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THE DISTRIBUTION OF THREE BROADLY SYMPATRIC SPECIES OF
SYMMERISTA MOTHS (LEPIDOPTERA: NOTODONTIDAE) IN THE GREAT
LAKES AND MIDWEST REGIONS OF THE UNITED STATES.
Julian P. Donohue]

ABSTRACT
All three superficially inseparable species of Symmerista known to occur
in eastern North America are sympatric in, and reach their western limit of
distribution in, the southern Great Lakes and Midwest Regions of the United
States. In this region two of the species also reach their southern limit of
distribution (S. canicosta reaches its southwestern limit in North Dakota,
South Dakota, Missouri, Kentucky, and North Carolina; S. leucitys reaches its
southwestern limit in North Dakota, Missouri and Kentucky). The third spe
cies (S. albifrons) reaches its northwestern limit in Michigan and Wisconsin.
All three species are here documented from well beyond their previously
reported ranges, and distribution maps are provided for them. Diagnostic
male abdominal structures are figured. Larvae of Symmerista are frequently
reported as defoliators of oak (Quercus), maple (Acer), and other hardwoods.

What began as a simple report on the distribution of Symmerista in Mich
and Wisconsin assumed much greater proportions when it became clear
t t the species are much more widely distributed than previously suspected.
o he five species of Symmerista Hubner known to occur in America north of
Mexico (Franclemont 1983), two are restricted to the Southwest and are not
considered further in this paper; the remaining three species occur only in
eastern North America. One or more species may be found virtually anywhere
in the eastern United States or southeastern Canada wherever oak (Quercus)
and/or maple (Acer) occurs. All three species are broadly sympatric in the
northwestern portion of this region which, although imprecise, for brevity I
shall refer to here as the Midwest, comprising (as shown on the accompanying
maps) eastern North Dakota and South Dakota, Minnesota south to Arkan
sas, east through the Great Lakes Region to western Pennsylvania and North
Carolina (no specimens have been seen or reported from Iowa or Tennessee).
As a genus, the adult moths are easily recognized and commonly figured
(Holland 1903: pI. 39, fig. 7; Covell, 1984: pI. 43, fig. 2). However, adults are so
similar in ap.p,earance that they can not be reliably identified without examina
tion of gemtalia, although the diagnostic characters can frequently be
observed without completely dissecting the abdomen. Franclemont (1948) has
provided a key for distinguishing the larvae.
Judging from number of publications, interest in Symmerista seems to be
greater than for most other notodontids, perhaps because their larvae can be
i~n

INatural History Museum of Los Angeles County. 900 Exposition Blvd.. Los
Angeles, CA 90007-4057.
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conspicuous defoliators of deciduous forest trees, particularly during out
breaks; all three species feed on oak, and two of the species (S. albifrons, S.
canicosta) are jointly referred to as the "redhumped oakworm." The larva of
the third species, S. leucitys, called the "orangehumped mapleworm," is the
only one of the three whose common name is "official" (Stoetzel 1989). In
Minnesota, and doubtless elsewhere, S. canicosta and S. leucitys are members
of a caterpillar guild (the "fall defoliator group") that favors oak in most areas
of that state, but which are reported to a lesser extent on a variety of other
hardwoods (Anonymous 1971, Anonymous 1972: 17-20). Other members of
this oak-feeding guild are reported to be a saturniid, the orangestriped
oakworm, Anisota senatoria (J. E. Smith), and three other notodontids: vari
able oakleaf caterpillar, Lochmaeus manteo Doubleday; yellownecked caterpil
lar, Datana ministra (Drury); and Oligocentria lignicolor (Walker). Sym
merista larvae have been the subject of numerous economic bulletins,
pamphlets, and reports, including those by Erickson et al. (1972), Hitchcock
(1961), Millers and Erickson (1970), and Millers and Wallner (1975)-the larval
"feculae" (frass) have even been the object of scrutiny (Hodson and Brooks
1956, Weiss and Boyd 1950)!
Identification of eastern Symmerista posed no difficulty for 150 years
only S. albifrons was known. But differences in the larvae led Franclemont
(1946) to review the genus, resulting in the discovery that what had been
called S. albifrons actually consisted of three species, two of which he
described as new (S. canicosta, S. leucitys). Since two, or all three, of the
species can be sympatric in a given area, most records of adult S. albifrons
published before 1946 are necessarily suspect, as are subsequent identifica
tions made without examination of the genitalia. Without adeguate compara
tive material, even genitalic examination has led to misidentifIcations, partly
due to variability in the shape of the last sternite of the male abdomen, and
perhaps partly because of an unfortunate error in labeling the figures of the
male genitalia in the most widely-used identification manual for the genus
(Franclemont, 1948), where the captions for the aedeagi of S. canicosta and S.
leucitys are transposed: the bottom row of figures labeled 222a-g as canicosta
are actually leucitys, while those in the second row labeled 221a-c as leucitys
belong to canicosta, a mistake that has only recently been noted by Riotte
(1992). I re-illustrate these diagnostic structures here (Figs. 4-20).
This study began in the late 1960s, when I began compiling distributional
data for Michigan Symmerista after a genitalic survey disclosed that all three
species occur in that State. A recent paper on the Lepidoptera of Michigan's
Beaver Island Archipelago IProfant 1991), which reported only one species of
Symmerista from a region where Voss (1983) and I had found all three,
prompted the resumption and expansion of this study.
As an example of the confused documentation of the distribution of this
genus, Moore (1955) reported two species of Symmerista in Michigan but
overlooked S. leucitys, the most widely distributed species in the state. New
man and Nielsen (1973) partly rectified this by publishing the data for speci
mens of the two Franclemont species I had identified in the Michigan State
University collection, leaving unresolved the proper identity of specimens
that Moore had treated as S. albifrons (mostly in the University of Michigan
Museum of Zoology). The present study is based solely on the more than 500
specimens whose genitalia I personally examined (with three exceptions noted
below), most of which were males, because they are usually more readily iden
tified than females. In some cases, records are based on females from disjunct
or peripheral localities from which no males were available, and these are
noted in the text. Males (especially leucitys) may usually be reliably identified
by the shape of the last abdominal sternite (Figs. 4-6); in canicosta and albi
frons the supposed differences are frequently inconclusive, and in all such
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doubtful instances I examined the aedeagus, which is diagnostic (Figs. 7-20).
Females (except canicosta) require a complete dissection for accurate identifi
cation. The only records included in this study that I did not personally
confirm (open circles on maps) are identifications based on genitalic examina
tion from Ohio (Eric Metzler, pers. comm.), Illinois (Cashatt and Godfrey
1990), and paratype localities cited by Franclemont (1946). Sources of material
examined include the Harold M. Bower collection of Wisconsin Lepidoptera in
LACM, and a number of public and private collections cited in Acknowledg
ments, where an explanation of abbreviations will be found.
In the species accounts below, all counties mentioned are represented on
the distribution maps (with one exception); for the sake of brevity, complete
specimen data are given only for species that are at or near the periphery of
their range as understood and reported here. Unless noted otherwise, the
"General Distribution" and "Larval Hostplant" data for each species are from
Franclemont (1946, 1948). States, and counties within states (in capital let
ters), are arranged alphabetically.

SYMMERISTA ALBIFRONS (J.E. Smith, 1797) (Figs. 1, 4, 7-10)
General Distribution: the most widely distributed species, previously
reported from Nova Scotia to Florida, west to Illinois, Kansas, and Texas; new
records reported here extend this range north and west.
Larval Hostplant: oak (Quercus spp.).
Midwestern Distribution. In the Midwest this is a southern species that
reaches its northern limit in Ohio, Michigan, Wisconsin, and Missouri.
ARKANSAS (JRH): MADISON, WASHINGTON.
ILLINOIS (INHS): ADAMS, CHAMPAIGN, COOK, DOUGLAS, DU
PAGE, HANCOCK,JACKSON,JERSEY,MARSHALL,MCDONOUGH,
MCHENRY, MCLEAN, PEORIA, POPE, PUTNAM, SHELBY, WINNE
BAGO.
INDIANA: PARKE: Turkey Run State Park, 31 May 1951, R.H. Leus
chner (1 male, RHL; flying with S. leucitys).
KENTUCKY (ULK, UMSP): BELL, CARTER, HARLAN, JEFFER
SON, MEADE, MENIFEE, MORGAN, OLDHAM, PERRY, POWELL,
WHITLEY.
MICHIGAN: Northern Lower Peninsula: CHARLEVOIX: Beaver Island,
8-30 July, 1925-1926, S. Moore (4 males, 2 females, UMMZ). CHEBOYGAN:
Burt Lake, 26 June 1936, Max Peet (1 male, UMMZ). NEWAYGO: Ramona,
28 June 1927, Carl F. Krueger collection (1 male, LACM). Southern Lower
Peninsula: BERRIEN: Harbert, 3 June 191B, W.W. Newcomb (1 male,
MSUE). LENAWEE: Morenci-Mulberry Rd., 18 Aug. 1961, M.C. Nielsen (1
male, MCN). ST. JOSEPH: T7S, R12W, Sec. B, 13 Aug. 1971, M.C. Nielsen (l
male, MCN); T7S, R12W, Sec. 1B, 11 Aug. 1972, M.C. Nielsen (1 male, MCN).
This is the least common species in the state (only these 12 specimens exam
ined). Recent collections of Michigan Symmerista should be carefully exam
ined to determine if S. albifrons is a permanent resident of the State, or
whether these old records represent extirpated populations.
MISSOURI (JRH): ATCHISON, BARRY, BENTON, CAPE GIRAR
DEAU, CEDAR, CLINTON, FRANKLIN, JACKSON, JOHNSON,
LACLEDE, LAWRENCE, RANDOLPH, WASHINGTON, WAYNE.
OHIO (OSL): ASHTABULA, ATHENS, COLUMBIANA, CUYAHOGA/
LAKE, FRANKLIN, GEAUGA, LICKING, MAHONING, MEIGS, MONT
GOMERY, PORTAGE, SCIOTO, VINTON.
WISCONSIN: DOOR: Bailey's Harbor, 3 July 1958, Wm. E. Sieker (1
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Figure 1. Distribution of Symmerista albilrons in the Midwest; solid circles represent
specific county records based on specimens examined for this study, open circles are
records from published or unpublished sources believed to be reliable.

male, LACM). GRANT: 7 Aug. 1987, Les Ferge (1 male, LAF). These are the
northwesternmost localities for the species; the single Door Co. specimen was
among a series of 16 male S leucitys bearing the same data.

SYMMERISTA CANICOSTA Franclemont, 1946 (Figs. 2, 5, 11-13)
General Distribution: Previously known from Nova Scotia to Virginia,
west to Manitoba and Minnesota; new records reported here extend this range
considerably to the southwest.
Larval Hostplants ("redhumped oakworm"): oak (Quercus spp.), maple
(Acer spp.), rarely beech (Fagus grandifolia). Occasional outbreaks cause
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Figure 2. Distribution of Symmerista canicosta in the Midwest; solid circles represent
specific county records based on specimens examined for this study, open circles are
records from published or unpublished sources believed to be reliable.

severe defoliation of bur oak (Quercus macrocarpa) in Manitoba (lves & Wong,
1988: 132-133; figs 64c (larva), h (adult), & j (defoliation)).
Midwest Distribution: a northern species that reaches its southwestern
limits in North Dakota, South Dakota, Missouri, Kentucky, and North Caro
lina.
ILLINOIS (INHS): ADAMS, COOK. MACON (paratypes). MCHENRY.
KENTUCKY: RUSSELL: Lake Cumberland State Park. 9 & 11 June
1980. Carl C. Cornett (2 males. ULK).
MICHIGAN (MCN. MSUE, UMMZ): Upper Peninsula: DICKINSON.
Northern Lower Peninsula: BENZIE, CHARLEVOIX (Beaver Island).
OSCODA. Southern Lower Peninsula: ALLEGAN. BERRIEN, CLINTON.
HILLSDALE, INGHAM. KALAMAZOO, LAPEER, LIVINGSTON. MON
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ROE, MONTCALM, NEWAYGO, OAKLAND, OTTAWA [not mapped].
SHIAWASSEE, WASHTENAW. WAYNE. This is the most frequently col
lected Symmerista in Michigan.
MINNESOTA (NDSU, UMSP): ANOKA. BECKER. CASS, CLEARWA
TER, OLMSTED, RAMSEY. STEARNS.
MISSOURI: LACLEDE: 3 mi [4.8 km] SE of Stoutland, north of county
road T, mixed deciduous forest, 31 July 1976, taken at UV light, J.R Heitz
man (1 female, JRH). MORGAN: on Lake of the Ozarks south of Stover on
112, 24 July 1982, colI. at blacklight, J.R Heitzman (1 female, JRH).
PHELPS: Lane Spring Rec. site, deciduous forest along Little Piney River, 21
July 1987, at blacklight, J.R. Heitzman (1 female. JRH).
NORTH CAROLINA: HENDERSON: Bat Cave, 9 June 1969, C.V. Cov
ell. Jr. (1 male, ULK). SWAIN: Cherokee, Cherokee Shopping Center, 31 July
1973, L. Koehn (2 males, ULK). These are the southernmost specimens of the
species ever reported.
NORTH DAKOTA: CASS: Fargo, 22 June 1900 (1 female, UMSP).
OHIO (OSL, MPM, MSUE, RHL): BELMONT, COLUMBIANA,
FRANKLIN, GEAUGA, HOCKING, HOLMES, MAHONING, MONT
GOMERY, PORTAGE, TRUMBULL, VINTON.
PENNSYLVANIA: ALLEGHENY, BEAVER (paratypes).
SOUTH DAKOTA: MARSHALL-ROBERTS County line: Sieche Hollow
State Park, 12 mi [19 km] NW Sisseton, elev. 1750 ft [533 m.], 16 June 1969,
George L. Godfrey (2 females, INHS); Godfrey (pers. comm.) offers that this
record "... may be from the absolute, westernmost limit of the sJ?ecies' distribu
tion, unless the species has managed to locate the populatIon of bur oak
[Quercus macrocarpaJ that grows in Aberdeen, about 80 miles [130 km] to the
west."
VIRGINIA: MONTGOMERY: Blacksburg, 17 June 1963. C.V. Covell, Jr.
(1 male, ULK).
WISCONSIN (LACM, LAF, MPM): CLAIRE, DOUGLAS, GRANT,
IOWA, JACKSON, MARATHON, MILWAUKEE, ONEIDA, RICHLAND,
SHAWANO, WINNEBAGO. W.E. Miller (unpublished notes) adds
WASHBURN County (not mapped) to the preceding, based on the examina
tion of male genitalia of specimens in the University of Wisconsin collection.

SYMMERISTA LEUCITYS Franclemont, 1946 (Figs. 3,6,14-20)
General Distribution: Previously reported from Maine, New York, Penn
sylvania. southern Quebec, southern Ontario, and Minnesota; the most lim
ited distribution of the three species, but reported here from much farther
south than previously known.
Larval Hostplants ("orangehumped mapleworm"): principally sugar maple
(Acer saccharum), but also reported on several other deciduous trees (Allen,
1979), including oak.
Midwest Distribution: a northern species that reaches its western limit in
North Dakota, and its southwestern limit in Missouri, Illinois, Kentucky, and
West Virginia.
ILLINOIS: PUTNAM: 4 July 1952, M.O. Glenn (1 female, INHS); VER
MILION: Forest Glen Co. Pres.. T18N, R11W, Sec. 24, ex larva on Fagus
grandifolia colI. 9 Aug. 1987, emgd. 19 June 1988, S. Passoa (1 male, INHS);
same data. emgd. 11 June 1988 (2 females, INHS).
INDIANA: PARKE: Turkey Run State Park, 31 May 1951. RH. Leus
chner (1 male, RHL; flying with S. albifrons).
KENTUCKY: BARREN: Barren River State Park, 17 May 1977, Carl C.
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Figure 3. Distribution of Symmerista leucitys in the Midwest; solid circles represent
specific county records based on specimens examined for this study, open circles are
records from published or unpublished sources believed to be reliable.

Cornett (1 male, ULK). BELL: Pine Mountain State Park, 7 June 1979, Carl C.
Cornett (1 male, ULK). LAUREL: Bald Rock, 11 June 1978, R.W. Meluch (1
male, MSUE). JEFFERSON: Valley Station, 20 & 26 April; 3, 10, & 18 June; 6
Oct. 1974-1975, Siegfried Scholz (8 males, ULK). OLDHAM: Cov. Br. Boy
Scout Resv., 16 June 1976, C.V. Covell, Jr. (1 male, ULK). PERRY: Buckhorn
State Park, 8 June 1972, Carl C. Cornett (1 male, ULK). RUSSELL: Lake
Cumberland State Park, 10 June 1980, Carl C. Cornett (1 male, ULK).
MICHIGAN (MCN, MSUE, UMMZ): Upper Peninsula: CHIPPEWA,
DICKINSON, SCHOOLCRAFT. Northern Lower Peninsula: ANTRIM,
BENZIE, CHARLEVOIX (Beaver & High Islands), CHEBOYGAN,
OTSEGO, ROSCOMMON. Southern Lower Peninsula: BERRIEN,
INGHAM, KALAMAZOO, LAPEER, LENAWEE, MASON, OAKLAND,
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WASHTENAW. This species is more frequently collected in the northern
parts of the state.
MINNESOTA: CASS: Cass Lake, 18 June 1934, A.A. Granovsky (2
males, UMSP); Pillager (2 reared males, UMSP). CLEARWATER: Itasca
Park (several specimens, including a series reared from basswood, elm, and
birch by L.W. Orr in 1933-1934, UMSP). ITASCA: Wabana Lake, 15 & 22
June 1978, R. Bartelt (2 males, UMSP). ST. LOUIS: Duluth (no further data, 1
female. INHS).
MISSOURI: BARRY; Roaring River State Park, Ozark Plateau flora, 11
June 1980, J.R. Heitzman (1 female, JRH). GRUNDY: Crowder State Park,
marsh & deciduous forest, 25 June 1980, field collected by J.R. Heitzman (2
males, JRH).
NORTH DAKOTA: CASS: Fargo, Red River of [the] North, 22 June 1961,
Robert Poole Card No. 925 (1 female, NDSU).
OHIO (OSL, MSUE, RHL): ASHTABULA, FRANKLIN, GUERNSEY,
HOCKING, HOLMES, KNOX, LICKING, MAHONING, PAULDING,
PORTAGE, RICHLAND. SCIOTO, STARK, TRUMBULL, VINTON,
WAYNE.
PENNSYLVANIA: BEAVER (paratypes).
WEST VIRGINIA: HARDY: Lost River State Park, 4-6 July 1980, S.E.
Miller (1 male, LACM).
WISCONSIN (LACM, LAF, MPM): DOOR, DOUGLAS, FLORENCE,
GRANT, MARATHON, ONEIDA, PRICE, RICHLAND, SHAWANO,
WASHINGTON, WAUPACA. w.E. Miller (unpublished notes) adds
WASHBURN County (not mapped) to the preceding, based on the examina
tion of male genitalia of specimens in the University of Wisconsin collection.
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DYTISCIDAE AND NOTERIDAE OF WISCONSIN (COLEOPTERA).
IV. DISTRIBUTION, HABITAT, LIFE CYCLE, AND IDENTIFICATION
OF SPECIES OF AGABINI (COLYMBETINAE)l
William L. Hilsenhoff2

ABSTRACT
Adults of 24 species of Agabus and 10 species of Ilybius were collected in
Wisconsin over the last 32 years. Keys and notes on identification are pro
vided to facilitate identification of adults of these species and six others that
may occur in Wisconsin. Agabus larvae were separated from those of Ilybius
by the more posterior position of the dorsal seta of the basal setal whorl on the
urogomphus, the number and location of srines on the metatarsi, and the
presence of long setae on the last abdomina segment of most species. Infor
mation on distribution and abundance in Wisconsin, habitat. and life cycle is
provided for each species based on collection records for 8,460 adults. and
those larvae that could be identified with reasonable certainty. All species of
Ilybius had similar life cycles. which were predominantly univoltine with lar
vae overwintering and completing development in the spring. and partially
semivoltine with both adults and larvae overwintering. Lentic species of Aga
bus had three types of life cycles, with most larvae developing in spring.
Types 1 and 2 were univoltine with adults over",intering in aquatic habitats
(type 1) or terrestrial habitats (type 2). Type 3 life cycles were mostly univol
tine with eggs overwintering, but also semivoltine to varying degrees with
adults also overwintering in terrestrial habitats. Lotic species of Agabus had
variable univoltine life cycles with adults, and sometimes also larvae, overwin
tering.

Part I of this study contains a generic key to adults, and information on
collecting efforts, measurement of specimens, and general life cycles of Dytis
cidae (Hilsenhoff 1992). It also has a map of Wisconsin with numbered coun
ties that are grouped into nine areas. County records listed below for each
species refer to numbers on this map. The abundance of each species in nine
areas of Wisconsin and in McKenna Pond is reported in Tables 1 and 2. Only
118 Agabini and 10 species were collected at the Leopold Memorial Reserve
(Hilsenhoff 1993); these collections are recorded in Tables 1 and 2 under the
south-central area. Agabus ambiguus (52) and A. disintegratus (29) were the
most abundant species found there. Six species and 11 specimens from the
collection of Walter Suter. Carthage College. were also included in this study.
Two genera of Agabini. Agabus and Ilybius. occur in Wisconsin. Larson
revised Ilybius in North America in 1987, providing keys. descriptions, and

lResearch supported by the College of Agricultural and Life Sciences and the
Graduate School at the University of Wisconsin-Madison.
2Department of Entomology, University of Wisconsin, Madison, WI 53706.
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Table l. Numbers of adult Agabus from nine areas of Wisconsin and McKenna Pond (McK)
(Hilsenhoff 19921 collected between 1962 and 1993.

A.
A.

A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.

A.
A.

A.
A.
A.

A.
A.
A.
A.

ambiguus
antennatus
anthracinus
bieolor
bifarius
canadensis
eonfinis
confusus
discolor
disintegratus
erichsoni
faUi
gagates
immaturus
inscriptus
leptapsis
phaeopterus
punctulatus
semipunetatus
semivittatus
seriatus
subfuscatus
wasastjernae

NW

NC

NE

WC

C

EC

SW

SC

SE

0
21
1
289
15
102
0
0
0
3
0
28
14
0
0
29
0
23
2
317
0
3
7
0

0
24
0
220
17
50
0
2
0
18
1
20
3
0
0
0
4
35
1
142
0
2
6

0
36
0
192
30
53
0
1
0
2
0
239
10
0
2
2
6
297
4
203
0
5
6
12

74
19
156
1
21
0
0
0
0
7
11
115
0
0
1
0
4
54
123
0
12
18
0

34
3
100
0
37
0
4
0
0
6
9
21
0
0
5
0
27
11
136
0
1
34
0

56
10
12
0
118
0
0
0
0
1
1
53
0
0
2
0
26
55
72
20
12
21
0

90
18
8
0
13
1
0
0
0
6
2
78
0
0
1
0

231
59
50
0
11
0
1
5
0
46
1
97
7
0
4
2
7
75
42
15
146
18
0

64
34
44
1
21
0
0
0
3
13
0
20
0
0
0
0
2
23
69
10
22
8
0

11

4

3
45
9
38
11
0

McK TOTAL
2
20
451
6
0
10
0
0
0
0
10
0
86
0
0
3
0
4
322
49
1
0
66
0

650
595
1,077
64
436
1
8
5
26
90
311
497
7
2
47
12
429
550
1,198
55
241
195
23

distribution maps for the 14 species he recognized. Four species are Holarctic;
most others have a northern or boreal distribution in North America. Cur
rently, Larson (1989, 1991) is also revising Agabus in North America; this
genus was last revised by Fall in 1922. Adults of 24 species of Agabus and 10
species of Ilybius were collected in Wisconsin over the last 32 years; addi
tional species eventually may be found. This study is based on 6,528 adult
Agabus and 1,932 adult Ilybius; numerous larvae that could be identified were
also studied.
Adults ofAgabus and Ilybius are similar in appearance, and while species
within Ilybius appear to be closely related, those within Agabus are more
diverse and the genus ultimately may be divided (Larson 1989). Adults of both
genera are characterized by a pair of dark rufous spots between the eyes and a

Table 2. Numbers of adult Ilybius from nine areas of Wisconsin and McKenna Pond (McKI
(Hilsenhoff 1992', collected between 1962 and 1993.

Ilybius angustioT
1. biguttulus
1. confusus
1. dis cedens
1. fraterculus
1. ignarus
1. inearinatus
1. picipes
1. pleuritieus
1. subaeneus

NW

NC

NE

WC

C

EC

SW

SC

SE

2
27
1
44
4
0
0
18
9
1

2
114
0
82
1
5
0
20
16
0

4
58
0

0
61
3
0
3

1
81
0
4
25
16
1
18
4
0

1
17
0
0
4
24
12
9
1
0

0
54
0
0
1
3
21
5
0
0

0
78
0
0
39
13
42
22
0
0

0
19
10
0
32
7
13
7
0
0

11

7
1
1
8
4
0

4

2
20
5
0

McK TOTAL
0
83
0
0
720
2
0
5
0
0

10
592
14
141
836
75
92
132
39
1
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short row of spines on the ventral surface of the metatibia near the posteroapi
cal angle. Except for Agabus disintegratus, which has striped elytra, adults of
both genera in Wisconsin are mostly devoid of distinctive markings. Adults of
Ilybius have on each elytron a sublateral pale streak and usually also a pale
macula near the apex; these marks also occur on elytra of a few species of
Agabus. The dorsal surface of adults ranges from brown to black, with rufous
lateral coloration in several species. Colors described below are for beetles
preserved in ethanol; colors may be darker in pinned specimens. Adults of
most species of Ilybius are larger than those of most Agabus; Ilybius adults
can be recognized by the distinctly unequal length of the metatarsal claws,
which in Agabus are equal in length or nearly so.
Identification of larvae at the species level is normally not possible
because larvae of most species have not been associated with adults, and
published descriptions of larvae are often too incomplete or inaccurate to be
diagnostic. I developed a provisional key to separate larvae of 14 species of
Agabus and seven species of Ilybius, but only species with described larvae
can be identified with reasonable certainty. Larvae of Ilybius and Agabus
(except A. confusus) have only primary setae on the urogomphi. Published
keys do not adequately separate larvae of these two genera and may lead to
erroneous identifications. Larvae of the two genera may be separated as fol
lows.
Agabus-Dorsal seta of basal urogomphal whorl distinctly posterior to
other two setae, or secondary setae present; anteroventral spines on metatar
sus not paired with posteroventral spines, which are usually less numerous or
absent; last abdominal segment usually with long, thin setae in addition to
spine-like setae.
Ilybius - Dorsal seta of basal urogomphal whorl not posterior to other two
setae; anteroventral spines on metatarsus more or less paired with pos
teroventral spines; last abdominal segment lacking long thin setae.
Third instar larvae of all species of Ilybius and some lotic species of
Agabus overwinter. Except for one unknown species. no lentic Agabus larvae
were collected in the autumn. This unknown species occurred in southeastern
Wisconsin where one larva was found in a permanent pond on 9 November and
two more were collected from a swimming pool on 19 April. These larvae were
identified as Agabus because of the distinctly posterior location of the dorsal
seta on the basal urogomphal whorl and a lack of posteroventral spines on the
metatarsus.
A key to adults of species that occur or may occur in Wisconsin appears
below under each genus; a size-range for adults from Wisconsin is included
when four or more were collected. The WC/WS ratio (Larson 1987) is used in
the keys to compare the width of metasternal wings. WS is the narrowest
width of the metasternum adjacent to the mesocoxal cavity (not including the
bead or ridge adjacent to the mesocoxa) and WC is the width of the metacoxal
plate measured on the same line (Fig. 1). Identification of adults of Ilybius and
several species of Agabus. especially confinis-group species (Larson 1989)
identified by couplets 23-26 and 28-30, may be difficult for persons not famil
iar with these genera and will be greatly aided by a reference collection.
Teneral adults may create special identification problems because characters
involving color may not apply. Following each key is information about the
species, which includes distribution and abundance in Wisconsin. general
range in North America, habitat, life cycle, and identification.
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Figure 1. Right half of metasternum of Agabus showing measurements across meta·
coxa] plate (We) and wing of metasternum (WS).

Agabus Leach, 1817
Three types of univoltine life cycles apparently occur in lentic species of
Agabus as follows. Type 1-Adults overwinter in aquatic habitats, mate and
oviposit in early spring, with most dying shortly thereafter; eggs hatch after a
short incubation period and larvae complete development by June, except in
cold habitats. Large numbers of adults in early spring and substantial num
bers again in autumn, with most teneral adults being collected in June, are
evidence for this life cycle. Type 2 - This life cycle is the same as type 1, except
adults overwinter in terrestrial habitats as reported by Galewski (1964).
Numerous adults in early spring, teneral adults in June, and absence of adults
from aquatic habitats after mid-September provide evidence for this life cycle.
Type 3-Species overwinter primarily as eggs as reported by James (1969),
with a remnant population of adults also overwintering in terrestrial habitats.
Overwintering eggs hatch in early spring, larvae complete development by
June, most adults mate in late spring and summer, and females lay eggs that
hatch the following spring to complete a univoltine life cycle. Some adults
overwinter and return to ponds in spring to mate and oviposit, thus complet
ing a semivoltine life cycle for a portion of the population. I believe overwin
tering adults are individuals that did not mate the previous summer, perhaps
because they developed in cold habitats and did not emerge until late summer.
Evidence for this type 3 Agabus life cycle, which predominates in Larson's
(1989) confinis-group, is a smalilercentage of adults in spring collections,
teneral adults mostly in June, an an absence of adults after mid-September.
Because most adults emerge in June, and the number of overwintering adults
is very small in most species, I believe that the semivoltine life cycle described
by Nilsson (1986) for 13 species of northern European Agabus occurs in only a
small portion of the population of most confinis-group species at Wisconsin's
much more southern latitude. An exce~tion is A. bicolor, which may be only
semivoltine. Adults of alilentic and lotlC species a~parently may aestivate in
terrestrial habitats during the summer, especially In dry summers when shal
low, vegetated, aquatic habitats are virtually absent.
Life cycles are different in the four lotic species. Both A. ambiguus and A.
confusus overwinter as larvae and adults, with larvae of A. ambiguus occur
ring throughout much of the year. Life cycles of A. seriatus and A. semivitta
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tus are similar to the type 1 life cycle described above, except that larvae
develop in summer instead of spring, and adults emerge in autumn.

Key to Species of Adult Agabus in Wisconsin

1.
2(1).

3(2).

4(2).

5(4).

6(5).

7(6).
8(7).

9(8).

10(8).
11(7).

12(11).
13(12).

14(12).

Elytra testaceous with black vittae; 7.3-8.5 mm long .. .disintegratus
Elytra not vittate...........................................2
Pronotum mostly brown to rufotestaceous ......................3
Pronotum black or rufopiceous, at least on most of disc ......... .4
Metasternum and anterior of abdominal sterna 2-6 infuscate; antenna
infuscate or black apically; smaller, 7.6-8.6 mm long . .antennatus
Metasternum and abdominal sterna not infuscate; antenna not infus
cate or black apically: larger, 9.2-10.0 mm long (Fall 1922) .. .ajax
Elytra with aciculations, longitudinal on disc and becoming trans
verse apically, and with fine secondary reticulations; 6.1-7.0 mm
long ............................................. .bifarius
Elytra without aciculations ..................................5
Very large, black beetles, 12.3-12.8 mm long; elytron with impressed
sutural stria and obscure sublateral pale spot; lotic .... .confusus
Smaller, < 11.6 mm long; if more than 10.5 mm long and black, ely
tron without impressed sutural stria and sublateral pale spot ...6
Epipleuron dark rufous to black. usually similar in color to metaster
num ....................................................7
Epipleuron testaceous and distinctly paler than dark rufous to black
metasternum ...........................................20
Elytral meshes with distinct. reticulate, secondary microsculpture ....8
Elytral meshes without distinct, reticulate, secondary microsculp
tUre ................................................... 11
Meshes of elytral sculpture large, often elongate. and without micropunctures at intersections of lines ..........................9
Meshes of elytral sculpture small. never elongate, and having micropunctures at intersections of lines .........................10
Elytra black, same color as pronotum; basal margin of pronotum dis
tinctly sinuate laterally; row of punctures on posteroventral mar
gin of metatibia confluent and forming a groove; larger. 9.4-10.2
mm long ........................................ .leptapsis
Elytra usually dark brown and paler than pronotum; basal margin of
pronotum not sinuate; posteroventral punctures on metatibia not
confluent; smaller, 7.8-9.1 mm long................. .ambiguus
Smaller, 6.2-7.2 mm long ......................... .wasastjernae
Larger. 8.0-8.5 mm long (Wallis manuscript) .............. .opacus
Margin of prosternal process greatly widened past middle (Fig. 2);
elytra WIth long sublateral pale streak that may reach apical spot;
7.2-8.8 mm long ............................... .semivittatus
Margin of prosternal process not greatly widened past middle; subia
teral pale streak, if present, not elongate....................12
Variously-sized micropunctures in many meshes of elytral sculpture13
Micropunctures infrequently in meshes •....................... 14
Elongate; pale sp~ts absent from elytron, except occasional, obs~ure.
sublateral spot, larger, 8.3-10.2 mm long .............. .senatus
Broad, short; elytron with sublateral and subapical pale marks;
smaller, 7.3-8.0 mm long (Fall 1922) ................ .obtusatus
Larger, > 9.0 mm long; first 3 metatarsal segments with 1-3 large
punctures dorsally on outer side ...........................15
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5

3
Figures 2-6. 2. Enlarged margin (M) of prosternal process (PP) of Agabus semivittatus
posterior to mesocoxae (Me). 3. Right fourth of pronotum of A. erichsoni. 4. Right
anterior protarsal claw (anterior view) of A. canadensis. 5-6. Right posterior protarsal
claw (posterior view). 5. A. subfuscatus. 6. A. phaeopterus.

15(14).

16(14).

17(16).

18(16).

19(18).

20(6).

Smaller, < 8.5 mm long; first 3 metatarsal segments without large
punctures dorsally on outer side ........................... 16
Pronotum indented laterally immediately posterior to anterolateral
angle (Fig. 3); elytron without impressed sutural stria; gula black;
10.0-11.5 mm long................................ .erichsoni
Pronotum not indented laterally; elytron with lightly impressed
sutural stria; gula rufous; 9.2-10.4 mm long ........... .gagates
Elytral sculpture coarse, with deeply impressed lines between meshes,
and with micropunctures infrequent or obscure ..............17
Elytral sculpture fine. with lines between meshes not deeply
impressed, and with many micropunctures at intersections of lines
or in meshes ............................................18
Meshes of elytral sculpture larger, about size of strial punctures; pro
sternal process black, elongated apically to extremely acute point;
7.2-8.4 rom long ................ , ... , .......... .anthracinus
Meshes of elytral sculpture extremely small, much smaller than strial
punctures; prosternal process rufous, not apically elongate; 6.7-7.8
rom long ............................... .{alli (many females)
Elytron black with rufous sublateral pale streak, which may be
obscure or occasionally absent; pronotum black laterally, except for
marginal bead; scattered micropunctures in lines and occasionally
in meshes of elytra; smaller, 6.0-7.1 rom long .... .semipunctatus
Elytron black on disc and rufous or rufopiceous laterally, without
sublateral pale spot; pronotum rufous laterally inside of marginal
bead; numerous micropunctures at junctions of lines in elytral
sculpture; larger, > 6.7 rom long .......................... 19
Mesocoxae rufopiceous, similar to color of metasternum; apical half of
prosternal process slender, only 1.5 X width at constriction; male
with dense brush of setae on posterior of mesofemur; 6.7-7.4 mm
long.......................................... .aeruginosus
Mesocoxae rufous, much paler than metasternum; apical half of pro
sternal process broadly rounded, twice width at constriction; meso
femur of male without a dense brush; 6.7-7.8 mm long ..... .{alli
Large, > 9.5 rom long; elytra fuscous on disc and apically, broadly
testaceous laterally, especially toward base; elytral meshes very
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21(20).

22(21).

23(22).

24(23).

25(24).

26(25).

27(23).

28(27).

29(28).

THE GREAT LAKES ENTOMOLOGIST

179

small and irregular, especially on disc; basal protarsal segment of
male 2.5 times wider than distal segment; 9.6-11.0 mm long (Larson and Nilsson 1985 ............................ .fuscipennis
Smaller, < 9.2 mm long; elytral color and sculpture not as above;
basal protarsal segment of male < 2.0 times wider than distal
segment ............................................... 21
Elytra same color medially as black pronotum, very broadly rufous
laterally; 7.1-9.0 mm long ........................... .bicolor
Elytra may be infuscate on disc, but never black, and always paler
than pronotum.......................................... 22
Apical portion of prosternal process medially carinate, concave
laterad of carina; 8.0-9.1 rom long ................... .confinis
Prosternal process often convex apically. but never carinate and con
cave laterally ............. , ............................. 23
Elytral sculpture on disc of small, rather evenly-sized meshes that are
slightly smaller than meshes with a micropuncture; micropunc
tures conspicuous, almost completely filling meshes .......... 24
Elytral sculpture on disc of irregular-sized and -shaped meshes, which
either are mostly very small or are often larger than those with
micropunctures; some micropunctures may be small and inconspic
uous .................................................. 27
Pronotum with a reddish cast; gula and metacoxal plate rufous to
rufopiceou~, paler tha? metasternum; metasternal wing narrow,
WC/WS (FIg. I) > 3.2,6.8-7.6 mm long (Larson 1991) ......... .
· ......... , ................ , .................. .immaturus
Pronotum black; gula and metacoxal plate as dark or darker than
metasternum, usually black; metasternal wing wider, WC/WS <
3.0 ....................................................25
Pronotum broadly rufous laterally, width of rufous area about equal to
width of anterolateral projection; anterior protarsal claw of male
strongly curved at tip (Fig. 4); 6.6-7.6 mm long (Larson 1991) ...
· ............................................. .canadensis
Pronotum not broadly rufous laterally; anterior protarsal claw of male
not strongly curved at tip ...................... , ......... 26
Posterior protarsal claw of male widest and often angulate at apical
third, suddenly narrowed in apical fourth (Fig. 5); pronotum not
inflated. anterior of lateral bead rarely hidden in dorsal view;
metatibia usually with > 4 posteroventral punctures; larger,
7.6-8.7 mm long ............ , .................. .subfuscatus
Posterior protarsal claw of male widest at middle, ~adually narrowed
toward tip (Fig. 6); pronotum inflated so as to hIde anterior portion
of lateral bead in dorsal view; metatibia usually with < 4 pos
teroventral punctures; smaller, 6.5-7.9 mm long .... .phaeopterus
Elytra and pronotum piceous with an aeneous cast; numerous distinct
punctures in lines of elytral sculpture; 5.7-6.6 mm long ........ .
· ......................................... , .. .punctulatus
Elytra distinctly lighter in color than pronotum; micropunctures often
in meshes .............................................. 28
Elytral sculpture obviously unequal and irregular throughout, with some
meshes much larger than irregular-sized micropunctures ......... 29
Elytral sculpture unequal basally on disk. with uniformly-sized micro
punctures almost filling some meshes, which are larger than other
meshes ................................................30
Pronotum with lateral margin broadly rufous; metasternal wing nar
row, WC/wS > 2.6; 7.0-7.9 mm long ................. .discolor
Pronotum with bead and a very narrow area adjacent to it rufous;
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metasternal wing broad, WC/WS < 2.4; 6.4-8.4 mm long (Larson
1991) ........................................... .thomsoni
30(28). Larger, 7.6-8.7 mm long ........................... .subfuscatus
Smaller, 6.1-7.2 mm long ............................ .inscriptus
Agabus aeruginosus Aube, 1838
Distribution and Abundance: Rare in southwestern third (Table 1).
County records: 49, 52, 54, 61. Range: ON-MA-FL-IA
Habitat: Adults were found in shallow ponds and marshes.
Life Cycle: All adults were collected between 21 March and 23 April,
except one teneral adult that was found on 16 June. This indicates a type 1 or
type 2 Agabus life cycle; I am uncertain where adults overwinter because so
few were collected.
Identification: Adults resemble those of A. falli because of elytral sculp
turing and general coloration. In addition to characters in the key, they differ
from A. falli by having the lateral margin of the pronotum and anterolateral
margin of the elytra more broadly and distinctly rufous; in A. falii little more
than the bead of the pronotum is rufous. Adults are more broadly ovate than
those of A. falli. Matta (1986) described the larva.
Agabus ajax Fall, 1922
Distribution and Abundance: Not yet found in Wisconsin. Range: YK
LB+WY+UT.
Habitat: In Alberta Larson (l975) found adults amid emergent vegetation
in shallow water along warm, exposed margins of permanent ponds in
parklands and mixed forest areas.
Life Cycle: Larson (1975) did not collect adults before 20 June, and those
collected in June and early July were mostly teneral. He concluded that they
probably overwintered as larvae.
Identification: The relatively large size and light brown color of the prono
tum, elytra, and venter are distinctive.
Agabus ambiguus (Say, 1823)
Distribution and Abundance: Common statewide (Table 1). County
records: 1-4,7-8,10,12,14,16-24,26-32,34-35,37-68,70-71. Range: YK
NF-NC-CO-MN-MB-BC+ WA.
Habitat: Adults occur in all types of habitats. From April through
August, 84% were found in lentic habitats; from August through March, 58%
were found in lotic habitats, especially seeps, spring ponds, and vegetated
margins of streams, which Larson (1989) and I (Hilsenhoff 19861 believe to be
their breeding habitats. Larvae I believe to be this species were collected only
from lotic habitats, especially stream margins and spring ponds. These larvae
fit Barman's (1972) description and illustrations, although he reported collect
ing them from a temporary pond.
Life Cycle: Forty larvae presumed to be this species occurred from 3
October to 10 June, with additional larvae being found on 3 August and 13
September. Different sizes and instars often were in the same collection.
Teneral adults (7) were collected from 25 June to 29 September. Most adults
overwinter since 82% were collected from February through April and several
others (7%) were found from September into December, mostly in lotic habi
tats. Only 4% of adults were found from July through September, which
suggests death of overwintering adults and aestivation of recently emerged
adults, at least in dry summers. Larson (1989) observed copulating adults in
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the fall, as late as mid-November, and also in early spring. I believe this
species has a staggered univoltine life cycle, with mating and oviposition from
September into early April. Eggs probably hatch after a short incubation
period to produce larvae of various ages, which complete development from
June to September. This accounts for the long emergence period and the
presence of larvae and adults throughout the year.
Identification: The black pronotum and dark brown elytra with large
meshes containing distinct reticulate microsculpture is a distinctive combina
tion in adults. Occasional specimens with very dark or black elytra resemble
the larger A. leptapsis, but adults of A. ambiguus are distinctly smaller and
easily separated by other characters in the key. Barman (1972) described the
larva.
Agabus antennatus Leech, 1939 = A. clavatus LeConte, 1859
Distribution and Abundance: Common in southern third, uncommon in
central third, very rare in northern third (Table 1). County records: 3, 25-27,
29,39-40,43,48-49,52,54,56-59,61,63-65,67, 71-72. Range: AK-LB-MN
ND-UT.
Habitat: Shallow ponds in open areas are the normal habitat for this
species. McKenna Pond, a shallow pond with sedges (Carex, Eleochris), cat
tails (Typha), and bur-reeds (Sparganium) around the margin, was the source
of 76% of the adults that were collected.
Life Cycle: Sixty percent of the adults were collected in March and April,
16% in May and June, and 23% from mid-September into November; only 1%
were found in July, August, and early September. All teneral adults (20) were
collected between 2 and 29 June. Thirty-two larvae were found between 27
April and 8 June. This species has a type 1 Agabus life cycle.
Identification: Characters in the key separate adults from those of the
larger A. ajax. Males have distinctly clavate antennae, which are not found in
any other Wisconsin species. Watts (1970) described the larva, which has
swimming hairs (not more than 10) on each metatarsus.
Agabus anthracinus Mannerheim, 1852
Distribution and Abundance: Very common in northern third, less com
mon farther south (Table 1). County records: 1-23, 25-27, 29-40, 43-44, 46,
48-49,51,57-59,61,65-68,70-72. Range: AK-NF-MA-WV-ND-BC.
Habitat: Adults, including 31 teneral adults, were found in all types of
permanent len tic habitats.
Life Cycle: Seventy-eight percent of the adults were collected in March
and April, none before 28 March; another 14% were found in May and June,
and 5% were collected in July and August, one-fourth of which (13) were
teneral. The remaining 3% were collected from September to 1 November,
with only 3 adults «0.3%) being collected after 20 October. Teneral adults (31
in 18 collections) occurred between 28 June and 25 August, and more than 100
larvae that I believe to be this species were found from 15 May through 20
August, with final instar larvae not being found before 4 June. This indicates
a type 2 Agabus life cycle. Larval development is delayed because overwinter
ing adults return to various lentic habitats to feed and do not enter breeding
sites to mate and oviposit before late April or May. Only one-sixth of the
collections containing teneral adults were from sites where adults occurred
earlier in the year.
Identification: Adults are a medium-sized Agabus with a coarse elytral
microsculpture and an apically elongated prosternaltrocess. They are totally
black, except for appendages, rufous head spots, an the pronotal margin. In
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teneral and recently-emerged adults, elytra may be a very dark brown. The
larva is undescribed. Larvae tentatively identified as this species may include
other species as well, especially A. {aUi, a common species for which I have not
identified larvae.
Agabus bieolor (Kirby, 1837)
Distribution and Abundance: Fairly common in northern third, very rare
farther south (Table 1). County records: 1-3, 5, 12-15, 17-19, 23, 27, 65.
Range: AK-NS-WI-MB.
Habitat: At least 64% of the adults were found in association with Sphag
num, almost all in black spruce-tamarack (Picea mariana-Larix laricina)
swamps. The remainder were collected mostly from sedge-cattail marshes;
two were found in shallow ponds.
Life Cycle: Overwintering adults enter a variety of shallow habitats in
early spring to feed before flying to swamps, which I believe are their normal
breeding sites. Adults were collected 31 March through 22 August, with 59%
being collected in late March and April and only 12% being found after June;
none were teneral. While this suggests a type 2 Agabus life cycle, all other
species in Larson's (1989) confinis-group apparently have a type 3 Agabus life
cycle, and it is reasonable to expect that A. bieolor also does. Because A.
bieolor larvae develop in very cold water, they probably do not complete
development until late summer. The late-emerging adults likely enter overwin
tering sites and mate the following spring, which would account for the large
number of overwintering adults and absence of teneral adults. Thus, I suspect
that this species has a type 3 Agabus life cycle that is mostly or entirely
semivoltine.
Identification: Adults are easily distinguished from other species in the
eon{inis-group because the black pronotum is narrowly rufous laterally and
the elytra are also black, except for broadly rufous lateral margins. The larva
is undescribed.
Agabus biiarius (Kirby, 1837)
Distribution and Abundance: Common in northern two-thirds, fairly com
mon in southern third. County records: 1-4, 6, 8, 10-13, 15-19, 21, 23-25, 27,
29-30,32-33,36,39-40,42-49,54,56,59,61,64,66-67, 71-72. Range: AK·
LB-MA?-JL-WY-BC.
Habitat: Adults, teneral adults, and larvae identified as this species were
collected from a variety of shallow ponds, marshes, ditches, and swamps.
Life Cycle: Adults were collected from 21 March to 13 August, with 57%
being found in March and April and 39% in June. All adults that were col
lected in July and August (8 in 3 collections) were from black spruce-tamarack
swamps in the north. Forty teneral adults were collected between 9 June and
19 July; 26% of adults collected in June and 33% of adults collected in July
were teneral. Thirty-six larvae that fit Watts' (1970) description were collected
between 11 May and 29 June. This species probably has a type 2 Agabus life
cycle.
Identification: Elytral aciculations that are longitudinal basally and
become transverse distally distinguish this species. The larva, which was
described by Watts (1970), is easily recognized because of its short urogomphi,
which are only one-third the length of the last abdominal segment.
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Agabus canadensis Fall, 1922
Distribution and Abundance: Very rare in west (Table 1). County record:
50. Range: YK-BC-MB-WI-SD+CO.
Habitat: The only specimen, a male, was collected from the margin of a
stream on 19 May. Larson (1991) described the habitat as "temporary grass
land and parkland ponds."
Life Cycle: A type 3 Agabus life cycle is most likely since this is the life
cycle found in other members of Larson's confinis-group.
Identification: The broadly rufous margin of the pronotum and several
punctures along the posteroventral margin of the metatibia will separate
adults from those of A. phaeopterus, which they most closely resemble. The
strongly curved apex of the anterior pro tarsal claw of the male is diagnostic
(Fig. 4).
Agabus coniinis (Gyllenhal, 1808)
Distribution and Abundance: Rare statewide (Table 1). County records:
14, 18, 33-34, 38, 57. Range: AK-NF-WI-MN + WY +CO.
Habitat: Adults were found in sedge and cattail marshes, a sedge-grass
ditch, black spruce-tamarack swamps, the margin of a lake, and headwater
woodland pools of a soft-water stream.
Life Cycle: Two collections of teneral adults were made 22 June, which
shows that larvae develop in the spring. All other adults were collected
between 25 June and 22 August, except one that 'was found 29 April. This
suggests a type 3 Agabus life cycle.
Identification: The medially carinate apical J?ortion of the prosternal pro
cess with a concave area on each side of the carma is distinctIve. Because of
their relatively large size and fuscous elytra, adults most resemble those of A.
subfuscatus. Nilsson (1982) described the larva.
Agabus confusus (Blatchley, 1910) = A. amplus Fall, 1922
Distribution and Abundance: Very rare in south-central area (Table 1).
County record: 57. Range: WI-KY-AR-MO.
Habitat: Two adults and at least 11 larvae were collected from Parfrey's
Glen Creek; three larvae were reared to adult (Hilsenhoff 1974). All were
collected from under grass covered banks in rapid current where this very
small, rocky stream flowed through an open area. Since 1974, efforts to collect
additional specimens at this site were unsuccessful, probably because the
growth of trees and shrubs along the stream eliminated the grassy banks.
Life Cycle: Adults and larvae were collected 18 April; additIOnal third
instar larvae were collected 11 November and 1 April. Both larvae and adults
apparently overwinter in the stream. Larvae collected 18 April were reared,
becoming adults by 24 May. In the stream, larvae probably complete develop
ment and pupate in June.
Identification: Adults are easily identified by the key; because of their
large size and sublateral pale streak they resemble Ilybius more than Agabus.
Larvae are distinctive because they have numerous secondary setae on the
urogomphi (Hilsenhoff 1974).
Agabus discolQr (Harris, 1828)
Distribution and Abundance: Uncommon in northern third, rare farther
south (Table 1). County records: 3,7,12,19,66. Range: AK-BC-LB-NJ-IL-SD
CO.
Habitat: Almost 71 % of the adults were collected from a black spruce
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tamarack swamp in June. Others were collected from ponds, including two
teneral adults from a small cattail pond where an adult also was found in late
March. One adult was collected from a ditch. Apparently both swamps and
small cattail ponds serve as breeding sites.
Life Cycle: Adults were collected between 31 March and 11 August, with
15% being found before 6 June. Most adults (73%) were collected in June,
including two teneral adults that were trapped 6-9 June. I believe this species
has a type 3 Agabus life cycle.
Identification: The broadly rufous margin of the pronotum separates
adults from other confinis-group species with uneven microsculpture on the
disc of the elytra; in these other species usually only the bead is rufous.
Elytral sculpture varies, with meshes being larger in some individuals than in
others. Micropunctures within meshes are unequal in size and often very
small; they do not completely fill meshes as in A. inscriptus or A. subfuscatus.
About 70% of adults had distinctive, coarse, setose punctures on the pro
sternal process. Watts (1970) described the larva.

Agabus disintegratus (Crotch, 1873)
Distribution and Abundance: Fairly common in southern third, uncom
mon in central third, very rare in northern third (Table 1). County records: 16,
26,29-30,36,40,46,50-51,54-55,57,60-62,64,66, 69-72. Range: ON-PQ
MA-NC-TX-CA-IA.
Habitat: All adults and larvae were collected from ponds in open areas,
except one adult that was found in a sedge marsh.
Life Cycle: About 78% of adults were collected 27 March through 29 June
and 21% 15 September through 6 November; only one was found in July,
August, or early September. Eight teneral adults were collected 9-29 June,
and 34 larvae were collected between 11 May and 29 June. This species has a
type 1 Agabus life cycle. Aestivation of adults during the summer was docu
mented by Garcia et al. (1990).
Identification: Adults of no other species of Agabus with vittate elytra
occur in this region. The larva, which was described by Barman (1972), has at
least 25 dorsal swimming hairs on each metatarsus.
Agabus erichsoni Gemminger and Harold, 1886 = A. nigroaeneus Erichson,
1837

Distribution and Abundance: Common in northern third, uncommon in
central third, rare in southern third (Table 1). County records: 2-4, 6, 9-13,
17-21,25,27,30-33,35-37,39,42,49,57. Range: AK-NF-MA-MN+CO+UT.
Habitat: Adults, including 60 teneral adults, were found in a variety of
shallow ponds and marshes and occasionally in swamps. Seven larvae believed
to be this species were collected from vernal ponds, and one was found in a
permanent pond.
Life Cycle: James (1969) observed overwintering adults in southern
Ontario in late March and April, which laid eggs in vernal ponds in May and
June. The eggs then entered a diapause after brief embryonic development
and did not hatch until the diapause was broken the following spring after
three month's exposure to 0 C. He found that larval development was com
pleted in May and teneral adults appeared in mid-June; these adults then
aestivated, but not in the bottom of dried-up ponds. In late March and April
he found adults again in vernal ponds, thus completing a semivoltine life
cycle.
In Wisconsin all adults were collected between 19 April and 14 August,
84% of them in June. Sixty teneral adults were collected between 13 June and
0
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21 July (88% in June), and third instar larvae were found between 11 April and
23 May. Overwintering adults were rare, with only 9% of adults being found in
April and May; they appeared in ponds about three weeks later than in south
ern Ontario (James 1969) due to Wisconsin's colder winters. I believe this
species has a type 3 Agabus life cycle, with the univoltine life cycle predomi
nating in Wisconsin and the semivoltine cycle playing a minor role.
Identification: The large size, black color, and the slight, but distinct
notch just anterior to the anterolateral angles of the pronotum of adults Wig.
3) are distinctive. Adults resemble those of Ilybius, but lack sublateral and
subapical pale marks on the elytra. The larva was described by James (1969).
His description fits larvae that I believe are this species, except that his
illustration of the urogomphi does not show the dorsal seta on the basal whorl
to be posterior to the other setae. Larvae differ from most other lentic Agabus
larvae by lacking long setae on the last abdominal segment. They also resem
ble Ilybius larvae because the number of anteroventral and posteroventral
spines on the metatibiae is similar.

Agabus lalIi (Zimmermann, 1934) = A. sharpi Fall, 1922
Distribution and Abundance: Common in southern two-thirds, uncommon
in northern third (Table 1). County records: 2-3, 6, 14, 16, 19, 23, 25-27, 29-30,
32-35,39-40,42-45,47-49,51-52,54-57,59,61,63-65,67-68,70-71. Range:
AB-PQ-WI-ND.
Habitat: Almost all adults were collected from shallow ponds or marshes.
Life Cycle: Nearly 96% of the adults were collected between 19 March and
24 April. About 4% were found in June, including four teneral adults 27-30
June; two additional adults were collected 22 and 24 August from marshes
that had been dry until flooded by heavy rain. This suggests a type 2 Agabus
life cycle.
Identification: Numerous small punctures at intersections of the
impressed lines that form elytral meshes, along with rather broadly rufous
elytral margins, are quite distinctive. Female adults are dimorphic; 45 of 100
had a very coarse elytral sculpture with deeply impressed lines and very small
meshes. These females resemble A. anthracinus, but the meshes are smaller,
the underside of the head is rufous to rufopiceous instead of black, and the
prosternal process is not apically elongate as in A. anthracinus. Often the
epipleuron in A. {alii adults is somewhat lighter than the metasternum and
occasionally it is rufous, which may cause confusion at couplet 6 of the key;
however, it is never testaceous as in species that run to couplet 20.
Agabus lusdpennis (Paykull, 1798) = A. ontarionis Fall, 1922
Distribution and Abundance: Not yet found in Wisconsin. Range: YK-ON.
Habitat: Adults occurred in shallow water of Carex marshes (Larson
1975).
Identification: Adults are larger than other species that are mostly black
ventrally, have testaceous epipleura, and fine reticulate microsculpture that is
irregular in shape on the disc. In addition to characters in the key, the metati
bia has a row of posteroventral punctures that extends its entire length_
Agabus gagates Aube, 1838
Distribution and Abundance: Rare in south-central area (Table 1). County
record: 57. Range: ON-NS-NC-WI
Habitat: All adults were collected from small woodland pools at the head
waters of Otter Creek, a soft-water stream.
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Life Cycle: Adults, which undoubtedly overwintered, were found between
20 April and 8 June; none were teneraL Too few collections were made to
hypothesize a life cycle.
Identification: The relatively large size and rufous to rufopiceous venter
and epipleura make adults of this species relatively easy to recognize. Large
dorsal punctures on the outer side of the first three metatarsal segments are
found in adults of only one other species, A. erichsoni; the key readily sepa
rates adults of these two species.
Agabus immaturus Larson, 1991
Distribution and Abundance: Very rare in northeast (Table 1). County
record: 18. Range: WI+MI+NB.
Habitat: Two females were collected from sedge marshes 16 and 19 June.
Life Cycle: A type 3 Agabus life cycle is most likely since this is the life
cycle found in other members of Larson's confinis-group.
Identification: Adults are similar to teneral specimens of A. phaeopterus,
A. canadensis, and A. subfuscatus, but the gula and metacoxal plates are
rufous and lighter than the piceous metasternum, while they are darker or the
same color in teneral adults of A. phaeopterus and A. subfuscatus; in mature
specimens of those three species all of these structures are black. Adults of A.
immaturus are probably larger than those of most A. phaeopterus and smaller
than those of most A. subfuscatus; Wisconsin females were 7.8-8.0 mm long.
As in A. phaeopterus and A. canadensis, the pronotum is inflated.
Agabus inscriptus (Crotch, 1873)
Distribution and Abundance: Uncommon statewide (Table 1). County
records: 3, 5-6, 8,19,26,33-34,37,45,48,54,57,59,61. Range: AK-NF-NH
WI-MN+CO.
Habitat: Adults were collected from ponds, marshes, sloughs, and
swamps. Almost two-thirds of the specimens were collected in August from
swamps or other habitats with Sphagnum.
Life Cycle: The only teneral adult was trapped 30 May, which suggests
that overwintering eggs hatch in early spring and larvae complete develop
ment in late spring. Adults (11) collected before 30 May (23%) indicate that
significant numbers overwinter, probably in terrestrial habitats as evidenced
by an absence of collections after 3 September. This species probably has a
type 3 Agabus life cycle, but the semivoltine segment may be substantial due
to the cold Sphagnum habitat in which many larvae apparently develop.
Identification: Most adults are smaller than those of similar species and
have darker elytra. The elytral sculpture on the disc is distinctly uneven, with
numerous very small meshes along with slightly larger ones of varying sizes
and shapes. Adults resemble small, dark A. phaeopterus adults, but in that
species an inflated pronotum hides the anterior portion of the lateral bead
when viewed from above and elytral meshes are very uniform in size. The
posterior protarsal claw of males is not modified as in males of A. phaeopterus
or the larger A. subfuscatus. Agabus inscriptus adults should not be confused
with those of A. discolor, A. canadensis, or A. immaturus because in those
species lateral margins of the pronotum are broadly rufous; in A. inscriptus
adults little more than the lateral bead on the pronotum is rufous.
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Agabus Jeptapsis (LeConte, 1878)
Distribution and Abundance: Rare in northern third, very rare in southern
third (Table 1). County records: 9, 17-19,57. Range: YK-NF-NY-WL
Habitat: Ten adults (3 teneral in 4 collections) were found in shallow wood
land ponds. The remaining two adults (both teneral) were collected from a
vegetated slough adjacent to a river, which is the habitat described for this
species by Larson (1989).
Life Cycle: Ten adults, five of which were teneral, were trapped 16-19
June, 1986 in the north and two more were trapped 21-24 June, 1993 in the
south. This indicates that larvae complete development in early June, but the
type of life cycle remains unknown.
Identification: The black color (except teneral specimens), large size, large
elytral meshes with reticulate secondary microsculpture, sinuate base of the
pronotum, and confluent punctures on the metatibiae make adults of this
species distinctive.
Agabus obtusatus (Say, 1823)
Distribution and Abundance: Not yet found in Wisconsin. Range: ON-NS
NC-IA.
Habitat: Collections by Michael and Matta (1977) suggest an association
with slow streams, backwaters, beaver ponds, and impoundments.
Identification: The short, pale, sublateral streak and apical spot on each
elytron along with the unusual shape (widest at middle of elytra) separate
adults from other species in the western Great Lakes region. Adults most
resemble those of A. semivittatus, but the sublateral pale streak is much
shorter, and the apical portion of the prosternal process IS extremely flat and
lacks the greatly widened margin found in A. semivittatus (Fig. 2).
Agabus opacus Aube, 1837 = A. pseudoconfertus Wallis, 1926
Distribution and Abundance: Not yet found in Wisconsin. Range: AK-NF
MA-WA.
Habitat: Larson (1975) collected most adults from "margins of small wood
land pools, usually in mats of Calamagrostis canadensis."
Identification: Adults are very similar to those of A. wasastjernae, but are
distinctly larger. The basal protarsal segment of the male is expanded and
about twice the width of the distal segment; these segments are about the
same width in A. wasastjernae.
Agabus phaeopterus (Kirby, 1837)
Distribution and Abundance: Common in northern two-thirds, uncommon
in southern third (Table 1). County records: 1-6, 9-21, 23, 26, 30-31, 33-38,
40,42,44-49,51-52,57,59,61,66. Range: AK-NF-MA-WI-ND+CO.
Habitat: Most adults were collected from open or woodland ponds, but
several were also found in marshes, bogs, and swamps. All teneral adults (11
collections) were found in shallow ponds or sedge marshes. Many teneral
adults were among 222 adults trapped from receding waters of a northern
Carex marsh.
Life Cycle: About 86% of the adults were collected in June; teneral adults
occurred 4 27 June and larvae believed to be this species were found from 11
April through 9 June. Only 6% of the adults were collected before June,
mostly from 28 March through April. The remainder were found from 1 July
through 16 September. This indicates a type 3 Agabus life cycle.
Identification: Elytral pigmentation varies from testaceous to fuscous.
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Adults with infuscate elytra resemble those of A. subfuscatus, but they are
almost always smaller than that species. Large A. phaeopterus adults can be
separated from those of A. subfuscatus by characters in the key. The posterior
protarsal claws of males of these two species are diagnostic (Figs. 5-6). Sepa
ration of adults from those of A. inscriptus is discussed under that species.
Barman (1972) described the larva.

Agabus punctulatus Aube, 1838
Distribution and Abundance: Common in southern two-thirds, rare in
northern third (Table 1). County records: 2,6, 12,21,24-25,27,29,35,39-40,
42-48,52-53,57-59.61-64,66-67,70-71. Range: YK-AB-LB-WI-ND.
Habitat: Almost all adults were collected from ponds. mostly in open
areas.
Life Cycle: All teneral adults (25) were collected 2-30 June. Larvae
believed to be this species were found 24 May through 19 June, with one
additional larva being collected from a northern swamp on 22 August. About
79% of the adults were collected from 20 February through April, all except a
few between early March and mid-April. Another 19% of the adults were
collected in June, when emergence occurred; only 3% were found in May. None
were collected between 8 July and 6 October. when one was found; two more
were collected from a pond on 6 November. Sixty-five adults were trapped
from snow-melt water in McKenna 5-9 Pond March. 1992, when the bottom
and margins of the pond were solidly covered with ice. While I believe this
species probably has a type 1 Agabus life cycle, with adults flying to deep
ponds to overwinter and thus escape detection, it is possible they overwinter
In terrestrial habitats.
Identification: The small size and aeneous dorsal surface of adults is dis
tinctive. Elytral microsculpture consists of small, irregular-sized meshes with
numerous micropunctures in the lines. Females are dimorphic, with some hav
ing longitudinally elongated meshes with a secondary microsculpture.
Agabus semipunctatus (Kirby, 1837)
Distribution and Abundance: Very common in northern two-thirds, com
mon in southern third (Table 1). County records: 1-8, 10-23, 25-27, 29-45,
47-49, 51-54, 57, 59-61. 63-65, 67-68, 71-72. Range: AK-NF-NJ-IL-MN.
Habitat: Adults were collected from a variety of shallow ponds, marshes,
and swamps. All teneral adults were collected from marshes and swamps, but
only five collections contained teneral adults.
Life Cycle: No adults were collected after 22 August or before 25 March,
which indicates that they overwinter in terrestrial habitats. Almost 94 % of all
adults were collected from 25 March through April, mostly in early April.
Teneral adults were collected 21 to 30 June, and also on 13 and 14 August
from cold swamps. Third ins tar larvae that I believe to be this species were
found 5 May to 24 June, with one additional larva being collected on 23 July in
the north. This suggests a type 2 Agabus life cycle.
Identification: Adults are easily identified by their small size and an
almost solid black dorsum with rufous head spots, narrowly rufous lateral
margins of the pronotum, and a rufous sublateral streak on each elytron. The
fine elytral microsculpture has very small meshes of irregular shape and size
that are about as large as the micropunctures. The head and prothorax are
black ventrally, except for the mouthparts. The distinctive sublateral streaks
on the elytra may be obscure, and in about 3% of the specimens cannot be
seen.
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Agabus semivittatus LeConte, 1852
Distribution and Abundance: Uncommon in southern third and in east
central area (Table 1). County records: 44, 47-48, 50-51, 54-57, 59-62, 65,
67-68,70-71. Range: WI-ON-VA-TX-UT-NE.
Habitat: Adults normally occurred in streams, seeps, and spring ponds;
occasionally they were found in len tic habitats.
Life Cycle: Two very teneral adults were collected from a spring pond on 8
November. indicating larvae complete development in late summer and
autumn. Three-fourths of the adults were collected between 2 March and 12
May, showing that they overwinter in aquatic habitats. Only 6% of the adults
were found from July through October. The life cycle is probably very similar
to that described below for A. seriatus. another lotic species.
Identification: No other species in this region has the margin on the pro
sternal process greatly widened between the posterior third of the mesocoxae
(Fig. 2). The very long sublateral pale streak on each elytron, which often
reaches the apical pale mark, makes this species easy to recognize, but in older
specimens this mark is dark rufous and not as obvious. Barman (1972)
described the larva.
Agabus seriatus (Say, 1823)
Distribution and Abundance: Common in southern third, uncommon in
northern two-thirds (Table 1). County records: 2-3, 12, 14, 18, 24. 26, 28,
30-31.38,42-44,46,48-51,53-57,60-62,64,67-68, 70-71. Range: YK-NF
VA-CA.
Habitat: All adults and larvae were collected from lotic h®itats, espe
cially small, spring-fed streams.
Life Cycle: Adults were found in streams from February to November, but
only 9% were collected from July through September. Five collections of
teneral adults were made between 3 August and 22 October. Numerous larvae
were collected between 12 May and 30 August. I believe adults are the pre
dominant overwintering stage, but a large larva on 7 May suggests that some
larvae may overwinter. Most larval development probably occurs from late
spring through the summer, with development progressing slowly because of
the cold water in the spring-fed streams they inhabit. Pupation and emergence
occurs in late summer and autumn. Most overwintering adults probably die
after mating and oviposition, accounting for low numbers found throughout
the summer.
Identification: Adults are identified by their lotic habitat, relatively large
size and elongate shape, their almost uniform black color, and small meshes on
the elytra that often contain micropunctures of varying sizes. Matta (1986)
described the larva.
Agabus subfuscatus Sharp, 1882
Distribution and Abundance: Fairly common in southern two-thirds.
uncommon in northern third (Table 1). County records: 6-7, 11-12, 14, 18-21,
25,27-30,32-40,42,44-45,48-50,52,54-55,57,61,63,66-68,70-72. Range:
MB-PE-VA-AR-MN.
Habitat: Most adults were collected from ponds, including all teneral spec
imens; several adults were also found in marshes and a few occurred in other
habitats. I believe small ponds are the typical breeding habitat.
Life Cycle: Less than 10% of the adults were collected in April and May,
73% were found in June, and 16% occurred from 1 July to 17 September, all in
habitats described above; one additional adult was found in a spring pond on 1
October. All teneral adults (10) were collected between 2 and 18 June. Larvae
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that I believe to be A. subfuscatus were found 1 April to 23 May, with third
instar larvae occurring after 27 April. This species probably has a type 3
Agabus life cycle. One adult that was collected from under the bank of a large
river on 21 November may have been overwintering above the water line.
Identification: Male adults can be distinguished from similar species by
their modified posterior protarsal claw (Fig. 5). The elytra, which are deeply
infuscate except near the lateral margins. are darker than in A. canadensis, A.
immaturus, and most A. phaeopterus, but many adults of A. phaeopterus are
similarly infuscate. Some adults have irregular meshes on the disc of the
elytra and resemble those of A. inscriptus, but adults of that species are
distinctly smaller and males do not have modified protarsal claws.
Agabus thomsoni (J. Sahlberg, 1871)
Distribution and Abundance: Not yet found in Wisconsin. Range: AK-NF
NH+WY+CO.
Habitat: Larson and Nilsson (1985) described the habitat as "small pools
which have firm substrates but which may be ringed by mosses and may also
have dense stands of emergent Carex or Juncus."
Life Cycle: A type 3 Agabus life cycle is most likely since this is the life
cycle found in other members of Larson's confinis-group.
Identification: Adults can be separated from those of A. discolor, which
they most resemble, by characters in the key.
Agabus wasastjernae (C.R. Sahlberg, 1824) = A. kenaiensis Fall, 1926
Distribution and Abundance: Uncommon in northern third (Table 1).
County records: 10, 12-13, 15, 18-19. Range: AK-NF-WI-UT.
Habitat: All adults were collected from swamps, bogs, or sedge marshes
that contained Sphagnum.
Life Cycle: Adults were collected between 23 April and 14 August; none
were teneral. There is too little information to predict a life cycle.
Identification: These small, black beetles can be separated from adults of
other species with distinct secondary microsculpture by characters in the key.
They are very similar to adults of the lar~er A. opacus; separation is discussed
under that species. Nilsson (1982) deSCrIbed the larva.
Ilybius Erichson, 1832

The life cycle is apparently very similar for all species of Ilybius in Wis
consin and will not be repeated below under each species. Third instar larvae
are the primary overwintering stage and complete their development in late
spring. Almost all adults emerge between late May and early July, mate,
oviposit in permanent habitats, and die. Eggs hatch in mid-to late summer,
and larvae develop to the third instar and overwinter, thus completing a
univoltine life cycle. A small number of adults overwinter in terrestrial habi
tats (Galewski 1964) and return to breeding sites mostly in May to mate and
oviposit. These adults, which undoubtedly spent the previous winter as lar
vae, would thus complete a semivoltine life cycle for a portion of the popula
tion. I believe overwintering adults are individuals that did not mate in the
previous summer.
Although Nilsson (1986) found that species of Ilybius have a semivoltine
life cycle in northern Europe, there is considerable evidence that species of
Ilybius in Wisconsin have a mostly univoltine life cycle (Hilsenhoff 1986)
because the warmer climate permits most overwintering third instar larvae to

1993

THE GREAT LAKES ENTOMOLOGIST

191

complete development much earlier than in northern Europe. Almost all
teneral adults were collected between late May and early July, which would
allow ample time for them to mate and oviposit in suitable permanent habi
tats. Second instar larvae were found between 22 August and 18 October, and
third instar larvae between 11 September and 4 May. Only 1.5% of all adult
Ilybius were overwintering adults that were collected before 30 May, when
teneral adults began to appear. Only in 1. angustior (11.1 %) and 1. ignarus
(8.1 %) was this percentage higher than 2.8%, and in three species no adults
were collected before 30 May. Such a small overwintering population could not
sustain a species unless a univoltine life cycle also existed. From 30 May to 20
June numbers of Ilybius adults steadily increased, and during this period
more than 20% of the adults were teneral. Peak numbers of adults (except 1.
fraterculusl occurred from 21-30 June, when only 3.5% were teneral and
20.6% of all adults were collected.
No descriptions of Ilybius larvae from North America have been pub
lished, but Nilsson (1981,1982) described larvae of 2 Holarctic species (angus
tior and subaeneus). I was able to recognize larvae of seven different species
from Wisconsin, but reared only larvae of 1. fraterculus and 1. biguttulus; I
was unable develop a reliable key to species of larvae.

Key to Species of Adult Ilybius in Wisconsin
1.

2(1).
3(2).

4(2).

5(1).
6(5).

Metasternum and metacoxae black or piceous, except in teneral speci
mens, and similar to color of elytra; elytral sculpture with small,
irregular, but elongated meshes, or with distinct reticulate micros
culpture .................................................2
Metasternum and metacoxae rufous to rufopiceous, lighter than elytra;
elytral sculpture with several elongated meshes in basomesal
fourth ......................... , .................... , ....5
Metatibia punctate over almost entire ventral surface .............3
Metatibia with distinct punctures confined to base and anterior of ven
tral surface .............................................. .4
Epipleura and prosternum rufopiceous and paler than other thoracic
sterna; penis tapering to narrow, faintly reflexed apex (Fig. 7);
shorter metatarsal claw of male with ventral margin sinuate at mid
dle and slightly expanded just beyond (Fig. 9); 9.4-10.2 mm
long ............................................. .angustior
Epipleura and prosternum same color as other thoracic sterna, usually
black; penis with apex parallel-sided apically and rounded at tip (Fig.
8); shorter metatarsal claw of male narrowed from middle to near
apex (Fig. 10); 8.5-9.8 mm long........................ .picipes
Elytral sculflture of moderate-sized meshes, each mesh with several
meshes 0 secondary microsculpture; 7.5-9.0 mm long .. .discedens
Elytral sculpture of irregular meshes too small to have several meshes
of secondary microsculpture; 8.1-9.6 mm long........... .ignarus
Metatibia punctate over almost entire ventral surface .............6
Metatibia with distinct punctures confined to base and anterior of ven
tral surface...............................................7
Sides of elytra and pronotum broadly rufous; sublateral pale streak

::y~~~ .~r.o.a~, .~~ .~i~~i.~c.t. (.1:~.~ ~:~ .~~l: .~~r~. ~~.~e:pi;~~~i:~~

Sides of elytra and pronotum not broadly rufous; sublateral pale streak
< 1.0 mm long; smaller, 8.9-11.1 mm long (Larson 1987) ........ .
.. .... .. . ... ......... .... ....... . .... .. .... ..... .subaeneus
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7

8

13

Figures 7-13. 7-8. Apical 1.0 mm of penis. 7.1lybius angustior. 8.1. picipes. 9-10. Right
metatarsal claws (dorsal view). 9.1. angustior. 10.1. picipes. 11-13. Apical portion of
last abdominal sternum of female. 11.1. fraterculus. 12.1. biguttulus. 13.1. incarinatus.

7(5).
8(7).

9(8).

10(9).

Metasternal wing very narrow, WC/WS (Fig. 1) > 5.0; 8.9-10.7 mm
long (Larson 1987) ................................... .oblitus
Metasternal wing broader, WC/WS < 4.0 .......................8
Head almost entirely rufous, with small darker area between eyes;
metasternal wing quite narrow, WC/WS > 3.3; larger 10.8-12.2 mm
long ............................................. .confusus
Posterior of head dark, with pair of rufous spots between posterior
margin of eyes; metasternal wing broader, WC/WS < 3.3; mostly
smaller, < 11.4 mm long ...................................9
Subapical pale spot on elytra absent or obscure, more obscure than
submarginal pale streak; parameres with tapered setae on mesal
face; notch in last abdominal sternum of female almost a right angle
(Fig. 11); 9.6-11.4 mm long ........................ .fraterculus
Subapical pale spot on elytra usually distinct, at least as distinct as
submarginal streak; parameres with sucker setae on mesal face;
notch in last abdominal sternum of female obtuse (Figs. 12-13);

M~~7~~~h6

a;: l~rfa~t ~bd~ri~~' ~te~~~ '~~ri~~t~; .~'o'st'~~~h~~ .~~

basomesal fourth of elytranot elongate, rarely more than 3 times as
long as wide; female with apex of last abdominal sternum obtusely
notched (Fig. 12); 9.3-11.0 mm long ................. .biguttulus
Apex of last abdominal sternum in male not carinate; many meshes on
basomesal fourth of elytra elongate, often more than 5 times as long
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as wide; notch in apex of last abdominal sternum of female very
obtuse (Fig. 13) .................................. .incarinatus

Ilybius angustior (Gyllenbal, 1808)
Distribution and Abundance: Rare in north (Table 2). County records: 2, 6,
9,17-18,24.37.43. Range: AK-NF-YA-ND-WA+WY+CO.
Habitat: Collections were made in cattail ponds, a spring seep, a beaver
pond, a river slough, and the margin of a river. Five of the nine adults, includ
ing two teneral specimens, were associated with lotic habitats.
Life Cycle: Adults were collected between 9 May and 16 September; most
were found in June, including teneral specimens 14 and 18 June, and 14 July.
Identification: Adults are very similar to those of 1. picipes, but charac
ters in the key readily separate these species. Except in teneral specimens,
adults of 1. picipes are usually entirely black, and distinctly darker on the
prosternum than those of 1. angustior. Teneral females cannot be reliably
separated from 1. picipes.
Ilybius biguttulus (Germar, 1824) (includes L laramaeus LeConte, 1859)
Distribution and Abundance: Common statewide (Table 2). County
records: 1-2,4-21,23-27,29-40,42.44,46-53,55-58, 60-64,66-68, 71-72.
Range: MB-NF-GA-MO-NM-UT-ND.
Habitat: Most adults were found in permanent ponds and marshes, but
several were also found along margins of streams and in other habitats such
as sloughs and swamps. Eighteen percent of the 64 collections of larvae that I
believe to be this species were from margins of streams. Ilybius biguttulus
apparently breeds in a variety of lentic and lotic habitats.
Life Cycle: All teneral adults (l8), except two, were collected between 30
May and 2 July. Two were found in northern sites on 20 July and 24 August,
the latter in a cold Sphagnum swamp.
Identification: Male adults that are not teneral are unlikely to be confused
with any other species. Other species in which male adults have a carina on the
last abdominal sternum have either black venters (angustior, picipes, ignarus)
and/or punctures covering most of the ventral surface of the metatibia (angus
tior, picipes, subaeneus, pleuriticus). Because basomesal meshes of male
adults are not appreciably stretched, teneral males that lack pigmentation
may be confused with those of the generally smaller 1. ignarus. However, the
anterior protarsal claw is not sinuate on the inner margin as in 1. ignarus.
Female adults resemble those of 1. incarinatus and 1. fraterculus, but in both
of those species females have numerous elongate meshes in the basomesal
fourth of their elytra; in 1. fraterculus adults the subapical pale spot on the
elytra is absent or extremely obscure.
lJybius confusus AuM, 1838 (= 1. denikei Wallis, 1933)
Distribution and Abundance: Rare in northwest, west-central, and south
east areas (Table 2). County records: 7, 25, 70. Range: ON-ME-MD
WI+NE+NS.
Habitat: One adult was collected from the margin of a stream in June; the
remainder, including all teneral adults, were found in permanent ponds.
Life Cycle: All collections were made between 8 June and 20 July, with 7
teneral specimens (3 collections) being found between 8 and 19 June.
Identification: Adults most closely resemble 1. in carinatus, but all Wis
consin specimens were distinctly larger than that species. Their large size,
narrower metasternal wings, and mostly rufous head set them apart from
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other species, all of which normally have a black head with two rufous spots
between the posterior third of the eyes.
llybius discedens Sharp, 1882
Distribution and Abundance: Common in northern third to rare in central
area (Table 2). County records: 1-6, 8, 11-13, 15, 17-18,33-34. Range: AK
NF-WI+IL.
Habitat: Almost all collections were from Sphagnum swamps, which usu
ally also contained black spruce and tamarack.
Life Cycle: Only one adult was collected (26 April) before 20 May, and
none were collected after 27 August. Teneral adults were collected 23 June and
14 August. Larval development is probably completed later than in bther
species because of the colder habitat, which suggests that a semivoltine life
cycle may occur in a larger portion of the population.
Identification: Characters in the key should separate adults from those of
other species with black venters. In addition, males have a distinctly emargin
ate last abdominal sternum, an elongate penis that is recurved near the tip,
and lack sucker setae on the parameres. Female adults have natatory setae on
the inner (ventral) margin of the metatibia and first metatarsomere, which are
found only in males of other species of Ilybius.
11ybJus fraterculus LeConte, 1862
Distribution and Abundance: Fairly common in southern two-thirds,
uncommon in northern third (Table 2). County records: 1, 3, 6, 11, 21, 24-25,
38, 43, 47-49, 58-59, 61, 67-68, 70-72. Range: NT-MB-MI-SD-NM-CA
BC+NY.
Habitat: Adults were found in permanent ponds in open areas. Eighty-six
percent of the adults were collected from McKenna Pond, a normally perma
nent pond with cattails, bur-reeds, and sedges along its margins.
Life Cycle: Adults were collected 21 May to 6 October, 89% of them in
June and July. Only 0.8% were collected before 30 May and less than 6% were
found after August. Numerous teneral adults were collected between 1 and 16
June. In 1976 the first teneral adult was collected from McKenna Pond on 1
June, and on 9 June, 348 adults were collected; about 20% were teneral and
the remainder obviously had emerged recently. The next sample on 23 June
contained 177 adults, none of which were teneral.
Identification: Almost all adults lack subapical pale spots on the elytra;
rarely an obscure rufous spot is present, which is always more obscure than
the rufous submarginal streak. This allows easy separation from adults of 1.
biguttulus and 1. incarinatus, which are similar in size and color. Males lack
sucker setae on the parameres, which are found in similar species, and the
notch on the last abdominal sternum of females forms nearly a right angle; it
is obtuse in L biguttulus and 1. incarinatus. The subapical spot may be rufous
and rather obscure in some L confusus, but that specIes has a narrower meta
sternal wing (WC/WS > 3.3; < 2.9 in L fraterculus).
11ybJus ignarus (LeConte, 1862)
Distribution and Abundance: Uncommon in southern two-thirds, rare in
northern third (Table 1). County records: 9, 11, 15, 19, 26-27,33-34,39,42,
44-45,47-48,50-51,56-57,59-61,65,67,71-72. Range: ON·NS·NJ·WI.
Habitat: Most adults were collected fromlermanent marshes, but many
were also collected from margins of ponds an swamps.
Life Cycle: About 78% of adults were collected in June. The remainder
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were found between 18 April and 20 August. Three teneral adults were col
lected 9-13 June.
Identification: The black venter, small size, small meshes on the elytra,
and lack of numerous punctures on the ventral surface of the metatibia distin
guish adults from all other species. Separation of poorly pigmented teneral
males from the usually larger males of 1. biguttulus is discussed under that
species.
llybius incarinatus Zimmermann, 1928
Distribution and Abundance: Very rare in northern third, uncommon in
central third, fairly common in southern third (Table 2). Co~nty records: 21,
26, 32, 39, 44-45, 48-52, 55, 57, 59-61, 67, 71-72. Range. ON-PQ-DC-MI
IA+TN.
Habitat: All adults were collected from permanent ponds or marshes;
more than half of the adults were trapped from the Horicon Marsh, a very
large marsh with numerous cattails.
Life Cycle: All adults were collected between 30 May and 24 August,
except two that were found 28 September; 67% of the adults were found in
June. Teneral adults were trapped between 9 and 26 June at five sites in the
southern half of Wisconsin.
Identification: Separation of adults from those of 1. biguttulus, 1. contu
sus, and 1. fraterculus, which they most closely resemble, is discussed above
under those species.
Ilybius QbJitus Sharp, 1882
Distribution and Abundance: Not yet found in Wisconsin. Range: MI-MA
SC-LA-KS-IN
Habitat: Michael and Matta (1977) reported tbat "this species seems to
prefer ponds or pools without detritus or leaf litter.~
Identification: The very narrow metasternal wings and short prosternal
process that extends only to the middle of the mesocoxae are distinctive.
Ilybius picipes (Kirby, 1837)
Distribution and Abundance: Fairly common statewide (Table 2). County
records: 2-4, 6-7, 9,12-15, 17-18,23,25-27,29-30,33-34,36,38-40,44,
47-48,51,57,59,61,67-68.72. Range: AK-PQ-IL-MN-AB.
Habitat: Adults were collected from permanent marshes, swamps,
sloughs, and margins of ponds; they did not appear to be habitat specific.
Life Cycle: All adults were collected in June, July, and August, except
single specimens on 7 May and 10 September. Teneral specimens (10) were
found between 7 and 19 June.
Identification: Adults closely resemble those of 1. angustior; separation is
discussed under that species.
Ilybiu8 pJeuriticus LeConte, 1850
Distribution and Abundance: Uncommon in northern two-thirds (Table 2).
County records: 1-2,4,7-9,11-13,17,19,25-26,30,34,37,44. Range: YK
NF-PA-SD-BC.
Habitat: Three of four teneral adults and one-third of the other adults
were collected from streams, river sloughs, and spring ponds, indicating an
association with lotic or semi-IoUc habitats. Most of the remaining adults
were collected from permanent ponds; a few were found in marshes, bogs, or
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swamps. Twenty-four percent of collections of larvae believed to be this spe
cies also were from lotic habitats.
Life Cycle: One adult was collected 4 May, and another 9 September; all
others were found in June, July. and August, with 64% being collected in
August. All teneral adults were collected 8-19 June.
Identification: Adults are larger than all other species, except 1. confusus
and a few 1. fraterculus. The combination of large size, prominent submarginal
pale streak on the elytra, and numerous punctures on the ventral surface of
the metatibiae distinguishes adults.

Ilybius subaeneus Erichson, 1837
Distribution and Abundance: Very rare in extreme north (Table 2). County
record: 2. Range: AK-NF+ WI + WY + UT+CO.
Habitat: The only adult, a female. was collected 1 June from a slough
bordering Lake Superior at the mouth of the Cranberry River.
Identification: Adults of this species could be confused only with those of
1. pleuriticus. which are larger, have a longer, wider sublateral steak on the
elytra, and have elongated, serpentine meshes on the elytra. Elytral meshes in
1. subaeneus are small and irregular in shape. The Wisconsin female was 10.8
mm long.
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INTERACTION BETWEEN VISUAL AND PHONOTACTIC ORIENTATION
DURING FLIGHT IN MAGICICADA CASSINI (HOMOPTERA: CICADIDAE)
Thomas E. Moore 1 , Franz Huber 2 , Theo Weber2 , Ulla Klein 2 , and Cornelia Bock 2

ABSTRACT
Visual and phonotactic orientation often occur simultaneously in diurnal
cicadas. and these animals generally have their largest sensory elaboration in
eyes and hearing organs. Phonotactic orientation occurs principally during
flight. Males and females of Magicicada cassini commonly perform low
altitude « 5 m) and shon-distance « 15 m) flights in their natural habitat at
flight speeds of 3 to 6 m/s. During flight, the long body axis is tilted 10° to
45 head upward. Wing beat frequencies of tethered animals at 24° to 26°C
averaged 28.8 Hz. Body temperature in the field for flying individuals aver
aged 4.6°C above ambient.
Compound eyes of females possess about 7% more facets than males, and
the binocular field of view for both is especially expanded dorsa-frontally,
frontally, and fronto-ventrally.
The role of vision for phonoresponses, and in flight and landing behavior.
was studied in nature by comparing controls with cicadas with eyes partly to
completely covered with aluminum paint. Cicadas with their three ocelli cov
ered behaved like controls and exhibited low-altitude and short-distance
flights with landings on neighboring shrubs, as did cicadas with only both
caudal halves or both dorsal halves of the compound eyes covered. Those with
both compound eyes covered completely (with or without additionally cover
ing the three ocelli) flew to higher altitudes and for longer distances. Higher
and longer flight courses were also seen in cicadas (A) with only one compound
eye covered. which in addition circled during walking and flight toward the
side of unrestricted vision, (B) with both frontal or both ventral halves of their
compound eyes covered. and (C) with either the binocular or monocular fields
of the eyes covered. Thus. the paired fronta-antero-ventral regions of the
compound eyes provide visual information for habitat-dependent low-altitude
flights and landings.
Females with intact compound eyes and ocelli responded to playbacks of
just the frequency/intensity sweep at the end of the buzz in calling songs of a
male by flying within 1.2 m above the ground and landing on a nylon screen
covered small bush directly above the loudspeaker from distances of 2 to 8 m.
mostly from lower vegetation. Males that were blinded, or blinded and deaf
ened, sang less and flew less than normal males. However. they performed all
of those behaviors, and all also walked and fed.
Q

,

Periodical cicadas (Magicicada. Tibicininae) are known for synchronized
adult emergence and noisy aggregations of millions of individuals of three

IMuseum of Zoology, The University of Michigan. Ann Arbor. MI, 48109-1079.
2Max·Planck-Institut fUr Verhaltensphysiologie. D·82319 Seewiesen. Germany.
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intermingled species in each brood population (Alexander and Moore 1962).
Broods are isolated geographically and chronologically, such that in some
years no periodical cicada adults emerge, and most areas of the eastern United
States have only one brood population appearing as adults at intervals of
either 13 or 17 years.
In all Magicicada species, daily flights affect spacing and aggregation of
both sexes during feeding, chorusing, mating, and ovipositing. Flights are
mediated by both acoustical and visual cues. Each species in these aggrega
tions establishes mating leks. These aggregations continue to mix, every day
and unpredictably, during the emergence period. Toward the end of the repro
ductive season, males die sooner than females, leading to little or no chorus
ing, and then females disperse progressively further from the lek sites. The
cohesive effect of the acoustical cues of chorusing males on these cicada popu
lations is obvious.
Both sexes of all six species of periodical cicadas live and feed on shrubs
and trees of different species, sizes, and shapes, and females lay eggs in their
living twigs. Their niches overlap almost completely, the three species of 13
year or 17-year cicadas being separated principally by diurnal acoustic behav
ior leadin~ to aggregation sites that change every day and are seldom exclu
sive to a smgle Magicicada species. Adults frequently change location in these
complex visual environments by short-distance and low-altitude flights.
which we call bush-hopping. These flights are associated with sound commu
nication and reproductive activities and are most commonly observed during
bright sunlight and at ambient temperatures above 25°C with little wind
(Alexander and Moore 1958,1962; Dunning et al. 1979). Otte (1990) and Toms
(1992) discuss the common correlation between hearing and flying in orthop
teroid insects, interactions basically similar to those found in cicadas.
The present paper describes the interaction of vision (compound eyes and
ocelli) and phonoresponses of males and females of Magicicada cassini (Fisher)
in walking, but especially in flight and landing behavior, within a natural
habitat.

MATERIALS AND METHODS
Field work was done in a second growth wooded and recently grazed area
in Jackson County, Missouri, southeast of Kansas City, from 7-23 June, 1981.
Predominant woody vegetation at this site included smooth sumac (Rhus
glabra), dogwood (Comus sp.), elderberry (Sambucus canadensis), honey
locust (Gleditsia triacanthos), osage orange (Maclura pomifera), slil?pery elm
(Ulmus rubra), and black walnut lJuglans nigra), surrounded by mIxtures of
grasses and forbs. The shrubs ranged to several meters in height and the taller
trees ranged to about 10 m in height.
The study period was in the middle of the adult emergence of Brood IV 17
year cicadas. That site had Magicicada cassini in large numbers (at least
40,000/hectare), a very few M. septendecim (Linnaeus) (perhaps 200/ha), and
no M. septendecula Alexander and Moore- but extensive choruses of septen
decula were heard high in trees several km away. At the beginning of the
study period a strong chorus of cassini was present with ovipositing females
and mating pairs abundant; only a few adults still emerged each night for the
next several days. Despite sampling several hundred living and dead individ
uals during the entire period, we found no individuals infected with the para
sitic fungus Massospora cicadina Peck, and therefore, the behaviors reported
are not likely distorted by disease.
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Temperature Measurements
Daytime ambient temperatures ranged from 18.9°-33.5°C (x = 26.5°C)
during the 10 days between 8 and 23 June on which we made our observations,
and percent relative humidity ranged from 44%-79% (x = 63.8%) during the
eight days in that period on which we recorded it (measured by a sling psy
chrometer with mercury thermometers). Insect body temperatures were mea
sured using a Bailey BAT-12, battery-operated, thermometer with an IT-IE
sensor thermocouple (copper/constantan) inserted into the mesothoracic mus
culature and read after a standard delay of 1-2 s. Flying cicadas were hand
caught and immediately punctured with the temperature sensor to record
body temperatures. Wing beat frequencies of cicadas in free flight in the field
could not be detected from background noises, so wing beat frequencies of
hand-held (by the legs) cicadas in the field were recorded at 19 cmls with a
Roberts Stereo tape-recorder and analyzed later with a storage oscilloscope.
Flight Posture and Speed
Body posture during flight was estimated in the field and measured from
still photographs of flying cicadas (in 1981, and from Brood V in 1982 in Ohio).
Photographs were projected and body angles determined with a protractor
(lense axis parallel to soil surface). Body postures during flight were similarly
estimated from stopped frames of 16 mm and 8 mm movies. Flight speeds
were recorded with a stop watch during continuous straight and slightly
upward-directed flights from a takeoff site in a shrub to a landing site in a
taller tree (horizontal distance 11 meters) at times of the day with little or no
wind.
Eye Measurements and Visual Field
The red-pigmented compound eyes of all periodical cicadas exhibit princi
pal pseudopupils (Fig. 1 D) which can be used to determine the binocular field
of view (Stavenga 1979). Cicadas, with legs and wings cut off, were positioned
on a goniometer (homemade, courtesy of K. Kirschfeld, TObingen). Bright
white light from a)ight guide was directed from the side, and both compound
eyes were illuminated from above in the axis of view of the observer, using a
semitransparent mirror positioned at 45 0. The animal, either dorsal or ventral
side up, was adjusted such that its head could be rotated around the pitch and
roll axes. In each zero - or centered - position, the principal pseudopupils (Fig.
1) appeared at the same distance from the inner border of their corresponding
eyes. Then the head was tilted in steps of 10° throughout 360° in the pitch
axis. At each step of pitch, the binocular overlap was measured by tilting the
head in the roll axis (left and right) until the principal pseudopupil disappeared
in each eye at the inner border of that eye. Morphometric measurements of
heads of males and females were taken with width of the vertex as the main
parameter; size of compound eyes was determined by measuring the total
head minus the width of vertex and dividing by 2, with vertical and horizontal
axes of compound eyes and ocelli determined with a measuring, dissecting
stereomicroscope.
Visual Orientation and Light Intensity
For visual orientation tests, the eyes and/or ocelli of freshly caught cica
das from nearby shrubs were covered with Testor Enamel #1146, "Silver"
(powdered aluminum in lacquer, Testor Corp., Rockford, Ill., USA). The
enamel dried within 30 s, whereupon they were returned to the cage until
tested. Cicadas that displaced small patches of enamel during vigorous
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Figure 1. A-B, outline orientation of structures of the head of Magicicada cassini,
viewed from dorsal (A) and frontal (BI aspects; principal pseudopupils (stippled areas in
A and B) are diagrammed to scale according to zero head position. C, scanning electron
micrograph of the whole left compound eye, viewed frontally. D, light microscope photo
graph of a sector of a compound eye exhibiting a principal pseudopupil (frontal area,
orientation as in left compound eye in B).
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grooming of the head with the front legs were not used. To gain some idea of
the effectiveness of blinding with enamel, we measured the drop in sunlight
intensity through a piece of clear plastic with an enamel-covered section with
a Weston Electric Sunlight Illumination Meter, Model 756, under five sun
light intensities, each read twice (10 measurements), At 38,736 lux, the
enamel-covered plastic sheet caused a drop to 10.76 lx, at 81,776lx a drop to
32.28 Ix. As the plastic alone caused a drop from 34,432 to 32,280 lx, and from
81,776 to 76,396 lx, the enamel reduced light intensity at a covered eye by at
least three orders of magnitude; form vision was completely abolished.
For observation of walking, takeoff, and flight course, single animals were
placed on a platform (surface area 30 x 30 cm) covered with either a black
curtain or a grey screen placed 30 cm above ground in the center of the
experimental area, as shown in Figs. 2 and 7-12. Before takeoff, verbal
descriptions of walking behavior and orientation of the cicada with respect to
sun position and wind direction were recorded on tape, and, in some cases,
filmed at 24 frames's with a Super 8 mm movie camera (Nizo 4080 with 1:12
zoom lens and macro lens) and evaluated as shown in Fig. 3. Tests were carried
out during times of bright sunlight with little or no wind (speeds below 1.33 ml
s), between 1000 and 1600 hr. At these times the general area was filled with
competing conspecific choruses of unpredictably varying intensities in every
direction, but the three taller trees (T) behind the vehicle and not far from the
platform (Figs. 2 and 7-12) often had a little smaller chorus than much of the
surrounding vegetation.
After takeoff, verbal descriptions of the flight courses, altitudes, and
directions (including changes by circling, drifting, etc.) were tape-recorded and
later drawn onto a map (.f the habitat. Sun position, wind direction and speed,
ambient temperature, time of day, and landing site (if seen) were listed for
each flight.
Locomotor and Singing Behavior
Experiments on locomotor and singing behavior of blinded and of com
bined blinded and deafened males were carried out under sunny conditions on
three different days using cicadas held in caged trees. Four small trees (Fig. 2),
1.5 m tall, were covered with white nylon netting. Vegetation in the surround
ing area higher than 60cm was removed. The caged trees formed an irregular
"T," three were about 12 m apart, the fourth was 26 m from the end two and 30
m from the middle tree. Temperatures recorded inside versus outside the
cages were within I°C of each other. Sunlight intensity measured inside ver
sus outside the cages varied depending on the relative proportions of leafiness
of the trees and whether or not they were shaded by vegetation 5-10 m in
height. The northernmost cage, with a 21,520 Ix reduction in light intensity,
contained the animals with only compound eyes covered in both kinds of
experiments, and that caged tree was also closest to the largest nearby trees
which contained the strongest consistent chorus. We used the southernmost
cage for control (normal) males in both kinds of experiments, and for subse
quent phonotactic experiments as well; it had a reduction in sunlight intensity
of 8,608 Ix inside the cage. The other two cages had only 2,152 lx reductions.
For blinding cicadas, we used the same enamel described above; for deaf
ening, we removed the lateral portions of both tympanal membranes with fine
forceps, aided by a binocular dissecting microscope; in both cases we used
freshly caught males from surrounding vegetation. All animals were given a
minimum of a half hour in the cages before beginning 5-minute observation
periods. Blinded males were studied on 9 June, 1123 to 1646 hr, with wind
speeds of only 0.28-1.9 mls and ambient temperatures of 30-35.6°C, in four
observation periods for a total of 20 min of observations, 25 males per cage, in
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A

B

Figure 2. Diagrams of major landmarks and proportional contours of principal vegeta
tional horizons of the experimental area from two views: A, viewed from the south
southeast; and B, viewed from the wefit. Grassy areas and smaller shrubs (up to 1 meter)
in the foreground; shrubs and trees with a height above 4 m comprise the horizon; three
taller trees indicated adjacent to parked car and near cicada releasing platform;
c-shrubs covered with nets which contained captured cicadas used for experiments on
effects of blinding and deafening; open rectangle-site of parked car; closed square
location of platform for releasing cicadas; larger and longer three sides of an open
rectangle in A-region of lowest vegetation without shrubs used as access route for car.

the following factorial combinations: control (normal) males, only ocelli cov
ered, only compound eyes covered, both compound eyes and ocelli covered.
Males both blinded and deafened were studied on 16 June, 1440-1650 hr, at
ambient temperatures of 24.9-28.5°C, and again on 17 June, 1346 to 1700 hr,
at 28.8-30.5°C, at wind speeds comparable to those on 9 June, with three
observations per day for a total of 30 min of observations, 20 males per cage,
in the following factorial combinations: control (normal) males, only deafened
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Figure 3. Computerized diagram of walking (solid line) and flight (dashed line) courses
from a 17.5 second cinematographic record (24 frames/s) of one Magicicada cassini male.
Triangle indicates the start (on the platform), circle indicates the end of the record.
Longitudinal axis of body in relation to mean trajectory, measured every 250 ms
(6 frames), shown by thinner solid lines.

males, males with only compound eyes covered, males both deafened and with
compound eyes covered.
Phonoresponses Involving Flight
Flight during phonotaxis was stimulated by playing a tape-recorded loop
of shortened buzzes without ticks, cut from tape-recorded calling songs of M.
cassini, on a Nagra 4.2L tape-recorder at 38 cmls through a Nagra DA Ampli
fier with added Jensen Supertweeter. The supertweeter speaker pointed
directly upward, placed next to the trunk of a 1.5-m-tall tree covered with
nylon screening in which 20 males were enclosed. The 6 s tape loop contained
five buzzes lasting 0.8- 1.0 s each, separated by silent intervals lasting
0.25-0.42 s. This part of the song was broadcast at a volume slightly exceed
ing the background sound-pressure levels, between 1630 and 1700 hr on 19
June for durations of 30 s each time, followed by a silent period of at least 30 s
during which responses of freely flying animals from surrounding vegetation
were noted at the nylon-covered tree.
RESULTS
Wing Beat Frequency, Flight Speed, and Body Temperature
Analyses of recordings of wingbeats of females (N = 7 from two females,
range = 20-39/s, SD = 6.9, at 26°C) showed a mean of 28.1 wingbeats/second;
while for males (N = 8 from three males, range 25-39/s, SD 5.1, at 24°
26°C), the mean was 29.3/s. Thus, both sexes showed similar wingbeat fre
quencies. We also measured thoracic body temperatures for 19 males and 12
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females that were flying or had just landed from a flight. For males (range =
26°-35.8°C), the mean was 3l.9°C, and the mean elevation above ambient
25.3°
temperature was 4.3°C (range = 2.2° - 8°C). For females (range
34.3°C), the mean was 27.1 °e, with a mean elevation above ambient tempera
ture of 4.8°C (range = 0° - 9.3°C).
Flight speeds, estimated from straight flights with winds of less than 0.44
mis, covered a range between 3-6 mis, about twice as fast as reported for
Magicicada septendecim (White et al. 1983). We found no statistically signifi
cant difference between flight speeds in males and females, but did not correct
for differences in body weight.
Natural Flight Behavior
Both sexes of M. cassini flew most frequently during bright sunlight
between 1000 and 1700 hr. These flights almost always occurred between
neighboring shrubs and trees close to the tree- or shrub-top levels, based on
flights of 153 undisturbed individuals observed during a period of 10 days.
Only 12 animals flew higher than the surrounding vegetation.
If a resting cicada is approached within about a meter, it responds first by
moving sideways to the far side of its perch or by flying away. Males usually
escaped by flying upward, whereas females often escaped by first flying
slightly downward, perhaps because of heavier weight due to eggs. During
cooler days, or with stronger wind and cloudy skies, both flight and singing
activities were reduced. Under these environmental conditions, both sexes
often escaped from visually detected disturbances by diving down to the
ground. During feeding, and especially during egg-laying, the animals had a
much higher threshold for visual disturbances.
Flight Posture
Based on several hundred observations. during straight and slightly
ascending or descending flights, both sexes kept a body angle of 10° to 45°,
head up with respect to gravity. When turning, this angle was even increased
to 55° or more, but few accurate data from the field are available. When
banking and landing, body angles were frequently above 45° or even 55°. for
they usually landed in a steep head-up attitude. throwing the fore legs forward
and spreading and lowering the hind legs a bit. During takeoff, the animals
usually jumped from the substrate as they spread their fore wings from their
mesonotal wing-catches, dropped a short distance and often side-slipped a bit,
then flew away free from interfering branches.
Flights and Phonoresponses
In our experiments with caged males that were blinded, controls and
those with only the three ocelli covered exhibited a combined total of 85
flights and 29 associated disturbance squawks during 30 minutes of observa
tion. Males with both compound eyes and ocelli covered flew only 22% as
often (combined total, 19 flights) and produced only 41 % as many associated
disturbance squawks as controls (combined total, 12). Controls sang 41 calling
songs, while males of the three test groups combined sang only 75% as many
songs, and most of those calling songs were produced by males with only the
eyes covered and whose cage was closest by 10 m to the strongest-and
sometimes synchronized-chorus during three of the observation periods,
indicating a strong acoustical influence. In experiments with males both deaf
ened and blinded, test animals combined only flew an average of 23% as often
and produced 18% as many associated disturbance squawks. produced 75% as
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many courtship sounds, and sang 45% as many calling songs as controls. In
both sets of experiments, males with the compound eyes covered walked less
and fell frequently, unlike controls. Additional covering of the ocelli greatly
decreased walking. Lowered locomotor activity (flight and walking) was
accompanied by reduced singing activity, but abolishing acoustic and visual
input did not prevent singing.
Flight and Phonotaxis
In tests with shortened buzzes from M. cassini calling songs repeated
more rapidly than in nature, undisturbed free-flying females from nearby
vegetation responded in 100% of 13 experiments (with 20 thirty-second peri
ods of playbacks, totaling 10 minutes). The 26 responding females had a mean
response time of 30.8 s from start of playbacks (range 2-120 s). They landed
on the outside of the screened cage and stayed there for about 5 s after the
playbacks ceased, then flew about 8 m to the largest nearby trees with the
strongest competing chorus. Nearly all responding females took off from veg
etation no more than 1.2 m high, and flew short distances between landings
(x
3.9 m, range = 2-8 In, N = 9, SD = 2.5 mI. They turned in flight directly
toward the caged tree and sound source from a distance of about 3 m, then
flew closely past it and looped back to land on the net.
None of the essentially equal number of free-flying undisturbed males
from nearby vegetation flew to the caged shrub during these tests. By con
trast, during control periods without playbacks, totaling 20 minutes, only 2
females and 1 male approached, and these three animals arrived only during
times when the males within the caged shrub were vigorously chorusing. The
males within the shrub usually stopped singing immediately when the play
back started, and those few which sang were unable to match their songs to
the repetition rates of the playbacks.
Compound Eyes and Ocelli
The compound eyes are situated on cranial enlargements which project
laterally and horizontally (Fig. 1). A corona of nearly erect long setae is borne
on the cranial margin adjacent to a compound eye. The eyes are red in color in
living animals, slightly asymmetric in shape (horizontal:vertical axes, 0.8:1.0),
with similar curvatures in both vertical and horizontal planes. The smooth
ocular surface is divided into equal-sized facets arranged in a regular, homoge
neous hexagonal pattern (Fig. 1 C). The number of facets, determined by first
calculating the total surface area of the whole eye and then dividing that by
the area computed for a single facet (700 p.m2), was estimated at 13,000 facets
for males and 14,000 for females. Morphometric measurements showed
slightly smaller heads in males (Fig. 4), while overall size of compound eyes
between sexes was not greatly different (Fig. 5).
The red
domed ocelli are borne dorsally on the vertex, and their
nearly circular
ations form a triangular arrangement (Fig. 1A). All three
ocelli possess single, simple lenses with reticulate surfaces. The anterior,
median ocellus is slightly smaller in males than in females (for males, x ± SD,
250 ± 23 p'm for the longitudinal axis, 220 ± 22 for the transverse axis; for
females, 280 ± 47 and 250 ± 31 p'm, respectively). The lateral ocelli are nearly
the same size (for males, 260 ± 20 and 220 ± 16 p'm; for females, 270 ± 21 and
250 ± 21 p.m, respectively, for longitudinal and transverse axes), For both
sexes, data were obtained from measurements of 10 animals. The median
ocellus is surrounded by a narrow cuticular depression and tilts somewhat
forward because the vertex behind it is slightly elevated; more so in females
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Figure 4. Histogram of head sizes in males (open) and females (filled columns) of Magi
cicada cassini, calculated from width of the vertex between inner compound eye mar
gins. N = 14 males, 20 females.

than in males. The lateral ocelli are oval and directed slightly postero-Iaterally
by the slightly raised antero-medial adjacent cuticle of the vertex.
Binocular Field of View
The lack of data for binocular and monocular fields of view for cicadas
prompted our attempt to measure these fields. Clearly visible principal
pseudopupils (stippled areas in Figs. 1 A and B) cover regions on the surface of
the compound eyes of about 10 to 12 facets in diameter (Fig. 1 D). The pseudo
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Figure 5. Histogram of sizes of compound eye widths in males (filled) and females (open
columns) of Magicicada cassini, calculated from total head width across eyes minus
vertex width divided by 2. N = 14 males, 20 females.
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pupils are almost circular and slightly smaller in diameter in the dorsal and
fronto-dorsal parts, but more ellipsoid and slightly larger in the frontal and
especially fronto-ventral parts of the eyes, indicating a slightly lower curva
ture and a larger optical radius in these latter regions. Caudally, pseudopupils
were more ellipsoid and elongated.
As diagrammed for visual far field measurements from three males and
three females projected onto a sphere (Fig. 6), the binocular field of view is
similar in both sexes. The binocular overlap extends from the front and nar·
rows to about 30° dorso-caudally and to about 40° ventro-caudally, leaving a
binocularly blind area of about 70° caudally. The most expanded binocular
areas cover the dorso·frontal and the fronto-ventral regions with a slight
reduction mid-frontally. Interommatidial angles were not measured, thus we
have no information about differences in spatial resolution in different parts
of the eye. Furthermore, the fields of view of the three ocelli are unknown. but
should be quite large.
Preflight Behavior
Cicadas most commonly take off from a tree branch or other vegetation,
and rather rarely from the ground (as simulated by our horizontal platform).
When placed on the platform, all controls (N = ll), those with all three ocelli
covered (N = 5), those with the field of binocular overlap covered (N = 4), and
those with the monocular fields covered (N 5), started to walk immediately,
and after a few steps took off. Out of 25 animals tested, 19 clearly turned into
the wind before takeoff. Those that walked longer and reached an edge of the
platform moved along it until takeoff, without regard to wind direction.
Behavior on the platform was different for the 27 animals tested with
both compound eyes covered (with and without the ocelli covered), or with just
the bottom halves covered. They rested on the platform much longer, and
walked more slowly than controls; after reaching an edge, they also walked
along it. Takeoff was delayed from the few seconds typical in control animals
to several minutes in these animals. With both dorsal halves of the eyes
covered but with the ocelli not covered, 6 out of lO additional cicadas tested
raised the anterior part of the body during walking.
The 12 animals tested with only one compound eye covered (without ocelli
covered) slightly inclined their bodies toward the side of the normal eye when
resting on the platform. During walking, they circled toward the side of the
uncovered eye, either continuously or in bouts of rather straight courses.
Circling continued after they reached an edge, and also takeoff was delayed.

=

Flight Courses After Takeoff
Controls, and animals with only the three ocelli covered (Fig. 7), took off
and flew at low altitudes « 5 m) and for short distances « 15 m) to nearby
shrubs and trees, where they landed. Similar flight and landing strategies
were seen in deafened animals with normal vision (N = 8, not shown in a
figure). The distribution of flight courses during times with no nearby male
chorus did not correlate with wind direction or sun position, but rather correl
ated with the location of nearby shrubs which probably provided optical land
marks. The ranges of flight distances for undisturbed normal animals that we
recorded are comparable to those reported for Magicicada septendecim (Kar
ban 1981, Maier 1982, White et al. 1983).
One might expect that animals prevented from form vision (or even
totally blind) would not take off for flights. However, as documented in Fig. 8,
all 13 animals tested with both compound eyes covered, and all six tested with
compound eyes and ocelli covered, took off and then made a dramatic change
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Figure 6. Global (three dimensional) diagram of the binocular field of view of Magid
cada cassini males or females. Light stippling with solid boundaries represents anteri
orly directed binocular fields; darker stippling and dashed boundaries represents cau
dally directed binocular fields; un stippled parts of the globe represent monocular visual
fields. F, frontal point originating from the equator; L, lateral point; Z, zenith. The
cicada diagram in the middle orients the fields of view.

in flight course. These animals increased their flight altitude very rapidly
(often to more than 15 m within several seconds), and reached heights of more
than 30-50 m. They passed beyond the tallest trees and kept flying for long
distances (more than several hundred meters) until they became lost to view.
Only two animals landed within sight, but they flew low and may have
crashed into a shrub or tree. Again, there was no clear correlation with either
wind direction or sun position. At least at the beginning of flight, when these
animals could be closely watched, the body was tilted head up by 10 0 to
sometimes 30 0 , and no obvious change in flight performance or aerodynamic
stability was evidenced. However, one could see these animals frequently
drifting more than controls in stronger winds aloft. Some of them changed
altitude by alternating short passages of horizontal or even descending flights
followed again by upward directed flying. Our experimental design did not
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Figure 7. Experimental area, seen from above, with shrubs (without symbols), trees
IT), car (CAl and the platform (black central square). Flight courses (solid lines represent

flight altitudes of less than 5 m; dashed lines on other figures altitudes of more than 5 m)
and landings (0) for every animal are indicated. Controls (-» (N = 11), animals with the
three ocelli covered (-> » (N = 5). Inset, lower right: compass coordinates, wind direc
tion (arrow) and sun position (.). Inset. lower left: map scale and temperature. Wind
speed range = 0.9-1.3 mls.

allow measuring small changes in flight parameters, especially when the cica
das flew further away.
In flight, just as on the platform, animals with one compound eye covered
(but the ocelli not covered) followed the general rule "tum to the side most
stimulated", as documented in Fig. 9. Out of 12 animals tested, 11 took off to
high-altitude long-distance flights for which no landings could be observed.
The other cicada circled continuously at low altitude, then crashed into the
front of the parked car. During flight, cicadas frequently circled to the side of
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Flight courses of M. cassini with both compound eyes completely covered
13). and with additional covering of the three ocelli (- > » (N == 6); further
explanations as for Fig. 7. Wind speed range
0.9-1.3 m/s.
Figure 8.

(-» (N ==

the normal eye at lower altitudes in the beginning of flights. At higher alti
tudes. later in the flights. the animals flew rather long straight courses.
As expected (Fig. 10), 6 out of 8 animals tested with only the frontal
halves painted over took off to high-altitude and long-distance flights for
which no landings were observable. The other two animals flew rather low and
landed. In contrast. 8 out of 9 animals tested with only both caudal halves
covered (again with ocelli not covered) coursed at low heights and landed in
nearby shrubs. as did the controls, indicating the importance of both frontal
fields of view.
Six out of 8 animals tested with both ventral halves covered (and the
ocelli not covered, Fig_ 11) flew high and far and could not be seen landing; the
other 2 animals behaved somewhat like the controls. In contrast, 8 out of 10

1993

THE GREAT LAKES ENTOMOLOGIST

213

Toe 23-24

Figure 9. Flight courses of M. cassini with only one compound eye completely covered
and with the three ocelli not covered. Right eye covered (-» (N = 7), left eye covered
(- > > ) IN = 5). Further explanations as for Fig. 7. Wind speed range = 0.4-1.3 mls.

animals with only both dorsal halves covered (the ocelli not covered) flew low
and landed like the controls (cf. Figs. 7 and 11).
As shown in Fig. 6, an expanded binocular field of view exists dorso
frontally to fronto-ventrally. Surprisingly, there were no differences in flight
courses between animals either with these binocular regions covered or with
only their monocular fields covered (Fig. 12). All except one animal took off for
high-altitude and long-distance flights, indicating that input through the
fronto-ventral quarters of the eyes involves both binocular and monocular
regions.
Gluing the short, stiff antennae of these cidadas in resting position by
covering them completely with aluminum paint, but leaving eyes and ocelli
normal, did not affect takeoffs, flight courses, flight speeds, or landings.
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Figure 10. Flight courses of M. cassini either with only the frontal halves (FH) (-»
(N = 8), or only the caudal halves (CH) (-> » (N = 9) of both compound eyes covered.
Uppermost, outlines comparing the paint-covered (shaded) portions of only a left eye,
including a part of the vertex. postclypeus, and antennal base. viewed laterally. front of
head to the left; further explanations as for Fig. 7. Wind speed range = 0.4-0.9 mls.

DISCUSSION
There are no other studies addressing the simultaneous interaction of
visual and phonotactic orientation during flight that is so common in cicadas.
Our results suggest that these animals adjust their flight altitude and landing
behavior to the special optical scenario of the habitat. Perhaps the most sur
prising discoveries obtained by watching flight behavior and landings of M.
cassini are that (1) animals completely prevented from form vision make high
altitude and long-distance flights without 'obvious changes in flight perfor
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Figure 11. Flight courses of M. cassini with either dorsal halves (DH) (-» IN = 10), or
ventral halves (VH) (-> » IN = 8) of both compound eyes covered. Uppermost. outlines
comparing the paint-covered (shaded) portions of only a left eye, including a part of the
top and front of the head surrounding the eye. viewed frontally; further explanations as
for Fig. 7. Wind speed range = 0.4-0.9 rnJs.

mance and aerodynamic stability, (2) visual input from the fronto-ventral
areas of both eyes is required for low-level and short-distance flights with
normal landings to occur, and (3) only the frequency/intensity sweep of a
male's calling song buzz is required for phonotactic orientation by females to
occur during bush-hopping flights.
Calling of Magicicada males, especially synchronized chorusing, attracts
other conspecifics by flight phonotaxis (Alexander & Moore 1962, Dunning et
al. 1979, Williams & Smith 1991). The approaching males join the chorus and
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Toe 22-23

Figure 12. Flight courses of M. cassini either with only the field of binocular view (BF)
IN = 4), or only the field of monocular vision (MF) (- > » IN
5) of both eyes
covered. Uppermost, outlines comparing the paint-covered (shaded) portions of only a
left eye, including a part of the top and front of the head surrounding the eye, viewed
0.9-1.3 mls.
frontally; further explanations as for Fig. 7. Wind speed range

(- »

start to sing and to synchronize. Females fly to the chorus trees where they
are within courtship and copulation range of many males. Such complex
potentially "selfish herds" may minimize the probability of anyone of the
three species within a brood being reduced in numbers beyond a point of no
return by the numerous general predators which attack them (Alexander &
Moore 1962, Hamilton 1971, Williams & Smith 1991, Moore 19931. Ourphono
tactic tests revealed insight into the orientation, movements, and heights
involved in females flying to choruses of males. Doolan and Young (19891
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found, in choice experiments, that females of Cystosoma saundersii
(Westwood) in Australia flew equally well from long-range to broadcasts of
natural songs and experimental songs. even with temporal patterns altered.
but not with carrier frequency altered; while at short-range, with non-choice
broadcasts. they found that females made courtship responses only to those
experimental songs with temporal patterns similar to those of normal calling
songs. even though carrier frequency at short-range could vary widely. Villet
(1991) found, in field experiments with broadcasts of complete calling songs of
seven sympatric African cicadas in five genera, that responses were elicited
only from conspecific cicadas: silent males were stimulated to sing in five of
the species. females flew to nearby the loudspeaker in another species, while
both males and females landed nearby the loudspeaker in the seventh species.
Vision affects locomotion and associated sound production in M. cassini
males. perhaps first affecting locomotor activity. These results parallel the
observation that males with normal vision completely stop their singing and
associated flying behavior as soon as clouds suddenly obscure the sun. and
just as suddenly start again upon reappearance of the sun (Alexander and
Moore 1962). Heath (1967) reported a mean minimum. body temperature for
level flight in M. cassini in Oklahoma of 20.85 °C; and for spontaneously flying
males a mean of 29.08°C, and for females 27.13°C. The data for females may
be comparable, but for males the mean from our work (31.9°C) is near the
upper limit of range for Heath's, suggesting less regulation of body tempera
ture during flight in males than previously thought. Heath et al. (1971) sug
gested differing maximum voluntarily tolerated thoracic temperatures before
seeking shade for all three sympatric 17-year cicadas in Brood V (septendecim,
31.3°; septendecula. 32.6°; cassini, 33.3°C), for septendecim in Brood VI
(31.5°). and for cassini in Brood IV (31.0°C). Toolson and Toolson (1990) deter
mined a minimum thoracic temperature of 24.5°C for sustained flight in the
allopatric 13-year cicada M. tredecim, sibling to septendecim. found no statis
tically significant differences in thoracic temperatures of males and females,
and established mean thoracic temperature in the field for both sexes of 33.0°
± 0.19°C, averaging 2.7° ± 0.21°C above ambient. Bartholomew and
Barnhart (1984) reported for the first time non-flapping warm-up of cicadas
before flying in the laboratory (tethered Pidicina mannifera [Fabr.J, in Pan
ama), but we did not detect any warm-up in M. cassini. and it seems unlikely
that such a warm-up is involved in singing males of most cicadas. The means
and extremes of thoracic temperatures during unrestrained flight in nature
for M. cassini were higher, and wingheat frequencies lower, in our study than
for the larger tropical cicadas in the study by Bartholomew and Barnhart.
The black curtain covering the platform heated up during longer-lasting
experiments, which may have facilitated faster walking and takeoff even in
animals with eyes and ocelli completely covered. Flight behavior originating
from the platform was not significantly different from that seen in animals in
nature which took off from a branch. Therefore, abolishing form vision did not
prevent flight behavior of these cicadas, and their demonstrated aerodynamic
stability suggests cues in addition to visual ones. Cicadas flying backward
have never been reported; therefore, one might expect our result that covering
only the front halves of the comp'0und eyes (with the ocelli not covered) affects
flight behavior in a manner simIlar to covering the whole eyes, given the great
reduction in visual information until after landmarks are passed. We have
commonly witnessed fly-by landings, as described here, with all species of
Magicicada from several broods (Moore unpublished).
We found behavioral evidence for the significance of different eye regions
in flight orientation during landing. Body posture during low-altitude flight,
with the head tilted slightly upward, suggests that cicaaas certainly gather
optical landmark information for flying and landing mainly from the fronto
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ventral regions of the eyes. The confirmations are surprisingly clear (Fig. 11),
but there are no external ommatidial specializations. Perhaps because of the
absence of regular landmarks typical of the usual low altitude flights, high
altitude flights follow rather long and straight courses. Cicadas apparently
are able to compensate for visual asymmetries in the absence of landmarks.
Moreover, visual input from both compound eyes is required for low level
flights and normal landings. There is no evidence in cicadas suggesting a role
for ocelli in minimizing delay of visual response, in augmenting visual
response in the absence of sharp horizontal borders, or in following horizons
after ablation of both eyes, as shown in Orthoptera, Diptera, and Odonata by
Taylor (1981). Kastberger (1990) showed that ocelli help control phototactic
alertness and minimize disturbance in fli~ht course control in honeybees, as
well as also shortening photokinetic reactIOn times compared to the response
with compound eyes alone as known for grasshopper locusts; again, functions
not. indicated for cicadas.
The compound eyes of Magicicada cassini are normal apposition eyes.
Each ommatidium has a eucone crystalline cone formed by four Semper cells,
and each crystalline cone is surrounded proximally by two primary pigment
cells (with large pigment granules) and distally by twelve secondary pigment
cells (with smaller granules). Eight receptor cells form a closed rhabdom which
is attached to the tip of the crystalline cone; no rhabdomeres are eccentric. At
the light microscope level, no specialized ommatidia can be found in the dorsal
rim area of the eye, suggesting no sensitivity to natural plane polarized light.
No details of fine structure of the rhabdomeres are available (T. Labhart, pers.
comm.). In the absence of adequate information on the optics of single facets
or of facet assemblies, on the receptor arrangement, and on the organization of
the large optic ganglia, a meaningful comparison with work on other insects,
for example on Diptera, Hymenoptera, and Orthoptera (see Wehner 1981), is
not yet possible. Furthermore, we need studies of tethered flight of cicadas for
analyzing optomotor and fixation properties under closed loop conditions as
studied in Orthoptera (Taylor 1980), Hymenoptera (Wehner 1981), and in Dip
tera (Reichardt and Wenking 1969, Reichardt and Poggio 1976, Wagner
1986a-c). Such studies may throw light on some of the control mechanisms
acting in free flight, especially when considering complex flight strategies as
documented for hoverflies (Collett and Land 1975a,b, 1978; Collett 1980a,b)
and for Musca (Wagner 1986a-c).
Quantitative estimates of binocular overlap based on principal pseudopu
pils show an impressively large binocular window. A similar shaped but
smaller binocular field of view was measured in honey bee (Apis mellifera L.)
workers by Sommer (1977), Wehner and Flatt (1977), and Seidl and Kaiser
(1981), as well as in the desert ants Cataglyphis bicolor Fabr., C. fortis (Forel),
and C. albicans (Roger) by Wehner i1983) and Wehner and Srinivasan (1984).
Frantsevich and Pichka (1976) compared sizes and shapes of binocular fields
of view in a variety of insect species and related them to natural history and
behavior. They pomted out that insects hunting for small, movable prey, or
those which detect small mates against the sky, possess a rather small binocu
lar overlap; for example as reported by Beersma et al. (1977) for males of
Calliphora blowflies. In contrast, those insects which detect targets (for
instance, landing sites by cicadas) against a highly complex visual back
ground may have larger binocular fields of view, such as the expanded fronto
ventral areas of the Asian stalk-eyed fly Crytodiopsis whitei (Curran) in tropi
cal rainforests (Motte and Burkhardt, 1983), or the frontal areas of the cricket
Gryllus bimaculatus DeGeer in grass-covered temperate soil surfaces (Honeg
ger, 1980). This relationship certainly fits the normal bush-hopping flight of
Magicicada. The two expanded regions of binocular overlap in M. cassini may
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serve the same purpose, and may even act in concert to optically integrate
surroundings, depending on flight altitude and attitude.
The results here partly parallel earlier findings of Chen and Young (1943)
on vision and flight in the Chinese cicada Cryptotympana atrata Fabr. (as
pustulata) (Platypleurinae) , a species which surely differs in ecological
demands and flight strategies. The results obtained by Chen and Young for
flights and landings of Chinese cicadas (1) with only the three ocelli covered,
(2) with both compound eyes coated but with the ocelli not covered or only
partly covered, (3) with only one compound eye painted over (even in details of
results), (4) with only the upper (dorsal) halves of the compound eyes covered,
(5) with the lower (ventral) halves covered, and (6) with either the inner (includ
ing the binocular overlap) or the outer (probably most of the monocular field of
view) regions covered, are in complete agreement with our data.
Several of the experiments of Chen and Young we did not duplicate, others
we could not confirm with M. cassini. All of our animals took off spontane
ously; nearly all of theirs were thrown into the air. Their rare spontaneous
flights were of short distance (a few feet), followed by dropping down to the
ground. Cryptotympana atrata refused to fly with both the compound eyes
and the ocelli covered, perhaps the greatest difference from the results
obtained with M. cassini. Their conclusion that form vision is a necessary
requisite for takeoff and sustained flight behavior in insects was not con
firmed for M. cassini. Also in contrast, we were unable to detect significant
changes in flight posture or in time courses of "spontaneous changes" in orien
tation of the longitudinal axis of the body in free flights by animals com
pletely prevented from form vision. Compared to controls, blinded M. cassini
individuals seemed to fly normally with similar flight speeds; furthermore,
aerodynamic stability remained normal. Despite light intensities reduced to
0.04%, our animals may not have been totally blind, but we doubt that our
animals could detect the horizon. Our findings are paralleled by Wagner's
(1986a-c) studies of flight performance and visual control of flight in free
flying Musca domestica L., where flight activity was reduced but otherwise
normal in terms of flight performances and maneuvers, even in completely
blinded house flies.
We agree with Wagner (1986b) that visual input is not the only source for
controlling flight maneuvers. Other, non-visual sensory inputs must act or
compensate during free flight, as well known in Acrididae (Rowell 1988). In
the Diptera, possible candidates are the halteres (Sandeman 1980, Sandeman
and Markl 1980), which act as velocity detectors (Hengstenberg 1984). In
Magicicada, studies of motor and neural patterns associated with flying, and
of functions of special sensors (Klein et al. 1987, 1988), have just started. The
small and rather stiff antennae in cicadas apparently have little effect on the
control of flight behavior, in contrast to the striking effects shown for anten
nae in locusts (Gewecke 1972, Rowell 1988). Halteres are of course not present
in cicadas, but there are many long hair-like sensilla on the head, legs, sides,
and other surfaces of the body, and most probably also sensors on the wings.
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MOVEMENT OF ADULT COlORADO POTATO BEETLES, LEPTINOTARSA
DECEMLINEATA (COlEOPTERA: CHRYSOMELlDAE), IN RESPONSE TO
ISOlATED POTATO PLOTS
Michael A. Capriol,2 and Edward J. Grafius 1

ABSTRACT
Mark recapture techniques were used to determine Colorado potato beetle
movement in circular arenas with isolated plots of potatoes at each ordinal
direction. Post-diapause beetles aggregated on one or a few of the plants in
one of the plots for each release, but not on the same plants in different
releases. Differences in plant attractiveness were therefore not likely respon·
sible for the aggregatory behavior. Aggregations were probably a result of
either coordinated movement from the release site to the plants or an aggrega
tory signal with a range of at least 15 m. Summer adults did not aggregate on
plants. Correlations of summer beetle recapture distributions to wind direc
tion showed that anemotactic behavior could not account for the major por
tion of variation in beetle orientation to the potato plots. Some positive attrac
tion to the plots was indicated because more beetles were recaptured at the
plots than would be expected from random motion. The number of beetles
recaptured at plots covered by cheesecloth was not si~ficantly different
from recaptures on uncovered plots, indicating little relIance on visual cues
specific to potatoes for location of the plants,
Complete reliance on insecticides for management of the Colorado potato
beetle (Leptinotarsa decemlineata [Say]) has proven difficult as the beetle has
become increasingly resistant to pesticides, and interest has developed in
alternative methods of control (Hare 1990). Wright (1984) and Lashomb and
Ng (1984) both reported that crop rotation was effective in retarding the build·
up of Colorado potato beetle population in potato (Solanum tuberosum) fields.
Since potato is most sensitive to defoliation during tuber initiation and bulk
ing (Beresford 1967. Hare 1980), delays in the early build-up of beetle popula
tions can be important in reducing insecticide applications on rotated fields.
The effectiveness of crop rotation as a management tool for the control of
Colorado potato beetle depends upon the ability of beetles to find new patches
of host plants, Leptinotarsa decemlineata used plant odors to locate plants in
wind tunnel studies (Visser 1976, 1979; Visser and Ave 1978), Schanz (1953)
reported that in olfactometers the odor-conditioned anemotactic response
ceased when the terminal 4 segments of the antennae were amputated. In
contrast, both Wegorek (1959) and Caprio (1987) were unable to demonstrate
host-plant attraction by L, decemlineata in wind tunnel studies. The seem·
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ingly contradictory results from these studies could possibly be due to differ
ences in the physiological state of the beetles examined. Ng and Lashomb
(1983) reported that post-diapause beetles moved in a predominantly north
westerly direction after emergence. The authors hypothesized that oriented
movement is an adaptation by beetles to move onto southerly mountain
slopes where warmer temperatures would allow for early spring flight follow
ing emergence.
The objectives of this study were to determine if post-diapause and sum
mer adult Colorado potato beetles moved randomly with respect to isolated
potato plots, or if an extrinsic factor, such as wind or inter-plant variation in
attractiveness, was important in host plant location. Secondly, we wished to
determine if visual cues specific to potato plants (ie. color, shape), were impor
tant in host plant location, since color has been reported to be an important
cue for flying Colorado potato beetles (Zehnder and Speese 1987). Finally, the
effective use of traps crops to increase efficacy of crop rotation relies not only
on how beetles locate the trap crops, but also on the overwintering location of
the beetles and where they emerge in the spring. Our third objective was to
determine the proportion of individually marked beetles which overwintered
in the arenas.

MATERIALS AND METHODS
In 1985 and 1986, three 22 m diameter circular arenas were constructed,
with plots of 16 potato plants (var. Atlantic) spaced 0.3 m apart in each of the
four ordinal directions. In 1985, a circular pitfall trap was placed in the arc
between plots to capture beetles which did not move to plots. Because we
observed a small number of beetles moving along the pitfall trap rather than
falling directly into it, the pitfall trap was replaced in 1986 by an outer, 30m
diameter ring of potato plants spaced 2m apart. One arena in 1986 was
destroyed by flooding, so results are reported for two arenas only. Beetles
were released in the center of each arena. Releases were made before 1000 hr
when temperatures were coolest to reduce beetle movement immediately fol
lowing release.
Beetles were collected at the Michigan State University Montcalm Potato
Research Farm (Entrican, MI) and stored at 5°C in 1 I containers filled with
750 ml of soil. Post-diapause beetles were either dug from the soil or collected
from the surface prior to potato emergence. Tests were conducted with post
diapause and first generation (summer) adults. Releases were replicated over
three arenas.
In 1985, a total of 1282 post-diapause beetles were released in 5 different
releases on four different dates. The beetles were marked with Testor's®
enamel paints. Two dots each of two colors were applied to the elytra, which
was sufficient to identify beetles to the date and arena in which they were
released. Caprio et al. (1990) found that 90% of beetles marked with four dots
of enamel paint retained at least one mark for two weeks. The pitfall traps and
potato plants were sampled once daily and recaptured beetles were removed
from the arenas. In 1986, 301 post-diapause beetles marked with enamel
paints were released in 3 releases on different dates, and 605 summer adults
were released in 5 releases and marked using 1.5x2.5 mm paper labels which
were glued to the left elytra (Caprio et al. 1990). These marks were unique to
each individual, and beetles were allowed to remain in the field after sampling.
All plants, both in the plots and the exterior border row, were sampled twice
daily.
Weather parameters in 1986 were recorded using a Campbell Scientific
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Inc. CR21 Micrologger. Hourly measurements of temperature, wind speed,
wind direction and a calculated wind vector at 2 m were recorded.
Sampling for diapausing beetles was done in 1986 following plant senes
cence. Soil beneath half of the plants in each plot was excavated to a depth of
30 cm and sifted to check for marked potato beetles. Because it is possible
that beetles may have moved away from the plants before diapausmg, our
estimate was a conservative estimate of the number of beetles which diapause
in fields in Michigan.
In 1986 one randomly selected plot in each arena was surrounded by a
single layer of cheese cloth (1 m high and raised 4-6 cm off the ground) to
reduce visual cues specific to potato plants while minimally reducing olfactory
cues. The cheese cloth covering would not, however, eliminate L. decemlineata
movement in response to other visual cues such as standing objects. Five
releases of summer adults were made in each arena. Results were analyzed by
analysis of variance, treating each plot as a separate treatment and releases as
replicates. Single df orthogonal contrasts were used to compare covered ver
sus uncovered plots.
Statistical analysis. To determine if beetles were moving preferentially to
upwind plots, we wanted to correlate the number of beetles moving to a plot
with a relative measure of wind passing over that plot towards the beetle
release point. In 1986, a wind index for each plot was calculated by taking
hourly wind vectors for the previous 24 hr and weighting them with the cosine
of the deviation of the vector from directly upwind of the plot. This wind index
was negative for downwind plots and positive for upwind plots. Four wind
indices were generated per sample date (1 for each plot), summed and con
verted into percentages of the total for each plot. Beetles captured at a plot
were summed over the arena and individual plot totals converted into percent
ages which could then be correlated with the wind indices for the respective
plot.
In 1986, captures were recorded on an individual plant basis, allowing us
to determine if beetles were aggregating or were distributed randomly among
the plants.
Because of the tendency of some individual beetles to move along pitfall
traps rather than falling directly into them, the 1985 data cannot be used to
directly determine the ability of beetles to locate the plots of potatoes. Com
parisons of recapture distributions between arenas and between release dates
using a hierarchical log-linear analysis can, however, discriminate between
four important hypotheses. If beetles locate host plants by random move
ment, the first hypothesis, then the beetle distributIons of recaptures at each
plot should not be significantly different from each other. An alternative
hypothesis is that variation in host plant quality (or the previous presence of
beetles from earlier releases) made some plots more attractive than other
plots. In this case, beetle recapture distributions would vary between arenas,
b.ut would remain the same between releases within an arena. A third hypothe
sis is that wind direction was of primary importance in determining the loca
tion of the plots by the beetles. In this case, there should be differences in the
distribution of recaptures within arenas (more beetles should be caught in the
upwind plot), but the distribution of recaptures between arenas should not be
different because the same plot would be upwind in each plot. Releases made
at different times should also have different distributions because of differ
ences in wind direction over time. Finally, a fourth hypothesis is that beetles
interact in the location of host plants. In this case, beetle recapture distribu
tions would vary between releases with arenas as well as between arenas on
the same release dates. The distributions of beetle captures at the four plots in
each arena in 1985 were compared using both chi-square and hierarchical log
linear analysis. When more than 20% of the cells were sparse (fewer than 5
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Table 1. Chi· square analysis of 1985 post-diapause beetle recapture distributions by release
date.
Date of
# of
X2
pI
releases
releases
df
6-14
3
<.01
6-17
2
32.16
3
<.01
7-01
3
39.30
6
<.01
7-02
28.94
3
6
<.01
ISignificant chi-square values indicate that replicates released on the same day do not have
similar recapture distributions.

individuals), a small constant was added to each cell. This tends to homoge
nize cells, making the test to find differences in distributions more conserva
tive.
RESULTS
1985. Of the 1282 beetles released, 830 (64.7%) were recaptured. 630
(75.9% of the recaptured beetles) were recaptured at the plots (either in the
trap next to the plot or on the plants).
In the hierarchical log-linear analysis, only the complete model which
included the interaction between date, release arena and recapture distribu
tion could successfully predict beetle distributions (because the model is fully
saturated, there is exact agreement between observed and predicted recapture
distributions). In hierarchical log-linear analysis, inclusion of this three-way
interaction automatically includes all lower order two-way interactions as well
as the main effects. The model with only the three two-way interactions pre
dicted a distribution significantly different from the observed (likelihood chi
square = 94.4, df = 16, p<O.OOI). If the first hypothesis, that beetle move
ment and orientation to the plants is random, were correct, none of the higher
order interaction terms would have been neccessary to predict recapture dis
tributions. In the case of the second two hypotheses, one of the two-way
interaction terms should have been sufficient to predict beetle orientation to
the plots. The second hypothesis, that movement was determined by host
plant quality or previous beetle presence, was not supported because the
release arena x recapture plot interaction did not predict beetle orientation.
The third hypothesis, that a factor extrinsic to the arena (such as wind) was of
primary importance in determining beetle orientation, was not supported
because the date x recapture plot interaction was insufficient to rredict beetle
recapture distributions. A separate contingency table analysis 0 beetle recap
ture distributions over plots on different dates also did not support the third
hypothesis, as releases made on the same date in different arenas had signifi
cantly different distributions (Table 1). Because the three-way interaction
term was significant in the log-linear analysis, it was neccessary to know both
the arena and date of release in order to predict beetle movement. Interactions
between beetles in locating or orienting to the potato plots (the fourth hypoth
esis) is the most likely explanation of this three-way interaction.
1986. Three hundred and one post-diapause beetles were released, and
43.9% were recaptured. Of the recaptured beetles, 47.5% were recaptured at
the potato plots. Recapture rates were lower in 1986 than 1985. This was
probably due to the aggregation of beetles on plants in the outer ring in 1986
(discussed below), which may have reduced beetle orientation to the plots. Of
the 608 summer adults released in the arenas, 54% were recaptured and of
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Figure 1. Aggregation of post-diapause and summer adult potato beetles on individual
plants in circular arenas. 1986. The exponent of x is a measure of aggregation. A value of
1.0 corresponds to a poisson (random) distribution, while higher values indicate clump
ing.

these, 68.4% were recaptured at the plots. Despite the different techniques
employed, these recapture rates are very similar to those found in 1985.
Differences in aggregation were observed between post-diapause and
summer adults. The variance to mean ratios based on single plant samples and
fit to Taylor'S power law showed substantial differences (Figure 1). The expo
nent in the fitted equation is a measure of aggregation, with values near 1.0
indicating random dispersion and higher values indicating clumped distribu
tion. The results establish that post-diapause beetles were more aggregated,
while summer adults were dispersed more randomly among the plants.
Adult beetle recapture distributions (initial recaptures only) were gener
ally not well correlated with wind indices (Figure 2). Summer adult correla
tions (those after julian date 225) tended to be higher, at least until JD 237,
after which diapause effects may have become important. The low correlation
for post-diapause beetles may be explained by the high aggregation of this
generation, which may have masked any anemotactic response.
Analysis of variance of percent of total daily recapture for each plot
showed no significant differences (arena I, F = 0.43, df = 3,12, P > 0.05;
arena 2, F = 0.64, df = 3,12, P > 0_05), indicating that over the course of the
summer there was no reduction in adult movement towards the covered
potato plots. While the plots covered with cheesecloth had the lowest average
daily recapture rates in each arena (Table 2), the differences were not signifi
cant even when compared with single df orthogonal contrasts between cov
ered and uncovered plots (arena 1, F = 0.96, P > 0.05; arena 2, F = 1.48, P
0.247). These results indicate that visual cues specific to potato plants were
not a major factor in host plant location in this study.
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Sampling of soil under the plots showed that 43.8% of the beetles recap
tured on the plots went into diapause directly below the plants. This is likely
to be an underestimate because neither dispersal out of the arenas nor mortal
ity were evaluated.
DISCUSSION
The results of this research clearly indicate that there are important dif
ferences in behavior between post-diapause and summer adult L. decemli
neata. The data from 1986 show that post-diapause beetles tended to aggre
gate on host plants after short dispersal phases while summer adults showed
no similar tendency. Post-diapause aggregations were very localized and in
the most extreme cases, all the beetles recaptured in a plot were recaptured
from a single plant. It is unlikely that these aggregations were due to qualities

Table 2. Average daily plot recapture (# of new adults recaptured/day) over 5 summer adult
releases. Starred plots were covered by cheesecloth (reduced visual cues).
.
Average plot recapture
(over 5 releases)
Arena 2
Arena 1
Plot
East
South
West
Pooled SD

5.2
5.8
4.6
3.6*

6.8

6.4

4.1

7.0
6.0
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of the particular plant since in other releases, other plants were sites for
aggregations. This aggregatory behavior may be related to the patchy distri
bution of the original host plants of L. decemlineata. These results do not
necessarily contradict those of Ng and Lashomb (1983), as beetles were imme
diately removed from an outer (1 m diameter) ring of potato slices in their
experIment, eliminating the potential for beetle interactions. Jermy et al.
(1988) also reported aggregations of beetles on plants in smaller (6 m diameter)
arenas. Unfortunately, they did not report results from overwintering and
laboratory reared adults separately, though in the field arena where no over
wintering adults were released there were no reports of beetle aggregations.
They also reported that the aggregations occurred on the same plants
throughout the experiment, in contrast to our results. This may have been due
to the fact that beetles were released every day, allowing for the perpetuation
of the beetle interactions, while we allowed 3-5 days between releases in most
cases. Aggregation in response to conspecifics (Bach and Carr 1990) and the
presence of aggregation pheromones (Rowell-Rahier and Pasteels 1986) have
been reported in other chrysomelid beetles.
The data from 1985 are also consistent with the aggregation of beetles on
one or more plants. Successful prediction of beetle recapture distribution
required a model incorporating the three-way interaction of release date,
release arena and recapture distribution. This suggests that the recapture
distribution in an arena depended upon which plot or plots the beetles aggre
gated at, and this varied between arenas on a release date as well as between
release dates.
Trap cropping has been suggested as a method to enhance the efficiency
of crop rotation in management of L. decemlineata. Management of resistance
to transgenic crops, for example, could be assisted by trap cropping in associa
tion with crop rotation (Audubon Bt-resistance workshop 1992). Our results
suggest that trap cropping could be an efficient means of attracting post
diapause beetles. but less efficient at attracting summer adults. The results
also illustrate that there are significant differences in the behaviors of post
diapause and summer L. decemlineata adults, and extrapolating experimental
results between the two generations is not advisable. Trap crops might also be
effective in fields planted to potatoes the previous year, since our results
indicate that at least in Michigan. a major proportion of the beetles overwin
ter in the field.
The anemotactic response of L. decemlineata noted in wind tunnel studies
is not sufficient to explain a large part of the variation in summer beetle
orientation to potato plots in the field. As each plot had similar daily recap
ture rates. a significant amount of L. decemlineata orientation behavior may
be random, at least at distances 11 m or more from host plants. The chryso
melid beetle, Altica subplicata (LeConte), which has a similar gregarious
behavior, also did not aggregate based on wind or magnetic direction (Bach
and Carr 1990).
Directed orientation of the beetles when they are closer to the plants is not
excluded by these results. Indeed. positive host plant attraction is indicated
by the high proportion of recaptured beetles found near or in the plots (76% in
1985.66% in 1986). These plots only accounted for 11.6% of the CIrcumference
of the arena. If the attraction cues were not active from 11m, the distance at
the time of release. then beetles may be committed to a particular direction on
a random basis. and only after covering some distance do they become
attracted to nearby plants.
The results of this research indicate that olfactory and visual cues specific
to potato plants are probably not active over distance of 11m, at least for plot
sizes of 16 plants. In field situations. directed movement between and within
fields has been noted (Gibson et al. 1925, Williams 1988), but it is not certain
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what the causative factors were in those cases. There is also evidence that L.
decemlineata overwinters in large numbers in Michigan potato fields and that
placement of trap crops in fields planted to potatoes the previous year along
with suitable control tactics could increase the efficacy of rotation in reducing
infestations.
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DISTINGUISHING NYMPHAL INSTARS OF MESOVELIA MULSANTI
(HETEROPTERA: MESOVELIIDAE)
J.E. McPherson and Steven J. Taylorl

ABSTRACT
The five nymphal instars of Mesouelia mulsanti can be separated by the
number of rows of setae on the second abdominal tergum. Fifth instars can be
separated from younger instars and from each other by the degree of develop
ment of the external genitalia.

Life history studies require reliable separation of nymphal ins tars. In
Heteroptera, these instars can often be distinguished by structural characters
that change during development, often becoming more complex. For example,
pigmentation patterns can change, punctures become more numerous, sderi
tes increase in size and occasionally fuse, and wing pads progress from a
simple arcuate pattern along the posterior margin of the mesonotum to well
defined mesonotal pads that extend onto the abdomen in the last instar
(metanotal wing pads are almost or quite covered by those on the mesonotum).
In addition, the sexes can be determined in the last instar.
Mesouelia mulsanti White shows little change in color pattern during
development, and little variation in sclerotization. Hungerford (1917,1919), in
his study of this insect, used lengths of the third and fourth antennal seg
ments and metatibia among several structures he selected to distinguish the
nymphal instars. Subsequently, Hoffmann (1932), in his study of this insect.
used Hungerford's characters but added length of body.
In 1988. one of us (JEM) reported on the life history of M. mulsanti in
southern Illinois. Although the various nymphal instars have abdominal
sclerites, these structures show almost no progressive change during develop
ment. Punctation is minimal. color is primarily greenish, and markings are
absent. Most adults are apterous (less than 1 % were macropterous in the
above life history study [unpublished data]). Galbreath (1975), In her study of
thoracic polymorphism in M. mulsanti, found that nymphal wing pads mayor
may not be present in the fourth and fifth ins tars. If absent in the fourth (and
resulting fifth), adults will be apterous. If present in the fourth, then the wing
pads in the resulting fifths vary from well developed to absent. If wing pads in
the fifth instar extend to at least the third abdominal tergum, the adults will
be macropterous. If they extend only to the second abdominal tergum or are
shorter or lacking, the resulting adults will vary from micropterous to apter
ous. Since the presence of wing pads and their shape cannot be relied upon as
diagnostic characters to distinguish nymphal instars in field samples. other
diagnostic characters must be used. Nonmacropterous adults are easily sepa-

JDepartment of Zoology, Southern Illinois University, Carbondale, IL 62901.
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Figure lA·E. Setal pattern of second abdominal tergum in nymphs of M. mulsanti. A,
First instar. B, Second instar. C, Third instar. D, Fourth ins tar. E, Fifth instar.

rated from nymphs by several characters (e.g., adults have two tarsal seg
ments, nymphs have only one).
Of several nymphal characters evaluated in the southern Illinois life his
tory study (unpublished information) and present study, the number of rows
of setae on the second abdominal tergum and, in the fifth instar, the presence
of well defined external genitalia proved particularly useful as diagnostic
characters. The differences in these characters for the various ins tars, and
their reliability, are discussed below.
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Figure 2A-B. External genitalia of fifth instar of M. mulsanti. A, Male. B, Female.

MATERIALS AND METHODS
We collected nymphs from a pond on the Southern Illinois University at
Carbondale campus (President's Pond) throughout the active season (ca. April
to November) during 1989 and randomly selected 30 of the first four nymphal
instars and 60 of the fifth instar (30 of each sex) for comparison; wing pads
were not readily apparent in any specimens. All specimens were preserved in
70% alcohol. Illustrations were made with the aid of an ocular grid.
RESULTS AND DISCUSSION
Number of rows of setae on the second abdominal tergum changed during
nymphal development and corresponded roughly to the number of the instar
(Le., one row in the first instar, two rows in the second, etc.) (Fig. lA-E). Setae
can sometimes be pale and care must be taken to insure they are not over
looked.
Sexes can be distinguished in fifth ins tars (Fig. 2A-B); the genitalia are
not developed enough in the fourth instar to allow the sexes to be reliably
separated. Thus, external genitalia can be used to distinguish fifth instars
from younger instars and from each other.
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DROSOPHILIDAE (DIPTERA) COLLECTED IN SPRING IN MICHIGAN
Henretta Trent Band 1

ABSTRACT
Drosophilids in mid-Michigan overwinter in a preadult stage. One hun
dred twenty-two individuals (84 f, 38 ?) representing 14 species were collected
over bait in April and May 1992. All appeared recently emerged and had entire
wings. This agrees with earlier reports in Michigan and Massachusetts that
Drosophila affinis group species overwinter as preadults. Among the species
overwintering as preadults in Michigan, Drosophila affinis, D. algonquin, D.
athabasca, D. robusta, D. falleni and D. recens have been found to overwinter
as adults in New York Latitude and climate may playa role in drosophilid
overwintering stage.
How Drosophilidae survive the winter remains controversial. Lumme and
Lakovaara (1983) summarized investigations to date. In the North Temperate
Zone, species in the genus Chymomyza (Diptera: Drosophilidae) overwinter as
larvae; species in the genus Drosophila primarily overwinter as adults. Later
work by Band and Band (1987) on Chymomyza amoena (Loew) and Shimada
and Riihimaa (1988) on C. costata Zetterstedt agreed with the evidence for
larval overwintering by Chymomyza. However, Band (1991) bred Drosophila
affinis Sturtevant and D. algonquin Sturtevant and Dobzhansky from over
wintered apples in mid-Michigan. Carver (1968) reported preadult overwinter
ing for these two species in apple orchards in Massachusetts but presented no
data. Collier (1978, cited by Lumme and Lakovaara 1983), found that D.
affinis, D. algonquin, and D. athabasca Sturtevant and Dobzhansky in the D.
affinis species group all overwintered as adults in New York
To obtain further information on drosophilid overwintering in mid
Michigan, collections were made during April and May 1992. Findings sup
port preadult overwintering. This contrasts with additional recently obtained
evidence for Drosophila adult overwintering in New York State (Jaenike
1992).
MATERIALS AND METHODS
Site: Collections have been made in a garden having a variety of deciduous
and evergreen trees, shrubs, ground cover and fruit trees (apple [Malus
pumilia var. Jonathan], pears [Pyrus communis]) including a variety of fruit
and non-fruit producing ornamental crabapples. Other nearby fruit trees
include plum (Prunus), sweet cherry (Prunus auium), apple and crabapple.
Several black walnut trees (Juglans nigra) are also nearby.
Collections: Following a warm spell in mid-April 1991, rotting potato and

lZoology Department, Michigan State University, East Lansing, MI 48824.
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onion were separately placed in small jars on the ground. Flies coming to bait
were tapped into small plastic bags, sealed with a twist and identified in the
laboratory. The necessity to carry out a vigorous spraying program against
the bacterial disease fireblight, Erwinia amylovora, terminated collections in
Spring 199L
In Spring 1992, separate small jars were again set out. Commercial straw
berries and mushrooms were used as bait. Collecting was as before. Flies were
tapped into small plastic bags, one for each jar if it had attracted drosophilids.
Individuals were etherized and identified in the laboratory. Additionally,
females were dissected to determine their reproductive stage. If more than one
female of the same species was collected on a given day, only one was dis
sected; the other was placed in a jar with food. The reproductive stage was
scored according to Lumme and Lakovaara (1983). Females and males accu
mulated made it possible to determine when the breeding season started.
Species identification: Strickberger (1962) was used to identify the Drosophila
collected. Sulerud and Miller (1966) was employed to differentiate D. affinis
group males: D. affinis, D. algonquin, D. athabasca.

RESULTS
In both years, all collected adults had entire wings and did not appear to
be aged. Ragged wings and an aged appearance signify fall emergence and
adult overwintering (see Lumme and Lakovaara 1983).
In 1991 all flies were collected on rotting potato. Species attracted were
one D. affinis group; , one D. robusta Sturtevant ,3 D. algonquin t; , and 5 D.
affinis p. Collecting extended over 3 days before being terminated. However
species collected verified Band (1991) that the D. affinis group flies overwin
ter as preadults in Michigan rather than as adults in New York (Collier 1978).
In 1992, 14 species were collected; 11 on strawberries, 10 on mushrooms;
some came to both baits. Females initially captured in Spring 1992 and dis
sected were in stage I, with undeveloped ovaries. Again, species collected in
late April and early May included members of theD. affinis group, two species
in the D. robusta group (D. robusta, D. colorata Walker), Chymomyza amoena
and D. immigrans also began to be attracted to bait in late April and early
May. All were collected on strawberries. By mid-May it was possible to obtain
F 1 larvae of D. affinis and D. immigrans in the laboratory.
Species appearing in mid-to late May included D. falleni Wheeler, D. tri
punctata Loew, D. quinaria Loew, D. recens Walker, D. chagrinesis Stalker
and Spencer, D. palustris Spencer and D. paramelanica Patterson. These were
principally attracted to mushrooms. Drosophila tripunctata and D. falleni
collected were darker than F/s emerging in the laboratory.
In the last week of May, given the choice of strawberries and mushrooms,
most flies were attracted to mushrooms, including those not typically thought
to be mushroom breeders: D. affinis, D. immigrans, D. paramelanica. However
D. affinis and D. paramelanica appear to be more opportunistic than earlier
suspected. Steyskal (1949) captured D. algonguin in the D. affinis group, D.
paramelanica and C. amoena feeding on varIOUS Michigan trees feeding at
frass.
Females captured and dissected in late May contained eggs (stage III), On
31 May baits were brought into the laboratory and the Drosophila that
emerged were identified. Mushroom emergees included D. tripunctata and D.
falleni. Strawberry emergees were D. falleni and D. affinis. Table 1 summa
rizes the species collected, numbers of males and females, substrates on which
they were collected and first day of collection. It is not possible to distinguish
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Table 1. Drosophllidae species collected in East Lansing. Michigan in spring. 1992. Date of
first collection and substrate collected from [strawberries (8). mushrooms (M)] is also given.
8pecies

D. affinis
D. algonquin
D. athabasca
D. affinis group
D. colorata
D. robusta
C. amoena
D. immigrans
D. falleni
D. recens
D. quinaria
D. tripunctata
D. chagrinesis
D. palustris
D. paramelanica

Substrate

Sex

First
Collecting Date
30 April
1 May
30 April

22

30 April
30 April
30 April
2 May
14 May
27 May
14 May
13 May
28 May
29 May
30 May

1

12
2

1

5

5

3

3
4
21
4
3
9
2
1
5

7
5

1
4

8
8
8
8
8
8
8
8
8
8
8

M
M

M
M
M
M
M
M
M
M

females among the D. affinis group sibling species, hence the total number for
the group is given.
DISCUSSION
Drosophila continue to be found to overwinter as adults in Hokkaido,
Japan, lat. 44' N (Toda et al. 1984, 1986, 1990, Watabe et al. 1985). The reports
cover endemic species not found in the United States. Walter (1990) has found
evidence that both larvae and adults overwinter in the Swiss midlands. Seven
species were netted over a compost heap during January 1983: D. immigrans,
D. busckii Coquillett, D. hydei Sturtevant, D. subobscura Collin, D. melano
gaster Meigen, D. simulans Sturtevant and D. ambigua Pomini. Also in J anu
ary 1983 four species were bred from a compost heap: D. immigrans, D. sub
obscura, D. busckii, and D. obscura Fallen. Earlier Lumme and Lakovaara
(1983) reported adult and preadult overwintering in England. Risch (1971) was
the first to obtain evidence for preadult overwintering in Switzerland. He
buried all stages of D. subobscura in forest soil and found the young immature
larvae had the best survival.
In the United States, evidence for Drosophila preadult overwintering has
been restricted (Carver 1968, Band 1991). Jaenike (1992) has also obtained
new evidence for Drosophila adult overwintering in New York, complimenting
the earlier work by Collier (1978). Thus the current finding of preadult over
wintering in mid-Michigan indicates that Drosophila species in the United
States can also survive as adults and preadults as in Switzerland. Evidence
that the breeding season begins in mid-to late May in mid-Michigan agrees
with McCoy (1962) for Drosophila in north-central Indiana.
ACKNOWLEDGMENTS
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NEW RECORDS OF LEAF-FEEDING FOR ADULT DIABROTICA BARBERI
(COLEOPTERA: CHRYSOMELIDAE)
louis S. Hesler 1

ABSTRACT
The first records of leaf-feeding on Iva xanthifolia (marsh elder) and Heli
anthus annuus (common sunflower) by adult Diabrotica barberi are reyorted.
During September 1992, beetles were observed feeding on leaves 0 these
plants, despite the availability of alternate flowering hosts. Beetles confined
to clip cages in the laboratory fed readily on leaves of 1. xanthifolia and H.
annuus but not on those of Solidago missouriensis (goldenrod).
Diabrotica barberi Smith & Lawrence (northern corn rootworm, Coleop
tera: Chrysomelidae) develop as larvae principally on the roots of maize (Zea
mays) (Branson & Krysan 1981). Upon emergence from the soil, adults feed on
maize tassels, silks, and ear tips. Maize leaves are not preferred food of adult
D. barberi (Ludwig & Hill 1975) and are less suitable to their fecundity and
longevity (Lance & Fisher 1987). As the floral structures of maize dry and
deteriorate, adult D. barberi become increasingly abundant on the flowers of
weeds, prairie forbs, and crops other than maize (Forbes 1882, Cinereski &
Chiang 1968, Krysan & Branson 1983, Ludwig & Hill 1975, Riley & Enns
1979, Fisher et al. 1984, Mullin et al. 1986). Adult D. barberi also feed on
fungal spores (Forbes 1882, Ludwig & Hill 1975) and on apples, especially
where the skin has been broken by other insects (Forbes 1882). The literature
is devoid of any reference to adult D. barberi feeding on leaves of plants other
than maize.
During September 1992, however, I observed leaf-feeding by adult D.
barberi at several sites throughout Brookings County, South Dakota. First,
individuals were frequently observed throughout the month feeding on leaves
of Iva xanthifolia (marsh elder), a composite widely distributed throughout
North America. Beetles were seen less frequently on the floral parts of 1.
xanthifolia, and they could be found on the leaves of individual plants after
floral parts had dried. At three of four sites (1-2 km W of Aurora), plants were
growing adjacent to or within fields of maize, and plants at the remaining site
(1 km N of Brookings) were in a field of soybeans (Glycine max). Other host
plants of adult D. barberi (besides maize) were present, though not abundant,
near patches of 1. xanthifolia. Several of these alternate hosts (e.g., Cirsium
spp., Helianthus annuus, Solidago missouriensis) were flowering, and D. bar
beri were present on them.
In a second instance (23 Sept.), I observed seven D. barberi adults feeding
on the leaves of a single H. annuus (common sunflower) plant growing adja-

lUSDA-ARS, Northern Grain Insects Research Laboratory, Rural Rt. 3, Brook
ings, SD 57006-9401. Current address: U.S. Army, AMEDD Center and School, Fort
Sam Houston, TX 78234.
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cent to a maize field (located immediately NE of Bushnell). Flower buds were
present but had not yet opened on this plant. Several flowering aster plants
(Erigeron sp., another host of adult D. barberi) were growing across a grassy
access road, and only one beetle was observed on these flowers. Finally, I did
not observe beetles feeding on the leaves of flowering H. annuus growing in
nearby areas, although beetles were quite abundant on flower heads.
Field-collected beetles confined in clip cages (2.8 X 2.8 X 1.5-cm hinged,
plastic cages with eight 3-mID diameter, mesh-covered holes) fed readily on
leaves of 1. xanthifolia (n = 14) or H. annuus (n == 3) in the laboratory (two
beetles per cage per leaf). I estimated that beetles consumed up to 30 and 20%,
respectively, of the I. xanthifolia and H. annuus leaf tissue present in clip
cages during a 48-h period. By comparison, beetles fed only slightly on maize
leaves (n = 2 and previous observations) and not at all on S. missouriensis
(goldenrod) leaves (n = 5). Voucher specimens of field-collected D. barberi have
been deposited at the Northern Grain Insects Research Laboratory, Brook
ings, SD.
These observations represent the first records of leaf-feeding on I. xanthi
folia and H. annuus by adult D. barberi. However, Lance & Fisher (1987) have
noted that, although adult D. barberi can be observed to feed on numerous
plant species, the relative quality of different food plants varies significantly
in terms of beetle fecundity and longevity. Nevertheless, leaf-feeding by bee
tles on 1. xanthifolia when other favored flowering hosts are available sug
gests that the foliage of this plant is a preferred food. Leaves of H. annuus
appear to be much less preferred than flower heads, but apparently are prefer
able to aster flowers. Additional detailed studies comparing the quality of 1.
xanthifolia and H. annuus leaves with other plant tissues are needed for
understanding the ecological implications of the host-utilization patterns of
D. barberi (Lance & Fisher 1987).
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NEW DISTRIBUTION RECORDS FOR OPHIOGOMPHUS HOWEI
(ODONATA:GOMPHIDAE)
K. J. Tennessen 1

ABSTRACT
New distribution records establish Ophiogomphus howei as a resident
species in Wisconsin. Kentucky, Maine, and Minnesota are added as new state
records for this seldom-encountered gomphid dragonfly. Larval habitats
appear to be undisturbed rivers 10-200 m wide, with sand and gravel sub
strates.

Prior to its discovery in the New River in Virginia and North Carolina
(Kennedy and White 1979), Ophiogomphus howei Bromley was known from
only three adult specimens [holotype female (Bromley 1924), male (Calvert
1924), and a female coIL by T. W. Donnelly in 1967 (unpubL, subsequently
reported by Kennedy and White1979)]. The species has been considered rare
and restricted in range to the Appalachian Mountains based on small, scat
tered collections from eight localities: MASSACHUSETTS: Hampshire Co.,
Connecticut River near Amherst (Bromley 1924, type locality); NORTH CAR
OLINA: Alleghany Co., New River (Kennedy and White 1979); NEW YORK:
Broome Co., Binghamton, 6 May, late nineteenth or early twentieth century,
N. Banks (specimen in Museum of Comparative Zoology, Harvard-T. W.
Donnelly, pers. comm.); PENNSYLVANIA: Susquehanna Co., Susquehanna
River near Great Bend, Halstead (Kennedy and White 1979); Cumberland Co.,
Susquehanna River near Lemoyne (Calvert 1924); TENNESSEE: Monroe Co.,
Tellico River (Louton 1982); VIRGINIA: Carroll and Grayson Co., New River
(Kennedy and White 1979).
Adult O. howei are easily distinguished from all other species of the genus
by (1) small size-total length 31-37 mm, hind wing 18-22.5 mm long, and (2)
hind wings tinged yellow or orange in basal two-thirds (see Carle 1992 for a
key to the North American species of Ophiogomphus.)
The population in the New River in southwestern VA and northwestern
NC was the first and only relatively large population known inhabiting a long
stretch (39 kIn) of stable, little-disturbed riffle habitat. The locality on the
Tellico River was based on one reared male (east TN, County Road 2510), and
represents the southernmost known record. This site was inundated when
Tellico Reservoir was created in 1979, undoubtedly extirpating the species
there.
The above records indicated that O. howei was easterly distributed, occur
ring only in large, undammed and relatively undisturbed rivers in the Appala
chian Mountain range. However, a recent collection in Wisconsin (Tennessen

11949

Hickory Ave., Florence, AL 35630.
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Figure 1. Eastern United States, showing updated distribution of Ophiogomphus howei.

1988) extended its known range approximately 1300 km (800 miles) in a west
northwesterly direction (Fig. 1).
A more intensive search for O. howei by several colleagues has resulted in
the collection of this species in 24 townships in six watersheds across northern
Wisconsin, comprising 11 county records (see Table 1 and Fig. 2). All records
lie north of the "tension zone" shown by Ries (1967). The majority of collec
tions consist of exuviae only, but reliable identification is possible because of
th of final instar 22.5
several unique larval features, such as small size
e 1979), along with
mm or less) and lack of dorsal hooks (Kennedy and
collections of adults at some localities. Exuviae are also definite evidence that
a species breeds in the body of water near which they are found. The largest
populations appear to be at the St. Croix and the South Fork Flambeau Riv
ers. The earliest date exuviae were found was 29 May, significantly later than
commencement of emergence in the New River in 1977, which began 30 April,
but close to the earliest 1978 emergence, which began 21 May (Kennedy and
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Table 1. Collection records of Ophiogomphus howe; in Wisconsin.
County

Burnett

Watershed
N. Fork
St. Croix R.

Forest

Peshtigo R.

Langlade

Wolf R.

Marinette

Peshtigo R.

Menominee Wolf R.

Oconto

Oconto R.

Polk
Price

St. Croix R.
Flambeau R.
South Fork

Locality
Rapids
1. Co. 0 Landing
2. Hwy. 35 hr.
3. Hwy. 70 br.
4. Hwy. 77 br.
5. Grantsburg
Big Joe Canoe
Landing
Oxbow Rapids
State Park
Peshtigo R.
Campground,
Hwy.141
1. Big Smokey
Falls, Co. M
2. Minnow Cr.
Bagley Rapids
Campground
Interstate Pk.
1. Down River Rd.
2. Co. W. bridge

Elk R.
Rusk
Sawyer

Flambeau R.
Flambeau R.
South Fork
Chippewa R.

3. Co. F bridge
Co. S bridge
S. of Ladysmith
Co. M bridge
Town Line
Rd. bridge

Dates

Stages

6111189

1 exuv.

6117/89
7/16/89;
and
5129/90
6/24/90
6/23/89

156 exuv.

Collectors

W. A. Smith
&

80 exuv.

T. E. Vogt.

2 adults
3 exuv.

W.
et.
W.
et.
W.
et.

A. Smith,
al.
A. Smith,
al.
A. Smith,
al.

6/23189

8 exuv.

6/25/89

1 exuv.

9/39188

1 nymph

9129/88
6/22/89

1 nymph
15 exuv.

6/18189
7113/87
6/21
6/23/89
6121
6/23/89
10/16190
6120
6/22/88
6/6191
6124/88

11 exuv.
20 nymphs
19 exuv. +
5 adults
10 adults +
83 exuv.
45 nymphs
2 adults

K. J. Tennessen.
W. A. Smith,
et. al.
D. J. Heath.
K. J. Tennessen.

4 exuv.
3 exuv.

G. Miller
K. J. Tennessen.

6117189

14 exuv.

W. A. Smith.

.

D. J. Heath.
D. J. Heath.
W. A. Smith.
W. A. Smith.
K. J. Tennessen.

White 1979). The latest date adults were captured in Wisconsin was 23 June,
which extends the known flight season by three weeks.
The rivers in which O. howei has been found in Wisconsin are medium to
large (width 10 m to 200 m) with predominately gravel and sand substrates,
but large rocks and boulders are often present. Elevations range from 200 m
to 470 m above sea level. Disturbance in the segments where 0. howei occurs
appear minimal, although forestry and agricultural practices have had some
impact on most of the watersheds. This species has not been found in rivers
where clear-cutting of timber or farming have opened large stretches of river
bank, although impacts have not been studied.
Three additional new state records (Fig. 1) are herein reported: KEN
TUCKY: Breathitt Co., Middle Fork River, Rd. 315, 29 June 1986, C. Cook, 7
males. MAINE: Penobscot Co., East Branch Penobscot River, Grindstone
Falls, 1988, exuviae, F. L. Carle; Aroostook Co., Aroostook River near
Ashland, 1988, exuviae, F. L. Carle. MINNESOTA: Pine County, St. Croix
River, 13 June 1990, T. K Vogt, 1 exuviae. Also, the TN record is confirmed as
I collected two nymphs of O. howei in the Tellico River upstream of the
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Figure 2. Known distribution of Ophiogomphus howei in Wisconsin and Minnesota.

reservoir, Monroe County, river mile 21.8 (Nars Ford, elev. 253 m), 7 Oct. 1992.
The river at this site is about 80 feet wide and free-flowing; the fairly stable
substrate is a mixture of cobble, gravel and sand. The dominant aquatic
plants are Potamogeton epihydrus and Podostemum ceratophyllum.
The distribution shown in Fig. 1 indicates that there are three population
"centers", one northeastern, one southern Appalachian, and one north
midwestern. However, this species is difficult to find, and further intensive
collecting is needed to determine if annectent populations exist.
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A RECORD OF NOMADA (NOMADA) COLORATA FROM ILLINOIS WITH
A SUGGESTED HOST SPECIES (HYMENOPTERA: APOIDEA)
John K. Bouseman 1

Nomada colorata (Anthophoridae)was described by Mitchell (1962) on the
basis of the holotype female from Michigan and two female paratypes from
Michigan and New York. The species has received little subsequent notice.
Mitchell placed N. colorata in the subgenus Heminomada Cockerell and
Atkins. Snelling (1986) synonymized that subgenus with the nominate subge
nus and placed N. colorata therein. The purpose of this note is to record N.
colo rata from Illinois and to suggest a host-association for the species.
On 13 May 1992, while collecting at Mississippi Palisades State Park in
Carroll County, Illinois, I noticed a few Nomada sp. females sitting on leaves
of a Viola sp. that was in bloom. I took one specimen and later determined it to
be N. colorata. Numerous females of Andrena (lomelissa) violae Robertson
(Andrenidae) were collecting pollen from the violets at the time of observation
(1200-1215 hr; 20-22°C). Two females of A. violae were taken as vouchers.
The association of these two rare species of bees at this particular Junc
ture suggests a host-parasite relationship might exist between them. Both
species are also recorded from Ithaca, New York, and while LaBerge (1986) did
not record A. violae from any locality in Michigan, Mitchell (1960) did include
Michigan in his statement of range for the species.
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