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A NEW SPECIES OF NIXE FROM INDIANA
(EPHEMEROPTERA: HEPTAGENIIDAE)I
W. P. McCafferty2
ABSTRACT

Sixe flowersi n. sp. is described for Indiana heptageniid mayflies that had previously been
misidentified as Heptagenia persimplex McDunnough .

.M cCafferty (1977) described the larval stage of three species of Hepragenia s.1. in North
America, including larvae reared to adults identified as Heptagenia persimplex
McDunnough. Reexamination of the latter material in light of the recent studies of Flowers
(1980. 1982), wherein four distinct genera were recognized for species previously placed in
Heptagenia, has revealed that the larvae of H. persimplex (sensu McCafferty 1977) and
associated adults from Indiana represent a new species of the genus Nixe Flowers, subgenus
lVixe 5.S.
Heptagenia persimplex was transferred to the genus Macdunnoa Lehmkuhl by Flowers
(1982) based on restudied adult features; however, the larvae of M. persimplex remain
unknown. Known Macdunnoa larvae were shown to have reduced gills on abdominal seg
ment 6 and vestigial gills on segment 7 as well as a unique combination of mouthpart
characters. Nix:e (Nixe) diagnostically possesses contiguous or nearly contiguous eyes (Fig.
I) as well as small dorsolateral penes spines and elongate third and fourth forceps segments
in adult males (Fig. 2); lacks fibrilliform portions of gills 6 and 7 and possesses interseg
mental setae on the cerci in the larvae; and has reticulate ridges over the chorionic surface of
the oval eggs (Fig. 3). These characters all easily distinguish Nixe (Nixe) from other closely
related genera, including Heptagenia, Leucrocuta, and Macdunnoa.
The following described new species complies in all respects to the generic and subgeneric
characters of Nixe (Nixe) put forth by Flowers (1980) and is named in honor of him.

Nixe flowersi new species
(Figs. 1-3)
Adult Male (in alcohol). Length: body, 5-7 mm; forewings, 6--7 mm. Eyes black, sepa
rated on vertex by width of lateral ocellus (Fig. I). Ocelli black basally, white apically.
Head, body, and legs cream colored, lacking any distinct patterning. Mesothorax and termi
nal four abdominal segments shaded slightly darker than remainder of body. Wings translu
cent. Terminal frlaments cream colored. Genitalia (Fig. 2) with penes lobes rounded, each
with small median spine and minute dorsolateral spine (sometimes not apparent); titillators
extending about half length of penes lobes.
Adult Female (in alcohol). Length: body, 6 mm; forewings, 7.5 mm. Eyes widely sepa
rated. Coloration as in male. Wings translucent.
Larvae. Described and illustrated by McCafferty (1977) as Heptagenia persimplex.
Egg. Chorion with reticulate ridges and knob-terminated coiled threads (Fig. 3).
:\taterial Examined. Male holotype: Indiana: Crawford Co., Stinking Fork Blue River at
State Rd. 66, 1.5 miles S Sulphur Springs; V-19-1977; M. Minno and S. Yocom; deposited in
the Entomological Research Collection, Purdue University. Paratypes: 3 males, I female, 2
IPurdue Agricultural Experiment Station Journal No. 9085.
~Department of Entomology. Purdue University, West Lafayette, IN 47907.
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Fig. 3. Nixe jlowersi egg (415x),

whole larva. 2 cast larval skins, same data and deposition as holotype; 2 male, same data,
deposited in the United States National Museum. Male and female subimagos from the type
locality deposited at Purdue.
Remarks. The translucent wings of the adults appear to be a useful diagostic character for
X. jloH'ersi. Diagnoses and variation of the larvae were discussed by McCafferty (1977). The
habitat consists of a moderately flowing third order, unimpacted stream in the southern
unglaciated region of Indiana.
ACKNOWLEDGMENTS
I thank Dr. Wills Flowers for examining specimens and providing the SEM photo, and Mr.
Am'in Provonsha for the line drawings.
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DESCRIPTIONS OF NYMPHAL INSTARS OF THYANTA CALCEATA
(HEMIPTERA: PENTATOMJDAE)
S. M. Paskewitz and J. E. McPherson I
ABSTRACT
The external anatomy of each of the five nymphal instars of Thyanta calceata is de
scribed.

Thyanta calceata (Say) ranges from New England south to Florida, and west to Michigan,
Illinois. and }'lissouri (McPherson 1982). Much is known ofthe biology of this phytophagous
stink bug including its life cycle and food plants (McPherson 1982). Of the immature stages.
however. only the eggs (Oetting and Yonke 197/) have been described. Presented here are
descriptions of the five nymphal instars.

METHODS AND MATERIALS
.symphs used for the descriptions were from F2 laboratory stock; the stock had originally
been established with individuals collected July-August 1981, in Greene County and Craig
head County. Arkansas, and Jackson County, Illinois. They were reared to the desired
instar as described by McPherson (1971) in an incubator maintained at 23.9
l.l°C and a
24L:OD photoperiod and preserved in 70% ethanoL The description of each instar is based
on 10 individuals. Drawings were made with the aid of a camera lucida, measurements with
an ocular micrometer. Dimensions are expressed in millimeters as x :±: SE.
DESCRIPTIONS
The 1st instar is described in detail, but only major changes that have occurred from
pre\'ious ins tars are described for subsequent instars. Comparative statements refer to pre
vious instars (e.g .. more numerous). Length is measured from tip oftylus to tip of abdomen;
width is measured across the mesonotum.
First Instar (Figs. A-B). Length. 1.16:±: 0.0:2: width, 0.84:±: 0.01. Body elliptical-ovoid,
greatest width usually at abdominal segments 2-3. Minute setae present dorsally and ven
trally. most numerous dorsally.
Head strongly declivent, dark brown. anterolateral margins subsinuate; tylus exceeding
juga: line extending from eye posteromedially and disappearing beneath pronotum. Eyes
pinkish to dark reddish brown. Antennae four-segmented. reddish brown, albidus at in
cisures: ratio of segment lengths ca. 10: 17: 15:33. apical segment longest, fusiform. Ventral
surface of head brown. Beak four-segmented. brown.
Thoracic nota mostly concolorous with head. lateral margins entire, mediolongitudinal
line extending from anterior margin of pronotum nearly to or reaching posterior margin of
metanotum: pro- and mesonota sclerotized. posterior margins arcuate; metanotum with
anterior one-half. and posterior margin medially. sclerotized. posterior margin straight
medially and bending cephalad laterally. Thoracic pleura concolorous with nota; pro- and
mesopleura fused to respecth'e nota: metapleura separated from metanotal plates by memIDepanmcn! 01' Zoology. Southern Illinois Lniyersity. Carbondale. IL 62901.
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branous area. Spiracles located on posterior margins of pro- and mesopleura. Thoracic
sterna concolorous with abdomen. Coxae and trochanters brown: femora and tibiae brown
to reddish brown, tibiae slightly dilated distally, protibia with bifurcate spine on inner
margin of distal one-third; tarsi two-segmented, yellowish brown to brown, apex of last
segment darker: tarsal claws and pulvilli tinged with yellow, translucent.
Dorsum of abdomen generally brown to purple or gray with brown medial and lateral
plates. A pair of oblong diagonal pale yellow to whitish spots extending across terga 2 and 3.
Faint pseudointersegmental lines on all but the last segment, originating at inner margins of
lateral plates. Five medial plates present, plate 4 may be weakly sclerotized; pLate I nar
rowed medially; plates 2 and 3 sUbtrapezoidal, equal in size, ca. 4-6x as long medially and
almost as wide as plate I, plate 3 usually with posterior median V-shaped indentation; pLates
1-3 bordered laterally by emarginate yellow areas; plate 4 narrow, markedly constricted
medially, sometimes resulting in two plates, length ca. one-half to two-thirds that of plate I
and width subequal to hind margin of plate 3; plate 5 fused to laterals. Paired ostioles of
scent glands located on plates 1-3; area surrounding ostioles of 2-3 tuberculate. Nine lateral
plates present, sub-elliptical, extending dorsally and ventrally from margin of abdomen; plate
I small; plates 2-4 largest; remainder generally decreasing in size posteriorly. Sterna mostly
concolorous with dorsal sUliace. No medial plates visible. Spiracles located on segments 2-8.
A single trichobothrium located posteromesad to each spiracle on segments 3-7.
Second Instar (Figs. C-D). Length, 2.08 ± 0.04; width, 1.20 0.02. Body broadly pyri
form, strongly constricted dorsoventrally at metanotum; head and thorax coarsely punctate;
dorsum of head, thorax, and lateral abdominal plates with long white setae. Abdomen with
borders of medial plates 1-3 and usually lateral plates 2-5 and occasionally 6 coarsely
punctate; other plates minutely punctate.
Head reddish brown to black: anterolateral margins more sinuate, slightly produced just
anterior to eyes. Eyes dark reddish brown. Ratio of antennal segment lengths ca. 9: 18: 15:26.
Venter of head concolorous with dorsum except for white to pink strip medially.
Pro- and mesonota with lateral margins light reddish brown, explanate, dentate, and
sparsely punctate or impunctate; medial area of both segments extended posteriorly; paired
calli present. Metanotum sclerotized except for lateral margins and narrow strip posteriorly;
lateral margins of metanotal plates light reddish brown, and sparsely punctate. Thoracic
sterna white to pink. Coxae yellowish brown to pinkish; femora and tibiae brown to reddish
brown, tibiae flattened on outer surface, anterior and posterior outer margins carinate; tarsi
brown to reddish brown, uniform in color.
Dorsum of abdomen pinkish purple to gray. Diagonal spots on terga 2-3 now white and
ovoid. Medial plates 2-3 sub rectangular, concolorous with head and nota, subequal in length
and ca. 3-5.5x length of plates I and 4 medially; plate 3 with posterior margin entire; plates 1
and 3 ca. four-fifths to nine-tenths width of plate 2; emarginate yellow borders of plates 1-3
absent; plate 4 not constricted medially, ca. three-tenths to four-tenths width of plate 2.
Ventrally, linear sclerite present posterior to each metacoxa. Sterna 6-9 with sclerotized
medial plates; that of sternum 6 variable in shape; those of sterna 7-9 subrectangular. Two
trichobothria posterior to each spiracle on segments 3-7.
Otherwise similar to first ins tar.
Third Instar (Figs. E-Fl. Length, 2.60 ± 0.07; width, l.SI ± 0.02. Body less constricted
at metanotum; head and thorax with dorsal and ventral punctures more numerous; medial
plates 1-3 more punctate; lateral plates 2-5 more punctate, 6-7 now coarsely punctate. Head
and nota with calloused impunctate to sparsely punctate spots (described below).
Head occasionally less declivent. dorsum often with a yellowish brown to white spot
mesad of each eye; anterolateral margins more sinuate, blunt tooth just anterior to each eye.
Ratio of antennal segment lengths ca. 9:20:16:26.
Pronotum usually with transverse row of two or four white spots anteriorly and one
additional white spot posterolaterally, occasionally no spots present. Mesonotum with
transverse row of four white spots. Metanotum with a white spot about halfway between
midline and each lateral margin. Explanate margins of thorax more punctate.
Abdominal terga 2-5 and 8 each with transverse white marking medially, variable in
shape; terga 6 and 7 each with transverse white stripe ending near lateral margins; terga 1-5
with white elongate ovoid marking near anterior margin ofeach lateral plate, that of tergum 1
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A

F

I
E
Figs. A-F. Immature stages of T.

c"Ic~"Ia.

O.5mm

(A-B) lsi instar; (e-D) 2nd instar; IE-F) 3rd instar.

and sometimes 2 poorly defined. Medial plates 2 and 3 ca. 3.75 to 5x length of plates I and 4
medially; plates I and 3 ca. eight-tenths to nine-tenths width of plate 2; plate 4 ca. two-fifths
width of plate 2. Tergum 8 occasionally with pair of weakly sclerotized medial plates.
Sternum 5 with small medial plate, variable in shape. Lateral plates, ventrally, subtruncate
on inner margin, dark brown to black.
Otherwise similar to second instar.
Fourth Instar (Figs. G-H). Length, 3.98
0.09; width, 2.96 0.04. Body less constricted
at metanotum: head and thorax with dorsal and ventral punctures more numerous; medial
plates 1-3 more punctate, plates 4 and 6 (plate 5 of 1st instar fused with laterals) occasionally
punctate: lateral plates 1-7 more punctate, plates 8 and occasionally 9 coarsely punctate;
long white setae absent.
Head less declivent. anterolateral margins more sinuate; dorsum varying from almost
entirely black to black with juga and apical y~ of tylus yellowish brown; curved yellowish to
white mark present mesad of each eye that replaces yellowish brown to white spot of 3rd

234

THE GREAT LAKES ENTOMOLOGIST

Vol. 15, No.4

H

I

J

I
O.5mm

Figs. G-J. Immature stages of T. ca/emlll. (G-H) 4th instar; (I-J) 5th instar.

instar; ventrally head black to yellowish brown. Antennae with segment 1 varying from
yellowish brown to black, segment 2 varying from dark brown or black to brown with a
dorsaiiongitudinal yellowish stripe, segments 3 and 4 dark brown; ratio of antennal segment
lengths ca. 18:48:37:49.
Pronotum varying from black with dark brown explanate margins to black with anterior
and lateral margins and median stripe yellowish brown to white; all individuals with anterior
row of four-six yellowish to white spots and one-three yellowish to white spots postero
laterally. Mesonotum varying from black to black with anterior and lateral margins and
median stripe yellowish brown to white: all individuals with anterior row offour yellowish to
white spots and one spot posterolaterally. Metanotum varying from black to black with
median yellowish brown to white stripe; all individuals with two yellowish to white spots as
in previous instar. Meso- and metanotal wing pads approximately the same length, extend
ing onto 1st abdominal segment. Explanate margins of thorax more punctate. Pleura varying
from black to black with a longitudinal yellow to brown stripe. Coxae and trochanters
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varying from yellowish brown to dark brown; femora and tibiae varying from black to
yellowish brown, carinate margins and distal portions darker; tarsi dark brown.
Abdominal terga yellow to purplish gray; tergum I with transverse white stripe that may
be incomplete: tergum 2 with medial white to yellow stripe often fading near large diagonal
spots: tergum 3 with transverse white stripe that may be broken near inner margins of large
diagonal spots; tergum 4 with white markings now in form of stripe extending to or almost to
medial marking; tergum 8 often with transverse stripe. Medial plates 2 and 3 ca. 3.5-5x
length of plates I and 4 medially; plates 1 and 3 ca. eight-tenths to nine-tenths width of plate
2: plate 4 ca. three-tenths to one-half width of plate 2. Tergum 8 with paired medial plates,
which are occasionally fused to form one plate. Sternum 4 occasionally with small medial
plate. variable in shape. Lateral plates varying from entirely black to white with black
borders.
Otherwise similar to third instar.
Fifth Instar (Figs. I-J). Length, 5.29 ± 0.28; width, 4.48 0.07. Body ovoid; head,
rhol'a.x. and plates of abdomen more punctate.
Head white to yellow with black marking along posterior margin that often extends ante
riorly both mesad of eyes and on either side of midline of head to middle of tylus, anterior
extensions may be broken. Eyes dark red to bright red. Antennae with segment I yellow;
segment :2 varying from yellow to yellow with two brownish lateral stripes, segment often
reddish at apex; segment 3 varying from dark brown to dark brown distally and red to yellow
proximally: segment 4 dark brown; ratio of antennal segment lengths ca. 23:74:53:61.
Pronotum yellow to white with black markings that vary from a solid mark extending from
anterolateral corners posteromedially to near posterior margin of segment, to a series of
marks in the same diagonal direction; white to yellowish spots of previous instar often
contiguous or fused. Mesonotum yellow to white with scattered black areas, irregular stripe
extending from near each anterolateral comer of segment to posteromedial comer of each
wing pad. stripe may be obscure; spots of previous instar larger and may be contiguous.
Metanotum yellow, yellowish to white spots absent, wing pads each with elongate black
mark that may be obscure. Meso- and metanotal wing pads extending onto abdominal
segments J......4. Thoracic sterna white to yellow. Coxae, trochanters, femora', and tibiae
yellow: tarsi with segment 1 yellow with apex darker, segment 2 black to reddish brown with
apex darker.
A.bdominal terga white to pale yellow with segmental and pseudointersegmentallines red;
pseudointersegmentallines often continuous between corresponding lateral plates; all white
to yellow markings of previous instars absent. Medial plates 1-3 varying from black with red
to yellow ostioles to yellow with black borders; plates 2 and 3 ca. 5-6.5x length of plate I
medially and 3-{)x length of plate 4; plates I and 3 ca. nine-tenths to subequal width of plate
2: plate -! moo-fifths to one-half width of plate 2. Lateral plates white with black borders.
Tergum 8 with paired medial plates often fused to form long narrow plate. Sterna white to
yellow and speckled with red, medial plates light yellow to brown and generally weakly
sclerotized. Lateral plates yellow to white, lateral margins often brown to black.
Otherwise sintilar to fourth instar.
ACKNOWLEDGMENT
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A SPLIT-STEM LESION ON YOUNG HYBRID POPULUS TREES
CAUSED BY THE TARNISHED PLANT BUG, LYGUS LlNEOLARIS
(HEMIPTERA [HETEROPTERA]: MIRIDAE)
Frank 1. Sapio, Louis F. Wilson, and Michael E. Ostryl
ABSTRACT
The tarnished plant bug, known principally as an agricultural pest, injures young hybrid
Populus by feeding on the stems and meristems. Tarnished plant bug eggs, fungi associated
with some lesions, and simple mechanical stimuli alone from feeding appeared not to cause
lesion formation. Of 20 Populus hybrids tested in a clonal trial, four appeared to be consis
tently susceptible to lesion injury, with Populus nigra var. betuli/olia x trichocarpa the most
susceptible. Several clones showed high resistance in the trial but a few were susceptible in
other plantings and in host preference tests when caged with tarnished plant bugs. Lesions
diminished tenfold on Populus where horseweed, the insect's principal wild host, grew along
with susceptible poplars. The tarnished plant bug can be suppressed by ultra-low volume
pesticides and cultural manipulation of understory vegetation.

Since 1978 an agent has been injuring young hybrid Populus trees planted on the Harshaw
Forestry Research Farm near Rhinelander, Wisconsin. Each summer lesions developed on
the stems and occasionally on short branches, growing tips, and leaf petioles of certain
clones of newly planted and 1- and 2-year-old Populus grown from cuttings. The stem
lesions occurred in the middle of upper portion of young trees; the injured areas sometimes
calloused over but frequently stems were girdled or broken above the injury. The injured
area is technically a split-stem lesion and when fully formed consists of an irregular elongate
split with a swollen flared area of necrotic bark and xylem tissues around the stem (Figs. lA,
B). :\Iature lesions ranged from less than 0.5 cm to 5 cm long.
Initial dissections of lesions for insects and isolations for pathogens provided no clue to"
the cause of the injury. A possible insect and disease association, however, was indicated
following the application of malathion, which eliminated the majority of insects at the
spray-test site . .'<'ew lesions continued to form in an unsprayed area following the test but
only a few formed in the treated area. In this study we set out to: (I) determine the causal
agenUs) of the lesion: (:!) determine if the incidence of injury differed among hybrid Populus
clones: and (3) suggest preventive or control measures for the lesion-causing agent.
STUDY AREAS AND MATERIALS

This study was conducted during the summer and fall of 1981 at the USDA Forest Service,
Forestry Sciences Laboratory at Rhinelander, Wisconsin. Observations and tests were
made at the facility's Harshaw Forestry Research Farm, nursery, and greenhouses. Eight
inch L::O-cmJ stem cuttings of Populus were outplanted in spring 1981 for testing. Some
cuttings were poned and set in the greenhouse for additional tests. Previously determined
susceptible dones :\C~99:!1. NE-I, and NE-299 were used in the tests; clone NE-375 was
used when apparent resistance was needed in a test. Established trial plantings of 20 clones
were also used in the study lsee Table I for acquisition numbers and clonal parentages).
Il"SDA. Forest Sen"ice. -';orth Central Forest Experiment Station, 1407 S. Harrison, E. Lansing, Ml
4&l<23. and 1992 Fol"'ell A'e .. St. Paul. MN 55108.
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DETElUvHNING THE CAUSAL AGENT
The insect fauna were observed daily at the Harshaw Fann and records were kept of all
insects sighted between 15 June and 1 September to determine if any insects were involved
in lesion formation. Representative specimens were collected and identified to family.
Mirids were the most common insects found on or near stem lesions. Captured adults of the
more numerous species were sleeve-caged on susceptible Populus clones at the fann, nurs
ery, and in the greenhouse. About 10 insects of the same species were placed in each cage
(approximately 35 cm dia. by 80 cm long). Caged trees that developed lesions all contained a
mirid identified2 as the tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), suggest
ing that it was directly or indirectly the causal agent.
Microscopic examinations of growing lesions early in the season revealed insect eggs
embedded in the bark of about half of the lesions (Fig. 2). Emerging nymphs fed on Populus
Table I. Susceptibility of 20 Populus clones to a split stem lesion caused by the tarnished
plant bug, Harshaw Research Fann, Rhinelander, WI.
Clonal Numbers

Original

North Central
Forest Experiment
Station

NE-298

NC-5332

NE-386
NE-387

NE-372

NC-5263
NC-5262
NC-992I
NC-535\
NC-5326
NC-5277
NC-5272
NC-5258
NC-5266

DN-30
NE-252

NC-5260
NC-5323
NC-5334

NE-299

NC-533\

NE-375

NC-9922
NC-5264

DN-34
NE-I

NE-388
1-476
DN-28

NC-1l505
NC-4879
NC-5325
NC-5339

Parentage
Populus nigra var. betulifolia x
P. triehoearpa
P. 'Candicans' x (P. x berolinensis)
P. 'Candicans' x (P. x berolinensis)
Populus sp.
Populus sp.
P. x euramerieana 'Eugenei'
P. x euramerieana 'Wisconsin #5'
P. nigra x P. laurifolia 'StrathgJass'
Populus sp.
P. deltoides var. angulata x
P. triehocarpa
P. tristis x P. balsamifera 'Tristis # I'
P. x euramerieana 'Canada Blanc'
P. deltoides var. angulata x
P. triehocarpa
P. nigra var. betulifolia x
P. triehoearpa
Populus sp.
P. deltoides var. angulata x
P. nigra var. plantierensis
P. maximowiezii x P. triehocarpa
P. x euramericana '1-476'
P. x euramericana 'Ostia'
P. alba x P. grandidentata

Percent
trees
with
lesionsa
43

30
26

20
6

3
3
3

o

o
o
o
o
Ob
Ob

Ob

o

o
o
o

<i64 trees per clone, lesions from 1980 season.
bModerate number of lesions in other field and greenhouse test plantings.
2Determined by T. J. Henry, Research Sci~ntist, Systematic Entomology Laboratory, USDA. Belts
ville, MD, and B. J. Harrington, Director Insect Research Collection, University of Wisconsin, Madison,
WI.
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Fig.!. Split-stem lesion on hybrid Populus. A, front; B, back.

stems (Fig. 3) and .....i thin 20 days grew into tarnished plant bug (TPB) adults. In a greenhouse
test to determine if oviposition affected lesion formation, 16 young trees of clone NE-299
were sleeve-<:aged: eight with three female TPBs each and eight with three male TPBs each.
Cages remained in place for nearly two weeks. Examinations showed that females laid eggs
in stern tissues prior to lesion formation, but oviposition was not the cause of the lesion
because both sexes produced about an equal number and size of lesions. Eggs were later
found in succulent healthy tissue of growing tips of trees and leaf petioles that had no
lesions. All lesions. however, appeared to be directly associated with feeding injury caused
by both sexes of TPB.
Isolation and inoculation trials were made to determine if a fungus or bacterium was
associated with lesion formation and to determine if the TPB was a vector. Isolation from
TPBs and tissue samples of lesions collected from affected Populus clones and native
quaking aspen (Populus tremuloides Michx.) were made onto potato dextrose agar (PDA)
and incubated at 20'C. Fusarium sp. (Fungi Imperfecti: Tuberculariaceae) was most con
sistently isolated from lesion tissue. Young trees were inoculated with the cultured fungus
by inserting 5-mm' sections of cultures growing on PDA in wounds that reached the
cambium and securing them with moist cotton and tape. Inoculated wounds showed some
tissue necrosis and callousing, but split-stern lesions did not form. No organisms pathogenic
to poplars were isolated from TPBs.
Patch grafting was also used to determine if organisms in the lesion were responsible for
lesion formation. Three trees were used in each of four tests over a three-week period. Test
sites were on the basal. mid. and apical portions of the stern. Treatments were (I) a small
piece of actively growing lesion from an affected poplar was inserted into a 6-mm bark flap
cut with a sterile scalpel. the wound was wrapped with either dampened sterile cotton or
gauze and tied loosely with string; (2) identical to treatment (I) but with healthy poplar stern
tissue: and 13) 6-mm bark flap cut without added tissue. The latter treatment was to deter
mine the response of the tissue to wounding only. The tests were repeated twice with cotton
left on for 24 h and with gauze left on for a week.
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Fig. 2. Electron photomicrograph of a tarnished plant bug egg imbedded in hybrid Populus bark. (Mag,
apx,350x)

Fig, 3, First-instar tarnished plant bug nymph feeding on hybrid Populus.
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Small calluses and swellings developed at healthy and lesion tissue patch-grafted sites
suggesting the reaction was to foreign tissue rather than to a pathogen. Tissues that were
wounded only formed callus but no swelling was evident. Further trials in which stem
tissues were probed with a fine needle to simulate stylet penetration by a plant bug or in
which bark was wounded with a scalpel to simulate agricultural implement wounding also
yielded no obvious lesion or swelling. This suggests that the lesions are not mechanically
induced.
HOST SUSCEPTIBILITY AND ATTRACTION
To assess susceptibility of various Populus clones to the lesion, 20 Populus clones were
examined in a two-year-old genetic test plot. Each of 64 trees of each clone was examined
thoroughly for lesions. Four clones showed moderate numbers of trees with lesions (20
43'1-'. four clones had a few trees with lesions (3-6%), and 12 clones had no lesion (Table I),
indicating an apparent wide range of susceptibility. Further tests of host susceptibility were
made after noting that the majority of TPBs frequented flowers of two asteraceous weed
species associated with the poplar plots: horseweed, Erigeron canadensis (= Conyza
canadensis). and daisy fleabane, E. annuus. Observations also indicated lesions were less
numerous when horseweed was present.
In the
we tested 10 trees of susceptible clone NC-9921 and 10 of "resistant"
clone
Five trees from each clone were caged with a live horseweed plant and five
trees from each clone were caged alone. Five TPBs were then placed in each cage. Plants
were irrigated and fertilized with an automatic trickle system, and lesions were counted after
seven days. Three contrasts were analyzed using the Bonferonni t-statistic (tB; Gill 1978)
with the following results: (I) NC-9921 vs. NC-9921 with horseweed (tB
2.03, n.s.); (2)
~E-375 \'5. NE-375 with horseweed (tB = 2.54, P > 0.05); and (3) NE-375 and NC-992 I vs.
NE-375 and NC-9921, both with horseweed (tB 3.23, P > 0.01). The first contrast was not
significant because of wide variability between numbers of lesions within treatments. The
mean numbers of lesions per tree per test were as follows:
TEST

Populus clone NC-9921
Populus clone NE-375
Populus clone NC-992 I and horseweed
Populus clone NE-375 and horseweed

LESIONS (x)
4.4

5.4
0.4

0.4

Apparently horseweed was associated with a marked decrease in the number of lesions
de\'eloping on Populus.
In another test, 720 young trees were censused for lesions in the early fall of 1981 to
detemrine effects of weed control and associated treatments on prevalence of the lesion. The
study was begun in 1980 to learn the growth response of Populus clones to weed treatments 3
and contained three clones observed to be susceptible to lesions, NE-378, NE-I, and NC
99::!1.
C nsoaked hardwood cuttings were planted on 9 May 1980. Thirty trees of each clone were
chosen sequentially and examined for lesions in September 1981, in each ofthe following six
treatment plots:
1. Fnrrow-crdtivation: Cultivated 10 times in 1980.
::!. Fnrrow-cultivation--cIover cover crop: Similar to above except 12 lbs/ac white dutch
clover (WOC) seed was applied by cyclone spreader after the eighth and final cultivation in
late July.
3. Linuron-glyphosate: Linuron at 2 lbs active ingredient (ai)/ac was applied prior to plant
ing. Glyphosate at 2 Ibs ai/ac was applied in late July.
3"torris. P. R. 1980. Study plan for evaluation of weed control practices for short rotation intensively
cultured Populus plantations. North Central Forest Experiment Station, FS-NC-I 112-80-06.
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4. Glyphosate: Herbicide was applied at 2 Ib ai/ac twice in June and July with a shielded
sprayer.
5. Rolling-cultivation: Cultivated over the tops of cuttings for first three cultivations and
thereafter betwecn the rows for a total of II cultivations.
6. Clover cover crop: Benefin was incorporated into the soil at 1.5 Ib ai/ac prior to seeding 6
Ib/ac WDC in mid-May.
Analysis of variance showed highly significant clonal, treatment, and interaction sources of
variance (significant at 0.01 level):
SOURCE OF VARIATION

df

MS

F

Clonal
Treatment
Clonal x Treatment

2

5.22
6.86
2.84

15.75
20.73
8.59

5
!O

Lesions per tree varied by clone as follows: NE-386 averaged 0.50, 9921 averaged 0.22, and
NE-I averaged 0.08. The susceptibility ranking was the same as in the previous clonal trials.
Number oflesions also varied by weed treatment (Fig. 4). Plots furrow cultivated yielded the
most lesions, while those with only WDC the least, especially for clone NE-386. Four
non-orthogonal comparisons were made within the six treatment groups using tB the Bon
feronni t-statistic with the following results (1, 2 significant at 0.0 I level; 4 significant at 0.05
level):
tB

TREATMENT COMPARISONS
I.
2.
3.
4.

WDC cover crop vs. furrow cultivaton.
WDC cover crop vs. furrow cultivation and WDC cover crop.
WDC vs. all other weed control, excluding furrow cultivation.
Furrow cultivation vs. furrow cultivation and WDC cover crop.

8.09
5.38
0.77
2.69

FURROW
CULTIVATION

FURROW CULTIVATION
AND CLOVER COVER CROP

LlNURON AND GLYPHOSATE
HERBICIDES

GLYPHOSATE
HERBICIDE

NC-5263
NC-9921
NC-5272

ROLLING
CULTIVATION

=

WHITE DUTCH CLOVER
COVER CROP

o

TREATMENT

M

W

~

~

MEAN NUMBER OF LESIONS PER TREE

Fig. 4. Incidence of tarnished plant bug lesions on three Populus clones after va!ious weed management
treatments.
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The first comparison shows difference of lesion occurrence between treatments with the
most and least amount of ground cover. Trees in WDC-treated plots had significantly fewer
lesions than those in furrow cultivated plots. The second comparison shows that WDC
added to cultivation treatments lessens the prevalence of lesions but number of lesions are
still significantly higher than WDC alone. The third comparison suggests that the WDC
cover crop is no better than herbicide treatments or rolling cultivation. All of these treat
ments reduce the prevalence of the lesion. The fourth comparison indicates that the addition
of WDC following cultivation significantly lessens the prevalence of the lesion but not as
much as other treatments.

CAUSAL AGENT
The split-stem lesion on Populus at the Harshaw Research Farm at Rhinelander, Wiscon
sin. was shown to be caused by the tarnished plant bug, known principally as a pest of
agricultural crops such as alfalfa, cotton, beans, apple, and peach. Other insects and fungi
associated with Populus did not produce lesions in cage and inoculation tests.
Many insects of the family Miridae produce lesions and other deformations on their host
plants. Tingey and Pillemer (1977) reviewed Lygus feeding injury and generalized the dam
age into five categories: (I) localized tissue necrosis, (2) abscission of fruiting forms, (3)
morphological deformation of fruit and seeds, (4) altered vegetative and fruiting growth
patterns. and (5) tissue malformations. Split-stem lesion caused by TPB on Populus appear
to fit several of these categories and appeared similar to Lygus-caused lesions on cotton
plant stems (King and Cook 1932). Besides split-stem lesions on the stem, which is the most
common injury to Populus, the TPB sometimes causes tissue necrosis of tip meristems and
altered growth of leaf petioles.
The lesion on Populus was induced by TPB feeding of either sex and not from oviposition,
transmission of a pathogenic fungus. nor simple mechanical stimulus. TPB eggs were asso
ciated with about half of the lesions, the expected ratio if the insect has an equal number of
males and females. Painter (1929) gives a 50:50 sex ratio for the TPB and Khattat and
Stewart (1980) found a 54:46 female to male ratio on alfalfa in spring. Male and female TPBs
feed on stems, meristems, and leaf petioles of Populus; females usually oviposit at the
feeding site, but they also oviposit at nonfeeding sites.
Lygus spp. are capable of transmitting pathogenic organisms. The TPB has been responsi
ble for transmitting fire blight caused by the bacterium Erwinia amylovora (Burrell) Winslow
to pears (Stahl and Luepschen 1977). The TPB did not appear to induce Populus lesions by
vectoring pathogens.
Lygus bugs feed by inter- and intra-cellular stylet penetration, and during feeding they
secrete saliva that carries a variety of substances that affect tissue development (Tingey and
Pillemer 1977). Hori (1974) listed specific growth regulators (i.e. lAA), amino acids, and
enzymes in lygus bug saliva. Tingey and Pillemer (1977) suggested that split-stem lesions in
cotton caused by various mirids can be attributed to the auxin content of the salivary
injection. Auxins. of course, playa role in cell enlargement and division. Miles (1968)
suggested that lAA could be the universal cause of cecidogenesis (gall-formation) by plant
bugs. Strong (1970), however, indicated that injury caused by Lygus hesperus Knight is not
due to hormonal injection but rather to the mechanical and enzymatic destruction of hor
mone-producing sites in the plant tissue.
In our study mechanical probing and slicing with a scalpel did not yield lesions, suggesting
a nonmechanical cause. Enzymatic activity, however, was not ruled out. Valis (1972), who
studied the feeding injury of L. rugulipennis Poppius to sugar beet, artificially probed sugar
beet tissues and no feeding symptom injuries developed. But probing combined with remov
ing plant tissue juices and injecting pectinase produced all the symptoms associated with
feeding damage. The TPB lesion on Populus also may be due to enzymatic activity, but
further studies of the feeding process will be needed to substantiate this conclusion.
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HOST SUSCEPTIBILITY AND ATTRACTION
TPBs feed and cause lesions on various clones of hybrid Populus grown for intensive
culture. Lesions were also found on branches of quaking and bigtooth aspen near the
Harshaw Farm. Out of 20 clones tested in the clonal trial, clones NE-298, NE-386, NE-387,
and NC-992 I appeared to be consistently the most susceptible. Clones NE-299 and NC-9922
appeared totally resistant in the trial but were moderately lesioned in other locations on the
farm. The reason for the variable incidence of attack of these two clones was not deter
mined, but it may have been due to the TPB preferring these clones over even less desirable
ones or from lack of other suitable food sources nearby. Most or all Populus clones on the
farm are probably somewhat susceptible to TPB injury when food choice is limited. For
instance, clone NE-375, which had no TPB lesions in the clonal trial, developed lesions
when caged with TPBs. In fact, it developed more lesions than susceptible clone NC-992L
The TPB is a highly polyphagous insect that has a mnge of hosts, including 120 plant
species representing 30 families (Taksdal 1963). Besides being a pest on numerous agricul
tural crops, TPB also feeds on various weeds. A survey of the Harshaw Farm revealed 21
principal weeds, of which 13 are known hosts of the TPB. Several of these weeds are high or
moderate competitors of Populus (Table 2). Latson et aL (1977) and Tugwell et al. (1976)
noted that horseweed and fleabane are the principal wild hosts of the TPB; these weeds are
prevalent in and around the Harshaw Farm plantings. General observations throughout the
farm indicated that Populus had fewer lesions where horseweed was abundant. TPBs were
common on the horseweed, however, suggesting that preference for horseweed over
Populus lowered the incidence of attack on Populus. Results were similar in tests where the
TPB was caged with Populus and horseweed; the latter was fed on 10 times more often.
Latson et aI. (1977) studied the behavior of TPB and found that the insect spent three
times longer feeding on horseweed than on cotton, though it spent nearly four times as much
time walking and resting on the cotton. Cotton is moderately attractive to the TBP. Stern
(1969) suggested interp1anting cotton and other crops with alfalfa to minimize lygus bug
damage, because alfalfa is one of the preferred hosts of the TPB.
Although resistance of hybrid Populus to TPB feeding and subsequent lesion formation
appears to be partly clonal, it is tempered by proximity to other food sources and TPB
behavior (Fig. 4). The three clones in the test, though showing a wide range of injury over
the range of treatments, retained the same mnking in susceptibility as in the clonal trial. In
both trials clone NE-386 was most susceptible, NC-9921 intermediate, and NE-l the least.
When WDC was used as a cover crop with these susceptible clones, few lesions developed
suggesting that WDC may have satisfied the TPB feeding. WDC is a normal host of the TPB
Table 2. Potential competitive level of the principal weed species at the Harshaw Research
Farm that are hosts of the tarnished plant bug (TPB).
Common Namc

Scientific Name

Potential
Competiive levela

Lamb's quarters
Mustard
White cockle
Quack grass
Horseweed
Daisy fleabane
Pigweed
Canada thistle
Dandelion
Field-bindweed
Goldenrod
Ragweed
Shepherd's purse

Chenopodium album L.
Brassica sp.
Lychnis alba Mill.
Agropyron repens (L.) Beauv.
Erigeron (Conyza) canadensis (L.) Cronq.
Erigeron annuus (L.) Pers.
Amaranthus sp.
Cirsium arvense (L.) Scop.
Taraxicum officinale Weber
Convolvulus arensis L.
Salidago spp.
Ambrosia spp.
Capsella bursa-pastoris (L.) Medic.

High
High
High
High
Moderate
Moderate
Moderate
Low
Low
Low
Low
Low
Low

aResear~h

data on file at USDA Forest Service. Forestry Sciences Labor.uory at Rhinelander, WI.
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and probably preferred over most Populus clones. Venables and Waddell (1943) suggested
planting WDC as a cover crop in orchards to lure TPB away from fruit trees. They reported
that red clover and alfalfa are superior hosts over WDC when in bloom but resisted recom
mending these on insect trap-crops because they would attract higher numbers ofTPB and
increase instead of decreal'e the risk to fruit trees. Alfalfa and clover are common near the
Harshaw Farm and may affect the TPB popUlation on the Populus plantings.
Populus is probably most attractive to TPB in the spring when the TPB adults emerge
from their overwintering quarters in the dead weeds. At this time most weeds have not
reached a stage that is attractive to the TPB. Prokopy et aI. (1979) reported that TPB adults
fed on flower buds in apple orchards in early spring but completed feeding by the time the
developing fruit was about J cm in diameter. Most of the adults then died. Subsequent
generations had little effect on apples, presumably because other plants were then more
attractive to the TPB. Flowering plants attract the TPB so Populus should be least suscepti
ble in summer and fall, unless the plants are removed and the TPB seeks other food. Poston
and Pedigo (1975) found the TPB nymphs and adults migrate to other crops after cutting
alfalfa. Stem (1969) observed Iygus migrations to cotton and alfalfa from potatoes, other
host crops, and weedy areas following harvest or cutting. Similar dispersal probably occurs
over portions of the Harshaw Farm when potatoes, alfalfa, sunflowers, and clover are
harvested nearby. Also, mowing or disking the weeds at the farm probably aid TPB migra
tion to Populus.
Populus trees within herbicide, rolling cultivation, and WDC cover crop treatments had
similarly low numbers oflesions probably due to the similarity of the amount of vegetation in
each treatment at crucial times for the TPB. Sufficient clover as well as weeds in the
herbicide and rolling cultivation plots probably lured the TPB away from the Populus. In
contrast. the furrow cultivation plots were free from vegetation for much of the summer
leaying the Populus more vulnerable to attack.
During the first two growing seasons after planting, Populus hybrids are a higher risk for
the TPB lesion. Mueller and Stem (1973) found that Iygus bugs, including the TPB, rarely fly
more than 2 m above the ground. The succulent tissue of the main stem of Populus is usually
well out of reach after the second growing season. Feeding may still occur on lateral
branches but such lesions unless extremely numerous, are inconsequential to Populus
grov.th and biomass production.

PREVENTION AND CONTROL
Herbicides, rolling cultivation, and cover cropping may minimize TPB injury if properly
used or integrated with pesticides. Studies on the management of horseweed, white dutch
clover. alfalfa. and other associated treatments are still needed before conclusions can be
drawn. Horseweed is somewhat resistant to glyphosate herbicide and its presence seems to
be beneficial. Perhaps some flowering weeds should be maintained near Populus plantings to
entice TPBs away from the trees and encourage parasitism. Shahjahan (1974) and Shahjahan
and Streams (1973) found that the major braconid parasite Peristenus pseudopa/lipes (Loon)
of the TPB was attracted to horseweed and other Erigeron spp. flowers for feeding and prey
searching. Species of Erigeron were necessary foods for maximum longevity of the parasite.
The TPB can be suppressed readily by one or more applications of suitable insecticides.
Pruess (1974) reduced the TPB in alfalfa fields in Nebraska with ultra-low volume (ULV)
malathion. He obtained from 89-98% control by applying 9.7 oz. ai/acre over a l6-mile ' area
in mid-August. Though generally successful as short-term suppression, he found nymphs
from resident eggs and migrating adults from areas nearby quickly repopulated the field.
Sevacherian and Stem (1975) showed that Lygus spp. move in mass numbers when attracted
to a host. Pruess (1974) concluded that the TPB could not be successfully controlled by
chemicals alone in Nebraska because of overlapping stages of the 3-4 yearly generations and
strong migratory habits. Khattat and Stewart (1980) reported that Canada has three genera
tions and Wisconsin probably has three generations also, indicating control difficulties simi
lar to Nebraska. The single pilot test using malathion at the Harshaw Farm significantly
reduced lesions. This test was made early in the season and probably killed most of the
adults shortly after they emerged from overwintering before they laid many eggs. And,
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because few weeds were available at that time, most TPBs in untreated areas probably
remained in place. Perhaps an early-season spray integrated with an appropriate weed
management program might successfully control the TPB.
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THE INFLUENCE OF PLANT DISPERSION ON MOVEMENT
PATTERNS OF THE COLORADO POTATO BEETLE, LEPTINOTARSA
DECEMLINEATA (COLEOPTERA: CHRYSOMELIDAE)
Catherine E. Bach I
ABSTRACT
The influence of plant dispersion on movements of the Colorado potato beetle, Leptino
tarsa decemlineata (Say) (Coleoptera: Chrysomelidae), was studied with mark-recapture
techniques. Beetles released between potato monocultures, polycultures with two additional
non-host plant species, and polycultures with five additional non-host species, randomly
colonized the three types of plots. Releases between different arrangements of potted host
and non-host plants showed (1) greater beetle colonization and greater length of time spent
on potato plants growing alone than on potato plants surrounded by non-host vegetation,
and (2) no effect of potato plant density on colonization or tenure time. Overall, there was a
65~ recapture rate; beetles consistently stayed on the same plants they originally colonized,
often for at least five days after release.

~luch recent attention in the field of herbivore-plant interactions has been focused on the
relationship between various aspects of host plant dispersion (plant density and plant
species diversity) and the popUlation dynamics of specialist herbivores (see review by
Kareiva. in press). In particular, specialist herbivores are more abundant in monocultures or
habitats with low plant diversity than in habitats with higher plant diversity (Root 1973, Bach
I 980a. Risch 1980). Several recent studies have determined the mechanisms underlying
these abundance patterns. Greater popUlation densities in simpler habitats result from dif
ferences in herbivore movement patterns, rather than from differences in colonization,
reproduction, or predation, at least for cucumber beetles, Acalymma spp. (Chrysomelidae:
Galerucinae) (Bach 1980b, Risch 1981).
The purpose of the present study was to determine if another specialist herbivore spccies
(the Colorado potato beetle, Leptinotarsa decemlineata (Say» responds to diversity in a
similar manner. And if so, what role do herbivore movement patterns and tenure time
(length of time remaining in an area) play in the relationship between plant dispersion and
herbivore abundance? Leptinotarsa decemlineata (Chrysomelidae: Chrysomelinae) feeds
exclusively on plants in the family Solanaceae, especially on Solanum species (Radcliffe
1982). This study will enable comparison between specialist chrysomelid beetles which have
different life cycles. since eggs, larvae, and adults of the Colorado potato beetle occur on
host plant leaves. whereas only adults of cucumber beetles (rootworms) occur on leaves.

MATERIALS AND METHODS
~lark-recapture techniques were utilized to study the influence of plant dispersion on the
movement patterns of the Colorado potato beetle, Leptinotarsa decemlineata. Beetles were
collected in vegetable gardens in Ann Arbor, Michigan, individually marked with Testor's
paint (maximum of two dots per elytron), and released at the study site at the Matthaei
Botanical Gardens. The University of Michigan, Washtenaw County, Michigan.
Two basic types of releases were conducted: (1) releases between experimental plots, and
(2) releases between potted plants arranged in different spatial configurations. Thirty beetles

1Division of Biological Sciences. The University of Michigan. Ann Arbor. MI 48109.
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were released equidistant from experimental plots in a mowed rye and clover field on 12
August 1981 (Fig. I). These plots were initially set up to study how natural colonization by
Colorado potato beetles is affected by plant dispersion, but only one beetle naturally colon
ized the plots, thus necessitating releases of beetles. There were three replicates of each of
four treatments: (I) potato (Solanum tuberoslIm) monoculture, (2) melon monoculture, (3)
potato, melon, and bean polyculture and (4) potato, melon, bean, com, tomato, and broccoli
polycuiture. (Melon monocultures were utilized in a concurrent study of Acalymma
vittatum.) The position of the four treatments was randomized and plots had been planted on
26-29 May 1981.
In the first set of releases between experimental plots, L. decemlineata appeared to be
very stationary. Thus, it was necessary to create smaller experimental plots. The use of
greenhouse grown potted plants allowed a more controlled experimental design and ensured
homogeneous plant quality. Potato plants were placed on the mowed rye and clover field in
different arrangements. Plants were grown in an unsprayed greenhouse at the Matthaei
Botanical Gardens in 20-cm-diameter pots with a standard potting mixture soil. Potato plants
(variety Katahdin) utilized in the experiments were at the flowering stage and were about
0.5 m high. Melon plants (variety Hale's Best Jumbo) had vines up to 1.5 m long.
Experiments were conducted to answer the following questions:
(I) Does the presence of a non-host plant species (melon) near a host plant influence
colonization of host plants? This question was investigated with two different experiments.
The first involved releasing 15 beetles on 7 September equidistant from a potato plant by
itself and a potato plant growing next to a melon plant (Fig. 2A). The second experiment
involved releasing II beetles on 8 September equidistant from two replicates of each of two
treatments: a single potato plant and a potato plant with a melon plant on either side. with
melon vegetation completely surrounding the potato plant (Fig. 2B).
(2) Is there a difference in tenure time on host plants (potatoes) and non-host plants
(melons)? On 7 September, five beetles were placed on a potato plant growing by itself, a
potato plant growing next to a melon, and a melon growing next to a potato plant (Fig. 2A).
(3) Does plant density influence colonization of host plants? Fifteen beetles were released
on 9 September equidistant from two replicates of each of two treatments: one potato plant
and three potato plants in separate pots, but touching each other (Fig. 2C).
For each of these sets of experiments, all potato plants were searched for beetles for at
least five days (six days for experiment 3 and seven days for experiment Ib) after the
releases. The identification of each beetle and the particular plant and location were re
corded.
RESULTS
Of the 30 beetles released between the large experimental plots, 16 (53%) were later
found. There were large differences in which plots were colonized by beetles, after being
released equidistant from four plots (one potato monoculture, one three-species polyculture,
and two six-species polycultures). As shown in Table 1, the majority of beetles (10 out of 16)
were later found in one of the six-species polycultures. However, the pattern of colonization
was not significantly different from what would be expected given random colonization of
the three types of plots ()(" = 4.6, P > 0.05). Only one individual was ever found in a
Table I. Number of beetles found in four experimental plots after being released equidistant
from the four plots.
Days after release

Potato monoculture
3-spp. polyculture
6-spp. polyculture
6-spp. polycuIture

2

3

9

0
0

3
I

3
I

6

7

7

1

I

I

0
0
2
0

Number of different
individuals found
3
I
10
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Fig. I. Spatial arrangement of experimental plots. Each plot contained 36 plants; polycultures contained
equal numbers of each plant species present. A ~ potato monoculture, B ~ melon monoculture, C ~
potato-melon-bean-polyculture, and D ~ potato-melon-bean-com-tomato-broccoli polyculture. X ~
release site for mark-recapture study.
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Fig. 2. Spatial arrangements of potted host and non-host plants for three experiment~ on host plant
colonization: (A) the influence of a nearby non-host plant, (B) the influence of surrounding non-host
yegetation. and (CJ the influence of host plant density. P ~ potted potato plant. M ~ potted melon plant.
X ~ release points for mark·recapture studies.

different plot other than the four plots at the center of which the beetles were released; this
individual was found in a nearby potato monoculture.
Fourteen of the 16 beetles found were found more than once: eight were found on two of
the four sampling days after release, five were found on three days, and one was found on all
four sampling days. All of these individuals were found on the same plant on the different
sampling days except one individual, which was found on a neighboring plant in the same
plot. None of the individuals were found 19 days after release. Thus, maximum lengths of
tenure on the same plant were eight days (n = I) and nine days (n = 2). However, these
represent low estimates since the plants were not sampled between 9 and 19 days after
release.
Results from this release indicate that beetles are very stationary and do not appear to
discriminate between host plants growing under different conditions, since they remained on
whatever plant they first colonized. Thus, it was necessary to conduct experiments on a
smaller scale with potted plants placed close together.

250

THE GREAT LAKES ENTOMOLOGIST

Vol. 15, No, 4

INFLUENCE OF NEIGHBORING NON-HOST PLANTS
When beetles were released equidistant from one potted potato plant and one potted
potato plant growing next to a potted melon plant, seven out of the 15 beetles were found at
least once on the potato growing next to the melon and two of the 15 were found on the
potato growing by itself (fable 2A), No individuals were found on other potato plants in the
area and none ever transferred from plant to plant,
In addition to greater colonization of the potato growing next to a non-host, individual
beetles stayed in that treatment for a longer period of time, Three of the five individuals
which originally colonized the potato next to a melon were still there five days later, whereas
the two individuals which colonized the potato by itself stayed only until two days after
release, Although statistics are not justified with such small sample sizes, the trends are
consistent with results from the releases between large experimental plots. Again, there is
no support for the prediction that the presence of non-host plants decreases colonization and
tenure time.
A second experiment testing the effect of non-host neighbors was conducted to determine
if the results of the first experiment were simply an artifact of the experimental set-up (i.e.,
because the potato was the first plant with which the beetles had contact and because only
one replicate of each treatment was used) or if the beetles were actually unaffected by the
presence of non-host plant neighbors. When beetles were given a choice of potato alone or
potato surrounded by non-host vegetation, a very different pattern of colonization resulted.
Seven out of II beetles released (64%) colonized the potato alone, whereas only two (18%)
colonized the potato with surrounding non-host vegetation (Table 2B). No individuals were
ever found on a different plant from the one on which they were originally found. Again,
there appeared to be a difference in how long individuals remained on plants in the two
treatments, but the results were opposite to those found in the first experiment. In this case,
more individuals went to potato growing alone and they were also found for a longer period
of time (over three times as long) on the potato growing alone (rable 2B).
To understand more about the response of the beetles to non-host plants, beetles were
placed on non-host plants and host plants growing alone and near non-hosts. No beetles
placed on melon were ever found on melon, even one day after release. In contrast, all five
individuals placed on potato plants (both growing alone and growing next to a melon) were
found at some time on the same potato plant on which they were originally placed (and none
were found on a different potato plant). There was clearly no difference in the number of
beetles remaining on potatoes growing alone (5.5,4. and 2. on 1,2,3, and 5 days after release,
respectively) versus potatoes growing next to melon (4,4,4, and 2 on 1,2.3, and 5 days after
release, respectively) or in the length of time remaining (potato alone, n 5, x 3.6 days;
potato next to melon, n = 5, x 3.6 days),
Of the beetles placed on melon, four were later found (three on the potato next to the
melon and one on the potato growing alone 2 m away), These four individuals spent an
Table 2. Results of experiments testing the influence of neighboring non-host plants on
colonization of potato plants by Colorado potato beetles, Number of beetles found on potato
plants after being released between two different spatial arrangements of host and non-host
plants: (A) potato growing by itself (P) versus potato growing next to melon (PM); (B) potato
growing by itself (P) versus potato growing surrounded by melon vegetation (MPM).
Days after release
2
(A)

(B)

P
PM

P
MPM

2
5

6
2

3

5

2

0

7

3

0
3

2

4

7

4

4
0

0

2

2
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average of 3.2 days on the potato to which they moved. Again, there were no plant to plant
movements once beetles originally located a host plant.
INFLUENCE OF HOST PLANT DENSITY
Results from the final experiment on response to plant density indicate that beetles do not
discriminate between areas which differ in the amount of host plant resource. There was no
difference in the number of beetles found over time in areas with one potato plant (3,3, and 2
beetles on 1.3. and 6 days after release) versus three potato plants (3,3, and I beetle on 1,3,
and 6 days after release), although five different individuals were found in the single potato
treatments versus three different individuals found in the triple potato treatments. Thus, the
three times as much plant biomass in the high density potato treatment did not attract more
beetles. not did beetles stay longer in that treatment.
DISCUSSION
Results from this study indicate that the Colorado potato beetle does not appear to be
negatively affected by plant diversity (either in terms of colonization or tenure time) when
neighboring non-host plants are growing near host plants (as in the releases between experi
mental plots and the releases between single potato plants growing alone and growing near
melon). Beetles did not preferentially colonize monocultures, nor did they have greater
tenure times in less diverse habitats (as found for cucumber beetles, Acalymma spp., by
Bach 1980a, 1980b; Risch 1981). Instead, beetles appeared to randomly colonize potato
plants and remain on whatever plant they colonized, irrespective of the type of plot in which
it was growing.
However. beetles did show less colonization and shorter tenure time when non-host
plants were surrounding and physically touching the host plants; this presumably resulted
from the beetles immediately leaving non-host plants after coming into contact with them (as
shown by the releases on melons). Thus, beetles do not seem to be affected by visual or
chemical stimuli from non-host plants (as reported for flea beetles in Tahvanainen and Root
1972). but only by direct physical contact. The presence of non-host vegetation similarly
reduced colonization in a lepidopteran herbivore on Ariswlochia (Rausher 1981) and re
duced both colonization and tenure time in a tropical cucurbit specialist, Acalymrna
inrlubum.
Differences in plant quality have been implicated in many studies of the effects of plant
dispersion on herbivores (see review by Kareiva, in press). However, the differences in
colonization and tenure time in treatments which differed in plant dispersion reported in this
study could not have resulted from differences in plant quality, since this was controlled for
in the experiments with potted plants. In fact, part of the reason for the lack of a response to
the amount of host plant resource, even when manipulations of host dispersion were done on
a very small scale. may have been because the plants were all approximately the same
quality.
The high recapture rates reported in this study indicate that Colorado potato beetles
appear to be much more stationary than other insects for which mark-recapture studies have
been done. Even when beetles were marked (which presumably disturbs them to some
extent) and placed on non-host plants, they did not leave the study area, but simply moved
to the closest host plant. In the experiments with potted plants, a total of 40 beetles (or 71%)
werc later found. and 12 of these were found at least five days after release. Moreover, none
of these -+0 beetles ever were found on more than one plant.
These high recapture rates definitely do not result from less herbivore movement caused
by the marking technique. A separate experiment was conducted which compared the
recapture rates over time of 13 marked beetles and nine umarked beetles. These beetles
were released and recaptured in a potato-melon-bean polyculture with no Colorado potato
beetles present. There was no difference in the proportion found of marked beetles versus
unmarked beetles on any of the four sampling days after release (Y.z day, x" = 1.8; I day, X'"
0.3; 3 days. x" = 0.3: and 5 days, X- = 0.001; P> 0.05 for all).
Few studies have individually marked herbivorous beetles, thus making cross-species
comparisons difficult. However, these results on Colorado potato beetles can be directly
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contrasted with results from a similar study of another specialist chrysomelid, the striped
cucumber beetle, Acalymma vittatum (= A. vittata [Munroe and Smith 1980]) When indi
viduals of A. vittatum were released between small experimental plots (cucumber monocul
tures, cucumber-corn polycultures, and cucumber-tomato polycultures, see Bach 1981 for
experimental design), there was a much lower percentage recapture (22%). Eight out of the
10 beetles found went to monocultures, in direct contra~t to the random colonization of plots
by Colorado potato beetles. Only two individuals of A. vittatum stayed on the same plant for
more than two days,
emphasizing the relative lack of movement in Leptinotarsa
decemlineata. Finally,
of A. vittatum which were found transferred plants (two to other
plots, one to another plant in the same plot), whereas only one Colorado potato beetle out of
a total of 56 beetles later found, ever was found on more than one plant.
Although the sample sizes for the studies reported in this paper are small, the trends
certainly suggest that specialist chrysomelids can respond very differently to plant disper
sion, and these different responses appear to result primarily from differences in movement
behavior. Clearly, the weak flying ability of Leptinotarsa decemlineata (Radcliffe 1982) and
its "feigning death" response to disturbance contribute to the lack of discrimination be
tween different host plant densities, as well as between host plants alone and hosts near
non-hosts. This study emphasizes the important role of herbivore movement patterns in
understanding and predicting how a particular herbivore species will respond to plant disper
sion and the subsequent effects on host plant popUlation dynamics.
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SEASONAL EMERGENCE PATTERNS OF BLACK FLIES (DIPTERA:
SIMULIIDAE) IN NORTHWESTERN PENNSYLVANIAi
P. H. Adler,2 B. L. Travis,3 K. C. Kim,2 and E. C. Masteller3
ABSTRACT
A two-year emergence trap study of black flies at four sites in northwestern Pennsylvania
yielded 1%3 individuals of nine species. The collections included Prosimulium mixtum, P.
jU5cum, Stegapterna mutata, Simulium aureum, S. excisum (recorded for the first time from
Pennsylvania), S. gau/dingi, S. sp. nr. innacens, S. vittatum, and S. tuberasum. Species
richness for all sites peaked during May. Emergence collections below a sewage plant
effluent outfall represented fewer individuals and species than collections above the effluent
outfall. Chromosomal analysis of supplementary larval collections revealed the IIIL-l and
IS-7 sibling species of S. vittatum and the FG sibling of S. tuberasum.

The immature stages of black flies are a near-ubiquitous component of Pennsylvania
rivers and streams. In certain areas of the state the adult stage of some species often attains
pest status. However, only four papers have dealt directly with the black flies in Pennsyl
vania (Frost 1949, Goulding and Deonier 1950, Stone and Iamnback 1955, Eckhart and
Snetsinger 1%9). Accordingly, faunal and biological studies of black flies in the state are far
from complete. The present study was, therefore, undertaken to determine the species
composition and emergence patterns of adult black flies in northwestern Pennsylvania.
MATERIALS AND METHODS
Four sites in Erie County, Pennsylvania, were used for collections of emerging aquatic
insects (Fig. I). The Sixmile Creek site (42°7' 10" N,79°57' 15" W) at an elevation of 344 m
had a substrate with phi values of 42% retained by -5</> (coarse rubble) and 32% between
-4d> and Od> (medium to fine pebbles) (method of determination in Masteller 1980). Fourmile
Creek (42'9'35" ~. 80° I'50" W), with two collection sites, had a phi classification of 37%
retained by - 5d> and 399<: between -4</> and O</>. Site I at an elevation of 287 m was 460 m
above a 51.000 gallon per day extended aeration sewage plant effluent outfall. Site 2 at an
elevation of 256 m was 90 m below the sewage effluent outfall. Sixmile and Fourmile Creek
flow into Lake Erie. Conneauttee Creek (41°51'26" N, 80°2'22" W) is a tributary of Big
Conneauttee Creek which flows into French Creek, subsequently into the Allegheny River,
and eventually into the Ohio River. This site at an elevation of 443 m had phi categories of
579'c retained by - 5</> and 219'c between -4</> and O</>.
Two trap designs were used. The emergence trap on Sixmile Creek was constructed from
Lumite' special screen. a type of shadecloth used in pollination (design in Masteller [1977]
and ~fasteller and Flint [1980a]). Each trap on the remaining sites was a flare parachute
(mesh size 0.0025 mm) obtained as surplus from the U.S. Marine Corps.
IAuthorized for publication on 18 May 1982 as Paper No. 6441 in the Journal Series of the Pennsylvania
Agricultural Experiment Station, University Park, PA 16802. A contribution from The Frost Entomologi·
cal .\Iuseum. The Pennsyhania State University (AES Proj. No. 2328).
~The Frost Entomological Museum, Department of Entomology, The Pennsylvania State University,
Uni\ersity Park. PA 1680~.
3Division of :>;atural Sciences and Engineering, Behrend College, The Pennsylvania State University,
Erie. PA 16563.
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All streams were spring fed, first order streams that flowed through climax forests domi
nated by beech (Fagus grandijolia), maple (Acer spp.), and hemlock (Tsuga canadensis).
Emergence of aquatic insects has been studied on Sixmile Creek since 1977, at site I on
Fourmile Creek since 1980, at site 2 only in 1981. and on Conneauttee Creek since 1980.
Insects were collected from the traps on a regular sequence with mechanical aspimtors.
Collections were made in the afternoon on alternate days during heavy emergence, and were
placed at -5°C before transfer to 70% ethanol for sorting and identification. Water tempera
tures were recorded at the time collections were made. Conductivity readings were recorded
during 1981 with a YSI 33 meter. Weekly analyses of ammonia (as N) were performed by
Church Laboratories, Erie, Pennsylvania, on water samples collected from the sewage
effluent 90 m above site 2 on Fourmile Creek.
Larval collections from directly below each tmp site were preserved in Carnoy's fixative
during June 1979, 1981, and early 1982 for all sites except Conneauttee Creek. A voucher
collection of adults and larval chromosomes is located in The Frost Entomological Museum
of The Pennsylvania State University.
RESULTS AND DISCUSSION
A combined total of 1963 adult black flies of nine species were collected from the four trap
sites over a two year period. The species and their totals (males:females) were: Prosimulium
fuscum Syme and Davies (4:29), P. mixtum Syme and Davies (12:94), Stegopterna mutata
(Malloch) (2:418), Simulium IEusimulium) aureum Fries (3:30), S. IE.) excisum Davies,
Peterson, and Wood (3:0), S. (E.) gaulding! Stone (59:35), S. (E.) sp. nr. innacens (Shewell)
(0:2), S. (Psi/azia) vittatum Zetterstedt (130:243), and S. (S.) tuberosum (Lundstrom) (372:
526).
The present collection includes the first record of S. excisum in Pennsylvania and raises
the state species total (including sibling species) to 33. Specimens identified as Simulium
species nr. illllocells may, in fact, be S. excisum. Females of many S. (Eusimulium) species
are virtually impossible to identify with any certainty. Females predominated at each site for
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Fig. I. Map of northwestern Pennsylvania detailing the collection sites: a = Fourmile Creek. sire two; b
= Fourmile Creek. site one; c
Sixmile Creek; d = Conneauttee Creek.
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all species except the ornithophilic S. gouldillgi and S. excisum, although only three speci
mens of the latter were collected. The low numbers of male St. mutata collected in this study
(two from Sixmile Creek) are indicative of predominantly parthenogenetic triploid popula
tions (Basrur and Rothfels J959).
Emergence periods of black flies and maximum-minimum water temperatures are shown
for the four trap sites (Figs. 2-5). Week numbers given in Figures 2-7 follow the system of
Taylor and French (1972) as reported in Masteller and Flint (I980b) where week number I
corresponds to January I-January 7. Site 1 on Fourmile Creek (average conductivity
303.4 fLmhos/cm, range = 170-420 fLmhos/cm, Fig. 2) and Sixmile Creek (average conduc
tivity
221.1 fLmhos/cm, range
80-420 fLmhos/cm, Fig. 3) were very similar in species
composition with a peak for species richness in May. However, the polyvoltine species (S.
aureum, S. vittatum, and S. tuberosum) at site 1 on Fourmile Creek emerged in large
numbers into October and November of both years. Emergence of S. vittatum (Fig. 6) and S.
tuberosum (Fig. 7) at site 1 on Fourmile Creek typically indicated three to four population
peaks annually.
The polyvoltine species at Sixmile Creek showed a shortened emergence with only nine
individuals (all S. tuberosum) emerging later than mid-July in 1981. Reasons for a depauper
ate black fly fauna at Sixmile Creek in 1980 (seven individuals collected) are unknown,
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although concomitant collections of Trichoptera and Plecoptera were also lower than usual.
Sixmile Creek warmed more rapidly and subsequently maintained a higher temperature
during 1980 and 1981 than did all other sites. The early warming was probably responsible
for earlier emergences of the Prosimulium spp.
130-480
Site 2 on Fourmile Creek (average conductivity = 289.2 /Lmhos/cm, range
/Lmhos/cm, Fig, 4) was poorer in individual and species numbers in 1981, presumably
because of its location below a sewage treatment facility, Levels of ammonia at the effluent
outfall 90 m above this site sometimes exceeded 30.0 mg/litre while coliform counts reached
40,000 per 100 m!. However, ammonia and coliform levels at the actual trap site were
undoubtedly lower, partiCUlarly in spring when the water level was higher. Ammonia con
centrations of 0.6 mg/litre can cause IOOCk mortality among laboratory-reared black fly
larvae (Grunewald 1972). From mid-June to September, the ammonia concentration at the
effluent outfall averaged 1.0 mg/litre, during which time 82.3% of the black flies at site 2
emerged.
Back and Harper (1979) divided black flies into two groups, based on emergence studies in
the Laurentides of Quebec: (I) a univoltine group that begins to emerge in mid-May and
includes the Prosimulium spp. and SI. mulala, and (2) a polyvoltine group that begins to
emerge the third week of May (earlier for S. ~itlalum) and includes S. aureum, S. vitlalum,
and S. tuberosum. These groupings are applicable to data of the present study which were
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Coumy. PA during 1981. Ammonia was measured at a sewage outfall 90 m above the site.

collected 4° farther south and about 5° farther west. However, emergence of the univoltine
group plus S. vittatum began over a month earlier than in the Laurentides and in Davies'
(1950) ten-ycar study in Algonquin Park, Ontario.
A decrease in latitude, therefore, tends to generate a longer flight period, particularly for
the polyvoltine species. Water temperature is a major determinant of such trends since it
influences egg hatching and larval development rates (Ross and Merritt 1978). Inception of
emergence in the present study occurred shortly aftcr water temperatures reached lO°e. Fall
emergence of S. vittatum and S. tuberosum also terminated when water temperatures con
sistently registcred below lOoC (Fig. 2). The latest emergence dates for these species in the
Laurentides and in Algonquin Park were at least six weeks earlier. Members of the univol
tine group at alI four trap sites completed their emcrgence before maximum water tempera
tures consistently exceeded 15°C.
Only species of the univoltine group, with the exception of one female S. tuberosum. were
collected from Conneauttee Creek (Fig. 5) which ceased to flow in mid-july 1980 and early
June 1981. St. mlltata was the most abundant species (395 individuals) at this site in both
years. S. gouldingi was second in abundance (91 individuals) during 1980. but exhibited a
very restricted period of emergence. In 1981 only three males of S. gouldingi emerged before
the flow terminated. Although S. gouldingi is reported to be univoltine (Stone and lamnback
1955, Davies et al. 1962) we have found adults into late September in central Pennsylvania.
Species of the polyvoltine group such as S. vittatum may be precluded from colonizing
intermittent streams, in part, because their eggs are unable to withstand dessication (Wu
1931). However, polyvoltine species are good colonizers of stream areas such as site 2 on
Fourmile Creek that are alternately polluted and unpolluted over time.
S. aureum, S. vittatum, and S. tuberosum are actually species complexes of. respectively,
10 (K. H. Rothfels, pers. comm.), two (Rothfels 1981), and nine (Mason 1982) morphologi
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Fig. 5. Emergence periods of black flies with respect to water temperature at Conneauttee Creek, Erie
County. PA during 1980-1981.

cally inseparable species (sibling species). The IS-7 sibling of S. vittatum was collected as
larvae in mid-J une 1981 and IO April 1982 from Fourmile Creek (site I) and the IIIL-I sibling
was collected in mid-June 1981 from Sixmile Creek. Both the IIIL-I and IS-7 siblings were
collected from Fourmile Creek (site l) throughout June 1979. Larvae of the FG sibling of S.
tuberosum were collected in mid-June 1981 from Fourmile Creek (sites I and 2) and Sixmile
Creek. Larvae of S. aureum were not examined. Due to the presence of more than one
sibling species, emergence patterns and number of generations for some species should be
interpreted cautiously.
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FOURMILE CREEK
SITE 1
1980
Simulium vittatum

Fig. 6. Emergence patterns for males and femaJes of Simulium Villatllm at Site 1 on Fourmile Creek. Erie
County. PA during 1980.

FOURMILE CREEK
SITE 1
1981
Simuliu!11 tuberosum

Fig. 7. Emergence
Erie County.

for males and females of Simlllillm wbervslIm at Site 1 on Fourmile Creek.
1981.

260

THE GREAT LAKES ENTOMOLOGIST

Vol. 15, No.4

ACKNOWLEDGMENTS
We thank Dr. B. V. Peterson, Biosystematics Research Institute, Agriculture Canada, for
identifications and verifications of certain specimens; Dr. K. H. Rothfels and Dr. G. F.
Mason of the University of Toronto for cytotyping the 1979 larval collections of S. vittatum
and all larval collections of S. tuberosum, respectively; and C. Yencho for generous assis
tance with the collecting and sorting of specimens. Dr. C. W. Pitts, C. R. Loerch, and Dr.
D. J. Shetlar kindly reviewed the manuscript.
LITERATURE CITED
Back, C. and P. P. Harper. 1979. Succession saisonniere, emergence, voltinisme et
repartition de mouches noires des Laurentides (Diptera; Simuliidae). Canadian J. Zoot.
57:627-{)39.
Basrur, V. R. and K. H. Rothfels. 1959. Triploidy in natural popUlations of the black fly
Cnephia mutata (Malloch). Canadian J. Zoo!. 37:571-589.
Davies, D. M. 1950. A study of the black fly population of a stream in Algonquin Park,
Ontario. Trans. Royal Canadian Inst. 28:121-159.
Davies, D. M., B. V. Peterson and D. M. Wood. 1962. The black flies (Diptera: Simuliidae)
of Ontario. Part I. Adult identi!ication and distribution with descriptions of six new
species. Proc. Entomol. Soc. Ontario 92:70-154.
Eckhart, P. and R. Snetsinger. 1969. Black flies (Diptera: Simuliidae) of northeastern
Pennsylvania. Melsheimer Entomol. Ser. 4: 1-7.
Frost, S. W. 1949. The Simuliidae of Pennsylvania (Dipt.). EntomoL News 60: 129-131.
Goulding, R. L. and C. C. Deonier. 1950. Observations on the control and ecology of black
flies in Pennsylvania. J. Econ. Entomol. 43:702-704.
Grunewald, J. 1972. Die Bedeutung der Stickstoff-Exkretion und Ammoniak-Empfindlich
keit von Simuliiden-Larven (Diptera) fur den Aufau von Laboratoriumskulturen. Z.
Angew. Entomo!. 85:52-60.
Mason, G. F. 1982. Cytological studies of sibling species of Simulium tuberoswn
(Lundstrom) (Diptera: Simuliidae). Canadian J. Zoo!. 60:292-303.
Masteller, E. C. 1977. An aquatic emergence trap on a shale stream of western Pennsyl
vania. Melsheimer Entomol. Ser. 23: 10-15.
- - - - . 1980. The impact of oil drilling operations on aquatic insects. U.S. Environmental
Protection Agency, Report No. EPA-68-03-2647, p. 1-63.
Masteller, E. C. and O. S. Flint. 1980a. Emergence phenology of TricllOptera from Six Mile
Creek, Erie County, Pennsylvania, U.S.A. Aquatic Insects 2:197-210.
- - - - . 1980b. Caddisfly (Trichoptera) emergence patterns from two streams ofthe Alle
gheny National Forest area of Pennsylvania. Melsheimer Entomo!. Ser. 29: 12-22.
Ross, D. H. and R. W. Merritt. 1978. The larval instars and popUlation dynamics of five
species of black flies (Diptera: Simuliidae) and their responses to selected environmental
factors. Canadian J. Zoo!. 56: 1633-1642.
Rothfels, K. H. 1981. Cytological approaches to the study of black fly systematics and
evolution. p. 67-83 in M. W. Stock (ed.). Application of genetics and cytology in insect
systematics and evolution. Proc. Symp. Natl. Meeting EntomoL Soc. Amer. Atlanta,
Dec. 1-2, 1980.
Stone, A. and H. A. Jamnback. 1955. The black flies of New York State (Diptera:
Simuliidae), Bull. New York State Mus. 349:1-144.
Taylor, L. R. and R. A. French. 1972. Rothamsted Insect Survey. Rep. Rothamsted Exp.
Sta. for 1972. Pt. 2, p. 182-211.
Wu, Y. F. 1931. A contribution to the biology of Simulium (Diptera). Michigan Acad. Sci.,
Arts and Letters 13:543-599.

1982

THE GREAT LAKES ENTOMOLOGIST

261

ETHOLOGY AND OVERWINTERING OF PODALONIA LUCTUOSA
(HYMENOPTERA: SPHECIDAE)I
Mark F. O'Brien2 and Frank E. Kurczewski 3
ABSTRACT
The nesting and overwintering behavior of Podalonia luctuosa (Smith) was studied in
New York and Colorado. Females provisioned shallow (ca. 2 cm deep), unicellular nests
with a single cutworm (Noctuidae) during April, May, and July. Paralyzed prey were trans
ported on the ground and were cached on plants just above ground level. Prey weights
averaged about 400 mg. The miltogrammine fly HUareila hi/arella Zetterstedt parasitized
prey at both localities. From I to IO adult females were found to overwinter in burrows
0.5 m deep, which were dug in late summer and early fall. Collection data and field studies
indicated that P. luctuosa is bivoltine in the NE U.S.

Wasps in the genus Podalonia occur in the major temperate and tropical areas of the
world, except South America. There are 66 species world-wide, of which 20 are found in
North America (Bohart and Menke 1976). Podalonia is a member of the tribe Ammophilini,
and is closely rclated to the genus Ammophila.
Murray (1940) revised the key to the North American spccies of Podalonia. of which most
are found west of the 100th meridian. Prior to Murray's revision, the species were poorly
characterized and confused due to Fernald's (1927) revision and his (subsequent) wrong
ideas of speciation within the genus (Bequaert 1929, Fernald 193 I). Early accounts of
Podalonia behavior may, therefore, have involved more than one species. Newcomer's
(1930) and Hicks' (193 la, 1931b, 1932) papers on P. luctuosa (Smith), for example, probably
included observations on P. communis (Cresson) (Murray 1940, Bohart and Menke 1976,
Krombein 1979), and must be treated as containing information on both species.
The Ammophilini prey upon lepidopterous larvae, Podalonia laking soil-inhabiting
noctuids (cutworms) which are often agricultural pests, and Ammophila preying primarily
on plant-inhabitors of various families (Evans 1959, Bohart and Menke 1963, Evans and
Eberhard 1970). Bohart and Menke (1976) have summarized the ethology and systematics of
Podalonia.
Although Podalonia preys primarily on cutworms, several species in the genus deviate
from this preference. P. occidentalis Murray has been noted preying on tent caterpillars
(Lasiocampidae) in New Mexico (Murray 1940); P. valida (Cresson) upon the arctiid
Estigmene acrea (Drury) in Arizona (Steiner 1974); and P. hirsuta Scopoli utilizing gypsy
moth larvae (Lymantria dispar (L.J) in Europe (Roth 1928). These cases are unusual because
the wasps preyed upon extremely hairy, arboreallepidopterans.
Podalonia exhibits somewhat primitive behavior for a sphecoid in that it digs a nest after
capturing prey, a trait common to the Pompilidae. The Asiatic P. nigrohirta (Kohl) is an
exception, being the only species known to prepare a burrow prior to hunting for prey
(Tsuneki 1968).
The behavior of the North American species of Podalonia has been only sporadically
noted. Aldrich (1891) and Krombein (1936) reported briefly on the behavior of P. robusta
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(Cresson) (misdet. as P. vioiaceipennis (Lepeletier». Hicks (1933) noted the nesting be
havior and parasitism of P. sericea Murray (misdet. as P. vioiaceipenllis) in California, and
Evans (1963a, 1970) described the nesting of this species at Jackson Hole, Wyoming. Steiner
(1974, 1975) reported P. valida preying upon Arctiidae and described female territoriality in
Arizona. Parker (1915) and Balduf (1936) recorded aspects of the nesting behavior of P.
violaceipellllis. A brief note on P. communis nesting at Jackson Hole, Wyoming, was pub
lished by Evans (1970).
P. tuctuosa occurs transcontinentally in the northern and montane regions of North
America, ranging as far north as the Yukon (Steiner 1973, Krombein 1979). In the western
U.S. (i.e., west of 100th meridian), it is sympatric with the almost indistinguishable P.
communis, and was confused with it in the early literature. tin the east, P. communis does
not occur. This at once suggests an advantage for field study of P. iuctllosa there.) New
comer (1930) reported on prey cachement, nest excavation, closure, egg placement, prey,
predators, and parasites of "P. iuctuosa" at Yakima, Washington. He found some wasps
abandoning small prey, and others stealing from conspecifics. Hicks (l931a, t93tb, (932)
observed "P. luctuosa" nesting in Colorado and California and noted hunting, prey capture,
nesting, and pre-overwintering behavior. Wasps took prey that had been parasitized by
Meteorus vulgaris Cresson (lchneumonidae) and Wagneria carbona ria Panzer (Tachinidae)
prior to capture. Evans (1970) found Philanthus zebratus Ilitens (Banks) preying upon P.
luetuosa males in Wyoming.
This report extends the study of P. {uetl/osa to the eastern U.S. and adds new information
on life history and behavior, both for this region and generally.
STUDY AREAS
P. luctuosa was studied near Mallory, Oswego County, New York, during 1979-1981, and
at the Great Sand Dunes National Monument, Alamosa County, Colorado, on24 May 1980.
One observation made at the St. Anthony Sand Dunes, Fremont County, Idaho, on 22 June
1979 by N. B. Elliott is included.
Observations were made at two Mallory sites: flat and inclined areas of open and moss
covered sand, and sandy and gravelly slopes bordered by a woods, field, and road (Mallory
1); and a recently bulldozed flat area of tine sand bordered by a hedgerow, road, woods, and
field (Mallory II) (Fig. I). The sparsely vegetated areas contained scattered grasses, milk
weed (Asclepias sp.), St. John's-wort (Hypericum sp.), and cinquefoil (Potentilla recta).
Moderate vegetation covered most of the sand, with grass clumps, clover patches, Erigeroll,
and other forbs dominating. Heavily vegetated areas were covered with Queen Anne's lace
(Daucus carOla), goldenrod (Solidago spp.), timothy grass (Phlaeum pratellse), clovers
(Melilotus alba, Trifolium spp.), and other plants. Most observations were conducted at
Mallory II because of the large population of wasps found there.

FEMALE ACnVlTY
At Mallory, New York, P. {uctuosa females were active from 20 April to 17 October,
during sunny to partly cloudy days at ambient temperatures of from 15" to 34cC, and surface
temperatures of from 23.5" to 54°C from 0830 to 1730 (EDT). Three seasonal periods of
activity were evident: April to late May, July, and August to October.
Sun-basking occurred frequently in early spring and late fall during cool days. Wasps
flattened themselves against the sand with Legs extended, and remained motionless for up to
30 sec. They then groomed themselves, or resumed other activities. This behavior was not
evident when ambient temperatures were above 20ce.
P. luetuosa females constructed and utilized resting burrows for the night and periods of
inclement weather. Two females brought into the laboratory and confined in a 20-gallon
aquarium dug shallow burrows in sand for the night. On 21 April at an ambient temperature
of 15°C, one female was seen excavating a burrow in a sandy, moss-covered slope. After
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Figs. 1-2. (I) Sandpit (Mallory, l'<Y) where Padula,,;a {lIctllosa nested in May 1979. (2) Female P.
luell/oStl examining her cached prey (Nephaludes minians) on a cinquefoil (Potentilla recta) at Mallory,
r-;y. (Photograph by R. A. Norton.)

removing five loads of soil, she retreated into the burrow. Ten min later, the burrow was
excavated with the wasp inside. The sloping burrow, 8 mm wide, 7 cm long, and 5 cm deep,
had a 3 by 8 cm tumulus adjacent to the entrance.
Females took nectar from flowers nearby, feeding mainly on Berberis vulgaris in the
spring and various Asteraceae during summer and fall. P. luc/Uosa females released a strong
"phenolic" odor when they were handled, possibly from a defensive secretion.
HUNTING BEHA VrOR AND PREY CAPTURE
P. Illctliasa females were observed inspecting grass tufts, bases of plants, and depres
sions, running along with their head to the ground, tapping the antennae against the sub
strate. Females circled in certain areas, particularly near clumps of grass or plant bases, One
wasp tapped her antennae on the ground in an area where another had left a cutworm several
minutes earlier; she then circled and moved away.
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At Mallory II hunting was concentrated in the sparsely to moderately vegetated areas.
Searching wasps rarely visited heavily vegetated (old field) areas or bare sand. Some fe
males ranged over 150 m2 within 15 min, while others confined their searching to a lO-m 2
area during the same time period.
When sand temperatures reached 32°C, females made short flights from plant to plant in
search of prey. In July, at higher temperatures, females searched in shaded areas beneath
overhanging vegetation rather than in open areas. Periodically, females stopped searching
and fed on nectar.
While digging for prey, females exhibited antennal tapping, wing buzzing, and scraped
away soil with their mandibles and forelegs. If rootlets, small sticks or other debris were
encountered while digging, the wasp would either remove the obstacle or dig from another
angle. Unsuccessful wasps stopped digging and resumed hunting elsewhere. After two
wasps had stopped digging, their excavations were examined. A large dipterous larva was
found at the bottom of one cavity, a small spider in the other.
When a cutworm was encountered, the wasp attempted to dig around it to facilitate its
removal from the ground. Some cutworms tried to escape or defend themselves. Cutworms
on the ground tried crawling away. One cutworm crawled up a plant stem and another curled
its body, moving back and forth when the wasp tried to grab it, but neither escape nor
defense was successful.
Prey were stung in their venters, starting at the anterior and progressing to the posterior
end. Females were observed to sting prey two to six times in the thoracic segments, one to
four times in the abdominal segments, and once or twice in the anal proleg segment. If the
cutworm was still moving, it was stung in the moving area, usually near the anal prolegs, as
these grasped onto vegetation and made transport difficult.
Females malaxated the cervical region and, sometimes, the midsection of the cutworm
after administering the initial stings to the thorax. In one case, a wasp stung the prey in the
midsection as it was trying to climb up a grass stem. She stung the cutworm four to six times
more in the thorax, malaxated the prey just behind the head, stung the anal segment, and
malaxated at several points along the length of the body. The wasp examined the prey for
several seconds, and then malaxated it once more behind the head. Prey were not carried to
a cache until they were completely immobilized.

PREY CACHING

P. luctuosa females (24) cached their paralyzed prey on a grass blade, leaf, or branch,
often near where they obtained it (Fig. 2). They began digging a nest within 2 m of this site,
except for four wasps which carried their cutworms 6, l2, l5, and 20 m, respectively, before
finding a suitable storage site. Prey (19) were placed an average of 4.1 ± 2.4 cm (x ± SD)
above the ground (range 0-10 cm). Prey were stored on grasses 52% of the time; on other
plants or sticks, 40%; and on the ground, 8%. Females examined their prey after placing it at
the site and sometimes repositioned the cutworm before leaving to dig the burrow.
BURROW CONSTRUCTION

P. luctuosa females searched for suitable nesting sites on flat, sloping, or moss-covered
areas of sand, digging at one location, then another. Females (10) made 2-15 attempts at
burrow excavation before remaining in one place. Wasps initiated burrows by scraping in
unison with the forelegs and biting at the soil, then throwing it backwards beneath the body
with the forelegs. Females possess a basket-like structure oflong stiff hairs beneath the head
and on the forefemur, called a psammophore or "sand-basket" (Bohart and Menke 1963),
that enables them to carry sand from the burrow. Wasps carried out sand with the psam
mophore, and deposited it a few centimeters from the entrance. After depositing two to four
loads, a female raked sand away from the entrance, creating a low, fan-shaped tumulus.
Much wing buzzing accompanied the digging activities. Females (13) took 6-20 minutes (x =
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2 em

3
Fig. ). Side views of P. lucl110sa nests (Scale refers to all nests.)

10.15 ± 4.12) to excavate a nest. Some wasps stopped digging momentarily to examine their
prey or to rest and groom, accounting for the longer excavation times.
Nests (28) comprised simple, unicellular burrows which usually sloped downward; a few
were nearly vertical (Fig. 3). The cells comprised terminal enlargements, angling away from
the burrow shafts. Entrances were approximately circular, ranging from 6 to II mm in
1.16 mm). The burrows had a mean length of 2.3 ± 0.5 cm (range
diameter (x = 8.2
1.0-3.2 cm). with the cells varying from 1.0 to 3.0 cm deep ex 1.9 0.5 cm). Cells were
ovoidal when viewed from above. They ranged in length from 1.0 to 2.9 cm (x
1.6 ±OA cm), and in width from 0.8 to 1.3 cm ex 1.0 ± 0.2 em). Signiticant differences in
nest dimensions between the spring nesting and the midsummer generations of wasps were
not apparent (t test, P > 0.05).
Females stopped digging temporarily and rested on nearby vegetation when the surface
temperature exceeded 40°C. Wasps assumed a characteristic position, as they grasped a
grass stem and faced downward away from direct sunlight, 10-30 cm above the sand. This
position was held for 20 to 30 sec; then the wasps returned to dig or close the nest. Some
individuals repeated this behavior several times in succession.
When a wasp had finished excavating her burrow, she backed out, groomed briefly,
examined the entrance, and often reentered to remove another load of sand. Wasps did not
come out head first, upon completion, as do many Pompilidae.
ORIENTATION AND PREY TRANSPORT
Orientation to the nest consisted of the wasp making concentric zigzagging paths on the
ground around the entrance, and ended with her walking toward the prey. P. luctuosa
usually went directly to the cache, although some individuals spent up to 5 min locating their
prey. Wasps (16) carried their prey a mean distance of 1.64 m (range 0.3-7 m) from the
cache to the nest.
Wasps grasped prey venter-up, just behind the head, in the thoracic region with the
mandibles and forelegs, respectively (Fig. 4). Prey were dragged forward to the nest in a
more or less straight line. Wasps often paused to examine their prey and groom themselves
enroute to the nest. If a wasp had difficulty in finding her nest, she left the prey in a clump of
grass, reoriented, retrieved the prey, and then proceeded to the nest. The time spent in
transporting prey to the nest rdIlged from 0.5 to 7 min (x 2.5, n = 16). The prey was then
released at the entrance. The wasp entered her burrow, turned around within, reappeared at
the entrance, and pulled the cutworm inside headfirst with her mandibles.
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Figs. 4-5. (4) Female P. /uclUosa transporting cutworm to her nest. (Photograph by R. A. Norton.) (5)
Hi/arella hi/arella maggots (arrows) on a Euxoa sp. cutworm. (Photograph by R. A. Norton.)

FINAL CLOSURE
Wasps (21) spent from 20 to 120 sec (x
52 ::t: 23.4 sec) inside the burrow for prey
positioning and oviposition, then emerged head first and started scraping sand from the walls
of the burrow. Females threw sand from the tumulus into the burrow with the forelegs and
packed it in with the head, accompanied by frequent wing vibration. Pieces of plant debris,
small stones, sticks. and fecal pellets were often used to fill the last few millimeters of the
burrow, and were sometimes pounded into the fill with the head or scattered over the
entrance area. A final raking obliterated any traces of the entrance, followed by an inspec
tion of the nest area. The wasps then flew straight up, hovered approximately 15 em over the
19).
nest, and flew away. Nest closure ranged from 2 to JO min (x 5.2::t: 2.3 min; n
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Table 1. Podalonia lllctuosa prey records.
Species of Noctuidae

Number of Records

Agrotis sp.
Aletia oxygala (Grote)
Chorizagrotis agrestris Grote
Euxoa sp.
Graphiphora badinodis (Grote)
Lacinipolia sp.
Lellcania commoides Guenee
Lycophotia margaritosa Haworth
Lycophotia saucia Hubner
Nephalodes minians Guenee
SlInira bicolorago (Guem;e)
Noctuidae spp.
Agrotinae spp.
Trifid Noctuidae (10 species groups)

4

1

1
1

2
4

2

5
16

Source
Colorado
New York
(Hicks 1932)
Colorado
New York
New York
New York
(Hicks 1932)
(Hicks 1932)
New York
New York
(Newcomer 1930)
New York, Idaho
New York

PREY
P. lllctuosa preyed exclusively on soil-inhabiting noctuid larvae (cutworms) (Table I).
. (Cutworms feed on plants on the surface at night, and retreat to underground burrows during
the day.) Identification of many larval Noctuidae is difficult because they have not been
associated with the adult (T. McCabe, pers. comm.). Hence, many of the prey obtained in
this study were identified only to subfamily or tribe. Wasps nesting in the spring at Mallory
preyed upon cutworms that had overwintered as larvae, whereas different species of cut
worms were utilized in July.
Prey weights (26) ranged from 209 to 880 mg (x = 396
138 mg). Two female wasps
weighed 54 and 86 mg, for a 3 to 6: 1 prey to wasp weight ratio.
PREDATORS AND PARASITES
Adult tiger-beetles Cicindela sClitellaris Haldeman and C. repanda Dejean were seen
stalking wasps digging burrows and carrying prey at Mallory. P. luctuosa females responded
by chasing away or fighting with the beetle. Tiger-beetles were never successful in capturing
adult wasps, but were twice found sucking juices from paralyzed cutworms, apparently after
a wasp had dropped its prey.
At the Great Sand Dunes National Monument, one P. luctllosa female abandoned her
prey when 10 to 15 Formica bradleyi Wheeler (Formicidae) started attacking the cutworm.
The wasp landed near the prey, buzzed her wings, hovered above the prey, and flew off. At
Mallory II, several Formica sp. were observed carrying away a cutworm after the wasp had
abandoned it.
Two P. luctllosa males were seen being eaten by the crab-spider, MislImena vatia Clerck,
on DallclIs carota flowers.
No parasites were recovered from the nests of P. luctuosa or observed in the vicinity of
the nests during April and May at Mallory. In contrast, females nesting at Mallory during
July were often trailed by satellite-flies (Sarcophagidae: Miltogrammini).
Miltogrammine flies were numerous in late May at the Great Sand Dunes National Monu
ment. From one to six flies followed females as they searched for prey and trailing intensi
fied when wasps were carrying prey to the nest. Several Hi/arelfa hilarella Zetterstedt
larviposited on a ElIXoa sp., as it was being dragged into a burrow. Subsequent excavation
and examination of this prey revealed nine fly larvae on the cutworm, several of which had
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already destroyed the wasp's egg (Fig. 5). At the St. Anthony Sand Dunes, Idaho, several
Senotainia rubriventris Macquart (Sarcophagidae) were observed trailing a P. luctuosa fe
male carrying prey.
At Mallory, prey that had been cached on plants were never approached by satellite flies.
When the wasps were digging burrows, satellite flies perched on nearby plants. H. hi/arella
followed females with prey at distances offrom I to 10 cm. When the wasp left the cutworm
at the entrance to the burrow, prior to pulling it within, the miltogrammines larviposited on
the exposed prey, and two flies once larviposited simultaneously.
When P. luctuosa females encountered satellite flies, they lunged at them while buzzing
their wings and elevating their body. Wasps did not seem to differentiate between prey
which had or had not been parasitized, nor was therc cleaning of the prey or prey abandon
ment due to parasites.
Five of ten nests excavated in July were parasitized by miltogrammine flies. From two to
seven maggots were found in four nests, with the wasp's egg being eaten or having already
been destroyed by maggots. Two parasitized prey were brought indoors for rearing on 7
july. Seventeen days later, seven H. hilarella emerged from one cutwonn and two H.
hilarella from another.
DEVELOPMENT AND ECLOSION
Eggs (27) of P. luctuosa were placed on the left (70.3%) or right (29.7%) sides of the prey.
Eggs were located on the first (3.7%), second (18.5%), third (63%), fourth (11.1%), or fifth
(3.7%) abdominal segment. They were always attached to the abdominal midline of the prey
by the anterior end, the posterior end curving ventrally away from the body. Iwata (1976)
termed this type of egg placement the "Ammophila type. ,. The eggs varied from 2.0 to
2.7 mm long by 0.3 to 0.4 mm wide.
The larval development of Podalonia had been described by Parker (1915), Newcomer
(1930), and Hicks (1932). One prey bearing aP. luctuosa egg was brought into the laboratory
on 21 April and placed in a rearing tin. On 25 April, a first instar larv.a was visible through the
egg chorion, and the cutworm had voided its gut contents. This larva grew to 5 mm in length
and was feeding actively on 28 April. It had consumed the majority of the inside contents of
the prey by 30 April, and was neary full-grown. Twenty-four h later the larva had consumed
everything but the cutworm's head eapsule. The larva started spinning a cocoon on 3 M.ay,
but died a few days later.
A cutworm bearing an egg was placed in a sand-filled pot on 9 July and by 20 July the wasp
larva had spun a cocoon. A male eclosed from this cocoon on 2 August. The ovoidal cocoon
measured 18 by 6 mm and consisted of an outer layer of sand intertwined with loose strands
of silk and an inner layer of brown, semi-tranSparent silk.
MALE ACTIVITY
Males were active from 21 June to 20 August, between 0830 to 1600 (EDT) at Mallory II on
sunny days at ambient temperatures of from 22° to 34°C. They fed upon the nectar of various
flowers, especially Erigeron canadensis, Chrysanthemum leucanthemum, and Lepidium
virginicum. Males flew 2 to 20 cm above the ground in long, looping flights, stopping fre
quently to feed on nectar, or to inspeet clumps of grass, low growths of weeds, and depres
sions in the ground.
Interaction with other males or insects prior to the emergence of the females were few.
Once females emerged, conspecific interactions were frequent. Three kinds of interactions
between males were observed in the field. Twice, one male landed on a flower while another
was feeding there. The resident male drove off the intruder and resumed feeding. Twice, one
male attempted copulation with another male by pouncing on it from the air. Both males
grappled on the ground, with one flying away and the other remaining. Four times one male
trailed behind another in flight. When the leading male located a female P. luctuosa and
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attempted to mate, the trailing male did likewise, resulting in all three wasps tumbling on the
ground. Both males were apparently unsuccessful in mating.
Two types of male-female interactions were observed. Five times males landed within
several centimeters of females and advanced toward them. The females responded by
assuming a threat posture, spreading their wings, opening their mandibles, and lunging at the
males, causing them to retreat and flyaway. All females had been hunting prior to being
disturbed. The second type of interaction between males and females resulted when a male
flew atop a stationary female and attempted copulation. The pair tumbled on the ground and
separated within 10 sec, an apparently unsuccessful mating. Females feeding on flowers
rejected males by assuming a threat display, but did not lunge at them. Males and females
often fed on flowers in close proximity (10-50 cm) on hot days during 1200 to 1400 (EDT)
without interaction.
To ascertain male longevity, 31 individuals were marked at Mallory II during a two-week
period in 1980. Some lived at least 25 days after being marked; others were not recaptured
after a week.
OVERWINTERING
Overwintering or hibernation of adult solitary wasps appears to be restricted to females.
The Palaearctic pompilids At/opi/us viaticus (L.), Priocnemis perturbator (Harris), P.
coriaceous (Dahlbom), P. prop inqua (Lepeletier), and Dipogon intermedia (Dahl born) are
known to overwinter (Richards and Hamm 1939). Evans (1970) suggested overwintering for
the Nearctic pompilid AnopJius tenebrosus (Cresson), and this was proven in New York by
AIm (1979). Overwintering in the Sphecidae has been observed only in the genera Liris and
Podalonia. O'Brien and Kurczewski (1982) found the larrine Liris argentata overwintering
in New York.
Podalonia hirsuta females have been found to assemble in clusters of hundreds of indi
viduals in rock crevices and other protected situations in the mountains of southern Europe
in the fall (Roth 1928, Grandi 1961). Maneval (1939) proved that females overwintered in
aggregations by marking them in the fall and recapturing them in the spring. Hicks (I931a)
suspected that P. luctuosa overwintered upon finding a female entering a 9 by l70-mm
burrow at the base of a mound of sand in Colorado during September. Four female wa~ps
were unearthed at the bottom of the nearly vertical burrow. Large numbers of P. communis
were found clustered under loose bark during a thunderstorm in the mountains of California
(Bohart and Menke 1976).
Early spring and late fall appearances of P. luctuosa at Mallory suggested that these wasps
overwinter. To see if collection records would reflect this, several hundred specimens were
examined from the Cornell University, New York State Museum, Museum of Comparative
Zoology, U.S. National Museum, and the State University of New York College of Environ
mental Science and Forestry insect collections, for collection dates, localities, and amount
of wing fray.
Wing fray usually reflects a wasp's activities and is a rough indicator of age. Heavily
frayed wings reflect a lengthy and intense period of activity; no wing fray indicates a
recently emerged or inactive individual. Wing fray was categorized as none to slight, or
moderate to heavy (Fig. 6). Specimens throughout the range of P. iuctuosa were used in the
wing fray analysis and in plotting the collection dates (Fig. 7).
Females were active from April to October (Fig. 7). Females collected in early spring
exhibited little or no wing fray, whereas some individuals collected in late spring and early
summer showed heavy wing fray, presumably associated with nesting activities (Fig. 6).
During July and August, females' wings were mostly unfrayed, and in September and
October the non-nesting females exhibited no wing fray (Fig. 6). Males at Mallory showed an
increased amount of wing fraying and decline in their numbers as the summer progressed
(Fig. 6). The absence of males in the spring and late fall is consistent with the hypothesis that
only inseminated females overwinter.
Of nine females marked with paint at Mallory in late August and early September 1979,
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Fig. 6. Wing fray of P. luctuvsa females and males, based upon museum specimens.

and eight females in September and October 1980, three were recaptured on 21-23 April
1980, and five on 27 April 1981, respectively, confirming overwintering.
In 1980, females (21) at Mallory were observed digging or expanding overwintering bur
rows between 5 August and 17 October during periods of warm, sunny weather. Each
burrow entrance was usually at the base of a mound of sand, often moss-covered, and had a
fan-shaped tumulus prefacing the entrance (Fig. 8). Burrow entrances invariably faced the
south or southwest.
A burrow marked on 22 September, was excavated on 17 October. Although it was 23°C
and sunny at the time, most herbaceous vegetation had been killed by frosts. The wasp was
seen emerging from the burrow at 1400. A 6 by9-cm weathered tumulus indicated no recent
soil removal. The entrance, 9 mm in diameter, extended a short distance laterally, and the
burrow, 8 mm by 26.8 em, plunged nearly vertically downward.
On 16 November, another burrow was excavated during freezing weather. A female P.
luctuosa was found at the bottom of an 8 mm by 52.5 cm-Iong burrow. The wasp was found
facing head outward in torpor. The temperature at the bottom of the burrow was 5°C, the
ambient temperature 6°C.
On 17 November, four overwintering burrows were excavated. The air temperature was
2°e. and the ground was frozen to a depth of 5 cm. The temperature at the bottom of all
burrows was 4°e. The nearly vertical burrows were approximately 8 to 9 mm in diameter,
and ranged from 44.5 to 54.6 cm long (ii. 49.9 em) and 44 to 48.3 cm deep (ii. = 46.3 em)
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(Fig. 9). Two burrows each contained one female P. tuctuosa at the bottom, one with two
hibernating queen ants (Acanthomyops sp.) a few centimeters from the wasp. Another
burrow contained two P. tuetllosa females; one at a depth of 37 cm, the other at the bottom
(54 cm). Two immature crickets (Gryllus sp.) were found between the wasps at depths of 42
and 46 cm, respectively. Ten females were found at the bottom of another burrow in an
enlarged area, 9 cm long. Wasps in the four burrows faced head toward the entrance and
were in torpor.
Females found in overwintering burrows were kept in a refrigerator at SOC until 25 April
1981. The wasps were then transferred to room temperature and released in the field two
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Fig. 8. Entrance of P. IlIelliosa overwintering burrow at Mallory. NY (October ]980).

9
Fig. 9. Side view of P. II/ell/osa overwintering burrows at Mallory. NY.

days later, with no apparent ill effects. While confined in the laboratory in a 20-gallon
aquarium with sand, eight females dug shallow resting burrows, with one burrow containing
two females.
DISCUSSION

Podalonia closely resembles some Pompilidae in its nesting behavior. Both have the same
behavioral formula, as proposed by Iwata (1976) as P-T-I-O-C (P = paralyzation, T
transport, I
nest digging, 0
oviposition, C = closure). Podalonia caches its prey on
plants, as do many pompiJids. In comparison with other Sphecoidea, Podalonia exhibits
"primitive" ethological characters such as the use ofa single large prey, simple unicellular
nest, mandibular prey transport on ground, and preying on fossoI"iallarvae (Evans 1%3b,
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1966, Evans and Eberhard 1970, Iwata 1976). The multiple stinging of the prey in Podalonia
may be a less advanced trait when compared to higher wasps such as Philanthus which sting
their IlYmenopterous prey only once in the thorax (Evans 1966). Multiple stinging may
coincide with less concentration of locomotory functions in the ganglia of the larval
lepidopteran. The stinging pattern observed for P. luctuosa is similar to the pattern de
scribed for P. hirsuta by Bougy (1935) and Gervet and FuIcrand (1970).
In searching for prey Podalonia taps its antennae against the substrate, as noted by Bougy
(1935) for P. hirsuta. Solitary wasps may detect their prey chemically (Iwata 1976) or
perhaps with infrared receptors, but neither method has been investigated extensively.
Bonnetia comta Fallen (Tachinidae) locates burrows of Agrotis ipsilon Rottemburg
(Noctuidae) by detecting a kairomone in the cutworm's fecal pellets with receptors on its
legs and mouthparts (Levin and Clement 1981).
All reports on Podalonia nesting behavior have indicated prey cachement on a plant or
stick (see Bougy 1935). Such cachement may serve to reduce predatory attacks on the prey,
prevent dessication of the cutworm when the sand is hot, or prevent brigandage by con
specifics. Prey cached on plants were not attacked by tiger beetles or ants. Prey left on the
ground were invariably attacked by ants or tiger beetles.
The use of pebbles, twigs, fecal peliets, and other debris to fill the upper part of the
burrow is not unique to P. luctuosa. Bougy (1935), Palmer and Stelfox (1931), Tsuneki
(1968), and Bristowe (197l) have reported this behavior for species of Podalonia in Europe,
Asia, and Australia, respectively. Many species of Ammophila also exhibit this behavior
(Evans 1959).
Hilarella hi/arella is the major parasite of P. luctuosa. Newcomer (1930) and Hicks (1932)
recorded H. hi/arella parasitizing P. luctuosa in Washington, California, and Colorado.
Bougy (1935) found llilarella strictica Meigen parasitizing P. hirsuta in Europe. The genus
Hilare/la may be a primary parasite of Podalollia throughout its range.
Podalollia has been reported to aggregate during or prior to adverse weather conditions
(Roth 1928, Maneval 1939, Hicks 1931a, Grandi 1961, Bohart and Menke 1976). Two of the
five overwintering burrows dug at Mallory in November contained more than one wasp. The
large number of overwintering burrows at Mallory and the clustering of up to 10 individuals
within one burrow suggest that many females dig their own overwintering burrow, with
some females sharing burrows, or entering the first one they encounter upon the advent of
cold weather. The overwintering and clustering activities of P. hirsuta in Europe are similar
to those of P. luctuosa, but P. hirsuta has not been observed to dig overwintering burrows
(Roth 1928, Maneval 1939, Grandi 1961).
The presence of two discrete nesting periods and dates of collection support bivoltinism in
P. luctl/osa in New York and probably throughout much of its range. Observations at
Mallory revealed three distinct peaks of female activity (Fig. 7): May, when they broke
hibernation and nested; July, when the progeny emerged, mated, and nested; and August
September, when females of the next generation mated, fed on nectar, and prepared over
wintering burrows. Due to the longevity of a few individuals, some overlap of generations
may occur. It is possible that a long-lived male of the first generation could mate with a
female of the second generation. Fernald (1927) believed that two generations a year were
probable in this species, based upon collection records.
Because P. luctuosa nests in the spring and midsummer in a variety of sandy soils and is
transcontinental, it may appropriately be termed both an opportunist and generalist in its
prey selection. It preys upon at least 20 species of cutworms throughout its range, and
probably takes many more. By overwintering, it is able to utilize overwintering larval
noctuids early in the spring before they complete development, and, in some areas, avoid
parasitism from miltogranlmine files wllich are not present at that time. Wasps nesting in
July prey upon different species of cutworms than those in the spring.
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SPRUCE BUDWORM EGG MASS DENSITY ON BALSAM FIR:
LOW TO EXTREME POPULATION LEVELS
(LEPIDOPTERA: TORTRICIDAE}I
Gary W. Fowler2 and Gary A. Simmons3
ABSTRACT
A study was initiated in Michigan's Upper Peninsula to develop improved foliage sam
pling methods for spruce budworm, Choristoneurafumiferana (Clemens), egg masses. Four
balsam fir, Abies ba/samea, trees were chosen from each of four stands in 1979, and four
balsam fir trees were chosen from one stand in 1980. The number of new egg masses, foliage
surface area, and crown and quadrant classes of each branch were determined for all trees.
Egg mass density for each part of the tree was determined by dividing total number of egg
masses by total surfaee area. The 20 trees were divided into five groups with forecasted
budworm damage varying from low to extreme. On the average the egg mass density (egg
mass/lOOO cm2 ) of the lower-crown was 58% lower than the egg mass density of the entire
tree; the mid-crown had 18% higher cgg mass density than the entire tree, the upper-crown
had 63% higher density than the entire tree, and the tree top had 69% higher density than the
entire tree. There was no strong trend to the small absolute differences in density among the
four quadrants. Sampling at mid-crown may lead to over- or underestimation of tree egg
mass density. The seriousness of such errors would depend on the bias and where the
sample is taken vertically in the mid-crown.

The most recent outbreak of the spruce budworm, Choristoneura fumiferana (Clemens),
has affected the spruce-fir forest type in Michigan since the mid 1970's. Much of the spruce
fir forest in Michigan is over-mature and is highly susceptible to spruce budworm. For
specific information on impact see Mog et al. (1982).
The eggs of the insect are laid on balsam fir, Abies ba/samea (L.) Miller, and white spruce,
Picea g/auca (Meunchhausen) Voss, in late summer. Within a two-week period the larvae
hatch from the egg mass and disperse. Since the egg chorion remains on the foliage for a long
period of time, in some cases more than a year, it is possible to assess the popUlation density
to be expected during the next spring. Branch samples are taken in late August and early
September and examined for the number of hatched egg masses contained on them (the
samples are taken shortly after the larvae diapause).
A number of sampling schemes have been developed which assist in predicting the popu
lation density and the expected damage during the next field season. Atwood (1944) used
18-in. branch samples in insect surveys in Ontario. Dowden and Carotin (1950) used 15-in.
samples taken from the terminals of mid-crown branches. Morris (1954) developed a sequen
tial sampling procedure for spruce bud worm egg mass surveys in Canada based on either (I)
a whole braneh taken at the mid-crown of each tree, or (2) one whole branch taken from each
of the first two quarters of the crown and one half branch taken from each of the other two
quarters. Population density was expressed as the number of egg masses per 100 ft2 of
foliage surface and was assumed to have a negative binomial distribution. Waters (1955)
stated that the number of egg masses of the spruce budworm on 15-in.-twig sampling units
from balsam fir trees has approximately a negative binomial distribution. Wilson (1959)
IMichigan Agricultural Experiment Station Journal Article No, 10472.
2Forest Resources Program, School of Natural Resources, The University of Michigan, Ann Arbor, MI
48J09.
3Entomo!ogy Department, Michigan State University, East Lansing. MI 48824.
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separated the tips of the shoots from the rest of the branch to reduce the amount of foliage
examined for spruce budworm egg masses and increased the number of egg masses on the
tips by 16% to obtain the total for the branch.
The Canadian Forestry Service (1975) developed a sequential sampling procedure for
spruce budworm egg mass surveys in Newfoundland that assumed that the distribution of
egg-masses per branch is approximately described by the negative binomial distribution.
Three branches were collected in each sample location. and optimal sample size calculations
indicated that 15 sample locations per 500 mi" would give suitable accuracy.
Carolin and Coulter (1959) found that either the lower or middle crown thirds could be
used for sampling for egg masses of the western budworm. Choristoneura occidentalis
Freeman, on Douglas-fir. Pseudotsuga menziesii (Mirbel) Franco. They examined two
longitudinal half-branches from each of five trees in each plot and calculated egg masses per
1000 in. 2 of foliage by computing branch surface as the product of foliated length and the
width at the widest point of the longitudinal half-branches divided by 2. Carol in (1950) found
that IS-in. twigs were least useful as a sample of egg mass density. MeKnight (1967. 1968)
found 24-in. branches from the mid-crown of Douglas-fir trees to be as good as half-branches
for estimating numbers of egg masses of western budworm in Colorado. Carolin and Coulter
(1972) sampled one whole branch at mid-crown for the egg stage in sampling western spruce
budworm on Douglas-fir in eastern Oregon. Carolin and Coulter (1975) used whole branches
taken at mid-crown for light infestations and two whole branches in the upper third, two
longitudinal half-branches in the middle third, and one Whole branch in the lower third of the
crown for more severe infestations. They also found that egg mass density varied by tree
species and position in the crown.
McKnight et al. (1970) developed a sequential sampling procedure for eastern budworm
egg mass surveys in the central and southern Rocky Mountains based on 24-in. branches
taken from the mid-crown. The 24-in. branches usually had 250 in. 2 offoliage, and egg mass
densities were converted to per 1000 in." of foliage which had approximately a negative
binomial distribution.
The Canadian Forestry Service (1977) compared longitudinaln branch, IS-in. bmnch tip.
and to-in. branch tip sampling units by sampling two whole branches from each of the upper.
middle, and lower crown levels selected from 20 trees from four respective defoliation
categories. No significant differences in numbers of egg masses per 1000 in.' were found
among the four defoliation classes; however, significant between-tree. between-crown
level, and between-sample-branch size differences were found. Results indicated that 18-in.
branches from mid-crown are probably the best sampling units. The number of trees versus
the number of branches at a sampling point was examined, and it was found most efficient to
take more branches from fewer trees.
One of the purposes of estimating
mass densities in survey work is to predict the
amount of defoliation that will occur in
next season to facilitate the planning of control
activities. Webb (1958) predicted defoliation of balsam fir by relating probable percent loss
to new growth as a function of egg masses per 100 ft' of mid-crown branch area. Terrell
(1966) developed a curvilinear relationship between the density of egg masses of the western
bud worm and subsequent defoliation of Douglas-fir trees. Silver (1960) determined that the
relationship between western budworm egg mass density and subsequent defoliation of
Douglas-fir was better when data were grouped by age of outbreak. He did not consider egg
mass density a reliable index of subsequent defoliation.
A study was initiated in Michigan in 1979 to develop improved foliage sampling techniques
for spruce budworm egg masses. The specific objectives were to improve balsam fir and
white spruce foliage sampling techniques to include (I) optimal type, size, and number of
sampling units per tree for estimating egg mass densities at low to extreme spruce budworm
population levels; (2) optimal number of trees per cluster and number of clusters per stand
for estimating egg mass densities at low to extreme spruce budworm population densities;
(3) optimum sampling schemes for white spruce, balsam fir, and spruce-fir for estimating egg
mass densities at low to extreme spruce budworm popUlation densities; and (4) a descriptive
and photographic key for differentiating new and old egg masses on both white spruce and
balsam fir. This paper is the first of a series of papers related to these objectives. In this
paper we provide general descriptive information on methods and general descriptive statis
tics that have been obtained from our data sets on balsam fir and discuss how this affects
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sampling for spruce budworm egg masses. The specific objective of this paper is to examine
egg mass density at several different levels: budworm populations, trees, quadrants and
crown classes for spruce budworm egg mass data on balsam fir collected in 1979 and 1980.
MATERIALS AND METHODS
This study was conducted in the Ottawa National Forest in Gogebic and Iron counties in
Michigan's Upper Peninsula. The spl1lce-fir type is scattered throughout the region with
individual stands ranging from about 30 acres up to about 100 acres in size. Foresters
informally recognize two spl1lce-fir stand types: (I) "upland" spruce-fir and (2) "lowland"
spruce-fir. The lowland spruce-fir consists largely of balsam fir, white spl1lce, and black
spruce, P. mariana (Miller) Britton, Stearns, and Poggenberg; mixed with eastern larch,
Larix laricina (Du Roi) K. Koch; and northern white cedar, Thuja accidentalis 1.. Depend
ing on the specific site conditions, upland spl1lce-fir is lagely a mixture of balsam fir and
white spruce along with white birch, Betula papyrifera Marshall; trembling aspen, Populus
tremulaides Michaux; big tooth aspen, P. grandidentata Michaux; red maple, Acer rubrum
L.; sugar maple, A. saccharum Marshall; and yellow birch, B. alleghaniensis Britton.
Balsam fir and white spl1lce range in age from about 35 to 80 years old over much of the area,
although isolated trees range up to 130 years of age. The land is gently rolling with eleva
tional differences ranging up to about 500 ft. The mean annual temperature is 4.8 c C, and the
mean annual precipitation is 81.5 crn (based on 30 yr. averages). Spruce budworm popula
tions at outbreak levels have been in the area since the early 1970's. In individual stands,
budworm population levels have varied from low to extreme.
Nine study areas were established in nine respective stands in 1979 and 1980. A summary
of the experimental designs for J979 and 1980 is presented in Tables I and 2. Four spruce-fir
Table 1. Summary of the experimental designs for 1979 on balsam fir trees (moderate to
extreme defoliation).
No_ of Stands

Clusters
per stand

Number of trees of each type
in each defoliation class

Trees per cluster

Defoliation

Defoliation
Total

Total
Moderate Extreme

Moderate Extreme

Feasible a Everyb
Branch

4

Branch

10

a All feasible branches were also identified and sampled on Every Branch and Sampling Scheme trees.
b All whole branches were also sampled for Sampling Scheme trees.

Table 2. Summary of the experimental designs for 1980 on balsam fir and white spl1lce trees
(light defoliation).
No. of Stands

Nurn ber of trees of
for each

Trees per cluster

type

Species
Balsam

White

Fir

Spruce

Total

a Everyb
Branch

Sampling
Scheme

Total

4

4
10

Feasible
Branch

10

10

a All feasible branches were also identified and sampled on Every Branch and Sampling Scheme trees.
b All whole branches were also sampled for Sampling Scheme trees.
c This stand is one of the 5 stands containing an g·tree spruce-fir cluster (4 balsam fir and 4 white spruce).
The 4 balsam fir trees served two functions: I) as a part of the g-tree spruce-fir cluster and 2) as part of
the IO-tree balsam fir cluster.
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stands were selected in 1979. Two stands had moderate defoliation while two had extreme
defoliation. One to-tree cluster of balsam fir trees was established in each of the stands.
Each cluster included five trees that had moderate defoliation and five trees that had severe
defoliation. For three trees in each defoliation class and each cluster, those whole branches
which were judged to be "feasible" for clipping with a pole pruner were examined and all
egg masses were counted. All whole branches were examined for spruce budworm egg
masses for two trees in each defoliation class and each cluster; for one of these trees in each
class, each feasible branch examined was divided such that egg masses found respectively
on 40,50,60, and 70-cm branch tips were tallied. All whole branches judged to be "feasible"
for clipping with a pole pruner were identified for later data analysis. This information will
be used to determine the optimum branch length to use as a sampling unit in subsequent data
analyses.
In 1980, five additional stands were selected, but in this instance, only stands judged to
have light defoliation were chosen. One eight-tree cluster (four balsam fir and four white
spruce) was chosen from each stand. In one stand, a to-tree cluster of balsam fir was
chosen; four of these trees were the balsam fir trees belonging to the eight-tree cluster
established in that stand. All whole branches were examined for egg masses on two trees of
each species in each of the eight-tree clusters; for one of those trees each feasible branch
was examined such that the number of egg masses on respetive branch lengths of 40,50,60,
and 70 cm were tallied. Those branches considered "feasible" for clipping with a pole
pruner were identified. For the to-tree balsam fir cluster all whole branches were examined
for egg masses on an additional two trees. One of these additional trees was examined such
that the number of egg masses on respective branch lengths of 40, 50, 60, 70 cm could be
tallied. Those branches considered' 'feasible" for clipping with a pole pruner were identified
as before. Thus, there were four balsam fir trees in the to-tree cluster that had whole
branches examined for egg masses; two of these trees had all feasible branches examined for
egg masses for branch lengths of 40, 50, 60, and 70 cm. All whole, feasible branches were
examined and the egg masses contained were counted from the remaining trees.
The cluster center of each stand was randomly chosen from 0.5 to 2.5 chains from a
section of a secondary truck trail or along a flagged line running through the stand. For each
cluster, the to (or eight in 1980) closest trees exhibiting the desired characteristics were
chosen using the following criteria: trees had to be approximately 30--60 ft tall with no dead
tops and with varying live crown lengths. The total height, breast height age, stump height
age, and diameter at breast height were determined for each tree. All branches in the
mid-crown feasible for sampling with a pole pruner and large enough to yield a 70-cm-Iong
branch from the tip of the branch were identified. Basal area per acre was estimated for the
area immediately surrounding each cluster.
As mentioned earlier, for one tree (every branch tree) of each defoliation class for each
species in each cluster, all branches on the entire tree were examined except for the small
branches at the very top of the tree. The total branch length, foliated branch length, maxi
mum foliated branch width, number of branch tips of new foliage, quadrant, and whether the
branch was or was not feasible to obtain with a pole pruner was recorded. The distance from
the ground to the center of the foliated portion of the branch was measured prior to clipping
the branch from the tree. Then the branch surface area was estimated by placing small, cut
twigs of the branch on a grid with a 2 cm mesh. Following this measurement, the number of
new spruce budworm egg masses on new, old, and dead foliage was determined. The tree
top where branches were less than 70 cm long was considered separately. The length of the
foliated top, maximum foliage circumference, maximum stem diameter, number of new
branch tips, foliated surface area, and number of new egg masses on new, old and dead
foliage were determined.
For a second tree (sampling scheme tree) from each defoliation class for each species in
each cluster, all branches were sampled the same way as was done for the every branch
trees. In addition, for all branches which were considered feasible to sample with a pole
pruner, the number of branch tips of a new foliage, maximum branch width, foliated branch
surface area, and number of new egg masses on new, old and dead foliage were determined
for the first 40,50,60, and 70 cm of branch from the branch tip. There are two every branch
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trees, with one of these trees also being a sampling scheme tree, for each defoliation class
balsam fir trees) or species class (four balsam fir and four white spruce trees) of each
cluster.
For the remaining trees (jeasible branch trees) of each defoliation class for each species in
each cluster, only the branches considered to be feasible to sample with a pole pruner were
sampled, with the same data being recorded as for the every branch trees.
The live crown of each tree was divided into four directional quadrants: (I) north-N45 W
to N45°E, (2) east-N45 c E to S45°E, (3) south-S45°E to S45 c W, and (4) west-S45°W to
N45°W. All whole branches were classified as to quadrant when cut from the tree. The live
crown of each tree was also divided vertically into three equal crown classes: (I) lower
crown, (2) mid-crown, and (3) upper-crown. The upper-crown included the branches in the
upper third of the tree plus the tree top. All whole branches were classified to crown class.
Branches were assigned to crown classes depending upon where the center of the foliated
portion of the branch was located.
The accuracy of determining the number of new egg masses per branch was checked
occasionally for each sampler without her or his knowledge at different times of the day. All
new egg masses found were stored in vials by stand, cluster. tree, and branch number.
(JO

Q

RESULTS
The 20 every branch trees, four from each of five stands, were divided into the following
five groups by egg mass density (number of egg masses per IOoo cm"): Group I, four trees,
range 0.011-0.066; Group 2, three trees, range 2.20-3.07; Group 3, four trees, range 4.15~
7.06; Group 4, six trees, range IO.55-12.91; Group 5, three trees, range 15.39-34.94. With
reference to the damage expected at these densities (Dorais 1978), Group 1 would be classi
fied as very light, Group 2 as between moderate and high, Group 3 as very high, and Groups
4 and 5 as extreme where the current year will not produce buds.
The average number of egg masses, foliage surface area, and egg mass densities for the
trees in each of the five groups are shown in Table 3. Individual tree information is available
from the authors.
In the results to follow, the means for number of egg masses and foliage surface area are
arithmetic means, while the mean for egg mass density is a weighted mean (weighted by
surface area). Unless otherwise stated, the upper-crown class includes the tree top.
Group I-low. The average number of egg masses, foliage surface area (1000 cm2 ), and
egg mass density (number of egg masses per 1000 cm2 of foliage surface area) for four trees
are shown in Table 3 for various parts of the tree.
The average number of egg masses per tree was 23.5 (range, 7-46). On the average, 11.7,
59.6, and 28.7% of the egg masses were found in the lower, middle, and upper thirds of the
crown, respectively. The percentages of egg masses found in the north, east, south, and
west quadrants were 18.4, 31.0, 19.6, and 31.0, respectively. The percentage of egg masses
found in the tree top was 4.3.
The surface area per tree averaged 680.29 (range, 395.95-998.38). The surface areas in the
lower, middle, and upper thirds of the crown were, on the average. 37.8, 50.3, and 1l.9%,
respectively. On the average, 21.1, 23.9, 25.2, and 30.8% of the surface area were in the
north, east, south, and west quadrants, respectively. Less than 2% of the surface area was in
the tree top.
The egg mass density per tree averaged 0.035 (range, 0.011-0.066). On the average, the
lower-crown had 68.6% lower density than the entire tree; the mid-crown had 17.1% higher
density than the entire tree; the upper-crown had 140.0% higher density than the entire tree;
and the tree top had 134.3% higher density than the entire tree. The east quadrant had an egg
mass density 23.5% higher than the entire tree; the south quadrant had 26.5% lower density
than the entire tree; the west quadrant had 2.9% lower density than the entire tree; and the
north quadrant had 11.8% lower density than the entire tree.
Group 2-moderate to high. The average number of egg masses, foliage surface area, and
egg mass density for three trees are shown in Table 3 for various parts of the tree.
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Table 3. Average number of egg masses, foliage surface area (x 1000 em"), and egg mass
density (no. egg masses per 1000 em").
Parameter

Tree

Tree

WT ft

Top

Graue i-Low (4 trees)
Mean Number

of Egg Masses
il-1ean Surface

23.50

1.00

680.29

12.19

0.04

0.08

22.50 C

2.75

14.00

5.15

6.75

4.00

6.75

4.25

6.75

668.10

257.39

342.16

68.55

80.74

134.04

1[,8.87

167.90

204.93

0.03

0.01

0.04

0.08

0.08

0.03

0.04

0.03

0.03

289.00

52.67

209.33

27.00

123.67

73.00

104.33

73.33

38.33

Area (x 1000)

Mean Egg Mass

Density

Mean Surfaced
Area (x 1000)
Mean Egg Mass
Density
Grou~

143.89

21.63

122.25

36.01

77 .50

8.74

30.38

32.89

45.99

26.39

16.97

2.68

4.47

2.36

J.46

2.70

3.09

4.07

2.22

2.27

2.76

2.26

d

3-High (4 trees)

Mean Number
of Egg Masses

2146.50

82.25

2064.25

420.00

1337.50

306.75

389.00

675.75

439.25

348.50

600.75

Mean Surface
Are. (x 1000)

373.52

19.19

354.32

123.64

181. 29

49.38

68.58

110.02

80.12

61.51

102.67

5.75

4.29

5.83

3.40

7.38

6.21

5.67

6.14

5.48

5.67

5.85

:\-1 ean Egg Mas.<;

Density

Groul?: 4-Very High (6 trees)
Mean Number
of Egg Masses

1754.17

239.33

1514.83

253.83

925.83

335.17

574.50

323.83

272.00

436.33

482.67

Mean Surface
Area (x 1000)

153.55

10.92

142.64

50.35

71.85

20.43

31.34

27.87

24.52

41.67

48.57

11.42

21.92

10.62

5.04

12.88

16.41

18.33

11.62

11.09

10.47

9.94

237.00

4173.33

490.00

2742.33

941.00

1178.00

1156.67

1290.00

1164.33

562.33

163.00

5.30

157.70

46.10

91. 92

19.68

24.98

43.43

49.12

45.21

19.94

27.06

44.72

26.46

10.63

29.83

47.82

47.16

26.63

26.26

25.75

26.20

Mean Number
of Egg Mas5es

1679.65

138.50

1541.15

242.10

990.60

308.25

446.7S

417.55

379.95

387.10

356.40

Mean Surface
Area (x 1000)

302.86

13.59

289.27

103.63

151. 66

33.98

47.57

68.62

69.42

69.12

81.63

5.55

10.19

5.33

2.34

6.53

9.07

9.39

6.08

5.47

5.60

4.37

Mean Egg Mass

Density
GI"OU~

5-Extreme (3 trees)

Mean Number€! 4410 33

of Egg

•

Mas.se.~

Mean Surface
Area (x WOO}

e

Mean Egg Masse
Density

All 20 Trees

Mean Egg Mass

Density

a With top
b Without top
c One branch from one tree was included in tree WOT but was not classified as to quadrant. Thus, the sum
of the number of egg masses and foliage surface area across quadrants is less than the tree WOT values.
d There were no branches in (WOT) for one tree. This tree was assumed to have zero egg masses, surface
area, and egg mass density for (WOT). All averages include these zero values.
e The high crown of one tree was completely dead. This tree was assumed to
area, and egg mass density for tree top, (WOT) and (WT). All averages include
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The average number of egg masses per tree was 385.7 (range, 371-4(9). On the average,
13.6,54.3, and 32.1% of the egg masses were found in the lower, middle, and upper thirds of
the crown, respectively. The percentages of egg masses found in the nOlth, east, south, and
west quadrants were 25.3, 36.0, 25.4, and 13.3, respectively. The percentage of the egg
masses found in the tree top was 25.1.
The surface area per tree averaged 143.89 (range 120.83-185.70). The surface areas in the
lower, middle, and upper thirds of the crown were, on the average, 25.0, 53.9, and 21.1%
respectively. On the average, 26.9, 37.6, 21.6, and 13.9% of the surface area were in the
north, east, south, and west quadrants, respectively. Fifteen percent of the surface area was
in the tree top.
The egg mass density per tree averaged 2.68 (range, 2.20-3.07). On the average, the
lower-crown had 45.5% lower density than the entire tree; the mid-crown had 0.7% higher
density than the entire tree; the upper-crown had 51.9% higher density than the entire tree;
and the tree top had 66.8% higher density than the entire tree. The east quadrant had an egg
mass density 3.8% lower than the entire tree; the south quadrant had 17.8% higher density
than the entire tree; the west quadrant had 4.2% lower density than the entire tree; and the
north quadrant had 5.9% lower density than the entire tree.
Group 3-high. The average number of egg masses, foliage surface area, and egg mass
density for four trees are shown in Table 3 for various parts of the tree.
The average number of egg masses per tree was 2146.5 (range, 943-3527). On the average,
19.6, 62.3, and 18.1% of the egg masses were found in the lower. middle. and upper thirds of
the crown, respectively. The percentages of egg masses found in the north, east, south, and
west quadrants were 32.7, 21.3, 16.9. and 29.1, respectively. The percentage of egg masses
found in the tree top was 3.8.
The surface area per tree averaged 373.52 (range, 227.08-499.86). The surface areas in the
lower, middle. and upper thirds of the crown were, on the average, 33.1, 48.5, and 18.4%,
respectively. On the average, 31.0, 22.6, 17.4, and 29.0% of the surface area were in the
north, east, south, and west quadrants, respectively. Less than 6% of the surlace area was in
the tree top.
The egg mass density averaged 5.75 (range, 4.15-7.06). On the average, the lower-crown
had 40.9% lower density than the entire tree; the mid-crown had 28.3% higher density than
the entire tree; the upper-crown had 1.4% lower density than the entire tree; and the tree top
had 25.4% lower density than the entire tree. The east quadrant had an egg mass density
6.0% lower than the entire tree; the south quadrant had 2.7% lower density than the entire
tree; the west quadrant had 0.3% higher density than the entire tree; and the north quadrant
had 5.3% higher density than the entire tree.
Group 4--very high. The average number of egg masses, foliage surface area, and egg
mass density for six trees are shown in Table 3 for various parts of the tree.
masses per tree was 1754.2 (range, 1065-3239). On the aver
The average number of
age, 14.5,52.7, and 32.8%
the egg masses were found in the lower, middle, and upper
thirds of the crown, respectively. The percentages of egg masses found in the north, east,
south, and west quadrants were 21.4, 18.0, 28.8. and 31.8, respectively. The percentage of
the egg masses found in the tree top was 13.6.
The surface area per tree averaged 153.55 (range, 98.38--285.54). The surface areas in the
lower, middle, and upper thirds of the crown were on the average, 32.8,46.8, and 20.4%,
respectively. On the average, 19.5, 17.2,29.2, and 34.1% of the surface area were in the
north, east, south, and west quadrants, respectively. Less than 8% of the surface area was in
the tree top.
The egg mass density per tree averaged 11.42 (range, 10.55-12.91). On the average, the
lower-crown had 55.9% lower density than the entire tree; the mid-crown had 12.8% higher
density than the entire tree; the upper-crown had 60.5% higher density than the entire tree;
and the tree top had 91.9% higher density than the entire tree. The east quadrant had an egg
mass density 4.4% higher than the entire tree; the south quadrant had 1.4% lower density
than the entire tree; the west quadrant had 6.4% lower density than the entire tree; and the
north quadrant had 9.4% higher density than the entire tree.
Group 5-extreme. The average number of egg masses, foliage surface area, and egg mass
density for three trees are shown in Table 3 for various parts of the tree.
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The average number of egg masses per tree was 44lO,3 (range 1139-9206), On the average,
II. 1,62.2, and 26.7% of the egg masses were found in the lower, middle, and upper thirds of
the erown, respectively. The percentages of egg masses found in the north, east, south, and
west quadrants were 27.7, 30.9, 27.9, and 13.5, respectively. The percentage of egg masses
found in the tree top was 5.4.
The surface area per tree averaged 163.0 (range, 37.97-263.51). The surface areas in the
lower, middle, and upper thirds of the crown were, on the average, 28.3, 56.4, and 15.3%,
respectively. On the average, 27,5, 31.2, 28,7, and 12.6% of the surface area were in the
north, east, south, and west quadrants, respectively. Less than 4% of the surface area was in
the tree top.
The egg mass density per tree averaged 27.06 (range, 15.39-34.94). On the average, the
lower-crown had 60.7% lower density than the entire tree; the mid-crown had 10.2% higher
density than the entire tree; the upper-crown had 74.3% higher density than the entire tree;
and the tree top had 65.3% higher density than the entire tree. The east quadrant had an egg
mass density 0.8% lower than the entire tree; the south quadrant had 2.7% lower density
than the entire tree; the west quadrant had 6.6% higher density than the entire tree; and the
north quadrant had 0,6% higher density than the entire tree.
All Trees Pooled. The average number of egg masses, foliage surface area, and egg mass
density for all 20 trees are shown in Table 3 for various parts of the tree.
The average number of egg masses was 1679.7 (range, 7-9206). On the average, 14.4,59.0,
and 26.6% of the egg masses were found in the lower, middle, and upper thirds of the crown.
respectively. The percentages of egg masses found in the north, east, south and west quad
rants were 27.1,24.7,25.1 and 23.1, respectively. The percentage of egg masses found in the
tree top was 8.2.
The average foliage surface area was 302.86 (range, 37.97-998.38). On the average, 34.2,
50, I, and 15.7% of the surface area were in the lower, middle, and upper thirds of the crown,
respectively. The surface areas in the north, east, south, and west quadrants were 23.8, 24.0,
23.9, and 28.3%, respectively. Less than 5% of the surface area was in the tree top.
The average egg mass density of the entire tree was 5.55 (range, 0.011-34.94). On the
average, the lower-crown had 57.8% lower density than the entire tree; the mid-crown had
17.7% higher density than the entire tree; the upper crown had 69.2% higher density than the
entire tree; and the tree top had 83.6% higher density than the entire tree. The east quadrant
had an egg mass density 2.6% higher than the entire tree; the south quadrant had 5.1% higher
density than the entire tree; the west quadrant had 18.0% lower density than the entire tree;
and the north quadrant had 14.1% higher density than the entire tree.
DISCUSSION
The majority of egg masses was found in the mid-crown for each of the five groups of
trees. With one exception (Group 3), the upper crown had more than twice the egg masses of
the lower crown. On the average, 14.4, 59.0, and 26.6% of the egg masses were found in the
lower, middle, and upper crown, respectively. On the other hand, approximately half of the
foliage surface area was found in the mid-crown for each of the five groups of trees. The
lower crown always had considerably more surface area than the upper crown. On the
average, 34.2, 50.1, and 15.7% of the surface area were in the lower, middle, and upper
crowns, respectively.
There was considerable variability but no discernible trends to either number of egg
masses or foliage surface area related to the five groups with respect to quadrant. Approxi
mately 25% of both the number of egg masses and surface area were in each of the
quadrants.
Egg mass density of the mid-crown was considerably higher than that of the lower crown
for all five groups. On the average, density at mid-crown was 179.1% higher than that of the
lower crown with the groups ranging from 84.9 to 272.7%. With one exception (Group 3),
density of the upper crown was higher than that of the mid-crown. On the average, density
of the upper crown was 43.8% higher than that at mid-crown with the groups ranging from
-23.2 to 104.9%. The density of the tree top was less than that of the brdllches in the upper
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crown for three groups with the reverse being true for two groups. On the average, the
density of the tree top was 12.3% higher than the density of the upper crown branches with
the groups ranging from -41.8 to 44.7%.
Density at mid-crown was higher than that of the entire tree for all groups. On the average,
density at mid-crown was 17.7% higher than that of the entire tree with the groups ranging
from 0.7 to 28.3%. There was considerable variation of egg mass density with respect to the
four quadrants among the groups but no consistent trends. On the average, the densities of
the east, south, and west quadrants were 10.0% lower, 7.9% lower, and 28.1% lower,
respectively, than that of the north quadrants. On the average, the densities of the north,
east, south, and west quadrants were 6.08, 5.47, 5.60, and 4.37, respectively. These dif
ferences are not large on an absolute scale, and since the average pattern was not found for
any of the groups, it is probably an artifact of the 20 trees, and their respective surface areas,
chosen for enumeration.
The implications of this study for sampling to estimate egg mass density on balsam fir are
(I) There is considerable tree-to-tree variation; (2) There is considerable variation among the
various population density groups examined; (3) It does not matter what quadrant is sam
pled; (4) Sampling from mid-crown leads to over- or underestimation of egg mass density
the seriousness of such errors depends on the bias, where the sample is taken vertically in
the mid-crown, the egg mass density, and possibly other factors; (5) The results apply, on
the average, to all densities as no discernible trends were found for the five density groups
examined.
These implications suggest that there is a high degree of variability from population to
popUlation, from tree to tree, and from crown to crown when sampling to estimate egg mass
density. Estimation bias caused by sampling from mid-crown can be large and extremely
vadable. More detailed information on development of an optimum sampling scheme for
estimating egg mass density will be reported in subsequent papers in this series.
ACKNOWLEDGMENTS
Our thanks to Dr. Louis F. Wilson, USDA Forest Service, East Lansing, Michigan, and
Dr. John Witter, The University of Michigan, Ann Arbor, Michigan, for their critical review.
Thanks are also extended to our graduate assistants, Bruce Montgomery and Larry
Waisenen, for their assistance with data collection and analysis. We would like to thank the
members of our field crews for their assistance: J. Berlin, A. Davis, S. Huston, C.
Landauer, R. Mech, R. Drapek, L. Hill, M. Kenrick, W. Overbaugh, T. Schreiner, J.
Simon, and E. Sorenson. This work was supported in part by a grant from CANUSA Spruce
Budworms Research Program and by funds and facilities made available through The Uni
versity of Michigan and Michigan State University.
LITERATURE CITED
Atwood, C. E. 1944. The feeding habits of the young spruce budworm larvae. Canadian
Entomol. 76:64-66.
Canadian Forestry Service. 1975. Bi-monthly Research Notes. 31:12.
1977. Bi-monthly Research Notes. 33:26-27.
Carol in, V. M. 1950. Studies of the biological control of the spruce budworm in Orego!lc
1950. USDA, Agric. Res. Admin. Bur. Entomo!. Plant Quar., Spec. Rep. New Haven,
Conn. 25 p.
Carolin, V. M. and W. K. Coulter. 1959. Research findings relative to the biological evalua
tion of spruce budworm infestations in Oregon. USDA For. Servo Pacific Northwest For.
aJ)d Range Exp. Sta. 39 p.
- - - - . 1972. Sampling populations of western spruce budworms and predicting defolia
tion on Douglas-fir in eastern Oregon. USDA For. Servo Res. Pap. PNW-149. 39 p.
1975. Comparison of westem spruce budworm populations and damage on grand
fir and Douglas-fir trees. USDA For. Servo Res. Pap. PNW-195. 16 p.

286

THE GREAT LAKES ENTOMOLOGIST

Vol. 15, No.4

Dorais, L. 1978. Sampling techniques used operationally in New-Brunswick, Quebec.
Newfoundland and Maine regarding population dynamics, damage evaluation and risk
rating map during spruce budworm large-scale spraying operations. Eastern Spruce Bud
worm Council, Comm. Standard Surv. and Assess. Tech. 43 p.
Dowden, P. B. and V. M. Carolin. 1950. Natural control factors affecting the spruce bud
worm in the Adirondacks during 1946--1948. J. Econ. Entomol. 43:774-783.
McKnight, M. E. 1967. Ecology of the western budworm, Choristoneura occidentalis
Freeman (Lepidoptera: Tortricidae). in Colorado. Ph.D. thesis. Colorado State Univ.
206 p.
- - - - . 1968. A literature review of the spruce, western, and 2-year-cycle budworms.
USDA For. Servo Res. Pap. RM-44. 35 p.
McKnight, M. E., J. F. Chansler, 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 p.
Mog, T. P., A. M. Lynch and J. A. Witter. 1982. Impact of the spruce bud worm (Lepidop
tera: Tortricidae» on the O~tawa and Hiawatha National Forests, 1978-1980. Great Lakes
Entomol. 15: 1-24.
Morris, R. F. 1954. A sequential sampling technique for spruce budworm egg surveys.
Canadian J. Zool. 32:302-313.
Silver, G. T. 1960. Notes on spruce budworm infestation in British Columbia. Forest Chron.
36:362-374.
Terrell, T. T. 1966. Spruce budworm survey methods in the Northern Region. Coop. Econ.
Insect Rep. 16: 1071-1072.
Waters. W. E. 1955. Sequential sampling in forest insect surveys. Forest Sci. 1:68-79.
Webb. F. E. 1958. The relation between spruce budworm egg-mass numbers and defoliation
the following year in sprayed and unsprayed areas. Bi-mon. Prog. Rep. Div. For. BioI.
Dept. Agric. Canada 14. 1 p.
Wilson, L. F. 1959. Branch tip sampling for determining abundance of spruce budworm egg
masses. J. Econ. Entomol. 52:618-621.

1982

THE GREAT LAKES ENTOMOLOGIST

287

SPRUCE BUDWORM EGG MASS DENSITY ON BALSAM FIR
AND WHITE SPRUCE: LOW POPULATION LEVELS
(LEPIDOPTERA: TORTRICIDAE)I
Gary A. Simmons 2 and Gary W. Fowle~
ABSTRACT
As part of a study to develop improved foliage sampling methods for spruce budworm,
ChoristoneuraJumijerana (Clemens), egg masses, two balsam fir (four in one stand), Abies
balsamea, and two white spruce, Picea glauca, trees were chosen from each of five spruce
fir stands in Michigan's Upper Peninsula in 1980. All stands had very low to low population
densities. Each tree was completely enumerated so that the number of new egg masses,
foliage surface area, and egg mass density could be determined for the entire tree, three
crown classes, four quadrants, and the tree top. Results indicated (1) considerable tree-to
tree and stand-to-stand variation; (2) no meaningful or consistent differences among quad
rants within or between species; (3) the average density in white spruce trees was 3.2 times
larger than that in balsam fir trees; (4) the tree-la-tree variation of density in white spruce
trees was 8.4 times larger than that in balsam fir trees; (5) densities in the mid-crown,
upper-crown, and tree top are considerably higher than that in the lower-crown for both
species; the relative differences for balsam fir are about twice that of white spruce; and (6)
on the average, density at mid-crown was close to that of the entire tree for balsam fir, but
density at mid-crown was 17.9% lower than that of the entire tree for white spruce. These
results have important implications to the development of sampling plans for estimating egg
mass density in spruce-fir stands.

This is the second paper in a series where we explore ways to improve the sampling of
balsam fir foliage, Abies balsamea (L). Miller, and white spruce foliage, Picea glauca
(Meunchhausen) Voss, for estimating egg mass densities of the spruce budworm, Charis/a
neuraJumijerana (Clemens). In this paper we report general descriptive statistics that were
obtained from our data sets on balsam fir and white spruce. In this instance we report results
from studies conducted at very low to low egg mass densities.
MATERIALS AND METHODS
This study was conducted in the Upper Peninsula of Michigan. For a general description
of the study. see Fowler and Simmons (1982). In 1980 five study areas were established.
Balsam fir and white spruce trees were selected in such a way to provide very low to low egg
mass population densities. This required searching stands containing largely mature hard
wood species such as white birch, Betula papyrijera Marshall, trembling aspen, Populus
tremuloides Michaux, red maple, Acer rubrum L., sugar maple, A. saccharum Marshall, and
yellow birch, B. alleghaniensis Britton. Such stands could not be classed as spruce-fir
stands, but they contained some spruce and fir, usually less than 20% of the basal area.
Study areas were centered in small pockets of spruce and fir either along a ridge or at the
edge of a bog. Four balsam fir and four white spruce trees were selected for study in each of
I Michigan Agricultural Experiment Station Journal AI1icle 1'0. 10673.
2Entomo!ogy Department, Michigan Stale University, East Lansing, MI 48824.
3Porest Resources Program, School of Natural Resources. The University of Michigan. Ann Arbor. M1
48109.
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four areas. In a fifth area JO balsam fir trees and four white spruce trees were chosen. This
was done to add a replicate balsam fir stand to the 1979 study reported in Fowler and
Simmons (1982). Four of the 10 balsam fir trees were utilized in the two species study
reported here.
The following criteria, in order of priority, were used to select trees: (a) overtopped by
hardwoods (least attractive for oviposition by bud worm moths), (b) least defoliation and
healthiest tops, (c) proximity to spruce-fir poeket, (d) from 30 to 60 ft tall with no dead tops,
and (e) desirable crown structure. For each tree, the total height, breast height age, stump
height age, and diameter at breast height were determined. For each tree, all branches in the
mid-crown feasible for sampling with a pole pruner and large enough to yield a 70 cm-Iong
branch from the tip of the branch were identified. The basal area per acre and species
contribution to basal area figures were estimated from the center of each sample tree. For a
detailed description of study areas consult Montgomery (1981).
This study was based on every branch trees where every branch and the tree top were
examined for egg masses. Two balsam fir and two white spruce trees were examined for
each offour stands, and four balsam fir and two white spruce trees were examined for a fifth
stand. For details of the experimental design and methodology, see Fowler and Simmons
(1982).
The specific objective of this paper is to examine egg mass density by stand, tree. quad
rant, crown class, and species.
RESULTS
Each of the five stands consists of four every branch trees, two each of balsam fir and
white spruce except for Stand I which has four balsam fir and two white spruce trees.
Average values for the balsam fir and spruce trees for each stand and all stands pooled for
diameter at breast height (DBH) in centimeters, total tree height in meters, length of live
crown in meters (LLC), age oftree at stump height in years, and basal area per hectare (SA)
using the tree as point eenter are given in Table J.
All stands would be classified as having very light to light population levels of the spruce
budworm with reference to the damage forecasted classification system used in New
Brunswick and Maine (Dorias 1978) and the infestation classifieation system of Moms
(1954).
In this paper, the means for number of egg masses and foliage surface area are arithmetic
means, while the mean for egg mass density is a weighted mean (weighted by surface area).
The average number of egg masses, foliage surface area, and egg mass density for the trees
in each stand are shown in Table 2. Individual tree information is available from the authors.
Unless otherwise stated, the upper-crown class includes the tree top (WT).

Table I. Average values for balsam fir and white spruce trees for eaeh stand and all stands
pooled for diameter at breast height (DBH) (cm), total tree height (T HT) (m), length of live
crown (LLC) (m), age of tree at stump height (years), and basal area (BA) (mz/ha).
Balsam fir
STAND
I

2
3
4
5
POOLED

White spruce

DBH
(cm)

T HT
(m)

LLC
(m)

AGE
(yrs)

(mZ)

DBH
(cm)

T HT
(m)

LLC
(m)

AGE
(yrs)

BA
(m")

20.9
18.3
17.0
15.7
12.9
17.6

16.2
13.9
13.2
13.9
11.0
14.1

14.1
12.4
11.5
12.4
8.8
12.2

47.8
38.5
63.0
43.0
28.0
40.7

21.5
22.0
17.6
19.8
11.0
18.9

24.8
19.9
17.1
20.2
11.9
18.8

14.0
12.6
13.2
14.8
9.4
12.8

12.4
11.7
9.8
13.1
8.4
11.1

65.0
41.5
72.5
43.5
40.0
46.1

20.9
22.0
17.6
20.9
12.1
18.7

BA
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Table 2. Average number of egg masses, foliage surface area (X 1000 cm 2), and egg mass
density (no. egg masses per 1000 em").
Tree
WOT b

Surfeee

BF

Area

WS

680.30
848.80

Egg Mass

BF

0.04

Density

WS

0.09

12.20
14.00

2.15
10.00

14.00

6.75-

33.50

36.00

c
66S.10 257.40
834.20 249.S0

242.20
411.70

584.80
537.60

\2.10
5.00

S72.S0 d 163.40
532.50 197.80

0.08
0.2\

0.54
0.40

0.10

Mass

0.01

30.50
49.50

4.25
27.01l

6.75
[4.50

134.00
lSG. 00

158.90
254.10

167.90
263.90

204.00
106.10

0.04
0.06

0.03
O. \0

0.19

11. 00
45.50

2.00

0.00
2.50

80.70
187.20

6. 'is
16.00

0.08

0.01
0.04

6.50

SF
WS

68.60
172.60

4.00
12.00

9. {to
25.50

5.50
31.50

[82.90
124.90

269.50
244.50

139.80
90.30

151.80
95.30

0.04
0.19

0.11
0.52

0.14
0.51

11.50
21.00

18.00
2U.50

18.00
23.00

3.00
9.:>0

193.40
124.00

118.20
83.00
0.03
0.12

BF
WS

496.20
411. 90

4.60
8.80

SF

0.06

0.00

0.13

0.2B

0.01
0.06

0.05
0.13

0.10
O.lB

o.ng

WS

100.50
500.00

10.00
13.50

3.50
27.50

37.00
147.50

50.00
311.50

60.00
325.00

11. 70
10.70

~!~:~~c g!:~~

254.00
214.60

93. 00
215.40

0.15
0.69

0.54
1.45

44.00
55.00

4.50
19.00

133.80
114.10

1.40
40.70

0.33
0.48

0.61
0.17

227.60
159.80

0.19

139.00
145.30

13B.20
124. !O

0.05

0.07
0.21

0.23

7.50
13.00

7.50
13.00

135.10
84.80
0.10
0.10

Stand 4: 2 Bfl 2 WS

No. Egg
Masses

SF

Surface
Area

BF

Moos

WS

WS
SF

WS

0.19
0.87

0.86
1.26

0.17
0.86

0.02
0.21

7.50
3.00

Surface

BF

Area

WS

247.60 d 106.30
69.80
225.30

256.40
230.50
0.85
0.57

45.70
139.50
Surface
Area
Mass

BF

WS
BF

WS

0.22
0.40

41.30
)34.30

2.90
13.30

16.50
70.60

538.07
520.74

10.25
8.88

527.82
511.86

171.94
155.S6

261. 53
229.05

94.35
126.84

0.09
0.27

0.42
0.59

0.08
0.26

o .e2
o .eo

0.08
0.22

0.18
0.56

0.57
1. 44

20.50
106.00
94.50
80.80

120.60
94.50

0.19
0.80

1.

lB.OO
16.50
67.10
69.70

16.20
46.00

20.80
75.80

0.27
0.51

0.25
0.45

8.70
22.30

10.70
31. 20

109.54
96.88

27.50
225.00
170.90
94.70
0.21
0.77

0.15
0.91

11.00
37.00

8.50
5.00

52.70
97.00

59.S0
26.10
0,14
0.19

11.20
56.00

133.
0.08
0.25

a With top
b Without top
C One branch from one tree was included in Tree WOT but was not classified as to quadrant. Thus, the
sum of the number of egg masses and foliage surface area across quadrants is less than the Tree WOT
values.
d One branch from one balsam lir tree was included in Tree WOT but was not classified as to quadrant.
There were no egg masses on this branch. Thus. the sum of the foliage surface area across quadrants is
less than the Tree WOT value.
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STAND I
The average number of egg masses, foliage surface area (1000 em"), and egg mass density
(number of egg masses per 1000 em" offoliage surface area) for six trees are shown in Table
2 for various parts of the tree.
Balsam Fir. The avemge number of egg masses per tree was 23.5 (range. 7-46). On the
masses were found in the lower, middle, and upper
average, 11.7, 59.6, and 2S. 7% of the
percentages of egg masses found in the north.
(WT) thirds of the crown, respectively.
east, south, and west quadmnts were IS.4, 31.0, 19.6, and 31.0, respectively. Approximately
4% of the egg masses was found in the tree top.
The average surface area per tree was 680.29 (range, 395.95-998.38). On the average, 37.S.
50.3, and 11.9% of the surface area were in the lower, middle, and upper thirds of the crOWll.
respectively. The percentages of the surface area in the north, east, south. and west quad
rants were 20.1, 23.9. 25.2. and 30.8, respectively. Approximately 2% of the surface area
was in the tree top.
The average egg mass density per tree was 0.035 (range, 0.011-iJ.066). On the average, the
lower-crown had 68.6% lower, the mid-crown had 17.1% higher. the upper-crown had
140.0% higher, and the tree top had 134.3% higher densities than the entire tree. The north,
east. south, and west quadrants had II.S% lower, 23.5% higher, 26.5% lower, and 2.9%
lower densities than the entire tree. respectively.
White Spruce. The average number of egg masses per tree was 79.5 (range, 68-91). On the
average, 12.6.42.1. and 45.3% of the egg masses were found in the lower, middle, and upper
thirds of the crown, respectively. The percentages of egg masses found in the north, east.
south, and west quadrants were 17.3,23.0, 3S.8, and 20.9, respectively. Approximately Be;;.
of the egg masses was found in the tree top.
The avemge surface area per tree was 848.76 (range. 486.93-1210.60). On the average.
29.4, 48.5, and 22.1% of the surface area were in the lower, middle, and upper thirds of the
crown, respectively. The percentages of the surface area in the north, east, south, and west
quadrants were 18.0, 30.5, 31.6, and 19.9, respectively. Approximately 2% of the surface
area was in the tree top.
The average egg mass density per tree was 0.094 (range, 0.056-D.IS7). On the average. the
lower-crown had 57.4% lower, the mid-crown had 13.8% lower, the upper-crown had
104.3% higher, and the tree top had 628.7% higher densities than the entire tree. The north.
east, south, and west quadrants had 3.6% lower, 24.1% lower, 22.9% higher, and 4.8<1
higher densities than the entire tree, respectively.
Comparison. On the average. the two white spruce trees were larger in DBH, smaller in
total height and LLC, were older, and had approximately the same BA's compared to the
four balsam fir trees (Table I). The white spruce trees had considerably more foliage surface
and egg masses than the balsam fir trees. The egg mass density of the white spruce trees was
2.7 times larger than that of the balsam fir trees.
The white spruce trees had proportionately more egg masses in the .upper-crown and the
tree top, more surface area in the upper-crown, approximately the same surface area in the
tree top, lower egg mass density in the upper-crown. and higher egg mass density in the tree
top than the balsam fir trees. The egg mass density was 17.1% higher and 13.8% lower in the
mid-crown compared to the entire tree for balsam fir and white spruce, respectively. There
were no meaningful quadrant differences.
STAND 2
The average number of egg masses, foliage surface area, and egg mass density for four
trees are shown in Table 2 for various parts of the tree.
Balsam Fir. The average number of egg masses per tree was 34.5 (range, 29-40). On the
average, 5.8, 31.9, and 62.3% of the egg masses were found in the lower, middle, and upper
masses found in the north, east,
thirds of the crown, respectively. The percentages of
south, and west quadrants were 19.6,21.4,26.8, and
respectively. Approximately 19%
of the egg masses was found in the tree top.
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The average surface area per tree was 584.82 (range, 509.25-660.40). On the average, 27.9,
46. I, and 26.0% of the surface area were in the lower, middle, and upper thirds of the crown,
respectively. The percentages of the surface area in the north, east, south, and west quad
rants were 19.2, 32.1. 24.4, and 24.3, respectively. Approximately 2% of the surface area
was in the tree top.
The average egg mass density per tree was 0.059 (range, 0.057-0.061). On the average, the
lower-crown had 79.7% lower, the mid-crown had 30.5% lower, the upper-crown had
140.7% higher, and the tree top had 811.9% higher densities than the entire tree. The north,
east, south, and west quadrants had 2.0% higher, 67.3% lower, 10.2% higher, and 32.7%
higher densities than the entire tree, respectively.
White Spruce. The average number of egg masses per tree was 113.0 (range, 49-177). On
the average, 16.8,40.3, and 42.9% of the egg masses were found in the lower, middle, and
upper thirds of the crown, respectively. The percentages of egg masses found in the north,
east, south, and west quadrants were 28.4, 18.9,29.7, and 23.0, respeetively. Approximately
2% of the egg masses was found in the tree top.
The
surface area per tree was 537.58 (range, 405.58-669.58). On the average, 36.8,
of the surface area were in the lower, middle, and upper thirds of the crown,
45.5, and
respectively. The percentages of the surface area in the north, east, south, and west quad
rants were 25.9, 23.5, 27.3, and 23.3, respectively. Approximately 1% of the surface area
was in the tree top.
The average egg mass density per tree was 0.210 (range, 0.121-0.264). On the average, the
lower-crown had 54.3% lower. the mid-crown had 11.4% lower, the upper-crown had
142.4% higher, and the tree top had 88.6% higher densities than the entire tree. The north,
east. south, and west quadrants had 9.6% higher, 19.2% lower, 9.1% higher, and 1.4% lower
densities than the entire tree, respectively.
Comparison. On the average, the two white spruce trees were slightly larger in DBH,
smaller in total height and LLC, slightly older, and had the same BA's compared to the two
balsam fir trees (Table I). The white spruce trees had somewhat less foliage surface area and
considerably more egg masses than the balsam fir trees. The egg mass density of the white
spruce trees was 3.6 times larger than that of the balsam fir trees.
The white spruce trees had proportionately less egg masses in the upper-crown and the
tree top, less surface area in the upper-crown, somewhat less surface area in the tree top,
approximately the same egg mass density in the upper-crown, and lower egg mass density in
the tree top than the balsam fir trees. The egg mass density was 30.5% and 19.2% lower in
the mid-crown compared to the entire tree for balsam fir and white spruce, respectively.
There were no meaningful quadrant differences.
STAND 3
The average number of egg masses, foliage surface area, and egg mass density for four
trees are shown in Table 2 for various parts of the tree.
Balsam Fir. The average number of egg masses per tree was 30.5 (range, 28-33). On the
average, 3.3, 37.7, and 59.0% of the egg masses were found in the lower, middle, and upper
thirds of the crown, respectively. The percentages of egg masses found in the north, east,
south, and west quadrants were 9.8, 24.6, 41.0, and 24.6, respectively. No egg masses were
found in the tree top.
The average surface area per tree was 496.24 (range, 461.63-530.85). On the average, 15.2,
45.8, and 39.0% of the surface area were in the lower, middle, and upper thirds of the crown,
respectively. The percentages of the surface area in the north, east, south, and west quad
rants were 24.0, 22.5, 26.0, and 27.5, respectively. Approximately 1% of the surface area
was in the tree top.
The
mass density per tree was 0.061 (range 0.061-0.062). On the average, the
lower-crown
lower, the mid-crown had 16.4% lower, the upper-crown had 52.5%
higher. and the tree top had 100.0% lower densities than the entire tree. Ibe north, east,
south, and west quadrants had 59.7% lower, 9.7% higher, 58.1% higher, and 11.3% lower
densities than the entire tree, respectively.
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White Spruce, The average number of egg masses per tree was 52,0 (range, 4O-MJ. On the
average, 15.4,40.4, and 44.2% of the egg masses were found in the lower. middle. and upper
thirds of the crown, respectively. The percentages of egg masses found in the north. east,
south, and west quadrants were 19.2,26.3,28.2, and 26.3, respectively. Approximately SClc
of the egg masses was found in the tree top.
The average surface area per tree was 411.88 (range, 409.35-414.40). On the average, 31.1,
38.8, and 30.1% of the surface area were in the lower, middle, and upper thirds of the crown,
respectively. The percentages of the surface area in the north, east, south, and west quad
rants were 20.6, 22.3, 36.1, and 21.0, respectively. Approximately 2% of the surface area
was in the tree top.
The average egg mass density per tree was 0.126 (range, 0.096-0.156). On the average, the
lower-crown had 50.8% lower, the mid-crown had 4.0% higher, the upper-crown had 46.8%
higher, and the tree top had 124.6% higher densities than the entire tree. The north, east,
south, and west quadrants had 6.5% lower, 17.1% higher, 22.0% lower, and 24.4% higher
densities than the entire tree, respectively.
Comparison. On the average, the two white spruce trees had approximately the same
DBH and total height. were somewhat smaller in LLC, were older, and had the same BA's
compared to the two balsam fir trees (Table I). The white spruce trees had less foliage
surface area and considerably more egg masses than the balsam fir trees. The egg mass
density of the white spruce trees was 2.1 times larger than that of the balsam fir trees.
The white spruce trees had proportionately less egg masses in the upper-crown, more egg
masses in the tree top, less surface area in the upper-crown, more surface area in the tree
top, somewhat lower egg mass density in the upper-crown and considerably higher egg mass
density in the tree top than the balsam fir trees. The density was 16.4% lower and 4.0%
higher in the mid-crown compared to the entire tree for balsam fir and white spruce, respec
tively. There were no meaningful quadrant differences.
STAND 4
The average number of egg masses, foliage surface area, and egg mass density for four
trees are shown in Table 2 for various parts of the tree.
Balsam Fir. The average number of egg masses per tree was 100.5 (range, 85-116). On the
average, 3.5, 36.8, and 59.7% of the egg masses were found in the lower, middle, and upper
thirds of the crown, respectively. The percentages of egg masses found in the north, east,
south, and west quadrants were 19.3,22.7,30.4, and 27.6, respectively. Approximately 10%
of the egg masses was found in the tree top.
The average surface area per tree was 530.40 (range, 329.10-731.69). On the average, 32.4,
47.9, and 19.7% of the surface area were in the lower, middle, and upperthirds of the crown,
respectively. The percentages of surface area in the north, east, south, and west quadrants
were 18.2,23.2,25.6. and 33.0, respectively. Approximately 2% of the surface area was in
the tree top.
The average egg mass density per tree was 0.189 (range, 0.158-0.258). On the average, the
lower-crown had 89.4% lower, the mid-crown had 22.8% lower, the upper-crown had
203.2% higher, and the tree top had 352.4% higher densities than the entire tree. The north,
east, south, and west quadrants had 6.3% higher, 2.3% lower, 19.0% higher, and 16.1%
lower densities than the entire tree, respectively.
White Spruce. The average number of egg masses per tree was 500.0 (range, 413-587). On
the average, 5.5, 29.5. and 65.0% of the egg masses were found in the lower, middle, and
upper thirds of the crown, respectively. The percentages of egg masses found in the north,
east, south, and west quadrants were 13.4,22.0,46.7, and 17.9, respectively. Approximately
3% of the egg masses was found in the tree top.
The average surface area per tree was 574.96 (range, 477.06-<)72.85). On the average, 23.4,
37.3, and 39.3% of the surface area were in the lower, middle, and upper thirds of the crown,
respectively. The percentages of the surface area in the north, east, south, and west quad
rants were 14.3, 16.8, 52.1, and 16.8, respectively. Approximately 2% of the surface area
was in the trce top.
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The average egg mass density per tree was 0.870 (range, 0.866-0.872). On the average, the
lower-crown had 76.4% lower, the mid-crown had 21.0% lower. the upper-crown had 65.2%
higher, and the tree top had 45.1% higher densities than the entire tree. The north, east.
south, and west quadrants had 7.3% lower, 30.0% higher, 10.1% lower, and 5.5% higher
densities than the entire tree, respectively.
Comparison. On the average, the two white spruce trees had considerably larger DBH's,
somewhat larger total heights and LLC's, were approximately the same age, and had some
what higher BA' s compared to the two balsam fir trees (Table I). The white spruce trees had
more foliage surface area and considerably more egg masses than the balsam tir trees. The
egg mass density of the white spruce trees was 4.6 times larger than that of the balsam fir
trees.
.
The white spruce trees had proportionately more egg masses in the upper-crown, less egg
masses in the tree top, more surface area in the upper-crown, somewhat less surface area in
the tree top, and considerably lower egg mass density in the upper-crown and the tree top
than the balsam fir trees. The density was 22.8% and 21.0% lower in the mid-crown com
pared to the entire tree for balsam fir and white spruce, respectively. There were no mean
ingful quadrant differences.

STAND 5
The average number of egg masses, foliage surface area, and egg mass density for four
trees are shown in Table 2 for various parts of the tree.
Balsam I'ir. The average number of egg masses per tree was 61.5 (range, 53-70). On the
average, 8.9, 71.6, and 19.5% of the egg masses were found in the lower, middle, and upper
thirds of the crown, respectively. The percentages of egg masses found in the north, east,
south, and west quadrants were 33.3,30.6,20.4, and 15.7, respectively. Approximately 12%
of the egg masses was found in the tree top.
The average surface area per tree was 256.38 (range, 149.70-363.05). On the average, 41.5,
52.2, and 6.3% ofthe surface area were in the lower, middle, and upper thirds of the crown,
respectively. The percentages of the surface area in the north, east, south, and west quad
rants were 27.3, 27.2. 21.4. and 24.1, respectively. Approximately 3% of the surface area
was in the tree top.
The average egg mass density per tree was 0.240 (range, 0.193-0.354). On the average, the
lower-crown had 78.3% lower, the mid-crown had 37.1% higher, the upper-crown had
208.8% higher, and the tree top had 255.0% higher densities than the entire tree. The north,
east, south, and west quadrants had 22.5% higher, 12.8% higher, 4.1% lower, and 34.6%
lower densities than the entire tree, respectively.
White Spruce. The average number of egg masses per tree was 92.5 (range, 53-132). On
the average, [6.8, 59.4, and 23.8% of the egg masses were found in the lower, middle, and
upper thirds of the crown, respectively. The percentages of egg masses found in the north,
east, south, and west quadrants were 18.4,34.6,41.4, and 5.6, respectively. Approximately
3% of the egg masses was found in the tree top.
The average surface area of the tree was 230.54 (range, 220.41-240.68). On the average,
30.3,49.8, and 19.9% of the surface area were in the lower, middle, and upper thirds of the
crown, respectively. The percentages of the surface area in the north, east, south, and west
quadrants were 14.4, 30.9, 43.1, and 11.6, respectively. Approximately 2% of the surface
area was in the tree top.
The average egg mass density per tree was 0.401 (range, 0.240-0.548). On the average, the
lower-crown had 44.6% lower, the mid-crown had 19.5% higher, the upper-crown had 19.2%
higher, and the tree top had 42.4% higher densities than the entire tree. The north, east,
south, and west quadrants had 28.0% higher, 12.1% higher, 4.0% lower, and 51.6% lower
densities than the entire tree, respectively.
Comparison. On the average, the two white spruce trees had somewhat smaller DBH's,
total heights, and LLC's, were considerably older, and had somewhat higher BA's com
pared to the two balsam fir trees (Table I). The white spruce trees had less foliage surface
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area and considerably more egg masses than the balsam fir trees. The egg mass density of
the white spruce trees wa5 1.7 times larger than that of the balsam fir trees.
The white spruce trees had proportionately somewhat more egg masses in the upper
crown. considerably less egg masses in the tree top, considerably more surface area in the
upper-crown, somewhat less surface area in the tree top, and considerably lower
mass
density in the upper-crown and the tree top than the balsam fir trees. The density was
('7c
and 19.5% higher in the mid-crown compared to the entire tree for balsam fir and white
spruce, respectively. There were no meaningful quadrant differences.
ALL TREES POOLED
The average number of egg masses, foliage surface area, and egg mass density for the 11
balsam fir trees and 10 white spruce trees are shown in Table 2 for various parts ofthe tree.
Balsam Fir. The average number of egg masses per tree was 45.7 (range, 7-116). On the
average, 6.4,48.0, and 45.6% of the egg masses were found in the lower, middle, and upper
thirds of the crown, respectively. The percentages of
masses found in the north, east.
south, and west quadmnts were 21.1. 26.0, 27.2, and
respectively. Approximately 9'7c
of the egg masses was found in the tree top.
The average surface area per tree was 538.07 (range, 149.70-998.38). On the average, 32,0.
48.6, and 19.4% of the surface area were in the lower, middle, and upperthirds of the crown,
respectively. The percentages of the surface area in the north, east, south, and west
quadrants were 20.8, 25.3, 25.0, and 28.9, respectively. Approximately 2% of the surface
area was in the tree top.
The average egg mass density per tree was 0.085 (range. 0.01 1-0.354). On the average. the
lower-crown had 80.0% lower, the mid-crown had 1.1% lower, the upper-crown had 134.1'1
higher, and the tree top had 394.1 % higher densities than the entire tree. The north, east.
south, and west quadrants had 1.3% higher, 1.6% higher, 9.00k higher, and 1O.3'7c lower
densities than the entire tree, respectively.
White Spruce. The average number of egg masses per tree was 139.5 (range, 40-587). On
the average, 9.5, 36.1, and 54.4% of the egg masses were found in the lower, middle. and
upper thirds of the crown, respectively. The percentages of egg masses found in the north.
east, south, and west quadrants were 16.7,23.4,41.9, and \8.0, respectively. Approximately
4% of the egg masses was found in the tree top.
The average surface area of the tree was 520.74 (range, 220.41-1210.60). On the average.
29.9, 44.0, and 26. 1% of the surface area were in the lower. middle, and upper thirds of the
crown, respectively. The percentages of the surface area in the north, east, south. and west
quadrants were 18.9,24.8, 36.9, and 19.4, respectively. Approximately 29< of the surface
area was in the tree top.
The average egg mass density per tree was 0.268 (range, 0.056-0.872). On the average. the
lower-crown had 68.3% lower, the mid-crown had 17.9% lower, the upper-crown had
108.6% higher, and the tree top had 118.7% higher densities than the entire tree. The north.
east, south, and west quadrants had 12.2% lower, 6.1% lower, 13.0% higher. and 7.6'7c lower
densities than the entire tree, respectively.
Comparison. On the average, the 10 white spruce trees were somewhat larger in DBH.
smaller in total height and LLC, approximately five years older, and approximately the same
in BA compared to the 12 balsam fir trees Cfable I). The white spruce trees had 3.1 and 0.97
times as many egg masses and as much foliage surface area, respectively, than the balsam fir
trees. The egg mass density of the white spruce trees was 3.2 times larger than that of the
balsam fir trees. The arithmetic average of this ratio on a stand basis is 1.91 and significantly
larger than 1.00 (upper one-sided t-test, p < 0.025, n
5).
masses in the lower- (9.5 to 6.4'7c)
The white spruce trees had proportionately (1) more
and upper- (54.4 to 45.6%) crowns and less egg masses the middle-crown (36.1 to 48.Wc)
than the balsam fir trees and (2) less surface area in the lower- (29.9 to 32.09<) and middle
(44.0 to 48.6%) crowns and more surface area in the upper crown (26.1 to 19.49<) than the
balsam fir trees. The egg mass density for the lower-crown for the white spruce trees was
68.39< lower than that of the entire tree while it was 80.0% lower for the balsam fir trees. The

1982

THE GREAT LAKES ENTOMOLOGIST

295

density for the mid-crown of the white spruce trees was 17.9% lower than that of the entire
tree while it was 1.2% lower for the balsam fir trees. Six balsam fir trees had mid-crown
densities lower than the entire tree while the other six trees had mid-crown densities higher
than the entire tree. Seven white spruce trees had mid-crown densities lower than the entire
tree while the other three trees had mid-crown densities higher than the entire tree. The
density for the upper-crown of the white spruce trees was 108.6% higher than that of the
entire tree while it was 134.1% higher for the balsam fir trees.
The differences between quadrants in terms of number of egg masses, foliage surface area,
and egg mass density showed considerable tree-to-tree variation and no meaningful patterns
based on averages for each tree species. The density for the south quadrant was higher than
that of the entire tree for both white spruce (13.0% higher) and balsam fir (9.0% higher). The
densities for the north, east, and west quadrants were (I) 12.2, 6.1, and 7.6% lower, respec
tively, than that of the entire tree for the white spruce trees and (2) 1.3% higher, 2.6% higher,
and 10.3% lower, respectively, than that of the entire tree for the balsam fir trees. These
differences are not large and well within expected micro-site variation. There are no mean
ingful differences between the two tree species.
The white spruce trees had proportionately fewer egg masses (3.7 to 9.4%) and less foliage
surface area (1. 7 to 1.9%) in the tree top than the balsam fir trees. The egg mass density of
the tree top was 118.7 and 394.1% higher than that ofthe entire tree forthe white spruce and
balsam fir, respectively. Even though the egg mass density in the top of the tree was 4.9
times higher than that of the entire tree for the balsam fir trees compared to 2.2 times higher
for the white spruce trees, the egg mass density of the tree top for the white spruce trees was
1.4 times larger than that for the balsam fir trees.
DISCUSSION
As expected, considerable tree-to-tree variation was found in terms of number of egg
masses, foliage surface area, and egg mass density for both tree species.
On the average, white spruce trees had 3.1 times as many egg masses, 0.97 times as much
foliage surface area, and 3.2 times larger egg mass densities than balsam fir trees.
The majority of egg masses was found in the mid- or upper-crowns for all stands and both
tree species. For the balsam fir trees, on the average, 6.4, 48.0, and 45.6% of the egg masses
were found in the lower-, middle-, and upper-crowns. respectively; the same percentages for
white spruce trees were 9.5, 36.1, and 54.4%, respectively. The percentages of egg masses
found in the tree top were 3.7 and 9.4 for white spruce and balsam fir trees, respectively.
Close to half of the foliage surface area was found in the mid-crown for both tree species.
For balsam fir trees, on the average, 32.0,48.6, and 19.4% of the foliage surface area were in
the lower-, middle-, and upper-crowns, respectively; the same percentages for white spruce
trees were 29.9, 44.0, and 26.1, respectively. The percentages of the foliage surface area
found in the tree top were 1.9 and 1.7 for white spruce and balsam fir trees, respectively.
On the average, egg mass densities of the mid-crown were 2.59 and 4.94 times that of the
lower-crown for white spruce and balsam fir trees, respectively. On the average, densities of
the upper-crown were 6.58 and 11.71 times that of the lower-crown for wbite spruce and
balsam fir trees, respectively. On the average, densities of the tree top were l.05 and 2.4
times that of the upper-crown branches for white spruce and balsam fir, respectively. On the
average, densities at mid-crown were 17.9 and 1.2% lower than that of the entire tree for
white spruce and balsam fir trees, respectively.
The tree-to-tree variability of egg mass density for white spruce trees (5" = 0.0960) is
significantly larger (F-test, p < 0.001, n,
9, n2
II) than that for balsam 'fir trees
=
0.0114).
No explainable or meaningful trends were observed in the tree-to-tree, stand-to-stand,
and white spruce versus balsam fir quadrant differences for number of egg masses, foliage
surface area, and egg mass density. The differences are not large on an absolute scale and
are well within real-world sampling variation.
The implications of this study for sampling to estimate egg mass density in mixed spruce
fir stands of low populations are (J) Considerable tree-to-tree and stand-to-stand variation;
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(2) It does not seem to matter what quadrant is sampled; (3) The average egg mass density in
spruce trees may be considerably higher than that in balsam fir trees; (4) The tree-to-tree
variation of density may be considerably larger for white spruce trees than for balsam fir
trees; (5) Densities in the mid-crown. upper-crown. and tree top are considerably higher
than that in the lower-crown for both species, but the relative differences may be approxi
mately twice as large for balsam fir trees compared to white spruce trees; (6) Densities at
mid-crown may over- or underestimate the density of the entire tree, depending on the tree
and the stand, and densities at mid-crown may be closer to the density of the entire tree for
balsam fir trees compared to white spruce trees; and (7) Sampling at mid-crown may be
adequate for balsam fir trees, but sampling for white spruce trees possibly should be in the
upper part of the mid-crown.
These implications suggest that there is a high degree of stand-to-stand and tree-to-tree
variability when sampling to estimate egg mass density. Estimation bias caused by sampling
at mid-crown can be large and extremely variable. Any sampling scheme to estimate
mass density in spruce-fir stands must take into account the difference in density mean
variance between spruce and fir trees. More detailed information on development of an
optimum sampling scheme for estimating egg mass density at low population levels will be
reported in subsequent papers in this scries.
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TECHNOLOGY TRANSFER IN FOREST PEST MANAGEMENT:
A CASE HISTORY
John A. Witter, 1 Gary A. Simmons,2 Brucc A. Montgomery, I Randall G. Rogan2
ABSTRACT
The current approach being used in the spruce budworm technology transfer program for
the Lake States is described. During 1981-1982, we concentrated on needs assessment
surveys and the development and packaging of materials in five areas: general manual,
chemical control handbook, silviculture handbook, instruction manual for remote sensing
workshops, and technical reports on budworm impact on spruce-fir stands. We present a list
of factors that researchers and technology transfer specialists should consider when plan
ning a research and technology transfer program in forest pest management.

The major objectives of this paper are two-fold: to present our current spruce budworm
technology transfer program for the Lake States, and to present a few basic comments on
technology transfer procedures in forest pest management.
During the last 10 years, there have been a number of USDA research programs that have
concentrated on forest pest management programs for gypsy moth, Douglas-fir tussock
moth, southern pine beetle, and mountain pine beetle (Ketchum and Shea 1977, Berryman et
aL 1978, Brookes et aI. 1978, Thatcher et al. 1980, Doane and McManus 1981). The USDA
has also been involved with the Canadian Forestry Service during the last five years in the
Canada-USA Spruce Budworms Program (Grimble 1981). Two other important USDA re
search projects have concentrated on decay associated with tree wounds and ways to
protect wood from termites and decay (Haverty 1977, Shigo 1979). At the state level, Gary
Simmons, Louis Wilson, and Daniel Mosher organized the Michigan Cooperative Forest
Pest Management Program in 1978. This group has helped immensely in improving the
exchange of information between researchers, pest management specialists, and users in the
State of Michigan. As part of each of these research programs, and the Michigan Coopera
tive Forest Pest Management Program, various technology transfer plans or approaches
were developed or are in the process of being developed.
A SPRUCE BUDWORM TECHNOLOGY TRANSFER PROGRAM
FOR THE LAKE STATES
For hundreds of years, the North American boreal forests have experienced periodic
spruce budworm outbreaks. Fir and spruce usually regenerate after a spruce budworm
outbreak, reaching a merchantable size in 40-60 years. Although the spruce budworm is an
integral component of spruce-fir forests in North America, it normally does not prevent the
continuity of spruce-fir forests.
In the Lake States, the spruce budworm was not considered a major problem until recent
years. The expansion and addition of several pulp and paper mills has led to greater market
demand for spruce and fir and has led to more intensive forest management practices. Forest
managers are now quite interested in techniques to reduce the amount of impact of the
spruce budworm on spruce-fir stands in the Lake States.
ISchool of Natural Resources, The University of Michigan, Ann Arbor, MI 48109,
20epartment of Entomology, Michigan State University, East Lansing, MI 48824.
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DEVELOPMENT OF TECHNOLOGY TRANSFER PROJECT
The various agencies in the Lake States received numerous requests for spruce budworm
information during summer and fall 1978. Therefore, pest management specialists represent
ing eight different units organized and sponsored a one-day workshop on the spruce bud
worm which was held on 13 December 1979 in Escanaba, Michigan. It was quite obvious at
the meeting that various user groups needed information on the spruce budworm in the Lake
States. During the next year, informal discussions on implementation of a technology trans
fer program for the spruce bud worm continued. This culminated with a meeting on Tech
nology Transfer which was held in Ann Arbor in December 1980. After this meeting, a
demonstration project on "Spruce Budworm Technology Transfer in the Lake States" was
organized and a proposal was submitted to the Canada-USA Spruce Budworms Program for
funding considerations, The proposal was approved and the program started on I June 1981.
Numerous participants from Michigan State University and The University of Michigan
have been involved with this technology transfer project.
GOALS
The overall project goal is to provide the land manager with pest management information
on the spruce budworm in the Lake States.
Specific project goals are (I) to establish and maintain communication between scientists
and users of spruce budworm management information, (2) to design and implement an
education program on spruce budworm and spruce-fir management for a variety of profes
sional and non-professional information users, and (3) to utilize the target audience feedback
in the planning, implementation, evaluation, and modification of the effort.
APPROACH
Our approach to the technology transfer program can be described in eight steps: (I)
Design of study plan. (2) Appointment and meetings with the Advisory Committee repre
senting user groups such as the Departments of Natural Resources (DNR) of Michigan,
Wisconsin, and Minnesota; U.S. Forest Service, National Forest System; and U.S. Forest
Service, State and Private Forestry, Forest Pest Management. (3) Development and ad
ministration of Needs Assessment Surveys on Spruce Budworm and Spruce-Fir Manage
ment for pest management specialists and researchers, education specialists, and foresters.
(4) Analysis and interpretation of Needs Assessment Surveys. (5) Listing of needs and
methods for delivering the information. (6) Development and packaging of products for the
users. (7) Periodic evaluation of technology content and process. (8) Modification of study
plan for each year based on evaluation of content and process and new needs of user
community.
We have concentrated our efforts on the intermediate information movers (Le., forest pest
management specialist, technology transfer specialist) as key people who need the updated
material and who will then supply this information to the user in their area. We chose this
approach because we are dealing with an entire region instead of a smaller area such as a
county or state. Another major premise in our technology transfer program is that feedback
from our users is essential and must occur at each step in our approach.
FlRST YEAR OF PROJECT (1981-1982)
DUring 1981-1982, we have concentrated our efforts on six items: needs assessment
surveys, development of manuals and handbooks, development of remote sensing work
shops, development of media packages, telephone conference with advisory committee, and
evaluation of processes and products.
I'teeds Assessment Surveys. The first major task of the technology transfer program was the
preparation of two needs assessment surveys. The surveys were aimed at the information
mover and the forester. The objectives of the surveys were to determine the patterns of
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communication, channels of communication, information needs, and best methods for pack
aging the information.
In the first survey, 42 pest management and information specialists in the Lake States
were interviewed during August through October 1981. Preliminary analysis of the survey
data has revealed some interesting features associated with the needs, attitudes, and tech
niques of Lake States technology transfer specialists. :Most interviewees obtain their spruce
budworm information from the U.S. Forest Service, State and Private Forestry; Canada
USA Spruce Budworms Program; and state DNR·s. The major obstacle in obtaining infor
mation was the time required to review budworm materiaL Other obstacles for some re
spondents in obtaining information were lack of good information, and for others, over
abundance of information. The participants commented that the lack offeedback and insuf
ficient staff were their major problems in disseminating information.
Aceording to 50% of the interviewees, their clients most often requested information on
spruce budworm control. Other heavily requested items were information on salvage and
utilization, prevention techniques, and methods for monitoring spruce budworm popula
tions. Future subject areas of concern to the interviewees were prevention, hazard-rating,
insect monitoring, economics, and control. The major ways respondents wanted to receive
information were by agency bulletins such as "how-to's" and handbooks; scientific peri
odicals; workshops, conferences, and meetings; and technical manuals.
In the second survey, over 400 foresters in the Lake States were interviewed in a tele
phone survey during January through April 1982. The results of the forest managers' survey
is currently being compared with the results of our information movers' survey. This will
give us a comprehensive picture of the various communication channels between informa
tion movers and forest managers, along with a breakdown of specific information needs.
During our first year of operation, the development and packaging of materials for users was
based on the information movers' survey. In our second year of operation, we will have the
information available from both surveys to help us in developing and packaging information
for our users.
Development of :Manuals and Handbooks. A second major task in 1981-1982 was the
development and packaging of materials for our users. We have concentrated our efforts on
four areas: general manual, chemical control handbook, silviculture handbook, and techni
cal reports on budworm impact on spruce-fir stands.
A preliminary version of the Spruce Budworm Manual Jor Technology TransJer Special
ists in the Lake States was published in November 1981 for pest management specialists,
researchers. and information and education specialists (Montgomery et al. 1981). Convert
ing specific, sometimes controversial, highly technical material into a readable and informa
tive manual is difficult. We wanted to be certain that the revised manual's format, writing
style, and content best served the intended audience. Using the feedbaek mechanism, the
preliminary manual was mailed to over 150 budworm specialists in North America for their
review. The objective of this mailing was to promote technology transfer, to request com
ments and criticisms, and to obtain more current information from other regions. Thirty-five
pest management specialists and researchers, including 15 from the Lake States sent com
ments. Overall, the reviews were positive with the only major contlict between reviewers
related to the length of the manual and the intended audience.
One group of reviewers was satisfied with the length and amount of information while a
second group of reviewers felt the manual was too long, and contained too much general
information and not enough condensed, application-oriented material. From a decision
making point of view, the feedback on the manual was very helpful. We found out there
were two intended audiences and they could not be provided the needed information in only
one format. Therefore, two manuscripts were developed: a long version somewhat similar to
the preliminary manual and a condensed "how-to" handbook. An updated, greatly revised
Spruce Budworm Manual Jor the Lake States (Montgomery et aL 1982) was distributed in
June 1982. A condensed "how-to" handbook will be available for distribution in December
1982.

Two additional 6 by 9 inch handbooks on Insecticides Jor Control oj the Spruce BudH'orm
and The Relationship oj the Spruce Budworm to Spruce-Fir Silviculture in the Lake States
are currently being completed.
Analysis of the first four years of a seven-year research study on the impact of the spruce
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bud worm on spruce-fir stands in Michigan's Upper Peninsula was recently completed. Four
technical reports that present the impact information in a condensed, applied manner for the
land manager have been published (Lynch et al. 1982 a,b,c,d).
Remote Sensing Workshops. During 1981-1982, we planned, developed, and conducted
two workshops on "Spruce Budworm Damage Assessment with 35mm Air Photos." The
workshops were intended for practicing foresters and forest pest management specialists
dealing with spruce bud worm damaged stands or forest stands susceptible to such damage.
The workshops were held in Sault Ste. Marie, Michigan, and Norway, Michigan, on 22-23
April 1982, and 26-27 April 1982, respectively. In each workshop, emphasis was placed on
the principles of obtaining and interpreting 35mm color air photos for damage assessment
and hazard-rating of spruce-fir stands under Great Lakes conditions. A programmed instruc
tion manual for self-study was prepared and used in the workshop (Olson, Witter et al.
1982). The workshop and instruction manuals were well received by the workshop partici
pants. The final revision of the self-study instruction manual is completed (Olson, Sacks et
at. 1982).

Development of Media Packages. Recently two popular articles describing the spruce
budworm problem and research efforts to combat it (Gosling 1981, Witter et al. 1981) were
published in Lake States' periodicals that reach a large number of small landowners who
would normally not seek out information on forest insects. Likewise, news releases on the
spruce budworm were distributed throughout ~lichigan. Many newspapers featured the
articles which gave readers a general idea of the spruce budworm problem and the current
status of the infestations.
Visual media packages are being planned for the future. Slide-tape shows will be used as
educational devices for classes, clubs, and professional societies, and to accompany presen
tations at teleconferences and workshops. Videotapes will be used to introduce general
subject matter to small groups at workshops, for public and affiliated television progmms,
and as a training aid for various agencies that need to learn or review specific techniques
when dealing with the spruce budworm.
Telephone Conference With Advisory Committee. The preparation of a seven-month prog
ress report provided us with an opportunity to implement a relatively innovative technology
transfer technique, the telephone conference. We assessed the telephone conference's
potential as a viable medium for future information exchange between researchers, plan
ners, pest management specialists, and users. The evaluation procedure was two-fold:
obtaining pre- and post-conference feedback from the participants regarding their expecta
tions and satisfaction with the telphone conference call, and conducting a cost-benefit analy
sis of the telephone conference in comparison to a standard conference meeting. Preliminary
analysis of the telephone conference indicated that the telphone conference is an excellent
way to exchange information between managers and pest management specialist if the
number of participants is under 15.
Evaluation of Processes and Products. Process evaluation is concerned with assessing the
way project activities are undertaken and completed. Product evaluation is concerned with
the assessment of product output. These types of evaluations are useful in helping to deter
mine what works and what does not work. It enables project staff to make the necessary
changes so that the project operates more efficiently and effectively.
Project staff conducted a follow-up survey on the process evaluation of the information
movers' needs assessment survey. The objectives of the follow-up interviews were to de
termine how respondents felt about the needs assessment survey questions, the interview
session itself, and the needs assessment approach. Respondents generally felt that the
questions were adequate for assessing their particular needs. Nearly all considered the
survey to be a worthwhile and eftlcient use of their time, as well as a pLeasant experience.
Most res pondents felt that the survey was a rational approach for the design of future project
activities, as long as the information is used. Future evaluations will include both product
and process evaluation.
DISCUSSION
lJ nti! recently, technology tmnsfer in forest pest management most often operated in a
hit-or-mis& fashion rather than in a planned approach. The major objective of a technology
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transfer plan is to transfer developed technology to the users. The goal of all technology
transfer plans is to deliver valuable research results to the user through various types of
media that will ensure the information is easily understood and used in the shOltest time
possible (Nicholls and Prey, in
or ingredients of a simple technology transfer plan.
Marx (1980) discussed seven
The ingredients are (I) message-what is being transferred. (2) objective-expected ac
complishments, (3) team-identify people and skills needed. (4) audience-potential users,
(5) media-mechanisms for transferring the technology, (6) budget-cost in dollars and time,
and (7) evaluation-assessment of program.
After reviewing numerous articles on technology transfer, we prepared the following list
of factors that researchers and technology transfer specialists should consider when plan
ning a research and technology transfer program: (I) Plan the technology transfer efforts at
the beginning of the research
instead of waiting until the end (Allen et aI. 1982). (2)
The researcher should involve
user at the beginning of the research program instead of
waiting until near the end of the research program (Witter and Mog 1981). (3) The researcher
should work very closely with the technology transfer specialist in developing the technol
ogy transfer plan (Nicholls and Prey, in press). (4) The researcher should have a better
understanding of the factors that help or hinder technology transfer efforts (Nicholls and
Prey, in press). (5) The researcher should have a better understanding of the innovation
process and factors that affect it (Moeller and Shafer 1981, Muth and Hendee 1980). (6) The
researcher should have a better understanding of how innovations are diffused among poten
tial users (Muth and Hendee 1980). (7) More emphasis must be placed on packaging the
product: how and what type of media. See Marx (1980) for a checklist of media appropriate
for agriculture and natural resources. (8) More emphasis must be placed on adVertising the
results of your program to the user community (Nicholls and Prey, in press).
There is a much better chance of having a successful research and technology transfer
program when the above factors are seriously considered by the researcher and technology
transfer specialist.
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DETERMINING THE COST OF AN IPM SCOUTING PROGRAMI
Grayson C. Brown
ABSTRACT
A simple model of an integrated pest management (rPM) program is presented. The model
incorporates most common sources of income and expenditure encountered by scouting
programs. It has been validated in the 30-county Kentucky rPM program using county
specific parameters and agrees very well with current pricing policies in those counties. This
indicates that it should be a reliable indicator of future policies as labor and fuel costs rise.
Other applications of the model are discussed.

Individuals coordinating integrated pest management (lPM) scouting programs are often
confronted with an array of management decisions such as what increase in acreage rates is
necessary to meet increasing fuel and labor costs? What rates must be charged for different
cropping systems? What effects will new techniques or methodologies have on the program?
The answers to these questions are important but not always easy to deduce. To help
answer such questions, a simple model of the IPM scouting program in Kentucky has been
developed and validated. The purpose of this paper is to describe this model and discuss its
use.
MODEL FORMULATION
The annual cost of scouting a field may generally be described as

+ Oc + Ie

Sc

where Sc is the annual expenditure (5) by the program for scouting activities, Tc the total
travel cost incurred by the scouts, Oc the observation costs, and Ie the program's incidental
costs which are shared by each field (management personnel, supplies, etc.). These three
costs will be treated individually.
Travel Costs. The costs of transporting scouts between fields is the sum of mileage costs
and time costs. This can be written as

Tc

=

DF

(Mr

-l-

Hr)
Sp

where D is the average distance between fields (mil, F the number of fields in the program,
Sv the average number of visits or scouting dates/field/season (units of fields-I), Mr the
mileage allowance of driving ($/mi), Hr the hourly wage paid the scouts ($/h), and Sp the
average travel speed (mi/h). The unit ofTc is dollars and represents the annual travel cost to
the total program.
Observation Costs. The costs incurred in scouting fields depend primarily on average field
size, which determines the amount of scout time required. This cost can be stated as

IScientific Papcr No. 81·7-215 of the Kentucky Agricultural Experiment Station, Lexington, in connec
tion with project No. 493.
20epartment of Entomology. University of Kentucky, Lexington. KY 40546.
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Da S, A F
Sa

where Da is the h/day a scout works, A the average field size in acres (units of A/field). Sa
the average A/day scout assignments, and other variables are as before. As with Tc Oc is in
units of dollars and represents the seasonal cost.
Incidental Costs. Incidental costs are those management and operating costs which must
be shared by all fields. These costs may be described as
Su + MfF + MI

Ie

where Su is the scout supervisor or foreman's annual salary (including fringe benefits). Mf
the management costs/field ($/field), and Mt the management travel costs ($) calculated
similar to Te above. Again, Ie is in units of dollars.
Using these equations, the annual expenses of a scouting program can be written as
Sc = Su + MfF + MI + ~!LP,,~ 5 v A F + D F
Sa

Sy

(Mr + §)
Sp

APPLICATIONS
Although extremely simple, the above model has several important applications. Some of
these applications have been implemented in the Kentucky IPM program while others are
available.
Determining Rate Cbarges. For new and expanding programs the model can serve as a
guide to assessing minimum rates ($/AJ which must be charged to cooperators for the
program to remain solvent. This is done by writing the income from a scouting program. Sj.
as
Si=AFR
where R is the $/A charge to the farmer or cooperator, A and F are as before. Since a
necessary condition is
S1

Se

the minimum rate to be charged to the cooperator is
Su + MfF + Mt

R=

..:.

HI' Da Sf + 0

Sy

(Mr +

AF

This formula has been used in the Kentucky program to produce a book of minimum rate
charges depending on scout and supervisor wages, mileage allowances. and the number of
fields in a county's program. The values ofthe parameters used in determining these charges
for the Kentucky program are given in Table I for illustrative purposes. The resultant
minimum rate charges have been shown to the county agents in the 30-county program in
Kentucky, each with its own wage and mileage policy. The results of comparing current
prices with the model's estimates show that the model is consistently within 2-3% of current
prices. This indicates that it will be a reliable indicator of the future charges as wages and
mileage allowances increase. A limited number of these rate charge booklets are available
from the author on request.
Assessing tbe Impact of Program Alterations. Some of the smaller county programs in
Kentucky have no supervisor but realize that. as they expand, one will be required. This
model has been helpful in determining the point at which a supervisor is economically
feasible. Another example pertinent to many rPM programs is evaluating the increased cost
of new technology such as data processing. This is done by adding an appropriate expression
to the incidental costs component, Ie. This has been done for the IPM Data Base Manage
ment System in Kentucky (Brown et aL 1980) indicating that if this system was financed
entirely through acreage charges in 1980, an additional 4¢/A would be required.
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Table I. Sample parameter values used in determining rate charges for counties in the
Kentucky IPM program.
Description

Variable

Value

FIXED PARAMETERS

A
D
Da
§a
Sv
Sp

A verage field size in acres
Average distance between fields in miles
Hours worked/scoutlday
Acres scouted/scout/day
Scout visits/field/season
Travel speed between fields (mi/h)

40
5

8
400
10
30

VARIABLE PARAMETERsa
F
Hr
Mr
Mt
Su

Numbers fields in a county program
Hourly scout wage ($/h)
Mileage allowance ($/mi)
Supervisory travel costs ($/yr)
Supervisor's salary ($/yr)

25-500
3.00-4.00
0.1O-D.20
0-1567
0-15.00()

aThese parameters were varied over the indicated ranges to encompass the current and anticipated
conditions of each of the 30 counties in the Kentucky IPM program.

Subdivision of Program Components. This model can be applied to specific components of
the IPM program. For example, one may wish to treat different cropping systems separately
(e.g. conventional field crops vs. double crops). One may even treat individual fields sepa
rately to identify fields that represent net profits vs. those that represent net losses. In this
case, field specific parameters are used with distance for field i represented as
OJ

(Di-I + Di+ 1)12

where OJ is the field-specific distance for field i (replacing 15),0;-1 is the distance from the
previous field, i-I, to field i, and Di+ 1 the distance from field i to the next field, i+ I. This
equation is used to give equal weight to distance to and from a scouted field.
SUMMARY
A very simple, yet accurate and flexible, model has been proposed to describe an IPM
program. A few of its cun'ent and potential uses have been illustrated.
Though the structure of this model would probably vary with different IPM programs, the
general concepts and approaehes used here should still be valid. Moreover, this approach
can be used by most IPM personnel and should aid IPM coordinators in management
decisions.
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