racemes per cluster were log(x)
transformed.
Congener

Factor

Baptisia bracteata (n = 32)
Racemes/cluster
Cluster size
Baptisia alba (n = 35)

Pods inflated/plant

Regression
coefficient

t

P

0.465
0.011

2.819
1.458

0.009
0.115

1.039

17.744

<0.001
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EARLY-SEASON PHENOLOGY AND TEMPORAL DYNAMICS OF
THE COMMON ASPARAGUS BEETLE, CRIOCERIS ASPARAGI
(COLEOPTERA: CHRYSOMELIDAE), IN SOUTHERN MINNESOTA
Suzanne J. Wold-Burkness1, P. C. Bolin1, and W. D. Hutchison1

ABSTRACT
During the years 1991-1994, studies were conducted to determine the
early-season phenology and temporal dynamics of Crioceris asparagi (L.) (Coleoptera: Chrysomelidae) in southern Minnesota asparagus. To document the
early-season phenology, asparagus plots were sampled for egg, larval, and adult
stages of C. asparagi during the months of May and June. Temporal dynamics of C. asparagi were determined by measuring the diurnal activity of adults
and sampling asparagus plots at specific times (7 am, 9 am, 11 am, 1 pm, 3 pm
and 5 pm) throughout May and June. We first detected C. asparagi adults in
early May and they remained active throughout the sampling period. Eggs and
larvae were also found; larval infestations on spears, however, were consistently
lower than those for eggs. The temporal dynamics of C. asparagi adults showed
that a higher percentage of asparagus plants were observed to be infested with
beetles during the afternoon hours of 1 and 5 pm. The information provided in
this paper illustrates the importance of determining the optimum time of day
for sampling and will assist in properly targeting sampling efforts in future
asparagus research and integrated pest management (IPM) programs.
____________________
Asparagus is a high-value specialty crop with an annual on-farm value
estimated at approximately $1,111/ha (MAAB 2000). Because of its perennial
nature, with stands often exceeding 15 years in production, management of
insect pests is critical to maintain the vigor of the stand (Fritz et al. 2005). The
common asparagus beetle, Crioceris asparagi (L.) (Coleoptera: Chrysomelidae)
is an important pest in all asparagus producing regions (Capinera and Lilly
1975a, Taylor and Harcourt 1975, Hutchison et al. 2005) and feeds only on
asparagus (Capinera 2001). Although it is widespread throughout the United
States, little information has been reported for Minnesota.
In Ontario and Massachusetts, C. asparagi overwinters as an adult in dead
asparagus spears and leaf litter and emerges when temperatures exceed 10°C
(Taylor and Harcourt 1978, Capinera and Lilly 1975a). After emergence, C.
asparagi adults feed upon the developing asparagus spears for two to three days
and then ovposit ca. 2-7 eggs each on the spears. Larvae emerge approximately
one week following oviposition and feed upon the developing spear.
Feeding by C. asparagi causes yield loss, while the presence of eggs and
larvae can significantly reduce the market value of asparagus spears (e.g.,
Chittenden 1917, Hutchison et al. 2005). In 1991, the annual loss due to C.
asparagi feeding was estimated to be approximately $1.5 million for the top
producing states of Washington, Michigan, and Illinois (Hendrickson, Jr., et
al. 1991). Integrated pest management (IPM) programs are generally limited
to early-season monitoring and the use of insecticides for the control of C. asparagi (McClanahan 1975, Kuhar et al. 2006). In some regions, the parasitic
wasp, Tetrastichus coeruleus (Nees) (=T asparagi Crawford) (Hymenoptera:
Department of Entomology, University of Minnesota, 219 Hodson Hall, 1980 Folwell
Ave., St. Paul, MN 55108-6125.
1
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Eulophidae), which attacks the egg stage, is known to provide local suppression of C. asparagi populations (Capinera and Lilly 1975a). For early-season
management, however, suppression of adult C. asparagi is critical to minimize
egg and larval contamination of spears (Kuhar et al. 2006). Thus, insecticides
are typically applied when 5-10% of the spears are infested with adults (Fritz
et al. 2005, Hutchison et al. 2005). Historically, recommendations for sampling
C. asparagi adults have not specified a specific time of day. Preliminary data in
Minnesota, however, indicated that estimates of C. asparagi, and subsequent
IPM decisions, could vary during the day (Hutchison et al. 2005). The objective
of this study was to document the early-season phenology of C. asparagi adults,
eggs and larvae, and the temporal dynamics of C. asparagi adults via multi-year
phenology studies in southern Minnesota.
MATERIALS AND METHODS
Phenology. Sampling was conducted in an established asparagus planting on the St. Paul campus of the University of Minnesota, from early May
through early June. Each plant or spear was sampled for eggs, larvae, and
adults of C. asparagi. Asparagus was sampled on the following dates: 20, 23,
24, 28, and 31 May (1991); 15, 18, 21, 26, 29 May, 1, 5, and 8 June (1992); 13,
18, 28 May, and 7 June (1993); and 17, 20, 24, 27, 31 May, 3 and 9 June (1994).
In 1991, the sample unit consisted of 25 individual spears, sampled per field.
In the remaining years, the sample unit consisted of 10-20 plants, which was
replicated four times within the field. Each plant consisted of a mean (± SEM)
of 7 (± 0.09) spears. Data were recorded on a per plant basis and were later
reduced to the mean number per spear.
Temporal Dynamics. In 1993, field studies were also conducted in two
established asparagus plantings on the St. Paul campus of the University of
Minnesota. Fields were sampled on 21, 25, 26, 28 May, and 3 June. In 1994,
sampling was conducted in four established commercial fields (> 5ha) near Owatonna, MN. Fields were sampled on 13 and 26 May, and 1 June. During both
years, asparagus was sampled at 7 am, 9 am, 11 am, 1 pm, 3 pm and 5 pm. The
sample unit consisted of 20 plants, and was replicated 4 times throughout the
field. Each plant consisted of an average (± SEM) of 7 (± 0.08) spears. Counts
of all life stages were recorded on a per plant basis and were later reduced to
an average per spear.
Degree-Day Calculations. Maximum and minimum temperatures for
degree-day determination were obtained from the Midwestern Regional Climate
Center (Champaign, Illinois). Air temperature degree-days accumulated from
1 January were calculated using a double sine-wave method and Forecaster
software (Ascerno and Moon 1989). The lower developmental threshold was
set at 10.0 °C (Taylor and Harcourt 1978).
RESULTS
Phenology. Crioceris asparagi adults were detected on the first sample
date of each year of this study, typically during the second or third week of
May (Fig. 1a). Degree-day estimates for these dates did vary, with the earliest sample period beginning at 120 degree-days (1993), and the latest sample
period beginning at 180 degree-days (1991) (Fig. 1b). Adults found during this
time reflect survivors of the over wintering population. The population of C.
asparagi adults fluctuated throughout the remainder of the sampling period.
The highest density of C. asparagi adults was found in 1991 on 23 May and
in 1993 on 12 May (Fig. 1a). The lowest numbers of C. asparagi adults were
detected during 1992.
Crioceris asparagi eggs were detected during all years of the study (Fig. 2), and
were most abundant between 150 and 225 degree-days of all years (Fig. 2b). The
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Fig. 1. Phenology of C. asparagi adults, St. Paul, MN, 1991-1994.
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Fig. 2. Phenology of C. asparagi eggs, St. Paul, MN, 1991-1994.
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Fig. 3. Phenology of C. asparagi larvae, St. Paul, MN, 1991-1994.
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peak number of eggs was highest in 1991 at 4.5 per spear and lowest in 1992 at
0.5 per spear (Fig. 2). The number of eggs declined throughout the remainder
of the sampling period during all years. Very few larvae were found during all
years of this study (Fig. 3). In 1991 and 1992, the peak of the larval population was 0.2 and 0.1 larvae per spear, respectively, and occurred between 225
and 250 degree-days (Fig.3b). In 1993, the larval population peaked at 1.8 per
spear, and much earlier at 150 degree-days. In 1994, the peak was 0.4 larvae
per spear and did not occur until 315 degree-days (Fig. 3b).
Temporal Dynamics. In 1993 and 1994 a higher percentage of asparagus
plants were observed to be infested with C. asparagi adults primarily during
the afternoon hours, with consistently higher estimates between 11 am and 5
pm (Fig. 4). In 1993 the highest percentage of plants infested occurred during
the 3 pm sample, whereas in 1994 the highest percentage of plants infested
occurred at 1 pm. The lowest percentage of plants infested generally occurred
during the morning samples of 7 and 9 am.
DISCUSSION
Crioceris asparagi adults and eggs were found as early as 120 degreedays (12 May; Figs. 1-2) in 1993 and it is possible that C. asparagi was present
at this time during the other years of this study. This suggests that sampling
for C. asparagi adults, in southern Minnesota, should be initiated prior to
120 degree-days, or as early as late April to early May. In addition, because
asparagus has a lower developmental threshold (ca. 4.4 °C) than C. asparagi

Fig. 4. Temporal dynamics of C. asparagi adults, and relationship to the current action
threshold (dashed line) 1993 & 1994. Data are presented as the mean over all sample
dates and fields.
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(>10 °C), sampling initiated at the onset of asparagus growth should ensure
early detection and proper assessment of C. asparagi beetle activity. Through
temporal sampling, we found C. asparagi adults to be most abundant during the
afternoon hours (1 pm-5 pm, Fig. 4). The current accepted treatment threshold
for adult C. asparagi is defined as 10% of asparagus plants infested with one or
more beetles (Fritz et al. 2005). By sampling during the early morning hours,
one could underestimate the infestation level and conclude that the population
was below the treatment threshold, and make an incorrect no-treat decision.
Data from this study confirms the need to sample C. asparagi adults during
the afternoon hours to ensure an accurate estimate of the infestation level and
to minimize the risk of incorrect IPM decisions.
During all four years of the study, and for nearly all sample dates, C. asparagi larval populations were much lower than the corresponding egg infestations
(Figs. 2-3). This high level of natural mortality could be due to several factors,
including poor egg viability, inclement weather conditions, or predation by natural enemies. C. asparagi is host to numerous natural enemies, including lady
beetles, stink bugs, assassin bugs, and parasitoids (Capinera and Lilly 1975a).
The most significant natural enemy, however, is the predator and parasitoid T.
asparagi, which is known to occur in Minnesota (WDH, unpublished data). T.
asparagi acts as a predator by feeding upon newly oviposited C. asparagi eggs,
and will also parasitize older eggs (Russell and Johnston 1912, Johnston 1915,
Chittenden 1917, Capinera and Lilly 1975b). T. asparagi are well synchronized
with C. asparagi, and are thought to be the single most important mortality
factor of C. asparagi, causing over 50% mortality (Capinera and Lilly 1975a).
The early-season phenology of C. asparagi, as described in this paper, is
similar to that described for Ontario (Taylor and Harcourt 1975) and Massachusetts (Capinera and Lilly 1975a). In our study, we found adults to be active
from early May to early June. In addition we found larval populations to be
disproportionately low when compared to the number of eggs, which was likely
due to mortality influenced by environmental factors and possibly egg predation
by T. asparagi (e.g., Capinera and Lilly 1975b). Most importantly, we established
that the time of day had a significant impact on population estimates, with
adults being most active between the hours of 1 and 5 pm. This new information
regarding the importance in time of sampling will assist in properly targeting
sampling efforts for asparagus IPM and in future research programs.
ACKNOWLEDGMENTS
We thank Curtis Linge, Lakeside Canning Co., Owatonna, Minn., for the
use of their fields. This research was supported by the University of Minnesota
Agricultural Experiment Station.
LITERATURE CITED
Ascerno, M. E., and R. D. Moon. 1989. Forecaster: predicting biological phenomena based
on daily temperatures. Univ. Minn. Ext. Serv. AG-CS-3029. St. Paul, MN.
Capinera, J. L. 2001. Handbook of Vegetable Pests. Academic Press. New York.
Capinera, J. L., and J. H. Lilly. 1975a. Bionomics and biotic control of the asparagus
beetle, Crioceris asparagi, in western Massachusetts. Environ. Entomol. 4: 93-96.
Capinera, J. L., and J. H. Lilly. 1975b. Tetrastichus asparagi, parasitoid of the asparagus beetle: some aspects of host-parasitoid interaction. Ann. Entomol. Soc. Amer.
68: 595-596.
Chittenden, F. H. 1917. The Asparagus Beetles and Their Control. USDA Farmers’
Bulletin 837.

2006

THE GREAT LAKES ENTOMOLOGIST

79

Fritz, V. A., C. J. Rosen, W. D. Hutchison, R. L. Becker, J. Beckerman, J. A. Wright, C.
B. S. Tong, and T. Nennich. 2005. Growing asparagus in Minnesota. Univ. Minn.
Exten. Ser. WW-01861.
Hendrickson, R. M. Jr., F. Gruber, G. Mailloux, and J. J. Drea. 1991. Parasite colonizations
against Crioceris asparagi (L.) and C. duodecimpunctata (L.) (Coleoptera: Chrysomelidae) in North America from 1983-1988. Proc. Entomol. Soc. Wash. 93: 67-69.
Hutchison, W. D., B. Bishop, E. Grafius, and P. C. Bolin. 2005. Asparagus, pp. 230-240.
In R. Foster and B. R. Flood (eds.), Vegetable Insect Management. Meister Publishing Co., Willoughby, OH.
Johnston, F. A. 1915. Asparagus beetle egg parasite. J. Agric. Res. 4: 303-313.
Kuhar, T. P., H. B. Doughty, E. M. Hitchner, and A.V. Chapman. 2006. Toxicity and
field efficacy of acetamiprid on asparagus beetle. Online. Plant Health Progress. doi:
10.1094/PHP-2006-0818-01-RS
McClanahan, R. J. 1975. Tests of insecticides for asparagus beetle control and residues
on the crop. Proc. Entomol. Soc. Ontario. 106: 52-55.
Michigan Asparagus Advisory Board (MAAB). 2000. Online. http://www.asparagus.
org/ DeWitt, Michigan.
Russell, H. M., and F. A. Johnston. 1912. The life history of Tetrastichus asparagi Crawf.
J. Econ. Entomol. 5: 429-433.
Taylor, R. G., and D. G. Harcourt. 1975. The distributional pattern of Crioceris asparagi
(L.) (Coleoptera: Chrysomelidae) on asparagus. Proc. Entomol. Soc. Ont. 105: 2228.
Taylor, R. G., and D. G. Harcourt. 1978. Effects of temperature on developmental rate
of the immature stages of Crioceris asparagi (Coleoptera: Chrysomelidae). Can.
Entomol. 110: 57-62

80

THE GREAT LAKES ENTOMOLOGIST Vol. 39, Nos. 1 & 2

THE EGG OF STYLOGASTER NEGLECTA WILLISTON
(DIPTERA: CONOPIDAE)
Stephen W. Taber1 and Jennifer L. Maloney1

ABSTRACT
Adults of both sexes and the previously unknown eggs of the parasitoid
conopid fly Stylogaster neglecta Williston are illustrated and measurements
are provided, including the total clutch size and the lengths and widths of eggs
from random samples.
____________________
Flies of the genus Stylogaster Macquart belong to the family Conopidae, the
members of which are sometimes known as thick-headed flies. Most conopids are
parasitoids which spend the larval stage as internal parasites of Hymenoptera
but Stylogaster species are atypical in their choice of host. The female probably
uses her sword-like ovipositor to stab part of the egg into the host’s body rather
than to shoot it from a distance (Kotrba 1997). When the sclerotized apex of
the egg reaches the hemocoel, an extrusible sac and usually, but not always,
two or more spines deploy under osmotic pressure to hold the egg in place like
the opening of a folding grappling hook (Stuckenberg 1963).
For excellent photographs of these eggs in place on potential hosts, see
Couri and Pont (2006). As in the case of the egg-laying behavior, the exit site
for larvae hatching from the egg remains unsettled. It has been described as
the anterior, unattached end but also as from or near the extrusible sac at the
opposite end, which is believed to have a function in anchoring the egg prior
to hatching (Stuckenberg 1963, Smith and Cunningham-van Someren 1985,
Woodley and Judd 1998).
Among those few Stylogaster species for which the larva is known, the
host is a cockroach (Blattaria, Blattelidae) or a cricket (Orthoptera, Gryllidae)
(Smith and Cunningham-van Someren 1985, Woodley and Judd 1998). Stylogaster eggs in the Neotropics and Africa have been found attached to a cockroach
(Stuckenberg 1963) and to muscid, calliphorid, tachinid, syrphid, and lauxaniid
flies (Stuckenberg 1963, Smith 1969, Couri and Pont 2006), but these potential
dipterous hosts might be unsuitable for development. There is one record of an
egg on the head of Stylogaster itself (Kotrba 1997).
Only two Stylogaster species are known to occur in the Nearctic (Camras
and Parrillo 1985). They are Stylogaster biannulata (Say) and Stylogaster neglecta Williston (Fig. 1). The biology of the former species is known to a greater
extent than that of any New World congener (Woodley and Judd 1998) but until
now nothing has been reported about the life cycle of S. neglecta. These two
flies are members of different species groups (Camras and Parrillo 1985) and
thus their host, their egg, and their larval structures might be expected to differ
despite their sympatry and great separation from Neotropical and Old World
relatives. A recent redescription of Stylogaster stylata (Fabricius) synonymizes
S. biannulata with that species (de Mello-Patiu and Gomes Rocha 2003) but as
the geographic distribution reported on a subsequent page does not include the
United States, some confusion remains about the status of that taxon. Herein
I report the previously unknown egg stage of Stylogaster neglecta.
Biology Department, Saginaw Valley State University, 7400 Bay Road, University
Center, MI 48710. (email: swtaber@svsu.edu).
1
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Figure 1. Stylogaster neglecta: pair in copula; 29 July 2004, London, Ontario, Canada,
in fencerow adjacent to deciduous woods (photo courtesy of Robin McLeod).

MATERIALS AND METHODS
The adult Stylogaster neglecta female illustrated here (Fig. 2) was collected in a Malaise trap in a clearing between woods dominated by red maple
(Acer rubrum L.), white birch (Betula papyrifera Marsh.), and oaks (Quercus
spp.), and the open water of a cattail marsh (Typha latifolia L.) in Newaygo
County, Michigan (GPS N43° 41.708’ / W85° 44.393’ ) on 24 July 2005. The
specimen was pointed on a pin and identified 15 months later with the aid
of a key to the species of the genus (Curran 1942), by which time it was in a
thoroughly dry state. To determine if the female contained eggs it was placed
in a relaxing chamber containing water and chlorocresol for one week. It was
then dissected in a 0.5% saline solution with the aid of a stereomicroscope and
the eggs were removed and transferred to fresh saline solution for counting
and measurement. Samples were mounted on microscope slides in one drop
of PVA (polyvinyl alcohol), lengths and widths of eggs were measured with a
calibrated ocular micrometer, and photographs were taken with a 35mm film
camera mounted on a microscope.
RESULTS
Egg description (Figs. 3-5, Table 1). Average length: 0.463 mm; average
width at greatest diameter: 0.124 mm; as seen in usual perspective the shape
is fusiform with a truncated posterior end but in a seldom-seen perspective
the point that allows penetration of the host cuticle is visible. According to a
recent study (de Mello-Patiu and Gomes Rocha 2003) this is a dorsal or ventral
view whereas the more frequently seen lateral perspective presents the blunted
appearance shown here. An extrusible sac extends from just behind the dark
sclerotized posterior end to about the midpoint of the egg (Fig. 3 “ES”). The
hind margin of the sclerotized apex is curved into a barbed shape resembling
a crochet hook (Fig. 3 “B”). No spines are present. The chorion surface bears
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Figure 2. Stylogaster neglecta: adult female; with eggs in situ.

Figure 3. Stylogaster neglecta: egg; A = Anterior end, P = Posterior end, ES = Extrusible Sac, B = Barb.
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Figure 4. Stylogaster neglecta; surface pattern of egg chorion.

Figure 5. Stylogaster neglecta; surface pattern of egg chorion further magnified.
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Table 1. Egg length and width (mm) N = 20
Length
0.440
0.460
0.500
0.475
0.500
0.460
0.440
0.480
0.470
0.485

Width

Length

Width

0.110
0.120
0.125
0.120
0.120
0.130
0.120
0.140
0.115
0.130

0.455
0.435
0.420
0.470
0.480
0.485
0.435
0.400
0.500
0.470

0.125
0.120
0.110
0.140
0.135
0.110
0.120
0.115
0.135
0.135

Egg Length		
Average
Min.
Max.
S.D.

0.463
0.400
0.500
0.028

Egg Width
Average
Min.
Max.
S.D.

0.124
0.110
0.140
0.010

scale-shaped reticulations extending from the anterior end for a distance approximately equal to three-fourths of the total length of the egg (Figs. 4-5).
Reticulation, where present, is strongest in the middle portion of the egg and
weakest at the anterior end. The total clutch size was 155 eggs.
DISCUSSION
The two most remarkable features about the egg of Stylogaster neglecta
are the absence of any spines and the shape of the darkly sclerotized posterior
end which in most other species is armed with two or four spines anterior to the
apex. This apex is blunt from most perspectives though presenting a point in
others. It and the associated extrusible sac appear to perform the function of
anchoring the egg inside the body of the host without the aid of the spines that
are indicated by nearly all other illustrated Stylogaster eggs. The crochet-hook
modification of the apex is an indication of its hold-fast ability. The clutch size
of 155 is the greatest yet reported for any Stylogaster species. One explanation
might be the size of these eggs which are the smallest yet reported.
Though the only other Nearctic Stylogaster species is S. biannulata, the
egg of S. neglecta bears a greater resemblance to the egg of the African species
Stylogaster seyrigi Séguy. That egg is said to bear barbs that are “produced
from posterior margin of head” (Smith 1967, p. 52), a condition which might correspond functionally to the crochet-hook configuration of S. neglecta. However,
no such emargination of the sceloritized head is visible in the illustration of the
African species, its chorion reticulation is restricted to the central portion of the
egg, its extrusible sac occupies much less of the egg margin, the dark posterior
apex appears to be more uniformly sharp, and with a length of 1.0 mm it is more
than twice the size of its New World relative.
The egg of the second Nearctic species, S. biannulata, a relative distant
enough for placement in a different species group (Camras and Parrillo 1985),
bears two distinct barbs positioned just behind the sclerotized apex and each
is nearly as long as that apex (Smith and Peterson 1987, Woodley and Judd
1998). The filament or thread located between these “backward-projecting”
spines (pointing from the posterior toward the anterior end) might be present
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on the egg of S. neglecta but it was never noticed. The chorion reticulation of
S. biannulata is reported as strongest near the sclerotized end whereas the
reticulation is weakest in this region for S. neglecta. Furthermore, the S. biannulata egg chosen for detailed description was reported as 0.65 mm in length
(Woodley and Judd 1998), much longer than any S. neglecta egg in the clutch
removed from the adult female of the present study (Table 1).
Flies of this genus are said to be elusive (Stuckenberg 1963) and “scarce
in the field” (Smith and Peterson 1987). Adults have been collected from umbelliferous flowers, composite flowers, orchids, and mints in Africa (Smith 1967,
Nilsson 1985), and on button bush (Cephalanthus occidentalis L.) in July in the
eastern United States as noted in the original description of Stylogaster neglecta
(Williston 1883). Malaise traps are more likely to secure additional adults
(Camras and Parrillo 1995) and these will be used in an effort to collect more
specimens in western Michigan. Of greater interest is the unknown host species
into which these remarkably adapted eggs are delivered. Is it a cockroach, a
cricket, or a member of its own dipterous order as the literature currently suggests it might be? The unusual structure of the Stylogaster neglecta egg holds
out the possibility of something altogether new.
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FIRST REPORT OF CHAULIOGNATHUS MARGINATUS
(COLEOPTERA: CANTHARIDAE) FROM WISCONSIN
Andrew H. Williams1 

ABSTRACT
This is the first report of Chauliognathus marginatus from Wisconsin.
Beetles were collected at two Rock Co. sites in 1999 and 2001, and at a Grant
Co. site in 2005 and 2006.
____________________
Chauliognathus marginatus (Fabricius) was collected in Wisconsin on 25
June 1999, 10 miles north of the Illinois border in Rock County, where I found
one beetle nectaring on flowers of Asclepias syriaca2 and a second on flowers
of Napaea dioica a few yards away. On 22 June 2001, Michele Price collected
another beetle3 one mile north of Illinois in Rock Co.
I next found C. marginatus at Eagle Valley Nature Preserve on the Mississippi River in Grant Co. This large property is 22-24 miles north of Illinois,
and Iowa is visible across the river. A single beetle was nectaring on flowers of
A. syriaca on 14 July 2005. In 2006, C. marginatus was found at Eagle Valley
Nature Preserve several times, in different places. One beetle was nectaring on
flowers of A. syriaca on 3 July; a second was doing so on 10 July. On 24 July,
five were on flowers of Pycnanthemum tenuifolium, including a mating pair,
and three were on flowers of Eryngium yuccifolium, including a mating pair.
On 3 August, 15 beetles were found on flowers of E. yuccifolium, including two
mating pairs.
This beetle has long been known to live in neighboring Illinois (Walsh
1868) and Iowa (Wickham 1911). To find individuals of this conspicuous insect
does not mean the species has taken up residence here in Wisconsin. However,
to find numbers of individuals repeatedly at one site in two consecutive years,
associating with each other and mating, indicates that C. marginatus has taken
up residence here, at least temporarily.
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ARCHILESTES GRANDIS (RAMBUR)
(ODONATA: LESTIDAE): NEW FOR MICHIGAN
Julie A. Craves1

ABSTRACT
Archilestes grandis (Rambur) (Odonata: Lestidae) is a large lestid damselfly previously unknown from Michigan. A population was found in 2005 in
Wayne County, Michigan.
____________________
In the late afternoon on 27 September 2005, Darrin O’Brien and I observed
a very large Lestes perched by a retention pool in Livonia, Wayne County, Michigan, T1S R9E, sec 7. We collected it, and verified that it was a female Archilestes
grandis (Rambur) (Odonata: Lestidae). The pool was located at the end of a
small creek just before it entered into a culvert running under a major road.
We followed the creek upstream, and observed at least five more individuals
before the sun set, collecting a male. These two vouchers were deposited in the
Insect Collection at the University of Michigan Museum of Zoology (UMMZ). I
returned the next day, which was exceptionally windy. Nonetheless, I was able
to photograph two pairs of A. grandis in tandem, as well as several additional
males (e.g., Fig. 1).
This is the first record of this species from Michigan. It does not appear
on historical lists of Michigan Odonata (Byers 1927, Kormondy 1958, O’Brien
1997), nor were there any specimens in the Insect Collection at the UMMZ,
where vouchers of Michigan Odonata are housed.
The range of A. grandis extends south through Mexico and Central America
to Colombia and Venezuela, but until the 1920s, it was found in the United
States only in the southwestern states (Westfall and May 1996). It has since
expanded its range, and is now found from as far northeast as western New
England (Donnelly 2004). In the Great Lakes region, it was first found in Ohio
in 1927 (Williamson 1931), and is now considered uncommon in scattered locations throughout that state (Glotzhober and McShaffrey 2002). The first record
for Wisconsin is from 8 September 1978 (Borkin 1985) and it has since been
recorded in 3 more southern counties (WDNR 2004, Reese 2005). Canada’s first
record is from 26 August 2002, at Ojibway Prairie Provincial Nature Reserve,
Windsor, Essex County, Ontario; 1 male was collected, but no others were found
despite searching into October (Pratt and Paiero 2004). It has been recorded in
9 Illinois and 2 Indiana counties (Donnelly 2004).
Archilestes grandis is found in slow or moderate-flow streams and permanent
ponds (Westfall and May 1996, Moskowitz and Bell 1998). It flies late in summer,
with mating taking place in October in Ohio (Williamson 1931) and Pennsylvania
(Ferris 1951). Oviposition takes place in non-aquatic plants, usually in plant parts
that are directly over water (Williamson 1931, Bick and Bick 1970). In Ohio, it is
unknown whether it overwinters as eggs or larvae (Glotzhober and McShaffrey
2002), although in North Carolina the species apparently overwintered in either
the egg stage or as very early larval instars (Ingram 1976).
The unnamed creek in Wayne County, part of the Rouge River watershed,
extends from the culvert under the road, where the first female was collected,
west ~ 1 km. It is shallow (generally less than a few centimeters deep), clear,
with a sandy bottom, and is ~ 2 to 3 meters across. Prior to 2005, the creek
1
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Figure 1. Pair of Archilestes grandis in tandem.

ran through an ~20 ha undeveloped lot. The lot has been cleared, graded, and
readied for development. Some roads are complete, and bridges now span the
creek in four places. At these bridge crossings the substrate is siltier, trash has
accumulated, and there is little protection from runoff from the roads. A “natural” buffer of only a few meters protects the creek but the vegetation consists of
weedy species such as buckthorns (Rhamnus sp.) and box elder saplings (Acer
negundo) which have overgrown most of the length of the creek.
Archilestes grandis is a species that is extremely tolerant of poor water
quality and its ability to flourish in a variety of degraded habitats (such as the
Wayne County site) may explain the species range expansion over the last 80
years (Moskowitz and Bell 1998).
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FIRST MICHIGAN SPECIMENS OF LIBELLULA VIBRANS
FABRICIUS (ODONATA: LIBELLULIDAE)
Julie A. Craves1

ABSTRACT
Libellula vibrans Fabricius (Odonata: Libellulidae) is a large dragonfly
previously known in Michigan only from sight or literature records. In 2005,
two small populations were found in Wayne County, Michigan.
____________________
Libellula vibrans Fabricius (Odonata: Libellulidae), the Great Blue Skimmer, is not mentioned in historical lists of Michigan Odonata (Byers 1927,
Kormondy 1958, O’Brien 1997). Prior to 2005, there are no specimens in the
University of Michigan Museum of Zoology’s (UMMZ) insect collection, where
voucher specimens from the Michigan Odonata Survey (MOS) are housed.
A published report of L. vibrans for Michigan was by Nishida (1999) finding one individual on 22 June 1995 at a small wooded wetland in Westland,
northwestern Wayne Co., Michigan. His paper also includes a photograph of
a male from this location dated 10 July 1995. If he obtained a specimen, its
whereabouts are unknown. A report of a sight record from Wayne County from
1999 (Hudson et al. 1999), as well as two sight reports from Washtenaw County
from early July 2005 (M. F. O’Brien, pers. comm.) prompted me to search for
this species, focusing on the Westland area.
On 9 July 2005, Darrin O’Brien and I observed a single male in a small
wooded swamp in the Holliday Nature Preserve in Westland, Wayne County,
Michigan. As Westland is a highly developed suburb of Detroit, I believe this is
the same spot in which Nishida (1999) made his observations; in fact, I checked
this spot periodically in 2003 searching for L. vibrans. The site itself is a wooded
wetland of less than one hectare. About 20% of the site is open water, and the
rest liberally interspersed with buttonbush (Cephalanthus occidentalis) and
many fallen trees. Water is shallow, probably not more than a half-meter deep
in wet years, and is covered by duckweed (Lemna sp.) by mid-summer. Water
overlays thick organic muck which also lines the shore. The wetland is situated
in an ~40 ha forest fragment that is part of a larger (200-ha), somewhat linear
forest preserve in northwestern Wayne County.
We were able to clearly observe a male L. vibrans on our initial observation
on 9 July but it flew off and could not be relocated. We returned the following
day and made a systematic search of the area. After a half-hour, we located
three to five male L. vibrans, characteristically hunting from perches in dappled
shade and allowing close approach (Dunkle 2000, Abbott 2005). We took two
voucher specimens which have been deposited in the Insect Collection at the
UMMZ. Coincidentally, this was ten years to the day that Nishida photographed
a male in what is presumably the same spot.
On 29 August 2005, O’Brien and I were able to access another small (<2
ha) wooded pond on the north end of Willow Metropark, located in southwestern
Wayne County, and ~20 km nearly due south of the Westland site. Earlier in
the season this pond had been too wet for close approach. By late August, the
pond itself had areas of standing water only a few centimeters deep surrounded
by soft muck becoming overgrown with wetland plants such as Lobelia cardinalis and Polygonum coccinea. The area is ringed by forest and connected by an
intermittent stream to the Huron River, <100 m away. We immediately saw
1
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several male L. vibrans perched on fallen trees overhanging the pond. When
one would fly close to another, they would give chase but not far or vigorously.
We took one voucher for this location.
DISCUSSION
Libellula vibrans has been recorded in 28 states and the province of Ontario. It is most common in the southeastern U.S. and southern Atlantic coast
(Needham et al. 2000, Donnelly 2004). In Wisconsin, it is a species of special
concern, represented only by historical records (~100 years old) from the Milwaukee area (Smith et al. 2004). There are 25 specimens (22 from Cook Co.) in
the Illinois State Museum from the northern third of Illinois (ISM 2003). The
species is considered uncommon in Indiana with records for 15 counties (Curry
2001). The status in Ohio is uncommon and limited (Glotzhober and McShaffrey
2002). Its status in the northeastern part of the state is rare (Rosche 2002).
There are only six records in Ontario, all from Essex and Kent counties in the
extreme southwestern part of the province (OOA 2005).
This is a species that would be difficult to overlook, being the largest
libellulid in North America, with a total length of 56-63 mm (Needham et al.
2000). Female L. vibrans might be mistaken for female L. incesta Hagen, Slaty
Skimmer, which is 50-52 mm long; however, the white face of both sexes of L.
vibrans distinguishes it from the darker faces of the other species (Needham
et al. 2000, Abbott 2005).
Wayne County is heavily urbanized. When I began surveying its Odonata
in 2000, there were only 43 species confirmed by specimens (Craves 2002). L.
vibrans represents the 40th new county record I have confirmed since that time,
demonstrating how much we have to learn about Odonata distribution even in
previously well-surveyed, urbanized areas with limited habitat.
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ISODONTIA ELEGANS NOW IN MICHIGAN
(HYMENOPTERA: SPHECIDAE: SPHECINAE)
Mark F. O’Brien1 and Julie A. Craves2

ABSTRACT
Isodontia elegans (Smith) (Hymenoptera: Sphecidae), one of the “grasscarrying wasps,” previously known only from the western U.S., is now reported
from southeastern Michigan, and appears to have spread across the eastern half
of the United States in a relatively short period.
____________________
The thread-waisted wasps (Sphecinae) of Michigan are fairly well-studied
(O’Brien 1989), with 27 species previously recorded from the state (O’Brien 1989,
Cowan 1991). Most of these species are large and easy to identify. They are
attracted to nectar, and so are easily observed at flowers, even if their nesting
activities are less-easily observed and recorded.
The genus Isodontia (Hymenoptera: Sphecidae), whose members are
known as “grass-carrying wasps,” was represented previously by two species in
Michigan; I. auripes (Fernald) and I. mexicana (Saussure) (O’Brien 1989). All
members of this genus use pre-existing cavities for their nests, which they line
with grass stems and similar plant materials. The tubular nests are provisioned
with Gryllidae or small Tettigoniidae (Orthoptera).
We now add a third species, I. elegans (Smith) to the fauna of Michigan.
On 9 August 2006, the senior author photographed and collected a male I. elegans that was nectaring at Mountain Mint (Pycnanthemum virginianum). It
was recovered in Ann Arbor, Washtenaw Co., MI, in a butterfly garden in front
of the Ruthven Museums Building on the University of Michigan campus. At
least two additional I. elegans were observed in the same patch of flowers on two
days subsequent to the capture of the specimen. An additional I. elegans voucher
(male) was collected on 31 August 2006. The other two species, I. auripes and
I. mexicana, were also observed nectaring at the Mountain Mint flowers. The
junior author photographed I. elegans nectaring on Eryngium planum at her
home in Dearborn, (Wayne Co.) MI in mid-July 2005. No voucher was collected,
but her photograph is unmistakably that of I. elegans.
Isodontia elegans is easily identified by its reddish-brown legs and abdominal segments. No other North American species of Isodontia has that color
combination. The erect hairs on the frons of the male are yellowish-gold in
color. Wings of both sexes have reddish veins and varying amounts of reddish
infuscation. The abdominal petiole is black.
Additionally, specimens photographed at West Chicago Prairie (on Pastinaca sativa) DuPage Co., IL on 1 July 2005, and in Central Park, New York
City, NY in July 2006 have been posted online at http://bugguide.net/node/
view/23933. An additional reference to a specimen caught in Cincinnati, OH is
listed online at http://whatsthatbug.com/wasps_2.html.
Isodontia elegans was previously only recorded from West of the 100th
meridian in North America; a western species by definition (Bohart and Menke
Museum of Zoology, University of Michigan, Ann Arbor, MI 48109-1079. (email: mfobrien@umich.edu).
2
Rouge River Bird Observatory, University of Michigan-Dearborn, Dearborn, MI
48128. (email: jcraves@umd.umich.edu).
1
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1963, 1976). In the span of two summers, we have reports of this species in urban/
suburban locales ranging from Chicago to New York City. We attribute these
reports of this non-fossorial species to the transport of goods across the United
States. Since Isodontia wasps nest in small cavities, they are easily shipped
in pallets and other objects/materials that may be used in the landscaping and
home-adornment industry, especially if the materials contain suitably-sized
hollow nesting areas with completed nests. It’s certainly not a surprise that
this species has been carried into new habitats, as the North American native
species, I. mexicana has likewise spread across Europe under similar circumstances (Fonfria 2005, Scaramozzino, et al. 1991, Schmid-Egger and Schmidt
1994, Zettel 2003).
A previous record of the Palearctic spider wasp Auplopus carbonarius
Scopoli (Hymenoptera: Pompilidae) (Kurczewski and O’Brien 1991) cites the
ease in which mud and cavity nesting wasps and bees have been aided by human
transport. The ongoing spread of the vespid wasp Polistes dominulus (Christ)
(Hymenoptera: Vespidae) across the United States is well-documented (Judd
and Carpenter 1996, Cervo, et al. 2000). Michigan seems to lie at the center of
many sightings of both native and exotic insects that are expanding in range.
Michigan’s position as an industrial center, transportation hub, port of entry,
vacation destination, its shipping and trucking routes, and lack of any large
barriers to insect movement may facilitate artificial introduction and range
expansion of native and exotic insect species.
It is cautionary not to attribute new range expansions of native species
purely to changing biotic or climatic factors, but to consider anthropogenic aids
such as unregulated interstate transport as a major factor in the establishment
of new populations.

Figure 1. Male Isodontia elegans, Ann Arbor, MI, by M.F. O’Brien.
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BOOK REVIEW
A FIELD GUIDE TO THE TIGER BEETLES OF THE UNITED STATES AND
CANADA: IDENTIFICATION, NATURAL HISTORY, AND DISTRIBUTION
OF THE CICINDELIDAE. D. L. Pearson, D. B. Knisley, and D. J. Kazilek.
2006. Oxford University Press, 227 pp., soft cover.
Tiger Beetles are a favorite among insect collectors because of their beauty,
diversity, and fascinating adult and larval behavior. Cicindelophiles, or tiger
beetle enthusiasts, have been blessed during the past decade as a number of
regional field-guides have been published on these insects (Knisley and Schultz
1997, Leonard and Bell 1999, Acorn 2001, Pearson and Vogler 2001, Choate
2003). However, missing from the shelf was a book about the synthesis of tiger
beetles of America north of Mexico, and this book fills exactly that much coveted
empty space on the entomologist’s book-shelf.
Pearson and his colleagues have put together a splendid book on tiger
beetle taxonomy and ecology based on their life-time of observations and
published literature. A field guide to the tiger beetles of the United States and
Canada: identification, natural history, and distribution of the Cicindelidae is
a must-have for both amateurs and professionals that wish to learn more about
these insects. The field guide includes a short introduction to tiger beetles, sections on their phylogeny and taxonomy, illustrated keys to adult genera and
species, colored plates of adults, a check-list, and species descriptions, ecology
and behavior, biogeography, and conservation status of tiger beetles. As the
title indicates, this book is an ambitious undertaking, and the authors accomplish it with virtuoso.
The most significant contributions of this book are the identification keys
to adult tiger beetles and detailed species descriptions. The dichotomous keys
are lucid and well-illustrated. The introduction to the keys has a brief description and illustration of major adult morphological characters, and therefore,
amateurs should be able to use these keys easily. Species descriptions include
information about subspecies and morphological variants, distribution and
habitats, behavior, seasonality, and larval biology. The colored plates are my
favorite, with clear and beautiful photographs of adults accompanied by a brief
description of locality and major characteristics of species. An added bonus is
the photographs of subspecies and their inclusion in distribution maps.
The book ends with sections on the ecology and behavior, biogeography,
and conservation of tiger beetles. This well-rounded approach will attract both
taxonomists and ecologists as readers. I especially appreciated information
about the conservation status of various tiger beetle species, as these insects
can be used as a bioindicator taxa for habitat changes. The last section on observing and studying tiger beetles is detailed and includes information about
how to conduct field and laboratory studies on tiger beetles, collecting adults
and larvae, preparing specimens, and photographing these insects in their
natural habitat.
The book has one minor flaw related to the use of common names. In the
Preface, the authors mention that they provided common names to tiger beetles,
as advised by an ad hoc committee with input from the readership of the journal
Cicindela. However, a search of common names in the Entomological Society of
America (ESA) database revealed that only one species of tiger beetle is given
a formal common name and it is different from the one used by Pearson et al.
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Because this book will become the standard reference for tiger beetle scholars,
the rather long common names (e.g., western tidal flat tiger beetle) used in this
book will likely become established in the literature. A potential problem could
occur when researchers wanting to publish an article about tiger beetles in an
ESA journal use some of these common names. Common names greater than
three words and those with hyphens (e.g., greater night-stalking tiger beetle)
are generally discouraged by the ESA Common Names committee. Researchers
may need to change the common name from the one in the book and this may
cause some confusion in future literature.
Common names aside, this long over-due book is a valuable synthesis of
the taxonomy, natural history, and ecology of tiger beetles in North America.
At a bargain price of $19.95, this book will become a benchmark reference for
tiger beetles north of Mexico, and it will likely spawn another generation of
cicindelophiles. I recommend this book for both specialists and non-specialists
who have either remotely dabbled with tiger beetles, or those who wish to pursue
research on these dazzling and elusive insects.
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