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GROUND BEETLES FROM A REMNANT OAK·MAPLE-BEECH 
}'OREST AND ITS SURROUNDINGS IN NORTHEASTERN omo 

(COI,EOPTERA: CARABIDAE)1 

Foster F. Purrington2, John E. Bater2
, Maurizio G. Paoletti" 

and Benjamin R. Stinner 

ABSTRACT 

We report 66 ground beetle species in 14 tribes from a natural preserve in northeastern 
Ohio (Stark County). Six species are new state records. Data from pitfall trap transects 
across adjoining habitats suggest narrow habitat preferences in some species and broad 
tolerances in others. 

Trends toward flightlessness in forest species and macroptery in the fauna of disturbed 
agricultural sites are apparent. 

Ground beetles (Coleoptera: Carabidae) are well represented in North America and can 
comprise an important invertebrate component of terrestrial communities in a wide range 
of habitats (e.g., Boiteau 1983, Thiele 1977). The family's dramatic adaptive radiation 
often reflects a fine-grained pattern of habitat preference which has led to several studies 
focused on niche partitioning (Liebherr 1988, Loreau 1988, McKee 1986, Wallin 1986). 
By sampling across sharply distinctive adjoining habitats we expected to find evidence 
that the carabid fauna is segregated on the basis of such habitat characteristics as local 
plant assemblages and stability of moisture and temperature regimes. We had an 
opportunity to sample carabids at a site where an old-growth upland forest representing a 
stable environment abutted highly disturbed agricultural areas. 

Darlington (1943, 1970) analyzed carabid brachyptery in relation to island habitats and 
montane refugia. While he presented a very complex discussion of the interaction of 
invader species, geographical latitude, habitat size, etc., he concluded that flightlessness 
is an evolutionary outcome of resource predictability. We hypothesized that the relatively 
stable conditions in the old-growth forest would favor a flightless fauna by reducing the 
importance of vagility. 

COLLECTING SITE 

Stark County is located in NE Ohio on the Appalachian Plateau. We collected at The 
Wilderness Center, Wilmot in Sugar Creek township in the SW corner of the county. This 

I Salaries and research support provided by State and Federal funds appropriated to the Ohio 
Agricultural Research and Development Center, The Ohio State University. Manuscript number 
154-89. 

2Depanment of Entomology, Ohio Agricultural Research and Development Center, Wooster, 
Ohio 44691. 

3Department of Biology, University of Padua, Italy. 
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site was entirely glaciated, although it lies only a few Ian N of the terminal moraine of the 
final Wisconsin glaciation (Delong and White 1963). The soil association at the Center is 
predominantly Canfield-Wooster: well drained and formed on till deposited upon 
Pennsylvanian (Pottsville) sandstone (Christman et al. 1971). Annual precipitation is ca. 
9l em (National Weather Service, Akron-Canton Airport 30 yr average). 

Upland forest co-dominants at the collecting site are red and white oaks, sugar maple, 
and beech (Quercus rubra, Q. alba. Acer saccharum, and Fagus grandifolia, respec
tively). This forest fragment contains large, overmature trees, and although grazed by 
cattle and lumbered occasionally over the years, it is most likely a credible remnant of the 
original pre-Columbian forest (G. Maupin pers. comm.). Co-dominant trees on less well 
drained areas include pin oak, shagbark hickory, red maple, American elm, and white ash 
(Q. palustris. Carya ovata, A. rubrum, Ulmus americana, and Fraxinus americana, 
respectively). In addition to forested areas, the preserve includes small impoundments, 
rills, old field habitat, and adjacent agricultural zones. 

MATERIALS AND METHODS 

We sampled with pitfall traps using a 1: 1 mixture of water and ethylene glycol. During 
each trapping period in 1987 and 1988, traps were spaced 10 m apart along four parallel 
linear transects in both upland and lowland forest, through a hay meadow into corn 
(1987), or from lowland forest directly into corn and oats (1988). We trapped for 72 h on 
three occasions in the 1987 season and twice in 1988. For each trapping bout we used a 
total of 80 traps along the same four transects. 

In addition to carabids from our pitfall trapping, we have added hand-capture records 
obtained by us and Richard M. Ritter (whose collection is housed at the preserve site in 
Stark County). Our records are represented by voucher specimens in our collections at the 
Ohio Agricultural Research and Development Center, Wooster, Ohio. 

We have followed Lindroth's (1961-1969) classification, with minor adaptations 
(Erwin et al. 1977) and revisions and additions evident in Shrock's (1985) checklist of 
Indiana Carabidae. The Ritter collection and ours include a few undetermined species of 
Lebia, species in the Amarini, and Bembidiini that are not included in this paper. 

RESULTS AND DISCUSSION 

We collected 66 carabid beetle species in 14 tribes from the preserve collection site 
(Table I); six species are new state records, confirmed by checking the compilation of 
North and Central American species by Erwin et al. (1977), Dury (1902), Wright and 
Whitehouse (1941), Everly's (1927) list of Columbus, Ohio carabids, and reports by 
Brust et al. (l986a, 1986b). 

Table I.-Carabidae from The Wilderness Center, Wilmot, Ohio with collection date: RMR 
Ritter collection. 

Cicindelini 
Cicindela sexguttata (F.) 3-V-SI RMR 
Cicindela punctulata Olivier 18-VII-88 

Cychrini 
Sphaeroderus stenostomus Weber 12-IX-88 
Sphaeroderus lecontei Dejean 12-VI-87 

Nebriini 
Nebria pal/ipes Say 9-IX-82 RMR 

Notiophilini 
Notiophilus aeneus Herbst IS-XII-77 RMR state record 
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Notiophilus novemstriatus leConte 18-XI-79 RMR 
Notiophilus semistriatus Say 9-IX-88 

Elaphrini 
Elaphrus rusearius Say 10-V -84 RMR 

Scaritini 
Clivina bipustulata (F.) 24-V-88 
Clivina impressifrons LeConte 6-VI-80 RMR 
Scarites substriatus Haldeman 18-VII-88 
Scarites subterraneus F. 12-VII-83 RMR 

Patrobini 
Patrobus longicornis Say 24-V-88 

Pterostichini 
Myas coracinus Say 18-VII-88 
Pterostichus adoxus (Say) 18-VII-88 
Pterostichus ehalcites Say 18-VII-88 
Pterostichus coracinus Newman 9-IX-88 
Pterostichus femoralis Kirby 29-IX-82 RMR 
Pterostichus honestus Say 12-IX-88 
Pterostichus lucublandus Say 9-IX-88 
Pterostichus mutus Say 12-IX-88 
Pterostichus ohionis Csiki 24-V-88 
Pterostichus stygicus Say 18-VII-88 
Cyclotrachelus sodalis (leConte) 18-VII-88 
Abacidus hamiltoni Horn 18-VII-88 
Abacidus permundus (Say) 18-VII-88 
Calathus gregarius Say 18-VIl-88 
Synuchus impunctatus (Say) 18-VIl-88 
Agonum crenistriatum (leConte) 18-VII -88 
Agonum cupripenne (Say) 12-VI-87 
Agonumplacidum (Say) 18-XII-77 RMR 
Agonum puncticeps Casey 18-VII-88 
Agonum punctiforme (Say) 18-VII-88 
Platynus decentis Say 24-V -88 
Platynus hypolithos (Say) 18-VII-88 

Harpalini 
Harpalus bieolor (F.) 18-VII-88 
Harpalus caliginosus (F.) IS-VII-S8 
Harpalus pensylvanicus DeGeer IS-VIl-88 
Trichoticlmus vulpeculus (Say) 12-X-S8 
Anisodactylus discoideus Dejean 12-VII-S3 RMR 
Anisodactylus harrisl LeConte 18-VIl-S8 
Anisodactylus nigrita Dejean 9-IX-S2 RMR 
Anisodactylus rusticus Say 24-V -SS 
Anisodactylus sanctaecrucis F. lS-VIl-88 
Amphasia interstitialis (Say) IS-VII-88 
Amphasia sericea (Harris) 19-VI-SI RMR 
Xestonolus lugubris (Dejean) 23-XI-SO RMR 
Notiobia nitidipennis (LeConte) 9-IX-88 
Bradyce/lus atrimedeus (Say) 24-V-S8 
Bradycellus badlpennis (Haldeman) 13-IV-SO RMR 
Bradycellus rupestris Say 31-VIII-79 RMR 
Stenolophus eomma F. 18-VII-S8 
Stenolophus ochropezus (Say) 12-VIl-83 RMR 
Acupalpus pauperculus (Dejean) S-VI-82 RMR 

state record 

state record 

state record 

state record 

state record 

(continued) 
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Licini 
Dicae/us elongatus Bonelli 24-V -88 

Dicaelus teter Bonelli lS-VU-8S 


Chlaeniini 
Chlaenius aestivus Say 14-VU-87 

Chlaenius brevilabris LeConte 26-VU-75 RMR 

Chlaenius emarginatus Say 23-XI-SO RMR 

Chlaenius pusillus (Say) 18-VII-88 

Chlaenius sericeus Forster 24-V -88 

Chlaenius tricolor Dejean 18-VII-88 


CtenodactyIini 
Leptotrachelus dorsalis F. 6-VI-80 RMR 

Odacanthini 
Colliuris pensylvanica (L) 4-IV -88 

Lebiini 
Callida punctata LeConte I3-VI-82 RMR 

Table 2.-Carabid pitfall trap captures on 2 dates in 1988 (The Wilderness Center, Wilmot, Ohio) 
showing correlations between wing condition and habitat preference in 19 species. 2 

AGRI
FOREST 

SITE 
CAPTURES 

CULTURAL 
SITE 

CAPTURES 

HABITAT 
PRE

FERENCE 

WINGSI 
FLIGHT 

Macropterous t 

18 9 18 9 Cornfield: C Micropterous 
CARABID SPECIES July Sept Total July Sept Tolal Forest: F Dimorphic ± 

Cicindela punctulata 45 33 78 C flies 
Scarl/es subs/rlatus 2 2 4 C flies 
Patrobus longlcornis 4 3 7 17 17 Both ± 
Myas coracinus 6 3 9 I 1 F 
P/erosIichus chalcites 18 34 52 C flies 
Pterostichus coracinus 5 5 F 
Pterostichus lucublandus 7 6 13 32 43 75 Both 
Pterostichus stygicus 19 9 28 6 6 Both 
Cyclotrache/us sodalis 33 33 28 26 54 Both 
Abacidus hamilton! II 4 15 I 1 F 
Abacidus permundus 55 26 81 31 200 231 Both 
Calathus gregarius 4 19 23 4 4 Both 
Synuchus impunctalus 3 5 8 F ± 
Platynus hypolithos 9 2 11 3 24 27 Both 
Harpalus bicolor 4 3 7 C flies 
Harpalus pensylvanicus 10 10 44 157 201 C flies 
Anisodactylus sanctaecrucis 15 2 17 C flies 
Amphasia inters/itialis 4 4 F 
Stenolophus comma 6 2 8 C flies 

*Microptery precludes flight; macropterous forms mayor may not fly (flight is confirmed in some 
cases, here noted); dimorphic forms present locally variable wing conditon; P. lucublandus has 
"probably non-functional" wings (Lindroth 1961-1969). 
2F1ight capability and wing condition data from Blatchley (1910), Lindroth (1961-1969), and from 
our records. 
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The relation of brachyptery to habitat choice for the 19 carabids most abundant in our 
samples is shown in Table 2, with capture data from mid- and late summer trapping 
periods. We identified seven agricultural-site species, all of which are macropterous, and 
five forest-site species of which three are wingless. one is dimorphic and one is 
macropterous (although there is no record that it can fly). The remaining seven species 
were captured regularly in both habitats and are predominantly flightless. Assignment of 
carabid species to habitat type was made on the basis of capture frequency (90% or more 
trapped in one habitat defined "preference"). Our data support Darlington's (1970) 
observation that environmental stability favors winglessness, and that a disturbed 
environment selects for flight capability. We see compelling evidence for both trends in 
the carabid fauna we collected. 

Severe drought at the site in 1988 sharpened habitat distinctions during the first trapping 
period, but rains eventually reduced the atypical water stress prior to the second trapping 
bout in early September. Effects of this habitat amelioration are suggested by comparing 
July and September captures of the micropterous eurytopic species Abacidus permundus, 
Cyclotrachelus sodalis, and Platynus hypolithos. These species colonized the agricultural 
zone after the drought had been broken. 

We captured a few other species (Table 1) that tend to support the notion of a flightless 
stable-zone fauna and a winged disturbed-zone fauna. For example, the flightless species, 
Dicaelus teter and D. elongatus appear to be strict forest carabids and are flightless 
(our data, Lindroth 1961-1969). Agonum crenistriatum, A. punctiforme, and Chlaenius 
pusillus can fly and appear to represent principally disturbed-habitat species (our data, 
Brust et aI. 1986a, Lindroth 1961-1969). Whether the carabid fauna of the stable 
tall-grass prairie habitat (remnants of which persist in NE Ohio) reflects the brachyptery 
we noted in carabids of stable old-growth forest, or whether it is more like the 
macropterous fauna of more open, disturbed habitats invites inquiry. While interactions of 
niche attributes and brachyptery in carabids are certainly quite complex, we predict that 
further study at sites with sharply contrasting adjacent habitats will generate more 
evidence to support the trends we have noted. 
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LEPIDOPTERA RECORDED FROM THE ISLANDS OF 

WESTERN LAKE ERIE, WITH A BRIEF ACCOUNT OF 


GEOLOGY AND FLORA 


Brian A. NaultI, Roy W. Rings2 and David J. Horn3 

ABSTRACT 

A list of Lepidoptera from the islands of western Lake Erie is presented along with a 
brief account of the geology, flora, and human activities in the area. The checklist 
contains 169 species representing 27 families. Suggestions are made for the improvement 
of this preliminary checklist as well as for future research. 

Prompted by the absence of any previous survey, we compiled a list of Lepidoptera 
found on the western Lake Erie islands. Lepidopterans included in this list were collected 
from the five largest of the 22 western Lake Erie islands situated between the 
Catawba-Marblehead shore of Ohio and Point Pelee in Ontario (Fig. I). The islands range 
in size from over 4,000 ha (PeIee) to about 800 m2 (Little Chicken Is.). The 5 largest 
islands are South Bass, Middle Bass, and North Bass (Ottawa Co., Ohio), Kelleys (Erie 
Co., Ohio) and PeIee (Ontario, Canada). Gibraltar Is. (about 5 ha.) was also surveyed 
because of its convenient laboratory facilities. 

Geological formation of the islands resulted from a unique combination of sedimentary 
uplifting plus glacial and water erosion. Two types of sediments constitute the bedrock of 
the islands: limestone composed entirely of calcium carbonate, and dolomite, a magne
sium-bearing form of limestone. This limestone and dolomite bedrock originated during 
the Paleozoic Era when the area was covered by a wann, broad, shallow sea. Erosion 
commenced about 200 million years B.P. when the Paleozoic sea drained permanently, 
creating two cuestas whose crests create the islands (Forsyth 1988). The resistant rocks 
forming the two cuestas are the Columbus Limestone of Devonian age (about 350 million 
years old) and the Put-in-Bay Dolomite of Silurian age (about 400 million years old) 
(Carman 1946). The eastern belt of islands (Kelleys, Middle, and Pelee) represents the 
emerged summits of the Columbus Limestone cuesta, which also includes the Marblehead 
and Castalia areas on the Ohio mainland. The western belt of islands, the summits of the 
Put-in-Bay Dolomite cuesta, are South, Middle and North Bass. Rattlesnake, Green, 
Ballast, Lost Ballast, Gibraltar, Mouse, Starve, Hen and the Chickens, as well as 
Catawba "Island", Ohio (Carman 1946, Core 1948). (Catawba Island has been a 
peninsula throughout historic times and is now broadly connected to the Ohio mainland 
via filled marsh and vehicular causeways,) 

Erosion ultimately formed valleys which provided tracks for the advancement of 

'Department of Entomology, University of Georgia, Athens, GA 30602. 
2Department of Entomology, The Ohio State University, Ohio Agricultural Research and 

Development Center, Wooster, OH 44691. 
3Department of Entomology, The Ohio State University, Columbus, OH 43210. Address 

correspondence to D.l.R 
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Figure 1. The Lake Erie islands. Inset shows regional location. (Based upon U.S.N.O.A.A. 
maps.) 

Pleistocene glaciers into Ohio. When the Wisconsin glacier retreated (ca. 14,000 yrs. 
B.P.), the contemporary Lake Erie basin remained, although initially the western basin 
drained completely and the island area (two ridges separated by a shallow river valley) 
was recolonized by local plants and animals. The islands were reformed with rising Lake 
levels about 4,000 years B.P. Despite glacial erosion, Lake Erie is much shallower than 
the other Great Lakes, with an average depth of only 8 m in the western basin near the 
Erie Islands. Greater depths are present further east. 

Before permanent settlement the islands were covered with forest, predominantly oak, 
hickory, and maple, with subdominants of hackberry, elm, basswood, and ash. Red cedar 
grew extensively on drier sites. During the early 19th century, white settlers converted 
most of the forests to agriculture, primarily vineyards and pasture. No primeval forest 
remains, although secondary forests similar to precolonial vegetation have developed 
within the past 100 years (Boerner 1984). 

Today there are about 1,500 species of vascular plants on the islands and shoreline in 
western Lake Erie. About 68% of the islands' native flora is composed of widespread 
species. These include most common species that occur in the most frequently
encountered habitats. The remaining 32% of the islands' native flora contains endemics 
and hybrids. Nonindigenous species include 33% of the total flora, which indicates the 
degree of human disturbance that has occurred on the islands. About 75% of the 
non-indigenous species are of European origin (Herdendorf and Stuckey 1977). A great 
diversity of vascular plants exists primarily because of the varied habitats which are 
available for plant colonization and because of the continual natural and anthropogenic 
changes to which these habitats are subjected (Herdendorf and Stuckey 1977). 

Habitats of particular interest containing lepidopteran host plants include shoreline 
cliffs, sandy beaches, and woodlands. Sandy beaches, which are scattered along the 
shorelines of the islands, provide suitable conditions for growth of cottonwood (Populus 

http:Rottle.n.ke
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deltoMes), willows (Salix spp.), dogwoods (Comus spp.), and ashes (Fraxinus spp.). 
Along the tops of the rocky shoreline cliffs are shrubs and small trees. These include 
ninebark (Physocarpus opulijolius), choke cherry (Prunus virginiana), hoptree (Ptelea 
trijoliata), bladdernut (Staphylea trijolia), staghorn sumac (Rhus typhina), mulberry 
(Morus alba), honeysuckle (Lonieera spp.), dogwoods, hop hornbeam (Ostrya virgini
ana), and red cedar (Juniperus virginiana). The secondary forests in the woodlands 
consist of a dominant maple-hackberry-basswood community, especially in drier areas. 
Subdominant species are blue ash (Fraxinus quadrangulata) , Kentucky coffee tree 
(Gymnocladus dioiea), hop hornbeam, and shrubs such as hoptree, choke cherry, and 
bladdernut. Other less extensive forest communities on the islands are hackberry (Celtis 
oecidentalis), hackberry-blue-ash, boxelder-green-ash (Aeer negundo, Fraxinus pennsyl
vaniea), white ash (F. americana), swamp oak (Quercus bieo[or) , sugar maple (A. 
saecharinum), and formerly American elm (Ulmus americana) (Herdendorf and Stuckey 
1977). 

A variety of secondary successional habitats now exist as agriculture has been 
abandoned at various times throughout the 20th century. Pelee Is. remains largely 
agricultural whereas Kelleys and the Bass Islands contain parcels of successional habitats 
ranging from recently abandoned fields of annual grasses and forbs, including abundant 
milkweeds (Asclepias spp.), through extensive Solidago-Daucus fields to shrubby woods 
(McCormick 1968). Each habitat has its associated Lepidoptera, dominated by common 
and widespread species. The porosity of bedrock and rockiness of the shorelines result in 
a paucity of natural wetlands. The most extensive remaining wetlands surround small 
ponds on Middle and North Bass, or occur in abandoned limestone quarries on Kelleys. 

Entomological activities have centered on general eollecting associated with courses 
taught since 1940 at the Franz Theodore Stone Laboratory of The Ohio State University, 
located on Gibraltar Is. The only detailed survey of Lepidoptera on the islands was limited 
to Gibraltar (Horwath, 1964). Her methods were confmed to general collecting, and 
neither blacklight nor sugaring was used. Wormington (983) published an annotated list 
of 68 species of butterflies and skippers from Pt. Pelee National Park, on the Ontario 
mainland 12 km northeast of Pelee Is. 

MATERIALS AND METHODS 

Standard aerial collecting nets were used to capture both diurnal and nocturnal 
Lepidoptera. No lures aided collecting during the daytime, but at night an ultraviolet light 
and a sugary concoction proved successful. A 60-watt ultraviolet light was placed over a 
white, cotton bedsheet suspended between 2 small trees. The light was monitored 
infrequently during the evening, but checked every morning. Moths that are normally 
active after midnight may have been missed. "Schlep", the sugary concoction, consisted 
of rotten pears, stale beer, brown sugar and molasses. Schlep was applied by paintbrush 
to a small area of bark on the leeward side of large trees. This was intended primarily to 
lure Catocala spp. on Gibraltar Is. and South Bass Is. Trees were monitored often from 
8 p.m. until I a.m. 

Except for South Bass and Gibraltar, collecting was not conducted systematically. Most 
collection dates ranged from late June through early September, coinciding with the 
scheduling of courses taught at the F. T. Stone Laboratory. 

RESULTS AND DISCUSSION 

Table 1 lists 169 species of Lepidoptera in 27 families. Almost all are represented by 
at least one specimen in the collections at F. T. Stone Laboratory and at The Ohio State 
University, Columbus. Wormington (1983) reported a few records from Pelee Is. Table 
I gives the earliest dates of collection. Catalog numbers correspond to those of Hodges et 
al. (983). 
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Table I. A preliminary checklist of Lepidoptera recorded from the islands of western Lake Erie. 

INCURVARIIDAE: 
198 Tegeticula yuccasella (Riley): S. Bass, n.d. (GM). 

OECOPHORIDAE: 
1014 Antaeotricha leucillana (Zell.): S. Bass, 23 July 1987 (DJH). 

YPONOMEUTIDAE: 
2401 Atteva punctella (Cram.): Gibraltar, July 1962 (ABH). M. Bass, 27 July 1987 (BAN). 

S. Bass, 	23 Aug. 1985 (DJH). 
SESIIDAE: 

2536 Melittia cucurbitae (Harr.): Pelee, 5 July 1967 (RHD) , S. Bass, 12 July 1945 (0. 
Weeks). 

2550 	 Synanthedon pictipes (G. & R.): S. Bass, 17 Aug. 1949 (MWB). 
2583 Synanthedon exitiosa (Say): S. Bass, 27 July 1987 (BAN). 

COSSIDAE: 
2693 Prionoxystus robiniae (Peck): Gibraltar, July 1962 (ABH). 

TORTRICIDAE: 
3633 	 Choristoneura parallela (Rob.): S. Bass, 21 July 1987 (DJH). 
3648 	 Archips argyrospila (Wlk.): Gibraltar, 27 June 1967 (RHD). 
3661 Archips cerasivorana (Fitch): Gibraltar, July 1962 (ABH). N. Bass, 14 July 1941 

(MWB). S. Bass, 10 July 1943 (MWB). 
HESPERIIDAE: 

3870 Epargyreus clarus (Cram.): Gibraltar, July 1962 (ABH). M. Bass, 8 Aug. 1988 (Z. 
Chen). S. Bass, 30 July 1987 (DJH). 

3910 Thorybes pylades (Scudder): S. Bass, n.d. (GM). 
3932 Staphylus hayhurstii (Edw.): Pelee, n.d. (Wormington, 1983). 
3966 Pyrgus communis (Grt.): S. Bass, 9 July 1941 (MWB). 
3977 Pholisora catullus (F.): Kelleys, 29 July 1988 (DJH). S. Bass, 8 Aug. 1988 (DJH). 
4004 Ancyloxypha numitor (F.): Kelleys, 29 July 1988 (DJH). M. Bass, 8 Aug. 1988 (DJH). 

N. Bass, 24 July 1987 (DJH). S. Bass, 28 June 1980 (S. W. Nichols). 
4012 Thymelicus lineola (Ochs.): Pelee, 3 July 1978 (NWB). S. Bass, 4 July 1972 (L. Fay). 
4036 Polites coras (Cram.): S. Bass, 30 July 1987 (DJH). 
4078a Euphyes ruricola metacomet (Harr.): Kelleys, 29 July 1988 (DJH). M. Bass, 8 Aug. 

1988 (DJH). 
PAPILIONIDAE: 

4159a Papilio polyxenes asterius Stoll: Kelleys, 22 July 1987 (DJH). N. Bass, 19 Aug. 1988 
(T. Grimm). S. Bass, 14 Aug. 1985 (DJH). 

4170 Papilio cresphontes Cram.: Gibraltar, 31 July 1988 (P. Kovarik). S. Bass, 20 July 1987 
(BAN). 

4176 Papilio glaucus L.: Gibraltar, 19 July 1987 (BAN). Kelleys, 22 Jul 1987 (DJH). M. 
Bass, 28 July 88 (DJH). N. Bass, 19 Aug. 1988 (T. Grimm). S. Bass, 14 Aug. 1985. 
(DJH). 

PIERIDAE: 
4197 	 Artogeia rapae (L.): Gibraltar I., June 1964 (ABH). Kelleys, 29 July 1972 (L. Fay). M. 

Bass, 17 July 1946 (MWB). N. Bass, 27 June 1947 (n.c.). S. Bass, 20 July 1987 
(BAN). 

4209 Colias philodice Godt.: Kelleys, 29 July 1988 (DJH). N. Bass, 4 July 1941 (MWB). S. 
Bass, 2 June 1988 (DJH). 

4210 Colias eurytheme Bdv.: Gibraltar, 27 July 1988 (S. Beck). Kelleys, 29 July 1988 
(DJH). M. Bass, 10 Aug. 1944 (GM). S. Bass, 9 July 1940 (n.c.). 

4237 Eurema lisa Bdv.: S. Bass, 9 July 1941 (MWB). 
L YCAENDIAE: 

4251a 	 Lycaenaphlaeas americana Harr.: N. Bass, 24 July 1987 (BAN). 
4256 	 Hyllolycaena hyllus (Cram.): Kelleys, 30 Sept. 1980 (1. V. Calhoun). M. Bass, 27 July 

1987 (DJH). N. Bass, 4 July 1941 (MWB). S. Bass, 30 July 1987 (DJH). 
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4318 	 Mitoura grynea (Hbn.): Kelleys, 29 July 1988 (P. Kovarik-specimen not taken). Peiee, 
7 July 1918 (Wormington 1983). 

4361 Everes comyntas (GodL): M. Bass, 28 July 1988 (DJH). S. Bass, 25 July 1988 (DJH). 
4363 Celastrina ladon (Cram.): Gibraltar, 24 June 1980 (S. W. Nichols). Kelleys, 29 July 

1988 (DJH). M. Bass, 31 July 1920 (n.c.). S. Bass, 20 July 1987 (BAN). 
LIBYTHEIDAE: 

4410 Libytheana bachmanii (Kirtland): N. Bass, 8 July 1966 (MWB). Pelee, 11 July 1966 
(n.c.). S. Bass, 20 July 1987 (BAN). 

NYMPHALIDAE: 
4420 Polygonia interrogationis (F.): N. Bass, 4 July 1941 (MWB). S. Bass, 30 July 1987 

(BAN). 
4432 Nymphalis antiopa (L.): N. Bass, 24 July 1987 (BAN). S. Bass, 7 Aug. 1942 (MWB). 
4434 Vanessa virginiensis (Drury): S. Bass, 2 June 1988 (BAN). 
4435 Vanessa cardui (L.): S. Bass, 20 Aug. 1988 (K. Lamoncha). 
4437a Vanessa atalanta rubria (Fruhstorfer): Gibraltar, June 1962 (ABH). N. Bass, 20 July 

1987 (BAN). S. Bass, 9 July 1941 (MWB). 
4440 Junonia coenia (Hbn.): S. Bass, 20-30 June 1946 (MWB). 
4450 Speyeria cybele (F.): M. Bass, 30 June 1941 (MWB). S. Bass, 21 July 1943 (n.c.). 
4481 Phyciodes tharos (Drury): Kelleys, 22 July 1987 (BAN). M. Bass, 28 July 1988 (DJH). 

S. Bass, 7 Aug. 1942 (n.c.). 
4522b Basilarchia arthemis astyanax (F.): Kelleys, 29 July 1988 (DJH). M. Bass, 28 July 

1988 (DJH). S. Bass, 19 Aug. 1945 (c. Langlois). 
4523 Basilarchia archippus (Cram.): Kelleys, 28 Aug. 1949 (MWB). M. Bass, 8 Aug. 1988 

(DJH). 
APA TURIDAE: 

4557 Asterocampa celtis (Bdv. & Leconte): Pelee, n.d. (Wormington 1983). S. Bass, 28 June 
1950 (MWB). 

4562.1 Asterocampa dyton (Bdv. & Leconte): Kelleys, 22 July 1987 (DJH). Pelee, n.d. 
(Wormington 1983). S. Bass, 27-28 June 1941 (MWB). 

SATYRIDAE: 
4578 Megisto cymela (Cram.): S. Bass, 9 July 1941 (MWB). 
4587 Cercyonis pegala (F.): Kelleys, 22 July 1987 (BAN). S. Bass, 28 June 1940 (n.c.). 

DANAIDAE: 
4614 	 Danaus plexippus (L.): Gibraltar, July 1962 (ABH). Kelleys, 29 July 1988 (DJH). M. 

Bass, 28 July 1988 (DJH). N. Bass, 19 Aug. 1988 (T. Grimm). S. Bass, 20 July 1987 
(BAN). 

ZYGAENIDAE: 
4624 Harrisina americana (Guer.): Gibraltar, 27 June 1967 (RHD). 

LIMACODIDAE: 
4671 Prolimacodes badia (Hbn.): S. Bass, 16 July 1967 (RHD). 
4697 Euclea delphinii (Bdv.): S. Bass, 30 July 1967 (RHD). 

PYRALIDAE: 
4949 Ostrinia nubilalis (Hbn.): S. Bass, 21 Aug. 1985 (DJH). 
5156 Nomophila nearctica Mun.: M. Bass, 27 July 1987 (BAN). S. Bass, 18 Aug. 1985 

(DJH). 
5159 Desmiafuneralis (Hbn.): Gibraltar, July 1962 (ABH). M. Bass, 10 July 1950 (MWB). 

S. Bass, 23 June 1940 (n.c.). 
5169 Hymenia perspectalis (Hbn.): S. Bass, 23 Aug. 1985 (DJH). 
5241 Pantographa limata (G. & R.): Gibraltar, July 1962 (ABH). 
5510 Pyralis farinalis L.: S. Bass, 27 July 1941 (MWB). 

GEOMETRIDAE: 
6273 [tame pustularia (Gn.): S. Bass, 30 Aug. 1985 (DJH). 
6419 Enconista dislocaria (Pack.): S. Bass, 23 July 1987 (DJH). 
6590 Anavitrinelia pampinaria (Gn.): S. Bass, 23 Aug. 1985 (DJH). 
6640 Biston betularia (L.): S. Bass, 22 July 1987 (DJH). 

(continued) 
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6654 Hypagyrtis unipunctata (Haw.): S. Bass. 21 Aug. 1985 (OJH). 
6667 Lomographa l'estaliata (Go.): S, Bass, 2 June 1988 (OJH). 
6726 Euchlaena obtusaria (Hbn,): S. Bass, 7 Aug. 1988 (OJH). 
6753 Pero honestaria (Wlk.): Gibraltar, 21 June 1971 (n.c.). 
6754 Pero hubneraria (Gn.): S. Bass. 31 July 1987 (OJH). 
6797 Ennomos magnaria Gn.: S. Bass. 28 July 1987 (OJH). 
6941 Eusarca confusaria Hbn.: S. Bass. 22 Aug. 1985 (OJH), 
6982 Prochoerodes transversata (Orury): S, Bass. I Aug. 1988 (OJH). 
7053 Dichorda iridaria (Gn.): S. Bass. 22 July 1987 (OJH). 
7146 Haematopis grataria (P,): M, Bass, 8 Aug. 1988 (OJH), N. Bass, 24 July 1987 (BAN), 

Pelee, 8 Aug. 1962 (RHO), S. Bass, 5 July 1950 (MWB). 
7159 Scopula limboundata (Haw.): S. Bass. 13 July 1966 (RHO). 
7189 Dysstroma hersiliata (Gn.): S, Bass, 22 July 1987 (DJH), 
7196 Eulithis diversilineata (Hbn.): Gibraltar, July 1962 (ABH). S. Bass, 22 July 1987 

(OJH). 
7394 l:,pirrhoe alternata (Muller): S, Bass, 3 June 1988 (OJH). 
7416 Orthonama centrostrigaria (WolI,): S. Bass, 29 July 1987 (OJH), 
7648 Dyspteris abortivaria (H.-S.): Gibraltar, July 1962 (ABH), 

APATELOOIDAE: 
7663 Apatelodes torrefaeta (J,E. Smith): S. Bass, 22 June 1949 (F. Langlois), 

LASIOCAMPIDAE: 
7670 Tolype velleda (Stoll): S, Bass, 1 Aug. 1987 (OJH) (larva), 

SATURNIIOAE: 
7709 !>'phingicampa bieolor (Harr.): S. Bass, 20 July 1987 (BAN), 
7746 Automeris 10 (P,): Kelleys, 28 July 1988 (M. Pauff) (larvae). S, Bass, 11 July 1945 (e. 

Langlois). 
7757 Antheraea polyphemus (Cram,): S. Bass, 24 June 1942 (MWB), 
7758 Acfias luna (L.): S. Bass, 7 July 1949 (F. Webster) 
7767 Hyalophora cecropia (L.): S. Bass, 20 June 1942 (n.c.) 

SPHINGIDAE: 
7776 Manduca quinquemaculata (Haw,): S. Bass, 11 July 1941 (n,c.). 
7786 Ceratomia amyntor (Geyer): S, Bass, 2 July 1946 (MWB). 
7787 Ceratomia undulosa (Wlk.): Gibraltar, 18 July 1972 (L. Fay), N. Bass, 11 Aug. 1947 

(A. Badola). S. Bass. n.d, (GM). 
7789 CeralOmia catalpae (Bdv.): Gibraltar, July 1962 (ABH). S Bass, 21 July 1987 (BAN). 
7802 Sphinx chersis (Hbn.): Gibraltar, 19 July 1979 (n.c,), S. Bass, 17 July 1946 (MWB). 
7821 Smerinthus jamaicensis (Orury): S. Bass, 6 Aug. 1945 (e. Langlois). 
7853 Hemaris thysbe (F.): Kelleys, 22 July 1987 (OJH). 
7855 Hemaris diffinis (Bdv.): Kelleys, 22 July 1987 (BAN). 
7859 Eurmorpha pandorus (Hbn.): S. Bass. 4 Aug. 1942 (n.c.). 
7871 Deidamia inscripta (Harr.): Gibraltar, June 1962 (ABH), 
7885 Darapsa myron (Cram,): S. Bass, 2 Aug. 1987 (BAN). 

NOTOOONTIDAE: 
7896 Clostera ilK/usa (Hbn.): S, Bass, 25 July 1987 (DJH) , 
7902 Datana ministra (Orury): S. Bass, 22 July 1967 (RHO). 
7906 Datana contracta Wlk,: Gibraltar, July 1962 (ABH). S. Bass, 21 July 1987 (OJH). 
7915 Nadata gibbosa (lE. Smith): S. Bass, 28 Aug. 1985 (OJH) , 
7929 Nerice bidentata Wlk,: S. Bass, 3 Aug. 1988 (DJH). 
7985 Heterocampa subrotata Harv.: Gibraltar, 23 June 1966 (RHO). S. Bass, 25 July 1987 

(DJH), 
8005 Schizura ipomoeae Doubleday: S, Bass, 27 July 1967 (RHO). 
8009 Schizura apicalis (G, & R,): S. Bass, 30 July 1988 (OJH) , 

ARCTIIOAE: 
8112 Haploa confusa (Lyman); Gibraltar, 16 July 1972 (L. Fay). 
8129 Pyrrharctia isabella (1. E. Smith): Gibraltar, July 1962 (ABH). 
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8134 	 Spilosoma congrua Wlk.: S. Bass, 21 July 1987 (DJH). 
8137 	 Spilosoma virginica (F.): Gibraltar, July 1962 (ABH). S. Bass, 31 July 1943 (n.c.). 
8140 	 Hyphantria eunea (Drury): Gibraltar, 24 July 1972 (L. Fay). Kelleys, 28 July 1988 

(DJH) (larvae). S. Bass, 25 July 1988 (DJH). 
8146 	 Eepantheria scribonia (Stoll): S. Bass, 10 June 1944 (MWB). 
8156 	 Phragmatobiajuliginosa (L.): Gibraltar, July 1962 (ABH). 
8169 	 Apantesis phalerata (Harr.): S. Bass, 7 Aug. 1988 (DJH). 
8171 	 Apantesis nais (Drury): S. Bass, n.d. (n.c.). 
8203 Halysidota tessellaris (1. E. Smith): Gibraltar, July 1962 (ABH). S. Bass, 22 July 1967 

(RHD). 
8230 Cyenia tenera Hbn.: S. Bass, 2 Aug. 1988 (S. Ellenberger). 
8267 Cissepsjulvicollis (Hbn): Gibraltar, 8 Sept. 1987 (R. W. Rings). N. Bass, 19 Aug. 

1985 (DJH). 
L YMANTRIIDAE: 

8316 Orgy'ia leucostigma (J. E. Smith): Gibraltar, 26 June 1980 (S. W. Nichols) (larva). S. 
Bass, 23 July 1987 (DJH). 

8318 Lymantria dispar (L.l: Kelleys, 28 July 1988 (DJH). S. Bass, 22 July 1987 (DJH). 
NOCTUIDAE: 

8322 	 ldia americalis (Gn.): S. Bass, 14 Aug. 1985 (DJH). 
8334 	 ldia lubricalis (Gey.): Gibraltar, July 1962 (ABH). S. Bass, 19 Aug. 1985 (DJH). 
8338 	 Phalaenophana pyramusalis (Wlk.): S. Bass, 21 Aug. 1985 (DJH). 
8348 	 Zanclognatha pedipilalis (Gn.): S. Bass, 2 June 1988 (BAN). 
8398 	 Paithis asopialis (Gn,): S. Bass, 25 Aug. 1985 (DJH). 
8465 	 Plathypena scabra (F.): Gibraltar, 12 Sept. 1988 (DJH). Kelleys, 29 Ju[y 1988 (DJH). 

M. Bass, 27 July 1987 (BAN). S. Bass, 21 Aug, 1985 (DJH). 
8649 Asealapha odorata (L.): S. Bass, 16 July 1941 (B. Brown), 
8689 Zale lunata (Drury): S. Bass, 30 Aug. 1985 (DJH). 
8727 Paral/elia bislriaris Hbn.: S. Bass, 4 Aug. 1988 (DJH). 
8739 Caenurgina ereehtea (Cram.): Kelleys, 29 July 1988 (DJH), M. Bass, 8 Aug. 1988 

(DJH), Pelee, 17 July 1981 (NWB). S. Bass, n.d, {GM}. 
8771 	 Catocala pialrix Grt.: S. Bass, 8 Aug. 1988 (P. Kovarik). 
8792 	 Calocala vidua (J. E. Smith): S, Bass, 19 Aug. 1985 (DJH). 
8797 	 Calocala subnata Grt.: S. Bass, 25 Aug. 1985 (DJH). 
880[ 	 Catocala ilia (Cram.): Gibraltar, Aug. 1962 (ABH). S. Bass, 19 Aug. 1985 (DJH). 
8802 	 Catoeala cerogama Gn.: S. Bass, 29 Aug. 1985 (DJH). 
8806 	 Catoeala parta Gn.: S, Bass, 1 Aug. 1988 (DJH). 
8832 	 Catoeala cara Gn.: S. Bass, 26 July [987 (BAN). 
8834 	 Calamia amatrix (Hbn.): S. Bass, 25 Aug. 1985 (DJH). 
8857 	 Catoeala ultronia (Hbn.): Gibraltar, July 1962 (ABH). S. Bass, 27 July 1988 (DJH). 
8858 	 Cawcala crataegi Saund.: S. Bass, I Aug. [988 (DJH), 
8864 	 Calaeala grynea (Cram.): S. Bass. 21 July 1987 (DJH). 
8890 	 Pseudoplusia inc/udens (Wlk.): S. Bass, 2 Aug. 1988 (DJH). 
8908 AUlographapreealionis (Gn.): Kelleys, 22 July 1987 (BAN). S. Bass, 2[ Aug. [985 

(DJH). 
8924 Anagraphajalcifera (Kby.): Kelleys, 22 Ju[y 1987 (BAN). N. Bass, 19 Aug. 1988 (S. 

Ellenberger). S. Bass, 19 Aug. 1985 (DJH). 
8952 Plusia eontexta Grt.: S. Bass, 21 July 1987 (DJH). 
8955 Marathyssa inficila (Wlk.): S. Bass, 26 Aug. 1985 (DJH). 
8973 Baileya australis (Grt.): S. Bass, 29 July 1987 (DJH). 
9053 Lith(1codia carneola (Gn.): S. Bass, 28 July 1987 (DJH). 
9095 Tarachidia eraslrioides (Gn.): S. Bass, 21 July 1987 (DJH). 
9199 Acroniela rubrieom(1 Gn.: S. Bass, 26 Aug. 1985 (DJH). 
9200 Aeronieta americana (Harr.): Gibraltar, Ju[y 1962 (ABH). S. Bass, 27 Ju[y 1988 (DJH). 
9235 Aeronieta spinigera Gn.: S. Bass, 28 July 1987 (DJH). 
9272 Acronicta oblinita (J. E. Smith): S. Bass, 21 July 1987 (DJH). 

(continued) 
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9299 	 Eudryas unio (Hbn.): S. Bass, 10 Aug. 1946 (n.c.). 
9301 	 Eudryas grata (F.): S. Bass, 20 June 1967 (RHD). 
9314 	 Alypia octomaculata (F.): N. Bass, 24 July 1987 (BAN). S. Bass, 7 July 1940 (n.c.). 
9348 	 Apamea amputatrix (Fitch): S. Bass, 10 July 1966 (RHD). 
9457 	 Amphipoea americana (Speyer): S. Bass, 24 July 1987 (DJH). 
9578 	 Hyppa xylinoides (Gn.): S. Bass, 26 Aug. 1985 (DIH). 
9638 	 Amphipyra pyramidoides Gn.: Gibraltar, 12 Sept 1988 (DJH). S. Bass, 30 Aug. 1985 

(DJH). 
9688 	 Galgula partita Gn .. S. Bass, 3 Aug. 1988 (DJH). 
9725 	 Stirioides obtusa (H.-S.): S. Bass, 28 July 1987 (DJH). 
9961 Anathix ralla (G. & R.): S. Bass, 23 Aug. 1985 (DJH). 
10202 Cucullia convexipennis G. & R.: S. Bass, 23 Aug. 1985 (DJH). 
10397 Lacinipolia renigera (Steph.): S. Bass, 21 Aug. 1985 (DIH). 
10438 Pseudaletia unipuncta (Haw.): Gibrallar, July 1962 (ABH). Kelleys, 29 July 1988 

(DIH). S. Bass, 20 July 1967 (RHD). 
10446 Leucania multilinea Wlk.: S. Bass, 21 Aug. 1985 (DIH). 
10663 Agrotis ipsilon (Hufn.): Kelleys, 29 July 1988 (DIH). S. Bass, 20 July 1967 (RHD). 
10670 Feltiajaculifera (Gn.): S. Bass, 19 Aug. 1985 (DJH). 
10915 Peridroma saucia (Hbn.): Gibraltar, July 1962 (ABH). S. Bass. 26 July 1967 (RHD). 
10942.1 Xestia dolosa Franc.: S. Bass, 30 July 1987 (DIH). 
11068 Heliothis zea (Boddie): Gibraltar, 12 Sept. 1988 (DJH). 
11135 Schillia rim/osa (Gn.): S. Bass, 23 Aug. 1985 

n.d. = no date on collection label. 
n.c. = no collector on collection label. 

collectors, abbreviated: MWB Marion W. Boesel; NWB = N. Wilson Britt; RHD Ralph H. 

Davidson; DJH David J. Horn; ABH = Anne B. Horwath; GM = Great Mystery (label records 

initials only); BAN Brian A. Nault. 


Some that are encountered infrequently on the mainland of Ohio, Michigan, or 
Ontario are common in certain island habitats due to the relative abundance of their host 
plants. Asterocampa celtis. A. clyton, and Libytheana bachmannii are found in the 
woodlands and abandoned fields where their food plant, Cellis occidentalis, grows 
profusely. Papillo cresphontes is common and widespread due to the presence of its host, 
Xanthoxylum americanum. Hyllolycaena hyllus is common at borders of marshes on 
Middle and North Bass Is. where Rumex crispus grows profusely. 

Lymantria dispar, the gypsy moth, has recently dispersed into the western Lake Erie 
area, causing concern to many persons. Eradication procedures have been effective at 
times. In 1980, 120 ha of woodland on Catawba Island were treated with trichorfon 
without success. In 1981, 250 ha were treated with carbaryl, and no male moths were 
found in pheromone traps during 1982. Since 1985. male gypsy moth adults have been 
found on the western Lake Erie islands in increasing numbers. Most are thought to have 
been blown across Lake Erie from Michigan (K. Roach, pers. comm.), although eggs 
were discovered on South Bass Is. in 1989, and about 40 ha. were treated with 
diflubenzuron. Widespread use of insecticides against gypsy moths would have a np'J~TlV'" 
impact on most Lepidoptera. 

The islands lie along a major migration pathway for Danaus p/exippus. Numbers of the 
monarch butterfly appear to fluctuate greatly from year to year in late summer (Teraguchi 
1988, and our observations). Additional intensive study might reveal a major role of the 
islands as a breeding and staging area for the monarch migration. South Bass is also one 
of the few Ohio localities from which the long-distance flier Ascalapha odorata has been 
recorded. Wormington (1983) listed 12 species of southern migrants from Pt. Pelee and 
some of these may migrate northward across the islands. 

Additional collecting may expand this checklist to increase its utility. Examination of 
additional collections, especially in Canada, should produce additional data. Standard 
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collecting procedures may be applied year round so that species limited to early spring and 
late autumn will be accounted for. Efforts should be made to collect from other islands. 
With such data, one could compare species composition among the various islands; 
relationships between species richness and island size plus distance from the mainland 
would be of interest. Species turnover on the smallest islands would be of interest, as host 
plants are known to colonize and disappear almost at random on the outer islets (Duncan 
and Stuckey 1970). A larval survey could be conducted to distinguish between transitory 
and endemic species. Much greater emphasis could be concentrated on collecting 
microlepidoptera. We hope that dissemination of this list will stimulate further interest in 
researching the terrestrial entomofauna of this unique area. 
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SAMPLING TECHNIQUE FOR LARVAE OF THE 
ALFALFA SNOUT BEETLE, OTIORHYNCHUS UGUSTICI 

(COLEOPTERA: CURCULIONIDAE) 

D.G. Harcourt! and M.R. Binns2 

ABSTRACT 

This paper presents a sampling procedure for estimating larval populations of the alfalfa 
snout beetle, Otiorhynchus ligustici. The method is based on counts of the larvae taken in 
16 x 16 cm quadrats of soil during early fall when the grubs are in their final two instars 
and feeding just below the crowns of the plant. Analysis of sampling variability showed 
that 200 quadrats per field are necessary to obtain adequate precision for intensive 
population studies but that 50 quadrats are sufficient for survey work. The pattern of 
counts was overdispersed but conformed to the negative binomial distribution. 

The alfalfa snout beetle (ASB), Ortiorhynchus ligustici (L.), is a relatively new pest of 
forage crops in the lower Great Lakes region of Canada. It was first discovered on the 
eastern Ontario mainland in 1986 (Loan et al. 1986) and is currently restricted to a 12 km2 

area in south Grenville County (Harcourt and Guppy 1987). 
The life cycle of the snout beetle in Ontario requires 2 years (Guppy and Harcourt 1989) 

and there are even- and odd-year broods, Brood A and Brood B, respectively, based on 
the year of adult activity. The adults emerge in early spring and lay their eggs in the soil 
near the alfalfa crowns. These hatch in early June and the young grubs feed on the root 
hairs and fine lateral roots, gradually moving deeper into the soil during the summer 
months. The third to fifth instars feed at soil depths of 20 to 30 cm but the final two instars 
move upward in early fall to feed on the tap roots at levels of 5 to 15 cm. In November, 
the fully-fed larvae retreat to a depth of 20 to 30 cm and hibernate until June of the 
following year when they pupate. The resulting adults remain dormant for ca. 9 months. 

Owing to its cryptic habits and the small size of the early instars, a census of ASB 
populations during spring and summer is costly and labor-intensive (MeHors et al. 1982). 
On the other hand, sampling in early fall, when the grubs are almost fully grown and are 
feeding just below the crowns of the plant, would appear to be economically feasible, not 
only for surveys, but for more intensive studies aimed at detecting population change from 
generation to generation. This paper describes methods for estimating numbers of such 
larvae, and reports on the analysis of data leading to the development of a reliable 
sampling system. 

SAMPLING METHODS 

The study was carried out during 1987 and 1988 in 2- to 4-year old stands of alfalfa on 
five dairy farms within the new population epicentre (Loan et al. 1986). In each of the two 

lPlant Research Center, Agriculture Canada, Ottawa, KIA OC6. 

2Engineering and Statistical Research Center, Agriculture Canada, Ottawa, KIA OC6, Canada. 
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years, numbers of large larvae (instars 6 and 7) were estimated on 14 occasions. The 
sampling was carried out in late September and October when the grubs were feeding in 
the tap roots just below the alfalfa crowns. Prior to sampling, an area measuring 30 x 30 
m was marked off within the fields and divided into four blocks of equal size. These were 
further subdivided into four equal plots. Then, four sample units were selected at random 

i from within each plot, making a total of 64. 
The sample unit was a 16 x 16 cm quadrat of soil, 15 em deep, containing one or more 

crowns of alfalfa. It was selected as the smallest entity that could be removed by shovel 
conveniently. In preliminary studies, this unit was compared for efficiency to a quadrat 
double this size; relative efficiency, defined as the reciprocal of the product of variance 
per m2 and cost in human-minutes (hm) , was 94% greater for the smaller unit. The 
quadrats were delineated by a metal frame and the soil was removed systematically to 
unearth the grubs. A total of 4.5 hm was required to select and process a single quadrat. 

Numbers oflarvae were recorded in each quadrat. The totals for individual sample units 
ranged from 0 to 58 and means per population sample (of 64 units), from 0.27 to 12.16. 

STATISTICAL ANALYSIS 

Detection of the spatial pattern. Using the MLP program of Ross (1987), the 
Poisson (variance (S2) = mean (m)) and negative binomial (82 = m + m2/k) distributions 
were fitted to the 28 sets of data and the goodness-of-fit was tested by X2• When Poisson 
distributions were fitted to the observed distributions, discrepancies between observed and 
expected values were significant in all 28 sets. However, the frequencies of all counts 
closely approximated the negative binomial series, and none of the deviations between 
observed and expected values was significant. Individual k values ranged from 0.16 to 
2.33, implying a good deal of overdispersion. 

The logarithmic relationship between variance and mean (Taylor 1961) for the 28 
counts is illustrated in Fig. I. A regression analysis showed that the slopes and intercepts 
for the two years (Le. broods) were not significantly different; hence, a relationship with 
one slope and one intercept was used for the entire dataset. The overdispersed nature of 
the data is again clearly shown by the plotted values, which depart notieeably from the 45° 
line of Poisson expectation to attain a slope of 1.41 (S2 = 3.28 mIAI ). Therefore the 
transformation required to obtain homogeneous variances is XO. 

3 (0.3 I 1.41/2). 
Analysis of variance. The statistical methods used in this study follow those of 

Harcourt and Binns (1980). The counts were analysed using a nested analysis of variance 
(among blocks, among plots in blocks, and among quadrats in plots) and the data were 
stabilized by the transformation xO. 3, where x is equal to the observed count. The analysis 
of variance is illustrated in Table 1, using one of the 28 sets of data. 

Analysis of the 28 larval counts showed that variation between blocks and plots was 
significant in 13 and four cases, respectively. This implied that considerable heterogeneity 
occurred throughout the field. For this reason, it was deemed advisable to adopt a single 
stage sampling procedure and to develop a sampling plan that provides for a number of 
sample units well spread over the field. 

Sampling precision. Table 2 lists the estimates of population density together with 
their standard errors in the untransformed scale. Mostly, the latter were within 20% ofthe 
mean. They exceeded it on nine occasions. 

OPTIMUM ALLOCATION OF SAMPLING RESOURCES 

To avoid interpretive problems associated with presenting sampling recommendations 
in a transformed scale, raw data were used to investigate the sample size for predeter
mined confidence limits. The inter-quadrat percent coefficients of variation (CV) were 
derived as 100s/m. These ranged from 73 to 250 (Table 2). 
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Figure I. Variance-mean relationship for 28 counts of O. ligustici larvae from quadrats of soil. 
Each data point is based on a sample of 64 quadrats. 

Table I.-Results of analysis of variance" for counts of large larvae of the alfalfa snout beetle, 24 
September 1987. 

Source of variation df Observed mean square F 

Blocks 3 2.677 6.168 
Plots within blocks 12 0.434 0.814 
Quatrats within plots 48 0.533 

"Transformed scale, y = X°.3 

The number of sample units corresponding to a confidence interval of width p% of the 
mean (m) is given by 

Ns = (CV/p)2 (1) 

where CV is the percent coefficient of variation and p is the level of precision (Snedecor 
and Cochran 1967). 

Using this equation, values for Ns were obtained for two levels of precision 
corresponding to the 28 counts (Table 2). To obtain an overall sample requirement, the 
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Table 2.-Estimates of the number of quadrats required for two levels of precision in sampling for 
larvae of the alfalfa snout beetle. 

Precision level 

Sample Mean number per quadrat CV 10% 20% 

1987 (Brood B) 
1 2.63 ± 0.457 139 194 49 
2 2.97 ± 0.519 140 196 49 
3 2.67 ± 0.402 120 144 36 
4 2.16 ± 0.416 154 237 60 
5 2.16 ± 0.442 164 269 68 
6 1.05 ± 0.253 193 372 93 
7 2.31 ± 0.508 176 310 78 
8 12.16 ± 1.318 87 76 19 
9 2.19 ± 0.423 154 237 60 

10 6.56 ± 0.764 93 87 22 
11 2.14 ± 0.388 145 210 53 
12 0.50 ± 0.148 201 404 101 
13 0.27 ± 0.067 199 396 99 
14 5.28 ± 0.502 76 58 15 

1988 (Brood A) 
1 0.41 ± 0.128 250 625 157 
2 1.69 ± 0.383 181 328 82 
3 3.97 ± 0.815 164 269 68 
4 7.05 ± 0.876 99 98 25 
5 0.47 ± 0.126 214 458 115 
6 1.56 ± 0.338 173 299 75 
7 4.75 ± 0.747 126 159 40 
8 3.70 ± 0.665 144 208 52 
9 2.16 ± 0.496 184 339 85 

10 2.55 ± 0.375 118 139 35 
11 4.80 ± 0.696 116 135 34 
12 3.86 ± 0.502 104 108 27 
13 4.44 ± 0.405 73 53 14 
14 4.59 ± 0.662 115 132 33 

CVs in Table 2 were averaged to detemline the precision corresponding to certain given 
values of Ns (average CV = 146). Precisions corresponding to sample sizes of 50, 100, 
150, and 200 quadrats are given in Table 3. These results indicate that an acceptable level 
of precision (10%) for intensive population studies would require 200 quadrats per field. 
At the same time, they indicate that an adequate level of precision (21 %) for survey work, 
or for studies that require only a measure of gross change in population density 
(Southwood 1978, Horn 1988), would require just 50 quadrats per field. 

It should be noted, however, that the actual sampling requirement will vary with 
population density. Using equation (l) along with the variance-mean relationship, 82 

3.28 m1.41 , the equation for Ns becomes 

(2) 

(eg. Harcourt et al. 1983). The values for Ns based on equation (2) agree well with those 
obtained directly from Table 2. Thus equation (2) can be used to plot Ns against m for any 
value ofp. 
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Table 3.-Levels of precision and sampling time corresponding to certain values of N, for larvae of 
the alfalfa snout beetle. 

N, Percent precision (p)" Time, in hmb 

200 10 900 
150 12 675 
100 15 450 
50 21 225 

"p=CV/V'N:, where CV= 146 
b4.5 hm per quadrat 

DISCUSSION 

In detennining the sample size for target insect stages, it is important to evaluate the 
costs of sampling. In these tcnns, a total of 900 hm would be needed to select and process 
200 quadrats (Table 3). Thus a team of two persons would require a 7.5 h day to take a 
sample for intensive studies of ASB larval populations. However, the same team would 
require less than 2 h to take a 50-quadrat sample for survey purposes. 

In the foregoing statistical appraisal, untransfonned data were used to set the sample 
size for specified precision. As a rule, we have found that sampling plans based on 
log-transfonned data tend to suggest smaller sample sizes; therefore, in situations where 
such a transfonnation is appropriate, a plan based on non-transfonned data should ensure 
adequate precision. It is likely that the same conclusion holds for a transformation like 
x03 . 
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THE INSECTS OF TREEHOLES OF NORTHERN INDIANA 
WITH SPECIAL REli'ERENCE TO MEGASELIA SCALARIS 
(DiPTERA: PHORIDAE) AND SPILOMYIA LONGICORNIS 

(DiPTERA: SYRPHIDAE) 

Robert S. Copeland 1•2 

ABSTRACT 

The aquatic insect community of treeholes in northern Indiana was surveyed from 
1983-1986. Twenty-three species, representing three orders and nine families, were 
found. Megaselia sealaris (Diptera: Phoridae) was collected on several occasions from 
rotholes, the first member of this family from treeholes. Examination of puparia of 
Spilomyia longicarnis (Diptera: Syrphidae) indicated that the larva of this species has been 
previously described, but incorrectly associated with the genus Xylata. 

Some plant-associated structures, such as leafaxils and bamboo internodes, are capable 
of holding enough water to support a macro invertebrate aquatic community. Most studies 
of these microhabitats, called phytotelmata (Greek: phyton plant, telma pond), 
have been inspired by their role in the life cycle of certain medically important 
mosquitoes. Phytotelmata also provide useful ecological models for studying aquatic 
communities since entire habitats may be sampled and experimentally manipulated. 

Treeholes are the most important class of phytotelmata in the holarctic region. During 
a four year study (1983 -1986) of the mosquito community of treeholes in northern 
Indiana (Copeland 1987), a survey was made of the associated entomofauna, the results 
of which are presented in this report. 

MATERIALS AND METHODS 

Study Sites. Three sites were used in this study, all of them in S1. Joseph County, 
Indiana: (I) Horseman's Campground, Potato Creek State Park. This is a 6.3 ha woodlot 
dominated by American beech (Fagus grandifolia) and sugar maple (Acer saccharum). 
Basal (ground level) and elevated treeholes were sampled at this site. (2) Bendix Woods 
County Park. This is another beech-maple woodlot. Only basal holes were examined here, 
as elevated holes were inaccessible for sampling. (3) Urban streets in the towns of South 
Bend and Notre Dame. Elevated treeholes were found in three maple species; sugar 
maple, Norway maple (Acer platanaides) and silver maple (Acer saceharinum). 

Treehole classification. Three treehole classes were recognized in this study; pans, 

lVector Biology Laboratory, Department of Biological Sciences, University of Notre Dame, 
Notre Dame. IN 46556. Reprint requests to Dr. George B. Craig, Jr., Vector Biology Laboratory, 
Department of Biological Sciences, University of Notre Dame, Notre Dame, IN 46556. 

2Present address: USAMRU-Kenya, Box 401. APO NY, 09675 or Medical Research Unit. Box 
30137, Nairobi. Kenya. 
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Table I.-Sources for the identification of non-culicid treehole Insecta. 

Order and family Stage Reference 

Hemiptera 
Pleidae Adult Hilsenhoff 1981 

Coleoptera 
Helodidae Larva and adult Snow 1949 

Diptera 
Anisopodidae Larva Snow 1949 

Adult McAlpine et at 1981 
Ceratopogonidae Adult Root and Hoffman 1937 

lamnback 1965 
Muscidae Larva Teskey 1976 

Adult Snyder 1955 
Phoridae Adult W. H. Robinson (pers. comm.) 
Psychodidae Larva Snow 1949 

Adult Quate 1955 
Syrphidae Larva Snow 1949, Maier 1978 

Adult Williston 1886 

shallow rotholes and deep rotholes. The classification is a modification of that of Kitching 
(1971), and is based on the physical characteristics of the depression and the optical 
characteristics of the standing water. 'Pans' are water-holding depressions with a 
complete, unbroken bark lining. They are formed where root buttresses grow together 
(basal pan) or where a large branch joins the trunk (elevated pan). Pans depend directly 
on rainfall for their water which is transparent on settling. The range of heights of sampled 
pans was 0.0 to 10.0 m. Rotholes are actual cavities formed at the site of a wound as the 
result of fungal and bacterial action. In some cases the wound heals and the cavity is 
isolated from the vascular system of the tree. These holes, which I call "shallow 
rotholes" also depend directly on rainfall for their water, which is clear on settling. The 
height of sampled shallow rotholes ranged from 1.7 to 7.3 m. Other wounds do not heal 
and filling of these holes depends largely on the movement of liquids in the vascular 
system of the tree itself. Water from these "deep rotholes" is a dark reddish-brown color 
due to the presence of dissolved tannins. The water retains this color on settling. The 
height of sampled deep rotholes ranged from 2.0 to 8.5 m. 

Sampling of treeholes. Elevated treeholes above 2.0 m were accessed for sampling 
by using either a 7.3 m extension ladder or a "High Ranger" truck equipped with an 
hydraulically driven basket capable of reaching to 10 m. 

Small treeholes were emptied with a large syringe. A 1.5 m section of flexible plastic 
tubing with an inside diameter of 13 mm was used as a siphon to sample larger holes. All 
holes were refilled with distilled or deionized water and reemptied. Treehole contents 
were passed successively through a graded series of sieves with diminishing mesh sizes 
(.84 mm, .42 mm, .14 mm). Sieved larvae, pupae, and detritus were submerged in 
deionized water in white enameled pans for sorting. 

Identification of Insecta. Mosquitoes were identified using the keys of Siverly 
(1972). Non-culicid larvae were identified to family using the keys in Merritt and 
Cummins (1984) and Snow (1949), and then to species using the sources listed in Table 
1. Whenever possible, individuals were reared to the adult stage in natural treehole water 
and detritus. Species which leave the water to pupate were provided with access to moist 
wood chips or bark. 
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RESULTS AND DISCUSSION 

The insect fauna that was collected in this study is listed in Table 2. Twenty-three 
species were found, representing three orders and nine families. 

MegaseUa scalaris (Loew) is the first member of the dipteran family Phoridae to be 
found developing in treeholes. Adults were reared from larvae collected from three deep 
maple rotholes. Larvae were also found in five other treeholes of this type and a 
stumphole. The Phoridae are rarely found in aquatic habitats, and Oldroyd (1966) states, 
"Two things the Phoridae have not managed to do are to take to the water, and to suck 
blood". However, a few species have been recorded from true aquatic environments, in 
each case phytotelmata. Phoridae are known from Nepenthes pitcher plants in Asia 
(Thienemann 1932, Schmitz 1932, Schmitz 1955, Beaver 1979), Sarracenia pitcher 
plants in the eastern U.S.A. (Jones 1918) and bromeliads in Brazil (Winder 1977). It is 
not surprising that the nearly cosmopolitan species M. scalaris should exploit treehole 
water. This species has been recovered from an extraordinary range of microhabitats, 
including the living and dead immature stages of several insect species, fruit and 
vegetable matter, boot polish, and milk, and it has also been responsible for human 
intestinal myiasis (Robinson 1971). MegaseJia scalaris may be widespread throughout the 
range of hardwood trees in the eastern United States. Recently, larvae, apparently 
identical to those of M. scalaris, were found in rotholes near East Lansing, MI (E. D. 
Walker, personal communication). 

The larval habitat of the syrphid Spilomyia longicornis Loew has been described only 
recently (Maier 1982). Baker (1938) reported having reared adults of this species and 
Spilomyia quadrifasciata (Say) from treehole larvae but did not associate larval and adult 
stages. Published descriptions of preadult stages of Spilomyia species do not exist. In his 
monograph on the aquatic Diptera, Johannsen (1935) provisionally placed a larva supplied 
to him by Baker (1938) in the genus Xylota. Apparently, Johannsen was unaware that 
Spilomyia adults had been reared by Baker from treehole syrphid larvae. In his 
description, Johannsen (1935) refers to " ... four pairs of bifid and one large pair of trifid 
curved spines . . ." on the dorsal side of the first visible segment. However, the 
accompanying illustration (Johannsen 1935. plate IV, figure 45) shows only three pairs of 
bifid spines. Johannsen's illustration and description, except for the extra pair of bifid 
spines, correspond exactly to the morphology of third (ultimate) instar larvae of S. 
longicornis that I have reared to adults during the present study. I suggest that Johannsen's 
(1935) plate IV, figure 45 is an illustration of S. longicornis and that his description is 
either ofS. longicornis or S. quadrifasciata, and not of a species of Xylota. Alii! puparia 
of the S. longicornis specimens that I reared had three pairs of bifid spines, in addition to 
the single pair of trifid spines. 

The pleid, Neoplea striola (Fieber) was collected on only one occasion, as a 3rd 
instar nymph from a shallow maple rothole at a height of 4.7 m. This was probably an 
accidental occurrence, as the Hemiptera have not been recorded previously from 
treeholes. 

Snow (1949) has provided the only comprehensive source of information on insects 
which develop in water-containing treeholes in the United States. Most of the species he 
collected were also found during the present study. It is a curiosity of faunal distribution 
that the Chironomidae and Tipulidae, successful colonizers of nearly all other freshwater 
habitats including phytotelmata, are absent from wet treeholes in the eastern United 
States. Representatives of both familles are found in treeholes in other geographical areas. 
Recently, Grodhaus and Rotramel (1980) found chironomids in rotholes in central 
California, the only report of the occurrence of this family in treeholes in the United 
States. 

Dolichopodidae were conspicuously absent from treeholes sampled in northern 
Indiana. Snow (1949) found five species in treeholes in the Midwest. However, each was 
collected rarely, no species being found more than twice, suggesting that these records 
were accidental occurrences. Alternatively, dolichopodid species may be restricted to 
particular tree species (these were not indicated by Snow) or 40° N. Lat. (the approximate 
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Table 2.-The insects collected in treeholes in St. Joseph County, Indiana. 1983-1986. 

Order, family and species' Treehole c1assb 

Hemiptera 
Pleidae 

Neoplea striola (Fieber) 
Coleoptera 

Helodidae 
Cyphon arboricola Snow 
He/odes fuscipennis Guerin·Meneville 
Prionocyphon discoideus (Say) 

Diptera 
Anisopodidae 

Mycetobia divergens Walker 
Ceratopogonidae 

Culicoides flukei Jones 
Culicoides guttipennis (Coqnillett) 
Culicoides nanus Root and Hoffman 

Culicidae 
Aedes henderson! Cockerell 
Aedes triseriatus (Say) 
Anopheles barberi Coquillett 
Orthopodomyia alba Baker 
Orthopodomyia signifera (Coquillett) 

Muscidae 
Dendrophaonia scabra (Giglio-Tos) 

Phoridae 
Megase/ia scalaris (Loew) 

Psychodidae 
Brunnettia nitida (Banks) 
Telmatoscopus albipunctatus (Williston) 
Telmatoscopus superbus (Banks) 

Syrphidae 

Mallota bautius (Walker) 

Mallota posticata (Fabricius) 

Myolepta nigra Loew 

Myolepta varipes Loew 

Spilomyia longicornis Loew 


Shallow rotholes 

Deep rotholes 
Pans and rotholes 
Deep rotholes 

Deep rotholes 

Deep rotholes 
Pans and rotholes 
Deep rotholes 

Pans and rotholes 
Pans and rotholes 
Pans and rotholes 
Deep rotholes 
Rotholes 

Deep rotholes 

Deep rotholes 

Deep rotholes 
Pans and rotholes 
Pans and rotholes 

Pans and rotholes 
Deep rotholes 
Deep rotholes 
Deep rotholes 
Deep rotholes 

Faunal class' 

Dendrolimnetoxene 

Dendrolimnetobiont 
Dendrolimnetobiont 
Dendrolimnetobiont 

Dendrolimnetophil 

Dendrolimnetobiont 
Dendrolimnetophil 
Dendrolimnetobiont 

Dendrolimnetobiont 
Dendrolimnetobiont 
Dendrolimnetobiont 
Dendrolimnetobiont 
Dendrolimnetobiont 

Dendrolimnetophil 

Dendrolimnetophil 

Dendrolimnetophil 
Dendrolimnetophil 
Dendrolimnetobiont 

Dendrolimnetobiont 
Dendrolimnetobiont 
Dendrolimnetobiont 
Dendrolimnetobiont 
Dendrolimnetobiont 

'Members of the Collembolan families Sminthuridae and Poduridae were found in a few rotholes but 
not included here because of the uncertainty of the phylogenetic status of this order. 

text for explanation of treehole classification. 
"After Rohnert (1950). Species are classified according to the level of importance that treeholes 
assnme as habitats for immature stages of the life cycle. Dendrolimnetoxenes occur accidentally in 
treeholes, dendrolimnetophils exploit treeholes as well as other aquatic habitats, and dendrolimne
tobionts are found exclusively in, or largely restricted to, trecholes. Assignment to a faunal class was 
based on descriptions of larval habitats from the literature and on personal observations. 

latitude of the most northern of Snow's doliehopodid collections) may represent the limit 
of the distribution of nearctic treehole Dolichopodidae. 
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EFFECT OF SELECTING CEREAL LEAF BEETLE 
(COLEOPTERA:CHRYSOMELIDAE) MALES BY AGE AND 

FEEDING BEHAVIOR ON NONDIAPAUSE PROGENY 

S. G. Well so and R. P. Hoxie l 

ABSTRACT 

In a nondiapause culture of cereal leaf beetles, Oulema melanopus (Coleoptera: 
Chrysomelidae), females ovipositing within 20 days after emergence were considered 
nondiapause. However, sexually active males in the same generation could be nondia
pause or prediapause. Changes in the nondiapause incidence were compared between 
progenies from> 15 day old males that were feeding actively and photopositive 
(considered 'nondiapause' males) and progenies from younger males (nonselected males). 
Nondiapause females increased by 19% (n = 35 generations) and decreased 22% (n 
31 generations) in the progenies of 'nondiapause' and nonselected males, respectively, 
suggesting that nondiapause males were selected in the former group, but prediapause 
males in the latter group substantially decreased nondiapause. In one generation, 14 
progenies from individual pairs ranged from 21 to 100% nondiapause females, indicating 
that each sex in each parental pair was nondiapause, but nondiapause was incompletely 
expressed in most of the progenies. 

The percentage of 'nondiapause' males was not significantly different than, and was 
strongly correlated to the percentage of nondiapause females of the same generation, 
indicating that nondiapause was not sex-linked, and that selecting males by age and 
behavior decreased the probability of dilution of nondiapause by prediapause males. 

Cereal leaf beetles (CLB), Oulema melanopus (L.), are univoltine with an obligatory 
diapause (Hilterhaus 1965, Wellso 1974). In midwestern U.S., CLB emerge in late June 
through early July, and feed for about 3 weeks before dispersing to diapause sites for 
overwintering. In the spring, the beetles mate and oviposit. However, in Great Britain 
mating adults, eggs, and larvae have been observed in late summer prior to hibernation 
(diapause), suggesting the presence of a second generation (Hodson 1929). 

Wellso and Hoxie (1981) reported that a nondiapause strain of CLB was selected and 
maintained at 26.7°C from females that initiated oviposition ca. 8 days after emergence. 
Although diapause CLB were present at greatly varying proportions in most generations, 
4 of 29 nondiapause generations had 100% nondiapause females. However, diapause 
females were present in the progenies of these 4 generations, suggesting that in the 
parental generations, there was either an incomplete transfer of the nondiapause trait or 
prediapause males had mated successfully. Diapause of males, occurring ca. 13 days after 
emergence, was usually preceded by 2 days of decreased feeding in conjunction with a 
photonegative behavior. Prediapause males fed significantly more than nondiapause 

IUSDA-Agricultural Research Service. Purdue University, West Lafayette, Indiana 47907. 
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males during the first 8 days after emergence, indicating that nondiapause was genetically 
predetermined. Because prediapause or nondiapause males were incapable of fertilizing 
females earlier than 13 days after emergence, an asynchrony within a generation 
occasionally occurred between the periods of oviposition and sexual activity of males. 

Studies of nondiapause adult insects usually focus on females because oviposition is 
easier to quantify as a nondiapause trait than mating behavior of males. This study was 
conducted to ascertain if age and behavior were reliable traits for selecting nondiapause 
males. 

MATERIALS AND METHODS 

Nondiapause cereal leaf beetles were derived from a nondiapause culture (Wellso and 
Hoxie 1981), and 66 generations were reared by a method similar to that used for diapause 
CLB (Hoxie and Wellso 1983). These generations were from the main culture (37 
generations) and two cultures derived from the main culture (12 and 17 generations). CLB 
were maintained in growth chambers at 26.7 1°C, 70 ± 10% R.H. and L16:D8. Within 
each generation, each CLB was sexed upon emergence, and placed in a screen tube 
containing 2-3 barley seedlings. Daily feeding for up to 20 days was rated as: 0 (no 
feeding), 1 (few leaf punctures), 2 (light feeding), and 3 (heavy feeding). Beetles not 
feeding for two consecutive days (in diapause) or females (usually 0-1% of the active 
females) that did not oviposit during the feeding-monitoring period were removed from 
the nondiapause culture. 

After oviposition was initiated, each female was transferred to a screened pot of barley 
for egg deposition, and males were subsequently placed in the oviposition cage. Each 
cage contained up to 20 females, and plants were changed every 3 days. One of two male 
selection methods for transferring males to the oviposition cage was assigned for each 
generation: (1) > IS day old males that for 2 days prior to seleetion were not photo
negative or feeding at a rating less than 2 (hereafter referred to as 'nondiapause' males) 
or (2) nonselected younger males. Although the assignation of the selection method to a 
generation was generally random, other conditions also influenced the assignment; e.g., 
if the CLB numbers were small and the parental nondiapause percentage was low, 
selecting for 'nondiapause' males was done to avoid losing the culture; emerged beetles 
in most generations were divided between this and other nondiapause studies (e.g., 
cross-breeding, L:D, field, or temperature) and the nonselected male method was 
commonly used; and, lastly, the three cultures were at times reared concurrently. 

Within each of the two male selection groups, the numbers of each sex in the parent and 
progeny generations that were diapause or nondiapause during the trial period were 
recorded (those that died were excluded from the totals). The percentage of nondiapause 
beetles in each generation was derived from the ratio of individuals estimated to be 
nondiapause (ovipositing females or selected males) to individuals that survived the test 
period. This percentage was subtracted from that of the corresponding parent generation 
to show whether male selection changed the nondiapause percentages and in what 
direction. Means were compared between male selection groups by a Student's t-test. In 
the progenies of 18 selected and 14 nonselected male groups, the female nondiapause 
percentages and changes were compared to that of 'nondiapause' males of the same 
generation (Pearson correlations and paired t-tests). All statistical tests were performed 
using the Statistical Package for the Social Sciences (Nie et at. 1975). 

To investigate the male's transfer of nondiapause, 24 of 102 males from one of the 
generations were randomly designated upon emergence to either (1) selected 18-21 day 
old males with the same 'nondiapause' behaviorial criteria as previously defined (n = 
12), or (2) 7-10 day old nonselected males (n = 12). Each male was paired with a 
nondiapause ovipositing virgin female from the same generation, and each pair was 
maintained in a screened tube containing barley plants. The percentage of cages with 
fertile eggs reflected the percentage of males (pre- or nondiapause) that successfully 
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Table I.-Selection of cereal leaf beetle parental males by behavior: effect on nondiapause in 
their progeny. 

Mean values per generation 

Parental male selection" 

Nondiapause None 
Selection 
method 

CLB types Parent Progenyb change Parent change difference' 

J!'emales 
Diapause (no.) 12.1 6.9* - 5.1 4.3 11.4** + 7.1 - 4.4 
Nondiapause (no.) 13.6 16.2ns + 2.6 13.2 II.4ns 1.8 + 4.8 
Live (no.)d 25.7 23.ln5 + 2.5 17,5 22.8ns + 5.3 - 0.3 
Nondiapause (9'<:) 57.3 76.6** + 19.3 74.3 51.9** - 22.4 + 24.7** 
Generations 35 31 

Males 
Diapause (no.) 5.7 2.6n5 3.2 3.4 4.6n5 + 1.2 2.0 
Nondiapause (no.) 13.3 12,2n8 + 1.1 16.6 12,3ns 4.3 0,\ 
Live (no,) 19,1 14.8ns 4.3 19.9 16.9n5 3.1 - 2.1 
Nondiapause (9'<:) 75.1 84,3* + 9.2 83.9 70.9** 13.0 + 13.4* 
Generations 18 14 

*, P < 0.05; **, P < 0.00 I; ns, not significant (p > 0,05). 

a Males placed with nondiapause females: Nondiapause, males 15 days old and actively feeding 

2 days prior to selection; None, males < 15 days old. 

bSignificance of a difference between generations (Paired Student's t-test) within each parental male 

group. 

'Significance of a difference between parental male group progeny means (Student's t-test). 

d(Total emerged) - (total dead during the trial period). 


mated and was compared to the nondiapause percentage of females of the same generation 
that emerged within 1-2 days of the selected males. The percentage of nondiapause 
females in each pair's progeny was recorded to indicate whether nondiapause was 
transferred from the parental male and whether the expression of nondiapause was 100%. 

RESULTS AND DISCUSSION 

The method of selecting parental males for placement with nondiapause females 
significantly affected the percentages of nondiapause females and the number of diapause 
females in their respective progenies (Table I). In the 35 progenies of selected males, 
there was a 19.3'7c increase in nondiapause females which reflected the decrease of 5,\ 
diapause females per generation, In the 31 progenies of nonselected males, there was a 
22.4% decrease in nondiapause females and an increase of 7.1 diapause females per 
generation, suggesting that both pre- and nondiapause parental males were involved in 
mating. These nondiapause changes were also observed in the progeny males, i.e" the 
percentage of 'nondiapause' males in the progeny of selected and nonselected males, 
increased 9,2% and decreased 13,0%, respectively, 

There was no significant sexual difference between the number of diapause or 
nondiapause beetles, the percentage of nondiapause beetles, or the average nondiapause 
change (Table 2; paired t-tests, P > 0,05, n = 32 generations), However, for each 
variable, the correlation was significant (Pearson correlation, P < 0.001), This infers that, 
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Table 2.--Comparisons of cereal leaf beetle males to females within each of 32 generations". 

Mean values per generation 

CLB status 
Females 
x 1: S.E. 

Males 
x 1: S.E. r-valueb 

Diapause (no.) 
Nondiapause (no.) 
Live (no.)" 
Nondiapause (%) 
Nondiapause change (%) 

3.63 0.49 
13.69 ::':: 1.75 
17.31 2.08 
77.81 2.86 
-0.81 2.96 

3.44 ::':: 0.53 
12.25 ::':: 1.27 
15.69 ::':: 1.62 
78.42 ::':: 2.72 
-0.50::':: 2.97 

0.735 
0.738 
0.695 
0.938 
0.929 

a18 selected and 14 nonselected male progenies. 

bAll Pearson Correlation r-values significant 0.001); no significant difference between female 

and male means (Paired Student's t-test. P 0.05). 

"(Total emerged) - (total dead during the trial period). 
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Figure I. Relationship of cereal leaf beetle 'nondiapause' males to nondiapause females in the same 
generation (Y = 4.18 + 0.95X; n 45, r2 0.95, P = 0.001) with 95% CL 

if the nondiapause trait is transferred by the male and female on a 1: 1 basis, the IJIOl' '-"'U,"'~IO 
of selected males in a generation would bc a close estimation of the percentagc 
nondiapause males (Figure I). 

When males from one nondiapause generation were paired with nondiapause females, 
100% (12 of 12) and 42% (5 of 12) of the males in the selected and nonselected males, 
respectively, inseminated the females Crable 3). The percentage of sexually active males 
in the nonselected group, approximated the percentage of nondiapause females (48%, 31 
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Table 3.-Perccnt of cereal leaf beetle females that are nondiapause in each progeny of 
selected pairs. 

Selection of parental males for pairing with nondiapause females 
nondiapausea (18-21 days old) no selection (7-10 days old) 

Progeny females Progeny females 
Parent 
pairb 

Fertile 
parents live 

nondiapause 
Fertile 
parents liveC 

nondiapause 

(no.) (no.) (no.) (no.) (%) (no.) (no.) (no.) (%) 

1 14 7 50.0 0 
2 16 7 43.8 0 
3 7 5 71.4 0 
4 30 18 60.0 0 
5 0 I 15 8 53.3 
6 21 18 85.7 0 
7 0 0 
8 14 9 64.3 0 
9 I I 100.0 I 3 3 100.0 

10 1 10 4 40.0 0 
11 I 14 3 21.4 I 6 4 66.7 
12 I 3 I 33.3 I 7 5 71.4 
Totals 12 130 73 5 31 20 
Progeny mean 13.0 7.3 57.0 7.8 5.0 72.9 
± S.D. 8.5 6.2 24.2 5.1 2.2 19.7 
Parental sourced 15 32 46.9 16 32 50.0 

aMales actively feeding and photopositive for 2 days prior to pairing. 

bMales were randomly assigned to each male group pair as they emerged. 

C(Total emerged) - (tota! dead during the trial period); zero values indicate eggs and larvae, bnt no 

adult emergence. 

dFemales from the same generation source as the selected pairs. 


of 64 females) from the same generation. Of the 17 pairs with fertile eggs, 14 progenies 
survived to the adult stage. Ovipositing (nondiapause) females were present in every 
progeny, indicating that all parental males were nondiapause. However, the percentages 
of nondiapause females varied from 21 to 100% indicating that there was usually an 
incomplete transferrence of nondiapause. 

To summarize, a 1:1 sexual transferrence of nondiapause is indicated by the 
nonsignificant differences between the percentage of nondiapause females and 'non
diapause' males in each generation. Although only nondiapause females were in
seminated in each of the 66 generations, rejection of sexually competitive prediapause 
males usually occurred when male selection criteria were based on age and behavior. 
This was inferred from the increases and decreases in percentages of nondiapause 
females and 'nondiapause' males in the progenies of selected and nonselected males, 
respectively. However, generations with 100% nondiapause females rarely occurred and 
the percent nondiapause of the offspring usually decreased. This was also observed in the 
offspring of parental males that were known to have passed the nondiapause trait, 
indicating an incomplete transferrence of nondiapause to the progeny. Table 4 sum
marizes the types of CLB males encountered in a nondiapause culture. While 
nondiapause in the field has been observed infrequently, multiple generations would be 
advantageous to the CLB in the subtropics where host and environmental conditions are 
favorable most of the year. 
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Table 4.-Types of cereal leaf beetle males present within 20 days after emergence in a nondiapause 
culture and their effect on nondiapause in the next generation. 

Males present in a 
nondiapause culture 

Diapause 

status age" 
Sexual 
activity 

Effect on nondiapause 
in the next generation 

Diapause 
Prediapause 
Nondiapause 

early 
late 
none 

13 
>15 
>15 

none 
active 
active 

none 
decrease 
increase, usually incomplete 

"Days after emergence. 
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A HISTORY OF THE EASTERN LARCH BEETLE, DENDROCTONUS 
SIMPLEX (COLEOPTERA: SCOL YTIDAE) , IN NORTH AMERICA 

D.W. Langor' ,2 and A.G. Raske3 

ABSTRACT 

The eastern larch beetle, Dendroctonus simplex, is reputedly a secondary pest but may 
attack and kill tamarack and ornamental larches throughout Canada, the northeastern 
United Stales, and Alaska. Isolated infestations of Ihis pest have been reported for over 
100 years. The first recorded widespread outbreaks of D. simplex started in eastern 
Canada and the northeastern United States as well as in Alaska in the mid-1970s. During 
the outbreak in the Atlantic provinces, in excess of 1.4 million m3 of tamarack was killed. 
No damage estimates are available for Quebec and the United States. Insect defoliators 
were the most common factors predisposing tamarack to beetle attack. 

The eastern larch beetle, Dendroctonus simplex LeConte (Coleoptera: Sco!ytidae), 
occurs throughout the natural range of tamarack, Larix: laricina, its principal host, from 
Newfoundland and the northeastern United States to British Columbia and Alaska (Wood 
1982). In addition to tamarack, its also attacks exotic species of Larix planted within its 
range. This bark beetle species is generally characterized as a secondary pest which 
attacks weakened and recently felled trees (Werner 1986, Langor and Raske 1987a). 
However, recent history suggests that this insect can develop widespread outbreaks that 
result in the death of healthy trees. 

Aspects of the life history of D. simplex in cut logs have been described (Hopkins 1909, 
Swaine 1911,1918, Simpson 1929, Prebble 1933, Furniss 1976). Recently, the biology 
of D. simplex in standing trees was studied in Alaska (Werner 1986) and in Newfoundland 
(Langor 1985, 1987, Langor and Raske 1987a, b, 1988a). Adult D. simplex overwinter 
in the trees in which they developed and emerge in April 10 May in Newfoundland (May 
to June in Alaska) to disperse to new trees to reproduce. Only one generation is produced 
per year. In Alaska, only one brood is produced per year. However, in Newfoundland a 
small proportion « 5%) of the beetles that re-emerge following production of a first 
brood in May and June disperse to new trees to produce a second brood in July. The 
needles of about 50% of trees attacked in the spring turn yellow prematurely in August 
and early September, thus making them conspicuous (Raske et al. 1978). 

Tree mortality caused by D. simplex has been recorded from all Canadian provinces and 
territories and from the states of Maine, New Hampshire, Vermont, New York, West 
Virginia, Maryland, Minnesota, Michigan, and Alaska. Before 1970, tree mortality 
attributable to D. simplex was isolated and scattered. However, since the mid-I970s, 

'Department of Entomology, University of Alberta, Edmonton, Alberta, Canada, T6G 2E3. 
2Current address: Forestry Canada, Northern Forestry Center, 5320 122 Street, Edmonton, 

Alberta, Canada T6H 3S5. 
. 3Forestry Canada, Newfoundland Forestry Center, P.O. Box 6028, St. John's, Newfoundland, 
Canada, A1C 5X8. 
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widespread outbreaks have occurred throughout eastern Canada, the northeastern United 
States and Alaska; the first recorded extensive outbreaks for this species. Predisposing 
factors that may have triggered the outbreak (e.g., fire, flooding, drought, and insect 
defoliators) varied within and between regions. 

Information on D. simplex is scattered in many survey reports that are often difficult to 
obtain (Langor and Raske 1988b). To aid researchers that have an interest in this forest 
pest, we present an historical sketch of D. simplex damage to tamarack in seven 
geo-political regions. Descriptions of D. simplex infestation levels (e.g. low, moderate, 
severe, extensive) and the number of trees killed (e.g. few, many) in this paper are those 
of the authors cited and have no published numerical data associated with them. 

METHODS 

Information on the eastern larch beetle was gathered in several ways. Initially, a 
computerized literature search was conducted which helped locate recent journal articles. 
In Canada, the best source of historical information on forest pests is the Forest Insect and 
Disease Survey (FIDS) which was initiated in 1936. All national and regional annual 
FIDS reports were checked for information on D. simplex. Also, FIDS personnel were 
contacted in each region to obtain recent and unpublished information. Because we were 
unable to access many state Forest Pest Reports from the United States, written requests 
for information on D. simplex were made to state forestry agencies and to USDA Forest 
Service laboratories in Maine, New Hampshire, Vermont, New York, Michigan, and 
Alaska. Our contacts in those states provided us with recent and unpublished information 
and checked previous (at least back to 1970) Forest Pest Reports. 

HISTORICAL SUMMARY 

1. Newfoundland and Labrador 

The species was first recorded from the province by Bright (1971). The first recorded 
outbreak of D. simplex on the island of Newfoundland started in the mid-1970s (Raske et 
al. 1978). Defoliation by the spruce budworm, Choristoneura Jum{ferana (Clem.) 
(Lepidoptera: Tortricidae), was thought to have triggered this outbreak in central and 
western Newfoundland, from where it spread to the eastern and southern coasts. 
Cumulative effects of severe defoliation of tamarack stands bv budworm larvae in the 
mid-1970s reduced tree vigor and wood production but caused little direct mortality 
(Otvos and Moody 1978). The abundance of susceptible host material for D. simplex 
allowed populations to build to outbreak levels in 2 to 3 years. This was followed by 
spread of beetles into healthy, apparently unstressed, tamarack stands, especially in the 
eastern region of the island. 

Tamarack mortality caused by D. simplex was first noticed in 1976 (Raske et al. 1978) 
and continued to increase over most of the island, especially in the central region, 
through 1981 (Fig. 1) (Clarke et al. 1979, 1980, 1981, 1982). Tamarack mortality started 
to decrease in most areas of the island in 1982 (Clarke and Carew 1983) and on the 
Avalon Peninsula in 1983 (Clarke and Carew 1984). By 1985, D. simplex populations 
were near endemic levels everywhere except in a few small stands south of Gander Lake 
(Clarke and Carew 1986). Infestations further decreased in 1986 and 1987 (A. G. Raske, 
unpublished). 

Infestations of D. simplex were first recorded from Labrador in 1984 in tamarack stands 
previously defoliated by the larch sawfly, Pristiphora erichsonii (Hartig) (Hymenoptera: 
Tenthredinidae), along the Churchill River Road and from Gull Lake to Cartwright (Fig. 
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Figure 1. Distribution ofD. simplex infestations in tamarack in Newfoundland and Labrador (inset) 
between 1976 and 1986. 

1) (Clarke and Carew 1984, 1985). Many more trees have been killed since (A.G. Raske, 
unpublished) . 

Because tamarack is a very scattered component of Newfoundland's forests (Page et aL 
1974), it was difficult to accurately estimate tree mortality, Tamarack killed by D. simplex 
was surveyed in Newfoundland in the fall of 1978, 1981, and 1985. In 1978, a road 
survey, covering in excess of 1200 km, tallied dead and dying tamarack, whose needles 
had turned yellow prematurely, along highways and some secondary roads. More than 
1650 dead tamarack were counted but an estimated 50% of those attacked in 1978 were 
missed because their needles were still green (Raske et aI. 1978), The average diameter 
at breast height (DBH) of attacked trees was 19.8 em (n=443, SD=6.2, range=8-48 
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cm). Generally, trees attacked and killed tended to be the largest in the stand. Trees 
smaller than 12 cm DBH were rarely attacked but trees as small as 2 cm DBH have been 
attacked and killed on occasion (Werner 1986, A. G. Raske, unpublished). In October 
1981, an aerial survey of 268,500 ha of Newfoundland forests tallied over 11,000 dead 
tamarack. Extrapolation from these data estimates that in excess of 118,000 trees, 
representing about 18,500 m3 of wood, were killed by D. simplex, mostly in north-central 
Newfoundland (Clarke et al. 1982). We believe this to be an underestimate of the total 
losses because the needles of about only 50% of infested trees turn yellow prematurely 
and are visible from the air (Raske et al. 1978). An aerial survey of D. simplex infested 
stands near Baie d'Espoir in southern Newfoundland in 1985 estimated 79% mortality of 
tamarack (1400 dead trees) from 26 photographs taken to sample the infestations. D. 
simplex killed in excess of 180,000 tamarack (about 42,000 m3 of wood) on 90,000 ha in 
that region. Most of this damage occurred from 1981-82 and was thus not counted during 
the 1981 survey. The estimated total volume of tamarack killed by D. simplex from 1976 
to 1986 is in excess of 100,000 m3 No damage estimates for Labrador are available. 

2. Maritimes 

The earliest recorded damage by D. simplex in the maritimes was an infestation on 
tamarack at Lohne's Lake, South Milford, Nova Scotia (Brown 1939). More recently, a 
population build-up of D. simplex began in the mid-1970s following a period of several 
years of moderate to severe defoliation of tamarack by the larch sawfly (Magasi 1977). 
D. simplex first caused extensive tamarack mortality in Nova Scotia and Prince Edward 
Island in 1977 (Magasi 1977) and in New Brunswick in 1978 (Magasi 1979) and has since 
spread over most of the maritimes (Fig. 2). Tamarack mortality increased in the 
maritimes through 1981 (Magasi 1979, 1980, 1981, 1982) but gradually declined since 
1982 (Magasi 1983, 1984, 1985, 1986, 1987). D. simplex killed the larger trees in the 
stands but trees as small as 6 cm DBH were attacked and killed (Magasi 1984). No D. 
simplex infestations were observed in Nova Scotia in 1987 but the number of infestations 
in New Brunswick and Prince Edward Island increased from the previous year. 

From 1977 to 1986, four surveys of varying rigor evaluated tamarack mortality due to 
D. simplex attacks: 

(1) In 1977, at ten locations surveyed in Nova Scotia and three in Prince Edward Island, 
the proportion of tamarack killed or damaged by D. simplex was 66% and 25% 
representing about 68% and 31 % of merchantable volume, respectively (Magasi 1977). 

(2) In 1978, 33 of 99 plots (all contained at least 20% tamarack) examined in the 
maritime provinces contained trees infested by D. simplex (Magasi 1979). The proportion 
of tamarack stems killed or damaged by D. simplex in the plots in Nova Scotia, Prince 
Edward Island and New Brunswick was 33%, 25%, and 7% representing 48%,30%, and 
4% of merchantable tamarack volume, respectively. In 11 plots in Nova Scotia and one 
in Prince Edward Island, 59% of the tamarack were dead (69% of plot volume) and a 
further 19% were infested in 1978. Almost 500,000 m3 of tamarack were killed by D. 
simplex in the maritimes by 1978, 80% of which was in eastern and central Nova Scotia. 

(3) Beetle infestations increased in 1979 and 1980 (Magasi 1980, 1981), but the forests 
were not surveyed again until the fall of 1981 (Magasi 1982). By that time, cumulative 
mortality of tamarack by D. simplex since the start of the outbreak in Nova Scotia, Prince 
Edward Island and New Brunswick was 64%, 13%, and 24%, representing 972,000 m3

, 
311,600 m , and 314,000 m3 of dead wood, respectively. Although D. simplex populations 

have decreased gradually since 1981, many trees were killed each year. At a central 
research plot in New Brunswick a further 2.9%, 3.8%, 2.8%, 6.7%, and 7.6% of 
tamarack were attacked (and most died) in 1983, 1984, 1985, 1986, and 1987, 
respectively (Magasi 1984, 1985, 1986, 1987, 1988a). 

(4) In 1985, cumulative mortality of merchantable tamarack caused by D. simplex in 
Prince Edward Island and New Brunswick since the start of the outbreak was 23% and 
30% representing an addition of 10% and 6% since 1981, respectively (Magasi 1986). 
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Figw-e 2. Distribution of D. simplex infestations in tamarack in the maritime provinces between 
1977 and 1986; condensed from references. NB- New Brunswick, NS- Nova Scotia, PEI- Prince 
Edward Island. 

Total mortality of merchantable tamarack in Nova Scotia in 1985 was 49%. The decrease 
of 15% since 1981 is probably a result of the disappearance of old dead trees from the 
stands (Magasi 1986). 

3. Quebec 

D. simplex was first recorded from Quebec by Provancher (1878) and later by Swaine 
(1911). Localized infestations were reported from the Quebec city area in 1926 and Lac 
St-Jean area in 1930 (D. Lachance, pers. comm.). 

The outbreak of D. simplex in Quebec was not as extensive as that in the Atlantic 
provinces. However, D. simplex infestations of tamarack and ornamental larches were 
reported from 1980 to 1983, mostly in the south-central region of the province (Fig. 3) 
(Lachanee et aL 1981,1984, Benoit et aL 1982,1983). Defoliation of tamarack by the 
larch sawfly was thought to be a predisposing agent in some regions (Benoit et al. 1982). 
From 3% to 90% mortality of tamarack was recorded at numcrous sites in 1980 (Lachance 
et al. 1981). More sites became infested in 1981 and 1982, especially along the 
international border south of Montreal (Benoit et al. 1982, 1983). 

Of 41 sites (182 ha) surveyed in 1983, most located in the extreme-south central region, 
35 (93 ha) had tamarack mortality ranging from 11 % to 95% (Benoit and Blais 1984, 
Lachance et al. 1984). The volume of tamarack killed and dying was estimated at 3030 
m3 , 22.5% of the total. The average DBH of infested trees was 22 cm. Beetle populations 
have been at endemic levels from 1984 to present. 



144 THE GREAT LAKES ENTOMOLOGIST Vol. 22, No.3 

Table I.-Summary of D. simplex infestations in Ontario from 1965 to 1969. 

Forest 
region!district Year Notes 

Northwest! 
Kenora 
Ft. Frances 

North-central/ 
Geraldton 

Northern! 
Gogama 

Kapuskasing 

Cochrane 

Swastika 

Southwestern! 
Lake Erie 

Eastern! 
Tweed 

1961 
1963 

1962-63 

1962-63 

1961 

1962 
1961 

1962 

1961 

1962 

1960-61 

1966 

Several trees infested in Mutrie Township (Jackson 1962). 

Heavy beetle infestation in Dobie Township (Thomson 1964). 


Moderate infestations in eastern part of district (Jansons 1963, 

1964). 


Light infestation in Muskego Township (Trinnell 1962, Triesel

mann 1963). 

Light infestation between Teetzel and Pearce Townships (Gris

dale and MacLeod 1962). 

Light infestation in Kohler Township (Foster 1963). 

71 % of tamarack were killed in a plot near Glockenmeyer Town

ship (Grisda1e and MacLeod 1962). 

10% to 80% (mean=47%) of tamarack were killed in 7 plots 

throught the district (Foster 1963). 

54% of tamarack were killed in a plot at Gauthier Township 

(Grisdale and MacLeod 1962). 

Beetle populations remained high in the district (Foster 1963). 


Tamarack were killed at several sites in Norfolk County. Some 

European larch were killed on 3 plantations in the district. There 

was no evidence of a predisposing agent (Foster 1961, 1962). 


D. simplex popUlations were high in Kennebec Township in trees 
that were weakened by a change in the water table due to high
way construction (Livesey 1966). 

4. Ontario 

Damage by D. simplex was first recorded from Ontario in 1883 when Harrington (1884) 
reported an infestation in a grove of tamarack near Ottawa. Populations of D. simplex 
increased gradually in many regions of Ontario throughout the 1950s (Foster 1964) and, 
in 1960, widespread tamarack mortality was reported in parts of northeastern Ontario, 
mainly between Englehart and James Bay (Grisdale and MacLeod 1962). Some 
beetle-killed tamarack was reported for most Ontario forest regions between 1960 and 
1965 (Table 1). D. simplex infestations in most areas were preceded by several years of 
serious defoliation by the larch sawfly (Grisdale and MacLeod 1962). 

The D. simplex outbreak in the Atlantic provices and surrounding regions in the 1970s 
did not extend to Ontario. However, overmature tamarack were killed by D. simplex in 
Galway Township (Southeastern Forest Region) in 1973 (Weir and Biggs 1974) and in 
South Gower Township (Eastern Forest Region) in 1980 (Howse et al. 1981). D. simplex 
populations are currently at endemic levels throughout Ontario. 

5. Prairie Provinces, British Columbia, and Territories 

Outbreaks of D. simplex have not been recorded from the four westernmost provinces 
and the territories but scattered, localized infestations have been reported since 1946. 



1989 THE GREAT LAKES ENTOMOLOGIST 145 

Table 2.-Summary of D. simplex infestations in Alberta from 1965 to 1969. 

Forest district Year Notes 

Peace River 

Lac La Biche 
Grand Prairie

Slave Lake 

West-central 
Northeast 

MacKenzie 

1965 D. simplex infested weakened tamarack in the Hannon Valley, 
Dixonville and Grimshaw areas (Layton 1966). 

1966 Light beetle infestations in Meander River area (Susut 1967). 
1967 Low beetle populations in Chisholm Tower, Grassland and Dix

onville areas (Tripp and Robins 1968). 
1968 Moderate infestation 13 km south and 15 km west of Wapiti 

(Caltrell 1969). 
1969 Light infestations near Bald Mountain Tower (Caltre111970). 
1966 D. simplex infestations in Sandy River area (Layton 1967). 

1966 Moderate infestation 72 km northwest of Slave Lake (Petty 
1967). 

1968 Moderate infestations in Blue Ridge area (Emond 1969). 
1968 D. simplex common in fire-weakened tamarack throughout the 

district (Layton 1969). 
1969 Low beetle popUlations 16 km northwest of Plamodon (Layton 

1970). 
1969 From Ft. Providence south to Tathlina Lake and east to Taltson 

River about 5% of standing tamarack were attacked. Also, there 
was some tamarack mortality in Wood Buffalo National Park 
(Gautreau 1970). 

Manitoba and Saskatchewan. In Manitoba, D. simplex killed tamarack in the 
Whiteshell Forest Reserve in 1957-58 (Prentice and Hildahl 1959). The beetle was 
recorded from Saskatchewan (Prince Albert district) in 1956 and small infestations were 
reported from several localities in northwestern Saskatchewan in 1958 (Prentice and 
Hildah11959). In 1958, D. simplex killed a few (5) trees of tamarack in a plot at Buffalo 
Narrows, Saskatchewan. From 1962 to 1965, small localized infestations were reported 
from six localities in the southern quarter of Manitoba and from at least 12 localities in 
Saskatchewan, from Prince Albert and northwestward to the Alberta border (Drouin and 
Turnock 1967). From 1964 to 1967,90% (45 trees) of tamarack were killed by D. simplex 
in a plot near Rennie, Manitoba (Drouin and Turnock 1967). 

Alberta. Damage by D. simplex was first reported from Alberta in 1914 when 
tamarack were killed at Mitsue and Smith (Hewitt 1915). In 1946, some Siberian larch, 
Larix sibirica Ledeb., were killed at Oliver nursery near Edmonton (McGuffin and Barker 
1947). In 1959, D. simplex killed a few trees of 15 to 18 cm DBH near Lac La Biehe 
(Brown et aL 1960). An increase in D. simplex infestations was noted in 1963 (Brown and 
Stevenson 1964). Between 1965 and 1969 numerous localized infestations were reported 
from six forest districts (Table 2). Fire damage and defoliation by larch sawfly were 
considered predisposing agents for most beetle activity. 

British Columbia. Tree mortality by D. simplex was first recorded from British 
Columbia in 1960 when two flood-damaged tamarack were attacked south of Fort Nelson 
(Silver and Ross 1961, Woods 1963). In 1962, two felled and one standing tree were 
attacked by D. simplex near Chetwynd Township (Silver and Ross 1963). 

Territories. D. simplex was first reported from the Yukon in 1962 when a small 
infestation was located at mile 682 of the Alaska Highway (Silver and Ross 1963). 
Additionally. low populations of D. simplex were reported at Frances Lake in 1968 (Susut 
1969). 

The species was ftrst reported from the Northwest Territories in 1965 when tamarack 
were attacked (locality unknown) following larch sawfly defoliation (Baranyay and 
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Stevenson 1966). Up to 10% mortality of tamarack was caused by the beetle in some 
stands south of Great Slave Lake in 1969 (Tripp et al. 1970). 

6. Alaska 

During an aerial reconnaissance in 1973, yellow D. simplex-infested tamarack were 
noted about 90 km southwest of Fairbanks (Fig. 4) (Holsten et al. 1985). Affected trees 
were widely scattered over 47,000 ha. The infested area increased to 142,000 ha in 1975 
and 1976 (Baker et al. 1975, Hostetler et al. 1976, Rush et al. 1977). In 1975 and 1976 
a species of budmoth, Zeiraphera sp. (Lepidoptera: Tortricidae) severely defoliated 
240,000 ha of tamarack in the Tanana River drainage and was undoubtedly the 
predisposing agent for further D. simplex infestations (Werner 1986). By 1977, the area 
of beetle infestation increased to 215,000 ha and extended into the Tanana River valley 
(U . S. Dept. Agric. 1979a). However, by 1978 the infested area had decreased to 1/15 that 
of 1977 (U.S. Dept. Agric. 1979b) and continued to decrease and shift northeastward 
during the next two years (U.S. Dept. Agric. 1980, 1981). Less than 50 ha were infested 
by D. simplex each year from 1981 to 1983 (U.S. Dept. Agric. 1983, 1984) and no 
infestations were reported from 1983 to 1987. From 1974 to 1980, tamarack mortality 
occurred over an area of 3.3 million ha in central Alaska (Fig. 4) (Werner 1986), but 
estimates of total volume of tree mortality for the entire outbreak are not available. 

Werner (1986) summarized the impact of D. simplex on tamarack that had been 
severely defoliated by Zeiraphera sp. at two sites in the Tanana River valley from 1977 
to 1979. Trees ranging from less than 2 cm to greater than 14 cm DBH were attacked but 
larger trees were more frequently attacked. Overall stand reduction in sterns per ha was 
50%. The greatest reduction, at 86%, was among trees greater than 8 cm DBH. Trees 
attacked by D. simplex exhibited a more reduced radial growth (caused by Zeiraphera 
defoliation) during the previous three years than did trees that were not attacked. 

7. Northeastern United States 

Tree mortality by D. simplex has occurred in the states of Maine, New Hampshire, 
Vermont, New York, West Virginia, Maryland, Minnesota, and Michigan (Hopkins 
1909, Wood 1982). In Maine, New Hampshire, Vermont, and New York, tamarack has 
been reputedly declining since the early -1970s (Teillon et al. J 979, Maine Dept. Conserv. 
1987, M. J. Birmingham, pers. comm.). The reputed decline is questionable since no 
published growth increment data are available to verify it. Growth ring measurements 
from recently beetle-killed and healthy tamarack in New York in 1980 indicated that 
growth since the mid-1960s had been better than average (G. N. Lanier, unpublished). 
Dendroctonus simplex infestations in these states were subsequently reported as a 
consequence of tamarack decline rather than a cause, owing to the insect's reputation as 
a secondary pest. However, D. simplex cannot be discounted as a primary cause of 
tamarack mortality in the northeastern United States pending evidence of widespread 
tamarack decline in the region preceding the outbreak. 

Maine. The species was first reported from Maine by Hopkins (1909). The recent 
increase in tamarack mortality due to D. simplex was first noticed in 1974 in the Augusta 
area in a stand with poor drainage which had been defoliated by larch casebearer, 
Coleophora laricella Hbn. (Lepidoptera: Coleophoridae) (D. Bradbury, pers. comm.). 
Since that time, D. simplex infestations were reported from many localities in Maine, 
particularly in the southern half (Fig. 3) (Maine Dept. Conservation 1984, 1987, 
Dearborn and Stark 1986). No damage estimates were available. 

New Hampshire. In the last 15 years only two D. simplex infestations have been 
reported in the state. From 1973 to 1975 in the White Mountain National Forest, large 
tamarack (25-55 cm DBH), believed to be weakened by unknown causes, were attacked 
and killed by D. simplex (P. Snowden, pers. comm.). In 1983, dead and dying tamarack 
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Figure 3. Distribution of D. simplex infestations in tamarack in Quebec and the nonheastern United 
States from 1974 and 1986; condensed from references. ME- Maine, NB- New Brunswick, NH- New 
Hampshire, NY- New York, ONT- Ontario, QUE- Quebec, VI- Vermont. 

(> 15 cm DBH) were reported from Orange and Canaan Townships in west-central New 
Hampshire (p. Snowden, pers. comm.). Although infested by D. simplex, it was assumed 
that the trees were killed or weakened by another factor(s). 

Vermont. Since 1976, D. simplex was associated with reputed tamarack decline over 
much of the state (Fig. 3). The decline was first noted in 1976 when 232 ha were affected 
in Clarendon County in northern Vermont (R. S. Kelley, pers. comm.). Drought 
conditions during the previous year were thought to be responsible for initiating the 
decline which increased to cover 3600 ha by 1982 (Teillon et al. 1979, 1980, 1981, 1982). 
The pinewood nematode, Bursaphelenchus xylophilus (Steiner and Buhrer), was found 
infesting tamarack in many regions of the state (Bergdahl 1982) and was assumed to be 
largely responsible for killing tamarack in some areas and making them available for 
colonization by D. simplex. The beetle-infested area increased to 2000 ha in 1983 (Teillon 
et al. 1983) and 43 ha in 1986, mainly in the northeastern corner of the state (Teillon et 
al. 1986). 

New York. D. simplex infestations were reported in New York from 1915 to 1917 
(Blackman and Stage 1918). Dead tamarack infested by D. simplex were first noted at 
Beaver Lake, Lewis County in 1973 (G. N. Lanier, pers. comm.). Almost all of the 
mature tamarack (several thousand trees) over an approximately 75 ha area were killed by 
1980. Mortality was also extensive at other western Adirondack locations and on the Tug 
Hill Plateau (Lanier 1981). In 1981-82, European larch, Larix decidua Mill. were killed 
at Wanakena Township (G. N. Lanier. pers. comm.). Up until 1986 D. simplex was 
associated with reputed tamarack decline throughout New York but especially in the 
northern part of the state (Fig. 3) (M. J. Birmingham, pers. comm.). 

Minnesota. Dodge (1938) first reported D. simplex from Minnesota. Many tamarack 
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Figure 4. Distribution of D. simplex infestations in tamarack in Alaska from 1973 to 1982 
[redrafted from (Werner 1986) with permissionj. AK- Alaska, YK- Yukon Territory. 

were killed in Ramsey and Hennepin counties. Weber (1942) also reported a serious 
infestation of tamarack by D. simplex in the Pine Island State Forest and other isolated 
infestations throughout the state. In 1984, a D. simplex infestation was observed in the 
northwestern part of the state (Region 1) (Minnesota Dept. Nat. Resources 1985). No 
damage estimates were given. The infestation was linked to spread of beetles from cut 
tamarack piled nearby. A policy was initiated to prevent storage of cut tamarack during 
the summer months. Also in 1984, several small infestations ofD. simplex were observed 
in the east-central part of the state (Region 3) (Minnesota Dept. Nat. Resources 1985). 
Heavy woodpecker predation was observed. Removal of infested trees was recommended 
to prevent spread. 

Michigan. Schwarz (1888) first reported tamarack mortality by D. simplex in 
Michigan. Trees were killed near Grand Ledge in 1881-82 and near Marquette in 1888. 
Drought was thought to be a predisposing agent. D. simplex was found in small numbers 
in the upper peninsula of Michigan in 1906 (U.S. Dept. Agric. 1907). In 1985, D. simplex 
attacked recently thinned 0.7-0.9 ha plots of tamarack in the Russ and Kellogg 
Experimental Forests in southern Michigan and by 1986 had killed about 80-90% of the 
1350 trees in the plots (Haack and Mattson 1987, R. A. Haack, unpublished). In both 
plots, beetle populations built up in slash from recent thinning operations and moved to 
standing trees. At the Kellogg plot, many trees suffered severe ice storm damage in 
January 1985 which may have predisposed them to D. simplex attacks. However, there 
was no ice storm damage to the Russ plot. Japanese larch, Larix leptalepis, were also 
attacked and killed. 

Other states. Hopkins (1899, 1909) observed a small number of D. simplex-infested 
tamarack in Maryland and in Preston County, West Virginia in 1897. 
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CONCLUSIONS 

The cause of the outbreaks of D. simplex over much of northeastern North America and 
Alaska in the 1970s and 1980s is unknown but may reflect the increased maturity of 
tamarack in those regions. Mature tamarack likely experience decreased vigor and, hence, 
increased susceptibility to bark beetle attack as compared to younger trees. Increased 
stress caused by predisposing agents such as fire, local flooding, drought, and especially 
insect defoliation is believed to promote localized build-up of D. simplex populations 
followed by subsequent spread, even to healthy tamarack stands. Similar predisposing 
agents are known to foster outbreaks of other bark beetle species (Wilkinson et al. 1978, 
Hicks 1980, Wright et al. 1984, Mattson and Haack 1987). 

The total amount of tamaraek killed by this scolytid in the late 1970s and early 1980s 
is diffieult to assess because damage estimates are lacking in several regions. The most 
recent estimates of cumulative volume of tamarack killed are: Nova Scotia- 972,000 m3; 

Newfoundland- 100,000 m3; New Brunswick- 314,000 m3; Prince Edward Island- 11,600 
m3; Quebec, Alaska and New England states- no estimate but many thousands of trees in 
each region. Tamarack mortality far in excess of 1.4 million m3 in northeastern North 
America allows us to consider the D. simplex outbreak in this region severe, although not 
as large or as economically important as outbreaks of other Dendroctonus species in 
conifers in western and southern North America. Nonetheless, the tree-killing potential of 
D. simplex has been often understated in the literature. The demonstration of this insect's 
destructive power in recent outbreaks certainly justifies characterization of this species as 
a primary pest of mature Larix. 

D. simplex remains an important threat to native and ornamental larches in parts of 
North America and the insect may need to be controlled in the future. The use of 
semiochemicals offers the best route for effective monitoring and control. The pheromone 
system of D. simplex is currently under investigation (G. N. Lanier, pers. comm.). In 
areas where tamarack is economically important, a hazard rating system, based on stand 
age and stress by any of the predisposing agents mentioned above, should be developed 
to help identify susceptible stands. In light of the overwhelming importance of insect 
defoliators in stressing tamarack and promoting D. simplex outbreaks, the population 
dynamics of local important defoliators of tamarack should be taken into consideration 
when developing management strategies for the eastern larch beetle. Tamarack is often 
considered when planning stand conversion to species with high fiber yield and relatively 
few serious pest problems. The potential susceptibility of tamarack stands to D. simplex 
damage should be considered in species selection. 
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THE SOCIAL WASPS (HYMENOPTERA: VESPIDAE) OF INDIANA! 

J.F. MacDonald2 and M.A. Deyrup3 

ABSTRACT 

An updated taxonomic treatment of the social wasps (Hymenoptera: Vespidae) of 
Indiana is made. Illustrated identification keys are provided for species of Polistes, Vespa, 
Vespu/a, and Dolichovespula. New distributional records and biological notes are 
provided for each species, 

Eusocial wasps, including paper wasps, hornets, and yeilowjackets, occur in colonies 
associated with elaborate paper nests and show: (1) eooperative brood care; (2) 
reproductive division of labor; and (3) an overlap of generations (Wilson, 1971). The 
eusocial wasps of Indiana were last treated taxonomically by Chandler (1965). The 
present paper, which updates Chandler's work, presents current taxonomy, identification 
keys, new distributional and biological data, and selected recent references. 

Introduction to the Family Vespidae. Chandler (1965) included in the family 
Vespidae two subfamilies with eusocial species, Polistinae and Vespinae, together with 
solitary species in the subfamilies Eumeninae and Zethinae; subsequent taxonomic 
treatment of these groups has changed. The most recent catalog of Hymenoptera 
(Krombein 1979) restricted the family Vespidae to eusocial species in the subfamilies 
Polistinae and Vespinae. However, a recent phylogenetic analysis of the world social 
wasps and their relatives (Carpenter 1982) has led to a new classification of the family 
Vespidae in which the subfamilies Polistinae and Vespinae are united with four other 
subfamilies that inelude mostly solitary species. 

Temperate eusocial wasp colonies are normally annual, being initiated in spring, 
reaching their peak in mid to late summer, and declining by late summer to fall. The paper 
nest, used only during the year in which it is constructed, consists of masticated wood 
fibers mixed with salivary secretions; nest architecture varies among species and may be 
of systematic importance. Larvae are fed a meat diet consisting primarily of pieces of 
arthropod prey captured by worker wasps. Adults imbibe a variety of liquid carbohy
drates, larval secretions, and fluids from captured prey. The sting of female eusocial 
wasps appears never to be used in prey capture (as it is in solitary wasps); instead, prey 
capture is accomplished by grasping with the legs and use of powerful mandibles. 

This paper is not intended to cover the importance of social wasps, a topic reviewed by 
Akre et al. (1981) and Akre and MacDonald (1986). However, a couple of items will be 
mentioned briefly. Foraging vespids almost never sting unless captured and mishandled; 
almost all stinging episodes are associated with purposeful or inadvertent disturbance of 
the nest. Secondly, all social wasp stings are very painful, potentially dangerous if 

I Journal paper number 11,227, Purdue Agricultural Experiment Station, W. Lafayette, Indiana. 
Work supported in part by Purdue Agricultural Experiment Station project number 58045. 
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delivered in the neck region where rapid swelling can block breathing passages, and may 
induce dangerous systemic reactions in hypersensitive individuals. Recent research 
suggests that reactions to social wasp and social bee venoms appear to be at least group 
specific; for example, people allergic to honey bee venom are not necessarily allergic to 
social wasp venom. Accordingly, accurate identification of stinging Hymenoptera, 
including all social wasps, is very important and may even provide the basis for successful 
diagnosis and eventual desensitization with pure venom extracts obtained from the 
offending species. Lastly, destruction of mOst social wasp colonies can be difficult and 
potentially dangerous, and is best left to experienced people with the proper protective 
gear and effective insecticidal products. 

Identification of the Social Vespidae. The intent of this paper is to facilitate 
identification of Indiana social wasps without resorting to characters that require special 
preparation of specimens, such as dissecting and clearing of male genitalia. Structural 
characters are used whenever possible, but most species can be separated only through 
variations in color patterns. Nearly all specimens of Vespinae may be detennined by the 
maculation patterns of the gaster, but some Polistes species are not easily identified by 
coloration. Collection of a series of adults and the nest itself is strongly recommended to 
facilitate identification of Polistes species. 

Although prepared for Indiana, the information and keys cover the social wasp fauna 
existing in surrounding states as well. The key to Polistes, however, wa~ developed to 
handle Indiana specimens and may not suffice to accurately identify all specimens from 
neighboring states. 

Social wasp researchers employ a number of morphological terms in identification keys 
that may not be found in general references. Common terms adopted for use in this paper 
are listed below and the structures are illustrated in Figure I and in figures cited in the 
keys: 

Carina: a slightly raised ridge on the integument (referred to as the "keel" in some 
Polistes keys). 

Corona: a more or less rectangular yellow area just above and between the ante!Ulal 
bases. 

Gaster: the main portion of the abdomen posterior to the pedicel. 
Genal band: a narrow area immediately posterior to each compound eye. 
Jugal lobe: the basal, posterior lobe of the hind wing of Polistes (often referred to as the 

anal lobe). 
Maculation: a pattern of colors; in Vespula, the pattern of yellow or white against a 

black background on the gaster or clypeus. 
Ocular sinus: a small yellow area lying within the medial identation of each compound 

eye. 
Oculomalar space: a narrow area immediately beneath each compound eye and just 

above each mandible base. 
Pedicel: the "waist" between the gaster and the propodeum; also, the second ante!Ulal 

segment. 
Propodeum: the posterior plate of the thorax continuous with the pedicel (actually, 

the propodeum is the first true abdominal segment united with the last thoracic seg
ment). 

Key to the Subfamilies of Eusocial Vespidae 

1. 	 Gastral tergum I narrowed anteriorly and convex in lateral view (fig. 2): c1ypeus 
rounded or narrowly truncate ventrally (fig. 4); hindwing with a jugal lobe: slender 
wasps; nest a single, exposed comb ............................ Polistinae 

l' . Gastral tergum I strongly truncate anteriorly and arising nearly vertically from the 
pedicel in lateral view (fig. 3); clypeus broadly truncate and concave ventrally 
(fig. 5); hindwing lacking a jugal lobe; robust wasps; nest consists of multiple 
combs enclosed in a paper envelope ............................ Vespinae 
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pronotum propodeum 

ocelli 
compound eye 

ocular sinus 

flagellum 

Figure J. Reference figures for Vespidae. 

Subfamily POLISTINAE 

This subfamily is represented in Indiana and surrounding states by species of Polistes, 
which are fairly large, slender wasps known variously as paper wasps, single-comb paper 
wasps, and umbrella wasps. Greene and Caron (1980) recommend use of "paper wasp" 
for all species of Polistes, exclusively. 

The polistine fauna is richer in species and more diverse biologically in warmer 
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climates, and even within Indiana there are more species in the southern part of the 
state. To date, there are no introduced Polistes in Indiana. However, Polistes dominulus 
(Christ) ( = P. ga/licus [L.]), a common European and Asian species, is well established 
in Massachusetts (Hathaway 1981, 1986). This species, which resembles many species of 
yellowjackets in coloration and size, is expected to spread in North America, based on its 
ability to survive in a broad range of climates in Europe and Asia. 

Colonies of Polistes are initiated in early to mid-spring, either by one or a small group 
of overwintered foundresses. Most species initiate colonies in sheltered, above ground 
sites, with human structures affording the most common ncsting substrate; other nesting 
sites include hollow pipes, fallen trees. and occasionally tree branches and shrubs. Nests 
consist of a single comb of eells, not enclosed in a paper envelope. Reeent research 
pertaining to the chemical ecology of Polistes wasps (Post and Jeanne 1981; Post et. aL 
1984) has revealed effective defenses of the exposed brood comb, for example, by 
application of glandular secretions to the nest pedicel. 

Colonies attain their largest size by mid- to late summer and typically decline before 
fall. Most colonies contain from 25 to 75 workers at their peak, and most mature nests 
possess 50 to 100 cells, although larger colony and nest size occurs. Nest architecture 
varies somewhat among species, and may be influenced by constraints of the nest site. In 
contrast to nests of the Vespinae, Polistes nests do not contain special, much larger cells 
in which queen larvae are reared. Accordingly, except early in the seasonal cycle when 
Polistes workers may be tiny, conspecific queens and workers are similar in size. 

Polistes are noted for predation on caterpillars, but additional insect prey are 
captured. Workers do not collect flesh from carcasses and do not scavenge human foods; 
therefore, they rarely are pests at outdoor gatherings. Large concentrations of Polistes 
sometimes occur around tall trees or tall structures, but the vast majority are males 
gathering at these prominent points to which females also are attracted, a behavior that 
facilitates mating. 

Key to Polistes females (unless stated otherwise, species are 
widely distributed in Indiana) 

I. 	 Gastral tergum I longer than broad posteriorly, sloping upward gradually behind the 
propodeum (fig. 6) ..... (subgenus Aphani!opterus Muenier) ............ 2 

l' . Gastral tergum I broader posteriorly than long, sloping steeply upward behind the 
propodeum (fig. 7) .......... (subgenus Fuscopolistes Richards) . . . . . . .. 3 

2. 	 Large, dark wasps (female forewing length 20-25mm); gastral tergum I mahogany 
to nearly black with a yellow band distally, remainder of gaster nearly black or 
with brown patches on tergum 2; thorax mahogany to nearly black with sutural 
lines; propodeum without yellow longitudinal stripes; eentral and southern In
diana . . . . . . . . . . . . . . . . .. ................ . .......... P. annularis (L.) 

2'. 	 Small, light colored wasps (female forewing length 12-15mm); background color 
light reddish-brown with extensive yellow and some black; propodeum with 4 
yellow, longitudinal stripes; southern and southwestern Indiana ............ . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .P. exclamans (Viereck) 

3. 	 Head. thorax, propodeum, and gaster concolorous orange to brownish-orange 
(mesonotum may possess some black); wings purple-black, occasionally lighter; 
large wasps (female forewing length 20-22mm). . . . . . . . . . . . . . . .. . ....... 4 

3'. 	 Head, thorax propodeum, and gaster typically with areas of brown, black, and 
yellow; if nearly concolorous, body is black, dark brownish, or mahogany, not 
orange or brownish-orange; wing pigmentation and body size variable ....... 5 

4. 	 Oculomalar space and gena mat (not shiny), both areas densely covered with minute 
punctures within a field of larger pits; central and southern Indiana ......... . 
. . . . . .. . ....................................... .P. perplexus Cresson 

4'. 	 Oculomalar space appearing shiny against a background of larger pits (due to ab
sence of minute punctures), and contrasting with the mat gena (due to possession 
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2-5. (2) Lateral view ofa polistine wasp, (3) lateral viewofa vespine wasp, (4) frontal view 
a polistine head, (5) frontal view of a vespine head. 

of minute punctures within a field of larger pits): extreme southern Indiana . , 
, ................................................... P. carolinus (L.) 


5. Thorax and gaster primarily black, without mahogany patches; if present, yellow 
markings restricted to faint band distally on gastral tergum 2 andlor faint 
longitudinal stripes on propodeum ................ .P. Juscatus (Fab.), in part 

5'. Thorax and gaster with conspicuous areas of mahogany andlor yellow ......... 6 
6. Yellow markings prominent, at least as distal bands on gastral terga; gastral tergum 

2 may possess lateral yellow spots; broad, yellow, longitudinal stripes on 
propodeum ....................................................... 7 

6'. Yellow markings lacking or, if present, much less extensive than above; gastral 
tergum 2 without lateral yellow spots, but may possess yellow transverse 
band distally; propodeum without yellow or, at most, with faint longitudinal 
stripes. . . .. .. ............................ .... .. . ............ 8 
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~ 
7 

11 

Figures 6-14. (6) Lateral view of Polisles (Aphanilopterus) gaster, (7) lateral view of Polistes 
(Fuscopolistes) gaster, (8) lateral view of P. metricus gaster, (9) lateral view of P. jUscatus gaster, 
(10) dorsal view o/Vespa crabro head, (11) dorsal view of Dolichovespula and Vespula head. (12) 
lateral view of Dolichovespula head, (13) lateral view of Dolichovespula thorax. (14) lateral view of 
Vespula head. 

7. 	 Relatively wasps (female forewing length 13-18mm); coxae with prominent 
patches of yellow ............................. .P. Juscatus (Fab.), in part 
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7'. Small wasps (female forewing length 1O-14mm); coxae without yellow (typically 
concolorous black, but may possess mahogany); extreme southern Indiana .... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . , .. , ........ , ...... P. dorsalis (Fab.) 

8. 	 Gastral sternum 2 with prominent bulge in lateral view (fig. 8); thorax extensively 
mahogany; mesoscutum completely mahogany, or black with 2 broad mahogany 
stripes; gaster largely black, but terga I and/or 2 may have lateral mahogany 
patches; yellow markings lacking, or restricted to faint, narrow distal band on 
gastral tergum I; propodeum mostly mahogany and lacking yellow stripes ..... 
. . . . . . . . . . . . . . . . . . . . . . , ................ , , .. , .. , . , ,. . P. metricus Say 

8'. 	 Gastral sternum 2 lacking a prominent bulge in lateral view (fig. 9); thorax largely 
black, with some mahogany on pronotum and scutellum; mesoscutum black, but 
may possess 2 mahogany stripes; gaster largely black with large mahogany patches 
laterally on tergum 2; yellow, if present, limited to narrow band distally on gastral 
terga; propodeum at most with faint yellow stripes . .P. fuscatus (Fab.), in part 

Polistes annularis (L.). This specics is readily recognized by its large size, 
mahogany and black color with yellow band on the 1st gastral tergum, and the contrasting 
lighter tips of the antennae. Chandler (1965) reported this species to be distributed 
throughout Indiana, but, if so, it is not common. For example. P. annularis almost never 
appears in student collections at Purdue University, and we have seen specimens only 
from extreme southern, southwestern, and westcentrallndiana. 

Colonies of p, annularis have becn found in association with trees and cliffs along 
rivers (see Richards, 1978; Scott Davis, pers. comm.). Other nesting sites include in 
shrubs and in artificial shelters associated with human structures. Colonies may attain 
much larger size than is true of othcr Indiana Polistes. Nests may reach 15-20 cm in 
diameter and contain nearly a thousand cells, attended by a few hundred workers (Krispyn 
and Hermann 1977; Richards 1978). 

Polistes exclamans Viereck. Relatively small, slender, and brightly colored with 
yellow and light reddish-brown, this species is easily recognized. It is known colloquially 
in the southeastern United States as the"guinea wasp." This species was reported by 
Chandler (1965) to be restricted to southern Indiana and along the Wabash River north to 
Vincennes, but two females were collected in Lafayette in June 1988. 

Nests are small, about 200 cells or less, and on rare occasions may be situated such that 
the cells open more or less horizontally instead of downward (Richards 1978). Typical 
nesting sites include on eaves and support beams, and in artificial nest boxes. 

Polistes dorsalis (Fab.). Known previously as P. fuscatus humeri, this species was 
previously unknown in Indiana (Chandler 1965), and we have seen only a few specimens 
from along the Ohio River. Except for smaller size of most individuals, females are 
difficult to distinguish from the more yellow-marked of P. fuscatus (the color 
form previously called P. fuscatus variatus). The most reliable character for distinguish
ing larger specimens of P. dorsalis from smaller specimens of xanthic p, fuscatus is the 
absence of yellow on the coxae of the P. dorsalis. 

Few data are available, but Krispyn and Hermann (1977) report that P. dorsalis shuns 
human structures, using instead nest sites associated with the ground. Colonies in Florida 
(Mark Deyrup, unpub!. obs.) and Texas (Scott Davis, pers. comm.) are hidden in shrubs, 
while other authors report colonies suspended on eaves of structures (see Richards, 1978). 

Polistes carolinus (L.) and P. perplexus Cresson. Known colloquially as "red 
wasps", these two species are discussed together because of past confusion regarding 
identification. Both species are large, orange to brownish-orange, typically with purplish
black wings, and thus are easily distinguished from other Indiana Polistes. Snelling 
(1974) proposed morphological characters (see couplet 4) to separate adult P. carolinus 
( = carolina) and P. perplexus, and Nelson (1982) pointed out traits that separate larvae 
of these two species. Both species key to P. rubiginosus Lepeletier (a junior synonym of 
P. carolinus) in Chandler (\965). Most Indiana specimens are P. perplexus, which is 
distributed throughout all but the northern third of the state; P. carolinus may be present 
in extreme southwestern counties but we have seen no specimens. 
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Wade and Nelson (1978) provide some natural history data for both species and 
describe the somewhat confusing taxonomic history of each, which precludes assignment 
of older biological observations to either species. Most observations on P. rubiginosus 
refer to P. perplexus, but some undoubtedly apply to both P. perplexus and P. carolinus. 
Both species nest inside protected sites such as hollow logs and inside structures, but only 
P. carolinus also nests in open, exposed sites (Reed and Nelson 1985). 

Polistesfuscatus (Fab.) complex. The taxonomic status of the several named entities 
in the P. Juscatus complex is confusing and still undetermined (see Bequaert 1940, 
Krombein 1979, Richards 1978). Somewhat definable color patterns, occasionally 
associated with geographical distribution, constitute the primary basis for distinguishing 
the following named midwestern entities: Juscatus, laurentianus, nestor, pallipes, and 
variatus. Taxonomic treatment of these named entities, depending upon author. has 
ranged from valid species, to subspecies, to varieties, to color forms. However, most 
recent researchers consider P. Juscatus to be a polymorphic species, with several color 
forms that intergrade throughout its broad geographical range. Complicating identification 
further is the existence, in some parts of Indiana and southern Michigan, of darker 
specimens of P. Juscatus that are difficult to distinguish from P. metricus, as well as the 
previously mentioned problem, in southern Indiana, or separating some xanthic speci
mens of P. Juscatus from P. dorsalis. 

Hypotheses to explain color variation among the color forms of P. Juscatus inelude 
environmental factors at the nest site (MacLean et al. 1978) and e1inal variation. with 
more melanistic forms in the north and more xanthic forms in the south and west. The 
latter holds somewhat, but dark P. Juscatus are collected both in the southern states 
and in the upper Midwest, and xanthic specimens not uncommonly are found in 
northern Indiana. We possess data obtained from rearings that appear to negate the 
hypothesis of environmental control of coloration proposed by MacLean et al. (1978). 
In August 1981, we removed 211 (previously empty) beer and pop cans that had 
been partially filled with blood meal and attached to apple seedlings to serve as deer 
repellent. All cans were in a 20 h orchard, 5 km west of Purdue University, W. 
Lafayette, Indiana. Each can appeared to receive nearly identical sunlight and exposure 
to climatic elements. An active Polistes colony was found in 77 of these cans. and each 
nest was placed in a separate plastic rearing container or plastic bag; all emerged adults 
were collected and preserved in 70% ethyl alcohol for future study. Based on a cursory 
examination of the original adult popUlation at time of collection, most colonies initially 
were designated "P. Juscatus", several as "P. variatus", and a few as "P. pallipes" or 
"P. nestor." 

A given colony collected by us usually produced adults assignable to the originally 
designated color form. However, numerous colonies produced adults assignable to one or 
more other color forms and individuals fitting descriptions of nearly all color forms 
associated with P. Juscatus were produced by several colonies. These observations, of 
multiple P. Juscatus color forms produced from colonies developing under nearly identical 
environmental parameters, suggest that microclimate is not the critical factor contributing 
to P. Juscatus color variation. We conclude that P. Juscatus, in the upper Midwest at least, 
is a single, highly variable species with several recognizable color forms, none of which 
are valid species or even fit the subspecies concept. A likely explanation is that the 
appearance of man-made structures throughout the Midwest allowed isolated populations 
of P. Juscatus to expand, by taking advantage of the increase in permanent, sheltered nest 
sites, resulting in a situation that facilitated intergrading. In support of this hypothesis, at 
the northern, western and southern extremes of its range, P. Juscatus is more uniformly 
dark, xanthic, and reddish, respectively. An alternative hypothesis is that in the Midwest, 
but not elsewhere, natural selection strongly favors diversity in color pattern; this 
explanation, while not impossible, seems to us less likely. 

Distributed throughout Indiana, P. Juscatus is our most abundant species of paper wasp. 
Nests commonly are associated with structures, with the most typical nesting site being 
eaves; however, nests are also found in open attics, in crawl spaces, behind fence panels 
and shutters, and occasionally in shrubs. Nests are not large, less than 10 cm in diameter, 
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and usually possess several pedicels serving as attachment to the substrate, The comb is 
rather symmetrical in form and in cell depth, 

Polistes metricus Say. This rather large. dark species is found throughout the state, 
but is more common from central Indiana southward. Coloration varies from nearly 
uniform mahogany with black gaster, to a more melanistic thorax with two well developed 
mahogany stripes on the mesonotum. Females of the latter coloration are difficult to 
separate from similar appearing P. Juscatus, as suggested above and in the key to Polistes, 
The prominent bulge on the second gastral sternum of P. metricus often helps to 
distinguish questionable females from similarly colored P. Juscatus females, but it is not 
totally reliable. Collection of nests and nest series of females and males is strongly 
recommended for accurate identifications. 

Nests of P. mefricus are reported from shrubs and from the interior of dark sheds and 
other out-buildings (see Richards 1978); rather unusual among Indiana Polistes, nests also 
may be attached to metallic surfaces. Nests are not large, usually less than 9 cm in 
diameter, and are suspended by a single, central pediceL The comb appears somewhat 
asymmetrical, with some cells disproportionately deeper than others; thus, P. metricus 
nests, at least in Indiana, are usually distinct from nests of P. juscalUs. 

Subfamily VESPINAE 

Wasps in this subfamily include the familiar hornets and yellowjackets. Common 
names assigned within this subfamily often are misapplied, resulting in confusion (Greene 
and Caron 1980), Technically, only one species. Vespa crabro Christ (the European 
hornet), is a true hornet. All other vespines are yellowjackets, although one familiar 
species, Dolichovespula maculata (L.), is black and white, and known as the baldfaced 
or the whitefaced hornet. 

In contrast to polistines, the vespine fauna is richer in species and more diverse 
biologically in cold climates. A number of species that may occur in extreme northern 
Indiana are absent in the central and southern parts of the state, Two species accidentally 
introduced from Europe onto the east coast are now well established in Indiana. The 
European hornet, Vespa crabro, occurs throughout the state, while the German yellow
jacket, Vespula germanica (Fab,), often exists in high densities in urbanized areas in all 
but the southern third of Indiana. 

Vespine wasps construct nests of multiple combs enclosed within a paper envelope. 
Vespa crabro and all Vespula species nest inside well protected sites, whereas Dolicho
vespula species typically nest in exposed sites, suspending their nests in trees, in shrubs, 
or on structures. 

A vespine colony is initiated by a lone, overwintered queen, usually around the first of 
May. Seasonal duration and size of colonies vary depending on species, but colonies 
persist much latcr and attain much greater size than those of Polistes. In addition, vespines 
construct two sizes of cells, relatively small cells in which workers and eventually males 
are reared, and much larger cells in which queens and some males are reared. 
Accordingly, substantial size difference exists between conspecific queens and workers, 
especially among Vespula species. 

Vespines capture a variety of arthropod prey, most of which consists of insects and, 
to a lesser extent, spiders. In addition to capturing live prey, workers of some species 
of Vespula scavenge for flesh from carcasses and from meats eaten by humans. 
Carbohydrate sources include nectar, sap honeydew, and various sweets eaten by humans. 
Synthetic lures such as heptyl butyrate are attractive in varying degrees to Vespula 
species, but not to Vespa crabro and Dolichovespula species (see Akre et al. 1981). 

Vespine workers aggressively defend their nests, and some species possess venom that 
induces serious systemic reactions in hypersensitive people. The most dangerous stingers 
appear to be certain species of yellowjackets. more precisely those in the V. vulgaris (L.) 
species group (=Paravespula of some authors). 
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Key to Vespinae (unless noted otherwise, are widely distributed in Indiana) 

1. Very large (worker forewing length 20-22mm), brown and yellow wasps; vertex 

expanded behind the compound eyes, with distance between lateral ocelli and 

occipital carina greater than distance between the lateral ocelli (fig. 10) 


l' . Smaller wasps with either yellow or whitish markings on a black background; 

vertex only slightly expanded behind the compound eyes, with distance between 

the lateral ocelli and occipital carina about equal to distance between lateral ocelli 


· ................ (European hornet) ................. Vespa crabro Christ 


(fig. 11).......................................................... 2 

2. Oculomalar space long (fig. 12), distance between base of mandible and bottom 


of compound eye greater than diameter of an antenna; vertical carina on 

pronotum well developed (fig. 13); nest typically in vegetation or on structures 

· . . . . . . . . . Dolichovespula Rohwer ................................ 3 


2'. Oculomalar space short (fig. 14), distance between base of mandible and bottom of 

compound eye less than diameter of an antenna; vertical carina on pro

notum lacking or only faintly developed; nest underground or in an enclosed 

site .......... Vespula Thomson. . . . . . . . . . . . . . . . . . . . . . . . .. . ..... 6 


3. Pale markings white or (rarely) yellowish-white ........................... 4 

3' . Pale markings distinctly yellow. . . . . . . . . . . . . . .. . ....................... 5 

4. Gastral terga I, 2, and usually 3, entirely black; tenninal gastral terga largely white 


or ivory (fig. 15); moderately wasps (worker forewing length 12-16 

mm) ...... (baldfaced hornet) . . . . . . . . . . . .. . ........ .D. maculata (L.) 


(queen forewing length 12-13 mm); if present in Indiana, this social parasite 

species will be associated with nests of its host, D. arenaria (Fab.) ......... . 


4'. All gastral terga with white or yellowish-white distal bands (fig. 16); smaller wa.'ipS 


· ................................................. D. arc·tica Rohwer 

5. Distal yellow bands on at least gastral terga I and 2 deeply incised medially 


by black (fig. 17); gena with continuous yellow band, uninterrupted by black; 

clypeus with small black spot medially. .. . (aerial yelIowjacket) ....... . 


5' . Distal yellow bands on gastral terga 1 and 2 continuous, not deeply incised 

medially by black (fig. 18); gena largely black with yellow dorsally and ventrally; 

clypeus with elongate, black maculation medially; if present, in extreme northern 

Indiana...................................... D. norvegicoides (Sladen) 


· . . . . . . . . . . . . . . . . . . . . . .. . ........................ D. arenaria (Fab.) 


6. Mesoscutum with 2 complete longitudinal stripes; queen orange and black, 

in contrast to yellow and black workers and males ...... (southern yellow-

jacket) .......................................... V. squamosa (Drury) 


6' . Mesoscutum entirely black, occasionally with 2 incomplete, longitudinal stripes 

arising from the posterior margin; queens, workers, and males similar in 

coloration ........................................................ 7 


7. Pale markings whitish or ivory (similar to the baldfaced hornet); if present. in 

extreme northern Indiana ....... (blackjacket) . . . . . . V. consobrina (Saussure) 


7' . Pale markings distinctly yellow ......................................... 8 

8. Scape (basal antennal segment) yellow on ventral surface; occipital carina incom

plete ventrally (fig. 22) ...... (V. rufa (L.) species group. in part) ....... 9 

8'. Scape entirely black; occipital carina complete. typically reaching base of mandible 


species group). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 10 

(fig. 23), but may be incomplete ventrally in some males ........ (V. vulgaris 


9. Gastral tergum 2 black with narrow, yellow band distally, gastral terga 4 and 5 with 

"free" black sputs laterally (fig. 19); gena largely yellow with small to prominent 

black interruption medially; clypeus usually with 3 black spots medially; gaster 

relatively hairless ................................... V. vidua (Saussure) 


9' . Gastral tergum 2 typically with 2 lateral yellow spots enclosed within the black basal 

band, gastral terga 4 and 5 lacking "free" black spots laterally (fig. 20a); 
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Figures 15-25. Dorsal views of the gaster are shown for figs. 15-21:(I5)D. maculata, (16)D. 
arctica, (l7)D. arenaria, (18)D. norvegicoides. (19)V. vidua. (20a)V. acadica, (20b)V. acadica 
(xanthic fonn), (21)V. germanica, (22) posterior view of Vespula rufa group head, (23) posterior 
view of Vespula vulgaris group head, (24) anterior view of left mandible of V gennanica female, 
(25) anterior view of left mandible of V. maculifrons female. 

occasionally, gastral tergum 2 resembles that of V. vidua (fig. 19), or the 2 lateral 
yellow spots are not fully enclosed in the black basal band (fig. 20b); gena largely 
black with ventral and dorsal yellow patches; clypeus usually with one prominent 
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black maculation medially; gaster hairy; if present, in extreme northern Indiana 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ..............V. acadica (Sladen) 

9". Coloration similar to V. acadica, but posterior surface of hind tibia with a row of 
long hairs, which all other Vespula lack; if present, in extreme northern Indiana 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V. austriaca (panzer) 

10. 	 Antennal flagellum (that portion distal to the scape and pedicel) with 10 articles; 6 
visible abdominal sterna; abdomen ending in a sting (may be retracted and not 
visible) . . . . . . . . (females) ....................................... 11 

10'. Antennal flagellum with 	II articles; 7 visible abdominal sterna; abdomen elongate 
and ending in a large genital capsule with paired claspers (may be retracted and not 
visible) ........ (males) ........................................ 14 

II. 	Basal tooth (3rd from tip) of mandible distinctly concave along medial (cutting) 
surface (fig. 24); medial black maculation on gastral tergum 2 usually longer than 
wide and arising from a black. basal band that is nearly parallel-sided (fig. 21); 
gastral color pattern ocasionally like that of V. jlavopilosa Jacobson (fig. 
29a) ............. (German yeUowjacket) ............. V. germanica (Fab.) 

II'. Basal tooth (3rd from tip) of mandible straight or, at most, slightly concave along 
medial (cutting) surface (fig. 25) (the latter trait seen in some V. j/avopilosa 
workers); gastral maculations variable, but not as in fig. 21. .............. 12 

12. 	 Yellow genal band with black interruption medially, varying from a small spot to a 
broad patch of black; yellow of ocular sinus concave medially (penetrated by 
black), separated from corona by a distance greater than diameter of an ocellus 
(fig. 26); worker maculation on gastral tergum I variable, but usually resembling 
that of V. jlavopilosa (fig. 29b); queen gastral maculation nearly identical to V. 
jlavopilosa queens (figs. 30a,b); extreme northern Indiana ..... V. rulgaris (L.) 

12'. Yellow genal band continuous, uninterrupted by black; yellow of ocular sinus not 
penetrated by black, separated from corona by a distance less than diameter of an 
ocellus (fig. 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ........... 13 

13. 	 Medial, black maculation on gastral tergum I arising as a narrow stalk. and typically 
resembling a broad arrowhead (fig. 28) ...... (eastern yellowjacketl ...... . 
· ............................................ V. maculifrons (Buysson) 

I3'. 	Medial, black maculation on gastral tergum 1 broadly attached to anterior margin, 
not arising as a narrow stalk (figs. 29a,b); gastral tergum 1 of queen similar in 
maculation to that of most V. vulgaris queens (figs. 30a,b) ................ . 
· . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ............... V. jlavopilosa Jacobson 

14. 	 Gastral tergum 7 with a strongly concave union of basal portion and flat apical 
portion (fig. 31); gastral maculations usually like that of con specific workers (fig. 
28), but melanistic specimens resemble V. jlavopilosa (fig. 29b) ........... . 
· ................. (eastern yellowjacket) ................. V. maculifrons 

14'. Gastral tergum 7 with 	a gradual union of basal portion and flat apical portion. 
producing a "duck bill" appearance in lateral view (figs. 32,33).......... 15 

15. 	 Yellow of ocular sinus concave medially (penetrated by black), separated from 
corona by distance greater than diameter of an ocellus (fig. 26); yellow genal band 
usually narrowed medially by encroachment of black; gastral maculations resem~ 
ble those of V. jlavopilosa (fig. 29b); extreme northern Indiana ........... . 
· .................................................... V. vulgaris (L.) 

15'. Yellow 	of ocular sinus not penetrated by black, separated from corona by dis
tance less than diameter of an ocellus (fig. 27); yellow genal band uninterrupted 
by black......................................................... 16 

16. 	 Gastral tergum 7 with very smooth union of basal and flat apical portions (fig. 
32); gastral maculation either like con specific females (fig. 21), or resembling 
that of some V. jlavopilosa specimens (fig. 29b); gaster with dark hair 
· ................................................ V. germanica (Fab.) 

16'. Gastral tergum 7 with abrupt union of basal and flat apical portions (fig. 33); gastral 
maculation resembling that of most conspecific workers (fig. 29b); gaster with 
rather long, yellowish hair ........................ V. jlavopilosa Jacobson 



1989 THE GREAT LAKES ENTOMOLOGIST 167 

28 

~ 

" .. .,w 


29a 29b 30a 30b 

31 32 33 

Figures 26-33. (26)Anterior-Iateral view of V. vulgaris head, (27) anterior-lateral view of V. 
jlavopilosa head; dorsal views of the gaster are shown for Figs. 28-30b: (28)V. maculifrons 
(29a)V. jlavopilosa (worker), (20b)V. jlavopilosa (melanistic worker), (30a)V. jlavopilosa (queen), 
(30b)V. jlavopilosa (melanistic queen); Figs. 31-33 are lateral views of male gasters, terminalia are 
deleted: (3 J)V. maculifrons, (32)V. germanica, (33)V. jlavopilosa. 

Vespa crabro Christ. Our largest social wasp, this brown and yellow species has the 
official common name of European hornet, but is also known as the "giant hornet." 
Introduced into the New York city area around 1850, this species has spread over much 
of eastern North America (Akre et at 1981). Chandler (1965) reported V. crabro to be 
restricted to southern Indiana, but within the past several years numerous specimens and 
several colonies have been discovered in central Indiana, including colonies reported by 
citizens from Marion, Tippecanoe and Carroll counties. 

The large, variegated brownish nest usually is situated inside hollow trees or logs, but 
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nests are also found inside attics, hay lofts, and abandoned bee hives. A large colony at 
its peak in late summer may contain 500-700 workers associated with a nest of 2000-3000 
cells arranged in 6-9 combs. 

Although well studied in Europe (Spradbery 1973), little is known about V. crabro 
biology in this country (Akre et al. 1981). Workers capture a variety of insects, including 
prey much larger than is taken by other vespines; for example, large horse flies and other 
social wasps are included in prey records. An apiary pest in Europe, hive depredation by 
V. crabro is unreported in North America. Interestingly, unlike nearly all temperate social 
wasps, V. crabro workers may be active on moonlit nights and specimens have been taken 
at lighted windows. 

Previously considered an uncommon inhabitant of undisturbed eastern hardwood 
forests, the European hornet apparently is becoming more common in areas of human 
activity. For cxample, workers have become significant pests in southern Indiana apple 
orchards, not only by intimidating pickers but also by severely damaging ripening fruit. 
Workers may also become pests when imbibing juices from piles of fruit and at cider 
presses, and by girdling twigs as they collect fibers for nest construction. 

Dolichovespula Rohwer 

Formerly treated as a subgenus of Vespula, Carpenter (1987), based on phylogenetic 
analysis, and Greene et a1. (1976), based on morphology, physiology, and behavior, 
provide ample evidence to support elevation of Dolichovespula to generic status. 
Diverging from treatment in the Hymenoptera catalog (Krombein 1979). we follow 
Carpenter (1987) and Greene et aL (1976) and treat Dolichovespula as a separate 
genus, not a subgenus of Vespula. Akre et a1. (1981) reviews the biology of .searctic 
species. 

Dolichovespula nests usually are situated in exposed sites, being suspended in trees or 
shrubs, or from sides and eaves of structures. However, one species (D. arenaria) tends 
to nest in tall grass just above ground in western North Carolina (unpubl. obs.). and 
occasional subterranean nesting has been reported for two species in the Pacific northwest 
(Greene et al. 1976). The variegated grey envelope is arranged in laminar sheets. but 
scalloping patterns may occur on top of some nests. Quite resistant to wind and rain. the 
structure may persist over winter if sheltered, but will not be reused the following season. 

Dolichovespula colonies are founded by a lone queen around the fIrst of May and the 
seasonal cycle normally is completed by late August to mid-September. Peak worker 
populations of less than a hundred to several hundred occur by mid-summer, associated 
with a nest of several hundred to a few thousand cells arranged in 3-6 combs. 

Predacious on a variety of insects, especially flies, Dolichovespula workers only rarely 
scavenge flesh from carcasses. They do not forage on meats eaten by humans and are not 
part of the complex of yellowjacket species that become pestiferous scavengers in late 
summer and fall. However, workers do imbibe fruit juices and may become pests at cider 
presses. 

Dolichovespula arctica Rohwer. Unreported from Indiana, this species is found 
across Canada, extreme northern United States and southward at higher elevations of the 
Appalachians, the Rockies and mountain ranges of the west coast. It is included here 
because one of its primary hosts, D. arenaria, is found in Indiana. One of only a few 
known obligate socially parasitic wasps, D. arctica lacks a worker castc and relies on host 
workers to rear its young. Excellent biological accounts are given by Evans (1975), 
Greene et al. (1978), and Jeanne (1977). People discovering a parasitized D. arenaria 
colony will recognize the social parasite by its whitish markings, in contrast to the bright 
yellow markings of its host. 

Dolichovespula arenaria (Fab.). Known officialiy as the acrial yellowjacket, this 
species closely resembles most ground-nesting yellowjackets in coloration. However, the 
long oculomalar space and well developed pronotal carina distinguishes D. arenaria from 
yellowjackets in the genus Vespula. Considered rare and restricted to cxtreme northern 
Indiana (Chandler 1965), D. arenaria appears to be expanding its range. For example, we 
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collected numerous D. arenaria workers in Clark State Forest in southcentral Indiana in 
1981 and five colonies were found in 1985, three in Indianapolis, one in Bloomington and 
one in Lafayette. 

Based on an excellent study in Washington state (Greene et al. 1976) and our data from 
colonies studied in western North Carolina, D. arenaria nests are suspended in trees, 
shrubs, or just above ground in clumps of tall grass. Structural nests are found on eaves 
and hanging from roofs of picnic sheds and open barns. Subterranean colonies are not 
uncorrunon in the mountains of Oregon and Washington (Green et al. 1976), but are 
unreported elsewhere. The three colonies in Indianapolis were built on houses and the one 
in Lafayette suspended just above ground in a spruce tree. 

Seasonal duration and size of colonies appears to vary geographically and annually in 
the Pacific northwest. Initiated in late April or early May, colonies nOffilally complete 
their seasonal cycle by late August. Mature colonies in North Carolina were quite small 
in late August, with fewer than a hundred workers associated with a nest of several 
hundred cells. Greene et al. (1976) reported large size variation in the Pacific Northwest, 
but most nests were relatively small with 300-1500 cells, with the largest colonies 
containing about 700 workers with nests of 4000 or more cells. 

Workers do not forage at picnic tables, but may be nuisances since they tend to fly 
about the heads of people. Quite responsive to nest disturbance, D. arenaria colonies 
constitute a serious stinging threat when located on or around human dwellings (Akre et 
al. 1981). 

Dolichovespula maculata (L.). Perhaps the most familiar of North America social 
wasps, this relatively large, black and white species is known officially as the baldfaced 
hornet. It is widely distributed over North America, being found throughout the eastern 
United States, most of Alaska and Canada, and the mountains of the western United 
States. See Akre et al. (1981) for a review of the natural history of this species. 

Occurring throughout Indiana, D. maculata is among the most common wasps in many 
areas. Around Lafayette, Indiana in 1977 for example, D. maculata comprised nearly 
34% (29/85) of vespine colonies collected, and 17% (109/637) of vespines captured in 
Malaise traps from 1977-1980. 

The large, grey nest of the baldfaced hornet is one of the best known insect structures, 
and representatives adorne most nature exhibits and many cabins and rustic restaurants. 
Around Lafayette, nearly 2/3 of the nests are arboreal and often situated high in trees; 
the remainder are suspended from eaves, against windows or walls, and from power 
pole transformers. Nests seem large, up to 40 em in circumference and 670 em long, 
but much of the structure is insulating envelope paper. Mature colonies in late summer 
typically consist of 200-500 workers associated with a nest of 1000-2000 cells, with 
the largest colony, collected 8 Sept 1978, containing 771 workers and 3300 cells. 
Colonies are initated in early May, but usually are not noticed until mid-summer or 
later. Most complete their cycle by late September, but some remain active well into 
October. 

Baldfaced hornet workers capture a variety of insect prey, including workers of other 
yellowjacket species, but seem particularly adept at capturing adult flies. Workers 
commonly may be seen taking blow flies (Calliphoridae) at garbage cans. We observed 
marked workers returning to dog feces over a period of several days and capturing various 
"filth" flies (Calliphoridae, Muscidae, Sarcophagidae, etc.); one worker took up to 17 
flies per hour. 

Although known to occasionally scavenge flesh from carcasses, D. maculata workers 
typically do not forage on meats eaten by humans. However, workers do imbibe fruit 
juices and can be pests at cider presses. 

Dolichovespula norvegicoides (Sladen). Closely resembling D. arenaria, this spe
cies has not been reported in Indiana and most likely is not found south of the Great 
Lakes. It appears to possess a similar but somewhat more restricted distribution than the 
social parasite D. arctica. Little is known of its natural history, but it serves as a host for 
D. arctica, forms relatively small colonies, and nests low in vegetation or partially 
underground (Akre et at. 1981, Akre and Bleicher 1985). 
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Vespula Thomson 

Six species represent this genus in Indiana, and 3 additional species might occur in 
extreme northern Indiana. As originally proposed by Bequaert (1932) and recently shown 
by Carpenter (1987), Vespula species may be treated as belonging to two species groups, 
the V. rufa group or the V. vulgaris group. Except for V. squamosa, colonies of the V. rufa 
group are much smaller, possess a substantially shorter seasonal cycle, and their nest 
structure differs from that of V. vulgaris group nests in a number of parameters (see Akre 
et al. 1981). Unlike species of the V. rufa group (V. squamosa is an exception). workers 
of the V. vulgaris group, in addition to taking live prey, scavenge readily for flesh from 
carcasses and forage on meats eaten by humans. 

Vespula nests typically are situated in well protected sites, usually underground but 
occasionally inside fallen trees and tree stumps (see Akre et aI., 1981). However, 
increasing numbers of colonies are being found inside structures, and the introduced 
German yellowjacket, V. germanica, is primarily a structural nester in North America 
(MacDonald et aL 1980a). An occasional Vespula nest is found in completely exposed 
sites such as on the eaves of a house, or other unusual locations. 

Except for V. squamosa, nests of the V. rufa group contain only one comb of small cells 
in which workers and some males are reared; subsequent combs consist of much larger 
cells in which queens and some males are reared. Nest envelope consists of a pliable, 
variegated grey paper arranged in a laminar structure. Except for many v. squmnosa 
colonies that may persist later and attain much larger size, V. rufa group colonies reach 
their peak by mid-summer and complete their cycle by early September. At their peak, 
colonies contain from 75-400 workers associated with nests of several hundred to 2500 
cells arranged in 2-5 combs (see Akre et al. 1981). 

Nests of the V. vulgaris group contain mUltiple combs of small cells, initially rearing 
workers and later males. Nest envelope paper is either brittle and variegated grey or 
fragile and variegated tannish-orange; both types of envelope paper assume a scalloped 
appearance. Colonies reach their peak in late summer-early fall and may remain viable 
well into November. At their peak, colonies contain from 1000-3500 workers associated 
with nests of 3500-10,000 cells arranged in 4-10 combs (see Akre et al .. 1981 t. 

Vespula acadica (Sladen) , V. cansabrina (Saussure), and V. austrlaca (Pan
zer). All three species are distributed across Canada, extreme northern Cnited States. 
and southward at higher elevations of western mountains, with V. consobrina also 
found in the Appalachians as far south as northern Georgia. Vespula acadica and 
V. austriaca are characteristic appearing yellowjackets, but V. consobrina. the black
jacket, could be mistaken at first glance for a small baldfaced hornet. CnreIXJrted 
from Indiana, these species are not likely to be collected even in extreme northern 
counties. 

According to Akre et al. (1981), and Reed and Akre (I983a), V. acadica nests in soil 
or in logs and stumps, with colonies consisting of 75-400 workers and a nest of -+00-2500 
cells. Based on Akre et al. (1981), Akre et al. (1982), and MacDonald and ~iatthews 
(1976), V. consobrina colonies usually are subterranean and relatively small. consisting 
of 300-1400 cells and probably containing about 200 workers at their peak. l/espula 
austriaca is an obligate social parasite of V. acadica, whose interesting biology has been 
worked out by Reed and Akre (1983b, c). 

Vespula rUlna (Saussure). This species is restricted to the upper Midwest. the 
Northeast and extreme southeastern Canada, and southward along the Appalachians into 
northern Georgia. Previously reported only from northern Indiana, where it is quite 
common in the sandy soils in Christmas tree plantings in La Porte country (Chandler 
1965), V. v!dua workers were collected by us in Clark State Forest in southcentraI Indiana 
and in Yellowwood State Forest just east of Bloomington in central Indiana. An 
occasional specimen has been collected in Tippecanoe county and several queens have 
been taken by us in heptyl butyrate traps in W. Lafayette. 

Comparatively melanistic, this species might be confused with darker specimens of V. 
acadica, and one usually must employ several key characters to separate them. No 
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colonies have been reported in Indiana, but V. vidua is a subterranean nester in the 
southeast (MacDonald and Matthews 1976) and in the northeast, where it also nests inside 
wall voids and fallen trees (Akre et al. 1981). Colonies normally end their seasonal cycle 
by mid-September, and the largest one contained over 350 workers associated with a nest 
of nearly 2500 cells. 

Vespulaflavopilosa Jacobson. Recognized and described as a new species relatively 
recently (Jacobson et al. 1978), V. [lavopilosa previously has been identified as either V. 
vulgaris or V. maculifrons, or considered a "hybrid" of the latter two species. The North 
American distribution of V. Jlavopilosa is similar to that of V. vidua; V. Jlavopilosa 
probably occurs throughout Indiana, but has not yet been collected in the southwest. We 
have collected numerous queens and workers from extreme northeastern Indiana, 
throughout central Indiana and from southcentral Indiana. Relatively common around 
Lafayette, V. Jlavopilosa comprised over 18% (117/637) of the vespines collected in 
Malaise traps from 1977-1980. 

Key characters separate nearly all females of V. Jlavopilosa from V. rnaculifrons and V. 
vulgaris, but occasional workers are difficult to distinguish from V. germanica (the 
mandibular tooth trait is the best discriminator). Males of V. Jlavopilosa, V. maculifrons, 
and V. vulgaris may closely resemble one another, but characters used in the key facilitate 
identification of nearly all specimens. Some V. Jlavopilosa and some V. germanica males 
closely resemble one another and the key may seem unsatisfactory for separating certain 
specimens. Problem specimens can, however, be distinguished by examining male 
genitalia (see Jacobson et al. 1978). 

Similar to nests of V. vulgaris and V. maculifrons, the nest of V. Jlavopilosa is 
constructed of fragile. variegated tannish-orange paper, and is strikingly distinct from the 
variegated grey nest of V. germanica. Predominantly a subterranean nester, V. Jlavopilosa 
also nests occasionally inside wall voids. At least in the southeast (MacDonald et al. 
I 980b) , colonies reach maturity by late September and contain from 500-2000 workers 
associated with a nest of 2000-5000 cells. 

Little is known about the behavior of V. Jlavopilosa, but workers scavenge flesh from 
carcasses and from meats eaten by humans, in addition to taking live insects. 

Vespula macuiijrons (Buysson). Common over most of eastern United States and 
southeastern Canada, V. maculifrons is known officially as the eastern yellowjacket. This 
species is commonly collected throughout Indiana, but is particularly prevalent in 
hardwood forests, parks and other recreational areas. Over 56% (48/85) of the vespine 
colonies studied in the Lafayette, Indiana area in 1977 were V. maculifrons, and workers 
comprised nearly 6O'lC (380/637) of the vespines collected in area Malaise traps from 
1977-1980. 

Most workers and queens are em;i)y recognized by the characteristic arrowhead-shaped, 
black maculation on the fIrst gastral with the narrow black stalk attaching it to the 
anterior border. Some males share the female maculation, but others closely resemble 
males of V. Jlavopilosa and/or V. vulgaris. 

The eastern yellowjacket usually builds its fragile, tannish-orange nest in subterranean 
sites, but it is not uncommon to find nests in structural sites such as wall voids and attics 
(MacDonald and Matthews 1981). 0f71 colonies studied in the Lafayette area in 1977,57 
were subterranean, II inside wall voids, and 3 in exposed, above ground sites. 

In Indiana, colonies reach their peak in late September to early October and may 
contain 1000-3000 workers associated with a nest of 5000-8000 cells. The nesting biology 
of V. maculifrons in the southeastern states was described in detail by MacDonald and 
Matthews (1981). 

Workers scavenge flesh from carcasses and from meats eaten by humans. This habit, 
together with widespread distribution and often very high population densities in 
recreational and residential areas make the eastern yellowjacket one of our most important 
species. 

Vespula germanica (Fab.). Distributed over much of the world, this introduced 
species is found throughout the upper Midwest, the Northeast, and adjoining areas of 
southern Canada, with recently discovered pockets in Idaho, Washington, Oregon, and 
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California (MacDonald and Akre 1984). Apparently reaching eastern Indiana in the 
mid-1970's, this species was established in the Lafayette area in 1976 (MacDonald et al. 
1980a). Our observations and various reports suggest that the German yellowjacket is 
common in nearly all urban areas of central and northern Indiana, but has not been found 
in the southern part of the state; the southernmost records are from the cities of 
Bloomington and Columbus. 

Most specimens possess a distinctive color pattern, but more melanistic indi,iduals 
may be confused with other species in the V. vulgaris group. As mentioned above. the 
"hooked" mandibular tooth of the females is the best discriminating character for 
workers and queens. Male genitalia (see Jacobson et aL 1978) and the variegated grey nest 
paper of the German yellowjacket are very distinct from other V. vulgaris group species 
in Indiana. 

Previously considered almost exclusively a structural nester (MacDonald et al. 1980a), 
subterranean nesting has appeared in the German yellowjacket popUlation. at least in 
central Indiana (MacDonald and Akre 1984). For example, whereas only 3/64 nests were 
subterranean in the Lafayette area from 1977-1981, nearly 38% (11129) of the nests were 
situated in underground sites in 1982. Still, the propensity to build nests in such structural 
sites as wall voids, attics, and basements characterizes the German yellov.jacket. 

Seasonal duration and size varies, but V. germanica colonies in Indiana tend to persist 
later and attain greater size than those of other V. vulgaris group species. For example, 
viable colonies have been observed as late as early December in the Lafayette area 
although most appear to complete their cycle by early November. Typical colonies reach 
their peak in September-October, with a peak worker population of 2CXXJ...3000 associated 
with a nest of 5000-8500 cells. The largest colony, situated in a Frankfort. Indiana attic, 
consisted of 6500 workers and a nest of 17,000 cclls when collected on 2 Noyember 1979. 

On account of its big population densities in urban and recreational areas. its structural 
nesting habits, and its scavenging workers, the German yellowjacket is our most 
significant pest specics. 

Vespu/a vulgaris (L.). This Holarctic species is distributed across Canada. the upper 
Midwest, the Northeast, south along the Appalachians, and higher elevations of the west. 
Apparently restricted to extreme northern Indiana. this species is rarely encountered even 
there. However. specimens of V. vulgaris could easily be mistaken for V. jlm:opilosa. and 
mistakenly have been identified as V. maculifrons in museum collections. 

Detailed study of this species in North America is lacking, but V. mlgaris is well 
studied in Europe (see Spradbery 1973 and Edwards 1980). This species is closely related 
to V. maculifrons and appears to be similar to the eastern yellowjacket in all aspects of its 
biology. According to Akre et al. (1981), V. vulgaris typically nests underground. but 
nests are also built in logs, stumps, and inside structural voids. Few V. "u/garis colonies 
have been studied, but those from the Pacific Northwest appear to be smaller (average nest 
size =2100 cells; largest nest 4972 cells) than most colonies of the V. mlgaris group. 
Large colonies with several thousand workers and nests of over 15,000 cells are reported 
from California (Duncan 1939). 

Vespula squamosa (Drury). Distributed over most of the eastern Untied States. from 
the southern Great Lakes southward, the southern yellowjacket. as its official common 
name suggests, is most abundant in the Southeast and westward into Texas l~acDonald 
and Matthews 1984). This species is distributed statewide, but is much more common in 
southern Indiana. 

One of the easiest eastern social wasps to recognize, V. squamosa possesses two 
complete longitudinal stripes on the mesonotum. Queens are different from other 
yellowjackets, as well as their conspecific workers and males. in being predominantly 
orange with black maculations. In fact, V. squamosa queens and workers originally were 
described as different species. 

Long suspected of bcing a social parasite of V. vidua, and possibly other Vespu/a. the 
southern yellowjacket has been shown to be a social parasite of V. maculfirons in the 
southeast (MacDonald and Matthews 1975). Further study revealed that the socially 
parasitic relationship between these two species exists throughout their broadly overlap



1989 THE GREAT LAKES ENTOMOLOGIST 173 

ping ranges and that V. Jlavopilosa may also serve as a host for V. squamosa (MacDonald 
and Matthews 1981, 1984). The southern yellowjacket is considered a facultative social 
parasite because at least some queens (approximately 20% in the Southeast) behave like 
other Vespu[a in starting their own colonies, whereas all queens of obligate social parasite 
species are incapable of initiating a colony and therefore must usurp an established colony 
of another species. Furthermore, V. squamosa possesses a worker caste, whereas obligate 
social parasites lack a worker caste and therefore must rely on a host species to rear the 
parasite's progeny. 

fu fudiana, V. squamosa queens typically usurp a host colony sometime in June, but 
later usurpations occur. About a month or so after usurpation, the first brood of V. 
squamosa workers emerge, having been reared by the host's workers. Eventually, as the 
unreplaced host workers die and the numbers of V. squamosa workers increase, the colony 
will assume all appearances of a southern yellowjacket colony. In such colonies excavated 
late in the season, one can discern the original host nest because its tannish-orange cells 
contrast strongly with the grey cells build by V. squamosa workers. Therefore, even when 
host workers are no longer present, the heritage of a mature V. squamosa colony can be 
determined. 

Nesting biology of V. squamosa was described in detail by MacDonald and Matthews 
(1984). Most colonies are subterranean because most host colonies are, but structural 
colonies are not uncommon. In the southeast, a few mature colonies are relatively tiny (a 
few hundred cells), while others approach the size of V. vulgaris group colonies 
(1500-3000 workers associated with a nest of 6000-10,000 cells). Based on 11 colonies 
studied in Indiana (4 from Lafayette. 7 from Clark State Forest in southcentral Indiana), 
colony demise occurs by mid-September, and peak populations in late August consist of 
several hundred to a thousand or so workers associated with nests of 2000-5000 cells. 

Southern yellowjacket workers are primarily predators, but workers occasionally 
scavenge flesh from meats eaten by humans. This species rarely is a pest at outdoor 
gatherings, but workers are strongly responsive to disturbances near their nest and tend to 
be aggressive in their defense of it. 
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