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1987 THE GREAT LAKES ENTOMOLOGIST III 

LIFE HISTORY, DAMAGE, AND GALL DEVELOPMENT OF THE 

GALL MIDGE, NEOLASIOPTERA BREVIS (DIPTERA: 


CECmOMYIIDAE), INJURIOUS TO HONEYLOCUST IN MICHIGAN 


Louis F. Wilson and George C. Heaton1 

ABSTRACT 

Xeolasioptera brevis is univoltine in Michigan. Adults issue in late spring, and females 
deposit eggs in rows on the lower side of young shoots of honeylocust. Larval eclosion 
occurs shortly after: there are three larval instars. The gall is polythalamous and may have 
20 or more larvae. The third-instar larvae overwinter, and pupation occurs in spring. The 
gall injury kills ;;orne shoots, but most damage is cosmetic. One can monitor for adult 
emergence in late April or May by observing cast pupal cases protruding from the gall. 
Conrrol. if needed. should be directed at adults. 

Tl::le gall midge. Xeolasioptera brevis Gagne, was described as a new species in 1984 
from adults i.s...«uing from ornamental and wild honeylocust, Gleditsia triacanthos L., twig 
gills at Harrisburg. Pennsylvania (Gagne and Valley 1984). Felt (1911, 1940) listed an 
undes...I1Ded spu.;e:s of Seolasioptera from honeylocust galls collected in Missouri, which 
from Iris des..liption was assuredly N. brevis. The known range of N. brevis is sketchy, 
but it probably occurs endemically throughout much of the range of its host. Besides 
occurring in Penns~hania and Missouri, this insect in known from Michigan, Ohio, and 
Illinois IH.L .\Ionon. Univ. of Michigan, pers. comm.). In Michigan it has been detected 
in Calhoun. Ingham. Livingston, Montcalm, Oakland, Washtenaw, and Wayne counties. 
Wertheim and .\lorton C1986) called N. brevis the honeylocust twig-gall midge. 

S. brni.J injUI)" has been either ignored or misidentified and hence not recognized as 
a problem pest on honeylocust. In recent years, even when injury has been readily 
dete...""table. most nursery managers and city foresters have passed off N. brevis damage as 
UIlaCCoontable .:tieback or winter injury. The biology and injury are reported in this paper 
to aid in detecing. identifying, and controlling the midge. 

METHODS 

.-\lerred ro !his insect in 1984, we studied its life history and gall development 
intermit:tently" in 19&4 and in detail from April 1985 to June 1986 in a privately owned 
fO!:'eSt n~ in Oakland County, Michigan. on the unarmed cultivars of honeylocust 
·Halal.;:a· and 'Sunburst.' The trees were 4-8 m tall and moderately infested with midge 
galls. We.::ollected insect specimens and galls every 5-7 days in the springs of 1985 and 
1986 and "'C)" rv.o ,,"'eeks in the summer of 1985. Specimens were preserved in 70% 
et:hanol iJ£ K...\.:\. and representatives were measured later. Photos were made from fresh
col1e>..<ed specimens. 

:l'SD..... Fon::Sl Senice. Sorth Central Forest Experiment Station. 1407 S. Harrison Road, East 
I..an,,~. ~ .QS23. 
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Fig. 1. Polythalamous gall of Neolasioptera brevis: (A) small gall (side view), (B) large gall (bottom 
view). Oval areas are "caps" of tissue at the entrance to the larval cells. The smaller diamond-shaped 
areas are lenticels. 

THE GALL AND ITS DAMAGE 

The gall of N. brevis is polythalamous and comprises the basal portion of the new 
shoot. Fonned by hypertrophy of the new-growth stem tissues, the gall embodies a series 
of coalesced swellings that together may be more than 8 cm long and contain 20 or more 
insects. When fully developed in mid-August, the gall is somewhat knobby, green 
below, and reddened above from the sun. Most attacks are on the lower surface of the 
shoot (Fig. 1). 

Large galls may kill the shoot, and the resulting dead twig and gall may persist for 2-3 
years afterwards (Fig. 2A). Sublethal galls remain indefinitely and eventually become 
overgrown by new tissues. New shoots growing from buds distal to the sublethal galls 
appear nonnal (Fig. 2B). Moderately attacked trees, as we observed in this study, had less 
than 5% shoot mortality each year and yet 30-80% of the shoots were attacked on each 
tree. The external features of the injured stem vary as the gall fonns in four stages: the 
"pimple stage," "crater stage," "split-center stage," and "black-cap stage." 

In mid-June when the insect attack begins, the shoot~ are green and succulent and have 
just begun expanding (ca. 3--6 cm long). Within a day after the larvae penetrate the soft 
bark, the resulting injury around the entrance site appears as a small raised circular 
sweIling with a papilla in the center. This pimple stage begins as a small central necrotic 
brown spot that expands into a scab-like encrustation in 4--5 days. At peak development 
the papilla is light brown and surrounded by a dark brown zone on a raised area that is 
slightly yellower than the adjacent nonnally green tissue (Fig. 3A, B). 
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ng. :. ~~~ mjmed by Neoiasioptera brevis: (A) shoot dead beyond gall, (b) heavily 
~ sbooI _ ~ is below monality threshold. Leaves develop nonnally beyond sublethal 
galli nil liIe ~~ pII fonnarion. 

Abom 6-S days after Iltad:.. the swollen area expands radially leaving a depressed zone 
aroond the np:aadinr tm-brov.-n papilla. Overall the damaged area resembles a lunar 
crater ,.iI::h it I1IIIisai 0CIar and raised circumference (Fig. 3C). 

In the lbin:1 ~_ betJnning 5-6 weeks after attack, the injured tissues become less 
defined. R;adW If1ltSIoa from the enlarging gall causes the injured area to expand faster 
la1eraII:o so tha .Ill <n~ O£ proIaI:e-shaped scar forms. Usually the expanding growth 
causes the dead tissl::Ies in the cenrer of the injury to split as well (Fig. 3D). 
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Fig 3. Stages of gall fonnation of Neo/asioptera brevis: (A, B) pimple stage (top and side views), 
(C) crater stage, (D) split-center stage, (E) black-cap stage, and (f') third-instar larvae in center of 
mature gall (end view). 

About the 10th week after attack, the center of the injured area darkens to form a black 
cap (Fig. 3E). This cap separates further from the surrounding tissues in the 2 or 3 weeks 
following, and thereafter it is a major characteristic of the mature gall. Internally the cap 
appears as a plug of darkened tissue (Fig. 3F). 
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Fig. 4. ~ deYelopment of Neoiasioptera brevis on honeylocust in southern Michigan, 1985. 

LIFE HISTORY AND HABITS 

Seola.siopro-a breJ.·is is univoltine in Michigan. The last-instar larva overwinters in the 
gall. The complete life history, based mostly on 1985 data, is depicted in Figure 4. 
Because 1985 'I1It1lS unseasonably warm for nearly a week in April, the pupal, adult, egg, 
and first-inslar stages shown in Figure 4 are earlier than in years with average spring 
temperarures. Wertheim and Morton (1986) recorded time of adult emergence and 
apparent o\iposition for N. brevis in Ann Arbor, Michigan, during 1984 and 1985. 

0rip0sia:imI aad Egg Stage. Oviposition occurs the first week in May (in 1985) Shortly 
after adult edosion and mating and when the new succulent shoots are 2-3 cm long. The 
egg-laying period is only about 3 weeks long, and all eggs are gone by mid-May. The 
freshl~ laid egg is yellow-orange and glossy with a small diffuse red spot within, as seen 
through me smooth transparent chorion. Somewhat elongate, the egg tapers slightly at one 
end IFig. 5AJ. Thirty eggs averaged 0.336 (0.300-0.380) mm long by 0.l\8 
iO.l00--0.1331 mm wide. 

Wertheim and Morton (1986) mentioned finding midge eggs on 20 May 1985 and 
sug.,,<>eslf':d me!' may have been laid a week earlier. These white eggs, which they dissected 
from inside me shoots of the partly developed gall nearly a month after oviposition, were 
parasite eggs and incorrectly identified as those of N. brevis. 

Each female deposits several eggs on the new shoots in a straight or slightly irregular 
row and nead)' equal intervals, a habit that assures a safe distance between larval cells in 
the galll.ater 00. Most eggs are on the lower surface of the shoot (Fig. 5B). Although the 
shoot and leaf tissues emerge concurrently, the female easily discriminates between them 
and lays eggs only 00 the developing shoots. Both shoots and petioles appear the same at 
this stage except me shoot is naked and the petiole is lightly pileus, a character that may 
be used by me female in choosing one over the other. 

l...an-.I ......lioF and Gall Development. Head-capsule measurements indicated three 
lanal inslars. Mean bead-capsule widths for 5, 26, and 20 larvae of the three instars 
r-especm"d!' were 0.015 mm, 0.025 mm, and 0.045 mm. The first instar is yellow-white, 
glossy. Dearly transparent, and contains a small red spot; the second instar is also glossy 
but more traosl:ucent from numerous yellow fat bodies; and the third instar is yellow
orange. lad:.s me g.Iossy sheen, and has a sternal spatula. (See Gagne and Valley [1984] 
for spamla and identi.f]ing feanrres of the third-instar larva.) 

Fllst-inst3r lmvae appear about the second week in May and are present until mid-June. 
Shortly a.fra" eclosioo each larva stands on its head perpendicular to the stem and 
penetmes me soft tissue by slowly gyrating its body. Of special interest is that the larvae 
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c 

Fig. 5. Some stages and development of Neolasioptera brevis: (A) egg, (B) eggs on expanding shoots 
of honeylocust, (C) first-instar larvae penetrating the shoot, (D) pupae in cell (note hole in cap and 
septum). c = cap, p = petiole, s = septum. 

in this position mimic similar-size glands on the leaves and leafaxils of the petioles. 
These upright glands are transparent with red tips. Penetration of the tissue by the larvae 
is usually complete in 8-10 h. 

Within a week the larvae have passed through two-thirds of the soft green pith, leaving 
no distinct gallery. Each pathway or trail, however, is evident due to a narrow 
"circum-trail" cylinder of white tissue that may be largely fungal mycelia (R.J. Gagne, 
U.S. Nat. Museum, pers. comm.). Noticeable swelling of the stem begins about the same 
time. In late May the second-instar larva appears and completes the trek across the pith, 
and thereafter the larva dwells in a distinct cell. The circum-trail area whitens further and 
expands into a larger cylinder. Externally the larval entrance injury is in the late crater 
stage or early split-center stage and the tissues below the injury are turning dark brown. 
During this approximate period, Wertheim and Morton (1986) observed parasite eggs 
inside the galls, and, noting the accompanying external necrosis, they incorrectly dubbed 
the injury "oviposition wounds." 

During June and July the second instar concentrates on feeding and expanding the cell 
in the pith adjacent to the now woody xylem. Meanwhile the circum-trail fungal mat 
expands to its maximum diameter, forming a white cylinder that extends from the far side 
of the green pith outward through the xylem to the black surface plug or cap (Fig. 6). The 
black material comprising the gall cap may be fungal sclerotium or excrescence (R.J. 
Gagne, pers. comm.). 

The gall is fully expanded by the onset of the third instar in early August and changes 
little externally thereafter. The larva continues to enlarge the cell until late fall when it 
reaches maximum size and then overwinters. 
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Fig. 6. X"olasioptera brevis gall (longitudinal view) showing interal features and two cells with 
secood-ID-<lar larY3e. 

In ~Iarch after the weather wanns, the larva prepares its escape route by cutting through 
all of the ",-bite of circum-trail fungal tissue with its spatula. When it confronts the black 
plug. the laIn makes a hole through its center leaving much of the debris on the surface 
of the gall or in the chamber of the plug. Then, retreating to the newly formed cell behind 
the plug. the larn covers one-quarter to one-third of the cell walls with white silk and 
seals the passageway with a silken septum (Fig. 5D). Resting behind the septum in its 
cocoon-like structure it awaits pupation. The full-grown larva at this time measures 2.8 
(2.~3.21 mm long. 

PnpaDoB and adult emergence. Pupae appear in early April in the cell within the gall, 
and all \an'ae haye pupated by the last week in April. The pupa is light orange. When 
~y to ec1ose. the pupa wriggles up the cell to the outside, piercing the septum in the 
ascent. Adults first appeared 28 April 1985 in our study area, and the same date was 
recorded in Ann Arbor. Michigan (Wertheim and Morton 1986). When the anterior of the 
pupa is exposed. the skin splits along the dorsal midline through which the adult ecloses. 
After eclosion the protruding pupal skin usually remains attached to the gall for a week 
01" more. 
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DISCUSSION 

The gall midge on honeylocust is one of several species that construct a silken septum 
and line the wall of the cell with silk that most likely substitutes for a cocoon, and is unlike 
certain leaf-gall species such as Oligotrophus papyriferae Gagne or Contarinia 
negundifolia Felt that pupate in a cocoon in the soil (Wilson 1966, 1968b). The stem-gall 
insect Mayetiola rigidae Osten Sacken constructs 1-7 septa across its passageway before 
pupation (Wilson 1968a). Although the septum of N. brevis probably discourages natural 
enemies from entering the passageway, parasites readily invade the gall long before the 
passageway is constructed. We noted small parasitic larvae in the midge cells or on the 
midge larvae by mid-July 1985, and up to 80% of the cells had parasitic larvae in April 
1986. We did not rear parasites for identification, but Gagne and Valley (1984) reported 
three species of the genera Platygaster (Platygasteridae), Eurytoma (Eurytomidae), and 
Pediobius (Eulophidae) from Pennsylvania collections. 

Although this insect did not cause more than minor cosmetic injury to the nursery
grown honeylocust in this study, there still may be a need to control the midge in order 
to allow state regulatory agencies to certify nursery stock for transport across municipal 
boundaries. Control should be directed against the adults and the freshly eclosed larvae. 
The timing for control can be determined by monitoring galls on the branch terminals in 
late April or early May for empty pupal cases. Treatments against adults should be applied 
within a day after the first pupal cases are detected. Wertheim attempted chemical control 
of N. brevis in an Ann Arbor, Michigan, infestation, but his results were inconclusive 
because of low midge population levels. 2 
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LEPTOGWSSL'S CORCULUS AND LEPTOGLOSSUS OCCIDENTALIS 

IHBIIPfERA: COREIDAE) ATTACKING RED PINE, PINUS 


RESIXOSA, CONES IN WISCONSIN AND MINNESOTA 


Steven A. Katovich and Herbert M. Kulman! 

ABSTRACT 

LeplOglossus corculus and Leptoglossus occidentalis are recorded feeding on red pine 
COIle'S and cooelets in Wisconsin and L. occidentalis is recorded feeding on red pine 
conelets in ~Iinnesota. 

This paper repons observations of both Leptoglossus corculus (Say) and Leptoglossus 
occidentaliJ Heidemann feeding on cones of red pines, Pinus resinosa Ait., in a southern 
Wiscoosin seed orchard (Grant County), and L. occidentalis on red pine cones on the 
Cniyersit)- of ~finnesota campus in St. Paul (Ramsey County). L. corculus. the southern 
pine ;.eed ~. and L. occidentalis, the western conifer seed bug, are major pests of pine 
seed produ..-ticc in regions of the country outside the Great Lakes states (DeBarr and Ebel 
197~. Koerber 19631. 

~eitl:ier ~1inDesot:a nor Wisconsin have been included in the published distribution 
range of either species (Allen 1969, Hedlin et al. 1981). Schaffner (1967) reported that L. 
occidentali5 .-as present in Iowa and Indiana with Scots pine, Pinus sylvestris L., being 
the obsened host plant. Specimens of L. corculus have been collected from Wisconsin 
and Illinols (DeBarr. peIS. comm.). No specimens of either species are present in the 
Cniyersity of ~t.in:nesota Insect Collection, the University of Wisconsin-Madison Insect 
Research Collection. or the insect collection at the Milwaukee Public Museum. 

Thirty lLptoglossus individuals were collected at the Wisconsin site during the summer 
of 1985 I~c L. corculus and three L. occidentalis). Adults of both species were first 
coJJo..-red on 26 June. Nymphs of L. corculus were present from mid-June to mid
~_ bm DO L. occidentalis nymphs were found. Five L. occidentalis nymphs were 
coJJo..-red on the S1. Paul campus on 6 September 1986. In Wisconsin, adults of both 
spa..-ies Vial! observed with their stylets inserted into cones. Nymphal L, corculus were 
ol:>sen-ed feeding on both pine cone lets and cones in Wisconsin, while in Minnesota L. 
occi.t:kntaliJ nymphs were observed feeding only on cones. Radiographic analysis of seed 
coJJo.."ted ill the Wisconsin orchard indicated that 67% were empty. Factors other than 
seedbugs. such as inadequate pollination, can cause empty seed. However, because of 
their impUc3lion in causing empty seed in southern and western pines, and because they 
were ot'S<~yed feeding on red pine cones, seedbugs were probably responsible for part of 
the ~- seed in the orchard. Their large host range within the genus Pinus make them 
a pott1liial threat to many Lake States pine seed sources. 

:~ of Enromology, Cniversity of Minnesota, St. Paul, MN 55108. 
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FL-:RTHER OBSERVATIONS ON THE NESTING BEHAVIOR OF 

URIS ARGENTATUS (HYMENOPTERA: SPHECIDAE) 


Frank E. Kurczewski and Margery G. Spofford l 

ABSTRACT 

A tlJre<!-celled nest of Uris argentatus was excavated and examined in upstate New 
Yori.:. The nest was constructed from the terminus of an abandoned cicada-killer burrow 
and the cells contained 1-4 incompletely paralyzed Gryllus pennsylvanicus as prey. Two 
of the tlJre<! cells were cleptoparasitized by the satellite fly Senotainia trilineata. The 
components of the ecology and behavior of L. argentatus we observed are compared with 
those from pre"ious studies on this species. 

Despirc the fact that Uris argentatus (Beauvois) has been studied for nearly a century, 
there is much to learn about its nesting behavior. Although many prey species of Gryllidae 
are listed foc L. argentatus (Ashmead 1894, Williams 1914, Rau and Rau 1918, Rau 
1922. Krombein and Evans 1955, Krombein 1958, Kurczewski and Kurczewski 1971, 
Steiner 19:6, O'Brien and Kurczewski 1982a), the list has not been exhausted. The 
number of prey per cell varies from only a single, rather large, late instar Gryllus veletis 
I Alexander and Bigelow) in each of 13 fully-provisioned cells (O'Brien and Kurczewski 
198:a •. to as many as six, small, immature crickets per cell (Ashmead 1894). Nest 
locariOll5 of L. argentatus are variable, with some wasps using pre-existing cavities and 
0i.ber'S .::onstrocting burrows from the sand surface (Bohart and Menke 1976, O'Brien and 
Kurczcllioski 198241. Our observations on L. argentatus supplement the recent study by 
O'Brien and Kurczewski (1982a). Specifically, they were made later in the year than 
theirs. in"oIH~ a different generation of wasps, and add new information to the behavior 
and ecol~' of this species. 

On 9 August 1985. at the edge of a field bordering a man-made sand pit near Owasco 
Lake. just south of Auburn, Cayuga County, New York, we observed a female L. 
argelfU1!JLS hunting for crickets in holes and depressions on a south-facing, moss-covered 
slope. This habitat was nearly identical to that described by O'Brien and Kurczewski 
f 198241. Tbe next day, on a bare sandy road leading into the sand pit, we observed a 
slightly smaller L. argentatus transporting prey. The cricket was grasped by the bases of 
its antennae Ilioith !be wasp's mandibles, ventral side up, and carried to the nest in low 
flights. 8-12 em in length. During each of three subsequent provisioning trips this wasp 
lost her Ilio'ay and made several circles, 30-50 cm in diameter, in the vicinity of her 
entt'alll.""e. After tra"'ersing 15-20 cm she would climb to the top of a low plant, pause 
'l\bile retaining her grasp of the prey, and look around, perhaps a form of navigation. 
During ODe such circle the provisioning wasp attracted a female of the satellite fly 
S(!1l(}rainia rri.liru!ata (Wulp) (Sarcophagidae: Miltogramminae) which trailed in flight at 
a d.ist.ance of 15 em. When the provisioning wasp paused, the fly alit on the cricket's 
abdominal stemites and larviposited. As the female resumed transport to the nest, the fly 

'Enyirollmenol and ~1 Biology. State Cniyersity of New York College of Environmental 
Science and ~'. S~TlIC1l5e. !'.'Y 13210. 
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l. 	Abandoned burrow of Sphecius speciosus. lateral view, and cells of Uris argentatus; 
m=maggots. 

rode on the cricket's sternites for 4 cm, flew off, landed, and remained motionless on the 
sand. The wasp proceeded unimpeded into the nest entrance, seemingly unaware of the 
maggot(s) on the prey. 

The nest entrance being used by the female L. argentatus was that of an abandoned 
Sphecius speciosus (Drury) (Sphecidae) burrow, 2.35 cm in diameter, which was also 
being used by the sphecid Philanthus politus Say and the pompilid Anoplius marginatus 
(Say). On IO August, amidst the repeated nesting activities of the three species of wasps, 
two females of Phrosinella aurifacies Downes (Sarcophagidae; Miltogramminae) were 
seen to enter the Sphecius entrance and one of the flies larviposited. The P. politus and 
A. marginatus nests were not excavated so we cannot ascertain the larvipositional 
frequency of P. aurifacies on their cells (prey), but no L. argentatus cell contained a P. 
aurifacies maggot. 

The abandoned cicada-killer burrow was 25 cm long and terminated at a depth of 9 cm 
beneath the sand surface (Fig. 1). Three cells of L. argentatus were unearthed just beyond 
the terminus of the Sphecius burrow at depths of 13, 14, and 18 cm. Cell A was located 
4 cm almost directly beneath the terminus of the cicada-killer burrow and separated 
laterally from cell B by 2 cm; cells B and C were separated by 4 cm. The cells varied in 
shape and size: A, 1.1 cm wide and high, and 2.6 cm long; B, 1.3 em wide, 1.5 em high, 
and 1.7 cm long; C, 1.5 cm wide and high, and 2.4 cm long. 

All prey were placed in the cells head inward and ventral side up or on the side. They 
were only lightly paralyzed and moved their antennae, mouthparts, and legs considerably; 
some actually walked or jumped out of the cells when unearthed. Cell A contained a 
single nymph of Gryllus pennsylvanicus Burmeister, weighing 152 mg, with a small wasp 
larva feeding at the left forecoxal corium and placed transversely across the cricket's 
thoracic sternum between the bases of the first and second pairs of legs. Cell B held two 
smaller nymphs of G. pennsylvanicus with one bearing an even smaller wasp larva in the 
same position as above and the other, three The wasp larva disappeared within 
24 h. Cell C contained three small n one immature female of G. 
pennsylvanicus, and four maggots. No egg or wasp larva was found in this cell which 
appeared to be the oldest of the three. The smallest cricket in the cell weighed only 48 mg. 
All seven maggots formed puparia and three females and two males of Senotainia 
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trilinea1l1 emerged on 27 and 28 August 1985. The two other flies were determined as a 
female and male of S. trilineata from their pupal remains. 

On 15 August this wasp was observed transporting a paralyzed cricket, as before, into 
another cicada-killer entrance, only the nest was active. (The female S. speciosus took in 
a paralyzed cicada shortly after the provisioning female L. argentatus entered). The nest 
was exca,·ated on 19 August. The S. speciosus burrow was traced for 135 cm to a depth 
of 35 cm. It led to six fully-provisioned cicada-killer cells, but no L. argentatus cells were 
unearthed during the excavation. 

DISCUSSION 

1be location of L. argentatus nests varies between study sites. Williams (1914) noted 
females nesting in the cracks of a sidewalk. Rau (1922) observed a wasp flying into a hole 
in a day bank. A.ll of the nests in O'Brien and Kurczewski's (1982a) study were started 
from the sand surface. In our study of L. argentatus, females nested from abandoned and 
actiye cicada-killer burrows. 

1be depdls of L. argentatus cells reflect the variation in nest locations. Rau and Rau 
( 1918 1 found a single cell of this species at a depth of 6.5 cm and another in a clay bank 
only 3.2 em deep. Rau (1922) recorded a third cell of this species at a depth of 15 cm. 
O'Brien and Kurczewski (1982a) reported L. argentatus cells from four nests at rather 
uniform depdls of from 9.0 to 14.5 cm. The maximum and minimum cell depths recorded 
in their study were from a lO-celled nest. Three cells from the nest in the present study 
were unearthed at depths of 13-18 cm. The terminus of the associated cicada-killer 
burrow was only 9 cm deep, indicating L. argentatus had constructed side burrows 
Iearum! to its cells. 

1be-spe.."ies of prey of L. argentatus reflect the time of year and the varied habitats in 
which the wasps nest. For example, Krombein (1958) took a female with a nymph of 
Orocharis saJlaJor l.Thler in North Carolina in August, and Kurczewski and Kurczewski 
119""'11. two wasps with a male Gryllus rubens (Scudder) in Florida in March and an 
oyervoimcring nymph of Miogryllus verticallis (Serville) in Kansas in May, respectively. 
In ~e'" 'lad:. L. argentatus preyed upon Gryllus veletis in May and G. pennsylvanicus 
in August IO'Brien and Kurczewski 1982a, present study). 

1bere is often an inverse relationship between the number of prey per cell and the 
Size1SI of the cricket(s) in L. argentatus. O'Brien and Kurczewski (1982a) reported a 
single. large G. veleris in each of 13 cells. Rau and Rau (1918) noted four adult male G. 
penllS)l\'aniC1l5 in a single cell and two G. pennsylvanicus nymphs and one Allonemobius 
fasciaIus IDe Geer) in another cell. The present study reveals from one large to four small 
nymphs of G. penllS)'lmnicus per cell. We found no correlation between cell size and prey 
mass nor between cell depth and age of wasp progeny in L. argentatus. O'Brien and 
Kurczewski ,1982a), likewise, noted no correlation between cell length and prey weight 
(size I in this species. but found that shallower cells held older larvae in one 10-celled nest. 

Se,'eral author"s have commented on the incomplete paralysis of the prey of L. 
argen1i:lnLS. We found the prey crickets to be extremely lively, exhibiting considerable 
IIlOwment of the appendages, and, in some cases, walking or jumping from the cells 
",nen unearthed. The reason for the light paralysis of prey in L. argentatus is unknown, 
but y~' iD.."OIDJllete paralysis is well-documented for other larrine wasps such as Tachytes 
1TU'rf[ILJ Fox and T. intermedius (Viereck) (Krombein and Kurczewski 1963, Kurczewski 
and-Kurcze"'ski 1984). Steiner (1976), too, found only temporary paralysis with partial 
re..."'OYe1Y of motory reflexes in three species of Liris. He believed that, because such 
wasps are rather primitive sphecids (Bohart and Menke 1976), their venom has only a 
limited eff~""t both in time and space. He (1976, 1984) noted further that the mole cricket 
prey of anoc:bcr primitive larrine, genus Larra, recovers even more completely from the 
effects of the wasp' s '·enom. The mole crickets behave normally, as if they had not been 
stung. Steiner 1.1976. 1984) related this complete recovery to the "weak venom 
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properties" of the wasp and (or) the considerable size difference between the wasp and its 
enormous prey. 

The 13 cells of L. argentatus excavated by O'Brien and Kurczewski (1982a) were 
devoid of cleptoparasites, yet two of the three cells we unearthed in the present study each 
contained several miltogramrnine maggots (Senotainia trilineata). The fact that O'Brien 
and Kurczewski's (1982a) study was done in May when such flies are virtually absent, 
and our study was made in August when satellite flies are abundant, suggests adult 
overwintering in sphecid and pompilid wasps is a means to avoid such cleptoparasitism 
(O'Brien and Kurczewski 1982b, Aim and Kurczewski 1984). 

In L. argentatus and an unrelated sphecid, Podalonia luctuosa (Cresson), which preys 
upon cutworms (O'Brien and Kurczewski 1982b), the spring-nesting (overwintering) 
generations appear to be larger in size than the mid to late summer-nesting generations in 
upstate New York. However, the spring-nesting generations of these species may be more 
obvious to the observer because there are practically no other wasps nesting at this time 
of year. M. F. O'Brien (pers. comm.) believes there may be two different (isolated) gene 
pools of "L. argentatus" comprising spring and summer sibling species that are 
synchronized with two sibling species of host crickets, Gryilus veletis and G. 
pennsylvanicus, whose adults are also allochronic (Alexander and Bigelow 1960, 
Alexander 1968). One larval L. argentatus that spun its cocoon in New York on 15 
August 1985, died during late summer before pupating and did not provide us with the 
evidence to support O'Brien's hypothesis. Two sphecids that do not overwinter in the 
adult stage, Ammophila harti (Fernald) and Oxybelus bipunctatus Olivier, also have large 
spring and small late summer generations, based upon actual numbers of nesting females 
observed (Hager and Kurczewski 1986, pers. observ., respectively). Many individuals of 
each of these species have been reared to ascertain that a certain proportion of the spring 
population goes into the makeup of later generations of the same year. However, we do 
not know what proportion of the spring populations converts directly to spring generations 
of the subsequent year(s). In Senotainia trilineata and S. vigilans Allen, two sarcophagid 
flies cleptoparasitic on sphecid wasps, some larvae convert to adults in just a few weeks 
while others emerge as adults after undergoing diapause for 1-3 years (Spofford et al. 
1986, pers. observ .). After reviewing and evaluating all of this information and 
examining the enormous amount of collecting data presented by Krombein and Gingras 
(1984), we believe that L. argentatus is at least bivoltine in New York State. 
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SPRl'CE BUDWORM AND OTHER LEPIDOPTEROUS PREY OF 

EL~IE~lD WASPS (HYMENOPTERA: EUMENIDAE) IN SPRUCE·FIR 


FORESTS OF MAINE 


Judith A. Collins' and Daniel T. Jennings2 

ABSTRACT 

Three species of eumenid wasps, Ancistrocerus adiabatus, Ancistrocerus antilope, and 
Euodynerus Ieucomelas, accepted and provisioned trap-nesting blocks with lepidopterous 
larvae, A pyralid. Nephopteryx sp., was the most commonly provisioned prey. A. 
adiabarus and E. leucomelas preyed on late instars of the spruce budworm, Choristoneura 
jumiferana: however. budworms accounted for only 6% of the provisioned prey. 
Estimates of budworm population densities before and after wasp predation, and 
subsample-s of provisioned prey indicated no significant reductions i = 0.065%) in 
budworm populations attributable to trap-nesting wasps. 

~arural enemie-s of the spruce budworm (SBW), Choristoneurajumiferana (Clemens), 
iDclude solitary trap-nesting wasps of the family Eumenidae (Fye 1962, 1965; Jenni.'lgs 
and Houseweart 1984: Collins and Jennings, 1987). Jennings and Houseweart (1984) 
noted that late iru.larS of the spruce budworm constituted 3-38% of the total observed prey 
of eumerud wasps in strip-clearcut spruce-fir stands in northern Maine. More recently, our 
studies in Penobscot County, Maine (Collins and Jennings, 1987) indicated that 
budworm prey were present in 98% of the provisioned blocks and accounted for 94% of 
the total prey. 

In addition to spruce budworm, eumenid wasps provision their nests with a wide variety 
of other lepidopl:erous larvae (Krombein 1967 and others). Cooper (1953) found 
Ancisrro<-erus ami/ope (Panzer) preying on pyralids and possibly gelechiids. Jennings and 
Houseweart «1984.1 observed eumenid wasps preying on lepidopterous larvae of six 
families in strip-clearcut areas of northern Maine. 

1be objecth'e-s of this study were to determine the species of lepidopterous prey of 
eumerud Wlb--p5 in strip-clearcut sprnce-fir forests, to determine percentage composition of 
lare instars of the spruce budworm among eumenid prey species, and to estimate the 
degree of predatioo by eumenid wasps on late ins tars of the spruce bud worm. 

MATERIALS AND METHODS 

Study Area. Five strip clearcuts were located on Great Northern Paper Company lands 
about 60 kIn northwest of :\fillinocket, Piscataquis County, Maine. Individual study sites 
were along the eastern edge of TO\\'llship 4. Range 12 ('VELS), 2.6 kIn east of Ripogenus 

'Depa.rtrnent of Entomology. Cniversity of:\laine. Current address: 47 Fairfax St., Bangor, ME 
04401. 

'~ortheastem Forest E'\.periment Station. CSDA Building, University of Maine, Orono, ME 
(»469. 
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Fig. 1. Plot design in strip c1earcut; 5-m spacings between trapping stations, Piscataquis County, 
Maine, 1984. 

Pond, 2.5 km northwest of Soubunge Mountain, and 8.2 km northeast of Weymouth 
Point (45° 5' N, 69° 13' W). Elevations were about 335 m (USGS Harrington Lake 
Quadrangle, 1954). 

Strip clearcuts consisted of alternating uncut residual spruce-fir stands and clearcut 
strips from which trees had been harvested and removed in 1977. The strips were oriented 
east-west (x = 94° E; range = 90-96°). The study area was sprayed with Sevin-4-oil®3 
for spruce budworm suppression in 1981. 

Species composition by percentage basal area showed that the study area had a 
softwood component ofred spruce, Picea rubens Sargent (69.5%); northern white cedar, 
Thuja occidentalis L. (11.6%); white spruce, Picea glauca (Moench) Voss (10.2%); 
balsam fir, Abies balsamea (L.) Miller (4.1 %); and white pine, Pinus strobus L. (2.7%). 
Two hardwoods, white birch, Betula papyrijera Marsh., and red maple, Acer rubrum L., 
combined, accounted for less than 2% of the total basal area. Tree heights, diameters, and 
ages of the dominant or codominant softwoods were about equal over all plots; mean 
height = 12.4 ± 0.4 m, mean dbh = 13.9 ± 1.8 cm, mean age = 62.1 ± 1.5 
years. 

Experimental Design. At each site, 25 trap-nesting bundles (16 blockslbundle) 
(Collins and Jennings 1984) were placed in a 5 x 5-grid with 5-m spacings between 
bundles (Fig. I). Each grid was centered in the strip clearcut at least 5 m from forested 
edges. All traps were hung at a uniform height (0.25 m) from cedar stakes with nesting 
holes (8 mm diam.) oriented south. 

Traps were deployed on 10 June 1984 and examined every 7 or 8 days thereafter for 
6 weeks. At each examination, a 30% subsample was taken of recently provisioned 
blocks; the remaining 70% were left in the field to allow wasp emergence and 
reproduction. Blocks with emergence holes were also noted and, if subsequently 
reprovisioned, counted as new nests. Blocks provisioned by trap-nesting bees (pollen and 
leaf plugs) were removed and replaced with new, unused blocks. 

Laboratory Examinations. In the laboratory, provisioned blocks were split longitu
dinally with the grain using a wood chisel and rubber mallet. Laboratory observations 

3Mention of a commercial or proprietary product does not constitute endorsement by the USDA, 
the Forest Service, or the University of Maine. 



1987 THE GREAT LAKES ENTOMOLOGIST 129 

included cells per block, wasp developmental stage (egg, larva, pupa), and provisioned 
prey larvae per cell. Prey larvae were preserved in 75% ethanol and sent to specialists for 
identification. 

Eumenid eggs. larvae. or pupae were removed from provisioned cells and reared 
indi>idually in -1-dram shell vials at room temperature (ca. 20°C). Moistened tissue paper 
was placed in the bottom of each vial. When wasp eggs or larvae were reared, several prey 
larvae including spruce budworms were provided. Vials were closed with cotton plugs 
and chcrked periodically for emergence of adult wasps. Diapausing wasp larvae were 
stored at 5-6=C for 4 mo., then reared at 30°C. Associated Diptera and Hymenoptera were 
reared bv the same methods. 

Bodwonn Population Estimates. Spruce budworm populations were estimated before 
and after predation by eumenid wasps. The first sample (7-8 June 1984) corresponded 
\\ith the budworm's LrL4 stages; the second (24-25 July ]984) with the budworm's 
pupal stage. Ten dominant or codominant red spruce were chosen for sampling from the 
uncut areas immediately adjacent to each study site. Trees were flagged and numbered (10 
trees. plOi. x ::! plots/site x 8 sites 160 trees/sample). The same trees were used for 
both population estimates. For each estimate, two midcrown branches (~ 45 cm) were 
pruned from each tree (320 branches). Foliated branch lengths and widths were measured 
(cm) and foliage areas (A) calculated by the formula A = length x widthl2 (Sanders 
19801

Budworm population densities were calculated as mean larvae and pupae/m2 foliage 
area. Only live lan'ae and pupae and successfully emerged pupal cases were included in 
the population estimates. Budworm larval and pupal densities were converted to absolute 
populations per hectare by the method of Morris (1955). Branch surface area (BSA) per 
spruce tree was calculated by the formula BSA 2.64 + 3.34 diam. (cm) at breast 
height u:lbhl after Dimond (Jennings et al. 1983). 

Based on the 3O'k subsample of provisioned blocks, we estimated total numbers of 
spruce 1:K.k:IWOfmS in all nesting blocks. We then calculated and converted budworms per 
nesting block to budworms per mete~ of plot area and budworms per hectare. Percent 
reduction in the budworm population per hectare due to trap-nesting wasps was 
derennined by the formula: provisioned SBW larvae/(initial population density of larvae
pupae I x 100. Although foraging ranges of eumenid wasps generally are unknown, we 
assumed that most budworm prey came from nearby trees. 

Data Analyses. Means and standard errors were calculated for prey per block and per 
cell. blocks prO\isioned per week, spruce budworm larval-pupal populations per mete~ 
of foliage area, and percent reduction in spruce budworm popUlation. 

Before analyses, all data were subjected to Hartley's Test for homogeneity of variance 
(Sokal & Roblf 1981) and appropriate transformations made (natural log). Analysis of 
variance i.~~OVA) (P = 0.05) (SAS Institute 1982: 113) and Duncan's multiple range 
test t var. 0.05) (SAS Institute 1982: 122) were used to compare mean blocks provisioned per 
week and mean budworm populations (larvae and pupae) among sites. 

RESULTS AND DISCUSSION 

Sesting-Biock. Acceptance and Provisioning, Eumenid wasps accepted and provi
sioned nesting blocks on all sites (Table 1); there was no significant difference in mean 
blocks prmisiooed per week among the five sites. Mean blocks per week was lowest on 
site H. but not significantly. 

Predator-Prey Species. Generally, the same kinds of lepidopterous prey were 
prO\isioned by eumenid wasps among all sites (Table 2). Some sites had only five prey 
species: others ranged from six to nine species. Some nesting blocks and cells were 
prO\isioned v.ith more than one prey species. Mean prey per block ranged from 1.4 
(± 0.11 to 54.5 (± 29.5). Nephopteryx group-sp. # 1 was the most commonly 
prO\isiooed prey: 83'k of the provisioned blocks had larvae of this pyralid. Only 13 
blocks O.7Ci) contained spruce budworm larvae; most were fifth and sixth instars. 
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Table L Nesting blocks provisioned (30%) subsample, and mean (± SE) blocks provisioned per 
week, each site. 

Total blocks Mean blocks provo 
Site provo per week" 

A 34 5.7 (±2.3) 
D 32 5.3 (±2.6) 
E 40 6.7 (±2.8) 
F 37 6.2 (±2.7) 
H 26 4.3 (± 1.5) 

All 169 5.6 (±L9) 

aNatural log transformations [In(x + I)J before analyses. Weekly means are not significantly 
different among sites at the P 0.05 level (ANOYA and Duncan's multiple range test [SAS 
Institute 1982]). 

Table 2. Distribution of Iepidopterous prey among eumenid nesting blocks by site over all weeks 
(30% subsample). 

Prey 
Blocks/site 

Total Total Mean prey 
species A D E F H blocks prey (±SE)!blk 

Coleotechnites sp. 1 2 109 54.5 (±29.5) 
Acleris sp. # 1 1 I 3 3.0 (± 0.0) 
Archips rosana (L.) 5 6 30 5.0 (± 1.3) 
Spilonota ocellana 

(Dennis and Schiffermuller) 1 1 2 1 5 27 5.4 (± 2.7) 
Nephopteryx group-sp. #1 30 27 33 31 19 140 1316 9.4 (± 0.6) 
Nephopteryx group--sp. #2 3 2 I 2 I 9 14 1.6 (± 0.4) 
Nephopteryx group-sp. #3 3 4 8 3 4 22 32 1.4(± 0.1) 
Argyrotaenia sp. I I I 3 6 32 5.3 (± 2.2) 
Choristoneura jumiferana 1 2 2 3 5 13 66 5.1 (± 0.9) 

Three species of eumenid wasps and nine species of lepidopterous prey were recovered 
from nesting blocks (Table 3). Two of the eumenid species, Ancistrocerus adiabatus 
(Saussure) and Euodynerus leucomelas (Saussure), preyed on larvae of the spruce 
budwonn; however, budwonn larvae constituted only 7.2 and 4.7% (x 6.0%) of their 
total cell provisions, respectively. E. leucomelas was our most abundantly reared wasp (n 
= 169) and showed the greatest diversity of lepidopterous prey species (n 7). A. 
adiabatus was next (n 9) with five prey species; A. antilope was reared from only one 
trap provisioned with Nep/wpteryx group-sp. #1. 

Budworm Population Reduction. Before predation by eumenid wasps, mean overall 
budwonn population density was 27.2 ± 2.6 larvae/m2 of foliage area. After predation, 
mean overall density was 5.4 ± 0.6 pupae/m2 of foliage area. As expected, there was a 
significant (P < 0.05) reduction in budwonn population densities between sampling 
periods over all plots. 

Estimates of total spruce bud worms provisioned in all blocks ranged from 23 to 77 per 
site and 575 to 1925 per hectare (Table 4). Absolute populations of spruce budwonn 
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Table 3. Eumenid predator and lepidopterous prey species. 

Wasp species Prey species 

A. anti/ope 
A. adfubaru.s 

E. /eucomelas 

Nephopteryx group-sp. #1 
Choristoneura fumiferana 
Archips rosana 
Spilonota ocellana 
Acleris sp. # 1 
Coleotechnites sp. 
Choristoneura fumiferana 
Argyrotaenia sp. 
Spilonota ocellana 
Archips rosana 
Nephopteryx group-sp. #1 
Nephopteryx group-sp. #2 
Nephopteryx group-sp. #3 

Prey 
(n) 

8 
!O 
14 
2 
3 

109 
42 

2 
7 

10 
817 

10 
13 

% 

100.0 
7.2 

10.1 
1.4 
2.2 

79.0 
4.7 
0.2 
0.8 
1.1 

90.7 
1.1 
1.4 

Table 4. E..stimates of spruce budwonTI (SBW) provisioned by trap-nesting wasps, and SBW 
prmisiooed per meter of area (400 m2

), and per hectare. 

Total 
SBW 

Site provo SBW/m2 SBW/ha 

A 33 0.082 825 
D 30 0.075 750 
E 23 0.058 575 
F 57 0.142 1425 
H 77 0.192 1925 

larvae ranged from 1.3 to 2.8 million per hectare (Table 5). Age-interval losses between 
larval and pupal stages averaged 79.4%. 

We estimated that the mean overall reduction in budwonn population due to eumenid 
wasps was 001'1 0.065% (Table 5). Eumenid wasps provisioned < 0.2 spruce budwonn 
prey gee meter of plot area. Watt (1963) estimated that 0.5 spruce budwonn larvae per 
meter of foliage area must be eaten by predators to account for a decrease in survival rates 
at low larval densities. 

In Yaine's strip-dearcut forests, our results indicate that eumenid wasps prey on a 
variety of lepidopterous species including spruce budwonn. The eumenids may be 
generalist predators that take advantage of whatever larvae are most readily available. In 
this study. budwonn larval populations were low (27.2 larvae/m2 of foliage area); 
predation by eumenid wasps on spruce budwonns was similarly low (6% of total prey). 
Earlier. Jennings and Houseweart ( 1984) found that spruce budwonns comprised 3-38% of 
the total prey where budwonn populations ranged from 74.6 to 100.7 larvae-pupae/m2

• 

Likev.ise. we found that spruce budwonns accounted for 94% of total eumenid prey in an 
area where spruce budwonn populations were estimated to be moderately high (Collins 
and Jennings. 1987). 



132 THE GREAT LAKES ENTOMOLOGIST Vol. 20, No.3 

Table 5. Absolute populations of spruce budworm (SBW) larvae and pupae per hectare, percent 
age-interval loss (larvae-pupae), estimated SBW provisioned by trap-nesting wasps (TNW) per 
hectare, and percent reduction SBW by TNW. 

"k loss TNW provo % reduction 
Site Larvaeiha Pupaeiha larvae-pupae (SBW)iha ofSBW by TNW 

A 1,827,059 385,126 78.9 825 0.057 
D 1,355,071 154,994 88.6 750 0.062 
E 1,783,791 674,084 62.2 575 0.052 
F 2,848,751 515,793 81.9 1425 0.061 
H 2,401,345 344,811 85.6 1925 0.094 

x 79.4 x= 0.065 

Numerous factors need further study, including the extent of eumenid population 
build-up due to continued availability of trap nests, changes in prey percentages from year 
to year depending upon host abundance, and foraging ranges of eumenid wasps. 
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HABITATS AND SPIDER PREY OF DIPOGON SAYI SAYI 
(lIBIENOPTERA: POMPILIDAE) IN WASHINGTON COUNTY, 

MAINE! 

Daniel T. Jennings2 and Frank D. Parker3 

ABSTRACT 

Spider wasps were reared from three types of trap-nests deployed in strip-clearcut areas 
of a spruce-fir-mixed hardwood forest of Maine. Collections of Dipogon sayi sayi from 
Mooseborn National Wildlife Refuge, Washington County, represent the easternmost 
records for the United States. Spider prey included females of Misumena valia, Xysticus 
emenoni (new prey record), and X. punctatus, and juveniles and penultimate males of 
Xysticus sp. We found no evidence of nest-site competition between spider wasps and 
eurnenid wasps (Hymenoptera: Eumenidae) that prey on spruce budwornl, Choristoneura 
fumiferana, wben available nesting sites ranged from 320 to 4400, 

The spider wasp Dipogon sayi sayi Banks is frequently encountered in forested regions 
of the northeastern United States and Canada. Its biology has been studied by Medler and 
Koerber 11957) in Wisconsin, Evans and Yosbimoto (1962) in New York, Krombein 
(19671 in New York and in Washington, D,C., and Godfrey and Hilton (1983) in Quebec. 
Virtually nothing is known about the biology of this spider predator in Maine forests, 

During our investigations of eumenid wasps (Hymenoptera: Eumenidae) that prey on 
the spruce budworm, Choristoneura fumiferana (Clemens), we gathered infornlation on 
the habitats. spider prey, and nest structure ofD. sayi sayi in Maine. This paper describes 
new locality records, coniferous habitats, spider prey, and nesting substrate for the 
pompilid wasp, D. sayi sayi. 

MATERIALS AND METHODS 

Study Sites. Spider wasps were reared from trap-nests deployed in a spruce-fir-mixed 
hardwood forest located in the Moosehorn National Wildlife Refuge, Washington County, 
Maine. Indi,idual study sites were about 6.2 km (Calais Minor Civil Division [MCD]) and 
13.6 km (Baring Plantation MCD) south of Calais, Maine. The forest at both study sites 
had been strip c1earcut, which resulted in alternating clearcut and uncut residual strips. The 
open areas of strip c1earcuts had an abundance of ferns (Pteridium aquilinum (L.», shrubs 
(Spiraea sp .• Vaccinium sp" Kalmia angustifolia L.), and young, sapling 

IA OOIlniburion to the CANADAIUNITED STATES (CANUSA) Spruce Budworms Program. 
Mention of a commercial product does not constitute an endorsement by the USDA, the Forest 
Sen1ce. Of'the Agricultural Research Service. 

~t:SDA. Forest Service, Northeastern Forest Experiment Station, USDA Building, University 
of Maine. Orono. ME 04469. 

3t:SDA. Agricultural Research Serivce, Bee Biology and Systematics Laboratory, NRB, UMC 
53. Utah Stare t:mversity, Logan. UT 84322. 
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trees (Populus tremuloides Michx., Alnus rugosa (Du Roi) Spreng., Salix sp.). The uncut 
residual strips, were composed mainly of mature and pole-size conifers, including balsam 
fir (Abies balsamea (L.) Mill.), red spruce (Picea rubens Sargent), white spruce (P. 
glauca (Moench) Voss), northern white cedar (Thuja occidentalis L.), and eastern white 
pine (Pinus strobus L.). Common hardwood species in uncut residual strips were gray 
birch (Betula populi/alia Marsh.), red maple (Acer rubrum L.), ash (Fraxinus sp.), and 
speckled alder (Alnus rugosa). 

Trap Nests. Three types of trap-nests were used to attract nesting wasps. 
Type A traps. Small blocks (1.9 x 1.9 x 17.8 cm) cut from straight-grained eastern 

white pine, with an 8-mm diam hole drilled 15.2 cm deep in each block. In 1981, bundles 
of nine blocks each, spaced 10 m apart, were hung 1.5 m above ground from trees 
(Collins and Jennings 1984) along north and south edges of five replicated east-west strip 
clearcuts (Calais MCD). Type A traps totaled 450 {9 blksfbundle x 5 bundles/forest 
edge x 2 edges (N,S)/clearcut strip x 5 replicated strip clearcuts). 

Type B traps. Small blocks (3.8 x 8.8 x 17.8 cm) cut from eastern white pine 
two-by-four stock, with eight 8-mm holes drilled 15.2 em deep. In 1982, four 
line-transects were established in a strip-clearcut area (Baring Plantation MCD), with one 
line transect per clearcut strip. Five type A traps and five type B traps were randomly 
assigned to 10 trapping stations, spaced 3 m apart, along each line transect. Total 
available nesting sites was 320 (8 holes/trap x 10 traps/line transect x 4 line transects). 

Type C traps. Condominium-style trap (11.5 x 11.5 x 15.2 cm) cut from northern 
white-cedar, with 36 evenly spaced holes drilled completely though the long dimension of 
each block. Blocks were dipped in polyurethane and one end covered with aluminum foil 
tape (Scotchbrand®). All seams were sealed with all-purpose hot melt adhesive 
(Therrnogrip®). Paper soda straws (8 mm outside diam, ca. 7 mm inside diam., 152 mm 
long) were inserted into 35 holes; one centrally located hole was used to spike (20.3 em) 
mount the condominium trap to a stake, stump, or shelter. In 1983, 10 type C blocks were 
randomly mounted on stumps (ca. 30 cm high) in each strip-c1earcut; 10 blocks were also 
mounted in a plywood shelter (0.3 x 0.6 x 1.2 m) ca. 1.2 m above ground and 
centrally located among the \0 stump-mounted blocks. In 1984, 1985, and 1986, all type 
C blocks were mounted on stakes 60 em above ground. Stakes and blocks were placed in 
a grid pattern, i.e., four rows with five blocks in each row. Spacing of traps within and 
between rows was 4 m. Five strip clearcuts (Calais MCD) were studicd in 1983 and 1984; 
six strip clearcuts were studied in 1985 and 1986 (5-Calais MCD; I-Baring Plantation 
MCD). For study years 1983 and 1984, available nesting sites totaled 3500 (35 
holesfblock x 20 blocks/rep x 5 reps); in 1985 and 1986, available sites total 4400 (6 
reps). 

Wasp Rearings. For most study years, traps were examined weekly in June and July. 
Provisioned blocks or straws werc removed and replaced with new, unused blocks or 
straws. Provisioned nests were opened in the laboratory and wasps (summcr generation) 
reared individually in 4-dram vials at room temperature (ca. 22°C). Measurements (mm) 
were taken of nest cell length, cell partition thickness, and plug thickness. 

After the midsummer examinations, traps were left undisturbed in the field until 
October when all traps were retrieved (except 1985-86) and placed in an unheated 
building over winter. The following spring (April, May), diapausing wasp larvae 
(overwintering generation) were either (1) reared in situ at room temperature, or (2) 
removed from blocks or straws, placed in gelatin capsules (size 00), and reared in 
environmental chambers (30°C) to maturity. 

Wasp-Spider Identifications. Spider wasps were sent to a specialist for species 
identification. After identification, wasps were sexed by the presencc (female) or absence 
(male) of a maxillary beard (Townes 1957). Spider prey were identified by the senior 
author, following the keys and species descriptions of Dondale and Redner (1978). 
Representative specimens of spider wasps collected and rearcd during this study are 
deposited in the entomological collection of the U.S. National Museum, Washington, 
D.C. 
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RESULTS AND DISCUSSION 

Reared Wasps. Spider wasps (Dipogon say! say! Banks) were reared from all three 
trap types: most (56%) from Type C traps (Table 1), the most abundantiy available trap. 
Our collections of D. say! say! from Washington County, Maine, represent the 
easternmost records of this species in the United States. 

Thirty-five females and ten males were reared, which indicates a 3.5: I sex ratio. 
Krombein (1967) found a 2:1 sex ratio in favor of D. say! sayi females. Most (56%) of 
our reared wasps came from the summer generation when traps were most frequently 
examined. 

There is only one previous record of D. say! sayi from Maine; Jennings et al. (1984) 
reared D. sayi from a trap-nesting block placed in a dense spruce-fir forest, Piscataquis 
County. Maine. Procter (1946) noted a related species, D. calipterus (Say), carrying an 
unidentified spider on dead spruce, Mt. Desert Island, Hancock County, Maine. Dearborn 
et al. (}983) reported that six genera and seven species of pompilid wasps were housed 
in the entomological collections at Augusta, Maine; however, species of Dipogon were 
not included. 

Our collections of D. sayi sayi from soda-straw nests represent new records of nesting 
substrate used by these wasps. Previous nest-substrate records include sumac (Rhus sp.) 
and. bamboo stems (Medler and Koerber 1957); Carya and Celtis wood (Townes 1957); 
an elm IL'lmus sp.) log (Evans and Yoshimoto 1962); elderberry (Sambucus spp.) tubes 
and root of an overturned balsam fir (Abies balsamea) stump (Fye 1965); and eastern 
white pine (Pinus strobus) trap-nests (Jennings et al. 1984). 

Wasp Habitats. All of our collections of D. sayi sayi came from open habitats of 
spruce-fir-mixed. hardwood forests. These habitats differ from the open deciduous 
woodlands previously recorded for this spider wasp (Medler and Koerber 1957, Evans and 
Yoshimoto 1962). Krombein (1967:161) reared D. sayi sayi from trap nests "placed 
along edges of woods or in wooded areas" of New York and Washington, D.C. In 
nortln..estern Ontario, Fye (1965) trapped D. sayi sayi in open woodland habitats; in 
eastern Quebec, Godfrey and Hilton (1983) recovered D. sayi sayi from two trap nests 
placed near a red pine (Pinus resinosa Ait.) stand. 

From recorded observations and our own data, we conclude that D say! say! probably 
prefers open habitats of wooded areas--deciduous, coniferous, or mixed. In Maine, 
strip-dearcut areas of mixed coniferous-deciduous forest provide suitable habitat for D. 
sayi say!. The open, cleared strips have abundant flowering shrubs and forbs which may 
pro\ide nectar sources; however, Evans and Yoshimoto (1962) noted that sayi rarely visits 
flowers for nectar. The open, cleared strips also have abundant logging debris which 
pro\ides natural nesting sites for spider wasps. After logging, numerous species of 

Table L Spider wasps (Dipogon sayi sayi) reared from three trap-nest types, Moosehorn National 
Wildlife Refuge, Calais and Baring Plantation MCD's, Washington County, Maine. 

Trap Wasp Wasp number 
Year Locality type generation' and sex 

1981 Calais A S 300,8 'i' 'i' 
1982 Baring Pit. A OW 2 'i' 'i' 

B OW 20o,3'i''i' 
1983 Baring PIt. B OW 2 'i' 'i' 
1985 Calais C OW 2oo,9'i''i' 
1985 Calais C S 2oo,3'i''i' 
1986 Calais C S 1 0 .8 'i' 'i' 

·s summer: OW = overwintering. 



138 THE GREAT LAKES ENTOMOLOGIST Vol. 20, No.3 

wood-boring insects (Cerambycidae, Buprestidae) create tunnels and cavities in stumps, 
logs, and slash. Evans and Yoshimoto (1962) noted that D. sayi nests in preexisting 
galleries in wood, which the wasps clean out before searching for prey. 

Spider Prey. Spider prey were recovered from four trap nests, all Type C traps placed 
in strip clearcuts. Detailed records were obtained from only three nests (Tables 2 and 3). 
Additional prey from an overwintering type C nest were Xysticus sp., one penultimate 
male, two immature females, one juvenile, all possibly X. emertoni Keyserling, though 
the absence of fully developed genitalia precluded positive species determination. 

Our spider prey records for D. sayi sayi in Maine are in general agreement with 
previous observations; however, X. emertoni is a new prey record for this spider wasp. 
Krombein (1967) listed spiders of 5 families, 10 genera, and 23 species as prey of D. sayi 
sayi. Crab spiders (Family Thornisidae), and particularly species of Xysticus, are by far 
the most common prey of this spider wasp. Medler and Koerber (1957) recorded nine 
species of crab-spider prey; Evans and Yoshimoto (1962) recorded five species of 
crab-spider prey. These authors indicated that the female wasp hunts for spiders on low 
vegetation near the ground and in litter on the forest floor. Our most common prey 
species, X. emertoni, is frequently collected by sweeping old-field herbaceous vegetation 
(pers. observ.) and by pitfall traps in fields, meadows, and bogs (Dondale and Redner 
1978). Provisioning of nests with X. punctatus Keyserling crab spiders indicates that D. 
sayi sayi also searches arboreal habitats for prey. X. punctatus is usually found on 
coniferous-tree foliage (Jennings and Collins, in press). Fye (1965) also recovered X. 
punctatus from nests of D. sayi sayi near Black Sturgeon Lake, Ontario. 

Eight of the identified prey spiders (n 15 observ.) showed evidence of possible leg 
amputation by wasps; no data were taken on 10 spider prey consumed by reared wasps. 
Evans and Yoshimoto (1962) observed a female D. sayi bite off one leg of an immature 
X. ferox (Hentz). Krombein (1967) concluded that D. sayi sayi does not normally 
amputate legs of spider prey; however, he observed two legs of an immature Xysticus sp. 
that were amputated beyond the coxae. All but one of our leg-amputated spiders had the 
severed joint between the spider's coxa and trochanter, the exception being between the 
trochanter and femur. Because appendotomy, and particularly autospasy at the coxa
trochanter joint, is an escape mechanism employed by many spiders against predators 
(Roth and Roth 1984), recognition of leg amputation by wasps after the fact may be 

Table 2. Prey records of Dipogon sayi sayi, Moosehorn National Wildlife Refuge, Calais MCD, 
Washington County, Maine, 1985. 

Rep-block Cell Species of Prey life Sex of 
no. length (mm) spider stage reared wasp 

1ll-125 12 Xysticus sp. I penult. 0 a 

I1 X. emertoni IS? 1 S? 
I1 X. emertoni 1 S? a 

11 
12 

X. emertoni 
X. punctatus 

1 'i 
I S? 

l'i 
_b 

13 Misumena Valia (Clerck) 1 S? I 'i 
13 X. emertoni 1 'i 10 

1lI-135 15 X. emertoni I S? a 

14 Xysticus sp. 1 undet. c _b 

14 X. emertoni 1 S? 1 0 
15 Xysticus sp. I juv. _a 

16 X. emertoni 1 S? - a 

aDied in rearing, sex undetermined. 

bDipterous parasite emerged from spider prey. but died in rearing. 

"Spider genitalia absent in wasp nest cell. 
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Table 3. Prey records of Dipogon sayi sayi, Moosehorn National Wildlife Refuge, Calais MCD, 
Washington County. Maine, 1986. 

Rep-block Cell 
no. length (mm) 

III-125 16 
8 

II 
II 
11 
12 
11 
11 
15 

Species of 
spider 

Xysticus sp. 
X. emertoni 
Xysticus sp. 
X. emertoni 
Xysticus sp. 
Xysticus sp. 
X. emertoni 
X. emertoni 
X. emertoni 

Prey life 
stage 

Sex of 
reared wasp 

1 undet." 
1 ? 

1 undet." 
1 ? 

1 undet." 

_b 

10 
1 Q 
1 ? 
1 ? 

1 undet." 
1 ? _d 

1 '" 1 Q 

'Spider genitalia absent in wasp nest cell. 

bWasp lost in field. 

cDied in rearing. sex undetermined. 

dL.,an'a in diapause? 


difficult. However, crab spiders (Thomisidae), the most common prey of D. sayi sayi. 
show less tendency to lose than some other families of spiders (Roth and Roth 
1984). 

Wasp Nests. Our limited observations on provisioned nest-cell length (n 30, 
.i 12.2 ± 0.4 mm); mud partition-wall thickness (n 23, x = 3.3 ± 0.2 mm); 
vestibule length (n = 4, x 29.0 ± 4.1 mm); and mud-plug thickness (n 2, 
i 5.5 ± 0.5 mm) are in general agreement with previously reported data for D. sayi 
savi (Medler and Koerber 1957, Evans and Yoshimoto 1962). The Maine-collected plugs 
and partition walls were composed of a great variety of materials, including mud; exuviae 
of insect larva, insect pupa, eumenid wasp, jumping spider (Salticidae), and gnaphosid 
spider (Gnaphosidae); beetle elytra; curled deciduous leaves; grass; seeds and seed pod; 
lichens; and miscellaneous plant parts. 

Wasp Competition. Medler and Koerber (1957) noted some competition between D. 
sayi. eumenid wasps, and megachilid bees for nesting holes. However, we found no 
apparent evidence of competition for nesting sites between spider wasps and eumenid 
wasps (Eumenidae) that prey on larvae of the spruce budworm. Although species of 
Ancistrocerus and Euodynerus also provisioned some trap blocks and straws, the large 
number of available nesting sites (range 320 to 44(0) apparently was not a limiting factor. 
Competition for nesting sites may occur under more natural conditions when preexisting 
galleries and cavities are limited. We conclude that provisioning by spider wasps during 
this study did not interfere with eumenid-wasp predation on spruce budworm larvae. 
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NEW HOST RECORDS OF PARASITIC HYMENOPTERA IN 

CLEARWING MOTHS (LEPIDOPTERA: SESIIDAE)1 


Foster Forbes Purrington and David G. Nielsen2 

ABSTRACT 

Synanthedon pictipes is host for Dibrachus cavus; Podosesia aureocincta hosts 
Phaeogenes ater, Macrocentrus marginator, and Lissonota sp.; Podosesia syringae hosts 
Lissonota sp. 

We report five new primary relationships between clearwing moth hosts (Lepidoptera: 
Sesiidae) and parasitic wasps in the Pteromalidae, Braconidae, and Ichneumonidae. These 
associations were recorded in the course of several s' fieldwork in Ohio and elsewhere 
during which we investigated clearwing moth bi 

To our knowledge, no account or listing of sesiid parasites has been published, 
although in some reports parasitism has been noted anecdotally, as in Engelhardt (1946). 
Some known host-parasite associations are recorded in Krombein et al. (1979), and an 
effort to make more such data available using a computerized U.S. Department of 
Agriculture database is underway (Melvin E. McKnight, pers. comm.). 

Dibrachus cavus (Walker), Pteromalidae. Host record: Synanthedon pictipes (Grote 
and Robinson), lesser peachtree borer. Adults emerged 10 July 1972 (7 females, 21 
males), Wooster, Ohio, from a single host pupa. D. cavus is the most polyphagous and 
cosmopolitan of the chalcidoids, developing on insects in many orders and on spiders as 
a primary, secondary, or tertiary parasite (Krombein et al. 1979). No Sesiidae have 
previously been reported as hosts for this parasite despite its broad host range. (Del. by 
B. D. Burks.) 

Phaeogenes ater Cresson, Ichneumonidae. Host record: Podosesia aureocincta Pur
rington and Nielsen, banded ash clearwing. Two adults (one of each sex) emerged 10 
September 1976, Navarre, Ohio, from separate host pupae (solitary parasites). P. ater is 
reported only from sesiid hosts. (Det. by R. W. Carlson.) 

Macrocentrus marginator (Nees), Braconidae. Host record: Podosesia aureocincta. 
Adult female emerged 10 September 1976, Navarre, Ohio; solitary endoparasitic larva 
constructs brown papery cocoon. Other sesiids are reported as hosts, as well as other 
Lepidoptera. (Det. by P. M. Marsh.) 

Lissonota sp., Ichneumonidae. Host record: Podosesia aureocincta. Adult female 
emerged 25 September 1972, Wooster, Ohio. Host record: Podosesia syringae (Harris). 
Adult female emerged 14 June 1972, Perry, Ohio. Solitary endoparasite of larval host 
constructs brown papery cocoon. Two Lissonota spp. are recorded as parasites of 
clearwing moth larvae (Krombein, et al., 1979). (Del. by R. W. Carlson.) 

Voucher specimens are held at The Ohio State University, Ohio Agricultural Research 
and Development Center, Wooster. 

ISalaries and research support provided by State and Federal Funds appropriated to the Ohio 
Agricultural Research and Development Center, The Ohio State University. Journal Article No. 
188-86. 

2Department of Entomology, Ohio Agricultural Research and Development Center, Wooster, 
OH 44691. 
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PARASITES RECOVERED FROM OVERWINTERING MIMOSA 

WEBWORM, HOMADAULA ANISOCENTRA (LEPIDOPTERA: 


PLUTELLIDAE)! 


F. D. Miller, Jr. 2 , T. Cheetham3 , R. A. Bastian3 
, and E. R. Hart3 

ABSTRACT 

The mimosa webworm, Homadaula anisocentra, overwinters in the pupal stage. Two 
parasites, Parania geniculata and Elasmus albizziae, are associated with overwintering 
pupae or the immediate prepupal larvae. Combined parasitism during the winters of 
1981-82,1982-83, and 1983-84 was 2.1,3.9, and 2.9%, respectively. 

The mimosa webworm (MWW) , Homadaula anisocentra Meyrick (Lepidoptera: 
Plutellidae) is an important pest of ornamental honeylocust Gleditsia triacanthos L., as 
well as of mimosa, Albizzia julibrissin Durazzini, throughout most of the North American 
range of these trees. The aesthetic loss resulting from extensive defoliation by MWW 
larvae has limited the desirability of honeylocust, especially, as a landscape tree in many 
areas. 

The MWW is a bivoltine species in the north-central United States. The first generation 
larvae pupate within webbed leaves on the tree. The second-generation larvae disperse 
from the foliage in the fall and spin cocoons in cracks and crevices on trees, houses, and 
other vertical objects, and overwinter in the pupal stage. 

Nine species of insects have been reported as primary parasites of the MWW (Table 1) 
(Krombein et al. 1979; J. W. Peacock, USDA-Forest Service, pers. comm.). It was not 
known, however, which of these species were associated with the overwintering stage of 
MWW and what impact such parasites might have. As part of a major research project on 
the overwintering survivorship of the MWW, a study was made to determine the role of 
parasitism on this overwintering population. This study had the following objectives: (1) 
to identify any parasites associated with overwintering MWW, (2) to determine the level 
of parasitism in overwintering MWW, and (3) to determine the effects of winter 
temperatures on parasite survival. 

MATERIALS AND METHODS 

In early September of each year for 1981, 1982, and 1983, field observations of larval 
activity were conducted to determine the time of larval maturation. Before dispersal and 
pupation began, artificial pupation chambers made from corrugated cardboard wraps were 
placed on infested honeylocust trees in Ames, Iowa, to collect overwintering MWW 
(Miller and Hart, 1987). These wraps were collected in late October, after all MWW 

IJoumal Paper No. J-12423 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa. Project No. 2379. 

20ffice of Agricultural Entomology, 172 Natural Resources Building, 607 East Peabody Drive, 
Champaign, IL 61820. 

3Department of Entomology, Iowa State University, Ames, IA 50011. 
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Table 1. Reported primary parasites associated with mimosa web worm larvae and pupae. 

Diptera 
Tachinidae 

Hemisturmia tortricis (Coq.)b 

Hymenoptera 
Braconidae 

Agathis cineta (Cresson)" 
Apanteles hyphantriae Riley' 

Ichneumonidae 
Enytus obliteratus (Cresson)' 
Diadegma Sp.2 

Ophionellus fouts! (Cushman)" 
Parania geniculata (Holmgren)'·b 

Eulopbidae 
Elasmus albizziae Burks"·b.c 
Paraolinx canadensis Miller" 

aKrombein et al., 1979. 

bJ. W. Peacock, USDA-Forest Service, personal communication. 

<J. Appleby, Illinois Natural History Survey, rearing record. 

larval movement and pupation activity had ceased and temperatures had reached levels 
that precluded significant activity by most other insects. The carboard wraps were cut into 
strips containing at least 150--200 cocoons each and the strips randomized. Sixteen strips 
were then placed in each of four (1981), five (1982), and one (1983), selected, typical 
overwintering locations in the city (Miller and Hart, 1987; Hart et al. 1986). From each 
location, subsamples of 150--200 cocoons, 10--15 from each of the 16 strips, were 
removed at approximately 14-day intervals and returned to the laboratory for examination 
for as long as laboratory emergence indicated that MWW or associated parasites survived 
winter conditions. Laboratory studies included observations of parasitism level on 
prepupal and pupal MWW, parasite development, and condition of host material. 

The insects sampled from the microhabitats were examined for mortality by gently 
nudging each pupal cocoon. Those that showed movement were considered to be alive and 
unparasitized. After the laboratory examination, each corrugated cardboard section for a 
given subsample was placed in a 3.7-ml plastic creamer cup and sealed with a lid that 
contained 8-10 small holes to allow for ventilation and to reduce fungal growth by 
regulating humidity in the cup. The date, sample number, and location were recorded. 
The cups from each sampling period were placed in an environmental chamber set to a 
temperature regime of 200 e (day) and 16°e (night) that corresponded with a 16:8 (L:D) 
photoperiod. Humidity was maintained at approximately 55%. These conditions simu
lated June field conditions when both MWW and parasites emerge. The cups were 
examined every I or 2 days for parasite and MWW emergence. After emergence, the 
parasites were removed from the cups and placed in 70% alcohol for subsequent counting 
and identification. 

At the end of each winter, the total number of MWW examined and the total number 
of parasites of each species were tabulated. Mean percent parasitism was calculated from 
these data. 
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RESULTS AND DISCUSSION 

Only two parasite species were reared from overwintering MWW in the Ames, Iowa, 
area (Table 2). These were identified as Parania geniculata (Holmgren) (Hymenoptera: 
lchneumonidae) and Elasmus albizziae Burks (Hymenoptera: Eulophidae) by the authors. 

P. geniculata is widely distributed throughout North America, and host records indicate 
that it is most often a parasite of small Lepidoptera, particularly Tortricidae, on trees and 
shrubs (Krombein et al. 1979). Eggs are deposited in late instar caterpillars and the larvae 
develop as internal parasites within the host pupae. We observed that only one adult 
parasite emerged from each parasitized MWW pupal case. The head region of the pupal 
case had been removed upon emergence and resembled a cap while the remainder of the 
pupal case was left intact. In the laboratory, adult P. geniculata tended to emerge about 
4 days after adult E. albizziae and about 22 days before adult MWW emergence. 

Parasitism of the MWW by E. albizziae was first reported by Burks (1965). The 
appearance ofthis species in Camden County, New Jersey, near an international harbor, 
along with the resemblance of E. albizziae to certain Oriental species of Elasmus, led 
Burks to conclude that it had been introduced recently from Asia. 

Field and laboratory observations indicate that E. albizziae parasitized MWW prepupae 
after they had situated themselves in a suitable overwintering site and before pupation was 
completed. Development of parasitized MWW stopped in the prepupal condition within 
the pupal cocoon. About 21 days after MWW cocoon formation, E. albizziae pupae were 
observed in the pupal cocoons with the prepupal body fluids already consumed. 
Emergence was about 4 days before that of P. geniculata, and about 18 days before that 
of adult MWW emergence. 

A mean of approximately 10 E. albizzae pupae occurred for each parasitized MWW 
(Miller 1984). Only the larval MWW head capsule was found within the pupal cocoon 
after parasite emergence. The infestation in any group of host pupae appeared scattered, 
with many adjacent cocoons being unparasitized. 

E. albizziae is considered to be parthenogenetic, and males are quite rare. Burks (1971) 
observed the fIrst known male in 1967 and stated that he had seen "thousands of females 
but only 9 males." Only a single male was found in the overwintering material collected 
during this study. 

Both P. geniculata and E. albizziae seem to be susceptible to the same extreme low 
winter temperatures as the MWW. During the winter of 1981-1982, mortality of MWW 
pupae in the fIeld approached 100% by mid-January 1982 (Miller and Hart, 1987). 
Parasite mortality for both species also approached 100% by that time. Extreme low 
temperatures also occurred during the winter of 1983-1984, with fIeld mortality of MWW 

Tahle 2. Percent Parasitism of Overwintering Mimosa Webworrn pupae for the winters of 1981-82, 
1982-83, and 1983-84. 

Parania Elasmus 
Total MWW geniculata albizziae Percent 

Year Sampled recovered recovered Parasitism" 

1981-82 3,992 25 609 2.1 
1982-83 10,393 188 2,141 3.9 
1983-84 743 6 157 2.9 
Total 15,128 219 2,907 

apercent Parasitism = {[No. P. geniculata + (No. E. albizziae/IO)]/Total number of pupae 
sampled} x 100. 
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pupae and both parasite species approaching 100% by late December 1983. These low 
temperaures approached or exceeded the supercooling point (temperature at which lethal 
ice formation occurs) of the MWW pupae during both winters (Miller and Hart, 1987). 

During mild winters (I.e. 1982-1983), both parasite species survived throughout the 
entire winter regardless of their overwintering site location. Mimosa webworm pupal 
morality never exceeded 40% during the entire winter (Miller and Hart, 1987). Data were 
not collected on parasite mortality, however, and it is not known what, if any, effect these 
mild temperatures had on parasite survivorship rates. The only significant difference 
(t 2.61: P < 0.05) in mean percent parasitism among the three winters occurred 
between 1981 (2.1%) and 1982 (3.9%) but the reason for, or implications of, this 
significance are not clear. 

The efficacy of parasitism in reducing damage by lepidopterous pests depends in part 
on the larval instar that is parasitized. If we consider that both of these species parasitize 
late instar larvae or prepupae, from an economic or practical control standpoint, this is of 
limited immediate benefit because the feeding damage had already occurred. Parasite data 
were not collected on first generation MWW parasite populations following any of the 
winters. Recent studies in the same Ames, Iowa, area have indicated that parasitism by 
E. albizziae can reach high levels (50--60%) in first generation MWW larvae (R. Bastian, 
Iowa State Univ., pers. comm.). Further studies are needed to determine the factors 
responsible for this difference in parasitism levels between the two generations, and for 
the effects that this may have on defoliation levels. 
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HEAD CAPSULE WIDTHS AS AN INDICATOR OF THE LARVAL 
INSTAR OF CODLING MOTH (LEPIDOPTERA: OLETHREUTIDAE)l 

Peter Weitzner2 and Mark E. Whalon3 

ABSTRACT 

Head capsule width was a reliable indicator of larval instar in a strain of Michigan 
codling moths, Cydia pomonella. Head capsules were 0.33, 0.50, 0.82, 1.18 and 
1.55 mm in width from first to fifth instar respectively. Development as measured by days 
and degree days was much more variable than head capsule width in estimating larval 
instars. 

One of the most important insect pests of apples in North America is the codling moth, 
Cydia pomonella (L.). In late spring the overwintering, late instar larvae come out of 
diapause, resume development, and pupate. Within 20-25 days, at optimum conditions, 
first generation adults emerge and lay eggs. Eggs are laid on or near the fruits, and newly 
hatched larvae crawl across the surface of the fruit to locate an entry site. After entry sites 
are located, the larvae bore directly into the fruit toward the seeds and feed there until their 
larval development is complete. The late instar larvae (fourth or fifth) emerge from the 
fruit and either seek an overwintering site where they spin a hybemaculum and 
overwinter, or continue development through the pupal stage and emerge as adults to 
complete the cycle. 

In Michigan apple orchards the codling moth causes an average of 0.52% damage to 
commercial apples (CCMS 1984) in spite of sophisticated phenology models (Welch et al. 
1978, Riedl and Croft 1978, Gage et a1. 1982) which are used to time insecticide sprays. 
A research program was initiated in 1982 to improve the predictive capability of this 
phenology modeling system by including the effects of temperature modification on 
diapause induction (Garcia-Salazar et aI., in press). Several of these studies and 
subsequent field validation of the models required a means of estimating instar without 
knowing the developmental history of the larva. There are no reliable morphological traits 
for distinguishing different codling moth larval instars except size and the sexual 
dimorphism apparent only in the fifth instar (Hansen and Harwood 1968). Larval head 
capsule width in other Lepidoptera (eg. Choristoneura rosaceana (Harris) and 
Argyrotaenia velutinana (Walker)) has been a reliable means of estimating developmental 
instars. Since these data were not available for the Michigan strain of codling moth, our 
objective of this study was to correlate head capsule width with larval instar. 

MATERIALS AND METHODS 

Michigan-strain adult codling moths originating from Douglas, Michigan, in 1982 were 
used in this study. Adults from this regularly maintained culture (Garcia-Salazar 1984) 

IMichigan State University Agricultural Experiment Station Journal Article No. 12217. 

2207 West 86 St., New York, NY 10024. 

3Department of Entomology, Michigan State University, East Lansing, MI48824. 
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were placed into circular plastic (21 x 9-cm) oviposition containers. The containers were 
lined with wax paper as an oviposition surface. Adult moths were fed 50% sucrose 
solution contained in a lO-ml specimen vial equipped with a cotton dental wick. The 
codling moth colony and experimental larvae were held in a growth chamber at 27°C, 
70% RH, and 16L:8D photoperiod. A twilight was produced before and after each light 
photoperiod by a small microscope light (200 lux) which remained on for an additional 20 
min. 

A semisynthetic diet (Cowles 1985) was prepared and poured into individual 1.25-oz 
cups. Both the cups and their covers were sprayed with 70% ethanol solution with methyl 
paraben (2%) and solidified under an ultraviolet light. When dry, the surface was 
scratched with a sterile knife and a first instar larva was transferred to the media with a 
small, soft-bristled brush. Pieces of cardboard (1.5 x 1.5 cm) were glued to the covers 
of the cups to provide the larvae with a pupation site. 

Treatment larvae were selected by randomly identifying a cohort of eggs laid within 1 h 
of each other and examining them at J-h intervals for hatching. When hatching occurred, 
the larvae were placed into the diet cups immediately. Each larva's cup was dated and the 
time recorded at egg hatch. 

Forty Larvae were randomly selected and assigned to each of eight treatments of 2, 4, 
6, 8, 10, 12, 14, and 16 days of development time (total 320 larvae). At the end of each 
period, the treatment cups were opened and the head capsules of the larvae were measured 
and recorded. A dissecting binocular microscope with a micrometer ocular was used. Data 
were submitted to a one-way analysis of variance (SAS 1985) and mean separation 
procedures (Steel and Torrie 1982). 

Examination of the data suggested fitting cumulative density functions to each instar's 
heat unit requirements for completion of a developmental stage. Cumulative density 
functions predicted the fraction of the total larvae in a particular instar predicted by the 
cumulative density functions in each treatment group. The density functions were used to 
estimate the developmental time (days) and degree day (DD) summations. 

RESULTS AND DISCUSSION 

Head capsules measurements made differentiation between instars very clear. Molting 
resulted in a significant (P 0.01) increase in head capsule width (Table 1) as expected, 
allowing for clear distinction between instars. Head capsule widths within instars varied 
over a small range as demonstrated by the small standard deviations. The variability in 
head capsule width data shows that 75.2 and 95.4% of the values fall within one and two 
standard deviations of the mean respectively. 

Since the requirement of sterile conditions in this experiment allowed only one 
measurement to be made on a larva, the determination of development time and DD 
requirements (continuous variables) for a particular larva were not possible. Therefore, 
the most effective alternative method of determining these parameters was to develop an 
analysis of the cumulative frequency functions of each instar on the respective observation 
days. We reasoned that average development time would occur at or around 50% 
completion of a developmental stage. therefore, determination of mean development time 
and DD were used to estimate 40 data points for each instar. Mean developmental time 
and DD were calculated from these data. Developmental time (days) and DD per stage 
were much more variable. Each successive instar required greater thermal units to 
complete development, except the fifth instar, the shortest developmental stage, which 
required only 35.2 ± 61.83 DD to complete. Developmental time in each larval instar 
also progressed from first to fourth instars, and the fifth instar again required the shortest 
time (1.1 days). Total instar developmental time averaged 14.4 days. 

Figure 1 presents the cumulative density functions for each instar. Since the larvae were 
all in the first instar when the experiment started, these data are presented as a decreasing 
density function while second through fifth are all increasing. The measurement of frrst 
instar development is underestimated since all of the larvae were first instar at 0 DD (i.e., 
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Table I. Mean (±SD) of head capsule widths (mm), development time in days and degree days 
(±SD) base 50°F for the five larval instars of the Michigan strain of codling moth. 

Head Capsule Width (rum)" Time in Stage (Days) Degree Days 

Larva it (±SD) it Range it (±SD) 

1st Instar 0.33A 0.017 2.7 1.4-4.0 86.9 41.81 
2nd Instar 0.5(JB 0.027 3.1 1.1-4.9 98.0 61.50 
3rd Instar O.82c 0.063 3.2 0.7-5.8 103.8 82.56 
4th !nstar LlSD 0.072 4.3 2.2-{i.5 13S.6 68.S2 
5th Instar U5E 0.073 Ll 0.6-3.0 35.2 61.83 

aMeans followed by the same letter are not significantly different (P < 0.(1), LSD test (Steel and 
Torrie 1982). 
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Fig. I. The cumulative percent of larvae found in each developmental stage (l st-5th larval instars) 
at various days and degree days (base 50°F). 

initiation of the experiment). It took an average of 462.5 DD to complete development 
from first to the fifth instar larvae. This compares well with the 510 DD (Base 50°F) 
reported by Rock and Shaffer (1983). These developmental estimates are similar given the 
different experimental designs and the genetic variability in developmental time observed 
in other codling moth strains (Garcia-Salazar 1984). The average cumulative development 
data were used in the development of a model to predict the influence of temperature and 
photoperiod for diapause induction in the codling moth (Garcia-Salazar et ai., in press). 
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BACTERIA AS OVIPOSITIONAL ATTRACT ANTS FOR CULEX 

PIPIENS (DIPTERA: CULICIDAE) 


C. Lee Rockett! 

The study of factors and mechanisms involving ovipositional attractants in mosquitoes 
is still a relatively new area of research. Some early workers in mosquito biology 
suggested that gravid mosquitoes simply scattered their eggs indiscriminately on available 
aquatic sites; however, numerous field studies have failed to provide any real evidence for 
indiscriminate oviposition. The current idea is that oviposition involves not only locating 
an aquatic site, but the selection of an environment containing the necessary physical, 
chemical, and biotic factors required for larval development. It is desirable for female 
mosquitoes to be able to detect a breeding site that can successfully provide an 
environment suitable for development of their own species. According to Kramer and 
Mulla (1979), it is most likely that gravid females of different species use different factors 
in cueing in on and selecting ovipositional sites. 

It is common knowledge that physical factors such as shade, water color, and water 
movement playa role in ovipositional site selection by mosquitoes. While our knowledge 
is incomplete concerning all the physical factors affecting oviposition, our understanding 
is even less complete in areas dealing with the chemical and biological factors affecting 
oviposition site selection. 

Various investigators such as Gjullin (1961) and Ikeshoji (1975) have studied the 
effects of chemicals on ovipositional behavior. Numerous chemical factors such as 
calcium, salinity, carboxylic acids, phosphorus, ammonia, tannic acid, pH, ferric 
chloride, aluminum chloride, sucrose, decanoic acids, and creosote have been investi
gated. Among the chemicals influencing mosquito oviposition are certain pheromones 
associated with eggs, larvae, and pupae which serve as ovipositional attractants. These 
pheromones have been associated with egg rafts of Culex pipiens L. (Starratt and Osgood, 
1973). According to Kramer and Mulla (1979), pheromones associated with immature 
mosquitoes do not appear to operate in the same way for all mosquito species. For 
example, Bentley et al. (1976) did not find any ovipositional attractants to be associated 
with Aedes triseriatus (Say) eggs but did get a positive effect from larval waters. 

Attractant pheromones are not always (as might be expected) species specific. Maire 
(1984) determined that Ae. atropalpus (Coquillett) did not differentiate between Ae. 
atropalpus andAe. communis (DeGeer) larval holding waters. Starratt and Osgood (1973) 
indicated that different mosquito species may use closely related or identical pheromones. 
Some mosquito species do appear to exhibit species-specific characteristics in regards to 
immature pheromones. According to Hudson and McLintock (1967), Cx. tarsalis 
(Coquillett) females selected its own breeding waters over those of Culiseta inornata 
(Williston), Ae. aegypti (L.), and Cx. pipiens. It would appear that much remains to be 
learned about the role of pheromones as ovipositional attractants. 

Investigators such as Suleman and Shirin (1981) have noted that the presence of organic 
matter and associated microorganisms, particularly bacteria, cause an aquatic environ
ment to be more attractive for gravid females. Kaul et al. (1977) mentioned a distinct 
relationship between organic levels and larval density in Cx. quinquefasciatus (Say). They 
suggested that the high organic levels are associated with significant bacterial activity. 

lDepartment of Biological Sciences, Bowling Green State University, Bowling Green, OH 
43403-0212. 
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Maw (1970) indicated that bacteria are ovipositional attractants but did not identify any 
bacteria. Gerhardt (1959) could not correlate mosquito breeding in his test sites with pH, 
carbon dioxide, chlorides, sulfates, acid carbonates, and ammonia. He did suggest that 
mosquitoes are attracted to products of decay from organic materials. 

While the general consensus among oviposition researchers is that bacteria may serve 
as ovipositional attractants, few individuals have attempted to identify specifically the 
bacterial species which serve as ovipositional attractants. Common practice has simply 
been to say that "bacteria" serve as attractants or that bacteria "X" are found in high 
numbers in a particular breeding site. 

Hazard et aL (1967) concluded that bacteria in hay infusions produce chemicals that are 
ovipositional attractants and that the primary bacteria in these hay infusions were 
Aerobacter (now Enterobacter) aerogelles. He further reported that bacterial attraction by 
ovipositing mosquitoes was of adaptive value for the mosquitoes since bacteria are 
reported to stimulate the growth of mosquito larvae. Steelman and Colmer (1970) were 
unique in that they did attempt to identify specific bacteria as attractants but only looked 
at coliform bacteria. Steelman and Colmer (1970) did determine that one coliform 
(Escherichia coli) was more attractive to ovipositing female mosquitoes than another 
coliform (Ellterobacter aerogenes). Both of these coliform species are commonly found 
in polluted waters. Many other bacteria also commonly occur in mosquito breeding 
waters. Ikeshoji et aL (1975) observed that Pseudomonas aeruginosa (Sehroeter) could 
produee an ovipositional attractant if cultured on fatty acid substrates. 

The purpose of this work was to investigate further the specific role of bacteria as 
ovipositional attractants for a single species of mosquito, Culex pipiens pipiens L 
(northern house mosquito). A specific objective ofthis work was to gain additional insight 
into the relative, independent attractant values for oviposition, among selected species of 
bacteria (pure cultures) commonly found in natural breeding waters for Cx. pipiens. 

MATERIALS AND METHODS 

Egg rafts and larvae of Cx. pipiens pipiens were collected in the vicinity of Bowling 
Green, Ohio. The mosquitoes were subsequently maintained in the laboratory until 
molting to adult had occurred. Adults (l00-200) were maintained in screen cages 
(80 x 40 x 40 cm) and initially fed on sucrose-soaked cotton pads and raisins. Mainte
nance temperature, Rh, and photoperiod were aprroximately 26°C, 80%, and 15L:9D, 
respectively. Approximately 3 days after molting to adult had occurred, adults were 
provided with a blood meal, normally a domestic chicken or house sparrow. Oviposition 
containers were placed in the stock cages 3-4 days after the females had been provided 
with a blood meaL In conducting replicates of individual experiments, placement sites for 
the specified ovipositional containers were varied in an attempt to negate any attractant 
effect on oviposition from extraneous environmental variables. The containers were left 
overnight and the resultant egg rafts were collected and counted the following day. 

Ovipositional media containing pure cultures of individual bacterial species were varied 
according to the experiment being conducted. Except as noted, all selected bacteria 
utilized were commonly obtained from natural breeding areas for Cx. pipiens. No attempt 
was made to directly cross compare all of the different bacterial species commonly found 
in breeding waters. A series of six experiments was conducted. Basic procedural 
methodology for all experiments was similar; any variations in methodology for an 
individual experiment are noted. 

I. Pure culture cells of Pseudomonas maltophilia (Hugh and Ryschenkow) and 
Escherichia coli (Migula) were washed from agar plates with 50 ml of distilled water by 
agitation with a bent glass rod. The resultant "wash" waters of each bacterial species 
were then placed in separate 250 ml beakers for use as an ovipoSitional container. Each 
of the two beakers was placed in one end of two separate cages containing gravid female 
mosquitoes. A beaker containing only distilled water (50 ml) was placed on the other end 
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of each cage. The number of egg rafts was counted the following day and used as an 
indicator of bacterial attractiveness over distilled water. Two replicates were done for 
each bacteria-distilled water combination in the two cages. 

2. A bacterial wash of Enterobacter agglomerans (Beijerinck) was placed in one end 
of a cage and compared with an agar wash placed at the other end of the cage. The 
procedure was repeated in another cage by using P. maltophilia instead of E. ag
glomerans. An agar wash was prepared by simply washing a plain agar plate with 50 ml 
of distilled water. The agar medium was the same as that used for culturing the bacteria. 
This procedure allowed standardization of the bacterial and distilled water washes. Two 
replicates were done with both cages. 

3. Washes of Bacillus cereus (Frankland), P. maltophilia. and agar were placed in a 
single cage. Four replicates were done. 

4. Separate washes of P. maltophilia and B. cereus were placed on separate ends of a 
single cage. The agar wash was excluded. Five replicates were done. 

5. The relative attractiveness of B. cereus versus E. agglomerans was compared. 
Three replicates were done. 

6. The relative attractiveness of E. aerogenes Hormache and Edwards, P. maltophilia, 
and Staphylocococcus epidermidis (Winslow and Winslow) were compared by placing 
individual washes of the three species in a single cage. S. epidermidis was chosen 
because, unlike the other bacterial species used in this work, S. epidermidis is a common 
bacterium on human skin and not in breeding waters for C. pipiens. Three replicates were 
done. 

Statistical determinations for all experiments, when utilized, were obtained by using the 
Chi-Square Test. 

RESULTS 

The following results were obtained for the series of experiments. 
1. There was a highly significant difference (P < 0.001) in the degree of attractiveness 

for gravid mosquitoes in comparing the combined washes of P. maltophilia and E. coli 
over distilled water. P. maltophilia and E. coli had a combined total of 72 egg rafts (61 
and 11 respectively) as compared to six rafts in the distilled water. Four of the six rafts 
noted in the distilled water containers, were in the cage containing the P. mattophilia 
wash. 

2. P. maltophilia and E. agglomerans washes had a combined total of 68 egg rafts (34 
and 34 respectively) in comparison with 21 egg rafts for the agar washes. Fifteen of the 
21 egg rafts noted in the plain agar washes, were in the cage containing the P. maltophilia 
wash. The difference between the combined bacterial washes versus the agar washes were 
highly significant (P < 0.001). 

3. Utilization of P. maltophilia. B. cereus and an agar wash in a single cage also 
resulted in significant difference (P < 0.001) in attractiveness for ovipositing females. A 
total of 139, 117, and 43 egg rafts were observed in the P. mattophilia, B. cereus, and 
agar wash waters, respectively. It was again very obvious the bacterial washes were much 
more attractive than the agar wash. The difference in attractiveness between the two 
bacterial species was not appreciable. Also. there was considerable variation in individual 
replicate results (Table 1). 

4. In the direct comparison between P. maltophila and B. cereus, P. maltophilia was 
not significantly more attractive than B. cereus with 102 and 80 egg rafts respectively. 

5. In the direct comparison between B. cereus and E. agglomerans, B. cereus with 80 
egg rafts counted was significantly (P < 0.001) more attractive to gravid mosquitoes than 
E. agglomerans with 18 egg rafts counted. 

6. Comparison of three bacterial species in a single cage resulted in 31 egg rafts, for 
P. maltophilia, 13 for Staphylococcus epidermidis, and only six rafts for E. aerogenes. 
There was a significant difference in attractiveness (P < 0.001). 
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Table 1. A comparison of P. mallOphilia. B. cereus, and agar washes as ovipositional attractants for 
ex. pipiens. 

Number of egg rafts 

Replicate Pseudomonas mallOphilia Bacillus cereus Agar wash 

I 15 20 3 
2 22 19 5 
3 30 50 17 
4 72 28 18 

Totals 139 117 43 

DISCUSSION 

The results of this work further substantiate the idea that complex discriminating factors 
are involved in the selection of oviposition sites. From this set of preliminary investiga
tions on bacteria as ovipositional attractants, the conclusion is that bacteria do act as 
oviposition attractants for at least some mosquitoes, notably ex. pipiens. Even though 
bacteria obviously served as an attractant for oviposition, the bacterial attractancy was not 
sufficient to ensure 100% placement of egg rafts in the bacterial washes as compared to 
the distilled water or distilled water-agar washes. 

Gerhardt (1959) noted that lab experiments on oviposition behavior are difficult to do 
because of the reactions of mosquitoes in a restricted environment such as cages. He 
further noted that, in the laboratory, mosquitoes will often ovipost in anything that 
contains water, even solutions lethal to eggs. The actual reason as to why a few 
mosquitoes will oviposit in distilled water or agar wash-water over bacterial washes is not 
known. As stated previously, eggs themselves may serve as an ovipositional attraetant. If 
only a few (or even one) gravid mosquitoes would display unusual oviposition behavior 
and deposit a few eggs in the distilled water, this act would conceivably make the distilled 
water slightly more attractive for oviposition. 

The major objective of this work was to determine if house mosquitoes could actually 
select one species of bacteria over another when ovipositing. With three replicates being 
performed, there was a highly significant difference in the ovipositional attractiveness of 
B. cereus versus E. agglomerans. These results would tend to provide additional evidence 
that ex. pipiens can detect difference in at least some bacteria. While both B. cereus and 
E. agglomerans are commonly found in breeding waters of ex. pipiens in northwest Ohio, 
these two bacterial species do not appear to share equal values of attractiveness. 

Other species did appear to share somewhat equal values as ovipositional attractants. P. 
maltophilia was not significantly more attractive to ovipositing mosquitoes than B. 
cereus. With the experiment involving a direct eomparison (single cage) between P. 
maltophilia, E. aerogenes, and Staphylococcus epidermidis, washes utilizing S. 
epidermidis yielded over twice as many egg rafts as washes of E. aerogenes. 

The relatively low oviposition attractiveness of E. aerogenes in this work tends to 
conform with the results of Steelman and Colmer (1970) who found that in comparing the 
ovipositional attractiveness of various coliform bacteria, Escherichia coli washes were 
more attractive as an oviposition site for ex. pipiens quinquefasciatus than washes of E. 
aerogenes. E. aerogenes is considered as being low in attractiveness only if compared 
with more attractive bacteria. Steelman et al. (1970) found washes of E. aerogenes to be 
considerably more attractive than sterile water with 95% of the egg rafts being placed in 
E. aerogenes washes over sterile water. Hazard et al. (1967) did indicate that E. 
aerogenes was an ovipositional attractant; however, the bacterial washes utilized were 
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obtained from hay infusions in which the author stated that E. aerogenes was simply the 
primary species. The presence of other baeterial species was not mentioned. 

It should be stressed that, in this work, all reported comparisons on bacterial 
attractiveness for oviposition involved fresh wash waters that were used only overnight 
and then discarded. The degree of ovipositional attrdctiveness exhibited by the various 
bacteria in fresh wash waters has not been necessarily the same if bacterial washes are left 
undisturbed for 2 or 3 days. It is tempting to speculate that attractant variables other than 
bacteria are coming into play. For example, egg and larval pheromones are undoubtedly 
important. 

This was intended to be a preliminary work. Additional work in the laboratory and field 
must be conducted to fully delineate the role of bacteria as ovipositional attractants for 
gravid mosquitoes. It is tempting to speculate that, in the future, bacteria might be utilized 
as ovipositional "lures" for mosquito control purposes. 
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REGRESSION EQUATIONS AND TABLE FOR ESTIMATING 

NUMBERS OF EGGS IN JACK PINE BUDWORM (LEPIDOPTERA: 


TORTRICIDAE) EGG MASSES IN MICHIGAN} 


Gary w. Fowler2 and Gary A. Sinunons3 

ABSTRACT 

Three simple linear regression equations were developed to estimate the numbers of 
eggs in jack pine budworm, Choristoneura pinus pinus, egg masses in Michigan. One 
equation was developed for each of 2-row, 2-row +, and 3-row egg masses. A table of 
estimated numbers of eggs per egg mass is given for each of the three row types for egg 
mass lengths from 1 to 25 nun. 

Numbers of eggs in jack pine bud worm, Choristoneura pinus pinus Freeman, egg 
masses yield useful information for population dynamics studies and general survey 
assessments (Morris 1955). The objective of this paper is to present prediction models for 
numbers of eggs in jack pine budworm egg masses in Michigan. These prediction models 
are the first ones developed for jack pine. 

METHODS AND MATERIALS 

The data used to develop the prediction models were obtained from samples collected 
from five jack pine, Pinus banksiana Lambert, stands in Michigan's Lower Peninsula 
from 1981 to 1984, providing egg masses from a range of population densities from sparse 
to high. The pooled data set included 657 egg masses. 

Egg-mass length was measured to the nearest 0.1 nun with a microscope ocular 
micrometer. Only current-year, nonparasitized egg masses with clearly distinguishable 
chorions were included in the data set (Jennings and Addy 1968). Numbers of egg rows 
and numbers of eggs were counted and recorded. Egg masses either had 2 rows, 2 rows 
+ (two rows with a partial third row), or 3 rows (Leonard et al. 1973). 

The significance of each regression equation was tested using the F-test (Neter et al. 
1985). The analysis of covariance F-test was used to test equality among regression 
equations (Snedecor and Cochran 1968). Skewness and kurtosis coefficients and 
correlations between absolute error terms and egg mass lengths showed no serious 
departures from the assumptions of normality and homogeneity, respectively, for all 
hypothesis tests (Neter et al. 1985, Snedecor and Cochran 1968). Results of all hypothesis 
tests were considered significant if the significance probability P < 0.05. 

'Michigan Agricultural Experimental Station Iournal Article No. 12,225. 

2School of Natural Resources, The University of Michigan, Ann Arbor, MI 48109-1115. 

30epartment of Entomology, Michigan State University, East Lansing, MI 48824-1115. 
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RESULTS 

For the pooled data set, plots of numbers of eggs in an egg mass versus egg mass length 
for each row type indicated positive linear relationships. One simple linear regression was 
developed for each row type. All prediction models were highly significant (F, 
P < 0.001). The three row-type regressions were significantly different from each other 
(F, P < 0.001). 

Table 1 shows the estimated numbers of eggs per egg mass for various egg mass lengths 
for the three row types. The prediction models for each row type are also shown along 
with sample sizes (n), standard errors of the estimate (svx) and coefficients of 
determination (?). . 

Table 1. The estimated number of eggs per egg mass for various egg mass lengths for the three row 
types in Michigan, and the prediction models for each row type. 

Length 
Row Type 

(mm) 2-Rowa 3-Row' 

1.0 1.23 6.81 
1.5 3.38 9.09 
2.0 1.93 5.52 11.38 
2.5 4.03 7.66 13.66 
3.0 6.13 9.80 15.94 
3.5 8.23 11.95 18.23 
4.0 10.33 14.09 20.51 
4.5 12.43 16.23 22.79 
5.0 14.53 18.38 25.08 
5.5 16.63 20.52 27.36 
6.0 18.73 22.66 29.64 
6.5 20.83 24.80 31.93 
7.0 22.93 26.95 34.21 
7.5 25.03 29.09 36.49 
8.0 27.13 31.23 38.78 
8.5 29.23 33.37 41.06 
9.0 31.33 35.52 43.34 
9.5 33.43 37.66 45.63 

10.0 35.54 39.80 47.91 
10.5 37.64 41.95 50.19 
11.0 39.74 44.09 52.48 
11.5 41.84 46.23 54.76 
12.0 43.94 48.37 57.04 
12.5 46.04 50.52 59.33 
13.0 48.14 52.66 61.61 
13.5 50.24 54.80 63.89 
14.0 52.34 56.94 66.18 
14.5 54.44 55.09 68.46 
15.0 56.54 61.23 70.74 
15.5 58.64 63.37 73.03 
16.0 60.74 65.51 75.31 
16.5 62.84 67.66 77.59 
17.0 64.94 69.80 79.88 
17.5 67.04 71.94 82.16 
18.0 69.15 74.09 84.44 
18.5 71.25 76.23 86.73 
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Table 1. (continued) 

Row Type 
Length 
(mm) 2-Rowa 2-Row+ b 3-RowC 

19.0 73.35 
19.5 75.45 
20.0 77.55 
20.5 79.65 
21.0 81.75 
21.5 83.85 
22.0 85.95 
22.5 88.05 
23.0 90.15 
23.5 92.25 
24.0 94.35 
24.5 96.45 
25.0 98.55 

78.37 
80.51 
82.66 
84.80 
86.94 
89.08 
91.23 
93.37 
95.51 
97.66 
99.80 

101.94 
104.08 

89.01 
91.29 
93.58 
95.86 
98.14 

100.43 
102.71 
104.99 
107.28 
109.56 
111.84 
114.13 
116.41 

aYi = -6.4771 + 4.2012 Xi, n = 230, Sy. x = 6.6842, r = 0.843 
bYi = -3.0518 + 4.2854 Xi, n = 203, Sy.x = 7.4899, r = 0.790 
cYi = 2.2450 + 4.5665 Xi, n = 224, Sy.x = 8.0727, r = 0.819 

The average numbers of eggs per egg mass were 38.4, 49.7, and 59.4 for 2-row, 2-row 
+, and 3-row egg masses, respectively. The average length of egg masses was 10.7, 
12.3, and 12.5 mm for 2-row, 2-row +, and 3-row egg masses, respectively. The range 
of length of egg masses was 2.0--22.5, 4.5-22.5, and 5.5-24.0 mm for 2-row, 2-row +, 
and 3-row egg masses, respectively. 

CONCLUDING REMARKS 

These prediction models should be adequate for most applications. However, it should 
be noted that the relationship between numbers of eggs in an egg mass and egg mass 
length will vary from stand to stand, over time, and with stage of infestation. 
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REGRESSION EQUATIONS AND TABLE FOR ESTIMATING 

NUMBERS OF EGGS IN SPRUCE BUDWORM (LEPIDOPTERA: 


TORTRICIDAE) EGG MASSES IN MICmGANl 


Gary W. Fowler2 , Bruce A. Montgomery3, and Gary A. Simmons3 

ABSTRACT 

Three simple linear regression equations were developed to estimate the numbers of 
eggs in spruce budworm, Choristoneura fumiferana, egg masses in Michigan. One 
equation was developed for each of 2-row, 2- row + , and 3-row egg masses. A table of 
estimated numbers of eggs per egg mass is given for each of the three row types for egg 
mass lengths from 1 to 13 mm. 

Numbers of eggs in spruce budworm, Choristoneum fumiferana (Clemens), egg 
masses yield useful information for population dynamics studies and general survey 
assessments (Morris 1955). The objective of this paper is to present prediction models for 
numbers of eggs in spruce budworm egg masses in Michigan. These prediction models are 
the first ones developed for spruce budworm in Michigan. 

METHODS AND MATERIALS 

The data used to develop the prediction models were obtained from four balsam 
Abies balsamea (L.) Miller, stands and one white spruce, Picea glauca (Moench) 
Voss, stand in Michigan's Upper Peninsula from 1979 to 1982, providing egg masses 
from a range of population densities from very low to extreme (Fowler and Simmons 
1982, Simmons and Fowler 1984). The pooled data set included 496 egg masses. 

Egg-mass length was measured to the nearest 0.1 mm with a microscope ocular 
micrometer. Only current-year, nonparasitized egg masses with clearly distinguishable 
chorions were included in the data set (Jennings and Addy 1968). Numbers of egg rows 
and numbers of eggs were counted and recorded. Egg masses either had 2 rows, 2 rows + 
(two rows with a partial third row), or 3 rows (Leonard et aI. 1973). 

The significance of each regression equation was tested using the F-test (Neter et al. 
1985). The analysis of covariance F-test was used to test equality among regression 
equations (Snedecor and Cochran 1968). Skewness and kurtosis coefficients and 
correlations between absolute error terms and egg mass lengths showed no serious 
departures from the assumptions of normality and homogeneity, respectively, for all 
hypothesis tests (Neter et al. 1985, Snedecor & Cochran 1968). Results of all hypothesis 
tests were considered significant if the significance probability P < 0.05. 

lMichigan Agricultural Experimental Station Journal Article No. 12,226. 

2School of Natural Resources, The University of Michigan, Ann Arbor, MI48109-1115. 
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RESULTS 

For the pooled data sets, plots of numbers of eggs in an egg mass versus egg mass 
length for each row type indicated positive linear relationships. One simple linear 
regression was developed for each row type. All prediction models were highly significant 
(F, P < 0.001). The three row-type regressions were significantly different from each 
other (F, P < 0.001). 

Table 1 shows the estimated numbers of eggs per egg mass for various egg mass lengths 
for the three row types. The prediction models for each row type are also shown along 
with samr,le sizes (n), standard errors of the estimate(Syx), and coefficients of determi
nation (r ). 

The average numbers of eggs per egg mass were 19.5, 27.7, and 31.8 for 2-row, 
2-row +, and 3-row egg masses, respectively. The average length of egg mass was 5.24, 
5.95, and 6.08 mm for 2-row, 2-row +, and 3-row egg masses, respectively. The range 
of length of egg masses was 2.0-8.5,3.0-10.5, and 2.5-9.0 mm for2-row, 2-row +, and 
3-row egg masses, respectively. 

Table 1. Estimated number of eggs per egg mass for the three row types in Michigan, and the 
prediction models for each row type. 

Row Type
Length 
(mm) 2-Row' 2-Row+ b 3-Rowc 

1.0 1.13 2.24 5.21 
J.5 3.30 4.81 7.83 
2.0 5.46 7.38 10.45 
2.5 7.63 9.95 13.07 
3.0 9.80 12.52 15.69 
3.5 11.97 15.09 18.30 
4.0 14.14 17.67 20.92 
4.5 16.30 20.24 23.54 
5.0 18.47 22.81 26.16 
5.5 20.64 25.38 28.77 
6.0 22.81 27.95 31.39 
6.5 24.98 30.52 34.01 
7.0 27.14 33.10 36.63 
7.5 29.31 35.67 39.25 
8.0 31.48 38.24 41.86 
8.5 33.65 40.81 44.48 
9.0 35.82 43.38 47.10 
9.5 37.98 45.96 49.72 

10.0 40.15 48.53 52.34 
10.5 42.32 51.10 54.95 
11.0 44.49 53.67 57.57 
11.5 46.66 56.24 60.19 
12.0 48.82 58.81 62.81 
12.5 50.99 61.39 65.43 
13,0 53.16 63.96 68.04 

aY
i -3.2075 + 4.3360 Xi, n 202, Sy. x = 3.07, r 0.82 

bl\ = -2.9081 + 5.1435 Xi. n = 127, Sy. x = 4.09, r 0,72
cr; = -0.02237 + 5,2358 X" n = 167, Sy.x = 4,13, r 0.72 
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CONCLUDING REMARKS 

These prediction models should be adequate for most applications. However, it should 
be noted that the relationship between numbers of eggs in an egg mass and egg mass 
length will vary from stand to stand, over time, and with stage of infestation. 
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BIBLIOGRAPHY OF SEQUENTIAL SAMPLING PLANS IN INSECT 

PEST MANAGEMENT BASED ON WALD'S SEQUENTIAL 


PROBABILITY RATIO TEST 


Gary W. Fowler' and Ann M. Lynch' 

ABSTRACT 

This paper contains 65 references dealing with the development of sequential sampling 
plans in insect pest management based on Wald's Sequential Probability Ratio Test 
(SPRT), 25 in forest entomology and 40 in agriculture entomology. The insect(s) 
sampled, whether the decision procedure was based on one or two SPRTs, and the 
mathematical distribution and probabilities of Type I (0'.) and Type II (/3) errors used to 
develop the SPRTs are also given for each sequential sampling plan. 

Sequential analysis includes all of those statistical procedures in which the sample size 
is not fixed prior to sampling. In sequential hypothesis testing, the number of observations 
taken in a given sample depends on the conclusiveness of evidence collected, observation 
by observation, for or against the null hypothesis or standard being tested. In other words, 
the final pattern and number of observations are not determined prior to sampling. The 
problem is to test the simple null hypothesis against some simple alternative hypothesis. 
The sample size is a random variable and is based on some stopping rule. 

Test procedures based on sequential techniques require, on the average, a much smaller 
sample size, i.e., only 40-60% as many observations, than is required by equally reliable 
procedures based on fixed sample size techniques. When observations are expensive, time 
consuming, or destructive, sequential procedures seem to have a distinct advantage. 
Sequential hypothesis testing can be used to classify popUlations or to accept or reject a 
specific standard. They are especially useful in surveys. 

Much of the theoretical literature in sequential hypothesis testing deals with Wald's 
Sequential Probability Ratio Test (SPRT) (Ghosh 1970; Wald 1943, 1945, 1947; 
Wetherill 1975). For literature reviews of the early work in sequential analysis, see 
Jackson (1960) and Johnson (1961). SPRT sampling plans have been used in insect pest 
management to aid in monitoring insect popUlations or their damage since Stark (1952) 
developed the procedure for sampling the lodgepole needleminer, Recurvaria milleri 
Busck. 

To develop the decision boundaries of the SPRT, the critical population levels for 
classification or decision-making (simple null and alternative hypotheses), probabilities 
(risk levels) for making Type I (0'.) and Type II (/3) errors, and underlying distribution of 
the variable or characteristic of interest are predetennined. Almost all SPRT insect 
sampling plans are based on the binomial, negative binomial, normal, and Poisson 
distributions. 

In this paper, we review agriculture and forest entomology applications of the SPRT. 

'School of Natural Resources, The University of Michigan, Ann Arbor, MI48109-1115. 
2School of Renewable Resources, The University of Arizona, Tucson, AZ 84721. 
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Table L Sequential probability ratio sampling plans for monitoring forest insect populations or their 
damage. 

Inseet No. of SPRTs cr, ~ values" 

Binomial Distribution 
Larch sawfly (lves 1954) 2 d 
Larch sawfly (Ives and Prentice 1958) 2 d 
Hemlock sawfly (Hard 1971) I a,d,e 
Pine leaf adelgid (Dimond 1974) 2 d 
Nantucket pine tip moth (Waters 1974) I a,d 

Negative Binomial Distribution 
Spruce budworm (Morris 1954) 2 d 
Spruce budworm (Waters 1955) 2 d 
Forest tent caterpillar (Connola et at 1957) I c 
Red pine sawfly (Connola et aL 1959) I d 
Spruce budworm (Cole 1960) 2 d 
Spruce beetle (Knight 1960a) 1,2 d 
Mountain pine beetle (Knight 1960b) 2 d,e 
Cone and seed insects (Kozak 1964) 2 ? 
White grubs (lves and Warren 1965) 1,2 d 
Mountain pine beetle (Knight 1967) 2 c,d,e 
Douglas-fir tussock moth (Mason 1969) I a,d 
Spruce budworm (McKnight et aL 1970) 3 d,e,g 
Roundheaded borers (Safranyik and Raske 1970) 2 d 
Forest tent caterpillar (Shepherd and Brown 1971) 2 d 
Jack pine sawfly (Tostowaryk and McLeod 1972) 2 d 
Pine leaf adelgid (Dimond 1974) 2 d,f 
Spruce budworm (Waters 1974) 2 d 

Normal Distribution 
Lodgepole needleminer (Stark 1952) 2 b,d 
Lodgepole needleminer (Stevens and Stark 1962) 3 d 
Pine leaf ade1gid (Dimond 1974) 2 d 

Poisson Distribution 
Winter moth (Reeks 1956) 2 d 
Spruce budworm (Cole 1960) 1 d 
Saddled prominent eggs (Grimble and Kasile 1974) 1 c 

"a=0.05, 0.05; b=0.05, 0.10; c=O.IO, 0.05; d=O.IO, 0.10; e=0.20, 0.20; f=0.30, 0.30; 
e=0.40, 0.40. 

PEST MANAGEMENT APPLICA nONS 

Numerous sampling plans based on the SPRT for classifying various insect populations 
have beeen published in the entomology literature (Fowler and O'Regan 1974, Pieters 
1978). At the present time, at least 65 applied articles have been published in insect pest 
management, 25 in forest entomology and 40 in agriculture entomology. 

We summarize the applications in forest and agriculture entomology in tables I and 2, 
respectively, to include (1) the insect(s) sampled, (2) whether one or two SPRTs were 
used to develop a two-decision procedure (e.g., control versus no control) or a 
three-decision procedure (e.g., light versus medium versus heavy infestations), respec
tively, and (3) the mathematical distribution and values of (X and f3 used to develop the 
SPRT(s). Of the 28 SPRT sampling plans found in the 25 references in forest entomology, 



1987 THE GREAT LAKES ENTOMOLOGIST 167 

Table 2. Sequential probability ratio sampling plans for monitoring agricultural insect populations or 
their damage. 

Insect No. of SPRTs a, 13 values" 

Binomial Distribution 
Green peach aphid, sugar beets (Sylvestor and Cox 1961) 1 f 
Corn earworm, corn (Wolfenbarger and Darroch 1965) I f 
Cotton fleahopper, cotton (Sterling and Pieters 1973) 3 f 
Cotton fleahopper, cotton (Pieters and Sterling 1974) 1 f 
Cotton arthropods, cotton (Sterling and Pieters 1974) 1 
Bollweevil and Heliathis spp., cotton (Pieters and Sterling 1975) 2 f 
Cotton arthropods, cotton (Sterling and Pieters 1975) 1 
Cotton arthropods, cotton (Sterling 1976) 1 
Mexican bean beetle, soybeans (Bellinger and Dively 1978) 1 e 
Mexican bean beetle, soybeans (Bellinger et al. 1981) I b 

Negative Binomial Distribution 
Green peach aphid, sugar beets (Sylvestor and Cox 1961) 1 f 
Antestia, coffee trees (Rennison 1962) 1 c 
Cabbage looper, cauliflower (Harcourt 1966a) 1 f 
Imported cabbageworm, cauliflower (Harcourt 1966b) 2 f 
Hylema brassicae (Bouche), cauliflower (Harcourt 1967) 1 f 
Bollworm, cotton (Allen et al. 1972) 1 k 
Boolworms, cotton (Ingram and Green 1972) 1 f 
Lygus bugs, cotton (Sevacherian and Stern 1972) 1 f 
Cabbage looper. cauliflower (Shepard 1973) 1 f 
Alfalfa weevil, alfalfa (Stevens et al. 1976) 1 a,b,f 
White grub, grain sorghum (Teetes and Sterling 1976) 1 ? 
Culex tarsalis Coquillett, rice (Mackey and Hoy 1978) 3 ? 
Hairy chinch bug, turfgrass and sod (Liu and McEwen 1979) I f 
Cereal aphids, barley (Ba-Angood and Stewart 1980) 1 f 
Corn rootworms, corn (Foster et al. 1982) 1 d 
Tomato fruitworm, tomatoes (Nilakhe et al. 1982) 1 f,h,k 
Japanese beetle, turfgrass and sod (Ng et aI. 1983) 1 d,C 
Alfalfa blotch leafminer, alfalfa (Harcourt 1983) 1 f 

Normal Distribution 
Tomato pinworms, tomatoes (Wolfenbarger et al. 1975) 

Poisson Distribution 
Asiatic rice borer, rice (Torii 1971) 2 ? 
Aeneolamia varia saccharina (Distant), sugar cane (Evans 1974) 1 f 
Southern potato wireworm, potatoes (Onsager 1974) 1 
Nabis spp., soybeans (Waddill et al. 1974) 2 f 
Geacoris spp., soybeans (Waddill et al. 1974) 2 f 
Wireworms, potatoes (Onsager et aI. 1975) 2 g 
Tomato pinworm, tomatoes (Wolfenbarger et al. 1975) I ? 
Eurygaster integriceps Put., winter wheat (Viktorov 1975) 1 f 
Green doverworm, soybeans (Hammond and Pedigo 1976) I f 
Alfalfa weevil, alfalfa (Harcourt and Guppy 1976) I f 
Velvetbean caterpillar, soybeans (Strayer et al. 1977) 2 f 
Redbacked cutworm, peppermint (Danielson and Berry 1978) 1 j,1 
Potato leafhopper, alfalfa (Luna et al. 1983) I d 

"a=O.ool, 0.001; b=O,OI, 0.01; c=0.025, 0.025; d=0.05, 0.05; e=0.05, 0.01; f=0.10, 0.10; 
g=0.125, 0.125; h=0.15, 0.15; i=0.20, 0.05;j=0.20, 0,10; k=0.20, 0.20; 1=0.40, 0.10. 

http:0.05;j=0.20


, 
, 
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5, 17, 3, and 3 were based on the binomial, negative binomial, normal, and Poisson 
distributions, respectively. Of the 42 SPRT sampling plans found in the 40 references in 
agriculture entomology, 10, 18, 1, and 13 were based on the binomial, negative binomial, 
normal, and Poisson distributions, respectively. 

The proliferation of SPRT applications in the literature in recent years indicates 
widespread consideration of sequential sampling plans in insect pest management. In 
developing such plans, the sampler should be aware of the approximate nature of the 
decision process of Wald's SPRT due to overshooting errors and how such errors affect 
Wald's operating characteristic (OC) and average sample number (AS1V) equations (Wald 
1947). The errors caused by modifying the decision process, and the simultaneous 
operation of two or more SPRTs in a composite sampling plan should also be considered. 
For detailed discussions of these errors and how the sampler might adjust for them, see 
Fowler (1978, 1983, 1985). 

ACKNOWLEDGMENTS 

Our thanks to Dr. Frederick B. Knight, The University of Maine, Dr. Gary A. 
Simmons, Michigan State University, Dr. William E. Waters, University of California, 
and Dr. John A. Witter, The University of Michigan for critical review. This work was 
supported in part by the School of Natural Resources, The University of Michigan and the 
McIntire-Stennis Cooperative Forestry Research Program. 

LITERATURE CITED 

Allen, J., D. Gonzalez, and D. V. Gokhale. 1972. Sequential sampling plans for the bollwonn, 
Heliothis zea. Environ. Entomo!. 1:771~780. 

Ba-Angood, S. A., and R. K. Stewart. 1980. Sequential sampling for cereal aphids on barley in 
southwestern Quebec. J. Econ. Entomol. 73:679-681. 

Bellinger, R. G., and G. P. Dively. 1978. Development of sequential sampling plans for insect 
defoliation on soybeans. J. New York Entomol. Soc. 86:278-279. 

Bellinger, R. G., G. P. Dively, II, and L. W. Douglass. 1981. Spatial distribution and sequential 
sampling of Mexican bean beetle defoliation on soybeans. Environ. Entomo!. 10:835-841. 

Cole. W. E. 1960. Sequential sampling in spruce budwonn control projects. For. Sci. 6:51-59. 
Connola, D. P., W. E. Waters, and W. E. Smith. 1957. The development and application of a 

sequential sampling plan for forest tent caterpillar in New York. New York State Mus. Bull. 366. 
22 pp. 

Connola, D. P., W. E. Waters, and E. R. Nason. 1959. A sequential sampling plan for red-pine 
sawfly, Neodiprian nanulus Schedl. J. Econ. Entomol. 52:600-602. 

Danielson, S. D., and R. E. Berry. 1978. Redbacked cutwonn: sequential sampling plans in 
peppennint. J. Econ. Entomol. 71:323-328. 

Dimond, J. B. 1974. Sequential surveys for the pine leaf chennid, Pineus pinifoliae. Univ. Maine. 
Life Sci. Agric. Exp. Sta. Tech. Bull. 68. 15 pp. 

Evans, D. E. 1974. Sequential sampling of adult sugar-cane froghoppers (Aeneolamia "aria 
saccharina (Dis!.)). Trop. Agric. 51:57-62. 

Foster, R. E., J. J. Tollefson, and K. L. Steffey. 1982. Sequential sampling plans for adult com 
rootwonns (Coleoptera: Chrysomelidae). 1. Econ. Entomol. 75:791-793. 

Fowler, G. W. 1978. Errors in sampling plans based on Wald's sequential probability ratio test. 
Proc. 1977 Midwest Forest Mensurationists Meeting. USDA For. Servo Gen. Tech. Rept. NC-46. 
13 pp. 

1983. Accuracy of sequential sampling plans based on Wald's sequential probability ratio 
test. Canadian J. For. Res. 13:1197-1203. 

1985. The use of Wald's Sequential Probability Ratio Test to develop composite 
three-decision sampling plans. Canadian J. For. Res. 15:326-330. 



1987 THE GREAT LAKES ENTOMOLOGIST 169 

Fowler, G. W., and W. G. O'Regan. 1974. One-sided truncated sequential t-test: Application to 
natural resource sampling. USDA For. Servo Res. Paper PSW-lOO. 17 pp. 

Ghosh, B. K. 1970. Sequential tests of statistical hypothesis. Addison-Wesley, Reading, Mass. 454 
pp. 

Grimble, D. G., and J. D. Kasile. 1974. A sequential sampling plan for saddled prominent eggs. 

State Univ. New York, Coli. Environ. Sci. and For., Appl. For. Res. Inst. Rep. 15. 15 pp. 


Hammond, R. B., and L. P. Pedigo. 1976. Sequential sampling plans for green cloverworm in Iowa 

soybeans. J. Econ. Entomol. 69:181-185. 

Harcourt, D. G. 1966a. Sequential sampling for the imported cabbageworm, Pieris rapae (L.l. 
Canadian Entomol. 98: 741-746. 

1966b. Sequential sampling for use in control of the cabbage looper on cauliflower. J. Econ. 
Entomol. 59:1l90-1192. 

___. 1967. Spatial arrangement of the eggs of Hylema brassicae (Bouche), and a sequential 
sampling plan for use in control of the species. Canadian J. Plant Sci. 47:461-467. 

___. 1983. A sequential decision plan for management of the alfalfa blotch leafminer, Agromyza 
frantella (Diptera: Agromyziidae). Canadian Entomol. 115:1513-1518. 

Harcourt, D. G., and J. C. Guppy. 1976. A sequential decision plan for management of the alfalfa 
weevil, Hypera pastiea (Colcoptera: Curculionidae). Canadian Entomol. 108:551-555. 

Hard, J. S. 1971. Sequential sampling of hemlock sawfly eggs in southeast Alaksa. USDA For. Servo 
Res. Note PNW-142. 9 pp. 

Ingram, W. R., and S. M. Green. 1972. Sequential sampling for bollworms on raingrown cotton in 
Botswana. Cotton Grow. Rev. 49:265-275. 

Ives, W. G. H. 1954. Sequential sampling of insect populations. For. Chron. 30:287-291. 
Ives, W. G. H., and R. M. Prentice. 1958. A sequential sampling technique for surveys of the larch 

sawfly. Canadian Entomol. 90:331-338. 
Ives, W. G. H., and G. W. Warren. 1965. Sequential sampling for white grubs. Canadian Entomol. 

97:596-604. 
Jackson, J. E. 1960. Bibliography on sequential analysis. 1. Amer. Statist. Assoc. 55:561-580. 
Johnson, N. L. 1961. Sequential analysis: a survey. 1. R. Statis. Soc. A 124:372-411. 
Knight, F. B. 1960a. Sequential sampling of Engelmann spruce beetle infestations in standing trees. 

USDA For. Servo Res. Note RM-47. 4 pp. 
__. 1960b. Sequential sampling of Black Hills beetle populations. U.S. For. Servo Res. Note 

RM-48. 8 pp. 
1967. Evaluation of forest insect infestations. Ann. Rev. Entomol. 12:207-228. 

Kozak, A. 1964. Sequential sampling for improving cone collection and studying damage by cone 
and seed insects in Douglas fir. For. Chron. 40:210-218. 

Liu, H. J., and F. L. McEwen. 1979. The use of temperature accumulations and sequential sampling 
in predicting damaging populations of Blissus leucopterus hirtus. Environ. Entomol. 8:512-515, 

Luna, J. M., S. J. Fleischer, and W. A. Allen. 1983. Development and validation of sequential 
sampling plans for potato leafhopper (Homoptera: Cicadellidae) in alfalfa. Environ. Entomol. 
12:1690-1694. 

Mackey, B. E., and J. B. Hoy. 1978. Culex tersalis: Sequential sampling as a means of estimating 
populations in California riee fields. J. Econ. Entomol. 71:329-334. 

Mason, R. R. 1969. Sequential sampling of Douglas-fIT tussock moth populations. USDA For. Serv. 
Res. Note PNW-102. 11 pp. 

McKnight, M. E., 1. F. Chansier, D. B. Cahill, and H. W. Flake, Jr. 1970. Sequential plan for 
western budworm egg mass surveys in the central and southern rocky mountains. USDA For. 
Servo Res. Note RM-174. 8 pp. 

Morris, R. F. 1954. A sequential sampling technique for spruce bud worm egg surveys. Canadian J. 
Zoo!. 32:302-313. 

Ng, Y.-S., 1. R. Trout, and S. Ahmad. 1983. Sequential sampling plans for larval populations of the 
Japanese beetle (Coleoptera: Scarabaeidae) in turfgrass. 1. Econ. Entomol. 76:251-253. 

Nilakhe, S. S .. R. B. Chalfant, S. C. Phatak, and B. Mullinix. 1982. Tomato fruitworm: 
Development of sequential sampling and comparison with conventional sampling in tomatoes. J. 
Econ. Entomol. 75:416-421. 



170 THE GREAT LAKES ENTOMOLOGIST Vol. 20, No.3 

Oakland, G. B. 1950. An application of sequential analysis to whitefish sampling. Biometrics 
6:59--67. 

Onsager, J. A. 1974. A sequential sampling plan for classifying infestations of southern potato 
wireworm. Amer. Potato J. 51:313-317. 

Onsager, J. A., B. J. Landis, and L. Fox. 1975. Efficacy offonofos band treatments and a sampling 
plan for estimating wireworm populations in potatoes. J. Econ. Entomo!. 68:199-202. 

Pieters, E. P. 1978. Bibliography of sequential sampling plans for insects. Bull. Entomo!. Soc. 
Amer. 24:372-374. 

Pieters, E. P., and W. L. Sterling. 1974. A sequential sampling plan for the cotton fleahopper, 
Pseudatomoscelis seriatus. Environ. Entomo!' 3:102-106. 

___. 1975. Sequential sampling cotton squares damaged by boll weevils or Heliothis spp. in the 
coastal bend of Texas. J. Econ. Entomo!. 68:543-545. 

Reeks, W. A. 1956. Sequential sampling for larvae of the winter moth. Operophtera brumata (Linn.) 
(Lepidoptera: Geometridae). Canadian Entomo!. 88:241-246. 

Rennison, B. D. 1962. A method of sampling Antestiopis in arabica coffee in chemical control 
schemes. E. African Agric. For. J. 27:197-200. 

Safranyik, L., and A. G. Raske. 1970. Sequential sampling plan for larvae of Monochamus in 
lodgepole pine logs. J. Econ. Entomo!. 63:1903-1906. 

Sevacherian, V., and V. M. Stem. 1972. Sequential sampling plans for lygus bugs in California 
cotton fields. Environ. Entomo!. 1:704-710. 

Shepard, M. 1973. A sequential sampling plan for treatment decisions on the cabbage looper on 
cabbage. Environ. Entomo!. 2:901-903. 

Shepherd, R. F., and C. E. Brown. 1971. Sequential egg-band sampling and probability methods of 
predicting defoliation by Malacasoma disstria (Lasiocampidae: Lepidoptera). Canadian Entomo!' 
103: 1371-1379. 

Stark, R. W. 1952. Sequential sampling of the lodgepole needle miner. For. Chron. 28:57--60. 
Sterling, W. L. 1976. Sequential decision plans for the management of cotton arthropods in 

south-east Queensland. Australian J. Eco!. 1:265-274. 
Sterling, W. L., and E. P. Pieters. 1973. Sequential sampling plan for the cotton fleahopper. Texas 

Agric. Ext. Serv. D-911. 8 pp. 
___. 1974. A sequential sampling package for key cotton arthropods in Texas. Texas Agric. Exp. 

Sta. Tech. Rep. 74-32. 28 pp. 
___. 1975. Sequential sampling for key arthropods of cotton. Texas Agric. Exp. Sta. Tech. Rep. 

75-24. 21 pp. 
Stevens, L. M., A. L. Steinhauer, M. J. Schlundt, R. F. Shroder, and J. U. McGuire. 1976. The 

biological meaning of sampling results and the development of a sequential sampling scheme to 

predict damaging levels of alfalfa weevil. Univ. Maryland, Maryland Agric. Exp. Sta. MP-897. 
21 pp. 

Stevens, R. E., and R. W. Stark. 1962. Sequential sampling for the lodgepole needle miner, Evagora 
milleri. J. Econ. Entomo!. 55:491-494. 

Strayer, J., M. Shepard, and S. G. Turnipseed. 1977. Sequential sampling for management decisions 
on the velvetbean caterpillar on soybeans. J. Georgia Entomo!. Soc. 12:22{}-227. 

Sylvester, E. S., and E. L. Cox. 1961. Sequential plans for sampling aphids on sugar beets in Kern 
County, California. J. Econ. Entomo!. 54:108{}-1O85. 

Teetes, G. L., and W. L. Sterling. 1976. A sequential sampling plan for a white grub in grain 
sorghum. Southwest. Entomo!. 1: 118--121. 

Torii, T. 1971. Quantitative occurrence prediction based on the sequential sampling test of the 
degrees of infestation by the rice stem borer. Sci. Bull. Faculty of Agric., Kyushu Univ. 
25:103-112. 

Tostowaryk, W., and J. M. McLeod. 1972. Sequential sampling for egg clusters of the Swaine 
jackpine sawfly, Neodiprion swainei (Hymentoptera: Diprionidae). Canadian Entomo!' 
104:1343-1347. 

Viktorov, 	G. A. 1975. Method of sequential counting of the number of hibernating bugs of 
Eurygaster integriceps. Soviet J. Eco!. 6:278-280. (Translated from Ekologiy A6: 10{}-102, 
1975). 



1987 THE GREAT LAKES ENTOMOLOGIST 171 

Waddill, V, H., B. M, Shepard, S, G. Turnipseed, and G, R. Carner. 1974. Sequential sampling 
plans for Nabis spp, and Geocoris spp. on soybeans. Environ. Entomol. 3:415-419. 

Wald, A. 1943, Sequential analysis of statistical data: Theory. Columbia Univ. Stat. Res. Grp. Rept. 
75 and Off. Sci. Res. Develop. Rep. 1998, 


1945. Sequential tests of statistical hypotheses. Ann. Math. Statist. 16:117-186. 

1947. Sequential analysis. John Wiley & Sons, Inc., New York. 


Waters, W. E. 1955. Sequential sampling in forest insect surveys. For. Sci. 1:68-79. 
1974. Sequential sampling applied to forest insect surveys. IUFRO/SAF/SUNY Symposium 

on Monitoring Forest Environment Through Successive Sampling, June 24-26, 1974, Syracuse. 
NY. 22 pp. 

Wetherill. G. B. 1975. Sequential methods in statistics. John Wiley & Sons, Inc., New York. 218 
pp. 

Wofenbarger, D. A., and J. G. Darroch. 1965. A sequential sampling plan for detennining the status 
of corn earworm eontrol in sweet corn. J. Eeon. Entomol. 58:651-654. 

Wolfenbarger, D.O., J. A. Cornell, S. D. Walker, and D. A. Wolfenbarger. 1975. Control and 
sequential sampling for damage by the tomato pinworm. J. Econ. EntomoL 68:458-460. 



INFORMATION FOR AUTHORS 

Papers dealing with any aspect of entomology will be considered for publication in The Great Lakes 
Entomologist. Appropriate subjects are those of interest to amateur and professional entomologists in North Central 
States and Canada. as well as general papers and revisions directed to a larger audience while retaining an interest 
to readers in our geographical area. 

Manuscripts must be typed, double-spaced, with wide margins on white 8-1/2 x 11" or equivalent size paper, 
and submitted in duplicate. Footnotes, legends, and captions of illustrations should be typed on separate sheets of 
paper. Titles should be concise, identifying the order and family discussed. The author of each species mentioned 
must be given fully at least once in the text. A common name for each species or group should be given at least 
once when such a name exists. The format of references should follow that used in recent issues. Photographs 
should be glossy. Drawings, charts, graphs, and maps must be scaled to pennit proper reduction without loss of 
detail. Contributors should follow =ommendations of the Council of Biology Editors Style Manual, 5th cd. 

Papers published in The Great Lakes Entomologist are subject to a page charge of $30.00 per published page. 
Members of the Society, who are authors without funds from grants, institutions, or industry and who are unable 
to pay costs from personal funds, may apply to the Society for financial assistance. 

Authors will receive page proofs, together with an order blank for separates. 
All manuscripts for The Great Lakes Entomologist should be sent to the Editor, Dr. D. C. L. Gosling, 69063 

Wallowa Road, White Pigeon, Michigan 49099, USA. Other correspondence should be directed to the Executive 
Secretary (see inside front cover). 


