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LATE SUMMER-FALL SOLITARY WASP FAUNA 

OF CENTRAL NEW YORK (HYMENOPTERA: 


TIPHIIDAE, POMPILIDAE, SPHECIDAE) 


Frank E. Kurczewski1 and Robert E. Acciavatti2 

ABSTRACT 

Eighty-one species of primarily ground-nesting solitary wasps belonging to the 
families Tiphiidae, Pompilidae and Sphecidae were observed, collected and identi
fied from six sandy and gravelly study areas in Cayuga and Onondaga Counties, 
New York. The observations and collections were made 1 September-3 November 
1966,1 September-l November 1967 and 13 September-29 October 1984, with some 
species (Ammophila umaria, Diodontus jranciemontl) nesting through the entire 
months of September and October. An attempt to associate extended flight season 
with overnight resting site, geographic distribution, taxonomic affinity and prey 
type is made, but only the association with prey type appears to have any validity. 

The late summer-fall solitary wasp fauna of the northeastern United States is 
poorly documented. Dates of collection after 1 September are unavailable for the 
majority of species. Leonard (1928) published collection dates after 1 September 
from upstate New York for II species of Pompilidae and 17 species of Sphecidae; 
however, many of these records contain only the month of collection and several of 
the species determinations are doubtful. Evans (1957, 1958a, b, 1959, 1962, 1964, 
1966) reported late dates for the nesting activities of some species of digger wasps 
from the Northeast. Two of his papers (1958b, 1964) describe the nesting of typically 
late summer and early fall species, Ancistromma distincta (Smith) and Philanthus 
lepidus Cresson, respectively. Ten species of pompilids and 26 species of sphecids 
were collected by Kurczewski and Kurczewski (1963) at Presque Isle State Park, 
Pennsylvania after 1 September, indicating that many solitary wasps continue nest
ing into the late summer and early fall despite cooler temperatures and shortened 
photoperiod. Their report suggests that a few species such as Mimesa pauper Pack
ard, Diodontus ater (Mickel), Nysson trichrus (Mickel) and Crossocerus elongatus 
Van der Linden may be restricted to or have peak populations during this time 
period. An examination of the Sphecidae in the insect collections of Cornell Univer
sity and the Museum of Comparative Zoology, Harvard University, reveals a dearth 
of material collected during September and October in the northeastern United 
States. A paucity of such collecting records has induced us to present information on 
the activities of primarily ground-nesting Tiphiidae, Pompilidae and Sphecidae 

lEnvironmental and Forest Biology, State University of New York College of Environ
mental Science and Forestry, Syracuse, NY 13210. 

2Forest Pest Management, U.S.D.A., Forest Service, Morgantown, WV 26505. 
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obtained during September, October and November of 1966, 1967 and 1984. Many 
of the specimens have been placed in the insect museum of the State University of 
New York College of Environmental Science and Forestry and some were retained 
by the identifiers. 

Six areas in central New York were utilized as study sites but one proved to be far 
better than the others as a source of ground-nesting solitary wasps. This area com
prised a man-made sand pit, 2 km S Auburn, Cayuga County (see Fig. 1, Kurc
zewski and Acciavatti, 1968). The area was partly surrounded by an oak-hickory 
forest, contained an abundance of flowering Aster and Solidago species and was 
moderated climatically by nearby Owasco Lake. None of the other sites contained 
such a vast array of wasps nor such dense aggregations of certain species. All but 
eight of the 81 species of solitary wasps listed below were collected or observed at 
this locality. Additional collections and observations were made in sand and gravel 
pits 3 km E Auburn, alongside U. S. Route 20, 2 km W and 5 km S Sennett, Cayuga 
County, and Marcellus and 2 km S Fayetteville, Onondaga County. 

At first, nearly daily I-hour periods of observation were made at each site except 
for the one near Fayetteville. After these areas had been explored for the relative 
richness or poorness of their wasp fauna, 2-to 3-hour periods of daily study were 
concentrated at the site near Owasco Lake with only occasional visits to the other 
areas. Observations and collections were usually made during the warmest hours of 
the day, i.e., between 1200 and 1600 h (EDT) on the days indicated in the text. A 
total of 248 h, 171 in 1966, 30 in 1967 and 47 in 1984 was spent in this endeavor. The 
1966 data were systematically collected, but those of 1967 and 1984 were opportunis
tic because of teaching time limitations. During the course of study, various physical 
factors were measured and recorded daily, including high and low (ambient) temper
ature, temperature at times of wasp activity, sand surface and cell depth tempera
ture, amount and kind of precipitation, day length (photoperiod) and pollen count. 
These data are available from the senior author, upon request. Sand temperature 
may have been the most appropriate measurement because it indicated conditions to 
which the wasp responded on the surface and at cell depth. 

The total number of specimens utilized was 2,129. Of the 81 species of solitary 
wasps collected and observed during this study, 62 were Sphecidae. Males and 
females of Sphecidae were collected and identified except for common species in the 
genera Chlorion, Sceliphron, Sphex, Tachysphex, Oxybelus, Alysson, Sphecius, 
Bicyrtes, Microbembex, Bembix and Philanthus which were identified in situ. All of 
the tiphiids and pompilids were collected and identified after recording their activity. 
The species are listed below following their arrangement in the Catalog of Hyme
noptera in America North of Mexico, except that Krombein's (1979) families and 
subfamilies of Sphecoidea are relegated to sub familial and tribal statuses, respec
tively. The sexes, number of specimens, inclusive dates of collection and behavioral 
activity (in parenthesis) are given for each species. Abbreviations for the behavioral 
activities are as follows: (n) nesting, (s) searching for host, prey or nest, (r) resting, 
(w) walking, (I) flying, (m) mating, (t) maintaining territorial station, (h) obtaining 
honeydew and (d) dead on sand. A, D, M and S refer to wasps collected on the 
flowers of Aster spp., Daucus carota, Melilotus alba and Solidago spp., 
respectively. 

Family TlPHIIDAE 

Myzinum quinquecinctum (Fabricius): 1 (S) 13 Sept. 1966. 
Methocha stygia (Say): 2 '? I' (s) 2-14 Sept. 1967. 



1990 THE GREAT LAKES ENTOMOLOGIST 59 

Family POMPILIDAE 

Tribe Pepsini 


Priocnemis cornica (Say): 52 'i! 'i: (n, s) 1 Sept.-27 Oct. 1966, 13 Sept.-2 Oct. 1967, 
21 Sept.-29 Oct. 1984, (w) 12 Oct. 1984 (14 0 C, air; 16 0 C, sand). 

Priocnemis notha (Cresson): 7 "(n) 17 Sept.-26 Oct. 1966, (f) 27 Sept.-I5 Oct. 
1966. 

Calicurgus hyalinatus alienatus (Smith): 13 '2 '2 (n, s) 8 Sept. 1966, 14 Sept.-4 Oct. 
1967,21 Sept.-14 Oct. 1984, (f) 4 Oct. 1967. 

Tribe Auplopodini 

Auplopus nigrellus (Banks): 6 '(2 (n) 10-22 Oct. 1966,2-16 Oct. 1967. 

Tribe Pompilini 

Evagetesparvus (Cresson): 44 '2 (s) 9 Sept.-27 Oct. 1966,2 Sept.-16 Oct. 1967, 
16 Sept.-1O Oct. 1984, (S) 8-14 Sept. 1966. 

Episyron quinquenotatus (Say): 25 (n) 1 Sept.-16 Oct. 1966, 1 Sept.-2 Oct. 
1967, (S) 14 Sept.-6 Oct. 1966; 5 00 (f) I Sept. 1%6, (S)2-15 Sept. 1967. 

Anoplius (Lophopompilus) aethiops (Cresson): 4 'i: 'i' (n) 8-10 Sept. 1966, (f, r) 26 
Sept. 1966. 

Anop/ius (Arachnophroctonus) semirufus (Cresson): 10 2'i' (n) 1 Sept.-14 Oct. 
1966, 16-23 Sept. 1984, (f, r) 26 Sept. 1966. 

Anoplius (Pompilinus) marginatus (Say): 62 'i' 2 (n, s) 1 Sept.-l0 Oct. 1966, 2 
Sept.-IS Oct. 1967, 16 Sept.-14 Oct. 1984, (f) 14 Oct. 1966. 

Anoplius (Pompilinus) subcy/indricus (Banks): 5 'i' 'i' (n) 18 Sept.-l0 Oct. 1966. 
Anop/ius (Anop/ius) illinoensis (Robertson): 3 '2 'i' (n) 1 Sept. 1966, (S) 9-14 Sept. 

1966. 
Anoplius (Anoplius) imbellis Banks: 1 (n) 17 Sept. 1966. 
Anoplius (Anop/ius) ventralis (Banks): 3 'i' 'i' (n) 18 Sept.-22 Oct. 1966, 4 Oct. 

1967. 
Ammosphex michiganensis (Dreisbach): 2 '" '? (n) 9 Oct. 1966, (r) 2 Oct. 1966 

(wings frayed). 
Aporinellus median us Banks: 1 '2 (n) 3 Oct. 1966. 
Aporinellus wheeleri Bequaert: 4 '" '? (n) 1-2 Sept. 1966, (h) 1 Sept. 1966. 

Tribe Ceropalini 

Ceropales maculatafraterna Smith: 1 S' (D) 6 Oct. 1966 (wings damaged, unable 
to fly). 

Family SPHECIDAE 
Subfamily Sphecinae 

Chlorion aerarium Patton: 1 '2 (r) 1 Sept. 1966. 
Sceliphron caementarium (Drury): 3 n (n) 10 Sept.-9 Oct. 1966,4 Oct. 1984. 
Sphex ichneumoneus (Linnaeus): 9 n (n) 1-10 Sept. 1966, 13-16 Sept. 1984, (S) 8 

Sept. 1966, 2 Oct. 1967. 
Sphex pensylvanicus Linnaeus: 2 'i' '" (f) 1 Sept. 1966, 1 Sept. 1967. 
Prionyx atratus (Lepeletier): 2 S'S' (n) 18-19 Sept. 1966. 
Podalonia robusta (Cresson): 55 'i'S' (n, s) 1 Sept.-22 Oct. 1966, 1 Sept.-4 Oct. 

1967,16 Sept.-3 Oct. 1984, (S) 6-28 Sept. 1966,2-15 Sept. 1967; 3 00 (f) 2 Sept. 
1966, (S) 6 Sept. 1966, 5 Sept. 1967. 

Eremnophila aureonotata (Cameron): 8 S' 'i' (f) 7-19 Sept. 1966, 13 Sept. 1967, (S) 
6-19 Sept. 1966; 1- 0 (S) 6 Sept. 1966. 
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Ammophila evansi Menke: 9 \' (n) 14 Sept.-28 Oct. 1966. 
Ammophila harti (Fernald): 141 '? 9 (n) 1 Sept.-15 Oct. 1966, 2 Sept.-16 Oct. 

1967, 13 Sept.-29 Oct. 1984, (f, r) 4-24 Oct. 1984 (13° C, air; 20° C, sand). (A) 2 
Oct. 1967, (S) 1-28 Sept. 1966, 2-5 Sept. 1967; 3 66 (f) 28 Sept. 1966, (m, 
attempted) 3 Oct. 1984, (S) 5 Sept. 1967. 

Ammophila kennedyi (Murray): 23 ~ ~ (n, s) 2-19 Sept. 1966, 1-15 Sept. 1967,25 
Sept.-2O Oct. 1984, (f,w) 4 Oct. 1984 (13° C, air; 20° C, sand), (S) 6-28 Sept. 1966; 
1 J (S) 28 Sept. 1966. 

Ammophila nigricans Dahlbom: 28 ~ ~ (n) 1 Sept.-14 Oct. 1966,2 Sept.-4 Oct. 
1967,21-23 Sept. 1984, (A) 2 Oct. 1967, (S) 10 Sept. 1966,2 Sept. 1967,20 Sept. 
1984; 2 U (f) 6 Sept. 1966, 1 Sept. 1967. 

Ammophila pictipennis Walsh: 12 5"1 (n) 6 Sept.-23 Oct. 1966, 1 Sept.-27 Oct. 
1967, (S) 4-17 Sept. 1967; 1 6 (S) 10 Sept. 1966. 

Ammophila umaria Dahlbom: 169 '1'1 (n, s) 1 Sept.-23 Oct. 1966, 1 Sept.-2 Oct. 
1967,16 Sept.-29 Oct. 1984, (f, w, r) 4-16 Oct. 1984 (13° C, air; 20° C, sand), (D) 19 
Sept. 1966, (S) 13 Sept.-22 Oct. 1966, 1 Sept.-16 Oct. 1967; 5 J 6 (M) 1-6 Sept. 
1966, (S) 1-5 Sept. 1967. 

Subfamily Pemphredoninae 

Mimesa ezra (Pate): 29 '1'1 (n) 28 Sept.-26 Oct. 1966,4-11 Oct. 1967, (f) 13-14 
Oct. 1984, (D) 22 Oct. 1966, (S) 6-22 Oct. 1966,2 Oct. 1967. 

Psenulus pallipes parenosas (Pate): 2 'I (n) 22 Oct. 1966,25 Sept. 1967. 
Diodontusjranclemonti(Krombein): 165 '1'1 (n, s) 1 Sept.-3 Nov. 1966,2 Sept.-I 

Nov. 1967,30 Sept.-29 Oct. 1984, (D) 18 Sept. 1966; 9 J 6 (f) 1-2 Sept. 1966. 
Diodontus virginian us (Rohwer): 1 'I (n) 25 Sept. 1967: 
Pemphredon lethijer (Shuckard): 7 'II' (n) 11 Sept.-28 Oct. 1966. 
Pemphredon sp. 1 'I (n) 11 Sept. 1966. 
Spilomena sp. 1 'I (n) 22 Oct. 1966. 

Subfamily Astatinae 

Astala leuthstromi Ashmead: 7'1'1 (n) 14-18 Sept. 1966, 16-23 Sept 1984; 1 J (t) 
14 Sept. 1967 (wings frayed). 

Astata unicolor Say: 5 I' 'I (n) 16-30 Sept. 1984; 2 J J (t) 16-18 Sept. 1984. 

Subfamily Larrinae 

Liris argentatus (Beauvois): 26 '1'1 (f, r, w) 1-18 Sept. 1966, 13 Sept. 1967,20 
Sept.-29 Oct. 1984, (S) 30 Sept. 1984. 

Ancistromma distincta (Smith): 16'1'1 (12 black, 4 red and black), (n) 2-17 Sept. 
1966, 2-17 Sept. 1967; 1 J (w) 13 Sept. 1984 (wings frayed). 

Tachytes validus Cresson: 4 '1'1 (n) 8 Sept. 1966, 2-5 Sept. 1967; 1 6(S) 8 Sept. 
1966. 

Tachysphex acutus (Patton): 8 '12 (n, w, r) 1 Sept.-3 Oct. 1966, 14 Sept. 1967. 
Tachysphex tarsatus (Say): 31 'I:;: (n) 1 Sept.-3 Oct. 1966,5':'14 Sept. 1967, (d) 28 

Sept. 1966, (D) 2-10 Sept. 1966; 4 6 J (f) 1-10 Sept. 1966, 13 Sept. 1967. 
Tachysphex terminatus (Smith): 35 '1'1 (n) 1 Sept.-6 Oct. 1966,2-15 Sept. 1967; 8 

J 6 (f) 1-18 Sept. 1966. 
Lyroda subita (Say): 3 '1'1 (n) 18-21 Sept. 1984. 
Plenoculus davis; Fox: 7 '12 (n) 1-6 Sept. 1966,2 Sept. 1967. 
Miscophus american us Fox: 15 ';' ';' (n) 1-19 Sept. 1966, 1-5 Sept. 1967. 

Subfamily Trypoxyloninae 

Trypoxylon pennsy/vanicum Saussure: 18 I' 'I (n) 9-27 Oct. 1966, 13 Sept.-26 Oct. 
1967; 2 U (f) 15 Oct. 1966,26 Oct. 1967. 

Trypargilum collinum rubrocinctum (Packard): 4 '1'1 (n) 14-27 Oct. 1966. 
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Subfamily Crabroninae 

Oxybelus bipunctatus Olivier: 431 'i' 'i' (n) 1 Sept.-23 Oct. 1966, 1 Sept.-II Oct. 
1967, 13 Sept.-20 Oct. 1984, (r) 22 Oct. 1966, (D) 18 Sept.-25 Oct. 1966, (S) 6 
Sept.-25 Oct. 1966; 16 oj oj (f) 1-17 Sept. 1966, (S) 19-27 Sept. 1966. 

Oxybelus subcornutus Cockerell: 8 'i"i' (n) 1-13 Sept. 1967, 13-30 Sept. 1984. 
Oxybelus uniglumis (Linnaeus): 27 'i' 'i' (n) 1-13 Sept. 1966,13 Sept.-4 Oct. 1967, 

13 Sept.-25 Oct. 1984, (S) 8 Sept. 1966. 
Anacrabro ocellatus Packard: 3 'i S' (D) 1-3 Sept. 1966. 
Lindenius columbian us (Kohl): 13 'i'i' (n) 11 Sept.-9 Oct. 1966, (r) 15-24 Oct. 

1966, (D) 6 Oct. 1966, (S) 24 Oct. 1966. 
Crossocerus maculipennis (Smith): 5 'i' 'i (n) 13-25 Sept. 1966,20-23 Sept. 1984. 
Crabro advena Smith: 3 'i'i' (n) 15-22 Sept. 1967. 
Crabro latipes Smith: 2 I' 'i' (n) 4-11 Oct. 1967. 
Ectemnius sp. 1 'i' (n) 8 Sept. 1966. 

Subfamily Nyssoninae 

Alysson melleus Say: 13 \' 'I (n) 8 Sept.-9 Oct. 1966, 2 Sept.-4 Oct. 1967, 20 
Sept.-13 Oct. 1984, (S) 10 Oct. 1966. 

Nysson trichrus (Mickel): 4 I! 'I (s) 13 Sept.-9 Oct. 1966, 25 Sept. 1967. 
Epinysson basilaris tuberculatus (Handlirsch): 3 I! 'i' (s) 2-13 Sept 1966, 13 Sept. 

1984. 
Ochleroptera bipunctata (Say): 1 'i' (n) 17 Sept. 1966. 
Pseudoplisus phaleratus (Say): 1 \' (S) 28 Sept. 1966. 
Sphecius speciosus (Drury): 4 I!'i' (f) 8-10 Sept. 1966, (n) 2-5 Sept. 1967. 
Hoplisoides placidus nebulosus (Packard): 13 'i' \' (n) 1-8 Sept. 1966, 2-5 Sept. 

1967. 
Bicyrtes ventralis (Say): 3 n (n) 2 Sept. 1967,25 Sept. 1984, (r) 15 Sept. 1967. 
Microbembex monodonta (Say): 49 'i' 'i' (n) 8-19 Sept. 1966, 13-20 Sept. 1984, (f) 

29 Sept. 1966, 14 Sept. 1967, (r) 2 Oct. 1967; 2 oj oj (f) 8 Sept. 1966. 
Bembix americana spinolae Lepeletier: 45 \' 'i' (n) 1-27 Sept. 1966,2 Sept.-4 Oct. 

1967, 13 Sept.-13 Oct. 1984, (f) 28 Sept. 1966, (r) 9 Oct. 1966 (with only one 
forewing), 2 Oct. 1967; 2 oj oj (f) 1-13 Sept. 1966. 

Subfamily Philanthinae 

Philanthus bi/unatus Cresson: 5 'i"i' (n) 14 Sept. 1966,4 Oct. 1967, (S) 2 Oct. 
1967. 

Philanthus gibbosus (Fabricius): 73 'i' \' (n) 26 Sept.-l0 Oct. 1966, 2-4 Oct. 1967, 
(f) 27 Sept.-23 Oct. 1966, (r) 22-23 Oct. 1966, (D) 22 Oct. 1966, (S) 8 Sept.-23 Oct. 
1966, 2-15 Sept. 1967; 7 oj oj (S) 2-5 Sept. 1967. 

Philanthuslepidus Cresson: 141 'i'1' (n) 2 Sept.-9 Oct. 1966,2 Sept.-4 Oct. 1967, 
13 Sept.-20 Oct. 1984, (f) 9 Oct. 1966, (r) 9 Oct. 1966, 13 Oct. 1984, (S) 6 Sept.-14 
Oct. 1966, 15 Sept.-2 Oct. 1967; 6 oj oj (S) 8-26 Sept. 1966. 

Philanthus politus Say: 65 I' 'i (n) 1-18 Sept. 1966,2-13 Sept. 1967, (f) 6-18 Sept. 
1966, (r) 6-18 Sept. 1966, 14-17 Sept. 1967, (S) 8-27 Sept. 1966,2-13 Sept. 1967; 2 
OJ (S) 4-5 Sept. 1967. 

Philanthus solivagus Say: 1 'I (n) 14 Sept. 1966; 2 oj oj (S) 5-6 Sept. 1967. 
Philanthus ventilabris Fabricius: 3 I' 'i' (S) 6-8 Sept. 1966. 
Cerceris dentifrons Cresson: 3 1'1' (S) 8 Sept.-2 Oct. 1966. 
Cerceris deserta Say: 2 'i"i' (n) 19 Sept. 1966, (S) 25 Sept. 1966; 2 oj J (S) 5-10 Sept. 

1966. 
Cerceris fumipennis Say: 4 I' 'i' (n) 20 Sept.-3 Oct. 1984. 
Cercerisnigrescens Smith: 16 I' 'i'(n)l-IO Oct.1966, (r) 28 Sept. 1966, (w)6 Oct. 

1966, (S) 8 Sept.-9 oct. 1966, 15 Oct. 1967; 2 oj oj (S) 8-10 Sept. 1966. 
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DISCUSSION 

The most detailed data of this three-year study were gathered during 1966. Several 
wasp species, induding Sphex ichneumoneus, Prionyx atratus, Eremnophila 
aureonotata, Astata leuthstromi, Ancistromma distincta and Miscophus amert
canus, were not seen after 19 September of that year. Neither abrupt change in 
temperature or amount of rainfall or unavailability of prey appeared to govern the 
disappearance of these wasp species. Death caused by old age was probably respon
sible for the sudden absence of these species because some of the wasps had frayed 
wings and moved slowly and wobbly. The disappearance of Tachysphex acutus, T. 
tarsatus, T. terminatus, Alysson melleus, Bembix americana spinolae and Cerceris 
nigrescens during early October coincided with a series of cold nights and mornings 
on 6,7 October during which temperatures dropped to 4° C. The disappearance of 
several species of Philanthus and Cerceris during late September and early October 
paralleled a significant decline in the number of flowers of Solidago spp., a primary 
food source for them. By 15 October flowers of Melilotus alba, Daucus carota and 
Solidago spp. had essentially disappeared, those of Aster spp. were scarce, there was 
still much living (green) vegetation and some prey species were evident. Wasps that 
nested at that time induded the small species Psenulus pallipes parenosas, Diodon
tus franclemonti, Mimesa ezra, Oxybelus bipunctatus and Lindenius columbian us, 
medium-sized species such as Trypoxylon pennsylvanicum, Trypargi/um collinum 
rubrocinctum and Philanthus gibbosus, but only Podalonia robusta and 
Ammophila spp. among the larger wasps. Most of these species were active on warm 
(15°-200 C) late October days, despite the fact that much vegetation had died due to 
several hard frosts, all of the deciduous trees, except oaks, had shed their leaves and 
many prey species were absent from the area. The last species to be observed was 
Diodontus franclemonti on 3 November 1966. Several females had survived night 
temperatures of _10 C, 11 frosts and 2 snowfalls of 1.9 and 3.8 cm. A few potential 
prey aphids were located on the sparse green vegetation that remained at that time. 

There appears to be no correlation between extended flight season and where the 
wasp spends the night. One would assume that species which spend the night in 
burrows in the ground would be more protected from the rigors of the environment 
than species which spend the night above ground, e.g., clinging to vegetation, and. 
therefore. the former species should be evident later in the fall. However, certain 
species that slept on vegetation such as Ammophila spp., were among the last wasps 
to be seen nesting in late October. Many of the wasps that spent the night in burrows 
in the ground were among the first species to disappear in late summer and early 
fall, e.g., Astatinae, Larrinae, Nyssoninae and Cercerini. Conversely, other wasps 
that overnighted in burrows in the ground, e.g., certain species of Oxybelus, Poda
Ionia, Philanthus and Mimesa, were among the last genera to be seen in the fall. 
Podalonia luctuosa Sm. females overwinter in deep, nearly vertical burrows which 
provide protection for them until they reexit the following spring and resume hunt
ing activities (O'Brien and Kurczewski, 1982b), but adult females of P. robusta do 
not overwinter. Species that spent overnight in pre-existing burrows in soil or vegeta
tion, e.g., Pemphredoninae and Trypoxyloninae, also nested into late October. 

An attempt to correlate extended flight season with geographic distribution 
revealed few relationships. Species with northern geographic distributions such as 
Ammosphex michiganensis, Podalonia robusta, Astata leuthstromi, Plenoculus 
davisi, Miscophus americanus and Crabro tatipes did not nest later into the fall than 
species with more southern distributions, e.g., several species of Ammophila and 
Philanthus. An exception appears to be Eremnophila aureonotata of the tribe 
Ammophilini, which belongs to a predominantly Neotropical genus and disappeared 
in late summer (see O'Brien, 1989). 

Species belonging to certain genera disappeared at about the same time of year: 
Priocnemis comica, P. notha, late October; Sphex ichneumoneus, S. pensylvanicus, 
early September to early October; Ammophi/a evansi, A. harti, A. kennedy;, A. 
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pictipennis, A. urnaria, late October; Astata leuthstromi, A. unicolor, late Septem
ber; Tachysphex aculus, T. tarsatus, T. terminatus, early October; Cerceris denti
frons, C. deserta, C. fumipennis and C. nigrescens, late September to mid-October. 
The congruity in flight season of certain congeneric species reflects uniformity in 
prey type. Several species of Oxybelus and Philanthus, on the other hand, were 
stratified seasonally in upstate New York. Oxybeius bipunctatus and O. uniglumis 
and Philanthus gibbosus and P. lepidus nested later in the year (mid-to late October) 
than other species in these genera. Seasonal stratification in species of Oxybeius is 
linked to prey type and flight season (Peckham, et al., 1973), but such a correlation 
has not been demonstrated for many species of Philanthus (Evans and Lin, 1959; 
O'Neill and Evans, 1982; Evans and O'Neill, 1987). 

Species that nested latest in the year were also associated by prey type and 
included hunters of spiders (Pompilidae, Trypoxylonini), lepidopterous larvae 
(Ammophilini), Homoptera (Pemphredoninae), adult bees (Philanthini) and adult 
flies (Oxybelini). The only pompilids to nest in late October in this study were 
Priocnemis cornica and P. notha. All of the Orthoptera-hunting species of Spheci
nae disappeared in late summer, but species of the caterpillar-hunting genus 
Ammophila were among the last wasps to nest in the fall. A related species, Erem
nophila aureonotata, disappeared about a month sooner for reasons unknown. At 
least five genera of Homoptera-hunting Pemphredoninae nested into late October. 
Two species of Astata (Astatinae) preyed upon stinkbugs and nested only into late 
September. Except for females of Liris argentatus, which overwinter as adults 
(O'Brien and Kurczewski, 1982a) and Tachysphex spp. which disappeared during 
the first week in October, all species of Tachytini and LarTini were gone by late 
September. Species of Trypoxylon and Trypargiium, which prey upon spiders, 
extended their activities into the last week in October. Only two species of Oxybelus, 
among the several fly-hunting genera of Crabroninae, nested into late October. 
Lindenius columbian us, a generalized provisioning crabronine (Miller and Kurc
zewski, 1975), also nested into late October. The vast majority of species of Nyssoni
nae, except Alysson melleus, Nysson trichrus and an occasional Bembix americana 
spinoiae or Microbembex monodonta, disappeared before 1 October. 
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AGGREGATION BEHAVIOR OF A WILLOW FLEA BEETLE~ 
ALTICA SUBPLICATA (COLEOPTERA: CHRYSOMELIDAE) 

Catherine E. Bachl and Deborah S. Carr2 

ABSTRACT 

This study examined the aggregation behavior of a specialist insect herbivore, 
Altica subplicata (Coleoptera: Chrysomelidae), on its host plant, Salix cordata. 
Mark-recapture experiments were conducted in patches of S. cordata growing along 
the shores of Lake Huron. Beetles aggregated on individual host plants, but did not 
aggregate in larger areas containing many host plants. Plants colonized by marked 
beetles had significantly higher abundances of unmarked beetles than did plants that 
were not colonized by marked beetles. 

Experimental manipulations of the number of beetles present on plants showed 
that colonization rates by marked beetles were higher on plants with conspecifics 
than on plants which had all beetles removed the previous day. The sex of beetles, 
however, did not influence colonization behavior; both male and female beetles 
colonized plants regardless of the sex of beetles already present on plants. These 
results are discussed with respect to possible explanations for aggregation, and the 
role of aggregation and movement in influencing insect distributions. 

The importance of movement in explaining insect distribution and abundance has 
been explored both empirically (Kareiva 1985, Turchin 1987, Lawrence 1988) and 
theoretically (Jones 1977, Taylor and Taylor 1977, Kareiva 1982, Cain 1985, Turchin 
1986, 1989). Movement behavior often influences the response of insect herbivores 
to plant dispersion (Bach 1984, 1988, Cain et al. 1985, Kareiva 1985, Lawrence 1987) 
and recent reviews emphasize that movement is one of the most important factors 
inflUencing how plant spatial pattern affects herbivore populations (Kareiva 1983, 
Stanton 1983). 

Although aggregation behavior is often an important component of movement 
behavior, it has received little attention. Recent studies have shown the importance 
of aggregation in influencing insect distributions (Lawrence 1987, 1988, Turchin 
1987). For milkweed beetles, Tetraopes tetraophthalmus (Forster) (Cerambycidae), 
conspecific density and sex ratio influence rates of immigration to and emigration 
from host plant patches (Lawrence 1987, 1988). Turchin (1987) found that the 
aggregative tendency of the Mexican bean beetle, Epilachna varivestis Mulsant 
(Coccinelidae), strongly influenced response to host plant density. 
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Many insect species exhibit aggregated distributions (Kennedy and Crawley 1 %7, 
Rowell-Rahier and Pasteels 1986), yet the presence of aggregation pheromones has 
been confirmed for only a small subset of these species (see review by Birch 1984). 
For other species, aggregations of one sex often result from response to sex phero
mones (Roelofs 1981, Byers 1983, Carde and Baker 1984). Larval aggregations, in 
contrast, typically are the result of a clumped pattern of egg laying (Stamp 1980, 
Breden and Wade 1987). 

The purpose of this study was to investigate aggregation behavior of a specialist 
insect herbivore, Altica subplicata LeConte (Coleoptera: Chrysomelidae: Alticinae). 
This flea beetle is a specialist on sand-dune willow, Salix cordata, in northern 
Michigan. Preliminary observations indicated that A. subplicata forms aggrega
tions. We examined three specific questions: (1) is there an aggregated distribution 
of beetles, either on a per plant basis and/or a broader areal basis (aggregation-scale 
hypothesis)?, (2) do beetles preferentially colonize plants with beetles already 
present over plants with no beetles present (gregarious behavior hypothesis)?, and 
(3) do beetles exhibit a sex-specific aggregative response to conspecifics (sex
aggregation hypothesis)? 

MATERIALS AND METHODS 

The study was conducted at the Nature Conservancy's Grass Bay Preserve on the 
northern shore of Lake Huron in Cheboygan County, Michigan. This site has three 
distinct parallel ridges of low sand dunes which differ in age and successional status 
of vegetation. The sand dune ridge closest to Lake Huron is the youngest dune and 
was colonized by sand-dune willow for the first time in 1988, whereas the ridge 
farthest from Lake Huron is the oldest successional stage. Between the dune ridges 
are interdunal swales, in which Salix species do not grow. 

The patterns of beetle population dynamics on these three dune ridges are 
described in detail elsewhere (Bach 1990). All tests for this study were performed on 
the dune of intermediate age because: (1) first generation beetles completely defoli
ated the majority of plants on the dune closest to Lake Huron, and (2) there were no 
beetles present on the dune farthest from Lake Huron. S. cordata was more abun
dant on the intermediate dune than on the other dunes, and was the dominant 
woody species on that dune. 

A/fica subplicata is a common herbivore on sand-dune willow growing along the 
shores of Lake Huron. A. subplicata is a specialist on willow and has been reported 
to feed on sandbar willow, Salix interior, in South Dakota (DeSwarte and Balsbaugh 
1973). At Grass Bay, A. subplicata appears to have two generations per year. In late 
June of 1988, larvae were more common than adults, whereas by mid-July, adults 
were most common. In August, adults declined in abundance and larvae 
predominated. 

Mark-recapture experiments were carried out in 1988 to examine the three hypoth
eses relating to aggregation behavior. For all tests, beetles were captured in the 
afternoon, brought back to the laboratory and marked with Testor's brand enamel 
paint. Beetles were marked with a particular color pattern that identified each 
group. On the following morning, beetles were released in the field by placing the 
container with beetles on the ground and removing the lid. All searches for marked 
beetles were conducted between 0800 and 1200 hrs using a direct observation 
method. Direct observation enabled accurate beetle censuses because: (1) very few 
beetles flew away unless the plant was touched, and (2) the metallic color of the 
beetles made them very visible and thus easily counted. 

Aggregation experiment. To test the aggregation-scale hypothesis, aggregation of 
both naturally-occurring unmarked beetles and released marked beetles was studied. 
Twenty beetles were released on 25 July at each of two locations (10 m apart) in the 
center of the study site. Surrounding each of these release points were host plants 
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with naturally occurring unmarked beetles on them. On 26 July. a circle with a 5 m 
radius from each release point was divided into 4 quadrants. For every plant within 
this sampling area (N := 75 for release area one and N 109 for release area two), the 
number of marked beetles, the number of unmarked beetles, and the quadrant 
number were recorded. On 27 July, these areas were again searched for marked 
beetles, but data were recorded only for plants with marked beetles. The 5 m radius 
sampling area was chosen based on preliminary releases of marked beetles (N = 80), 
which revealed average distances moved in one day to be 5.8 ± 0.6 m. 

This experiment allowed us to examine whether: (1) naturally-occurring unmarked 
beetles aggregated in particular quadrants or on individual plants, and (2) marked 
beetles preferentially colonized particular quadrants and/or plants. To test for aggre
gation in particular areas (rather than on particular plants), it was necessary to use an 
estimate of beetle density which was not confounded by host plant density. Thus, one
way ANOVAs were performed on number of beetles per plant in each quadrant, 
rather than total number per quadrant, to control for differences between quadrants 
in the number of available host plants. To examine aggregation on a per plant basis, 
distributions of beetles on individual plants were analyzed. All data were transformed 
[In (x + 1)] prior to analysis to reduce heteroscedasticity of variance. 

This experiment also allowed us to test the gregarious behavior hypothesis, by 
examining whether: (1) the number of marked beetles colonizing a plant was a func
tion of the number of unmarked beetles present, and (2) plants that were colonized by 
marked beetles had more unmarked beetles present. Regression analyses were used to 
compare the number of marked and unmarked beetles on plants. Student t-tests were 
used to compare the mean number of unmarked beetles on plants that were colonized 
by marked beetles vs. plants not colonized by marked beetles. 

To examine aggregation on a finer scale than that of the individual plant, censuses 
of beetle distributions on individual leaves were conducted on 29 July 1987. The 
number of beetles on every leaf on one randomly-selected branch from each of 17 
randomly-selected plants was recorded. 

Response to conspecifics experiment. To examine the gregarious behavior hypoth
esis under more controlled conditions, groups of beetles were released between eight 
pairs of relatively isolated Salix cordata plants. These pairs of plants were matched 
as closely as possible for similar beetle densities and plant heights. On 26 July, one 
of the plants of each pair was cleared of all beetles, whereas beetles were left on the 
control plant. To control for possible effects of wind direction, the control plant was 
to the east for half of the pairs, and to the west for the other half of the pairs. 
Twenty beetles were released at a point equidistant from each plant in the pair. These 
sixteen plants were searched for beetles for two consecutive days following release, 
and the number of marked and unmarked beetles was recorded. 

In order for this test to be valid, it is necessary that there be minimal re
colonization by unmarked beetles of the experimental plants, and low emigration 
rates by unmarked beetles from the control plants. By recording the number of 
unmarked beetles on these plants the day after removal, it was possible to test these 
assumptions. We decided a priori that we would only analyze data from pairs of 
plants having densities of unmarked beetles on the day after removal which met two 
criteria: (1) at least 10 beetles on the control plant, and (2) at least twice as many 
beetles on the control plant as on the experimental plant. Three pairs of plants were 
excluded from analysis because they did not meet the above criteria, thus analyses 
included data for the 5 pairs of plants that maintained the predetermined difference 
in beetle numbers. 

Data were analyzed with student t-tests comparing the number of beetles coloniz
ing the experimental vs. the control plant. Beetles were so mobile that only 300/0 of 
the marked beetles colonizing plants were from the release between those plants. 
Thus for each pair of plants, the number of beetles colonizing one plant was inde
pendent of the number of beetles colonizing the other plant. 

Response to sex of conspecifics experiment. To test the sex-aggregation hypothe
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sis, groups of beetles were released between three pairs of plants on 29 July (these 
pairs of plants had been previously used in the response to conspecifics experiment). 
Ten male beetles were placed on one plant of each pair and ten female beetles were 
placed on the other plant of each pair. Beetles were enclosed in a mesh bag (40 X 25 
cm) tied around a branch. Again, the placement of treatments was alternated to 
control for wind direction. Twenty marked beetles (numbers of each sex varied from 
9-11) were released equidistant between each pair of plants. The number and sex of 
all beetles found on each plant was recorded for three consecutive days. Beetles were 
sexed by checking for anatomically dimorphic features in the last abdominal 
sternite, later confirmed by dissection. 

To determine if the presence of the mesh bag influenced the results of these 
experiments, similar experiments were conducted on four additional pairs of plants 
which had been cleared of beetles. In these experiments, twenty marked male beetles 
were released at the base of one plant of each pair, and twenty marked female beetles 
were released at the base of the other plant. The number of unmarked male and 
female beetles colonizing plants of each pair was recorded on the following day. 

Data on marked and unmarked colonists were combined for purposes of analysis, 
since fewer marked beetles were released because of mortality on route to the site. 
Thus, comparisons of total number of colonists to plants with male vs. female 
beetles were made using student t-tests, for the same reasons as previously described 
for the experiment testing for a response to conspecifics. Paired t-tests were used to 
compare numbers of males vs. females colonizing individual plants. 

To determine the natural sex ratio of beetles, all beetles were collected on three 
randomly-selected undisturbed plants, brought back to the laboratory and sexed. 

RESULTS 

Aggregation experiment. There was no significant difference in the average num
ber of marked beetles per plant colonizing the four quadrants for either of the two 
release areas (Fig. lA; F= 1.45, F= .54, P>0.05 for both release areas). There was 
also no difference in average numbers of unmarked beetles per plant present in the 
four quadrants (Fig. IB; F=1.81, F=1.68, P>0.05 for both release areas). Thus, 
beetles did not appear to aggregate in particular quadrants. 

Beetles, however, showed a strong tendency to aggregate on individual plants, as 
evidenced by the extreme skewness in the frequency distribution of numbers of 
unmarked beetles on plants (Fig. 2). The number of unmarked beetles on individual 
plants varied from 0 to 42 for the first release area and from 0 to 220 for the second 
release area. 

Censuses of beetle distributions on individual leaves showed that beetles on aver
age were found on only 20.90/0 (± 12.00/0 SEM) of the leaves within a given branch. 
Thus, beetles were found on only an average of 5.9 (± 4.2 SEM) leaves on each 
branch, and these leaves were primarily the youngest. 

The aggregation of beetles on individual plants appears to result from the preferen
tial colonization of plants with beetles already present. Marked beetles colonized 
individual plants on the basis of the presence of conspecifics both days after release. 
On the first day after release, the number of marked beetles on a plant was positively 
related to the number of unmarked beetles on that plant, both for the first release area 
(r = .29, N 75, P=0.0l2) and the second release area (r .53, N = 109, P<O.OOI). 
This relationship between number of marked and unmarked beetles was also signifi
cant for just those plants that were colonized by marked beetles, but only for the 
second release area (r= .60, N = 12, P=O.04). On the second day after release, the 
number of marked and unmarked beetles were significantly correlated for the first 
release area (r= .72, N =10 plants, P 0.019). This relationship was also positive for 
the second release area (r = 0.96), although it was not significant (P=0.19), probably 
because of the small number of plants that were colonized by beetles (N = 3). 
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Figure I. Numbers of beetles per plant in each of the four quadrants for (A) marked beetles 
and (B) unmarked beetles for releases in each of two areas. Data presented are means and 
standard error bars of the In (x + I) transformed numbers per plant. Sample sizes for the four 
quadrants for release area 1 were 14, 8, 21, and 32, and for release area 2 were 21, 36, 26, 25. 



70 THE GREAT LAKES ENTOMOLOGIST Vol. 23, No.2 

0 5 10 15 20 25 30 35 40 50 100 200 

NUMBER OF BEETLES 

Figure 2. Percentage distribution of numbers of beetles per plant for the areas surrounding 
each of the two release plants. Sample size was 75 for release area 1 and 109 for release area 2. 

Table I. - Number of unmarked beetles on plants that were colonized by marked beetles and 
on plants that were not colonized by marked beetles, for each of the two release areas. Means 
± standard errors are shown for the In (x + I) transformed numbers per plant. Sample sizes are 
in parentheses. Results from student t-tests (values of t-statistic and significance levels) are also 
presented. 

Number of unmarked beetles on plants that were: 
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Colonized Not colonized P 

Area I 2.49 ± .21 l.80 ± .11 2.51 0.014 
(11) (64) 

Area 2 3.88 ± .26 1.61 ± .12 6.28 <0.001 
(12) (97) 

Because the number of marked beetles colonizing plants varied only from I to 3, 
we also compared the number of unmarked beetles on plants that were colonized by 
marked beetles vs. plants that were not colonized by marked beetles. For both 
release areas, the plants that were colonized by marked beetles had significantly 
more unmarked individuals present than those plants that were not colonized by 
marked beetles (Table 1). 

Because other factors may have varied between the plants that were colonized by 
marked beetles (with many unmarked beetles) and the plants that were not colonized 
by marked beetles (with few unmarked beetles), it was necessary to conduct more 
controlled experiments in which the number of beetles present was manipulated. 

Response to conspecifics experiment. In these controlled experiments, a signifi
cantly greater number of marked beetles colonized the control plant than the experi
mental plant from which all beetles had been removed the previous day (Fig. 3; 
t 2.39, P =0.044). There was also a significantly greater number of colonists on 
plants with beetles present than on plants with no beetles present on the second day 
after release (t 2.35, P =0.047). Not surprisingly, numbers of unmarked beetles 
were also greater on the control plants than on the experimental plants for both days 
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Figure 3. Numbers of marked beetles and unmarked beetles on plants from which all beetles 
had been removed (= cleared) vs. control plants. Means and standard error bars for In (x + 1) 
transformed data are shown for the five replicate plants of each type for each of the two days 
after manipulation. 

(Fig. 3; day 1: t =4.39, P=0.OO2; day2: t= 3.92, P 0.004). However, there was no 
significant difference between the number of beetles on each member of the pair on 
the day on which beetles were removed (t= 1.58, P>0.05), nor was there any 
difference in the size (measured by height) of the members of each pair (t= 1.54, P> 
0.05). Thus, differences in colonization by marked beetles can be attributed solely to 
differences in presence/absence of unmarked beetles. 

Response to sex of con specifics experiment. Beetle aggregation was not influenced 
by sex. There was no significant difference in the number of female vs. male beetles 
colonizing plants with either bagged female beetles present (Fig 4A; t == 1.9, t == 3.2, 
t == .78; P > 0.05 for all three days) or plants with bagged male beetles present (Fig 
4B; t = .58, t == .54, t 1.4; P >0.05 for all three days). Furthermore, the total num
ber of beetles colonizing plants with female beetles present vs. plants with male 
beetles present did not differ significantly for any of the three days after release 
(t=2.1, t=.04, t .68; P>0.05 for all). 

Results from the experiments in which male and female beetles were released at 
the base of the plant showed the same patterns as the experiments using mesh bags 
(Table 2). There was no difference in the number of males vs. females colonizing 
plants with female beetles (t= .94, P>0.05) or plants with male beetles (t= .88, P> 
0.05). The total number of beetles colonizing plants with males vs. plants with 
females also did not differ significantly (t= .04, P>0.05). 

The close correspondence to a 1: 1 sex ratio found in both the experiments with 
mesh bags and the experiments with releases of beetles at the base of the plant agrees 
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Figure 4. Numbers of male and female beetles colonizing plants containing (A) male beetles 
and (8) female beetles. Means and standard error bars for In (x+ 1) transformed data are 
shown for the three replicate plants containing beetles of each sex. 
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Table 2. - Number of male and female beetles colonizing plants which either had male or 
female beetles released at the base of the plant. Means ± standard errors are shown for the In 
(x + 1) transformed numbers per plant. Sample sizes were 4 for each treatment. Total beetles 
colonizing each type of plant are also presented. 

Number of colonists 

Male Female Total 

Plants with males present 1.87 ± .50 1.64 ± .60 2.33 ± .62 

Plants with females present 1.90 ± .53 1.72 ± .72 2.37 ± .70 


with the natural sex ratio of beetles on undisturbed plants, which ranged from 
0.93: 1.00 to 1.08: 1.00. 

DISCUSSION 

Patterns of aggregation. Like other species of insects, A. subplicata exhibits an 
aggregated spatial distribution (Kennedy and Crawley 1967, Turchin 1987). This 
pattern is typical of chrysomelids, which tend to aggregate on plants (Rowell-Rahier 
and Pasteels 1986). Baker et al. (1972) report that a closely-related species, Haltica 
( Altica) carduorum Guerin, also exhibits aggregation. Although other studies 
show distinct aggregation in certain areas, our study found aggregation on a per 
plant basis, but not on a per unit area basis, at least as determined for areas of 
approximately 20 square meters. Beetles also did not appear to be aggregating as a 
function of either magnetic or wind direction. 

The clumped distribution of A. subplicata appears to be explained by gregarious 
behavior, since individuals clearly responded to the presence of conspecifics. This 
species, however, does not exhibit spaced-out gregariousness, as shown for the 
sycamore aphid, Drepanosiphum piatanoides (Schank) (Homoptera: Aphididae), 
(Kennedy and Crawley 1967). Although distances between individuals were not 
measured, observations during sampling revealed that there was often physical con
tact between beetles on individual leaves, both for adults and larvae. 

The preferential colonization of plants with conspecifics reported in this study 
agrees with results from Turchin (1987), who found that Mexican bean beetles have 
more rapid immigration rates and greater probabilities of stopping on plants with 
larger numbers of conspecifics. Turchin (1987) also reports that the tendency to 
aggregate is stronger in patches with high plant density because there is more intra
patch movement. It seems possible that the differences in the degrees of aggregation 
exhibited by willow flea beetles in the two release areas (see Fig. 2) may result from 
differences in plant dispersion in these two areas. 

Although aggregation may result from visual or auditory communication, the 
results from this study are consistent with the existence of an aggregation phero
mone, which are well documented for other beetle species (chrysomelids-Rowell
Rahier and Pasteels 1986, scolytids- Birch 1984). It is very unlikely that the prefer
ence for plants with conspecifics results from any possible differences in plant 
odor/quality, since treatments were systematically assigned to plants to control for 
possible effects of wind direction. 

Beetle colonization of plants was not different for plants containing male beetles 
and plants containing female beetles. These results contrast with those of Lawrence 
(1987), who reports a change in milkweed beetle movement behavior as a function of 
the sex ratio of beetles within a patch. Although sex pheromones are known for many 
insects (Roelofs 1981), particularly beetles (see review by Carde and Baker 1984), our 
results do not suggest the existence of a sex pheromone. We observed beetles mating 
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from mid-July until the end of the study in early August, thus the experiments were 
conducted at a time when at least a portion of the population was mating. 

Hypotheses explaining aggregation. Two aspects of the aggregation behavior 
exhibited by A. subplicata need to be explained: (I) Why do beetles aggregate?, and 
(2) Why do beetles occur on particular plants and avoid other plants? A number of 
hypotheses have been proposed to answer the first question. One possible explana
tion is that animals aggregate for purposes of mating (Snead and Alcock 1985), and 
that the probability of mating increases in larger groups. Although A. subplicata 
adults were not differentially attracted to plants with members of the opposite sex, 
there could still be a greater probability of mating in aggregations. A second possible 
explanation for aggregation behavior is that survivorship is greater in larger groups, 
as shown for the imported willow leaf beetle, Plagiodera versicolora (Laicharting) 
(Chrysomelidae) (Breden and Wade 1987). The increased survivorship in larger 
groups could result from an increase in feeding efficiency (Ghent 1960), or from 
lower rates of predation (Lawrence 1990) or parasitism (Morris 1976). For A. subpli
cata, however, it seems much more likely that larger groups would experience 
greater competition for food. Beetle densities sometimes reached 36 beetles per leaf 
and host plant defoliation was not uncommon. 

It is also possible that larger groups of beetles would have an advantage in terms 
of overcoming chemical defenses, as shown for other aggregating insects (Birch 
1984). Several studies have shown that plant chemistry of willows (specifically, 
concentrations of phenolic glycosides) strongly influences herbivore distributions 
(Tahvanainen et al. 1985, Rowell-Rahier et al. 1987). It is more likely, however, that 
beetles specializing on willow would use these chemicals as feeding stimulants andl 
or attractants. If S. cordata increases levels of phenols in response to herbivory, as 
has been shown for closely-related poplars (Baldwin and Schultz 1983), then aggre
gations may simply result from an increase in the amounts of attractants in plants 
with beetles present. 

Finally, many aposematic insects aggregate (Crowson 1981) and many Chrysomel
idae are aposematic (Rowell-Rahier and Pasteels 1986). Although it is not conclu
sively known whether A. subplicata is toxic to predators, this seems likely, since 
many other willow-feeding chrysomelids possess defensive compounds that protect 
them from predators and competitors (Raupp et al. 1986, Rowell-Rahier and Pas
teels 1986). 

It seems most likely that the answer to the second question about why beetles 
aggregate on particular plants involves resource quality differences between plants. 
Plant-plant differences that could affect beetles include: plant size or age, nutri
tional quality, and/or amounts of secondary compounds. Bach (1990) found thatA. 
subplicata preferentially colonizes taller host plants and tends to be more abundant 
on plants with higher levels of nitrogen. Smiley et al. (1985) report that neighboring 
individuals of Salix lasiolepis vary by toO-fold in salicin concentration and that 
abundance of the imported willow leaf beetle, Plagiodera versicolora, is positively 
correlated with concentration of salicin. Although other studies have demonstrated 
genetic differences in willows in susceptibility to herbivory (Fritz et al. 1986, Fritz 
and Price 1988), it seems unlikely that the differences in abundance of these willow 
flea beetles on neighboring plants result from genetic differences between plants, 
since S. cordata sprouts prolifically and neighbors are likely of clonal origin. How
ever, somatic mutations in clonal plants have been shown to be an important influ
ence on insect herbivore aggregations in other systems (Whitham and Slobodchikoff 
1981, Whitham 1983). The predominance of beetles on young leaves agrees with 
results for a closely related species, Haltica (=Altica) Iythri Aube, which prefers 
young over old foliage (Phillips 1976). 

In conclusion, A. subplicata exhibits aggregated distributions which result from 
gregarious behavior. The large differences in the spatial dispersion of beetles on host 
plants certainly have a profound impact on the resultant effects of herbivory on 
plant fitness. There were dramatic differences in the amounts of beetle damage to 
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different plants of Salix cordata at this study site (Bach 1990). Thus, aggregation 
behavior appears to be a major factor influencing the dynamics of this herbivore
plant system. 
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GYRINIDAE OF WISCONSIN, WITH A KEY TO 

ADULTS OF BOTH SEXES AND NOTES ON 


DISTRIBUTION AND HABITATl 


William L. Hilsenhoff2 

ABSTRACT 

More than 25,000 adult gyrinids that include 24 species were studied from all areas 
of Wisconsin. Dineutus discolor, Gyrinus aeneolus, G. analis, G. bijarius, and G. 
marginellus are lotic; D. assimilis, G. aquiris, G. conJinis, and G. dichrous appar
ently breed in both lotie and lentic habitats; and the remaining species probably 
breed primarily in deep ponds or littoral areas of lakes and impoundments. Most 
collections were from streams in late summer and autumn because adults of almost 
all lentic species fly to streams to overwinter and these overwintering aggregations 
were easily collected. A key to adults of Wisconsin species was developed, and by 
using the gonocoxae and secondary sexual characters, females can be identified as 
accurately as males. 

I became interested in Gyrinidae after finding 17 species in the Pine-Popple River 
of northeastern Wisconsin (Hilsenhoff 1972), 13 of them in a single school in late
August. Subsequently I made an effort to collect adult gyrinids from all areas of 
Wisconsin and collected 25,661 individuals of 24 species. They are common state
wide, except in unglaciated counties of western and southwestern Wisconsin and 
counties bordering on central Lake Michigan, where suitable breeding habitats for 
lentic species are uncommon. Summer collection records indicate that five species 
are lodc, and at least four others probably breed in both lotie and lentie habitats. 
Most species, however, apparently breed primarily in lentic habitats, and adults of 
all except three of these lentic species often fly to larger streams in mid-October (as 
early as late August in dry years) to overwinter. 

Unlike other aquatic beetles, which mostly inhabit shallow, vegetated water, 
Gyrinidae breed in deeper water and were infrequently found in shallow habitats. 
Adults of lotic species inhabited the larger, deeper streams, and lentic species inhab
ited deep ponds and littoral zones of lakes and impoundments. Adults of lentic 
species were difficult to collect from deep lentic habitats, but occasionally they were 
found in shallow water where substantial numbers were captured. However, after 
lentic adults flew to streams in autumn to overwinter, large numbers of adults of 
both lentic and lotic species were often collected when they congregated beneath 
undercut mud banks. They were numerous among roots of trees, shrubs, and 
grasses, at depths greater than 0.5 m, and where there was a moderate current. Late
autumn collections, which were usually aggregations of several species, provided 
most of the material used for this study. Once streams began to freeze, the beetles 
disappeared and could no longer be collected, even from areas where large numbers 

lResearch supported by the College of Agricultural and Life Sciences, University of 
Wisconsin-Madison. 

2Department of Entomology, University of Wisconsin, Madison, WI 53706 
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had been collected two weeks earlier. I suspect that they congregate below the frost 
line in burrows made by muskrats, crayfish, and other riparian animals. Adults of 
lentic species began to return to breeding sites in late March or early April, as soon 
as ice had melted and temperatures had warmed sufficiently to permit flight. At this 
time of the year they frequently were found as transients in shallow ponds. Adults of 
Oyrinus impressicollis, O. sp. nr. minutus, and O. pectoralis apparently do not fly 
to streams, causing them to be under-represented in this study. This was apparent 
from a comparison with numbers examined by Ferkinhoff and Gundersen (1983) 
from Minnesota. 

The North American literature on Gyrinidae is scant. Two genera, Dineutus and 
Oyrinus, occur in the western Great Lakes region. Roberts (1895) provided a key to 
adults of Dineutus and Hatch (1930) improved the key. Wood (1962) further 
improved keys and provided notes on distribution, and in 1968 synonymized D. 
analis Regimbart, 1882, with D. serrulatus LeConte, 1868. Fall revised Oyrinus in 
North America in 1922; before his revision identification of species was almost 
impossible. Subsequent to his revision, adults of five additional species were 
described (Wallis 1926a, Chamberlain 1929, Fall 1931, and Leech 1938) and the 
status of another species was clarified (Wallis 1926b). Recently Oygur (1988) revised 
Oyrinus, synonymized 10 species, updated keys, and provided distribution records 
for American species north of Mexico. An unpublished manuscript by J. B. Wallis 
on "The Haliplidae, Dytiscidae and Gyrinidae of Minnesota and Manitoba," Lar
son's (1973) synopsis of that manuscript, and a recent study by Ferkinhoff and 
Gundersen (1983), added to our knowledge of species in the western Great Lakes 
region. A record of Oyrinus wallis; and tentative record of O. hatchi Wallis from 
Wisconsin (Ferkinhoff and Gundersen 1983) were misidentified females, and neither 
species has been collected in Wisconsin. 

Oyrinus borealis, O. piceolus, O. pleuralis, O. wallisi, and Dineutus emarginatus, 
were not collected in Wisconsin, but possibly may occur here. Wood (1962) reported 
D. emarginatus from southern Michigan. Ferkinhoff and Gundersen (1983) 
reported O. piceolus from three locations in lower Michigan and also from Indiana, 
and O. wallisi from four locations in Minnesota. Oygur (1988) reported O. borealis 
from Indiana and eastern Michigan, and the western O. pleuralis from Ontario, 
Quebec, and Michigan. 

Identification of adults of Oyrinus species has relied mostly on male genitalia, and 
both Fall (1922) and Ferkinhoff and Gundersen (1983) stated that identification of 
females is risky and in many species impossible. I found, however, that by using the 
gonocoxae (Burmeister 1976), two paddle-shaped sclerites of the ninth abdominal 
sternum, and secondary sexual characters (apex of last visible abdominal sternum 
and eiytral microreticulation), along with species characters shared with males, 
females can be identified as easily and accurately as males. Below is a key to adults 
of Wisconsin species that employs these characters and uses ventral coloration and 
length to separate groups of species. Male and female genitalia for all Wisconsin 
species, and the sternal apex of female Oyrinus are described in the key and illus
trated. Among individuals of the same species there is some variation in the sternal 
apex of females and shape of the tip of the parameres of males. The gonocoxae and 
penis, however, show remarkably little variation. While adults of most species can 
be readily identified by using the key, genitalia of males and females should be 
compared with figures for verification. 

Lengths were measured from the anterior of the head to the tip of the elytra. 
Twenty-five individuals of each sex were measured and the size range and mean (in 
parentheses) are noted in the key. Only Wisconsin specimens were measured; sizes 
may be somewhat smaller farther south and somewhat larger farther north. Size 
ranges of rarer species are for all specimens collected (Table 1). Following the key is 
information on the distribution of species within Wisconsin (Table 1, Fig. 1), their 
habitat, elytral shape (Dineutus) or elytral microreticulation (Oyrinus), and notes on 
identification of species reported from neighboring states but not included in the 
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Table I. - Number of collections of each species of Oyrinidae from nine areas of Wisconsin 
(Fig. 1) between 1963 and 1989. and total number of each species collected. 

NW NC NE WC C EC SW SC SE TOTAL 

Dineutus assimilis 9 20 8 18 34 17 56 9] 22 2262 
Dineutus discolor 23 12 4 5 18 4 16 22 5 2257 
Dineutus hornii 14 12 8 1 9 8 1 8 3 470 
Dineutus nigrior 36 19 29 5 17 5 3 3 o 648 
Gyrinus aeneolus 23 19 26 4 750 3 2308 
Gyrinus affinis 11 38 39 15 2 4 2 136] 
Gyrinus analis 3 o 6 1 12 23 4 3362 
Gyrinus aquiris 1 11 7 I 25 8 4 15 6 1053 
Gyrinus bifarius 16 23 23 2 16 5 1 27 7 4242 
Gyrinus conJinis 1 10 2 232 o o 344 
Gyrinus dichrous 5 14 7 1 3 1 0 o 1 445 
Gyrinus Jrosti 3 9 3 0 7 0 1 7 o 613 
Gyrinus gehringi o 0 2 0 000 o o 3 
Gyrinus impressico//is 5 2 o 0 000 o o 15 
Gyrinus latilimbus 20 35 38 2 10 1 0 o 627 
Gyrinus leconte; 41 51 71 19 48 21 18 44 27 1449 
Gyrinus maculiventris 29 44 19 31 24 10 40 58 18 2361 
Gyrinus margine//us 5 9 12 5 6 1 11 13 9 407 
Gyrinus sp. nr. minutus 9 4 3 2 222 5 o 104 
Gyrinus parcus o 0 o 1 o 0 1 1 o 3 
Gyrinus pectoralis 1 4 0 1 0 0 o o 15 
Gyrinus pugionis 25 22 13 2 900 o o 209 
Gyrinus sayi 4 18 9 0 000 o o 142 
Gyrinus ventralis 12 30 18 11 6 3 7 961 

key. Females of all species were distinctly larger than males, except those of 
Dineutus discolor and Gyrinus impressicollis. In the latter species males were dis
tinctly larger than females. 

The key is arranged to facilitate sorting and identification. This is most easily 
accomplished if the gyrinids have been preserved in 70% ethanol so that genitalia 
can be easily extruded for viewing. Dineutus, which are distinctly larger, are 
removed and keyed first. Next, easily recognized Gyrinus such as G. maculiventris, 
G. a/finis, and G. sp. nr. minutus are identified and removed. Remaining species are 
then sorted into groups by ventral color and size and identified with the key. Rarely, 
small adults of G. ventralis or large adults of G. aeneolus and G. marginellus may 
not fall within the proper group at couplet 10. Male and female genitalia should be 
extruded to verify identifications of all individuals that fall near extremes of size 
ranges and also for representative specimens of all species. Teneral specimens, which 
may be recognized by their soft and slightly paler elytra, may be difficult to identify 
because ventral sclerites are not yet pigmented. Identification is possible, however, 
by using length, elytral microreticulation, punctation, and the genitalia. A very 
small percentage of females and males of several species may have extremely dull 
elytra. This condition is most noticeable in species that have little or no microreticu
lation and normally are glabrous. It is due to random microsculpture and may be a 
rare form of dimorphism. 
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Figure 1. 
county. 
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1'. 
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2'. 

3(2'). 

3'. 

Location of nine 8-county areas of Wisconsin and number assigned to each 

KEY TO SPECIES OF ADULT GYRINIDAE IN WISCONSIN 

Scutellum not visible; elytral punctures scattered and indistinct; 10-13 mm 
long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Dineutus 2 

Scutellum visible; elytra with distinct rows of sharp punctures; 3-8 mm 
long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Gyrinus 5 

Dineutus- Venter testaceous; elytral apices not produced in either sex; 
penis with rounded apex (Fig. 2a); gonocoxae elongate, widest near base 
(Fig. 2b); males 11.5-13.1 (12.2) mm long, females 11.4-12.9 (12.1) mm 
long. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . .. discolor 

Venter black or piceous; elytral apices produced, except in male D. hornii 
. ......•........•...................•.....•..............•... 3 

Epipleura testaceous with numerous black spots laterally; penis narrow, 
tapered to acute apex (Fig. 3a); gonocoxae relatively short, almost as 
wide basally as apically (Fig. 3b); males 10.0-11.0 (10.5) mm long, 
females 10.6-11.8 (11.2) mm long .......................... homii 

Epipleura same color as venter .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 
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4(3'). Protibiae light brown; penis abruptly narrowed before apex (Fig. 4a); 
gonoco xae short and truncate apically (Fig 4b); males 10.1-11.6 (10.9) 
mm long, females 10.7-11.9 (11.3) mm long ............... assimilis 

4'. Protibiae infuscate; penis broad, evenly tapered to point in apical fourth 
(Fig. 5a); gonocoxae elongate, widened laterally at middle (Fig.5b); 
males 10.6-12.2 (11.6) mm long, females 11.1-12.4 (12.0)mm long ... 
........................................................ . nigrior 

5(1 '). Gyrinus- First 5 visible abdominal sterna black with broad, sharply 
contrasting rufotestaceous margins; penis tapered to an infuscate, 
laterally-compressed apex (Fig. 6a); gonocoxae infuscate, concave 
mesally, convex laterally (Fig. 6b); sternal apex of female broadly 
truncate to slightly convex Fig. 6c; males 5.4-6.2 (5.8) mm long, females 
5.7-6.8 (6.3) mm long .............................. maculiventris 

5'. Visible abdominal sterna 1-5 entirely black, rufous, or testaceous, 
sometimes infuscate mesally, but never as above. . . . . . . . . . . . . . . . .. 6 

6(5'). Visible abdominal sterna 1-5 dark rufous, broadly infuscate mesally; 
elytra of both sexes completely covered with fine, transverse, 
microreticulations; penis needle-like in apical third (Fig. 7a); gonocoxae 
broad, convex laterally, straight mesally (Fig. 7b); sternal apex of female 
broadly rounded, mesally truncate (Fig. 7c); males 5.6-6.2 (5.9) mm 
long, females 6.0-6.8 (6.4) mm long ...................... pugionis 

6'. Visible abdominal sterna 1-5 entirely black, or testaceous and sometimes 
infuscate mesally; if rufous and infuscate mesally, elytra lack 
rnicroreticulations in at least basal half .... . . . . . . .. . . . . . . . . .. ... .7 

7(6'). Visible abdominal sterna 1-5 black or uniformly piceous ............. 8 
7'. Visible abdominal sterna 1-5 testaceous to rufous, often with mesal 

infuscations. ................................................. 9 
8(7). Epipleura testaceous to rufous, contrasting with venter; elytra ensely 

covered with short, oblique scratches; penis with apical fourth very 
narrow and piceous (Fig. 8a); elongate gonocoxae narrowed to truncate 
apex (Fig. 8b); sternal apex of female broadly truncate to slightly 
concave (Fig. 8c); males 6.1-6.8 (6.5) mm long, females 6.6-7.3 (6.9) 
rom long. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .affinis 

8'. Epipleura same color as venter; elytra without short, oblique scratches .. 
............................................................ 19 

9(7'). Very small, males 3.4-3.9 (3.7) mm long, females 3.7-4.3 (4.0) mm long; 
elytra with very coarse microreticulations causing beetles to appear very 
dull; scutellum carinate; penis rather broad, slightly widened before 
rounded apex (Fig. 9a); gonocoxae very short and broad (Fig. 9b); 
sternal apex of female truncate to convex (Fig. 9c).... sp. nr. minutus 

9'. Larger; if less than 4.4 mm long elytra are without dense micro-
reticulations; scutellum not carinate. . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 

10(9'). Small, males rarely longer than 4.7 mm, females rarely longer than 5.1 
mm......................................................... II 

10'. Larger, males at least 4.8 mm long, rarely shorter, females at least 5.2 mm 
long, rarely shorter .......................................... 14 

11(10). Rows of punctures at anterior of pronotum bowed away from margin 
laterally and well-separated from it; elytra of female with distinct 
rnicroreticulations, male without microreticulations; apical fourth of 
penis about as wide as parameres, narrowed to obtusely pointed apex 
(Fig. lOa); gonocoxae short and broad, convex laterally (Fig. lOb); 
sternal apex of female narrowly truncate (Fig. lOc); males 4.1-4.5 (4.4) 
rom long, females 4.5-4.9 (4.8) mm long ................. latilimbus 

11'. Rows of punctures at anterior of pronotum uniformly close to margin; 
elytra of both sexes without microreticulation except near apex. . .. 12 

12(11,). Visible abdominal sterna 2-5 usually infuscate; penis very narrow in apical 
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third (Fig. lla); gonocoxae narrow and broadly rounded apically (Fig. 
lIb); sternal apex of female narrow and slightly concave (Fig. llc); 
males 3.7-4.5 (4.1) mm long, females 4.1-4.7 (4.4) mm long dichrous 

12'. Abdominal sterna never infuscate; penis rounded or tapered; sternal apex 
of female truncate (Figs. 12c, 13c); gonocoxae broad or tapered .. 13 

13(12'). Row of punctures on anterior of pronotum extending mesally to inner 
margin of eye; penis gradually narrowed, very narrow apical sixth (Fig. 
12a); gonocoxae narrowed apically and divergent (Fig. 12b); males 
4.2-4.7 (4.5) mm long, females 4.5-5.1 (4.8) mm long ...... aeneolus 

13'. Rows of punctures on anterior of pronotum extending mesally to middle of 
eye; penis wider than parameres and rounded apically (Fig. 13a); 
gonocoxae broad, slightly widened and rounded laterally before nearly 
truncate apex (Fig. 13b); males 4.3-4.7 (4.5) mm long, females 4.7-5.2 
(4.9) mm long ....................................... marginellus 

14(10'). Conspicuous microreticulations present on at least apical third of male 
eIytra and most or all of female elytra .......................... 15 

14'. Conspicuous micro reticulations absent from eIytra, although fine, 
inconspicuous, transverse micro reticulations may be present in apical 
half of some males and on all but the disc in some females. ...... 16 

15(14). Smaller, males 5.0-5.7 (5.3) mm long, females 5.2-6.1 (5.6) mm long; 
penis constricted before apex (Fig. 14a); gonocoxae shorter, convex 
laterally, nearly straight mesally (Fig. 14b); sternal apex of female 
narrowed and distinctly concave.. . . . . . . . . . . . . . . . . . . . . . . . .. bifarius 

15'. Larger, males 5.5-6.0 (5.S) mm long, females 6.0-6.9 (6.4) mm long; penis 
only slightly narrower than parameres in apical fourth, rounded apically 
(Fig. 15a); gonocoxae longer, convex laterally, concave mesally (Fig. 
15b); sternal apex of female broadly truncate (Fig. 15c)...... con/inis 

16(14'). Ventral surface uniformly testaceous, often with a black mark on 
metasternum................................................. 17 

16'. Ventral surface rufotestaceous to rufous and usually infuscate mesally IS 
17(16). Smaller, males 4.S-5.3 (5.1) mm long, females 5.0-5.7 (5.5) mm long; apex 

of penis wider than parameres and broadly angulate at tip (Fig. 16a); 
gonocoxae parallel-sided with outer angle of truncate apex acute (Fig. 
16b); sternal apex of female narrowly truncate to slightly convex (Fig. 
16c)................................................... ventralis 

17'. Larger, male usually> 5.3 mm long, females 5.7-6.5 (6.1) mm long; penis 
tapered to a pointed apex (Fig. 17a); gonocoxae broadly rounded at 
outer apical angle (Fig. 17b); sternal apex of female convex (Fig. I?c) .. 
....................................................... gehnngl 

IS(17'). Penis rather narrow in apical fourth with a rounded testaceous tip (Fig. 
ISa); gonocoxae slightly convex laterally, slightly concave mesally, with 
evenly rounded apex (Fig. 19b); sternal apex of female narrowly truncate 
(Fig. ISc); males 5.0-5.7 (5.3) mm long, females 5.4-6.0 (5.7) mm long 
........................................................ aquiris 

IS'. Penis tapered to a very narrow piceous tip (Fig. 19a); gonocoxae convex 
laterally, outer apical angle obtusely rounded, inner angle nearly acute 
(Fig. 19b); sternal apex of female broad, slightly convex (Fig. 19c); 
males 5.1-5.9 (5.5) mm long, females 5.7-6.2 (6.0) mm long ........ . 
....................................................... lecontei 

19(5'). Very large, at least 6.8 mm long; penis and parameres massive, heavily 
sclerotized and curved dorsally (Fig. 20a); gonocoxae parallel-sided and 
obtusely pointed apically (Fig. 20b); sternal apex of female truncate 
(Fig. 20c); males 7.3-S.2 (7.7) mm long, females 6.S-7.7 (?.3) mm,lonl5 
........................... ,. . . . . . . . . . . . . . . . . . . . .. Impressicoilis 

19~. Smailer, less than 6.S mm long; genitalia not as above ............. 20 
20(19'). Anterior of mesosternum sulcate laterad of middle and with several coarse 
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punctures; elytra densely micropunctate on disc; last abdominal sternum 
black; penis narrowed in apical fourth to a blunt, rufotestaceous point 
(Fig. 21 a); gonocoxae slightly concave mesally, convex laterally, with 
outer apical angle rounded (Fig. 21b); sternal apex of female slightly 
convex (Fig. 21c); males 4.8-5.3 (5.1) mm long, females 5.5-5.7 (5.6) 
mm long ............................................. pectoralis 

20'. Mesosternum not depressed or sulcate anteriorly; elytra without noticeable 
micropunctation or last fully visible abdominal sternum distinctly paler 
than rest of venter ........................................... 21 

21(20'). Last elytral stria in lateral fold; penis rounded apically and narrower than 
parameres in apical fourth (Fig. 22a); gonocoxae rounded apically and 
concave mesally (Fig. 22b); sternal apex of female rounded; males 
4.4-4.7 (4.5) mm long, females longer ..................... parcus 

21'. Last elytral stria separated from lateral fold by at least width of a 
puncture.................................................... 22 

22(21'). Pronotal punctures small and uniformly close to margin; penis very 
narrow and rufous in apical third (Fig. 23a); gonocoxae narrow, twisted 
laterally, truncate apically (Fig. 23b); sternal apex of female slightly 
convex Fig. 24c); smaller, males 4.5-5.0 (4.8) mm long, females 5.0-5.5 
(5.2) mm long ............................................ ana/is 


22'. Pronotal punctures coarse, more widely separated from margin laterally 
than mesally; larger, males 5.3 mm long, or longer, females 5.6 mm 
long, or longer; genitalia not as above .......................... 23 

23(22'). Gula and genae piceous; penis widened, rounded, and piceous in apical 
fourth (Fig. 24a); gonocoxae short and broad, pale, slightly tapered 
toward apex (Fig. 24b); sternal apex of female concave, sinuate laterally 
(Fig. 24c); males 5.3-5.9 (5.5) mm long, females 5.5-6,3 (6.0) mm long 
......................................................... frosti 


23'. Gula and genae rufous; penis narrowed to a laterally compressed point 
(Fig. 25a); gonocoxae narrow, dark, mesally concave, laterally convex 
(Fig. 25b); sternal apex of female narrowly truncate, not sinuate laterally 
(Fig. 25c); male 5.5-6.2 (5.7) mm long, females 6.1-6.7 (6.4) mm long 
.......................................................... sayi 


Distribution, County Records, Habitat, and Identification 
(See Table 1, Fig. 1) 

Dineutus assimilis Kirby, 1837 
Distribution: common southern third, less common farther north, apparently 

absent extreme northeastern counties. County records: 1-3, 6-8, 10-16, 23-34, 
36-37,39-42,44,46-65,67-68,70-72. 

Habitat: undoubtedly breeds in both lotic and len tic habitats. 
ElytraJ apices: dihiscent, distinctly produced in female, very slightly produced in 

male. 
Dineutus discolor Aube, 1838 

Distribution: common, except uncommon in eastern third. County records: 3-5, 
8,10-13,15-16,19,23,29-31,35-37,39-41,44,49-52, 54-58, 60-61, 67. 

Habitat: strictly lotic, in larger streams. 
EJytral apices: weakly dihiscent and slightly produced in both sexes. 

Dineutus emarginatus Say, 1825 
Distribution: eastern U.S. west to southeast Michigan and Arkansas; not found in 

Wisconsin. 
Identification: The broadly rounded elytral apices separate adults from all dark

ventered Wisconsin Dineutus except male D. homil. The toothed ventral margin of 
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Figures 2a-12a. Outline (dorsal view) of penis and parameres (splayed outward). Fig. 2a. 
Dineutus discolor. Fig. 3a. D. hornii. Fig. 4a. D. assimitis. Fig. 5a. D. nigrior. Fig. 6a. Gyrinus 
maculiventris. Fig. 7a. G. pugionis. Fig. Sa. G. affinis. Fig. 9a. G. sp. nr. minutus. Fig. lOa. 
G. latilimbus. Fig. lla. G. dichrous. Fig. 12a. G. aeneolus. 
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Figures 13a-25a. Outline (dorsal view) of penis and parameres (splayed outward). Fig. 13a. G. 
margine//us. Fig. 14a. G. bifarius. Fig. 15a. G. confinis. Fig. 16a. G. ventralis. Fig. 17a. G. 
gehringi. Fig. 18a. G. aquiris. Fig. 19a. G. lecontei. Fig. 20a. G. impressicol/is. Fig. 21a. G. 
pectoralis. Fig. 22a. G. parcus. Fig. 23a. G. analis. Fig. 24a. G. frosti. Fig. 25a. G. sayi. 

the profemora and short, apically constricted penis, which is similar to that of D. 
assimilis, distinguish males from D. hornii. 

Dineutus hornii Roberts, 1895 
Distribution: common northern third, less common elsewhere, rare or absent in 

unglaciated western and southwestern counties. County records: 1-2, 5-15, 17-18, 
21, 24-25, 33-36, 40-41, 44, 48, 50, 57-58, 61, 67-68, 70. 

Habitat: probably breeds in lentic habitats, occasionally flying to streams. 
Elytral apices: strongly dihiscent, rounded in male and produced in female. 

Dineutus nigrior Roberts, 1895 
Distribution: common northern third, less common central third, rare southern 

third. County records: 1-13, 15-23,27,31-34,36-40,43,47-49,51,58,61. 
Habitat: lentic, infrequently found in streams. 
Elytral apices: at most weakly dihiscent, distinctly produced in both sexes. 

Gyrinus aeneolus LeConte, 1868 
Distribution: common northern third, much less common central third, absent 
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Figures 2b-25b. Outline (dorsal view) of gonocoxae of Wisconsin species. Fig. 2b. Dineutus 
discolor. Fig. 3b. D. hornii. Fig. 4b. D. assimilis. Fig. 5b. D. nigrior. Fig. 6b. Oyrinus maculiven
tris. Fig. 7b. O. pugionis. Fig. 8b. O. a/finis. Fig. 9b. O. sp. nr. minutus. Fig. lOb. O. latilimbus. 
Fig. lib. O. dichrous. Fig. 12b. O. aeneolus. Fig. 13b. O. margine/Ius. Fig. 14b. O. bi/arius. Fig. 
ISb. O. conflnis. Fig. 16b O. ventralis. Fig. 17b O. gehringi. Fig. 18b O. aquiris. Fig. 19b. O. 
lecontei. Fig. 20b O. impressicollis. Fig. 21b. O. pectoralis. Fig. 22b. O. parcus. Fig. 23b. O. 
analis. Fig. 24b. O. /rosti. Fig. 25b. O. sayi. 

southern third, except southeast. County records: 1, 3-6, 8, 10-21, 23, 27, 30, 
35-36, 39, 44-46, 48, 64, 67-68, 70. 

Habitat: strictly lotie. 
Elytral microreticulation: absent in both sexes. 

Gyrinus a/finis Aube, 1838 
Distribution: common northeastern third, less common farther south and west, 

uncommon southern third. County records: 1-5, 8-21, 23-24, 30, 33-34, 36-37, 
39-40, 44, 46, 51, 58, 61, 71-72. 

Habitat: probably lentie, flying to streams in autumn. 
Elytral microreticulation: densely covered with short, oblique scratches in both 

sexes. 
Gyrinus analis Say, 1823 

Distribution: fairly common southern third, uncommon farther north, absent 
northern two tiers of counties. County records: 6, 8, 16,28, 34, 36-37, 39, 44, 49, 
51,53-58,60--61,63-64,67,70-71. 

Habitat: lotie, rarely in lakes. 
Elytral microreticulation: distinct in females and composed of small meshes; 

absent in males, but replaced by extremely fine transverse lines. 
Gyrinus aquiris LeConte, 1868 

Distribution: fairly common, except quite rare western third. County records: 3, 
10-16,18-19,21,23-24,28,33, 36-40,44,47-49,51, 55,58,61,63,65,68,70-72. 

Habitat: may breed in both lotic and lentic habitats; mostly found in streams at all 
times of the year. 

Elytral microreticulation: extremely fine and transverse in apical two-thirds of 
female, absent in basal third; absent in male, except for a hint near apex. 
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Figures 6c-2Ic, 23c-25c. Outline of last abdominal sternum of females posterior to basola
teral notch. Fig. 6c. Oyrinus maculiventris. Fig. 7c. O. pugionis. Fig. Be. O. affinis. Fig. 9c. O. 
sp. nr. minutus. Fig. JOe. O. latilimbus. Fig. lie. O. dichrous. Fig. 12c. O. aeneolus. Fig. 13c. 
O. marginellus. Fig. 14c. O. bifarius. Fig: ISc. O. confinis. Fig. 16c. O. ventralis. Fig. 17c. O. 
gehringi. Fig. IBc. O. aquiris. Fig. 19c. O. lecontei. Fig. 20c. O. impressicollis. Fig. 2Ie. O. 
pectoralis. Fig. 23c. O. analis. Fig. 24c. O. frosti. Fig. 25c. O. sayi. 
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Gyrinus bifarius Fall, 1922 
Distribution: common throughout state, except in unglaciated southwest. County 

records: 1,3-7,10-15,17-19,23-24,28,30,35-39,44-46.48-49, 57-61,64-65,67, 70. 
Habitat: lotic, rarely found in lentic habitats. 
Elytral Microreticulation: distinct small-meshes on all except disc in females; also 

laterally in apical half in males. weak and transverse in basal half. 
Gyrinus borealis Aube, 1838 

Distribution: Maine to Virginia, west to Michigan and Indiana. 
Identification: The epipleura are usually paler than the abdominal sterna, causing 

adults to key to G. a1finis, but they are smaller and the elytra lack the distinct 
oblique scratches of that species. Adults are most similar to those of G. pugionis in 
size and elytral microreticulation, but the abdominal sterna are black and not rufous 
laterally. and elytral striae 8-10 have larger and more deeply impressed punctures 
than striae 1-7. Some individuals may key to couplet 22, but the impressed lateral 
striae on the elytra separate them from black-ventered species with black epipleura. 

Gyrinus confinis LeConte, 1868 
Distribution: uncommon northern third, absent southern third. County records. 

5, 10-11, 13, 15, 18,27, 37, 40, 44, 49-50. 
Habitat: uncertain, but probably breeds in both lotic and lentic habitats, flying to 

lotic habitats in late summer. 
Elytral microreticulation: small-meshes distinct in female, except weak on disc; 

transverse and distinct in apical half of males, weak in basal half. 
Gyrinus dichrous LeConte, 1868 

Distribution: fairly common northern third, uncommon central third, rare south
ern third. County records: 2, 6-9, 12-13, 15-18,21,23,31,33-35,44,68. 

Habitat: probably breeds in both lotic and lentic habitats; found in both through
out year. 

Elytral microreticulation: absent in both sexes. 
Gyrinus frosti Fall, 1922 

Distribution: fairly common northern third and farther south in counties on 
Wisconsin River, absent elsewhere. County records: 2, 7-13, 15, 18-19, 22, 34, 
36-37, 54, 57-58, 60. 

Habitat: probably breeds in lentic habitats, with many flying to streams in 
autumn. 

Elytral microreticulation: small-meshes in females; transverse meshes in males 
that are weaker in basal half. 

Gyrinus gehringi Chamberlain, 1929 
Distribution: only 3 females in 2 collections from Florence County. 
Habitat: one collected from a river and 2 from a pond. 
Elytral microreticulation: very fine, small, transverse meshes that are difficult to 

see in females; similar in apical half of males, barely perceptible in basal half. 
Gyrinus impressicollis Kirby, 1837 

Distribution: uncommon extreme north, apparently absent northeast and farther 
south; under-represented because it usually does not fly to streams. County records: 
2, 5, 7-9, 13. 

Habitat: larger lentie habitats, rarely flying into streams. 
Elytral microreticulation: very small, coarse meshes in female; absent from disc of 

males and transverse and obscure elsewhere. 
Gyrinus latilimbus Fall, 1922 

Distribution: common northern third, uncommon central third, very rare south
ern third. County records: 1-6,8-21,23-24,29-30,33,35-40,47,68. 

Habitat: breeds in lentjc habitats; flies to streams in late summer and autumn. 
Elytral microreticulation: small meshes distinct in females; absent in males. 
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Gyrinus lecontei Fall, 1922 
Distributiop: very common statewide. County records: 1-31, 33-48, 50-61, 

63-68, 10-72. 
Habitat: breeds in lentic habitats; flies to streams in late summer and autumn. 
Elytral microreticulation: absent basal half of female, obscure and transverse in 

apical half; absent in male. 
Gyrinus maculiventris LeConte, 1868 

Distribution: very common statewide. County records: 1-18, 20-33, 35-41, 
43-58, 60-12. 

Habitat: breeds in lentic habitats; flies to streams in late summer and autumn. 
Elytral micro reticulation: absent in both sexes. 

Gyrinus marginellus Fall, 1922 
Distribution: common statewide, except rare in Lake Michigan watershed. 

County records: 3-5,9, 12-19,28-30,36-39,46,51,53-51,60-63,67-68,70. 
Habitat: strictly lotic. 
Elytral microreticulation: absent in both sexes. 

Gyrinus sp. nr. minutus 
Adults, which are very similar to those of G. minutus Fabricius, 1798, are being 

described by F. M. Atton. This species occurs across the northern part of the United 
States and throughout most of Canada; until now it has been identified as G. 
minutus. Gyrinus minutus is a Holarctic species whose range in North America is 
restricted to Alaska and northern Canada where it is broadly sympatric with the 
species being described by Atton (in press). 

Distribution: fairly common, except apparently absent southeast; under
represented because it usually does not fly to streams; probably the most abundant 
species in Minnesota (Ferkinhoff and Gundersen 1983). County records: 2-3, 5-8, 
12, 15, 18,20,25,31,36-37,47,53,56,58,61. 

Habitat: lentic, rarely flying into streams. 
Elytral microreticulation: small-meshes pronounced in both sexes. 

Gyrinus parcus Say, 1834 
Distribution: three males were collected, one each from Monroe, Sauk, and Grant 

counties in southwestern Wisconsin. 
Habitat: one collected from a marsh in May, two from streams in October. 
Elytral micro reticulation: small-meshes distinct in females; absent in males. 

Gyrinus pectoralis LeConte, 1868 
Distribution: uncommon northern half, absent farther south; under-represented 

because it does not fly to streams; probably one of the most abundant species in 
Minnesota (Ferkinhoff and Gundersen 1983). County records: 6, 15, 11, 19-20,22,34. 

Habitat: apparently strictly lentic. 
Elytral microreticulation: absent in both sexes, micropunctures numerous. 

Gyrinus piceolus Blatchley, 1910 
Distribution: Indiana and Michigan. 
Identification: Because of the black venter and rufotestaceous epipleura, adults of 

this species will key to G. affinis, but they are much smaller (5.5 mm long) and have 
shiny elytra with no microreticulation. 

Gyrinus pleuralis Fall, 1922 
Distribution: Described from Wyoming, this species was recorded only from 

western states and provinces by Fall (1922) and Larson (1987). However, Oygur 
(1988) reported several collections from eastern Canada and also specimens from 
Maine, Michigan's Upper Peninsula, and Arkansas. 

Identification: Adults have a black venter and pale epipleura and will key to G. 
affinis, which they resemble. The elytra are densely covered with micropunctures 
instead of short oblique scratches as in G. affinis, and the penis and gonocoxae are 
distinctly different. 

Gyrinus pugionis Fall, 1922 
Distribution: common northern third, fairly common central third, absent south
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ern third and from counties near Lake Michigan. County records: 1-13, 15-21,27, 
33,36-39. 

Habitat: breeds in lentic habitats; many fly to streams in late summer and 
autumn. 

Elytral microreticulation: fine and somewhat transverse in females; more trans
verse in males. 

Gyrinus sayi Aube, 1838 (= Gyrinus lugens LeConte, 1868) 
Distribution: fairly common extreme north, absent elsewhere. County records: 

2-3,5,9-13,15, 17-19. 
Habitat: breeds in lentic habitats; flies to streams in late summer and autumn. 
Elytral micro reticulation: distinct, small-mesh in females; fine and transverse in 

males, especially fine in basal half. 
Gyrinus ventralis Kirby, 1837 

Distribution: common northern third, less common farther south, rare in ungla
ciated areas of southwest and west, and in Lake Michigan watershed. County 
records: 1-3,5-19,21,23,27,34-37,39-41,43-44,48-49,51, 57-58, 60-61, 67. 

Habitat: probably breeds mostly in lentic habitats, but may also breed in lotic 
habitats; frequently flies to streams in late summer and autumn. 

Elytral micro reticulation: absent in basal half of females, extremely fine and 
transverse in apical half; absent in males. 

Gyrinus wallisi Fall, 1922 
Distribution: Ferkinhoff and Gundersen (1983) recorded it from four sites in 

Minnesota as well as North Dakota and Manitoba. Larson (1987) found it from 
Manitoba to British Columbia, and Oygur (1988) added records from eastern 
Ontario. 

Identification: The black ventral surface and dense micropunctation of the elytra 
would cause it to key to G. pectoralis at couplet 20, but the mesosternum is not 
modified, the strial punctures on the elytra are distinctly impressed, and the elytra of 
females have a distinct small-mesh microreticulation. 

ACKNOWLEDGMENTS 

I thank Mr. F. M. Atton, 412 Leslie Ave., Saskatoon, SASK for his comments on 
the status of Gyrinus minutus and for sending me specimens of G. pleuralis, and Dr. 
Sule Oygur, Cook College, Rutgers University for loaning me specimens of Gyrinus 
needed for the completion of this study. 

LITERATURE CITED 

Atton, F. M. 1991. Gyrinus (Gyrinulus) cavatus, sp. nov. from North America described and 
compared with Gyrinus (Gyrinulus) minutus Fabricius (Coleoptera: Gyrinidae). Can. Ento
mol. (in press). 

Burmeister, E.G. 1976. Der Ovipositor der Hydradephaga (Coleoptera) und seine phylo
genetische Bedeutung unter besonderer Berucksichtigung der Dytiscidae. Zoomorphologie 
85: 165-257. 

Chamberlain, K.F. 1929. New species of Gyrinus from northern New Hampshire. Bull. Brook
lyn Entomol. Soc. 24:247-249. 

Fall, H.C. 1922. The North American species of Gyrinus (Coleoptera). Trans. Amer. Entomol. 
Soc. 47:269-307. 

Fall, H.C. 1931. A new Gyrinus from Alaska with reference to other recently described species 
(Coleoptera). Pan-Pac. Entomol. 7:154-156. 

Ferkinhoff, W.D. and R.W. Gundersen. 1983. A key to the whirligig beetles of Minnesota and 
adjacent states and Canadian provinces (Coleoptera: Gyrinidae). Scientific Pub. Science 
Mus. Minn. 5 (3). 53pp. 



1990 THE GREAT LAKES ENTOMOLOGIST 91 

Hatch, M.H. 1930. Records and new species of Coleoptera from Oklahoma and western 
Arkansas, with subsidiary studies. Pub. Univ. Oklahoma BioI. Survey 11: 19-26. 

Hilsenhoff, W.L. 1972. Aquatic insects of the Pine-Popple River, Wisconsin. VIII. Aquatic 
Coleoptera-beetles. Tech. Bull. Wis. Dep. Nat. Resources 54:36-39. 

Larson, D.I. 1973. An annotated list of the Hydroadephaga (Coleoptera: Insecta) of Manitoba 
and Minnesota. Quaest. Entomol. 9:99-114. 

Larson, D.I. 1987. Aquatic Coleoptera of peatlands and marshes in Canada. pp. 99-132 In: 
Rosenberg, D.M and H.V. Danks eds. Aquatic insects of peatlands and marshes in Canada. 
Mem. EntomoL Soc. Can. No. 140. 174 pp. 

Leech, H.B. 1938. A new species of Gyrinuswith a note on Dineutus robertsi. Can. Entomol. 
70:59-61. 

Oygur, S. 1988. Taxonomy, distribution, and phylogeny of North American (north of Mexico) 
Gyrinus Goeffroy (Coleoptera: Gyrinidae). Ph.D. Dissertation, Rutgers Univ. xv + 296 pp. 

Roberts, C.H. 1895. The species of Dineutus of America north of Mexico. Trans. Amer. 
Entomol. Soc. 22:279-290. 

Wallis, I.B. 1926a. Some new Coleoptera. Canadian Entomol. 58:89-93. 
Wallis, J .B. 1 926b. The status of Gyrinus piceolus Blatchley (Coleoptera). Canadian Entomol. 

58:50. 
Wood, F.E. 1962. A synopsis of the genus Dineutus (Coleoptera: Gyrinidae) in the Western 

Hemisphere. M.S. Thesis, Univ. Missouri. 89 pp. + 8 plates. 
Wood, F.E. 	1968. The taxonomic status of Dineutus serru/atus and Dineutus ana/is in North 

America (Gyrinidae: Coleoptera). Proc. U.S. Nat!. Mus. 124. 9pp. 



1990 THE GREAT LAKES ENTOMOLOGIST 93 

PARASITOIDS OF CHIONASPIS PINIFOLIAE 
(HOMOPTERA: DIASPIDIDAE) IN IOWA 

Daniel J. Burden I and Elwood R. HarP 

ABSTRACT 

Three parasitoids (Hymenoptera: Encyrtidae: Aphelininae), Aphytis diaspidis, 
Coccobius varicornis, and Marietta pulchella, were recovered from field collections 
of the pine needle scale, Chionaspis pinijoliae, on Pinus sylvestris in central Iowa. 
Parasitoid mean time (± SEM) to emergence from overwintered scale mummies 
occurred at 46.6 4.6) and 23.9 1.3) days for C. varicornis and M. pulche/la, 
respectively, using a 16L:8D photoperiod and a corresponding temperature regime 
of 22°C and 18°C. Growing-season parasitism level on field-collected female C. 
pinijoliae was 15OJo; parasitoid community composition was 86OJo A. diaspidis, 12OJo 
C. varicornis, and 2OJo M. pulchella. 

The pine needle scale, Chionaspis pinijoliae (Fitch) (Homoptera: Diaspididae), is 
a native pest of many species of needle-bearing conifers in North America (Furniss 
and Carolin 1977, Drooz 1985). This insect has become the most commonly encoun
tered insect pest of nursery conifers in Iowa during the last decade (Anonymous 
1985, 1986). In this and surrounding states, nursery managers have experienced 
increased infestations on seedling and second-year conifers. Because movement of 
infested nursery stock may distribute pine needle scale to uninfested material, regu
latory measures commonly have been used to halt sale and transport of infested 
nursery stock. Aesthetic damage resulting from infestations also has caused concern 
for established urban plantings in Iowa. A related species, Chionaspis heterophyllae 
(Cooley), is often present on the same host trees in the eastern United States and has 
occasionally been misidentified as C. pinijoliae, (D. G. Nielsen, Dept. of Entomol
ogy, Ohio State University-Wooster, pers. comm.). To date, however, C. heterophy
lIae has not been recovered in Iowa. 

In the midwest, pine needle scale is bivoltine most years, with an occasional 
partial third generation reported (Shour 1986). The seasonal life cycle usually begins 
with the overwintered egg hatch and crawler dispersal in late April or early May. 
First-generation adults occur about midsummer. Eggs produced by late first
generation females or by second-generation females diapause, overwintering 
beneath the adult scale covering (Johnson and Lyon 1988).

Throughout its range, the insect is rarely a problem on coniferous hosts in undis
turbed environments. Scale populations can increase to levels that are aesthetically 
displeasing, or in extreme cases, can contribute to decline and death of the tree 
(Luck and Dahlsten 1974, Johnson and Lyon 1988). Disruptive forces may affect 
trees, predisposing them to scale attack (Luck and Dahlsten 1975). Such disruption 
is most likely encountered within the urban environment or intensive culture plant
ings, such as nurseries. 
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It has been suggested that low lev~ls of predation and parasitism, sometimes 
associated with pesticide application for insects other than the scale, may contribute 
to pine needle scale outbreaks in high-value plantings (Cumming 1953, Dahlsten et 
al. 1969, Luck and Dahlsten 1974, 1975). Several species of hymenopterous para
sitoids have been recovered during life history and phenological studies of pine 
needle scale, but the composition of the complex differs by geographic location (e. 
g., Cumming 1953, Luck and Dahlsten 1974). The study reported in this paper was 
carried out to identify the pine needle scale parasitoid complex operating in central 
Iowa. It is our intention that this may provide a foundation for future work that 
might assess the impact of the complex. 

MATERIALS AND METHODS 

Overwintering Survey. Preliminary surveys of overwintering pine needle scale 
indicated that at least one species of mummifying parasitoid was present within the 
scale population. Controlled rearings were performed to define the species present 
and to describe their post-diapause emergence patterns. 

All collections of material were taken in the Ames, Iowa, area from Scots pine, 
Pinus sylvestris, 3 to 13 m tall, with a history of pine needle scale infestations. All 
samples were taken from trees with 10 or more scales per fascicle, and with no 
previous history of scale management. Samples of overwintering material were 
taken on 2 March 1985 and on 4 March 1986, from a 2.0 to 25-m zone of the lowest 
foliage-bearing branches. In each year, samples consisted of a total of 12 branch 
tips, selected nonrandomly on the basis of heavy infestations of scale, from each of 
four trees in three urban stands. Branch tips consisted of the leader and the first set 
of laterals. Each tip contained needles of three discernable age groups, early and late 
season growth from the previous season and old needles from prior years. The two 
flushes from the previous season are easily separated on the basis of needle and stem 
color, and in some cases, size. Prior foliage is separable on the basis of stem color 
and, to a lesser extent, relative position on the branch. Branch tips were returned to 
the laboratory in plastic bags and refrigerated at 4°C to inhibit insect development. 

In the laboratory, needles were carefully stripped of scales by scraping them with a 
razor blade over a sheet of white paper. Scales and scale eggs were then transferred 
to labelled petri dishes. A series of dishes was rotated from the working area to the 
refrigerator to avoid prolonged warming of parasitized specimens. Some dead adult 
wasps of the species later identified as pine needle scale parasitoids were recovered 
and mounted on microscope slides. 

Scale mummies were separated from the collections and individually placed into 
No. 1 gelatin capsules labeled with collection and rearing data. Mummies were 
incubated at a 16L:8D photoperiod with a corresponding fluctuating temperature 
regime of 22-:18°C. Relative humidity was maintained at 65-75010. In 1985, para
sitoid rearings were started on either 4 March and 20 April; in 1986, rearing of all 
material was begun on 6 March. Material was not terminated until two months after 
cessation of the last adult emergence. 

A daily census was taken of all scale mummies. Upon emergence, each parasitoid 
was identified tentatively to morpho species and sex. All insects were either slide
mounted for immediate examination or frozen and stored for later study. Two 
months after emergence ceased and visual examination indicated no live insects 
remained, all dead, unemerged parasitoids, pine needle scale mummy remains, 
pupal exuviae, and meconia were either slide mounted or prepared for scanning 
electron microscopy. 

Growing-Season Survey. A general survey was undertaken in 1986 to identify the 
parasitoids present during the growing season and to determine the relative popula
tion changes in the parasitoid complex during that time. Female pine needle scales 
were collected throughout the season from six sites on or adjacent to the Iowa State 
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University campus, each with two or more trees. A total of 29 trees was sampled. 
Samples were collected from the lower 2.5 m of the tree, a region including 25-35070 
of the foliage-bearing branches. This height range was selected to facilitate collect
ing, and because pine needle scale crawlers tend to colonize this region of foliage 
most heavily in conical·shaped trees (Nielsen 1970). 

Collections were scheduled irregularly from April through November, 1986. Nine 
collections were made: I April, 22 May, 16 June, 4 July, 15 July, 6 August, 21 
August, 25 September, and 26 November. The longer intervals reflected periods of 
cooler temperatures and slower scale development. 

During the first part of the sampling period, five two-needle fascicles from the 
previous year's growth were collected from each of the four cardinal directions of 
each tree. New foliage was not sampled before the first visible evidence of second
generation crawler establishment on 15 July. Subsequently, an additional set of five 
fascicles from each cardinal direction was taken from the current year's growth. 
Needles were returned to the laboratory and refrigerated at 4°C until examination. 
Scales were removed from the needles and separated for parasitoid emergence as 
described for the overwintering survey. The number and condition of pine needle 
scales, parasitoid life stages, and parasitoid morphospecies were recorded. 

Initial identifications of parasitoid adults were made in our laboratory and veri
fied by personnel at the USDA Systematic Entomology Laboratory. Specimens have 
been deposited in the collections at the U.S. National Museum of Natural History, 
Washington, and Iowa State University. 

RESULTS 

Three species of parasitoids (Hymenoptera: Encyrtidae: Aphelininae) were recov
ered from pine needle scales in central Iowa: Aphytis diaspidis (Howard), a primary· 
level ectoparasitoid; Coccobius varicornis (Howard), a primary-level endoparasi
toid; and Marietta pulchella (Howard), a secondary-level ectoparasitoid of C. 
varicornis. 

Overwintering Survey. Coccobius varicornis and M. pulchella were recovered 
from overwintering pine needle scale (Table 1). Coccobius varicornis was recovered 
in approximately a 9: I ratio to M. pulchella. Sixty-seven adult parasitoids emerged 
from 135 endoparasitized scales; of the 68 unemerged dead parasitoids, 98% were 
mature larvae and 2% were pupae. Divergent emergence patterns were evident 
between the two species for both years. The overall mean number of days to emer
gence (± SEM) was 23.9 (± 1.3) for M. pulchella and 46.6 (± 4.6) for C. vari
cornis. Only female C. varicornis were recovered; however, both sexes of M. pul
chella were collected. 

Growing-Season Survey. Aphytis diaspidis, C. varicornis, and M. pulchella were 
recovered during the 1986 growing season (Table 2), from 16,591 female scales. 
Parasitoid recoveries for all life stages, including emergence evidence occurred from 
2,530 scales, for an overall implied parasitism level of 15.2%. This estimate does not 
include mortality induced by adult parasitoid feeding. Because this was a prelimi
nary study of one season only, data from all needles were pooled for a summary 
description of the overall recovery trends. 

DISCUSSION 

Each species of parasitoid recovered from pine needle scale in central Iowa has 
been described previously from several other hosts (Krombein et aI., 1979). Each has 
also been reported from C. pinifoliae from central and eastern Canada, and from 
Indiana in the United States (Cumming 1953, Martel and Sharma 1968, Shour 
1986). In only the study by Martel and Sharma (1968), however, have these same 
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Table I. - Parasitoid emergence from overwintering pine needle scales in 1985 and 1986. 

Date Parasitoid Days to Range of 
Date rearing emergence l el1.l!::rgence2 emergenceJ 

collected initiated n Species male female X±SD (in days) 

2Mar85 Mar 85 60 Coccobius varicornis 0 26 49.5±2.2 45-58 
Marietta pulchella 3 I 25.3±0.5 24-27 

2Mar 85 20 April 85 40 Coccobius varicornis 0 16 47.9±9.9 42-57 
Marietta pulchella 2 0 27.5±2.1 26-28 

4Mar86 6 Mar 86 35 Coccobius varicornis 0 15 42.4± 1.0 40-47 
Marietta pulchella I I 19.0± 1.4 19-20 

INumber of dead unemerged parasitoids by rearing date were 29, 20, and 18 respectively. Mummy 
content was not identified to species. 

21ncubations were at 22°:18°C, 16L:8D photoperiod with 65-75070 relative humidity. 
3From initiation of incubation, rounded to nearest full day. 

Table 2.-Parasitoid recoveries by life stage from 16,591 pine needle scales for the 1986 growing 
season. 

Adult 070 
Larvae Pupae Successful Unsuccessful of total 

Parasitoid live dead live dead emergence emergence Total recoveries 

Aphytis diaspidis 34 537 181 484 900 44 2180 86.1 
Coccobius varicornis 92 49 27 16 114 10 308 12.2 
iWarietta pulchella 17 4 0 2 17 2 42 1.7 

56 2530 

three species been reported from a single locality. In a study of pine needle scale 
parasitoids in California, all three species have been absent (Luck and Dahlsten 
1974). 

The major question that remains unanswered from all studies of this system is that 
of the impact of the parasitoid complex on the scale population. Before this question 
can be answered, sampling methodology applicable to these patchy habitats needs 
further definition. Information is also needed regarding the interactive population 
dynamics of the complex and, because all three parasitoid species have been 
described as polyphagous, the possible role of alternate hosts in the system. 
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EASTERN RANGE EXTENSION OF LEPTOGLOSSUS 
OCCIDENTALIS WITH A KEY TO LEPTOGLOSSUS SPECIES 

OF AMERICA NORTH OF MEXICO 
(HETEROPTERA:COREIDAE) 

J. E. McPherson1, R. J. Packauskas2, S. J. Taylor1, 

and M. F. 0'Brien3 

ABSTRACT 

Leptoglossus occidentalis is reported for the first time from Illinois and Michigan, 
and confirmed for Indiana. A key to the species of Leptoglossus occurring in 
America north of Mexico is presented. 

Leptoglossus occidentalis was originally described in 1910 by Otto Heidemann 
from an adult male and female collected in Placer County, California and Utah 
(respectively?). He also reported examining additional "species" (specimens?) from 
California, Colorado, and Vancouver and stated, "the species belongs evidently to 
the Western fauna, and is widely distributed from Colorado to California and north 
to Vancouver." 

Since then, additional records strongly suggest it is moving eastward. Torre
Bueno (1941, p. 49) reported it from California, Colorado, Idaho, and British 
Columbia. This was followed by Hussey (1953) who reported it (as Theognis occi
dentalis [Heidemann]) from Montana, and Koerber (1963, Fig. l) who added 
Alberta, Washington, Oregon, Utah, Arizona, New Mexico, and Nebraska. 

Schaffner (1967) (as T. occidentalis) added Iowa and noted that, based on its 
regular collection since 1956, it was now established in the state. He also reported a 
specimen collected by a student in July 1961 in Monroe Co., Indiana. He felt this 
record indicated a further eastward extension of the range but, to our knowledge, its 
presence in Indiana has not been reported again. 

Allen (1969), in his revision of Leptoglossus, reported L. occidentalis as occurring 
from southern British Columbia and Alberta south to Arizona, New Mexico, and 
Texas, and eastward to Iowa and Kansas (p. 131-132). Katovich and Kulman (1987) 
added Wisconsin and Minnesota. The Henry and Froeschner (1988) heteropteran 
catalog lists Alabama but this is apparently in error (Froeschner, pers. comm.). 

We here add Illinois and Michigan to the range of this coreid and confirm its 
presence in Indiana. To aid in its identification, we also include a key to the species 
of Leptoglossus in America north of Mexico. Previous keys to our species have 
included Gibson (1917), Torre-Bueno (1941), Hussey (1953), and Allen (1969). 

Some life history information has been published for this coreid. It feeds mainly 
on seeds and developing tissues of cones of pines and other conifers (see host lists of 

IDepartment of Zoology, Southern Illinois University, Carbondale, Illinois 62901 
. . 2Dep<lrtment of Ecology & Evolutionary Biology. University of Connecticut, Storrs, 
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Koerber [1963], Krugman and Koerber [1969], and Hedlin et al. [1981]). Recent host 
plant additions include scotch pine (Pinus sylvestris) (Schaffner 1967) and red pine 
(Pinus resinosa) (Katovich and Kulman 1987). Under caged conditions, it will feed 
on the fruits of pistachio (Pistacia vera) (Uyemoto et al. 1986). 

L. occidentalis reportedly is univoltine, apparently based on observations in 
northern California (Koerber 1963, Krugman and Koerber 1969, Hedlin et al. 1981). 
Adults emerge from overwintering sites in late Mayor early June. Eggs are laid on 
needles of the host plant. First instars feed on needles and succulent tissue of cone 
scales. Subsequent instars feed on seeds of cones. The overwintered adults continue 
to feed and oviposit. By mid-August, all instars and new adults can be found on the 
same cone cluster. By late August, the nymphs have matured, and the resulting 
adults continue to feed on the ripening seed crop until cold weather. Then they seek 
a variety of overwintering sites. They have been collected under loose bark (Dennys 
1927), from a hawk nest and a rodent nest (Hussey 1953), and inside buildings 
(Spencer 1942, Schaffner 1967). Schaffner (1967) incorrectly stated that Koerber 
(1963) reported the egg as the "regular overwintering stage." 

L. occidentalis has been reared in the laboratory from egg to adult and the 
immature stages have been briefly described (Koerber 1963). 

From 1983 through 1988, we found several specimens of L. occidentalis in Illinois 
and Michigan, most of which were collected in the fall. Their abundance in southern 
Illinois, and our knowledge of their feeding habits, encouraged us (JEM, SJT) to 
search for their hosts plant(s) locally. During 1989, we discovered individuals of this 
coreid on the Southern lIIinois University campus feeding and developing on cones 
of Austrian pine, Pinus nigra, a plant introduced from Europe; and in Ann Arbor 
feeding on cones of white pine, Pinus strobus, and white spruce, Picea glauca. 
Finally, one of us (RJP) has discovered several additional specimens in the collec
tions of the Illinois Natural History Survey (INHS), Champaign, and the Entomol
ogy collection of Purdue University (PUL), Lafayette, Indiana. These specimens 
(INHS, PULl, plus those now housed in the collections of Southern Illinois Univer
sity, Carbondale (SIUC), and the University of Michigan Museum of Zoology 
(UMMZ), collectively, confirm its presence in Indiana and show that it has been 
present in Illinois, Michigan, and Indiana for several years (Fig. 1). Telephone calls 
from concerned homeowners (to MFO) who have found this distinctive coreid 
within their homes have increased in number in Washtenaw County, Michigan. Calls 
have been most common in late October and early November, when adults are 
seeking overwintering sites. 

Label information for the above specimens is as follows; supplemental informa
tion is in parentheses: ILLINOIS: SIUC. JACKSON CO.: Carbondale, 22 August 
1987 (1 e), S. Taylor, Coli.; 3 October 1987 (1 '.'), A. Cox, Coli.; 20 October 1987 (1 
e), S. Anders, Coll.; 6 December 1987 (1 'l'), H. Rice, ColI. Carbondale, SIU
campus, 25 September 1987 (2 "t 2), R. Lampley, Coil.; 12 October 1988 (1 'i'), H. 
Rice, Coll.; 18 October 1988 (1 e), M. Blasczyk, ColI.; 28 October 1986 (1 t), J. E. 
McPherson, Coli; 4 November 1987 (1 t), R. Weck, Coll.; 14 November 1988 (1 '1'), 
H. Rice, Coli; 17 November 1987 (1 0), R. Weck, Coli.; 3 December 1987 (1 c), R. 
Weck, Coli.; 7 December 1987 (1 0), S. Taylor, ColI. Carbondale, SIU-campus, in 
building, 12 January 1989 (1 1'), J. E. McPherson, Coli., 8 March 1989 (1 1'), S. 
Taylor, Coli. Carbondale, SIU-campus, on Pinus nigra, 21 June 1989 (1 t, 2 \' 2), S. 
Taylor and J. E. McPherson, Coil. INHS. (BUREAU CO.): Tiskilwa, in house, 30 
April 1980 (6 0 t, 3 I' '1'), A. Albrecht, Coli. (COOK CO.): Chicago, in house, 1 May 
1980 (1 d', 2 '11'), W. Templeton, Coll. (McHENRY CO.): Woodstock, Sanctuary 
Farms, 19 October 1979 (2 cd', 1 'i'), C. Krenger, CoIl. ROCK ISLAND CO.: 15 
October 1974 (1 $'), J.? Turner, Coli.; 28 October 1974 (1 1'), K. Babich, ColI. 
MICHIGAN: UMMZ. OAKLAND CO.: 19 October 1987 (l ~), G. Hubbell, ColI. 
ST. JOSEPH CO.: Klinger Lake, U. V. Light, 30 July 1983 (1 d'), M. & A. O'Brien, 
Colis. WASHTENAW CO.: Ann Arbor, 9 March 1989 (1 1'), T. E. Moore, CoiL; to 
October 1988 (1 1'), M. F. O'Brien, Coil.; 16 October 1984 (8 d' e, 5 'i'I'), T. H. 
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Figure 1. County records for Leptoglossus occidentalis in Illinois, Michigan, and Indiana. 

Hubbell, Coil.; 21 November 1986 (l "'), T. E. Moore, Coli. (WASHTENAW CO.): 
Ann Arbor, 11 February 1987 (l 0), T. E. Moore, ColI.; in house, 27 January 1987 
(l 6), R. W. Storer, Coli. INDIANA: PUL. DEAR. (BORN) CO.: Bright (town?), 8 
Sept. 1984 (1 "'). MIAMI CO.: Peru, 20 September 1984 (1 0), B. Warder, Coli. 
TIPPECANOE CO.: West Lafayette, 6 November 1984 (1 0), G. Edwards, ColI.; 
(West Lafayette?), in building, 10 November 1980 (I 0), B. G. Johnson, ColI. 

Natural eastward dispersal of Coreoidea is not unprecedented. Catorhintha men· 
dica St~l (Coreidae) (Balduf 1957) and Boisea trivittata (Say) (RhopaJidae) (Slater 
and Schaefer 1963) and, possibly, Coriomeris humilis (Uhler) (Coreidae) (Slater and 
Schaefer 1963) and Aufeius impressicol/is stiH (Rhopalidae) (Wheeler 1984) have 
also shown similar range extensions; the latter two species may have expanded their 
ranges by adventitious introductions. 

Perhaps the most thoroughly documented eastward movement of a coreoid is that 
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of C. mendica. Baldur (1957) showed that this species and its host plant, Mirabilis 
nyctaginea, were originally limited to the Great Plains. However, as food surplusses 
were shipped eastward by rail, this plant, included as a contaminant, became estab
lished along rail right-of-ways from seeds that fell from railroad cars. This permitted 
C. mendica to extend its range eastward to Pennsylvania (Balduf 1957), and, subse
quently, to the East Coast (Hoebeke and Wheeler 1982, Slater 1983). Recently, 
Hoebeke and Wheeler (1982) have reported a second host plant for this bug in Iowa, 
M. hirsuta. 

L. occidentalis does not seem to fit this pattern of eastward spread, that is, 
following movement of its host plant or plants. Rather, it appears an ability to feed 
on several species of conifers enabled it to move eastward by including P. resinosa, 
P. strobus, and P. sylvestris, all of which are eastern species; and P. nigra, an 
introduced European species, in its host range. 

Certainly not all movement of coreoids has been eastward. Leptoglossus Julvi
corn is (Westwood) appears to be extending its range westward (Mitchell and Mitch
ell 1983). 

KEY TO SPECIES OF LEPTOGLOSSUS GUERIN, NORTH OF MEXICO 

1. Tylus produced anteriorly as sharp spine (central and southwest U. S., east 
to IA) .................................. L. clypealis Heidemann 


1'. Tylus not produced anteriorly as spine ........................... 2 

2. Labium not extending onto abdomen ............................. 3 

2'. Labium extending well onto abdomen. ......................... .. 5 

3. 	 Antennal segments black; pronotal disc black with marginal areas of 

pronotum widely and continuously orange-yellow; abdominal venter 
widely orange with a few black areas (FL, MS, AL) .............. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. L. ashmeadi Heidemann 

3.' 	 Antennal segments reddish brown, segment 1 bicolored with black; 
pronotal disc reddish brown with marginal areas concolorous; 
abdominal venter orange,but covered with numerous small black spots 
...................................................•......... 4 

4. 	 Corium with broad, straight, transverse yellow-white fascia not confined 
to veins; length of body usually more than 14.3 mm (NY south to FL, 
west to IA and KS, southwest to TX and CAl .... L. phyllopus (L.) 

4'. 	 Corium with reiiuced, irregular, transverse yellow-white fascia mainly 
confined to veins; length of body usually less than 14.3 mm (southwest 
U.S.,AZ, CA, TX) ........................ L. brevirostris Barber 

5. 	 Pronotum with narrow transverse arched yellow to red stripe extending to 
sharply spined humeral angles;abdominal venter with seven longitudinal 
yellow stripes; antennae black with yellow bands on last three segments 
(Gulf States, FL to TX) ................... L. gonagra (Fabricius) 

5'. 	 Pronotum without transverse stripe; humeral angles variaQle; abdominal 
venter orange with numerous small black spots; last three antennal 
segments usually unicolorous .................................. 6 

6. 	 Anterolateral and posterolateral margins of pronotum serrate, humeral 
angles obtusely rounded and expanded laterally; corial fascia lacking; 
posterior margin of genital capsule with deep median notch, which 
encompasses acute median tooth (MA and NY south to FL, west to 
TX) ................................... L. Julvicornis (Westwood) 

6'. 	 Anterolateral and posterolateral margins of pronotum usually entire, may 
be somewhat serrate; humeral angles not expanded laterally; transverse 
yellow-white corial fascia usually present, sometimes faint or absent; 
posterior marginofgenitalcapsulevariable ....... , ............ ; 7 

7. Outer hind tibial dilation rounded, lacking scalloped edges .......... 8 
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7'. Outer hind tibial dilation scalloped ............................... 9 

8. 	 Outer hind tibial dilation nearly equal in length to inner dilation; corial 

fascia sometimes faint or absent; posterior margin of genital capsule 
with median subrectangular notch (B.C. and Alberta south to CA and 
TX, east to IN) .........•..•..•....... L. occidentalis Heidemann 

8'. 	 Outer hind tibial dilation distinctly longer than inner tibial dilation; corial 
fascia confined to veins; posterior margin of genital capsule with median 
roundly V-shaped notch (NY south to FL, west to MO, southwest to 
TX) .......................................... L. corculus (Say) 

9. 	 Labium short, at most reaching first visible abdominal segment; corial 
fascia straight and wide (see couplet 4) ........•••. L. phyllopus (L.) 

9'. 	 Labium longer, reaching to at least second visible abdominal segment; 
corial fascia irregular or reduced .............................. 10 

10. 	 First antennal segment unicolorous; corial fascia reduced to mark on 
medial vein where crossvein begins, or often including additional mark 
on crossvein (NY south to FL, west to MN and lA, southwest to TX and 
AZ) ..............•....................•...... L. oppositus (Say) 

10'. First antennal segment bicolorous; corial fascia not reduced ....... 11 

11. 	 Anterior portion of pronotal disc with two distinct whitish yellow ovoid 

spots interspersed with small black spots; posterior margin of genital 
capsule with median notch about as wide as deep, each dorsolateral 
angle of notch developed into prominent tooth (lower half of CA and 
southwest U. S.) ............................. L. zona/us (Dallas)4 

11'. 	 Anterior portion of pro notal disc without two distinct spots, entire disc 
may be yellowish; posterior margin of genital capsule with median notch 
much deeper than wide, each dorsolateral angle of notch rounded to 
angulate but not developed into tooth (FL) ....L. concolor (Walker)4 
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SEASONAL FLIGHT PATTERNS OF HEMIPTERA 
(EXCLUDING MIRIDAE) IN A SOUTHERN ILLINOIS 

BLACK WALNUT PLANTATION 

1. E. McPherson! and B. C. Weber2,3 

ABSTRACT 

The seasonal flight patterns of 99 species and subspecies of Hemiptera collected in 
window traps in a southern Illinois black walnut plantation are compared with 
similar data from a North Carolina black walnut plantation. Flying height distribu
tions and seasonal flight activities of Corythucha jug/andis, Orius insidiosus, 
Piesma cinerea, Acanthocephala terminalis, Alydus eurinus, Sehirus cinctus cinctus, 
Acrosternum hi/are, Brochymena quadripustu!ata, Euschistus servus, and Euschis
tus variolarius are considered in detail. 

Previously, we presented information on seasonal flight patterns of Hemiptera in 
a black walnut (Juglans nigra) plantation near Asheville, North Carolina (NC) 
(McPherson and Weber 1980; 1981a, b, c, d, e; McPherson et al. 1983); these papers 
were based on weekly collections of specimens from window flight traps during 1977 
and 1978. Similar data were collected during 1979 and 1980 in a black walnut 
plantation in southern Illinois (SI). We present here the SI data and compare them, 
where possible, with results from the NC plantation. We deal with all families 
collected except the Miridae, which we will consider in a second paper. 

MATERIALS AND METHODS 

The black walnut plantation, commonly known as the Pleasant Valley Plantation, 
is located in Alexander County, IL, 37°17'30"N and 89°20'30"W, ca. 153 m eleva
tion on clay loam soil in the Shawnee National Forest. It is a 2.8 ha plot established 
by the U. S. Forest Service to test growth differences among walnut seedlings 
collected from various seed sources and to use later as a seed production orchard. 
Within this plantation are 2,700 trees planted at a 1.83 x 3.66 m spacing. Further 
information about these trees can be obtained from the U. S. Forest Service, North 
Central Forest Experiment Station, Forestry Sciences Laboratory, Carbondale, IL. 

The window flight traps were described in detail by McPherson and Weber (1980). 
The main differences between the SI and NC studies were in number of traps used 
(16 in SI, 28 in NC) and their height above the ground (SI, set at 1 m intervals 1 to 4 
m above the ground; NC, 1 to 7 m above the ground). Also, the average height and 

IDepartment of Zoology, Southern Illinois University, Carbondale, IL 62901 
2North Central Forest Experiment Station, Forestry Sciences Laboratory, Southern Illi

nois University, Carbondale, IL 62901 
3Present Address: USDA Forest Service, 12th & Independence Ave., SW, P.O. Box 

96090, Washington, D. C. 20090 
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diameter of trees at breast height were 2.1 m and 1.9 cm, respectively, during the last 
year (1980) of the SI study; they were 2.84 m and 3.12 cm during the last year (1978) 
of the NC study. In the SI study, flying height and seasonal distributions were 
determined in 1979; only seasonal distribution was determined in 1980. Insects were 
removed weekly from 30 March to 13 October in 1979, and from 28 March to 10 
October in 1980. 

The difference in height of traps betwen the SI and NC plantations resulted from 
the primary emphasis of this study, which was to determine the flying height and 
seasonal distribution of the ambrosia beetle Xy[osandrus germanus (Blandford). 
The SI traps were set at a maximum of 4 m because we found that most flight 
activity of this beetle in the NC plantation was at 1 m (Weber and McPherson 1983). 
Unfortunately, this makes comparison of flight activity of the Hemiptera between 
the two plantations more difficult. 

All specimens collected during this study are deposited in the Southern Illinois 
University Entomology Collection (SIUEC). 

RESULTS AND DISCUSSION 

Species diversity was lower in SI than in NC and, with few exceptions, was evident 
at the family level. Ninety-nine species and subspecies, excluding Miridae, were 
collected during the two years of the SI study, compared to 126 for NC. These 
included (NC numbers in parentheses): Tingidae, 5 (11); Nabidae, 2 (6); Anthocori
dae, 5 (6); Reduviidae, 12 (15); Phymatidae, 1 (3); Aradidae, 5 (6); Piesmatidae, 1 
(1); Berytidae 2 (3); Lygaeidae, 21 (27); Largidae, 1 (0); Coreidae, 6 (8); Alydidae 3 
(2); Rhopalidae, 4 (6); Cydnidae, 6 (6); Thyreocoridae, 5 (4); and Pentatomidae, 20 
(22). Although scutellerids and acanthosomatids were collected in NC, none was 
collected in SI. 

Several SI taxa were collected at all four heights; numbers of specimens ranged 
from 1 to 6,167. Flying heights for most taxa averaged lower in the SI than in the NC 
plantation; this undoubtedly resulted, at least in part, from the lack oftraps at 5 to 7 
m in the SI plantation but may also have been influenced by the shorter trees there. 

CIMICOMORPHA 

TINGIDAE 


Only three species were collected in both the SI (Table 1) and NC (McPherson and 
Weber 1981e) plantations, i.e., Corythucha ciliata (Say), C. juglandis (Fitch), and 
Melanorhopaia inJuscata Parshley. 

Corythucha ciliata feeds primarily on sycamore, Platanus occidentalis (Drake and 
Ruhoff 1965). It was rarer in SI (N = 13) than in NC (N = 70). In NC, it overwin
tered as adults and was apparently bivoltine (McPherson and Weber 1981e). Adults 
began to emerge from overwintering sites in early April and were present to mid
May. Their adult offspring (summer generation) occurred from late June to late July 
or early August. Adults of the second (overwintering) generation were present in 
September. 

In SI, adults were first collected in early July, which roughly corresponds to the 
appearance of the summer generation in NC. The most plausible explanation for 
this difference, in our opinion, is that the overwintering adults simply were not 
collected in the traps. 

Corythucha ciliata flew at an average height of 3.40 m (N = 10) in SI, and at an 
average height of 4.27 m in NC. 

Corythucha juglandis feeds on several plants, including black walnut (Drake and 
Ruhoff 1965). It was more common in SI (N = 159) than in NC (N = 26), but the 
period of flight activity was similar (SI, 9 May-28 September, Table 1; NC, 1 April
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13 October, McPherson and Weber 1981e). It flew at an average height of 3.33 m 
(N 60) in SI, and at an average height of 4.62 min NC. 

This species overwinters as adults and is apparently bivoltine in southern Illinois 
(Vogt and McPherson 1986). Adults generally emerge from overwintering sites in 
early May. Their adult offspring (summer generation) appear in late June. Adults of 
the second (overwintering) generation appear in early August and began to enter 
overwintering sites in September. 

In the SI study, the May peak (Fig. I) undoubtedly corresponded to the emergence 
of overwintered adults noted by Vogt and McPherson (1986). However, there were 
no distinct peaks later in the season although reduced flight activity was evident. 

Melanorhopala injuscata was rare in both collections (one specimen). Its food 
plants include Ceanothus spp. and Liriodendron sp. (Drake and Ruhoff 1965). 
indicating that its collection in the two plantations was a chance occurrence. 

The most striking difference in the tingid fauna between SI and NC involved 
Gargaphia so/ani Heidemann, which was the most common species collected in NC 
(N = 91) (McPherson and Weber 1981e) but was completely absent in SI. This 
tingid is primarily southern and southwestern in distribution (Bailey 1951). It occurs 
mainly on eggplant (e.g, Bailey 1951, Horn et al. 1979) but also on horse-nettle 
(Blatchley 1926), white horse-nettle (Froeschner 1944), and sunflower (Horn et al. 
1979). Because it has been collected elsewhere in SI (based on specimens housed in 
the SIUEC), its absence from the SI window traps may simply reflect the lack of 
suitable host plants near the plantation. 

NABIDAE 

Two species were collected in both the SI (Table I) and NC (McPherson and 
Weber 1981c) plantations, i.e., Nabis americojerus Carayon and Nabis roseipennis 
Reuter. N. americojerus feeds on aphids, leafhoppers, and caterpillars (Harris 
1928); and N. roseipennis feeds on insects inhabiting grassy and herbaceous vegeta
tion (Blatchley 1926). Although both species were more common in NC than in SI, 
the seasonal flight patterns were similar between the two plantations. N. americo
jerus was collected from 6 April to 3 October (N 26) and flew at an average height 
of 2.75 m (N = 8) in SI, and from 31 March to 13 October at an average height of 
2.48 m (N 58) in NC. N. roseipenniswas collected from 11 April to 12 October (N 
= 73) and flew at an average height of 2.58 m (N 31) in SI, and from I April to 6 
October at an average height of 3.07 m (N 123) in NC. 

In NC, both species apparently overwintered as adults and were bivoltine 
(McPherson and Weber 1981c). Overwintered adults began to emerge during late 
March and early April. Their adult offspring (summer generation) occurred from 
about June through August. Adults of the second (overwintering) generation were 
present during September and October. 

In SI, flight activity for both species peaked in April-May and June. These 
corresponded to the emergence of overwintered adults and adults of the first (sum
mer) generation, respectively. The third peak of activity noted in NC (i.e., the 
second or overwintering generation) was not evident in SI. For N. americojeros 
(N = 26). the numbers for the two peaks were 5 (19.26,10) and 15 (57.76,10), respec
tively; and for N. roseipennis (N = 73), the numbers were 13 (17.86,10) and 43 
(58.96,10), respectively. 

ANTHOCORIDAE 

Three species were collected in both the SI (Table 1) and NC (McPherson and 
Weber 1981c) plantations, i.e., Cal/iodis temnostethoides (Reuter), Lyctocoris stalii 
(Reuter), and Orius insidiosus (Say). O. insidiosus was the most abundant of all 
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Table 1. Seasonal flight activity of Hemiptera (excluding Miridae) during 1979-80 in a southern 
Illinois black walnut plantation. 

Collection Height 
(M)b 

No. Range of 
Taxon Collecteda X± SE Range Collection Dates 

CIMICOMORPHA 
TINGIDAE 
Corythucha aesculi Osborn 

& Drake 
Corythucha ciliata (Say) 
Corythucha jug/andis (Fitch) 

1 (0, 1) 
13 (10, 3) 

159 (60, 99) 
3.40 ± 0.27 
3.33 ± 0.11 

2-4 
2-4 

19 May 
6 July-I2 Oct. 
9 May-28 Sept. 

Leptodictya plana 
Heidemann 1 (1, 0) 1.00 28 Sept. 

Melanorhopala in/uscata 
Parshley 1 (1, 0) 1.00 13 July 

NABIDAE 
Nabis americo/eros Carayon 
Nabis roseipennis Reuter 

26 (8, 18) 
73 (31, 42) 

2.75 ± 0.45 
2.58 ± 0.22 

1-4 
1-4 

6 April-3 Oct. 
11 April-12 Oct. 

ANTHOCORIDAE 
Calliodis temnostethoides 

(Reuter) 14 (12, 2) 3.08 ± 0.26 2-4 20 June-28 Sept. 
Lyctocoris stalii (Reuter) 
Orius insidiosus (Say) 
Xy/ocoris cursitans (Fallen) 

5 (2, 3) 
6,167 (4,815; 1,352) 

2 (2, 0) 

1.58 ± 0.50 
2.71 ± 0.02 
1.50 ± 0.50 

1-2 
1-4 
1-2 

25 April-29 Aug. 
11 April-12 Oct. 

22-29 June 
Xylocoris galact/nus (Fieber) 5 (4, 1) 2.50 ± 0.50 2-4 1 Aug.-12 Oct. 

REDUVIIDAE 
Acholla multispinosa 

(De Geer) 1 (0, 1) 4.00 7 Sept. 
Apiomerus crass/pes 

(Fabricius) 35 (20, 15) 2.15 ± 0.23 1-4 6 June-3 Aug. 
Ar//us cristatus (L.) 1 (0, I) 12 Sept. 
Melano/estes abdomina/is 

(Herrich-Schaeffer) 3 (I, 2) 1.00 25-27 April 
Me/ano/estes pic/pes 

(Herrich-Schaeffer) 
Narvesus carolinensis SHU 

10 (5, 5) 
6 (4, 2) 

1.00 ± 0.00 
2.25 ± 0.63 1-4 

25 April-20 June 
22 June-20 July 

Oncerotrachelus acuminatus 
(Say) 38 (4, 34) 1.00 ± 0.00 16 May-29 Aug. 

Pnirontis modesta Banks 7 (I, 6) 1.00 II May-ll July 
Rhiginia crociata (Say) 3 (I, 2) 1.00 23 May-6 July 
Sinea d/adema (Fabricius) 1 (0, I) 27 June 
Stenopoda spinulosa Giacchi 10 (I, 9) 2.00 6 J une-5 Sept. 
Ze/us luridus Stll! 1 (0, 1) 27 June 

PHYMATIDAE 
Phymata pennsylvanica 

Handlirsch 2 (2, O) 2.00 ± 0.00 27 June 
PENTATOMOMORPHA 
ARADIDAE 
Aradus kormilevi Heiss 1 (I, 0) 1.00 28 Sept. 
Aradus ornatus Say 1 (1, 0) 1.00 20 April 
Aradus robustus Uhler 2 (I, 1) 2.00 20-25 April 
Aradus similis Say 
Mezira sayi Kormilev 

I (0, 1) 
6 (4,2) 3.00 ± 0.71 1-4 

9 May 
11 May-29 June 

(continued) 
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PIESMATIDAE 
Piesma cinerea (Say) 

BERYTIDAE 
Jalysus spinosus (Say) 
Jalysus wickami Van Duzee 

LYGAEIDAE 
Antillocoris pilosulus (Still) 
Atrazonotus umbrosus 

(Distant) 
Belanochilus numenius (Say) 
Blissus leucopterus (Say) 
Cryphula trimaculata 

(Distant) 
Cymus angustatus Still 
Geocoris punctipes (Say) 
Geocoris uliginosus (Say) 
Kleidocerys resedae (Panzer) 
Lygaeus kalmii 
angustomarginatus 
Parshley 

Malezonotus sodalicius 
(Uhler) 

Myodocha serripes Olivier 
Nysius niger Baker 
Nysius raphanus Howard 
Nysius scutellatus Dallas 
Oedancala dorsalis (Say) 
Ortholomus scolopax (Say) 
Pachybrachius basalis 

(Dallas) 
Perigenes constrictus (Say) 
Phlegyas abbreviatus (UWer) 
Ptochiomera nodosa Say 

LARGIDAE 
Largus succinctus (L.) 

COREIDAE 
Acanthocephala terminalis 

(Dallas) 
Anasa tristis (De Geer) 
Archimerus alternatus (Say) 
Euthochtha galeator 

(Fabricius) 
Leptoglossus fulvicornis 

(Westwood) 
Leptoglossus oppositus (Say) 

ALYDIDAE 
Alydus eurinus (Say) 
Alydus pilosulus 

Herrich-Schaeffer 
Megalotomus 


quinquespinosus (Say) 

RHOPALIDAE 

Arhyssus lateralis (Say) 
Harmostes fraterculus (Say) 
Harmostes reflexulus (Say) 

125 (87, 38) 

2 (2, 0) 
II (2,9) 

28 (8, 20) 

I (1,0) 
5 (2, 3) 
2 (0, 2) 

I (0, I) 

64 (28, 36) 


4 (0, 4) 

16 (6, 10) 


I (I, 0) 


8 (3, 5) 


13(11,12) 

4 (2, 2) 

3 (I, 2) 


47 (24, 23) 

I (I, 0) 


37 (22, 15) 

I (0, I) 


31 (11,20) 

I (0, I) 

I (1,0) 


14 (3, II) 


I (0, I) 


117 (47, 70) 

I (1,0) 

I (0, I) 


52 (30, 22) 


2 (0, 2) 

23 (19, 4) 


81 (12, 69) 


8 (3, 5) 


1(0, [) 


23 (18, 5) 

7 (3, 4) 

9 (7, 2) 


2.84 ± 0.11 

2.00 ± 1.00 
2.50 ± 0.50 

2.13 ± 0.35 

4.00 
4.00 ± 0.00 

2.54 ± 0.19 

1.67 ± 0.33 
3.00 

3.33 ± 0.67 

2.00 ± 0.43 
4.00 ± 0.00 

4.00 
2.33 ± 0.23 

1.00 
1.59 ± 0.20 

1.36 ± 0.28 

3.00 
1.67 ± 0.67 

3.00 ± 0.12 
1.00 

1.60 ± 0.16 

3.68 ± 0.15 

1.25 ± 0.18 

2.33 ± 0.33 

2.00 0.21 
2.33 0.67 
2.14 0.40 

\-4 9 May-12 Oct. 

1-3 
2-3 

20 April-5 Oct. 
11 April-IO Oct. 

1-4 25 April-IO Oct. 

13 July 
II May-3 Oct. 

18 Aug.-10 Oct. 

1-4 

1-3 

22 Aug. 
11 April-29 Aug. 
15 Aug.-10 Oct. 
8 June-3 Oct. 

6 April 

2-4 4 May-3 Oct. 

1-4 

1-4 

1-4 

20 April-I 5 Aug. 
9 May-22 June 
8 June-IO Oct. 

25 April-12 Oct. 
12 Oct. 

II May-27 July 
20 June 

1-4 

1-3 

II ApriI-25 July 
6 June 

20 April 
20 June-12 Oct. 

6 June 

1-4 9 May-7 Sept. 
15 June 
18 July 

1-4 25 April-12 Oct. 

2-4 
25 July-8 Aug. 
18 May-12 Sept. 

1-3 30 May-12 Oct. 

2-3 3 July-12 Oct. 

[8 July 

1-4 
1-3 
1-4 

9 May-28 Sept. 
20 April-19 Sept. 
25 April-19 Sept. 

(continued) 
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Liorhyssus hyalin us 
(Fabricius) 3 (0, 3) 26 Sept.-to Oct. 

CYDNIDAE 
Cydinnae 
Melanaethus pensylvanicus 

(Signoret) I (I, 0) 2.00 22 June 
Melanaethus robustus Uhler 5 (5, 0) 3.00 ± 0.55 1-4 15 June 

Amnestinae 
Amnestus pallidus Zimmer 
Amnestus pusillus Uhler 

21 (12, 9) 
9 (8, I) 

2.08 ± 0.29 
3.38 ± 0.26 

1-4 
2-4 

II April-22 June 
20 April-14 Sept. 

Amnestus spiniJrons (Say) 93 (73, 20) 2.18 ± 0.13 1-4 II April-23 May 
Sehirinae 

Sehirus c. cinctus (Palisot de 
Beauvois) 43 (16, 27) 1.94 ± 0.27 1-4 1l April-to Aug. 

THYREOCORIDAE 
Corimelaena pulicaria 

(Germar) 9 (8, I) 1.63 ± 0.42 1-4 20 April-I 5 June 
Galgupha aterrima Malloch 1 (1, 0) 4.00 25 May 
Galgupha carinata McAtee 

& Malloch 1 (0, 1) 25 May 
Galgupha loboprostethia 

Sailer 1 (I, 0) 3.00 22 June 
Galgupha ovalis Hussey 3 (3, 0) 3.33 ± 0.33 3-4 11 May-I June 

PENTATOMIDAE 
Pentatominae 
Acrosternun hi/are (Say) 
Brochymena arborea (Say) 

153 (112, 41) 
7 (5. 2) 

3.29 ± 0.07 
3.40 ± 0.40 

1-4 
1-4 

27 April-3 Oct. 
9 May-5 Oct. 

Brochymena p. punctata 
Van Duzee 3 (2, 1) 3.50 ± 0.50 3-4 11 May-6 June 

Brochymena quadripustulata 
(Fabricius) 269 (169, 100) 2.98 ± 0.06 1-4 25 April-12 Oct. 

Coenus delius (Say) I (0, 1) 25 July 
Cosmopepla bimaculata 

(Thomas) I (1, 0) 3.00 27 July 
Dendrocoris humeralis 

(Uhler) 11 (5, 6) 3.80 ± 0.20 3-4 25 April-20 July 
Euschistus servus (Say) 158 (59, 99) 1.78 ± 0.13 1-4 11 April-to Oct. 
Euschistus t. tristigmus 

(Say) 43 (l0, 33) 2.60 ± 0.31 1-4 11 April-IO Oct. 
Euschistus variolarius 

(Palisot de Beauvois) 58 (9, 49) 2.33 ± 0.44 1-4 11 April-12 Oct. 
Holcostethus limbolarius 

(SHU) 8 (4,4) 2.00 ± 0.71 1-4 13 April-l0 Oct. 
Hymenarcys aequa/is (Say) 
Hymenarcys nervosa (Say) 
Mormidae /ugens (Fabricius) 

2 (1, I) 
7 (3, 4) 

15 (4, II) 

1.00 ± 0.00 
1.33 ± 0.33 
2.50 ± 0.65 

1-2 
1-4 

13 April-5 Oct. 
20 April-IO Aug. 
18 May-2O July 

Oebalus p. pugnax 
(Fabricius) 

Thyanta accerra McAtee 
13 (2, II) 
6 (4,2) 

2.50 ± 1.50 
1.00 ± 0.00 

1-4 1 June-3 Oct. 
11 April-6 July 

Thyanta calceata (Say) I (0, I) 19 May 
Trichopep/a semivittata 

(Say) I (0, I) 25 April 
Asopinae 

Apateticus cynicus (Say) 6 (2, 4) 3.50 ± 0.50 3-4 13 June-8 Aug. 
Podisus maculiventris (Say) 19 (10, 9) 2.60 ± 0.27 1-4 20 April-25 July 

"Total number of specimens for 1979-80, 1979, and 1980, respectively. 
bBased only 1979 specimens. 
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Figures 1-5. Seasonal flight activities of six hemipteran species during 1979-80 in a southern 
Illinois black walnut plantation. 1, Corythuchajuglandis (N = 159); 2, Orius insidiosus (N = 
6,167); 3, Piesma cinerea (N == 125); 4, Acanthocephala terminalis (N 117); 5, Alydus 
eurinus (N 81). 
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hemipterans collected in both plantations (SI, N = 6,167; NC, N 5,187). It feeds 
on both insects and plants (e.g., Barber 1936, Dicke and Jarvis 1962, Marshall 
1930). 

The seasonal flight activity of O. insidiosus was similar in both plantations; this 
species was collected from 11 April to 12 October in SI and from 31 March to 13 
October in NC. However, average flying heights averaged 2.71 m (N = 4,815) in SI 
and 3.45 m in NC. 

As noted in NC, this species was apparently bivoltine, although the data were not 
clear-cut. In SI, the data were much clearer (Fig. 2). Overwintering adults emerged 
in early April and gave rise to a summer generation whose adults were present during 
most of June and July. These adults gave rise to the second (overwintering) genera
tion whose adults began to dramatically decrease in number during late September. 

REDUVIIDAE 

This predaceous family was well-represented in both the SI (Table 1) and NC 
(McPherson and Weber 1981b) plantations with 12 and 15 species, respectively; 
most SI species were represented by 10 or fewer specimens. Eight of the 12 SI species 
were also collected in NC. The exceptions were Oncerotrachelus acuminatus (Say), 
Rhiginia cruciata (Say), Stenopoda spinulosa Giacchi, and Zelus furidus st!I (Table 
1). The latter three were represented in the SI plantation by 10 or fewer specimens. 
O. acuminatus was the most common SI species (N = 38), but almost all specimens 
were collected in 1980 (N 34). Thus, we have no solid information on its flying 
height distribution. Nor can we explain why no specimens were captured in the NC 
plantation because the species is known to occur in that state (Blatchley 1926). 

Oncerotrachelus acuminatus was collected from 16 May to 29 August. Almost 
87070 (N 33) of the specimens were collected from mid-May to early June. No 
specimens were collected in July and only two adults were collected in August. These 
data suggest this species is univoltine. 

Only one specimen of S. diadema was collected in SI although it was the most 
common reduviid collected in NC (N = 45). We cannot explain this dramatic 
difference. 

Apiomerus crassipes (Fabricius) was the second most common SI species (N = 35) 
and third most common NC species (N = 19). It was collected from 6 June to 3 
August and flew at an average height of 2.15 m (N = 20) in SI, and from 2 June to 
18 August at an average height of 2.26 min NC. Eighty percent of all SI specimens 
(N 28) were collected in June, suggesting this species is univoltine. 

PHYMATIDAE 

This family was uncommon in both the SI (Table 1) and NC (McPherson and 
Weber 1981b) plantations with only one and three species, respectively, all repre
sented by seven or fewer specimens. Only Phymata pennsylvanica Handlirsch was 
collected in both plantations, with only two specimens in each. 

PENTATOMOMORPHA 

ARADIDAE 


This family was represented by five species in the SI plantation (Table 1) and six in 
the NC (McPherson and Weber 1981e) plantation. However, no species was col
lected in both plantations. All SI species were uncommon. 
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PIESMATIDAE 

Piesma cinerea (Say), the only representative of this family collected, was found 
in both the SI (Table 1) and NC (McPherson and Weber 198Id) plantations. It has 
been collected from several host plants, including species of Amaranthus (Drake and 
Davis 1958). As it has not been reported, to our knowledge, from black walnut, it 
was probably moving through the plantation and not feeding on this tree. It was 
more common in SI (N = 125) than in NC (N = 32), but the period of flight activity 
was similar (SI, 9 May-I2 October, Table 1; NC, 14 April-13 October). It flew at 
an average height of 2.84 m (N = 87) in SI, and at an average height of 3.72 m in 
NC. 

This species apparently overwintered as adults in SI and was apparently bivoltine 
(Fig. 3). Adults began to emerge from overwintering sites in early May and peaked 
in abundance from mid-May to mid-June. Their adult offspring (summer genera
tion) peaked in late July. Adults of the second (overwintering) generation occurred 
from late August to the end of the season. 

BERYTIDAE 

Jalysus spinosus (Say) and Jalysus wickhami Van Duzee were collected in both the 
SI (Table 1) and NC (McPherson and Weber 198Id) plantations. J. spinosus was 
rare in both plantations (SI, N = 2; NC, N = 1). J. wickhami was relatively more 
abundant in both plantations (SI, N = 11; NC, N = 30) but not enough for us to 
make any definite conclusions about seasonal flight patterns of this primarily phy
tophagous species. It was collected from 11 April to 10 October and flew at an 
average height of 2.50 m (N = 2) in SI, and from 3 June to 8 September at an 
average height of 3.40 m in NC. 

LYGAEIDAE 

This family was the most common (excluding the Miridae) in the SI (Table 1) and 
NC (McPherson and Weber 198Id) plantations with 21 and 27 species collected, 
respectively. Fifteen of the 21 SI species were also collected in NC. Of the remaining 
six, Atrazonotus umbrosa (Distant), Nysius scutellatus Dallas, and Perigenes con
strictus (Say) were each represented by a single specimen; and Malezonotus sodali
cius (Uhler), Nysius raphanus Howard, and Oedancala dorsalis (Say) by 13, 47, and 
37 specimens, respectively. 

Malezonotus sodalicius was collected from 20 April to 15 August and flew at an 
average height of 2.00 m (N = 11), N. rhaphanus from 25 April to 12 October at an 
average height of 2.33 m (N = 24), and O. dorsalis from 11 May to 27 July at an 
average height of 1.59 m (N = 22). 

Nysius raphanus has been reported attacking vegetables including lettuce, cab
bage, turnips, and mustard greens (Wene 1958). We found no substantial informa
tion in the literature on its life cycle. 

The number of generations in the SI study was not evident from the seasonal 
flight activity. Adults were evenly distributed during the season (Le., no definite 
peaks of flight activity) until the second week of October when there was a dramatic 
increase in activity in both years. Of all individuals collected during the two years, 
ca. 43% (N = 20) were collected during that time. 

Oedancala dorsalis feeds on seeds of Scirpus spp. and Carex spp. in damp places 
(Slater and Baranowski 1978). It overwinters as adults (Slater 1951). In the SI study, 
ca. 92% (N = 34) of the specimens were collected between the second week of May 
and the third week of June, suggesting these were the overwintering adults and that 
the species is univoltine. 
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The most common SI lygaeid was Cymus angustatus StID (N = 64), which was 
uncommon in NC (N = 4); we have no explanation for this difference. It feeds on 
Scirpus atrovirens and probably other species of Scirpus and Carex; it probably 
overwinters as adults (Slater 1952). Adults were collected from 11 April to 29 August 
and flew at an average height of 2.54 m (N = 28) in SI, and from 31 March to 25 
August at an average height of 3.00 m in NC. 

Cymus angustatus was apparently univoltine. Of the 64 specimens collected, 48 
(750/0) were captured between the second week of April and early June. 

Antillocoris pilosulus (StID), the most common species in NC (N 311), was also 
common in SI relative to most of the other species (N = 28). It apparently is a seed
feeder because it readily feeds on sunflower seeds in the laboratory (Sweet 1964). It 
overwinters as adults and is univoltine (Sweet 1963). Adults were collected from 25 
April to 10 October and flew at an average height of 2.13 m (N 8) in SI, and from 
31 March to 13 October at an average height of 4.26 m in NC. 

As noted in our NC study, this species overwintered as adults but the number of 
generations was unclear from the data available. In SI, the data were even more 
limited but do support Sweet's 1963 conclusion that adults overwinter. Of the 28 
specimens collected, ca. 46% (N 13) were collected between early September and 
the end of the season. 

Crophius disconotus (Say) was the second most common species collected in NC, 
but no specimens were collected in Sf. It has not been reported from Indiana 
(Blatchley 1926; Slater 1964). And although Blatchley (1926) included Missouri in its 
range, Froeschner (1944) did not report it from that state; thus, it would seem to be, 
at most, uncommon in Missouri. 

LARGIDAE 

This family was represented in SI by only a single specimen of Largus succinctus 
(L.) and was not collected in NCo 

COREIDAE 

Five of the six SI species (Table 1) were also collected in NC (McPherson and 
Weber 1981a). Of these, the most striking differences were in the relatively high SI 
numbers of Acanthocephala terminalis (Dallas) (117) and Euthochtha galeator 
(Fabricius) (52) compared to NC (9 and 19, respectively). 

Acanthocephala terminalis feeds on several plants including species of Rhus, 
Vitis, Physocarpus, and Celtis (Schaefer and Mitchell 1983). It life cycle has been 
investigated in southern Wisconsin by Yonke and Medler (1969). They reported on 
the seasonal occurrence of each of the developmental stages and stated the species 
was univoltine; adults were collected from 13 June to 24 September and were the 
overwintering stage. 

In SI, adults were collected from 9 May to 7 September, probably because the SI 
site was south of the Wisconsin site. However, it also appears this species may be 
bivoltine, although the data are not conclusive (Fig. 4). If bivoltine, then adults 
emerged from overwintering sites in early May; they were most actively flying in 
early to mid-June, and their offspring most actively flying during July and August. 
Certainly, there would have been adequate time for the summer adults to reproduce 
and their offspring (overwintering generation) to reach adulthood during September 
and October. Average flying height was 3.00 m (N = 47) in SI and 3.67 m in NC. 

Euthochtha galeator feeds on several plants including species of Agrimonia, 
Achillea, Aster, Monarda, Desmodium, Quercus (Yonke and Medler 1%9), Prunus, 
Gaura, Ambrosia, Cirsium, and Heterotheca (Schaefer and Mitchell 1983). Its life 
cycle has been investigated in Wisconsin by Yonke and Medler (1%9). They reported 
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on the seasonal occurrence of each of the developmental stages and stated the 
species was univoltine; adults were collected from 25 May to 8 October and were the 
overwintering stage. 

The SI study also found this species to be univoltine. Adults were collected 
between 25 April and 12 October. Of the 52 adults collected, 43 (82.7070) were taken 
by the third week of June. These probably were the overwintered adults from the 
previous year. Average flying height was 1.60 m (N = 30) in SI, close to the 1.05 m 
inNC. 

ALYDIDAE 

Alydus eurinus (Say) and Alydus pilosulus Herrich-Schaeffer were collected in 
both the SI (Table 1) and NC (McPherson and Weber 1981a) plantations. A. eurinus 
was, by far, the most common alydid in both plantations. 

Alydus eurinus feeds on several plants including species of Baptisia, Lespedeza, 
Ceanothus, Amorphus, Trifolium, and Vigna (Schaefer 1980). It was collected from 
30 May to 12 October (N = 81) and flew at an average height of 1.25 m (N = 12) in 
SI, and from 27 May to 13 October at an average height of 1.30 m (N = 145) in 
NC. 

Yonke and Medler (1968) found A. eurinus to be bivoltine and to overwinter as 
eggs in southern Wisconsin. Adults were found from 29 June to 19 October. 

In SI, as in NC, the results agree with those of Yonke and Medler (1968). Assum
ing the eggs overwintered, then they hatched in spring and the resulting adults were 
found from about late May to late June and their adult offspring from mid-July to 
late August (Fig. 5). The peak in October probably represented the end of the second 
generation, which would have had sufficient time to lay overwintering eggs. 

RHOPALIDAE 

All four SI rhopalid species (Table 1) were also collected in NC (McPherson and 
Weber 1981a). Arhyssus lateralis (Say) was the most common in SI (N = 23) and 
also common in NC (N = 32). It feeds on species of Polygonum (Paskewitz and 
McPherson 1983, Schaefer and Chopra 1982) and Rumex (Paskewitz and McPher
son 1983). It was collected from 9 May to 28 September and flew at an average 
height of 2.00 m (N = 18) in SI, and from 28 April to 7 October at an average height 
of 1.50 m in NC. In SI, 82.6070 (N = 19) of the specimens were collected between 
early May and mid-June. Because this species overwinters as adults and is bivoltine 
(Paskewitz and McPherson 1983), the early peak of flight activity undoubtedly 
represents overwintered adults. 

SCUTELLERIDAE 

No specimens were collected in SI, and only seven (two species) were collected in 
NC (McPherson and Weber 1980). 

CYDNIDAE 

Of the six species collected (Table I), five were also found in NC (McPherson and 
Weber 1980). Amnestus spinifrons (Say) was common in both the SI (N = 93) and 
NC (N = 78) plantations. Little is known about its biology, including host plants. It 
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flew from 11 April to 23 May at an average height of 2.18 m (N = 73) in SI (Table 1) 
and from 31 March to 26 May at an average height of 3.33 m in NC. This short early 
flight period probably represents the emergence of overwintered adults and suggests 
this species is univoltine. 

Amnestus basidentatus Froeschner was, by far, the most common cydnid in NC 
with 609 specimens collected. It has never been reported from Illinois (McPherson 
1982) and, so, its absence from the SI traps was not surprising. 

Sehirus cinetus cinetus (Palisot de Beauvois) was more common in SI (N = 43) 
(Table 1) than in NC (N 6) (McPherson and Weber 1980). It feeds on Lamium sp. 
in SI (Sites and McPherson 1982). It flew from 11 April to 10 August at an average 
height of 1.94 m (N = 16) in SI, and from 1 April to 21 July at an average height of 
2.50 m in NCo 

This subspecies is apparently univoltine in SI, with adults collected between early 
April and early September (Sites and McPherson 1982). Thus, the flight period in 
the SI study apparently included overwintered adults and their offspring (Fig. 6). 
This assumption is further supported by the early flight peak in late April, which 
would represent the overwintered adults, and the second peak in late June, which 
would represent their adult offspring. 

THYREOCORIDAE 

Few specimens of this family were collected in either the SI (Table 1) or NC 
(McPherson and Weber 1980) plantation, and most species were represented by only 
a single specimen. Corimelaena pulicaria (Germar) was the most common species in 
both the SI (N 9) and NC (N = 16) plantations. It was collected from 20 April to 
15 June and flew at an average height of 1.63 m (N = 8) in SI, and from 31 March to 
24 June at an average height of 2.94 m in NCo 

PENTATOMIDAE 

This was one of the more common families collected in the SI (Table 1) and NC 
(McPherson and Weber 1980) plantations. both in numbers of species and indhid
uals. The three most common SI species, Aerosternum hi/are (Say), Brochymena 
quadripustulata (Fabricius), and Euschistus servus (Say), were among the four most 
common NC species. Euschistus vario/arius (Palisot de Beauvois) was noticeably 
more common in SI (N = 58) than in NC (N = 25). Conversely, Podisus macu/iven
tris (Say) was noticeably more common in NC (N 49) than in SI (N = 19). 

Aerosternum hi/are has been reported from numerous plants (McPherson 1982) 
and, undoubtedly, many of these are host plants. It has been collected from black 
walnut but has never been observed feeding (Nixon and McPherson 1977, Nixon et 
al. 1975). It was collected from 27 April to 3 October (N 153) and flew at an 
average height of 3.29 m (N 112) in SI (Table 1), and from 20 May to 6 October 
and flew at an average height of 4.50 m (N 48) in NC (McPherson and Weber 
1980). 

This species overwinters as adults and becomes active in mid-April in SI (McPher
son and Mohlenbrock 1976); most authors have considered it univoltine (McPher
son 1982). However, McPherson and Mohlenbrock (1976) stated it was apparently 
bivoltine in SI. They reported that the fourth and fifth instars were common in late 
July and early October, suggesting bivoltism; adults were found as late as the end of 
October. 

IfA. hi/are is bivoltine, then the seasonal flight pattern during this study suggests 
that the overwintered adults reproduced during the spring, their adult offspring 
(summer generation) were collected in June and July, and the second (overwintering) 
generation adults were collected in September and October (Fig. 7). However, it also 
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Figures 6-10. Seasonal flight activities of four hemipteran species and subspecies during 
1979-80 in a southern Illinois black walnut plantation. 6, Sehirus cinctus cinctus (N 43); 7, 
Acrosternum hi/are (N 153); 8, Brochymena quadripustu/ata (N = 269); 9, Euschistus 
servus (N = 158); 10, Euschistus vario/arius (N 58). 

is possible that the peaks during June and July represent the overwintered adults. 
More study of this species' life cycle is needed. 

Brochymena quadripustulata is an arboreal species, which has been reported from 
numerous host plants (McPherson 1982). It is known to feed and reproduce on black 
walnut (Cuda and McPherson 1976, Nixon and McPherson 1977). It was collected 
from 25 April to 12 October (N = 269) and flew at an average height of 2.98 m (N = 
169) in SI (Table 1), and from 14 April to 7 October at an average height of 3.02 m 
(N = 513) in NC (McPherson and Weber 1980). 

This species overwinters as adults and is univoltine (Cuda and McPherson 1976). 
Although the early peak flight period was more than one month earlier in NC 
(McPherson and Weber 1980) than in SI (Fig, 8), the overall flight pattern was 
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somewhat similar. The first peak in both plantations in relation to tbe general life 
history (Cuda and McPherson 1976) shows that this peak undoubtedly represents 
the flight activity of overwintered adults, and the small early October peak: repre
sents their adult offspring. 

Euschistus servus is a general feeder and has been reported from numerous host 
plants (McPherson 1982). It is known to feed and reproduce on black: walnut (Nixon 
and McPherson 1977, Nixon et aI. 1975). It was collected from 11 April to 10 
October (N = 158) and flew at an average height of 1.78 m (N = 59) in SI (TaMe I), 
and from 1 April to 13 October at an average height of 2.10 m (N = 143) in NC 
(McPherson and Weber 1980). 

This species overwinters as adults and is bivoltine (McPherson 1982). This is 
supported by both the SI (Fig. 9) and NC (McPherson and Weber 1980) flight 
patterns, which show three peaks. The early peak (April- May) probably corre
sponds to the emergence of overwintered adults; and the second (late July-August) 
and third (October) peaks correspond to adults of the first (summer) and second 
(overwintering) generations, respectively. 

Euschistus variolarius has been reported from numerous host plants (McPherson 
1982) but not from black walnut (Nixon and McPherson 1977, Nixon et aI. 1975). It 
was collected from 11 April to 12 October (N = 58) and flew at an average height of 
2.33 m (N = 9) in SI (Table 1), and from 7 April to 15 September at an average 
height of 1.96 m (N = 25) in NC (McPherson and Weber 1980). It overwinters as 
adults and has been listed as being both uni-and bivoltine (McPherson 1982). Adults 
have been collected from 23 March to 3 November in SI (McPherson and Moblen
brock 1976). Its flight pattern during this study suggests that it is bh·olt:i.ne. 

Flight activity of E. variolarius during this study peaked during May, June-July 
(very small), and October (Fig. 10). The first peak (May) undoubtedly represents the 
overwintered adults. Nymphs (2nd - 5th instars) have been collected from late May 
to early July in SI (McPherson and Mohlenbrock 1976) and probably represent the 
offspring of overwintered adults. If so, they are probably represented as adults by 
the small June-July peak and their offspring (overwintering adults) are represented 
by the October peak. If not, then the late peak in October represents the adult 
offspring of the overwintered adults from the previous year. More study of the life 
history of this species is needed. 
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