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SOCLU, WASPS OF THE HURON MOUNTAINS, MICHIGAN 
(HYME::'IJOPTERA: VESPIDAE) 

Mark F. O'Brienl 

ABSTRACT 

Ten species of social wasps were collected from the Huron Mountains area, Marquette 
Count). ~lichigan. during me summers of 1983-1985. Factors affecting the distribution 
and abundance of some species are discussed. 

"The Acukate H:,,'meooptera of the Upper Peninsula (UP) of Michigan and adjacent 
ha\e DOt been extensively studied. The only published records of Vespidae from 

area were g1\en by Dreisbach (1943), Miller (1961), and Akre et al. (1981). Only 
Miller 119611 showed discrete localities on distribution maps; Akre et al. (1981) gave 
generalized distributions, perhaps extrapolated from new collections records and Miller's 
maps. Beca.ll:S<! Yespidae are habitat specific, occurrence of a species may be locally 
uelerrnined by habitat \-ariations and the influence of human activities. Fourteen species 
of Yespidae are currently known from Michigan (Akre et al. 1981. Krombein 1979), So 
few records w-ere from the CP that it was felt a survey from an area such as the Huron 
Mountains woold re\eal new information. 

The HUfOIl '\fountains are granitic hills, ranging from 274 to 463 m in height, largely 
contain...-d within the Huron Mountain Club, a private preserve in northwestern Marquette 
Count) aboot4.8 kIn ~\\' of Big Bay. The habitats are varied, ranging from small pockets 
of boreal spruce forest [0 xeric red oak-red pine mountain slopes, from sandy jack-pine 
plains to !ioe\-eral t)-pes of bogs. Maple hardwood forest is the most widespread vegetation 

A des...--riplioo of !be habitats and flora was given by Wells and Thompson (1976). 
areas have been disturbed by selective logging while omers have been left in a 

pristine ;;.tale, 

The tolJovdng list is a result of .Malaise trapping at the Huron Mountain Club during the 
SUIIll11!efS of 1983-1985. The Malaise traps were placed at the edges of meadows 
bon::l..--ring ~-otonaI areas. in the middle of a recently cleared power line right-of-way 
bordered 00 ea.."h side by w'oods. and at the edges of open, sandy areas bordered by low, 
herba..."aXl5 ~-m, A few wasps were also hand collected. 

The earlie:sl and latest collection dates and, in parentheses, the total number of wasps 
captJ.1I"OO. are gl\en for each species. The actual period of activity of each species 
und..."\IlbtedI~ exlcrlds hL-){b before and after the dates recorded here. 

:I:r:t:!.e-..:t Division. ~lu5Cum of Zoology, University of Michigan, Ann Arbor, MI 48109. 
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Family VESPIDAE 

Subfamily POLISTINAE 


Polistes Juscatus (Fabricius). 21 June-4 August (14). Several nests were found in small 
rock crevices and under talus "cul-de-sacs" on the exposed south face of Huron 
Mountain. Two old combs from a previous year were seen where some rocks had 
collapsed. Three workers and one male were collected on Solidago hispida Muhl. on 
Breakfast Roll Mountain (4-VIII). A female and male were also found on Solidago sp. at 
the base of Breakfast Roll. 

Two small active combs were found on buildings at Ives Lake in late June 1986. One, 
under an eastward-facing gable, had at least two foundresses. A second nest (P86-17), 
adjacent to a beam under a south-facing porch roof, harbored three foundresses when it 
was collected on 28 June. The comb was comprised of 7 capped cells at the center, 11 late 
instar larvae, 13 early instar larvae, 20 cells with eggs, and four empty, partially 
completed cells. Two cells contained two eggs, indicative of some remaining competition 
among the cofoundresses. Dominant queens usually eat the subordinate foundresses' eggs 
soon after they are laid (Eberhard 1969). Nest formation by several cofoundresses of 
P. Juscatus is common (Eberhard 1969), providing a quicker expansion of the nest and, 
hence, a shorter period before workers emerge, a decided benefit in northern areas where 
shorter growing seasons prevail. 

Subfamily VESPINAE 

Dolichovespula arctica (Rohwer). 21 June-4 August (10). 
Dolichovespula arenaria (Fabricius). 14 June-7 August (64). Some workers were 

collected in early August as they foraged for nectar of Symphoricarpos albus (L.) Blake 
(Caprifoliaceae) between 7200-9200 h at an air temperature of 16°C, and at Daucus 
carota L., Solidago sp., and Spirea tomentosa L. between 1800-2030 h at 23°C. 

Dolichovespula maculata (L.). 21 June-21 August (61). At the same time that 
D. arenaria workers were getting nectar, D. maculata workers were searching for 
arthropod prey amongst 1-3 m-high bushes. 

Dolichovespula Ilorvegicoides (Sladen). 30 June-7 August (18). Workers were also 
collected at Symphoricarpos albus in the mornings and D. carota and Spirea sp. in later 
afternoon. 

Vespula acadica (Sladen). 23 June-29 July (8). 

Vespula austriaca (Panzer). 6 July (2). 

Vespula consobrina (Saussure). 21 June-21 August (87). 

Vespula jlavopilosa Jacobson. 23 June (1). 

Vespula vulgaris (L.). 21 June-3 August (12). 


Three species of vespids were predominant, perhaps reflecting their actual abundance 
or the result of better capture success by the Malaise traps of these species. V. consobrina, 
the "black jacket," was the most abundant in the samples and is a common woodland 
species. Akre et al. (1982) found this species nesting in rodent burrows, primarily in open 
woodlands with no closed canopy. Workers usually forage for live prey by flying at shrub 
level, which also happens to be the height of the Malaise traps. 

D. arenaria and D. maculata were about equally represented in the samples, but were 
less numerous than V. consobrina. Perhaps D. arenaria and D. maculata are less common 
becuase they are aerial nesters, or because they forage for prey at higher levels above the 
Malaise traps. It could be that the habitat is more favorable to subterranean Vespula nests, 
or that they are less likely to be affected by adverse weather, with the result that the 
colonies are either larger or more numerous than those of the arboreal-nesting 
Dolichovespula spp. 
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Although only a single "1/. jlawpilosa queen was collected, they may be more common 
than this. This species tends to have smaller colonies than other yellowjackets (Akre et al. 
19811. which may be a contributing factor to its paucity in the Malaise samples. Jacobson 
et al. 11978) pJ:e',iously listed a record from Marquette County, 

~ot surprisingly. the social paraistes D. arctica and V. austriaca were rarely 
encountered. D. arctica is an obligate social parasite in nests of D. arenaria and 
D. norregicoides (Greene et a1. 1978), and V. austriaca parasitizes nests of the V, rufa 
group. A Holan:tic species. its only known North American host is V. acadica (Reed et 
al. 19791

Two species that may occur in Marquette County, but have not been collected at the 
Huron .'.Iountain Dub. are "'espuia maculifrons (Buys son) and V. vidua (Sassure). A 
generalized distribution map in Akre et aL (198 I) showed these species as being present 
in the CPo but no specific localities were given, \/. maculifrons, a ubiquitous yelIowjacket 
in most parts of the eastern U.S .. was not found at the Huron Mountain Club, although 
Driesbach 11943) recorded it from Dickinson, Alger. and Chippewa counties, Unlike 
"'. consObriM. it is often a scavenger and is abundant in residential areas where it is often 
a nuisance. Due to the scattered residences and largely uninterrupted tracts of forest, it is 
doubrful that \', maculifrons will be found at the Huron Mountain area, 

It is noteworthy that P. fuscatlls has been found mostly in the proximity of talus slopes 
and exposed rock outcrops of the Huron Mountains, Even though there are several 
buildings around Ivcs Lake. only two P. fuscatus nests have been found there over the 
three-year study period. In the wild, P. Juscatus is encountered in the UP where there are 
rocky outcrops. talus slopes. or frost-splintered cliffs. Most sightings are on S, or 
SW-facing outcrops r.'.like .~duser, in litt.). Of course, in residential areas of the 
P. ,tiI5LaIUS nests around structures as it does elswhere. The south slopes of Huron 
.\Iountain and Breakfast Roll are drier and warmer than north- facing slopes, and this may 
playa role in maintaining higher temperatures around the nest sites. This, coupled with 
multiple foundresses. certainly facilitates colony growth in an area with such a short 
growing 5ea..'-QIl. Ran 11931) found P. fuscatus nests under overhanging rocks and pockets 
in dirt banis. These types of situations were probably the usual ones until man-made 
strucrures pl'O\ided eyen better nest shelters. 
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DCFOCREA l\'OVAEANGLIAE IN ILLINOIS, 
WITH CO~IRMATION OF HOST PLANT 

(H\~IENOPTERA: HALICTIDAE) 

John K. Bouseman1 

Dufourea rHaliclOidesl nomeangliae was described (as Panurgus novaeangliae) by 
Charles Robertson (1897) on the basis of two males from Connecticut and Massachusetts. 
Viereck 119(}..1.1 redescribed the species as Conohalictoides lovelli from material of both 
sexes taken from tlowers of pickerelweed, Pontederia cordata L. (Pontederiaceae), by 
J. H. Lo.elI at Waldoboro, ~laine; he also mentioned a male from Pennsylvania and a 
female from .\Ianland. Lovell himself (in Lovell and Cockerell 1906) considered the bee 
to be an oJigolege of P. cordata. Viereck later (1924) added the District of Columbia and 
Ne., Hampshire to the known distribution of the species, and he again called attention to 
the association of D. nomeangliae with pickerelweed. He used the association as the 
basis. in part. for the recognition of a new species, D. monardae (as Conohalictoides 
monardae Vierack) from Labiatae, which had been misidentified by Graenicher (1910) as 
D. nomeangliae (as Halictoides novaeangliae). The bee has received little subsequent 
notice. and the only distributional records outside of the northeastern United States are 
thl'5e of .\fitchell (1960), who recorded D. novaeangliae from unspecified localities in 
.\lichig:an and .\fissouri. 

The~purpose of this paper is to record D. novaeangliae from Illinois for the first time 
and. because Hurd (1979) listed the pollen source for the bee as "unknown," to confirm 
Pontederia cordata as the host of D. novaeangliae. 

On 5 September 1985, [ collected 18 females of Dufourea novaeangliae from flowers 
of Pontederia cordata L. at a small natural pond 4.8 km north of Watseka in Iroquois 
County. nlioois. The bees were collected between 1130 and 1200 h CDT, and all 
SpeciIl'lCllS sa,'e one had at least partial pollen loads. No male specimens of 
D. nmaeang/iae were encountered at the time, and no other species of bee were visiting 
the flowers. The host plant was in late bloom on the date of collection, and on a visit to 
the site one 'il~eellater. the pickerelweed was no longer in blossom and no specimens of 
D. nOHleangiiae were found. 
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EPISOTIA lV/SElJA: AN UNRECORDED HOST AND MODE OF 

FEEDING (I~EPIDOPTERA: TORTRICIDAE) 


William E. Millerl 

ABSTRACT 

The larya of Epinotia nisella is best known as a feeder in female catkins of Populus, 
primarily P. tremuloides Michx. in North America. In Minnesota, adults were reared 
from lar.-ae boring in current-growth branchlets of P. balsamifera L., with no sign of like 
infe~tation in neighboring P. tremuloides, which has thinner branchlets. The behavioral 
\'ariance is explained as plasticity in feeding biology, a characteristic of insects utilizing 
host reproductive structures whose abundance is periodic. 

Epinotia nisella (Clerck), a Holarctic species, is often mentioned in forest insect survey 
reports. and adults are common in insect collections. The wing pattern is variable 
(Bradley et al. 1979). Before 1959, E. criddleal1a (Kearfott) was erroneously considered 
a form of E. nisella in North America (MacKay 1959). 

The primary larval host is Populus, and the primary larval feeding site is catkins. Only 
occasionally are Salix. Betula, Alnus, and Acer recorded as hosts. and buds and leaves as 
feeding ~ites. The currently known Populus hosts in North America are P. fremuloides 
:\fic~...: .. and P. tricocarpa Torr. & Gray (R. L. Brown. pers. comm.: Forbes 1923; 
Prentice 1966: Wong and Melvin 1974). The Populus host in Europe is P. tremula L. 
(Bradle\ et al. 1979. Schefer-Immel 1958, Swatchek 1958). 

I rearro Epinotia nisella adults in Minnesota from larvae boring in branchlets of 
Populus balsamifera L. Prior literature on the insect does not mention this host or mode 
of feeding. Rearing details follow, as well as a suggested explanation for variability in the 
insect's feeding biology. The reared adults are diagnostically illustrated (Figs. 1-3), and 
YOueller specimens. including pupal exuviae, are in the insect collection of the University 
of ~~. St. Paul. 

During se\'era! growth seasons. mature and near mature P. tremuloides, P. grandi
demGra ~ficlL>;. .. and P. balsamifera growing in mixed stands in Koochiching County, 
~~1ota.....ere fdled. and their foliage minutely examined for insects. By 10 June, 
gall-like ' .... ellings .... ere noticeable on current-growth branchlets of P. balsamifera (Fig.
-+1. Cnife,,-red, bost brnnchlets were 2-+ cm Ion!! at this time, as were infested ones. The 
swellings smn."IUl1ded mnnels in which solita£)· larvae were feeding. Tunnels did not 
extend imo the previous year's growth. ~ear the mnnel apex was an opening to the outside 
thn.")UgiJ ....1licb l.a!:oae eje.."ted ITasS. The opening was shrouded by a silken sleeve 1-2 mm 
long ;:ootaining IDcorpt..T.lled pellets of Crass (Fig. 4b). Before pupation. larvae lined 
tunnels and openings with silk. In the laboratory. and presumably also in the field, 
pupati0\1 toof;: pla.."e inside branchlet..,. Before adults ecIosed. pupae pierced these 
openings and prouu.:Ia:! from them. Tbe length of the longest of 10 tunnels in which larvae 
rna.ru.red was 1.2 em. Wing panem and color variation in five reared adults matched 

~~.:: ,;0{ EIrIOClX'I~•. Cni\cI'5ir~ of \iinnesota. 51. PauL \L'I 55108. 
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Figs. 1-4. Epinotia nisella reared from Populus balsamifera in Koochiching Co., Minn .. and its 
larval hahitation. (1) Wings of adult; (2) Male genitalia; (3) Female genitalia; (4 a-c) Infested 
branchlet; (al swollen area; (b) silken shroud over tunnel opening; (el node separating current and 
previous year's growth. 

Figures 20 and 29 of Bradley et al. (1979). No branchlet. infestation was found in 
neighboring Populus tremuloides or P. grandidentata. Branchlets on these species were 
smaller in diameter than those of P. balsamifera. Isolated saplings of P. balsamifera as 
small as 4 m tall were also found infested. 

The most detailed previous description of Epinotia nisella biology in North America is 
that of Wong and Melvin (1974). They reported that eggs were laid singly on host buds 
from mid-June to early July. Larvae hatched in the spring, fed first in buds, then on 
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female catkin capsules. and finally on leaves. Pupation took place on the ground where 
larvae dropped or fell along with their habitations. Similar biological observations were 
reponed for the species in Europe (Bradley et al. 1979. Schefer-Immel 1958). 

That the E. nisella reared from Populus balsamifera branchlets in Minnesota fed first 
on catkins seems unlikely because juvenile saplings isolated from older trees were equally 
infested. The disparate feeding habit and host might be explained in at least three different 
ways: II) Epinotia nisella is a behaviorally plastic species; (2) different biotypes of 
E. nisella are involved: or (3) different species of Epinotia are involved. The first 
possibility seems most likely at present. The main resource utilized by E. nisella larvae, 
host reproductive structures, is notoriously periodic in forest trees (Matthews 1963). 
Insects that utilize reproductive structures usually have adaptations for surviving primary 
resource scarcity. Such adaptations include extended diapause, alternative feeding modes, 
and alternative host species (Hedlin et al. 1980), any of which may be manifested at any 
time. The observations reponed here are consistent with the last two adaptations. 
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A~TE:,\~AL A.,\1) MOUTHPART SENSILLA OF THE BLISTER 

BEETLE, .lfELOE C4MPANICOLLIS (COLEOPTERA: MELOIDAE) 


R. G. Bland l 

ABSTRACT 

Sensilia on the sexually dimorphic antennae of the blister beetle, Meloe campanicollis, 
were primarily sensilla chaetica with scattered socketed and non-socketed sensilla 
basiconica. Forked chaetifonn sensilla on the female's first segment are displaced by the 
antennal socket rim when the male grasps and lifts her antennae with segments 5 to 7 of 
his antennae. Segments 5 to 7 lack dense sensilla chaetica and have only patches of shorter 
sensilla. The segments also contain a high density of epidennal gland ducts compared to 
other segments. ~Iaxillary palpi apices were similar in males and females, but the 
female· s labial palpi contained fewer narrow and many more short, broad sensilla basi
conica than the male·s. 

North .-\merican blister beetles (Meloidae) in the genus Meloe are dull black beetles, 
often with metallic blue. green, or purple hues. These soft-bodied beetles lack hind wings 
or ha\e abbre\iated. basally imbricated elytra. The subgenus Meloe is characterized, in 
part. by a modification of the male's antennae that functions to receive the female's 
antennae during courtship. 

Pinto and Selander (1970) described the sexual behavior of Meloe species in their 
re\iew of the bionomics and classification of New World Meloe. The male's antennation 
of the female is the dominant display activity. The male mounts the female dorsally and 
periodically attempts to grasp the basal or middle region of the female's antennae with 
segments .5 to 7 of his corresponding antennae. The three segments form a clasp that 
secures the antenna from underneath by bending at the articulation of segments 6 and 7. 
He then raises his head slightly which pulls the female's antennae upward. Antennal 
stroking wward the distal end is the most common motion and appears to be the result of 
unsu.;:cessful attempts to grasp the female's antennae, such as when they are not easily 
accessible or are mo\·ing. rather than a consummatory act. Palpation of the female is a 
second display motion that occurs during antennation, whereby the male uses his 
ma"(iliaI! palpi to rub the top and front of her head. 

The specialized u...-.e of the clasping region of the male's antennae indicated that specific 
sense r.:ceptors might be present in that region, and complementary mechanoreceptors 
that fe5p..."Od w stroking may occur on the female's antennae. Therefore the morphology 
and distribution of all sensilla on the antennae and apex of the maxillary and labial palpi 
of -'1e/ot' campanicollis Pinto and Selander were characterized with a scanning electron 
mlcros.:-ope. 

:Bi0I~~ Deparunent. Central ~lichigan Cniyersity. ~lt. Pleasant. MI 48859 
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METHODS AND MATERIALS 

Specimens were collected in central Michigan in October 1984. Antennae and 
mouthparts were sonicated in a surfactant and air dried. They were sputter-coated with 
30 nm of gold and observed with an AMR- 1200 scanning electron microscope. 

RESULTS 

Antennae 

The antennae of males and females are II-segmented and dimorphic (Fig. 1). Sensilla 
have been placed into five groups, A to E, and all sensillar types are found on the antennae 
of males and females except for two kinds of sensilla basiconica with sockets that were not 
observed on the female's antennae. 

A. Sensilla chaetica (Fig. 2). These ridged receptors represent over 90% of the antennal 
sensilIa. Long sensilla, 80-240 [.Lm in length, are on segments I to 5 and 7 of the male's 
antenna and I to 7 on the female's. The longest sensilla occur on segments I and 2. 
Medium-length sensilla, 35-65 [.Lm long, occur on segments 6 and 8 to 11 of the male's 
antennae and 4 to lIon the female's. 

B. Forked chaetiform sensilla (Figs. 3,4). Approximately 32 bifurcated chactiform 
sensilla occur on the dorsal, lateral, and lateroventral portions of the basal region of 
segment one. They range from 20 to 110 J.1m in length. Some receptors are trifurcated on 
the female. When the antennae are raised, the forked sensilla shown in Figure 4 contact the 
rim of the antennal socket and are pressed forward. 

C. Sensilla basiconica with sockets. Non-ridged, short sensilla, often with a bulbous 
socket (Fig. 5) are scattered on all segments and range from 10 to 14 [.Lm in length. They 
also occur in two to three irregular rows near the tip of segment 10 on the male's 
antennae. Scattered, stout sensilla 9-15 [.Lm long and with a smooth surface are found on 
segment 1. 

A few stout, ridged, uniporous sensilla (Fig. 6) averaging 30 [.Lm in length arc scattered 
on the dorsal surface of segment 5 on the male, About 10 ridged, slender receptors 
(Fig. 9), 25 J.1m long, occur in the inner and outer patches of sensilla on segment 6 of the 
male, 

D. Sensilla basiconica without sockets. Non-ridged, short receptors occur on segments 
10 and 11, with most on segment 11. The base enlarges into a bulbous projection that is 
continuous with the cuticle. They are uniporous and average 12 [.Lm in length. 

E. Domed sensilla basiconica (Fig, 7). Approximately 40 short, domed sensilla are 
scattered primarily over the basal two-thirds of segment 9 on the male's antennae. They 
are in sockets and are 6-10 [.Lm in diameter and 5 J.1m high. These sen sill a are also 
scattered in small numbers on segments 1 to 3 and 11 of the female's antennae. 

Segments 5 to 7 of the Male's Antenna 

In addition to having a different shape and arrangement from the other segments, these 
three segments also differ in two more ways. 

1. They have fewer and shorter sensilla on the surfaces that contact the female's 
antenna (Fig. 8). On segment 6, a patch of 25-32 sensilla occur on the inner and outer 
halves of the dorsal surface. Most are medium length (35-50 [.Lm), ridged sensilla chaetica 
as described in group A. About 10 short, ridged basiconic sensilla (Fig. 9) (group C) form 
the remainder on this segment; some also occur on the lower anterior face of segment 5. 
The lower posterior face of segment 7 has a small inner patch of sensilla similar to the 
inner patch of segment 6. 
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Figs. 1-4. (I) Antennae of a male (Al and female (B) M. campanicollis. Segments 5-7 are used to 
grasp the female's antenna or they may stroke her antenna if grasping is unsuccessful (lOX). (2) 
Sensilla chaetica, medium length, on the dorsal surface of segment 5. These and the long sensilla 
chaetica are the most common receptors. This segment has a high density of epidermal gland ducts 
(675XL (3) Forked chaetiform sensilla on segment 1 (675X). (4) Arc of forked and single-tipped 
chaetiform sensilla at the base of segment 1. The longer receptors are displaced forward by the rim 
of the antennal socket when the antenna is raised (17 5X). 

2. The density of epidermal gland ducts (Figs. 2,9) on the contacting surface of the 
three segments increases up to twice that of the non-contacting surface and nearly five 
times that of the remaining segments (Table 1). The ducts range from 0.6 to 1.5 !Lm in 
diameter. 

Mouthparts 

The terminal segment of the maxillary palpus is a flattened cylinder with a shallow 
furrow at its apex (Fig. 10). The furrow on the male's palpus averages 40 !Lm in width 
and 400 !Lm in length, and it contains about 110 basiconic sen sill a (Fig. 11). 
Approximately 70 sensilla are broad and 7-43 !Lm long; 40 are narrower and 5-8 !Lm long. 
Tenninal pores were observed on both narrow and broad sensilla. The furrow on the 
female's palpus is (60 x 700 !Lm) and has approximately \07 broad and 88 narrow 
sensilla to total 195 receptors. 

'Ine apex of the male' s labial palpus has a furrow that averages 30 !Lm wide and 350 
!Lm long. Approximately 70 basiconic sensilla are present and consist of about 20 broad 
sensilla 5-10 !Lm long. and 45 narrower sensilla 4-5 !Lm long. Terminal pores were 
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Figs. 5-9. (5) Sensillum basiconicum with a bulbous socket on segment 10 (3970X). (6) Sensillum 
basiconicum with ridges and a terminal pore on segment 5 of the male (1590X). (7) Domed sensillum 
basiconicum (3970X). (8) Segments 5,6, and 7 of the male's antenna illustrating the paucity of 
sensilla on the surfaces that grasp the female's antenna (30X). (9) High density of spidermal gland 
ducts on segment 6 of the male's antenna; also shown is a ridged and slender sensillum basiconicum 
(lIIOX). 

observed only on the narrower sensilla. There were a few very short, broad sensilla 
2-4 !Lm long. The female's labial furrow was 40 !Lm wide and 350 !Lm long. About 16 
sensilla were broad, 19 were narrower, and 48 were very short and broad. 

DISCUSSION 

Scanning electron microscope studies of antennal sensilla and, to a lesser extent, 
mouthpart sensilla of adult beetles have been conducted by Mustaparta (1973), Payne et 
al. (1973), Dyer and Seabrook (1975), Hatfield et aL (1976), Staetz et al. (1976), Smith 
et al. (1976), Harbach and Larson (1977), Juberthie and Massoud (1977), Peck (1977), 
Dickens and Payne (1978), Bland (1981), Whitehead (1981), and Hallberg (1982a,b). 
Investigations that have emphasized cell ultrastructure by utilizing transmission electron 
microscopy were reviewed by Zacharuk (1985). 
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Table I. Mean number of epidermal gland ducts per mm2 on antennal segments of male and female 
beetles. 

Ducts/mm2 

Segment Male Female 

2 

3 

4 

5 

6 

7 

8 

9 


10 
II 

1-4 + 8-11 
5-7 
1-12 

IA 
L7 

L7 

2.1 

10.53 

19.5h 

14.0" 
3.5 
3.5 
4.0 
6.0 

Average 

0.7 
1.8 
2.0 
2.0 
0.7 
0.5 
0,8 
IA 
L7 
2.5 
2.5 

3.0 L8 
14,7 0.7 
6.2 L5 

a14,2/mm2 on anteIior (contacting) side; 7.5/mm2 on dorsal and ventral sides. 

bl1.21mm2 on ventral side. 

c 19 A'mm2 on posteIior (contacting) side; 9.lImm2 on dorsal, ventral and anterior sides. 


figs. 10.. 11. 'II::"\: 11, ~arrow (AI and broad IBI basiconic sensilla on the apex of a maxillary 
palpus: I p I ten:nina1 pore ,3485X,. 

The sensilla on the antennae of .U. campanicollis are very similar in external 
morphology to many of those of other beetles although the seosilla combinations vary for 
each spn:ies. There were DO uDUSual mechanoreceptors on the female's antennae that 
might indicate a differential response to antennation by the male. The predominant 
sensilla chaetica are typical of mechanoreceptors. although there are also chemoreceptors 
with pointed tips as well as some with an additional mechanoreceptive function (McIver 
1975 L The tactile function of these sensilla is supported by the observation that the 
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antennation of the female by the male has a calming effect on the female and elicits the 
first sign offemale receptiveness (Pinto and Selander 1970). When the female's antennae 
are raised by the male, the arc of forked mechanoreceptors on the basal portion of segment 
one is displaced by the socket rim. Their displacement may increase her receptivity to 
genital probing by the male as observed by Pinto and Selander (1970). The sensilla 
basiconica with sockets are most likely chemoreceptors. Sensilla basiconica with 
expanded bases and without sockets may be hygro- or thermoreceptors, based on similar 
non-porous sensilla identified by Altner et al. (1983). As with M. campanicollis, they 
found small numbers of these sensilla concentrated near the tip and distributed in low 
numbers on the rest of the antenna of a variety of insects. The domed bas iconic sensilla 
lack a terminal pore and resemble mechanoreceptive campaniform sensilla, except that 
they rise from a relatively deep socket. AItner et al. (1983) described a similarly shaped 
hygro- or thermoreceptor on a carabid beetle although it also had a shallower socket. 

The lack of long sensilla chaetica and fewer medium-length sensilla chaetica on the 
clasping segments of the male's antenna may provide a more solid and stable surface as 
well as more surface for grasping the female's antenna. The patches of shorter sensilla 
then are available to supply a more direct mechanoreceptive function since they are not 
overlaid by the larger sensilla. 

The reason for the high density of epidermal gland ducts on the three segments is not 
readily apparent. They are responsible for secreting the cement layer of the epicuticle 
(Wigglesworth 1972). If these ducts release the same amount of fluid as on other 
segments, their high density may result in an overflowing effect to produce a thick and 
smooth buildup of the cement layer. Observations directly into the ducts showed no 
evidence of a sensillum. However, some cuticular pits are known to have deeply recessed 
sensilla ampullacea or campaniforma (Zacharuk 1985). An ultrastructural study is 
necessary to elucidate the nature of these ducts and determine the function of the various 
sensilla on the antennae and mouthparts. 

The apex of the maxillary and labial palpi had no unusual sensilla present. The male's 
maxillary palpus had 50% more sensilla per unit area than the female's, and 9% more 
broad sensilla and 9% fewer narrow sensilla. The greater density on the male may increase 
his stimulus receptivity during his palpation of the female. 

Although the sensilla on the apex ofthe male's labial palpus were only 14% more dense 
than those on the female's, there was a notable difference in the percentages of sensillar 
types. On the male's apex, 64% were the narrower type compared to 23% on the female, 
and only 7% were short and broad compared to 58% on the female. Pinto and Selander 
(1970) briefly described the feeding and grooming habits of Meloe spp. and did not 
identify any differences between males and females. Thus the number of short, 
broad sensilla on the female may indicate their use in the selection, excavation, and filling 
of ovipositional sites as described by Pinto and Selander (1970). 
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LIFE HISTORY OF NEOPLEA STRIOLA (HEMIPTERA: PLEIDAE) 

J. E. McPherson I 

ABSTRACT 

The life history of Neop/ea striola was studied in southern Illinois during 1983-1985. 
This apparently univoltine species overwintered as adults and became active in early 
March. First instars appeared in mid-May followed by marked overlapping of the 
subsequent instars. No active adults were found after November. 

The pygmy backswimmer Neop/ea striola (Fieber) occurs in America north of Mexico 
from Florida north to Ontario, west to Manitoba, south to Texas, and east to Florida 
(Sanderson 1982); it has also been reported from Utah (Drake and Chapman 1953). In 
Illinois. it ha'i been recorded only from the northern 112 of the state (Lauck 1959). 

Several notes have been published on the life history of this small bug (see literature 
reviews of Gittelman l1974], Sanderson [1982], and Wilson [1958]). It prefers tangles of 
vegetation in fairly static water (e.g., ponds, swamps, sluggish drainage ditches) or the 
sluggish parts of streams (Drake and Chapman 1953). It is predaceous on small crustacea 
(Hunf!ertord 1919). 

Adults O\'erwinter (Gittelman 1975, Sanderson 1982) and emerge in the spring as early 
as April I Bare 1926). Eggs are inserted into aquatic vegetation (Bare 1926; Hungerford 
1919: Rice 195.+: Sanderson 1982; Torre-Bueno 1923, 1924). Nymphs are apparently 
most common during the summer months (Lauck 1959, Rice 1954) but both nymphs and 
adults can be found as late as October in Mississippi (Wilson 1958). The number of 
generations is not definitely known (Sanderson 1982). 

S. srriola has been reared in the laboratory from egg to adult (i.e., Bare 1926; Rice 
19.+2. 195.+) and the egg (Hungerford 1919; Rice 1942, 1954) and 1st-5th nymphal instars 
ha\'e been described (Gittelman 1974). 

For the past three years (1983-1985), I have conducted a survey of aquatic and 
semiaquatic Hemiptera of the La Rue-Pine Hills Ecological Area. This area, located in the 
northwe~t corner of Union County. Illinois, ca. 29 km northeast of Cape Girardeau, is part 
of the Shall.llCC ~ational Forest. It includes heavily forested areas atop limestone bluffs. 
and mobt forests at the base of these bluffs that surround La Rue Swamp and Winters 
Pond. These aquatic habitats are continuous and it is here that this pleid occurs. Much of 
the study area is blanketed with duckweeds (i.e., Lemna, Spirodeia, Wolffia, and 
Wolffiellal alon!.! the shoreline. 

Thi~ paper pr"esents information on the life history of N. striola . 

.\IATERIALS AND METHODS 

The study began in ~larch 1983. before the bugs emerged from overwintering sites that 
year. Samples of adults and (Of) nymphs were taken with an aquatic net at ca. weekly 

: Deparunem of Zoology. South.::m Illinois Cniversity. Carbondale. IL 62901. 
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Figs. 1-2. (I) Percent of individuals in each stage per sample of N. striala during 1983-1985 

combined seasons in Union County. Illinois. (2) Percent in each sample of total individuals of same 

stage of N. striala during 1983-1985 combined seasons in Union County, Illinois. For both figures, 

bars extend to last date specimens were collected; dashed lines between first and last dates indicate 

no specimens were found. 
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intervals at six sites along the edge of the study area into November after all nymphs had 
disappeared and adult activity had markedly decreased. Sampling during the following 
two years was conducted similarly. All samples were preserved in 75% ethanol and 
subsequently examined in the laboratory to accurately determine the developmental stages 
present in each sample. Occasional samples were also taken during the winter to 
determine the overwintering stage(s). Data gathered during the three years of this study 
were combined to gain a better understanding of the annual life cycle. 

RESULTS AND DISCUSSION 

This species overwintered as adults and became active in early March (Figs. 1, 2). 
Unfortunately, only one overwintering adult was found, and that in a sample of mud and 
detritus in shallow water within 1 m of the shoreline. However, this observation agrees 
with that of Gittelman (1975) who also found that adults overwinter in bottom litter. No 
eggs were found. First instars were found from mid-May to early August, 2nd instars from 
the 3rd week of May to the 3rd week of August, 3rd instars from late May and early June 
to the 3rd week of August, 4th instars from early June to early September. and 5th instars 
from mid-June to mid-October. 

Overv.·intered adults were most abundant between early April and early June. New 
adults began to appear in July as evidenced by the increase in number of adults following 
the 1st appearance of 5th instars (Figs. 1. 2). 

The number of generations is not clearly evident from the data. There was marked 
overlapping of the various stages and. therefore. any particular sample could have any 
combination of individuals (Fig. I). Also, weekly plotting of data for each stage failed to 
show distinct peaks of abundance (Fig. 2). Thus, either one or more generations/year 
might seem equally probable. However, I believe this bug is univoltine and capable of 
sustained oviposition. The drops in percentages of 1st and 2nd instars in early June 
followed by increases might suggest a partial 2nd generation. But both drops occurred at 
the same time in the two instars and, therefore, probably reflect their small sample sizes; 
the 3rd-5th instars, with sample sizes, did not show a similar pattern. The 
reappearances of 1 st and 2nd ins tars late in the year, and the increases in percentage of the 
3rd-5th instars, also a partial 2nd generation. However. Bare (1926) and Rice 
(19-U. 1954) reported adults reared from eggs deposited in the laboratory by field-
collected parents did not, in turn, reproduce, thus further supporting my contention that 
N. striata is univoltine. 
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LIFE mSTORY AND LABORATORY REARING OF 

CORYTHUCHA JUGLANDIS (HEMIPTERA: TINGIDAE) 


WITH DESCRIPTIONS OF IMMATURE STAGESl 


T. E. Vogt and J. E. McPherson2 

ABSTRACT 

The life history of Corythucha juglandis was investigated in Jackson and Alexander 
counties. Illinois. August 1981-December 1985 and the immature stages were described. 
The bug was also raised from egg to adult under controlled laboratory conditions. This 
apparently bivoltine species overwintered as adults that became active in late April-early 
May. began feeding on the undersides of black walnut leaflets, and reproduced shortly 
thereafter. The seasonal occurrence of the adults and subsequent immature stages is 
discussed. Adults were last observed in mid-October. C. juglandis was reared on black 
walnut leaflets under a 16L:8D photoperiod at ca. 23.9°C. The pre-ovipositional, 
ovipositionaL and post-ovipositional periods averaged 14.0, 50.3, and 11.9 days, 
respectively: average fecundity was 118.6. The incubation period, and 1st, 2nd, 3rd, 4th, 
and 5th stadia averaged 16.4,4.3,3.8,4.2,4.6, and 6.7 days, respectively. 

The phytophagous family Tingidae (lace bugs) is cosmopolitan and contains three 
subfamilies. 236 genera, and 1820 species (Drake and Ruhoff 1965). The genus 
Corytlzllcha Still is restricted to the Western Hemisphere and 48 of its 68 species have 
been reported from the United States (Bailey 1951, Drake and Ruhoff 1965). Many of the 
Corythllcha species are strikingly similar to each other (Bailey 1951). 

Most members of this family feed on the undersides of leaves and are gregarious (Bailey 
1951. Drake and Ruhoff 1965). Several are noted pests of trees, extracting photosynthates 
from the leaves (Baker 1972). In heavy infestations, the upper leaf surfaces either whiten 
or turn brown (Baker 1972). 

Corythllchajuglandis (Fitch) ranges from New England north to New Brunswick, west 
and southwest to Kansas and Texas, and south to North and South Carolina and Georgia 
(Drake and Ruhoff 1965). It is common in New England (Bailey 1951), Ohio, Indiana, 
and Illinois (as C. contracta Osborn and Drake by Drake [1921], see Drake and Ruhoff 
[1965]). Although this tingid has been listed from several plants, it has been most 
frequently reported from black walnut (1uglans nigra L.), butternut (1. cinerea L.), pecan 
(Carya illinoensis (Wangenheim)), and linden or basswood (Tilia sp.) (as C. contracta 
by Drake [1921]. as C. contracta and C. jllglandis by Blatchley [1926], see Drake and 
Ruhoff [1965]. Bailey [1951] and Sheeley and Yonke [1977]). Sheeley and Yonke (1977) 
suggested. however, that hosts other than illglans spp. are incidental. When they found 
C. jllglandis on a questionable host. there was usually a walnut tree in the immediate 
vicinity and the questionable host had few, if any, feeding or excrement spots. 

Ipan of a thesis submitted to Southern Illinois University at Carbondale by the senior author in 
panial fultillment of the requirements of the M.S. degree in Zoology. 

cDepanment of Zoology. Southern Illinois University, Carbondale, IL 62901. 
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C. juglandis is apparently trivoltine in Missouri (Sheeley and Yonke 1977) and 
bivoltine in New Jersey (as C. parshleyi Gibson by Weiss and Dickerson (1918], as 
C. contracta by Barber and Weiss [1922], see Drake and Ruhoff [1965]). In Missouri, 
overwintered adults appear in late April-early May and egg laying begins by late May 
(Sheeley and Yonke 1977). First generation adults appear in late June-early July, second 
generation adults in late July-early August. and third generation adults in late August
early September; these last adults overwinter. In New Jersey, overwintered adults appear 
in mid-May and egg laying begins by late May (Weiss and Dickerson 1918, Barber and 
Weiss 1922). First generation adults appear in early July and second generation adults by 
late August; these last adults overwinter. 

C. juglandis usually lays its eggs singly on the ventral side of the leaflet at the juncture 
of the midrib and secondary veins (Weiss and Dickerson 1918, Barber and Weiss 1922, 
Bailey 1951, Sheeley and Yonke 1977) and usually on the basal half of the leaflet (Weiss 
and Dickerson 1918, Barber and Weiss 1922, Bailey 1951). 

Leaves upon which C. juglandis has been feeding, if severely attacked, become yellow 
and dry, frequently falling to the ground (Weiss and Dickerson 1918, Barber and Weiss 
1922, Sheeley and Yonke 1977). Bailey (1964) suggested that a stunted butternut 
observed during his study may have resulted, in part, from a heavy infestation of this 
tingid. 

The eggs (Weiss and Dickerson 1918, Bailey 1951) and nymphs (Weiss and Dickerson 
1918) have been briefly described, but not illustrated. Also, some brief notes have been 
published on rearing of this tingid on black walnut (Sheeley and Yonke 1977) and a 
"suitable host plant" (Horn et al. 1979). 

This study presents further infonnation on field life history and laboratory rearing of 
C. juglandis , and includes detailed descriptions and illustrations of the immature stages. 

MATERIALS AND METHODS 

Life History 

Several C. juglandis adults were found at a black walnut plantation near Tamms in 
Alexander County, IIlinios, during August 1981 and on three black walnut trees near the 
USDA Forestry Sciences Laboratory on the Southern Illinois University at Carbondale 
(SIUe) campus during May 1982. Preliminary data collected during the active season of 
1982 at both sites suggested a detailed life history study was possible. Thus, a study of 
these populations was conducted from fall 1982 into fall 1985. Most data were collected 
during 1983 and 1984 from late April to mid-October, before the bugs emerged from and 
after they entered overwintering sites, respectively. Leaf litter samples were collected at 
the Tamms site November and December 1982 and the SIUC site December 1985 and 
examined for overwintering individuals. 

Counts of adults and nymphs and notes on their activity were taken 1-3 times/week at 
the SIUC site and weekly at the Tamms site. Counts consisted of two types: (I) number 
of adults observed from ground level in 5 minutes, and (2) number and instars of all 
nymphs observed from ground level with no time limitations. were inspected and 
instars distinguished with the aid of a 5X magnifying glass. Eggs were simply noted as 
present or absent because of difficulty in distinguishing between fertile and infertile eggs. 
However to serve as a check for field identification of instars, particularly Ists-3rds which 
appear very similar, small samples were occasionally collected and compared with 
laboratory-reared specimens. 

Sheeley and Yonke (1977) reported marked overlapping of generations during the 
active season for C. juglandis. Therefore, a sleeve cage was used at the SIUC site to 
isolate a small group of individuals (10-15) to help detennine generation time. The cage 
was cylindrical with a hole at each end through which a supporting branch was passed. 
This cage, modified from Cuda and McPherson (1976), consisted of two half-cylinders 
held together with Velcro®. The frame of each half was constructed of three 60-cm pine 
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wood strips (1I2 x 3/4") and two semicircular end pieces (l/8" wall paneling, 30 em along 
straight edge). Each end piece was attached at each corner to the end of a strip (lateral) 
and at the midpoint of the arc to the third strip (median) with two nails/strip at each end. 
A piece of acetate, to permit observations of the lace bugs and provide protection from 
rain. was stapled to the strips and end pieces of the upper half, and Lumite Saran® (32 x 
32 mesh), for ventilation, to the lower half. Velcro® was glued and stapled to the 
opposable faces of the lateral strips of both half-cylinders and a thin strip of foam rubber 
glued to the opposable face of each end piece of the upper half to permit a tight seal. The 
cage was supported with wire wrapped around higher branches and passed through a 
screw eyelet fastened to the upper median strip at each end. 

Four 4th and eight 5th instars were placed in the cage on 22 June 1984 after inspection 
ofthe leaflets with the magnifying glass to insure the absence oftingids (including eggs). 
Adults emerged on 3 July and reproduced shortly thereafter. The cage was moved to fresh 
leaflets on 30 July, again after inspection to insure absence of tingids, and 3 3rd, 17 4th. 
and 47 5th instars from the offspring of the caged previous generation were added. 

A censusing of C. juglandis adults and nymphs was conducted for a single, heavily 
infested, black walnut tree at the SlUe site on 28-29 August 1984 to help determine 
spatial distribution of this lace bug. The tree was ca. 12 m in height with a diameter at 
breast height (DBH) of 21 em. A ladder was used to reach higher leaflets for close 
inspection to determine numbers and stages present. Eye level from the top of the ladder 
was 10m and no tingids were observed above this height. Heights above ground of all 
adults and nymphal instars were measured to the nearest 5 em and then lumped into 
I-meter intervals. Distribution of these same bugs on the erown's estimated leafed inner 
and outer halves was also recorded. 

Laboratory Rearing 

Twenty overwintering adults (10 males, 10 females) were collected at the SlUe site on 
19 May 1983, taken to the laboratory, and placed in petri dishes (ca. 9 em diam., 2 em 
depth) (1 male, 1 female/dish). Each dish was covered on the bottom with a disc of filter 
paper; the paper was moistened daily with distilled water and any condensation wiped 
from the lid. Two black walnut leaflets were added to serve as food and as oviposition 
sites. Preliminary data indicated that females preferred to oviposit while upside down on 
the ventral side of the leaflet. To provide this opportunity, but to increase the female's 
choices, the fIrst leaflet was placed on the paper ventral side up and the second placed 
over it ventral side down, but touching only at the base and apex, leaving a gap between 
the two. The paper and leaflets were replaced every 2-3 and 1-3 days, respectively. 

Leaflets were examined daily for eggs. Those with eggs were removed and placed in 
separate petri dishes on ftiter paper, always with the eggs upward. The paper was 
moistened and condensation wiped from the lids daily_ A fresh leaflet, placed ventral side 
up, was added 12 days later in anticipation of hatching (ca. 15 days, based on preliminary 
incubation data) and the dish was covered with plastic and closed with the lid to prevent 
the escape of recently hatched nymphs. Orienting the leaf ventral side up permitted the 
nymphs to be easily observed while it exposed them to their preferred feeding surface and 
helped prevent them from drowning in the moist paper. 

Nymphs hatching on the same day were kept together in groups of up to 10 and reared 
to adults on single leaflets, placed ventral side up, in petri dishes prepared similarly to 
those used for adults and These dishes were also covered with plastic and closed 
with the lids to prevent the instars from escaping; however, the plastic was removed 
for later instars because escape was not a problem and the plastic increased condensation. 
Exuviae were counted and removed daily_ Filter paper was moistened daily and 
condensation wiped from the lids and plastic. Leaflets were replaced every 2-3 days. 

Cultures were kept in incubators maintained at ca. 23.9 ± l.loe and a 16L:8D 
photoperiod (ca. 260 ft-c). 
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Thirty I st generation 5th instars were collected at the slUe site on 26 June 1984, 
returned to the laboratory, and placed in petri dishes (7-8/dish). Upon reaching adults, 
seven males and seven females were selected and also placed in petri dishes (l male, 1 
female/dish). Dishes for 5ths and adults were prepared similarly to those of the same stage 
in the rearing study. Leaflets in the seven dishes were examined daily for eggs to 
determine the pre-ovipositional, ovipositional, and post-ovipositional periods; and fecun
dity. 

Descriptions of Immature Stages 

Eggs and 1st-5th instars were collected at the slUe site and preserved in 75% ethanol. 
The description of each stage is based on 10 individuals. Drawings were made with the 
aid of SEM photomicrographs, measurements with an ocular micrometer. Dimensions are 
expressed in mm as it ± SE. SE values < 0.005 (rounded to the nearest hundredth) are 
listed as 0.00. 

RESULTS AND DISCUSSION 

Life History 

Data from the Tamms site during 1983 and 1984 were limited because of a marked 
decrease in the population; therefore, discussion applies only to the slue site unless 
stated otherwise. 

Adults generally emerged from overwintering sites in early May (one individual was 
observed 23 April 1982), began feeding on the underside of black walnut leaflets, and 
reproduced shortly thereafter. The mating position was end-to-end and at an approximate 
right angle as reported by Sheeley and Yonke (1977). 

Eggs were found from the third week of May to mid-August (Figs. lA-B). They were 
generally laid singly, occasionally in clusters of 2-4, on the undersides of leaflets at the 
juncture of the midrib and secondary veins, and usually on the basal half of the leaflet. 
These observations support those of Weiss and Dickerson (1918), Barber and Weiss 
(1922), Bailey (1951), and Sheeley and Yonke (1977). 

The 1st instars were found from early June to late August, 2nd and 3rd instars from 
mid-June to late August, 4th instars from the third week of June to early September, and 
5th instars from the third week of June to the third week of July and from mid-August to 
early September (Figs. lA-B). Nymphs were gregarious and, as with adults, occurred on 
the undersides of leaflets. 

The leaflets began to yellow in early July and continued to deteriorate for the rest of the 
season. Nearly all had fallen at both sites by mid-September. This apparently was due to 
some factor other than tingid feeding, possibly a fungus, Mycosphaerella juglandis 
Kessler (Weber, pers. comm.). Leaflets with tingids were characterized by excrement 
spots, exuviae, and whitening of the upper surfaces. 

Most adults began to leave the trees by mid-September, although a few individuals 
were found on leaflets during mid-October at the Tamms site. All leaf litter samples, 
when placed in Berlese funnels, yielded several adults and indicated that litter is an 
important overwintering site. No individuals were found overwintering beneath bark. 

C. juglandis is apparently bivoltine in southern Illinois. Although there was marked 
overlapping of the various stages and, thus, any particular sample could have any 
combination of individuals (Fig. IA), weekly plotting of data for adults and each nymphal 
instar generally showed two peaks of abundance (Fig. IB). First generation adults 
appeared in late June as was evidenced by the presence of teneral individuals. Also, 
teneral adults were first observed in the sleeve cage on 3 JUly. Second generation 
(overwintering) adults appeared in early August as was evidenced by the appearance of 
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adults on 4 August in the sleeve cage containing second generation nymphs, These adults 
failed to reproduce, and were removed from the cage during the third week of September 
after no other tingids were observed on the trees, 

On the single tree censused, most individuals were observed from 1 to 7 m above 
ground (94,OCk) and on the crown's leafed outer half (89,3%) (Fig, 2), 

Laboratory Rearing 

The pre-ovipositionaL ovipositional, and post-ovipositional periods averaged 14.0, 
50.3, and 11.9 days, respectively; fecundity averaged 118.6 (Table 1). 
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Table I. Pre-ovipositional, ovipositional, and post-ovipositional periods (in days), and fecundity of 
•bC. juglandis under laboratory conditionsa

Range 

118.6Fecundity 96--166 8.4 
Pre-ovipositional 12-18 14.0 ± 0.8 
Ovipositional 43-63 50.3 ± 2.4 
Post-ovipositional 7-18 11.9 ± 1.4 

aBased on seven females. 
b830 eggs were laid. 
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Eggs were generally laid singly, occasionally in clusters of 2-4. Of the 1072 deposited 
(1983, 1984) 98.6% were laid on the upper leaflet, with the remaining 1.4% on the lower. 
All were laid on the ventral surface at the juncture of the midrib and secondary veins and 
usually on the basal half of the leaflet. None was laid on dorsal leaf surfaces, filter paper, 
or dishes. The incubation period averaged 16.4 days (Table 2). 

The lsI ins tar emerged through an operculum at the cephalic end. It was pale at this 
time with red ommatidia and translucent legs, but darkened to its normal color in 1.5 hr 
(see description). 

The 1st, 2nd, 3rd, 4th, and 5th stadia averaged 4.3, 3.8, 4.2, 4.6, and 6.7 days, 
respectively; total developmental period averaged 40.0 days (Table 2). 

Most nymphal mortality resulted from drowning in water condensation on the lid and 
plastic. Also, incomplete ecdysis was occasionally observed. 

Descriptions of Immature Stages 

Egg (Figs. 3, 4A). Length, 0.54 ± 0.01; width, 0.18 ± 0.00. Eggs generally laid 
singly, occasionally in clusters of 2-4. Color dark brown to black apically, translucent 
basally; areas separated by diffuse subcrescentic border. Shape elongate, slightly curved, 
broadest at basal 113, narrowing anteriorly and terminating with conical operculum set off 
from remainder of egg by constriction. Operculum comprised of three regions: basal 1/3 
with smooth collar; middle 113 and apical 113 with small and large areolae, respectively. 
Chorion smooth except apical 2/3 of operculum. 

Nymphal Instars. The 1st instar is described in detail, but only major changes that have 
occurred from previous instars are described for subsequent instars. Length is measured 
from anterior margin of he;ld to tip of abdomen; width across widest part of the body, 
usually abdominal segments 3-4. Additional measurements are presented in Table 3. 
Body armature (Fig. 4B) is divided into two categories: seta, defined here as an elongate 
bristle; and chalaza, as a seta arising from a prominent conical base. Measurements 
exclude these structures. 

First Instar (Figs. 4C-D). Length, 0.60 ± 0.01; width, 0.24 ± 0.00. Body elongate 
elliptical; dorsally, medial 2/3 of thorax and particularly abdomen elevated; ventrally, 
thorax flattened, abdomen convex. Sclerotized areas of body light brown to brown; 
integument smooth. Color dorsally light brown with broad medial mark extending over 
meso- and metathoraces and abdominal segments 1-2 yellowish white; dorsolaterally and 
ventrally yellow to yellowish white, laterally brown. 

Table 2. Duration (in days) of each immature stage of C. juglandis under controlled laboratory 
conditions. 

Number 
completing Cumulative 

Stage stadium Range x SE mean age 

Egg 187a 15-21 16.4 ± 0.1 16.4 
Nymph 

1st instar 136 2-8 4.3 ± 0.1 20.7 
2nd instar 121 2-8 3.8 ± 0.1 24.5 
3rd instar 101 2-8 4.2 ± 0.1 28.7 
4th instar 96 3-10 4.6 0.1 32.3 
5th instar 90 5-12 6.7 0.1 40.0 

"242 eggs were laid. 
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Fig. 3. SEM photomicrograph of operculum of C. juglandis egg. Gap in magnification index line 
= I micron. 

Head markedly declivent anterior to compound eyes; tylus exceeding and elevated 
above juga; compound eye with five widely spaced red ommatidia; synthlipsis ca. 5/6 
width of head. Head light brown to brown; tylus and apices of juga yellowish white; pale 
arcuate line extending medially from inner margin of each eye to midline of vertex and 
then straight back across pronotum, fading posteriorly on remainder of thorax or on 
abdomen. Three pairs of chalazae present, one pair at base of tylus each side of midline, 
one pair medially on frontal disc, and one pair on vertex; those on frons and vertex arising 
from common elevated bases; one seta present on elevated base posterior to each vertex 
chalaza. Antennae yellowish white, 3-segmented; with scattered, well developed setae; 
cluster of short setae at apex; ratio of segments ca. 3:3: 11. Beak yellowish white, 
4-segmented, extending onto abdomen. 

Nota each with well developed medial plate, laterally membranous; plate of pronotum 
brownish, plates of meso- and metanota brownish with medial yellowish white mark. 
pronotum subtrapezoidal, ca. 113 long as wide along midline; anterior margin almost 
straight; posterior margin slightly arcuate each side of midline, bending cephalad laterally; 
each lateral margin with one chalaza. Mesonotum ca. 1/2 length of pronotum along 
midline, subequal along lateral margin; posterior margin similar to that of pronotum; one 
chalaza present medially each side of midline and along lateral margin. Metanotum ca. 
4/5 length of mesonotum along midline; posterior margin similar to that of mesonotum; 
well developed chalazae absent. Thoracic pleural areas scleroti'zed and brownish; spiracle 
present dorsally near bases of legs between pro- and mesopleura and meso- and 
metapleura. All coxae yellowish brown, remaining segments yellowish white; tarsi 
2-segmented, segment I short, ca. 113 as long as 2; the two claws brownish yellow. 

Abdomen dorsally with scent glands opening medially between segments 3-4 and 4--5; 
segments 2-9 with one chalaza posteriorly on lateral margin; segments 2, 5, 6, and 8 with 
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Table 3. Measurements (mm)",b,c of C. juglandis instars. 

Nymph 

1st instar 2nd instar 3rd instar 4th instar 5th instar 

Body length 0.60 ± O,OJ 0.78 ::: OJ)j 0.04 
Body width 0.24 :': 000 0.36 :': 001 0.01 
Width at eyes 0,17 ± 0.00 0.22 ± O,OJ 0.01 
Synthlipsis 0.14 ± 0.00 0.17 = 0,00 
Head lengthd 0.15 0.00 
Antennal length 
Labial length 
Pronotal length" 
PronOlal width 0.20 

'it ::: SE. 
bSE values < 0.005 listed as 0.00. 
'N 10. 
dMeasured along midline. 
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one ehalaza present medially each side of midline; segments 5 and 6 with two setae, 
segment 8 with one seta, each side of midline, all setae per segment arising with 
respeetive chalazae from common base that is elevated above remainder of dorsum. 
Segments 2-8 with pair of spiracles ventrolaterally, each spiracle located at dorsolateral 
margin of lateral sclerite. 

Second Instar (Fig. 4E). Length, 0.78 ± 0.01; width, 0.36 0.01. Body less 
elongate; dorsally, medial 112 of abdomen elevated; surface of body dorsally, and of 
pleura, covered with spinules. Color brown dorsally with medial mark of meso- and 
metathoraces and abdominal segments 1-2 yellowish white; thorax dorsolaterally and 
ventrally yellowish white, laterally brown; abdomen laterally brown, ventrally brown 
with median yellowish white strip that tapers posteriorly. Bases of chalazae proportion
ately larger than in 1st instaL 

Synthlipsis ca. 7/10 width of head. Head brown, eolor of tylus and juga similar to those 
of 1st instar. Chalazae and setae in same positions as in 1st instar; vertex with cluster 
consisting of three chalazae anteriorly and two setae posteriorly each side of midline. 
Ratio of antennal segments ca. 6:5:22. 

Pronotum ca. 114 long as wide along midline; anterior margin concave; posterior 
margin convex; one chalaza anteromedially each side of midline and cluster of two 
chalazae and one seta on each posterolateral comer. Mesonotum ca. 2/3 length of 
pronotum along midline; posterior margin nearly straight; cluster of one chalaza and two 
setae present medially each side' of midline on raised discs; posterolateral cluster of 
chalazae and setae present and resembling those of pronotum. Metanotum ca. 213 length 
of mesonotum along midline; posterior margin similar to that of 1st instar. 

Abdomen dorsally with segment I constricted laterally; segments 2-8 with one seta 
dorsally near posterolateral margin adjacent to posterolateral chalaza; medial chalazae of 
segment 2 joined basally by narrow transverse ridge. Segments 2-8 with pair of spiracles 
ventrolaterally, each spiracle centrally located within lateral sclerite that is fused to ventral 
selerite. these ventral sclerites separated medially by yellowish white membranous strip 
that tapers posteriorly. 

Third Instar (Fig. 5A). Length, 1.18 0.00; width, 0.55 0.01. Body less 
elongate. Color dorsally dark brown with yellowish white medial and lateral marks; 
medial mark extending over meso- and metathoraces and abdominal segments 1-2, eaeh 
lateral mark extending over abdominal segments 1-3, medial and lateral marks separated 
by dark brown strip; thorax laterally dark brown, ventrally yellowish white; abdomen 
laterally dark brown, ventrally dark brown with median yellowish white strip that tapers 
posteriorly. Bases of chalazae proportionately larger than in previous instars. 

Compound eye with ea. 7-8 red ommatidia. Head dark brown, color of tylus and juga 
similar to those of previous instars. Chalazae and setae in same positions as in previous 
instars; frontal disc with cluster of 3-4 chalazae; vertex with cluster of three chalazae and 
three setae each side of midline. Antennae 4- segmented, ratio of segments ca. 3:3:10:7. 

Nota with well developed medial and lateral plates, lateral plates of pro- and mesonota 
partially fused to respeetive medial plates and completely fused to respective pleura, 
lateral plates of metanotum not fused to medial plate but fused to pleuron; medial plate of 
pronotum dark brown, those of meso- and metanota dark brown with medial yellowish 
white marking; lateral plates of nota dark brown, membranous areas yellowish white. 
Pronotum ca. 113 long as wide along midline; posterior margin medially extending more 
posteriorly; three pairs of chalazae present medially each side of midline, two pairs 
anteromedially with bases eontiguous, and one pair posteromedially; cluster of three 
ehalazae of unequal size (smallest not visible in dorsal view) and one seta at posterolateral 
eomer; and single ehalaza on lateral margin, usually midway between antero- and 
posterolateral eomers. Mesonotum ca. 112 length of pronotum along midline; medial 
ehalazae in same positions as those of previous instar, lateral ehalazae and posterolateral 
clusters similar to those of pronotum; wing pads weakly evident. Metanotum with 
posterior margin straight. 

Abdomen dorsally with segment 1 constricted laterally, not reaching lateral margin of 
body; segments 2-3 with one ehalaza; 4-9 with pair of chalazae of unequal size (smallest 
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l 
A B 


O.5mmc 
Fig. 5. Immature stages of C. juglandis: (Al 3rd instar, (B) 4th instar, (e) 5th instar, 

not visible in dorsal view); and 2-8 with one seta; chalazae and setae located at 
posterolateral corners of respective segments. 

Fourth Instal' (Fig. 5B). Length, 1.71 0.02; width, 0.79 ± 0.01. Body dorsally 
with medial 2/3 of both pronotum and abdomen elevated, medial areas of meso- and 
metanota not elevated. Color dorsally dark brown with medial and lateral (4) marks 
yellowish white; medial mark subtriangular, extending and narrowing from abdominal 
segment 2 to posterior area of pronotum; lateral marks paired, each member of anterior 
pair at posterolateral corner of pronotum, each member of posterior pair extending over 
abdominal segments 1-3; medial and lateral abdominal marks separated by dark brown 
mark. Bases of chalazae proportionately larger than in previous instars. 
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Compound eye with ca. 28 red ommatidia. Chalazae and setae in same positions as in 
previous instars; frontal disc with cluster of 4-7 chalazae; vertex with cluster of 3-5 
chalazae and 1-2 setae each side of midline. Ratio of antennal segments ca. 5:4:16:12. 

Nota with well developed medial and lateral plates, lateral plates completely fused to 
respective medial plates and pleura, general areas of fusion per segment marked with 
longitudinal yellowish streak. Pronotum with anterior margin slightly triarcuate; posterior 
margin medially extending more posteriorly than in previous instar; cluster of four 
chalazae and one seta at posterolateral comer; and two chalazae on lateral margin anterior 
to posterolateral cluster. Mesonotum ca. 113 length of pronotum along midline; wing pads 
extending onto abdominal segment 2; cluster of two chalazae and two setae present 
medially each side of midline; cluster of chalazae and seta present on lateral margin 
posteriorly, similar to those on posterolateral comer of pronotum, and preceded by two 
chalazae between cluster and pronotum. Metanotal wing pads small, covered by those of 
mesonotum. 

Pattern of chalazae on abdominal segments 2-3 as in previous ins tar; segments 4-9 with 
three chalazae of unequal size (smallest not visible in dorsal view); segments 2-8 with one 
seta as in previous instar. 

Fifth Instar (Fig. 5C). Length, 2.10 ± 0.04; width, 1.20 ± om. Body dorsally with 
medial 113 of pronotum and 3/4 of abdomen elevated, medial areas of meso- and metanota 
not elevated. Color dorsally and ventrally dark brown with much of medial and lateral 
marks yellowish; dorsally, medial mark extending from abdominal segment 3 to anterior 
margin of pronotum and consisting of two parts, a posterior hourglass shape and an 
anterior mediolongitudinal strip. Pronotum with lateral margins yellowish, encompassing 
dark brown spot. Mesonotum (including wing pads) yellowish with dark brown area each 
side of midline, wing pads with posterior and inner margins dark brown. Metanotum with 
exposed region yellowish. Bases of chalazae proportionately larger than in previous 
instars. 

Compound eye with ca. 50 red ommatidia. Chalazae and setae in same positions as in 
previous instars; frontal disc with cluster of 4-6 chalazae; vertex with cluster of 5-7 
chalazae and 1-3 setae each side of midline. Ratio of antennal segments ca. 7:5:23:14. 

Pro- and mesonota with lateral margins explanate. Pronotum markedly tumid 
anteromediaIIy, carinate posteriorly, carina running from posterior area of segment to 
base of tumid area; ca. 3/5 long as wide; anterior margin triarcuate; posterior margin 
medially extending more posteriorly than in previous instar; cluster of 4-5 chalazae and 
one seta at posterolateral comer; and 3-7 chalazae on lateral margin anterior to 
posterolateral cluster. Mesonotum ca. 114 length of pronotum along midline; posterior 
margin arcuate medially; wing pads extending onto abdominal segment 5; cluster of 2-3 
chalazae and 1-2 setae present medially each side of midline; cluster of chalazae and seta 
present near mid-lateral margin of wing pads, similar to those on posterolateral comer of 
pronotum, and preceded by 3-6 chalazae on lateral margin between cluster and pronotum. 
Metanotum ca. 1/3 length of mesonotum along midline; wing pads extending onto 
abdominal segment 5, covered by and slightly shorter than those of mesonotum. 

Chalazae and setae absent on segments 2-3; three chalazae present on segments 4-9 
(smallest now visible in dorsal view), and one seta on segments 4-8. 
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ODONATA AT A SMALL WOODLAND POND IN 

SOUTHERN ILLINOIS 


T. E. Vogt. 1. E. McPherson,! and W. T. McDowe1l2 

ABSTRACT 

A survey of the adult odonate fauna of a small woodland pond in Pope County, Illinois, 
was conducted during 1983--·1984. Twenty-four species were collected including Aeshna 
mutata and Anax longipes. In addition, Libellula vibrans was collected in 1982, and 
Aeshna sp. (probably u. umbrosa) observed the same year but not collected. 

Vogt and McPherson (1986) presented a list of the Odonata of the La Rue-Pine Hills 
Ecological Area (hereafter referred to as Pine Hills) and included ranges of flight activity 
for both this locality and for southern Illinois. Pine Hills, located in the northwest comer 
of Union County, illinois, includes both terrestrial and aquatic habitats. The primary 
aquatic habit'\t is La Rue Swamp (including Winters Pond with which it is continuous). 
The sources of water are springs that issue from the base of the Pine Hills bluffs and from 
runoff. 

During 1983-1984, we studied the odonate fauna of a small woodland pond in southern 
Illinois. Presented here is information on this fauna and a comparison with that of Pine 
Hills. 

MATERIALS AND METHODS 

On I June 1982, we observed several individuals of the aeshnids Aeshna mutata Hagen 
and Anax longipes Hagen patrolling a small pond in Pope County, 8 km west of Delwood. 
Closer inspection suggested that the odonate species diversity was high and, thus, 
presented an excellent opportunity to compare a pond assemblage with that of a swamp. 
Therefore, collecting trips were made once per week from May through August, and 
sporadically in September and October, during 1983 and 1984. Records consisted of 
specimens collected and later deposited in the Southern Illinois University Entomology 
Collection, Zoology Research Museum, and sight records (i.e., specimens not collected). 

The pond is ca. 19 x 24 m, shallow (depth appears not to exceed 2 m), and encircled 
by planted pines and second growth hardwoods. It was excavated for wildlife by the 
USDA Forest Service and although it presently contains various amphibians (e.g., 
Ambystoma, Notophthalmus, Rana) and reptiles (e.g., Nerodia), it apparently contains no 
fish. Dominant vascular plants associated with the pond include Carex squarrosa L., 
Alisma subcordatum Rafinesque-Schmaltz, Leersia oryzoides (L.). Scirpus atrovirens 
Willdenow, Eleocharis macrostachya Britton, Potamogeton diversifolius Rafinesque
Schmaltz, and Bidens aristosa (Michaux). 

!Department of Zoology, Southern Illinois University, Carbondale, IL 62901. 
2910 West Prairie, Marion, IL 62959. 
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RESULTS AND DISCUSSION 

Twenty four species were collected during this study (Table 1); also, Libellula vibrans 
Fabricius was collected on 20 June 1982, and Aeshna sp. (probably u. umbrosa Walker) 
was observed on 25 October 1982 but not collected. As was expected, several of the 
species were found throughout much of the season (i.e., Enallagma aspersum (Hagen), 
Ischnura posita (Hagen), Anax junius (Drury), Erythemis simplicicollis (Say), Libellula 
cyanea Fabricius, Pachydiplax longipennis (Burmeister), and Plathemis lydia (Drury», 
whereas others were rarely observed (i.e., ArgiaJumipennis violacea (Hagen), Enallagma 
signatum (Hagen), and Gomphus exilis Selys). 

Table 1. Seasonal flight distribution of Odonata in Pope County, Illinois, during 1983-1984. 

Datea 

May June July Aug. Sept. Oct. 

Species 2 3 4 2 4 I 2 3 4 I 2 3 4 I 2 3 4 I 2 3 4 

--"'---' 

Lestes disjunctus australis X X X X X X X 


Walker 
Lestes eurinus Say X X X X X X X 
Argia furnipennis violacea X 

(Hagen) 
Enallagrna aspersum X X X X X X X X X X X X X X X X X X X X 

(Hagen)? 
Enallagma signalum X X 

(Hagen)" 
Ischnura posila (Hagen)b X X X X X X X X X X X X X X X X 
Ischnura verticalis (Say)b X X X X 
Gomphus exilis Selys X X 
Aeshna mutata Hagen X X X X X X X 
Anax junius (Drury)b X X X X X X X X X X 
Anax longipes Hagen X X X X X X X 
Tetragoneuria cynosura X X X 

(Say)b 
Erythemis simplicicoliis X X X X X X X X X X X X X 

(Say)" 
Libel/ula cvanea X X X X X X X X X X X X 

Fabrici;s" 
Libe/lu/a incesta Hagen" X X X X 
Libel/ula lucf1losa X X X X X X X 

Bunneister" 
Ubellula pulchella X X X 

Drury" 
Pachydiplax longipennis X X X X X X X X X X X X 

(Burmeister)b 
Perithemis tenera (Say)b X X X X X X X X 
Plathemis lydia (Drury)b X X X X X X X X X X X X X X X X X 
Sympetrum ambiguum X X X 

(Rambur)b 
Sympetrum vicinum X X X X 

(Hagen)" 
Tramea carolina X X X X X 

(Linneaus)b 
Tramea lacerala Hagen" X X X X 

al,2,3,4 weeks of the month. 

bAlso collected at Pine Hills (Vogt and McPherson 1986). 
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Two of the three most aggressive species, A. mutata and A. longipes (the third was 
A. junius) each occurred over a 7-week period and these periods greatly overlapped. 
A. mutata was active from the third week of May to early July, and A. longipes from early 
June to the third week of July. A. junius was rarely observed during these periods. 

When A. mutata was the only aeshnid at the pond, it patrolled the entire surface area 
and along the margins. However, when A. longipes was also present, A. mutata primarily 
patrolled the margins and A. longipes the margins and the rest of the pond. Based on 
visual estimates, both species usually flew within 2 m of the surface. Within this height, 
A. longipes generally flew at a higher elevation than A. mutata. Conspecific and 
nonconspecific encounters involving these species rarely resulted in physical contact. 

Of the 24 species, 18 also occur at Pine Hills (Table I). This is not surprising because 
we have often found these same 18 species at other types of freshwater habitats (e.g., 
lakes, sluggish streams, temporary pools) in southern Illinois. Interestingly, the species of 
Lestidae, Gornphidae, and Aeshnidae (with the exception of A. junius) differed between 
the two habitats; i.e., Lestes disjunctus australis (Walker), Lestes eurinus Say, Gomphus 
exilis Selys, A. mutata, and A. longipes were found at the pond and Lestes inaequalis 
Walsh, Lestes rectangularis Say, Arigomphus submedianus (Williamson), Epiaeschna 
heros (Fabricius), and Nasiaeschna pentacantha (Rarnbur) at Pine Bins. We have only 
observed L. eurinus and A. mutata at woodland ponds in southern Illinois. 
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ROLE OF INSECTS AND DISEASES IN A JACK PINE 

PROVENANCE STUDYl 


A. C. Hodson2, D. W. French" and R. A. Jensen4 

ABSTRACT 

Two jack pine plantations were established at the Cloquet Forestry Center, Cloquet, 
Minnesota, in 1942 and 1943, using trees originating from 22 sites in the United States 
and 10 in Canada. From 1945 to 1953 the incidence of attack by insects and diseases was 
recorded individually for all trees, and in 1980-1981 the diameter and form of both living 
and dead trees were recorded. There were differences in the incidence of attack by the 
pests and in tree response to early injury among the various seed sources. In 1980 and in 
1981 there were differences in tree form resulting from insect and both living and 
dead pest-free trees had the best form. The diameter increases from 1955 to 1980-1981 
were almost identical for all categories with the exception of the dead pest-free trees 
which had the smallest diameters. 

Jack pine (Pinus banksiana Lamb.) seeds were collected between 1938 and 1941, 
through the cooperation of forestry agencies in the United States and Canada, from trees 
having good or poor form, and trees from Cloquet, Minnesota, with open cones 
(Schantz-Hansen and Jensen 1954). The seedlings were grown in a nursery at the Cloquet 
Forestry Center and later transplanted at Cloquet, mostly as 2-0 stock, in plots of 25 trees 
with a 1.5 by 1.5-m spacing with 3 m between plots. The number of replicates varied from 
0-12. Plantation A was planted in 1942 and Plantation B in 1943. 

In 1945 trees were identified individually by number and, from 1945 to 1953, the 
incidence of attacks by the eastern pineshoot borer, Eucosma gloriola Heinrich, the 
northern pitch twig moth, Petrol'a albicapitana (Busck), the white pine weevil, Pissodes 
strobi (Peck), and the pine-oak rust fungus, Cronartium quercuum (Serk.) Miyabe were 
recorded. Tree heights were measured from 1945 to 1955 and diameters in 1955 and 
1980-1981. In 1957 tree form was estimated and recorded in six classes based on 
deflections in the basal 2.4 m of the stem. Thus, for a class 1 tree, the deflection from 
the vertical was from 0-114 of 1/2 the stem diameter; classes 2 to 5 were additional 1/4 
increments, with class number 5 having a deflection greater than 112 the stem diameter. 
Class 6 trees were either forked or stag-headed. In 1980-1981 only four form classes 
(1-4) were recorded: good, fair, poor, and forked or stag-headed. 

Shantz-Hansen and Jensen (1954) reported survival, growth, and winter hardiness of 
the trees in 1950. Schoenike et al. (1962) described the branching characteristics of these 
trees. 

1Paper No. 1447 Scientific Journal Series, Minnesota Agricultural Experiment Station, St. Paul, 
MN 55108. 

2Depanment of Entomology, University of Minnesota, St. Paul, MN 55108. 
3Depanment of Plant Pathology, University of Minnesota, St. Paul, MN 55108. 
4Cloquet Forestry Center. University of Minnesota, Cloquet, MN 55720. 
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RESULTS 

The percentages of trees in Plantations A and B combined, attacked by the three most 
common insects or the pine-oak rust fungus, and pest-free trees, along with the percentage 
of attacked trees that died, are in Table 1. Trees attacked by those species alone and the 
total number of trees attacked by them plus another are in columns a and b. The results 
for Plantations A and B were combined in Table 1 primarily for convenience which did 
not affect the recognition of differences among the seed sources with respect to incidence 
of attack by the pests observed. It should be noted, however, that in Plantation A the 
percentage of trees attacked was higher than in Plantation B, while in Plantation B the 
percentage of trees that died following infestation or infection was higher. 

Trees attacked most by the eastern pineshoot borer were grown from seed collected 
from northern latitudes, including Minnesota, Michigan, and Canadian sources. Trees 
from Burlington, Vermont; Baldwin, Michigan; and Eau Claire, Wisconsin; representing 
lower latitudes, had lower amounts of infestation. Trees grown from seed collected at Eau 
Claire. Wisconsin, also had, by far, the highest percentage of pest-free trees. The sources 
which had the highest percentage of the trees infested by the pineshoot borer that died 
were the Miramichi Fire Region, The Pas, S1. John, Fort McMurray, and the junction of 
the Athabasca and Slave rivers, all Canadian sources. Trees from the Fort McMurray 
District, The Pas, Miramichi Fire Region, Fort Francis, Peterson, Minnesota, and 
Burlington, Vermont, had the highest mortality among the pest-free trees. 

A comparison in 1957 of tree form of pest-free trees and of trees attackcd from 1 to 4 
years by the eastern pineshoot borer is in Table 2. In the older planting (Plantation A) 50% 
or more of all the trees were rated in class 5, and there was little difference betwcen 
pest-free and infested trees. In Plantation B the greatest number of trees were rated in class 
2, with again about the same relative number of pest-free and infested trees. In this 
planting there were about half as many trees rated in class 5 as in the older planting. One 
explanation for these differences may be that in 1957 the trees in Plantation B were from 
15 to 30 cm shorter than those in Plantation A. This difference also is shown in the 
average figures for heights and percentage infestation by the eastern pineshoot borer from 
1945-53 (Table 3). By the time the trees reached heights of 2.4-2.7 m, the percentage of 
trees with leaders attacked was much less than when the trees were shorter. These data 
agree with the results of another provenance study (Hodson et a1. 1982) where the greatest 
number of trees were attacked when they were 1-2 m tall, and many fewer trees attacked 
when they were about 2.7 m tall. 

As can be seen in Table 1, the seed sources having 109C or more of the trees infected 
by the pine-oak rust fungus came from Chisholm, Cloquet, and Hinckley. Minnesota; 
Manistique, Michigan; Sandiland Forest Reserve, Manitoba: and Fort Francis, Ontario. 
For these and other sources the number of fungus-infected trees that died was greater than 
when damage was caused by other pests. The relationship between age and height of trees 
with both branch and stem infections is presentcd in Table 4. The infections that were 
established during the 1944-48 period occurred when the trecs were less than 3 m taIl. 
There were very few found between 3 m and 6 m and above when the records were taken 
in 1980. At this time the majority of the galls were located at heights between 6 and 8 ill. 
Therc werc striking differences among sourccs with respect to whethcr the infection 
occurred early or late, and whether there were more galls on branches than on stems. 

In general there were many more galls found high in the trees with thc number of 
branch galls greater than stem galls. Four sources, all from Minnesota, had thc most galls 
established during the 1944-1948 period; in eight cases therc were no galls formed during 
this period, and two of them, S1. Croix Recreational Area and Eau Claire, Wisconsin, had 
no galls at any time. Thc most striking examples of sources with no galls early and many 
latcr were Sandiland Forest Reserve, Manitoba; Fort Francis, Ontario; Chalk River, 
Ontario; and poor form trees from Manistique, Michigan. Six sources had only branch 
galls. These were, Peterson, Minnesota; Baldwin, Michigan, Bar Harbor, Maine; and the 
three Canadian sources: Chalk River, Regina, and junction of Athabasca and Slavc rivers. 
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Table I. Percentage of trees invaded by insects and the pine-oak rust fungus in plantations A and B 
combined (I) and the percentage of those trees that died (2). Column (a) includes trees attacked by 
only one pest and column (b) total-trees attacked by that pest and others. 

SBa pb we p_Od 
Pest- Total 

a b a b a b a b free trees 

Chisholm, Minnesota 
I 33 55 20 45 5 7 I 9 16 386 
2 40 48 27 29 46 15 75 33 44 

Grand Marais, Minnesota 
I 28 60 17 33 3 5 3 7 16 480 
2 29 33 46 34 2 42 63 44 37 

Park Rapids, Minnesota 
I 33 64 16 45 5 11 I 6 15 
2 32 33 35 26 34 33 100 33 33 482 

Cloquet, Minnesota--General 
I 34 72 16 46 3 12 I 8 11 408 
2 29 33 34 34 33 50 42 56 

Cloquet, Minnesota--Good FOnTI 
I 28 65 18 52 2 9 2 7 16 453 
2 42 34 33 34 14 28 67 44 35 

Cloquet, Minnesota-Poor FOnTI 
I 34 70 15 42 3 8 I 3 20 586 
2 34 33 41 35 15 63 40 40 45 

Cloquet, Minnesota-Dpen Cones 
I 33 61 14 45 3 9 I 4 19 708 
2 42 41 47 34 42 39 75 92 44 

Jenkins, Minnesota 
I 40 70 14 39 I 12 I 3 16 518 
2 29 30 33 33 44 28 100 33 33 

Wellston, Michigan--Good FOnTI 
I 21 45 19 41 0 4 I 8 43 155 
2 25 55 40 33 0 0 100 33 44 

Wellston, Michigan-Poor FOnTI 
I 36 59 19 34 2 2 3 5 38 176 
2 33 33 21 26 0 0 33 13 49 

Manistique, Michigan--Good FOnTI 
I 29 59 8 28 2 4 3 8 9 298 
2 19 24 26 27 50 36 38 33 36 

Manistique, Michigan-Poor FOnTI 
I 26 49 15 36 3 5 4 7 18 263 
2 15 15 25 21 33 35 55 26 15 

Huron, Michigan--Good FOnTI 
I 34 54 15 33 2 2 I 3 33 232 
2 35 26 34 21 20 20 67 75 44 

Huron, Michigan-Poor FOnTI 
I 33 51 17 35 4 4 I I 33 231 
2 19 17 36 19 13 13 0 0 43 



242 THE GREAT LAKES ENTOMOLOGIST Vol. 19, No.4 

Table 1. (continued) 

SBa pb we P_Od 
Pest- Total 

a b a b a b a b free trees 

Baldwin. Michigan-Good Form 
I 27 34 33 34 2 2 2 2 35 49 
2 8 18 63 21 0 0 0 0 29 

Baldwin, Michigan-Poor Form 
I 21 47 28 47 1 I 0 21 23 47 
2 20 14 33 18 0 0 0 100 46 

Miramichi, Fire Region, New Brunswick, Canada 
I 28 51 17 34 2 2 0 0 34 47 
2 54 63 50 34 0 0 0 0 74 

Fort Francis, Ontario, Canada 
1 37 71 12 33 0 8 4 8 10 49 
2 50 43 33 33 0 50 100 50 60 

Chalk River, Ontario, Canada 
1 44 70 14 34 2 3 0 8 12 50 
2 18 14 43 11 100 100 0 50 33 

Regina, Saskatchewan, Canada 
I 23 50 26 52 1 1 0 0 33 42 
2 56 14 27 34 0 0 0 0 6 

Jet. Athabasca and Slave Rivers, Alberta, Canada 
Plantation A only 

24 76 0 48 0 4 0 0 20 25 
2 17 58 0 40 0 0 0 0 16 

Fort McMurray District, Alberta, Canada 
1 36 56 18 34 2 4 0 5 18 50 
2 67 68 89 61 100 100 0 0 78 

Sandiland Forest Reserve, Manitoba, Canada 
40 72 11 26 0 6 4 11 30 47 

2 33 35 33 17 0 33 100 80 38 

St. John, Quebec, Canada 
1 42 66 12 33 0 4 0 1 16 50 
2 71 58 SO 34 0 0 0 0 25 

The Pas, Manitoba, Canada 
1 58 70 8 18 2 2 0 0 20 50 
2 86 66 25 89 100 100 0 0 90 

Iroquois Lake District, Alberta, Canada 
All Dead 1980-Sweet Fern Rust 

St. Croix Area, Hinckley, Minnesota 
1 29 59 12 34 0 10 0 3 25 49 
2 57 24 50 11 0 20 0 0 58 

Peterson, Minnesota 
29 61 12 45 4 14 0 0 14 49 

2 36 33 8 5 50 2 0 0 71 



1986 THE GREAT LAKES ENTOMOLOGIST 243 

Table 1. (continued) 

pb 

Pest- Total 
a b a b a b a b free trees 

SB" we P_Od 

Eau Claire, Wisconsin 
1 13 21 8 16 0 0 0 0 71 24 
2 4 4 4 4 0 0 0 0 50 

Bar Harbor, Maine 
Only One Tree Left in 1981 

Burlington, Vennont 
1 22 34 40 50 8 12 6 6 12 50 
2 18 22 45 34 25 17 27 27 67 

Bass River State Forest, New Jersey 
1 34 62 6 28 8 12 0 4 30 50 
2 41 26 0 0 0 0 50 40 

Percentage Averages-All Plots 
1 32 58 16 37 2 6 1 5 24 
2 35 33 34 28 23 27 36 30 45 

aEastern pineshoot borer 
hNorthern pitch twig moth 
"White pine weevil 
dPine-oak rust fungus 

Table 2. Percentage of trees in each of six form classes for pest-free trees and for trees attacked from 
1 to 4 times by the eastern pineshoot moth. 

Tree Fonn Classes Total Trees 

2 3 4 5 6 No. % 

Plantation A 
Pest-free 7.4 21.8 11.0 8.2 50.0 1.6 620 25.5 
Attacked 

1 time 5.2 19.2 9.7 9.5 53.5 2.9 1136 46.7 
2 times 3.2 17.5 9.6 11.9 55.0 2.8 502 20.7 
3 times 4.6 19.2 3.3 12.6 57.6 2.7 151 6.2 
4 times 4.5 13.6 9.1 18.2 54.6 0 22 0.9 

Plantation B 
Pest-free 28.1 40.5 3.9 3.2 21.5 2.7 846 36.2 
Attacked 

1 time 17.7 40.4 6.1 8.0 25.0 2.8 1055 45.2 
2 times 11.8 42.1 4.6 9.0 30.3 2.3 390 16.7 
3 times 14.0 30.2 4.7 20.9 27.9 2.3 430 1.8 
4 times 0 0 33.3 0 66.7 0 60 0.2 
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Table 3. Percentage of trees attacked by the eastern pines hoot borer from 1945-1953 and 
corresponding tree heights (m), in plantations A and B. 

1945 1946 1947 1948 1949 1950 1951 1952 1953 
----.... 

Plantation A 
% trees 19.1 30.4 38.8 29.9 9.5 6.3 5.9 6.9 6.6 
Tree hts. 1.0 1.5 1.9 2.2 2.7 3.3 

Plantation B 
% trees 4.1 27.0 40.8 24.2 9.9 7.5 5.7 6.4 8.9 
Tree hts. 0.9 1.3 1.7 2.0 2.5 3.0 

The northern pitch twig moth attacks were not related to the latitude of the seed sources. 
There was no evidence to suggest that attacks by this species could account for the quite 
high mortality among the infested trees. In fact, with a few exeeptions, the mortality of 
trees infested by this pest were about the same as that of the pest-free trees. These sources 
were trees of good form from Baldwin, Michigan, and from the junction of Athabasca and 
Slave rivers, Alberta, Canada. The mortality was much higher among trees from 
Wellston, Michigan; The Pas, Manitoba; Peterson, Minnesota: Eau Claire, Wisconsin; 
and Bass River State Forest, New Jersey. The incidence of white pine weevil damage was .~ 
much lower than for the other principal pests. The greatest amount of injury occurred on 
trees from Cloquet, Jenkins, and Peterson, Minnesota: ~lanistique. Michigan; and 
Sandiland Forest Reserve, Manitoba. 

The average diameters of pest-free and infested trees in 1955 and in 1980-1981 are in 
Table 5. Only sources with five or more replicated plots are included in the table. There 
was little difference in diameter increase for the Jiving trees. For dead trees. the smallest 
increase was recorded for those damaged by the white pine weevil and the pest-free trees. 
With the exception of trees infected by pine-oak rust, dead trees. including pest-free ones, 
had the poorest form. With respect to tree form there was no difference between sources 
originating from trees of good or poor form. Dead trees infected with pine-oak rust had 
the greatest diameter increase, probably because most of them became infected when they 
were 20 or more years old. These results agree with the findings of Westing! 1%5) who 
stated that in many tree species displacement deformities are corrected by adjustments in 
radial growth, and with those of Miller e! al. (1978) who found that pole-sized trees had 
sufficient time to overgrow early injury by the European pine shoot moth. 

CONCLUS[ON 

There were marked differences in the incidence of attack by pests and in tree response 
to early injury. Trees grown from seed collected in the more northern latitudes suffered 
the greatest amount of injury, particularly those attacked by the eastern pineshoot moth 
and the pine-oak rust fungus. Damage from the tree insect species occurred during the first 
10-12 years, while the greatest amount of infection by the pine-oak rust fungus occurred 
when the trees were much older. Shantz-Hansen and Jensen (1954) reported that there also 
were differences among the same sources with respect to winter injury and in tree form 
when rated in 1950, and that the form at that time was affected most by leader killing by 
the eastern pineshoot borer. 

[n the present study the highest mortality occurred in trees infected by the pine-oak rust 
fungus and among many groups of pest-free trees, probably due to suppression. The 
poorest form was exhibited by trees attacked by the white pine weevil, while the living 
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Table 4, Percentages of trees with pine-oak rust, branch and stem infections, 

Plantation A 

1944-1948 Above Six Meters-1980 Total 

Branch Stem Branch Stem trees 

Chisholm. Minnesota 
19 5 23 9 197 

Grand Marais, Minnesota 
22 9 21 2 245 

Park Rapids, Minnesota 
II 2 8 3 247 

Cloquet, Minnesota--General 
10 4 10 4 173 

Cloquet, Minnesota--Good Form 
13 4 12 6 286 

Cloquet, Minnesota-Poor Form 
9 3 8 305 

Cloquet, Minnesota--Open Cones 
11 5 7 0,2 408 

Jenkins, Minnesota 
8 4 272 

Manistique. Michigan--Good Form 
7 5 14 11 123 

Manistique, Michigan--Poor Form 
6 4 23 8 120 

Wellston, Michigan--Good Form 
4 0 81 

Wellston, Michigan-Poor Form 
4 4 12 113 

Huron. Michigan--Good Form 
5 2 II 120 

Huron, Michigan-Poor Form 
3 13 117 

Baldwin, Michigan--Good Form 
0 4 8 4 25 

Baldwin, Michigan-Poor Fonn 
0 0 8 0 24 

Miramichi, Fire Region--New Brunswick 
4 4 29 5 24 

Regina, Saskatchewan 
0 0 9 0 22 

Jet. Athabasca and Slave Rivers, Alberta 
0 0 12 0 25 

Fort McMurray District, Alberta 
4 4 8 4 25 

Lake SI. John, Quebec 
0 4 16 4 25 

The Pas, Manitoba 
0 0 4 4 25 
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Table 4. (continued) 

1944-1948 Above Six Meters-1980 Total 

Branch Stem Branch Stem trees 

Sandiland Forest Preserve, Manitoba 
9 0 22 4 23 

Fort Francis, Ontario 
4 0 44 20 25 

Chalk River, Ontario 
4 0 44 0 25 

Bar Harbor. Maine 
0 0 17 0 24 

Bass River State Forest, New Gretna, New Jersey 
4 4 8 0 25 

Burlington, Vermont 
0 0 8 8 25 

Peterson. Minnesota 
13 0 4 0 24 

St. Croix Recreational Area, Hinckley, Minnesota 
0 0 0 0 24 

Eau Claire. Wisconsin 
0 0 0 0 24 

Table 5. Average diameters (em) in 1955, 1980 (or 1981), increase in diameter between 1955 and 
1980, and form class in 1980 (1981) for trees attacked by the three major pests in plantations A 
and B. 

Eastern pine shoot borer White pine weevil 

Diameter Increase in Diameter Increase in 
1955 1980 diameter Form 1955 1980 diameter FOIm 

Plantation A (1980) 

Living 8.3 15.7 7.3 2.4 8.8 16.5 7.6 2.3 

Dead 7.1 10.2 3.1 2.6 7.6 10.2 2.5 2.8 


Plantation B (1981) 

Living 8.3 16.3 7.9 2.2 8.8 16.0 7.1 2.1 

Dead 6.6 9.4 2.8 2.7 7.4 9.7 2.3 2.7 


Plantation A (1980) 

Living 7.9 15.2 7.3 2.3 9.1 16.5 7.3 1.9 

Dead 7.6 11.7 4.1 2.4 7.1 9.7 2.5 2.3 


Plantation B (1981) 

Living 9.1 16.0 6.9 2.3 8.3 15.7 7.9 2.1 

Dead 7.6 11.2 3.6 2.2 9.1 9.9 0.8 2.5 
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pest-free trees had the best form. Otherwise there was little difference in tree form in 
1980-1981. With the exception of the dead pest-free trees the diameter increases from 
1955 to 1980-1981 were almost identical. 
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WOOD DUCKS AS ACCIDENTAL HOSTS OF THE SQUIRREL 

FLEA, ORCHOPEAS HOWARDI (SIPHONAPTERA: 


CERATOPHYLLIDAE) 


Donald L. Baumgartnerl and Andrea Kane2 

On 21 May 1985, two recently hatched wood ducklings, Aix sponsa (L.), brought to the 
McHenry County Wildlife Rehabilitation Center, Woodstock, Illinois, were inspected for 
ectoparasites. Both were found to be in weak condition and heavily infested with fleas, 
more than 1O/bird. One bird perished within an hour of admission and the other 
succumbed the next day. A male and a female flea removed from the ducklings were 
subsequently identified as Orchopeas howardi (Baker) by Dr. R. Traub, Systematic 
Entomology Laboratory. 

Orchopeas howardi is a Nearctic species, the majority of records coming from east of 
the Rocky Mountains (Traub et al. 1983). Two subspecies are known, one of which, 
O. h. howardi (Baker), is common in Illinois. Eastern gray squirrels and eastern fox 
squirrels of lowland and upland deciduous forests, respectively, are the major hosts of 
O. h. howardi. Occasional hosts include flying squirrels and red squirrels; a variety of 
other mammals has been reported as accidental hosts (Fox 1940, Hubbard 1947, Traub et 
al. 1983). Aquatic birds are rarely infested. This is the first report of wood ducks as 
accidental hosts. 

The discovery of O. howardi on wood ducks in Illinois is not an isolated occurrence for 
other unpublished records are known from the National Museum Collection (R. Traub, 
pers. comm.). Since the nesting behavior of wood ducks and squirrels is similar, both nest 
in tree cavities, it is probable that in this instance the wood ducklings acquired the fleas 
from nesting material in a cavity fornlerly occupied by gray or fox squirrels. 

When present in high numbers, as was found here, O. howardi may be detrimental to 
the health of birds. Under certain conditions they may be a potential hazard to humans 
also. O. howardi readily feeds on man and is an established vector of plague among 
rodents, resulting in population declines and perpetuation of the cycle within this reservoir 
(Traub et al. 1983). This flea has been found naturally infected with epidemic typhus and 
at times is common on flying squirrels, possible reservoirs of this rickettsia. Besides 
supporting flea development, birds may also transport fleas and their associated pathogens 
over long distances during their seasonal migrations. Further investigations are needed to 
determine the incidence of flea occurrence on birds and the bird's importance in the fleas' 
dispersion. 
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Acari, 107~113, 115-119 

Acarina, 53 

Acmaeops proteus, 154, 159 

Acmaeopsoides rufula, 155 

Adalia bipunctata, 97~98 


Adotes calcaratus, 53 

Aedes 


canadensis, 46-48 

dorsalis, 46-48 

sollicitans, 46-48 

sp., 46-47 

stimulans, 46-48 

vexans, 46-48 


Aegomorphus modestus, 155, 159 

Aeshna 


mutata, 1, 235~237 


sp., 235~236 


Aeshnidae. 3 

Agelenidae, 53 

Agrilus 


anxius, 73~76 


difficilis, 27-30 

egeniformis, 27 

fallax, 27 

ligarus, 73 


Allograpta obliqua, 97 

Amara 


cupreolata. 147, 149 

impuncticollis, 147, 149 


Amniscus 

macula, 155, 159 

sexguttata, 155, 159 


Anaphes jlavipes, 193 

Anastrangalia sanguinea. 155 

Anax 


junius, 3, 236-237 

fongipes, I, 235-237 


Ancistrocerus 

anti/ope. 177~179 

spinolae, 177 


Anelaphus 

paraUelus, 155, 159 

villosus, 155 


Anomalagrion hastatum, 3 

Anopheles 


punctipennis, 46-48 

quadrimaculatus, 46-48 


Anthophylax 

attenuatus, 155, 159 

cyaneus, 155 


Apanteles 

fumiferanae, 67-72 

morrisi,67-72 


Aphelocheira ladogensis. 124 

Aphid, spotted poplar, 21~26 


Aphididae, 21-26, 91-100 

Aphis maculatae. 21~26 
Araneae, 121-122 

Arctopsyche, 124 


apicalis, 142 

ladogensis, 124 


Argia fumipennis, 236 

Arhopalus foveicollis. 155 

Arigomphus submedian us, 3, 236 

Arrhopalites 


amarus,55 

benitus, 55 


Asemum striatum, 155, 159 


Bathypantes palfida, 53 

Beetle 


cereal leaf, 191-197 

Colorado potato, 81-84 

Mexican bean, 77-80 


Bellamira scalaris, 155 

Bellum obliqua, 35-42 

Borer 


bronze birch, 73-76 

bronze poplar, 73 

eastern pineshoot, 239--247 


Bourletiella horrensis, 55 

Brachyleptura 


champlaini, 155 

rubrica, 155 


Braconidae, 67~72 


Budworm 

jack pine, 67-72 

spruce, 71, 78, 185~189 


Bug, honeylocust plant, 27, 169 

Buprcstidae, 27-30, 73-76 
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Caddo boopis, 58-60 

Calathus 


gregarius, 59 

ingratus, 59 


CaUmoxys s. sanguinicollis, 155 

Callidium schott!, 155, 159, 161 

Calloides n. nobilis, 155, 159 

Calosoma argentinense, 115 

Carabidae, 53, 58-59,107, Ill, 115-116, 


147-151 

Caraboacaridae, 115-119 

Caraboacarus 


calosomae, 115-119 

Karenae, 116 

stammeri, 116 

tows ley!, 116 


Carabus sylvosus, 59 

Cecidomyiidae, 169-173 

Celithemis 


elisa, 3 

eponina, 3 

fasciata, 1 


Centrodera decolorata, 155 

Centromerus 


persoluta, 53 

sylvaticus, 53 


Cerambycidae, 31-33, 153--167 

Ceratophyllidae, 249 

Ceratopsyche 


alhedra, 123, 126-130, 132 

alternans, 123--124, 126-130 

bronta, 123-124, 126-131 

cheilonis, 131 

moro.m, 123-124, 126-128, 130--132 

slossonae, 126-130, 132 

sparna, 126-130, 132 

vexa, 126-128, 130, 132-133 

walkeri, 123, 126-128, 130, 133 


Chalicodoma sp., 178 

Charisalia americana, 155 

Cheumatopsyche, 123--124 

Chlaenius 


pennsylvanicus, 107 

tricolor, 147, 149 


Choristoneura 

fumiferana, 71, 78, 185 

pinus, 67-72 


Chrysomelidae, 81-84, 191-197 

Chrysopa plorabunda, 97 

Chrysopidae, 91, 97 

Chrysoteuchia topiaria, 85-90 

Clvtus ruricola, 155, 159 

C~cinellidae, 77-80, 91, 97-98 

Coleopmegilla maculata, 98 

Coleoptera, 27-33, 53,58-59,73-84, 107, 


In, 115-116, 147-151,153-167, 

191-197, 209-215, 239-247 

Collembola, 53-57 

Conohalictoides 


lovelli, 203 

monardae, 203 


Cordulegaster obliqua, 3 

Cordulegastridae, 3 

Cordulidae, 3 

Corythuca 


contracta, 221 

jug/andis, 221-233 

parshleyi, 222 


Cosmosalia chrysocoma, 155 

Cricket, snowy tree, 167 

Crosbycus dasycnemus, 59 

Culex, 43--45, 49-50 


erratic us, 44 

peccator, 44 

pipiens, 43--44, 46-47. 49 

restuans, 43--44, 46-47, 49 

salinarius, 44 

tarsalis, 44 

territans, 44 


Culicidae, 43-50 

Curculionidae, 239 

Cymindis cribricollis, 59 


Dasineura gleditschiae, 27. 169 

Desmocerus palliatus, 155. 159 

Diaphnocoris chlorionis, 27. 169 

Dicyrtoma marmorata, 57 

Diplectrona modesta, 123, 126-128. 13~134 


Diplopoda, 53 

Diptera, 27, 43-50, 91, 97,169-173 

Dolichovespula 


arctica, 200--201 

arenaria, 200--201 

maculata, 200 

norvegicoides, 200--201 


Dorsipes, III 

Dromogomphus spoliatus, 1 

Dufourea 


maura, 175-176 

monnrdae, 203 

novaeangliae, 203 


Dythemis fugax, 1 


Enallagma 

aspersum, 3, 236 

basidens, 3 

civile, 3 

geminatum, 3 

signatum. 3, 236 

vesperum,3 


Encyclops caemlea, 156 

Entomobrya, 57 
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assuta, 55 

clitellaria, 55 

purpurascens, 55 


Entomobryidae, 53-57 

Eotetranychus multidigituli, 271 

Epiaeschna heros, 3, 236-237 

Epilachna varivestis, 77-80 

Epinotia 


criddleana, 205 

niseI/a, 205-207 


Erythemis simp/icieol/is, 3, 236 

Eucosma gloriola, 239-247 

Eulophidae, 77-78 

Eumenidae, 177-179 

Euodynerus foraminatus, 178 

Eupogonius subarmatus, 156, 159 

Eutarsopolipus 


inermis, 109 

latus, 109 

regenfussi, 107-113 


Evarthrus sodalis, 147-149 

Evodinus m. montieola, 156, 159 


Fulgoridae, 101-105 


Gaurotes cyanipennis, 156 

Gerridae, 8-13 

Gerris 


alacris, 10 

argentieollis, 10 

buenoi, 9-11 

comatus, 9-12 

conformis, 10 

insperatus, 7, 9, 11-12 

marginatus, 7, 9-12 

remigis, 9-10, 12 


Gerromorpha, 7 

Girdler, cranberry, 85-90 

Gomphidae, 3 

Gomphus exilis, 236 

Grammaptera subargentata, 156 

Graphisurus fasciatus, 156, 159 


Halictidae, 175-176,203 
Halictoides novaeangliae, 203 

Harpalus pennsylvanicus, 147-149 

Hebridae, 8, 13-14 

Hebrus 


buenoi, 9, 13-14 

burmeisteri, 9, 14 


Hemiptera, 7-19, 27, 217-233 

Hesperiidae, 63-66 

Homadaula anisocectra, 27, 169 

Homoptera, 21-26, 91-105 

Hyadaphis tataricae, 91-100 

Hydrometra martini, 8-9, 14-15 


Hydrometridae, 8, 14-15 

Hydropsyche 


aerata, 136 

alhedra, 128 

altemans, 129 

alvata, 136 

arinale, 123, 126-128, 134-135, 137 

betteni, 123, 126-128, 134-135, 137 

bidens, 123, 124, 126-128, 134-137, 


139 

bifida, 125, 131 

branta, 129 

eal(fomica, 137 

eheilonis, 131 

ehlorotica, 131 

eodona, 129 

confusa, 137 

corber!, 137 

cornuta, 139 

cuanis, 126-128, 134-135, 137-138 

dicantha, 126-128, 134-135, 138 

frisoni, 138 

guttata, 137 

hagen!, 138 

incommoda, 137, 140 

kansensis, 142 

leonardi, 123, 126-128, 134-135, 138, 139 

maculicornis, 133 

morosa, 131 

orris, 123-124, 126-128, 134-135, 137, 


139 

phalerata, 123-124, 126-128, 132, 


134-135, 139 

placoda, 123-124, 126-128, 134-136, 


139-141 

recurvata, 129 

riola, 128 

rossi, 140--141 

scalaris, 124, 126-128, 134-136, 140--141 

separata, 137 

simulans, 123-124, 126-128, 134-135, 


138, 141 

slossonae, 132 

slossonae var. recurvata, 129 

sparna, 132 

valanis, 141 

venular!s, 138 

vexa, 132 

walkeri, 133 


Hydropsychidae, 123-145 

Hymenoptera, 67-72, 77-78, 175-189, 


199-20I, 203 

Hyperplatys 


aspersa, 156, 159 

maculata, 156, 159 


Hypogastruridae, 53 
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Ichneumonidae, 58-60, 181-184 

Idiopidonia pedalis. 156 

Ischnura 


posita, 3, 236 

verticalis, 3, 236 


Ischyropsalidae, 58-60 

lsotoma 


nigrifons, 53-54, 57 

viridis, 53-54, 57 


Isotomidae, 53 

ltzalana submaculata, 101-105 


Judolia m. montivagans, 156 


Kennethiella {risetosa, 177 


Ladona deplanala, 1 

Leiobunum 


longipes, 59 

lIigripes, 58-60 

politum, 59 


Ledidocyrtus, 57 

helenae, 55 

hirtus, 55 

lignorum, 55 

paradoxus,55 

violaceous, 55 


Lepidoptera, 27.35-42.63-72. 78. 85-90. 
185-189. 205-207. 239-2~7 

Leptinotarsa decemlineata. 81~ 
Leplura 

plebeja, 156, 159 

subhamata, 156. 159 


Leplurges symmetricus. 156. 159 

Lepturopsis biforis, 156, 160 

Lesles 


disjunctus australis, 236-237 

eurinus, 236-237 

inaequalis, 2, 236-237 

rectangularis, 2, 236-237 


Lestidae,2 

Lellcospididae, 177-179 

Leucospis affinis, 177-179 

Libellula 


cyanea, 4, 236 

incesta, 4, 236 

luctosa, 4, 236 

pulchel/a, 4, 236 

vibrans, 4, 235-237 


Libellillidae, 3-4 

Umnoporus dissortis, 9-10, 12 

Linyphiidae,53 

Looper, cabbage, 78 

Lycosidae, 53 


Macronema 

flavum, 142 

zebratum, 141 


Macropsis j'umipennis, 169 

Macrostemum zebratum, 123-124, 126-128, 


134, 141-142 

Megachile sp., 178 

Megachilidae, 178 

Meloe campanicollis, 209-215 

Meloidae, 209-215 

Merragata 


brunnea, 9, 14 

hebroides, 9, 14 


Mesochorus 

dimidiatus. 182 

globulator. 182 


Mesoleius tenthredinis, 182 

Mesorelia mulsant, 9. 15 

Mesol'elidae, 8, 15 

Jfetaphidippus galathea, 121 

Metrobates hesperius, 9, 11-12 

Microclylus compressicollis, 156, 160 

Microgoes oculatus, 156, 159 

Microvelia 


albonotata, 9, 16-17 

americana, 9, 16-18 

bueno!, 9, 16-18 

j'ontinalis, 9, 16-18 

hinei, 9, 16-18 

pulchella, 9, 16-18 


Micryphantidae, 53 

Midge 


honeylocust pod gall, 169 

honeylocust twig gall, 169-173 

pod gall, 27 


Mite 

honeylocust spider. 169 

spider. :!.7 


J1olorchus b. bimacularus. 156 

J1onochamus 


marmoraJor. 156. 159 

rwtaJUS. 156. 159 

s. scutellatus. 156. 159 


Moth. northern pitch twig. 239-2~7 


Nasiaeschna pentacantha. 3. 23-1-235 

Neacanthocinus pusillus. 156. 159 

Neanura muscorum, 53 

Nemastomatidae, 59 

Neoalostema capitata, 156. 159 

Neoc/ytus 


a. acuminatus, 156, 159 

m. muricalulus, 156, 159 


Neogerris hesione, 7,9-11 

Neolasioptera brevis. 169-173 

Neop/ea slriola, 217-220 
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Nepomorpha, 7 

Neurocordulia xanthosoma, 1 

Noctuidac, 35-42, 78 

Notiophilus aeneus, 59 


Oarisma 

garita, 63-64, 66 

powesheik, 63-66 


Oberea tripunetata, 157 

Odlellus pielus, 58-60 

Odonata, 1~19, 235-237 

Odontella substriata, 53 

Oecanthus fultoni, 167 

Olesicampe benefacror, 181-184 

Opiliones, 53, 58-60 

Oplosia nubila, 157, 159 

Orehesella hexfasciata, 53-54, 56 

Orehopeas h. howardi, 249 

Orthoptera, 167 

Orthosoma brunneum, 157 

Osmia pumila, 178 

Os/iehus pensylvanicus, 56, 58-59 

Oulema melanopus, 191-197 


Pachydip/ax longipennis, 4, 236 

Pantalaflavescens, 4 

Panurgus novaeangliae, 203 

Parandra b. brunnea, 157 

Para psyche apiealis, 123, 126-128, 142 

Pedobius foveolatas, 77-78 

Perithemis tenera, 4, 236 

Petrova albicapitana, 239-247 

Phalangidae, 58-60 

Ph/ale, sp., 121 

Philopotamus 


alternans, 129 

eo,!fusus, 137 

indecisus, 129 


Phymatodes 

aereus, 157 

dimidiatus, 157, 159 

testaeeus, 31-33, 157, 159 


Physocnemum brevilineum, 157, 159, 161 

Pidonia ruficollis, 157 

Pirata 


maculatus, 53 

marxi,53 


Pissodes strobl, 239-247 

Plathemis lydia, 4, 236 

Pleidae, 217-220 

Podapolipidae, 107-113 

Pogonocherus 


mix/us, 157, 159 

parvu/us, 157 

penicillatus, 157, 159 


Polistes !u,seatus, 200-201 


Polistinae, 200-201 

Potamyiaflava, 123-124, 126-128, 142 

Pristophora erichsonii, 181-184 

Pronocera c. collaris, 157-159 

Pseudachorutes spp., 53 

Pterostichus 


adoxus, 59 

adstrictus, 59 

coracinus, 56, 59 

melanurius, 56, 58-59 

novus, 59 

pensylvanicus, 56, 58-59 


Purpuricenus humeralis, 157, 159 

Pygoleptura n. nigrella, 157, 159 

Pyralidae, 85-90 


Rhagium inquisitor, 157, 159-160 

Rhagovelia, 7, 15 


obesa, 7, 16, 18 

orlander, 7, 9, 16, 18 


Rheumarobates palosi, 9, 1/-12 

Ropalopus sanguinicol/is, 157, 161 


Sabacon crassipalpi, 58-60 

Sachalinobia r. rugipennis, 157, 161 

Saldidae, 7 

Salticidae, 121-122 

Salticus scenicus, 121-122 

Saperda 


candida, 157, 159 

concolor unfc%r, 157 

inornata, 163-167 

lateralis, 157, 159 

obliqua, 157 

tridentata, 157, 159 

vestita, 157, 159 


Saperda, poplar gall, 163 

Sawfly, larch, 181-184 

Scarites 


quadriceps, 149 

subterraneus, 147, 149 


Siphonaptera, 249 

Sitotroga cerealella, 186 

Sminthuridae, 54-57 

Sminthurides lepus, 54-55 

Sminthurinus 


conchyliatus, 55 

henshawi, 54-55, 57 

intermedius, 55 

quadrimaculatus, 55 


Spondylis upiformis, 157, 161 

Stenocorus vittiger, 157, 160 

Sternidius alpha miselus, 157, 159 

Stictoleptura c. canadensis, 157, 159-160 

Strangalepta 


abbrel'iata, 157 
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pubera, 158 

Sympetrum 


ambiguum, 4, 236 

internum,4 

vicinum, 4, 236 


Symphitopsyche, 125 

alhedra, 128 

bifida, 131 

bronta, 131 

cheilonis, 131 

morosa, 131 

recurvata, 129 

riola. 128 

slossonae, 132 

sparna, 132 

vexa, 132 

walkeri, 133 


Synuchus impunctalus, 56, 58-59 

Syrphidae, 91, 97 


Tachopteryx thorel'i, 1 

Telebasis byersi, 1-3 

Tenthredinidae. 181-184 

Testrastichus jutis, 193 

Tetragoneuria 


costalis, 1, 3 

cynosura, 3, 236 


Tetropium 

cinnamopterum parvulum. 158-159 

schwarzianum, 158-159 


Tingidae,221-233 
Tomocerus 


flavescens, 53-57 

tameilliferus, 53 


Tortricidae, 67-72, 78, 185-189,205-207, 

239-247 


Trachysida 

aspera brevifrons, 158 

mutabilis, 158-159 


Tramea 

carolina, 4, 236 

lacerata, 4, 236 


Trepobates, 7, 9, 11 

inermis, 10 

knighti, 9, 11, 13 


pietus, 9, 11, 13 

subnitidus, 9, 11, 13 


Tribolium eorifusum, 78 

Triehogramma minutum, 185-189 

Trichogrammatidae, 185-189 

Trichoplusia ni, 78 

Trichoptera, 123-145 

Trigonarthris 


minnesotana, 158-159 

proxima, 158-159 


Trite planiceps, 121 

Tritneptis klugii, 182 

Typoeerus 


sparsus, 158, 160 

11. velutinus, 158 


Urgleptes 

querci, 158-160 

signatus, 158-159 


Uroblaniulus canadensis, 53 


Veliidae, 8, 15-18 

Vespidae, 199-201 

Vespinae, 200 

Vespula 


aeadiea, 200-201 

austriaea, 200-201 

consobrina, 200-201 

fiavopilosa, 200-201 

maculifrons, 201 

rufa, 201 

vidua, 201 

vulgaris, 200 


Webwonn, mimosa, 27, 169 

Weevil, white pine, 239-247 


Xenyella acauda, 53 

Xestoleplura tibialis, 158-159 

Xylotrechus 


a. annosus, 158 

colonus, 158-160 

quadrimaculatus, 158 

undulatus. 158-160 
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