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IDENTIFICATION AND DISTRIBUTION OF BAETISCA
NYMPHS (EPHEMEROPTERA: BAETISCIDAE) IN WISCONSIN l
William L. Hilsenhoff2
ABSTRACT
~ymphs of three species of Baetisca (Ephemeroptera: Baetiscidae) have been collected
in Wisconsin. Baetisca laurentina was most abundant. occurring in a wide variety of
streams and occasionally in impoundments. Baetisca obesa was uncommon and occulTed
only in two large rivers, while B. lacustris was somewhat more common and inhabited
medium to
streams. Except for a few nymphs of B. lacustris that were collected
from Green Bay on Lake Michigan, no Baetisca nymphs were found within 100 km of
Lake ~fichigan.

In 1981 Pescador and Berner completed a thorough study of the genus Baetisca in
.r-;orth America. They synonymized Baetisca baj/wvi Neave, 1934 with Baetisca lacustris
McDunnough, 1932 and provided the first key to nymphs of all species in North America.
Only three
are known from the Great Lakes region, while seven more occur
farther east or in the southeastern United States. Nymphs of species in the Great Lakes
region can now be easily identified through characters provided in the key below.
Identification of nymphs in 286 collections provides insight into the apparent distribu
tion of Baetisca in Wisconsin (Fig. 1). All species were most commonly found along
margins of streams or impoundments in areas of reduced current and a substrate
containing a mixture of sand, silt, and detritus. None of the species were collected from
counties within 100 km of Lake Michigan (Fig. 1), probably because streams in this part
of Wisconsin lack the silt-sand substrate. An exception was the three nymphs of B.
lacustris that were collected from the shore of Chambers Island to the west of Door
County in Lake Michigan's Green Bay, and they represent the only truly lentic col
lections, although a few B. laurentina McDunnough, 1932 and B. obesa (Say, 1843) were
collected from impoundments. The most abundant and widely distributed species was B.
laurentina, with 1325 nymphs being collected from a variety of small and large streams.
Only 55 B. obesa nymphs were found, and all of them came from two very large rivers,
the Wisconsin and the St, Croix. The 112 B. lacustris nymphs were collected mostly from
.
medium to large rivers.
~fost nymphs were collected from October through May, and often there was a large
disparity in size among individuals in each collection. Large, mature nymphs were
collected from late April through June, suggesting that emergence of all species occurred
mostly in May and early June. No nymphs were found in July, and only very small
nymphs were present in August. By September many nymphs were large enough to
identify and by late October some nymphs of B. lacustris and B. laurentina were 6 mm
long (excluding tail filaments). Baetisca obesa nymphs, however, did not reach a length
of -1- mrn until late November and early December.

'Research supported by the Research Division of the College of Agricultural and Life Sciences,
l'niyersity of Wisconsin-Madison.
:nepaiunem of Entomology, University of Wisconsin, Madison. WI 53706.
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Key to Nymphs of Baetisca in Wisconsin
and other Great Lakes States
1.

Dorsal spines absent from mesonotal carapace; covered dorsally and ventrally with
distinctly separated freckle-like spots .......................... lacustris
1'.
Dorsal spines present on posterior of mesonotal carapace (small in younger
nymphs); pigmentation consists of blotches and irregularly spaced spots of various
sizes that often coalesce ............................. ............. 2
2(1'). Frontal projection inconspicuous, projecting about 1!3 length of an eye; ventral
margin of meso notal carapace with a brown border; venter with numerous
irregular-sized dark spots .................................. laurentina
2' .
Bilobed frontal projection prominent, projecting a distance equal to length of an
eye; ventral margin of mesonotal carapace without a dark border; venter mostly
devoid of dark spots, but with a large dark spot laterally on first 5 abdominal
sterna ....................................................... obesa
LITERATURE CITED
Pescador, M. L. and L. Berner. 1981. The mayfly family Baetiscidae (Ephemeroptera).
Part II Biosystematics of the genus Baetisca. Trans. Amer. Entomo!. Soc. 107: 163
228.

Fig. 1.

County collection records of Baetisca in Wisconsin.
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A NEW RECORD FOR MAGICICADA SEPTENDECIM IN
MICHIGAN (HOMOPTERA: CICADIDAE)1
Charley A. Chilcote and Frederick W. Stehr2
ABSTRACT
.-\dult 17-year cicadas, Magicicada septendecim were collected on the Michigan State
Cni,ersity campus, East Lansing, Michigan in 1982. Their probable origin and chances
for Sllf\·j.-a! are discussed.

In ~Iay 1982, adult 17-year cicadas, Magicicada septendecim (L.), were collected on
the ~fichigan State University campus at East Lansing, Ingham County, MI. They were
emerging from the soil beneath flowering dogwoods, Comus florida (L.), near North
Kedzie Hall and the Munn Ice Arena between 17 and 31 May. Only 33 individuals were
observed in this time period. Munn lee Arena was built in 1974, so the dogwood was
transplanted to that site in 1974 or later.
This is the ftrst record of Brood V in Michigan. Magicicada septendecim for Broods VI
and tori X has previously been recorded from Wayne, Oakland, Genessee, Lenawee,
LiYingsron. Washtenaw, Calhoun, and Kalamazoo counties (Moore 1966). The normal
di"tribution of Brood V includes western Pennsylvania, eastern Ohio, and western West
Virginia (Alexander and Moore 1962).
We believe these cicadas were probably brought to campus as nymphs in the balls of
soil transported with the flowering dogwoods. An attempt to locate the point or date of
origin was not successful. Records are not maintained by the University for individual
trees after they are transplanted into the nursery and thereafter to campus plantings.
Howe,·er. these flowering dogwoods were more than likely initially imported as nursery
stock from northwestern Pennsylvania or northeastern Ohio after the 1965 emergence
there of Magicicada septendecim in Brood V, and the small nymphs presumably
transported in the root balls survived to emerge on schedule but outside the normal range
of Brood V. These are areas frequently serving as sources for nursery stock transplanted to
the East Lansing campus; nursery stock from farther south in Pennsylvania, Ohio, or West
Virginia would have been expected to yield surviving individuals of all three 17-year
species of Mag/cicada rather than just septendecim which is known to occur by itself in
Brood V roughly north of Knox County, Ohio; Ohio County, West Virginia; and
Allegheny County, Pennsylvania (Moore, pers. comm.).
Ouring the emergence period singing was not heard. Only 33 adults were observed (II
were collected). More may have emerged as only emergence holes were found at Munn
Ice Arena. but. with the presence of chipmunks (known voracious predators of 17-year
cicada'il searching around these holes by those two buildings and with the abundance of
birds that are general predators on campus, it is unlikely that enough adults were present
long enough for congregation, chorusing, mating, and egg-laying to occur. It is question
able whether a continuing population of M. septendecim (Brood V) has been established
on the ~fichigan State University campus. However. those who may be present on the
~{SC campus in 1999 should certainly look for them.

l~fichigan Agricultural Experiment Station. Journal Article No. 11109.
:Depanment of Entomology, Michigan State University East Lansing, MI 48824.
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Males, females, and cast skins have been deposited in the Insect Museum of the
Department of Entomology, Michigan State University. The specimens were positively
identified by Dr. Thomas E. Moore, whose discussions about the biology and possible
origin of the specimens are gratefully acknowledged.
LITERATURE CITED
Alexander, R. D. and T. E. Moore. 1962. The evolutionary relationships of 17-year and
13-year cicadas, and three new species (Homoptera, Cicadidae, Magicicada). Misc.
Pub!. Mus. Zool. Univ. Michigan. 121. 59 p.
Moore, T. E. 1966. The cicadas of Michigan (Homoptera: Cicadidae). Pap. Michigan
Acad. Sci., Arts and Letters. 51:75~82.
.
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NOTES ON HYADAPHIS FOENICULI AND REDESCRIPTION OF
HYADAPH/S TATAR/CAE (HOMOPTERA: APHIDIDAE)
David Voegtlin'
ABSTRACT
The occurrence of Hyadaphis joeniculi in North America is discussed and a list of its
synonyms in the North American literature is presented. H. tataricae is redescribed and a
key to separate the two
is given along with comparative drawings and photo
graphs.

entil the mid 1970's, Hyadaphis joeniculi (Passerini), was the only species of this
genus known in North America. Although this species is considered to be of European
it was widely distributed across North America in the early 1900's. Patch (1923)
recorded it from Connecticut in 1909 and Davidson (1909) named it from collections
taken in California. I believe Sanborn ( 1904) was referring to this species in his study of
the aphids of Kansas. He provided a description and figure of an Aphis n. sp. taken on
honeysuckle but in this or his subsequent host list (Sanborn 1906) did not provide a
spt."Cific name for the species. Gillette (1911) noted its presence in Colorado. Smith (1978)
h,(ed a distribution of 23 states and four provinces, but I suspect that this species could be
found across Canada and in the northern states not included in the list. There has been
considerable confusion as to the identity of this species as is indicated by the number of
names it has been given in the American literature (see below). H. joeniculi is a
host-aJtcrnating species utilizing Lonicera spp. as primary hosts and species of Umbel
lifcrae as secondary hosts. This added to the confusion as it has been named from
collections on both primary and secondary hosts.
A second species Hyadaphis tataricae (Aizenberg) arrived in North America within the
last decade (Boisvert et aL 1981, Voegtlin 1981). It too is associated with Lonicera spp.
but apparently is limited to those species in the L. tatarica complex (Voegtlin 1982). It
has proven to be a severe pest of ornamental honeysuckles especially in the northern states
and Canada where it is presently found. Unfortunately a high percentage of these
ornamentaJ honeysuckles are related to L. tatarica and are highly susceptible. As far as is
kno~~ it is monophagous on honeysuckles; i.e., it does not have an alternate summer
host.
It is quite common to find mixed colonies of these two species in the spring and fall on
honeysuckle. The eventual deformation on honeysuckles by H. tataricae is more severe
than that caused by H. joeniculi, but in the early spring it is not possible to say which of
the species may be causing the beginning of a "witches broom" until the aphids are
examined. I took several early spring collections as samples of H. tafaricae which
contained only fundatrices and nymphs of H. joeniculi. Correspondingly in the fall the
"witches brooms," caused by H. tataricae in the summer, will often have gynoparae and
sexuales of H. jaeniculi in them as well as apterous viviparae and sexuales of H.
tt111lricae .

:Illinois :'\aruraJ History Survey, 607 E. Peabody, Champaign, IL 61820.
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Hyadaphis Kirkaldy
The North American literature lacks an adequate generic description of Hyadaphis as
presently defined. Generic descriptions can be found in Cottier (1953), Eastop (1961) and
Raychaudhuri et al. (1980). The genus contains 15 species (Eastop and Hille Ris Lambers
1976) associated with Lonicera and (or) Umbelliferae and is considered Palearctic in
origin.
The following couplet will separate all morphs of both species of Hyadaphis found in
North America. Measurements throughout the paper are in millimeters.
I.

I'.

Siphunculi pale, never strongly clavate, 0.5-1.15 times length of hind tarsal II
(usually shorter); ultimate rostral segment 0.063--0.096 (usually less than 0.080);
found only on Lonicera spp. in the tatarian complex. (Figs. 4B-D & 5B,C)
. . . . . . . . . . . . .. ................................... Hyadaphis tataricae
Siphunculi medium to dark brown. often strongly clavate, especially in summer
apterae and alatae, greater than 1.45 times length of hind tarsal II; ultimate rostral
segment, 0.090--0.110 (usually greater than 0.095); with Lonicera spp. as primary
hosts and various species of Umbelliferae as secondary hosts. (Figs. 4A & 5A,C)
. . . . . . . . .. . ......... , .... , ......... ,............ Hyadaphis joeniculi

The following synonymic list for Hyadaphis joeniculi in the American literature may
not be exhaustive but should include all the name combinations. This literature provides
host and distribution records and descriptions of all forms.
Hyadaphis joeniculi (Passerini)
Siphocoryne xylostei (Schrank), Davidson 1909.
Siphocoryne conii Davidson 1909.
Hyadaphis umbellulariae Davidson 1911.
Rhopalosiphum pastinacae (Linnaeus), Gillette 1911.
Hyadaphis xylostei (Schrank), Essig 1911.
Hyadaphis conii (Davidson), Davidson 1914.
Siphocoryne pastinacae Linnaeus, Swain 1919.
Hyadaphis mell!fera Hottes 1930.
Rhopalosiphum melliferum (Hottes). Hottes and Frison 1931, Gillette and Palmer 1932.
Essig 1938, Knapp 1973.
Rhopaiosiphum conii (Davidson), Palmer 1952, Pepper 1965.
Hyadaphis joeniculi (Passerini), Robinson and Bradley 1965, Leonard 1968, Leonard
and Bissell 1970, Forbes and Chan 1978, Walker et al. 1978.
Hyadaphis tataricae (Aizenberg 1935)
Since the literature on this species is not readily available in North America, the
following redescription is presented. It is based primarily on material collected from April
to November 1981 in the north central states. Specimens from Illinois were sent to V. F.
Eastop and D. Hille Ris Lambers, who both verified the identification.
Hayhurstia tataricae Aizenberg 1935, Rupais 1961.
Neohayhurstia tataricae (Aizenberg), Aizenberg 1956.
Semiaphis tataricae (Aizenberg), Rupais 1969.
Hyadaphis tataricae (Aizenberg), Grigorov 1965, Gunkel and Uschdraweit 1964. Hille
Ris Lambers 1966, Muller 1972, Muller and Buhr 1965, Shaposhnikov 1964.
Taschev 1963, Tomilova 1959.
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Fundatrices
This fonn was first described by Muller (1972) based on specimens taken on 13 May
1969 in Berlin on Lonicera bella. The description is in German.
Color in life: Body dull yellow green completely covered with light pulverulence.
Yertex. front and antennal I dark, antennal II to distal portion of III pale then dusky to end
of process tenninalis. Legs relatively uniformly dusky throughout; cauda, and selerite on
VIII concolorous with
and darker than siphunculi which is only slightly darker than
bodv.

Scierotization pattern in mounted specimens (Fig. 5B): Body free of sclerites except as
follows: vertex. prothorax often with a small selerite on median line, on eighth tergum,

A

B

•

I

l

c

Fig. l. Alate yjvjpara: (A) H.foeniculi. (B) H. talaricae; apterous vivipara: (el H. foeniculi. (D) H.
tataricae.
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A

B

c

o

E

F

Fig. 2, Alate viviparae: (A) H. Joenicu/i, (B) H. tataricae: apterous viviparae: (C) H, Joenicu/i, (O)
H. lalaricae; fundatrices: (E) H, foeniculi, (F) H, tataricae.

subgenitaJ plate and small areas near coxae; prosternal furca not dark; antenal I con
colorous with head, II and most of III pale, dark from distal 1/6 of III to end of process
terminalis; sclerotized areas concoiorous with dark regions of legs which vary from evenly
dark throughout to mostly pale as in Figure 5B, small sclerite on prothorax and siphunculi
lighter; subgenital plate usually evenly sclerotic throughout but sometimes paler on
anterior median region.
Morphology: Front flat, median frontal and antennal tubercles not indicated; antennal I
and II smooth, III-V slightly imbricated without secondary rhinaria (Fig, 2E); body
surface smooth; siphunculi lightly wrinkled, constricted slightly below a very minimal
flange, varying from straight sided to slightly swollen; cauda triangular, evenly tapered,
broadly rounded at tip; subgenital plate broad, oval.
Measurements: See Table 1.
Setation: Body with relatively few setae on both dorsum and venter; dorsal setae on
thorax and abdominal segments I-VII short <0,015, with blunt tip, setae on head and

19~
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Fig. 3. Caudae of apterous viviparae: (A) H.foeniculi, (B) H. tataricae, and alate viviparae: (C) H.
foeniculi. ~D) H. tataricae. Ultimate rostral segments of both apterae and alatae: (El H. talaricae,
IFI H. foeniculi.

abdominal tergum VIII slightly longer, 0.013-0.026; cauda with 6-7 setae, generally 2
pair laterally and 2 or 3 on dorsal surface near tip; subgenital plate with from 9~ 14 setae
along margin of posterior half and from 2~5 setae on anterior half; abdominal tergum VIII
""1th -t-6 setae usually on or near the large sclerite; first tarsal formula 3,3,2 or 2,2,2;
ultimate rostral segment with 2 accessory setae.
Apterous Viviparae
This fonn was originally described by Aizenberg (1935) in Russian with an English
version immediately following. Muller and Buhr (1965) included a description of this
fonn.

Table I. Measurements for the five morphs of Hyadaphis tataricae. The symbol * refers to specimens having five
antennal segments. Measurements for the last antennal segment of specimens with only five antennal segments are
shown under the columns for segment 6 even though they represent the 5th segment by count. All measurements in
millimeters. The letters nm mean that the character could not be measured accurately.
specImen I

VI b

V I pt

.070
.06'
.063
.070
.090

.083
.077
.063
.083
.077

•• 15
.115

.077
.077
.080
.077
.070

.090
.090
.083
.077
.077

.1<2
.128
.134
.115
.128

IV

III

.V

setae
I est rostral
segtlfent

hind

tibIae

I<

sl phuncu! I

cauda

cauda

@

Fundatrr cas
81-27-4t
81-27-4b
81-29-lt
81-29-2
61-27-2

2.02
2.05

-*.237
-*.196

I.BO

-*.198
-*.211
-*.230

81-28-2t
81-28-3.
81-75-lt
81-76-1 j
81-77-6t

2.24
2.2'
I

1.69
2.09

-*.230
-*.224
-*.205
-*.224
-*.211

-*.208
-*.186
-*.230
-*.211
-*.185

.087
.066
.063
.090
.063

.602
.627
.602
.605
.621

.096
.090
.090
.083

.6'0
.640
.614
.621

.oao

.544

.602

.077
.070
.071
.077
.064

.087
.080
.087

.122
.096

.083

.071

.083
.080
.070
.061

~070

.083
.080
.083
.077
.064

.07,
.074
.070
.06'
.070

.192
.186
.160

.096
.096
.070
.070

.070
.070
.064
.064
.058

.211
.224
.t.41
.166
.109

.077
.070

.460
.460
.350

.055
.070
.070
.070

.102
.160
.128
.141

.(167
.077
.070
.070

.530
.460
.470

.122
.115
.115
.102

.115

.115

.173

nm
.173
.160
.179

.122

.063
.077

.083

.077

.109
.096

.109
.102
.109
.128
.090

.173
.166
•• S4

1.81
1.58
1.75

1.63
.54
.65

m
C'l

~
>
>-l

r

>

:;.;

m

.128
.102
.122
.128
.096

.160
.141
.173

VI

.179

~

.122
.13'
.115
.115
.109
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.154

m
0

Aptarotls YlvTparae

81-1'0-1
81-140-2
81-140-3

0

number of

! ength of

antenna I segments
length
secondary sensor I a

body

0,

a:::

.230
.22'
.255

.109
.109
.090
.096
.064

.211
.205
.173
.077
.096

81-181-1
81-181-2
81-183-1
81-183-1b
81-183-2

1.83
1.63
1.32
1.36
1.12

.301
.122
.307
.102
-*t66
.186
.077
.102
.051

81-183-2b
81-184-1
61-184-2
81-184-3

1.16
1.53
1.32
1.43

-*.128
.OA3
.186

-*.21
.160

.058

.070
.070
.058

.192
.186
.179
.186
.147

.080
.083
.083
.080
.083

.660
.660
.640
.580
.510
.640

.077
.OBO

.130

.MO

.360

.122
.119
.126
.128
.122
.115
.122
.128
.128
.112
.112
.096
.096
.126
.111
.115

.128

nm
.102
.102
.109
.128
.109

.em
.102
.095
.096

nm
.160

nm
.141
.166
.147

0

5

C'l

Vi
>-l

nm
.128
.134

-<:

S.

.154
.147
.115
.128
.109

-

•• 09
.128
.115
.122

0

-.I

Z

N

81-1 n"~'

1.1'/

.11'/

.0"1"

.oM

.oM

.1"111

,OI(l

.111'0

.1( 1)

• 0~)6

.11;

IH~II1'l~1I

1• ~ I
I.IIIJ
'.r,1
1.10
1.11'

.1 vi'
.'1111
./11'

,om

.OM
.0111

.lrll)

• "I ~ n

.11'1'

• 1 ~II

,;'H)

.I(J'I

.In

.077

.1 O~
.109

• !O9

.0"/1

.1'11'
.ll8

.011

--.IIItt

.t,70
.11110
,11110

.1'1'1
.J")!!

.11"1
.01lO

,nlll
.OM
.OM

,0"
.011
.Oll

--. )t.1II

.nll
• fill
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Fig. 4 Fundatrices: (A) H. foenicu/i. ex. Lonicera sp" Marseilles, La Salle Co., IL., lS-IV -81; (B)
H. tataricae, ex. Lonicera sp. Marseilles, La Salle Co .. IL.. IS-IV -81. Ovipara: (Cl H. tataricae,
ex. Lonicera X bella, Lima, Allen Co., Ohio. 23-IX-SI. Male: (D) H. talaricae, ex. Lonicera
talarica, Beardstown, Cass Co., IL.. 14-VIl-SI.
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A

Fig. 5. ApleroU5 viviparae: (A) H. joeniculi, ex. Conium maculaturn, Briones Reservoir, Contra
Costa Co .. CA.. 15-VI-79; (B) H. tataricae, ex. Lonicera x bella, Reedsburg, Sauk Co., WI.,
16-\ 1I-81. Alate viviparae: (C) H. joenicu[i, ex. Conium rnaculatum, Urbana. Champaign Co.,
IL. 3-\1II-81: (01 H. talaricae, ex. Lonicera x bella, Princeville, Peoria Co., IL., 17-Vl-81.
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Color in life: Body surface covered with a light to medium pulverulence masking the
yellow to green body color, darker areas as follows, distal region of tibiae, all tarsi,
antennae V and VI (base of VI sometimes pale), cauda, vertex and front; siphunculi may
be dusky or almost colorless, when observed in life this form as well as the fundatrices
and oviparae appear dull gray with a hint of yellow or green in some specimens.
Sclerotization of cleared specimens (Fig. 4B): Entire body without any dark sclerotized
areas; front, distal region of tibiae, all tarsi, cauda, anal and subgenital plate slightly
darker than the transparent body and legs; antennae pale to penultimate segment then
usually darker to tip of process terminalis; prosternal furca often forming a very dark
rectangular patch, but often with only the ends sc1erotized and in many specimens no
sclerotization could be seen; pale dorsal abdominal sclerites on segments VIII, VII and
sometimes VI.
Morphology (Fig. ID): Frontal and antennal tubercles slightly developed, antennae 5 or
6 segmented, without secondary rhinaria, lightly imbricated: body surface smooth;
siphunculi lightly imbricated, not to slightly swollen, constricting below the small flange;
cauda triangular, rounded smoothly at tip, sometimes appearing to taper in steps
corresponding to the base of the setae (Fig. 3D); usually with a small tubercle anterior to
the siphunculi, located on the antesiphuncular sclerite when the latter is present,
additional lateral tubercles may be found on abdominal segments II-IV, usually about half
the diameter of the tubercle on V and unevenly distributed, i.e. on one side there may be
tubercles on segments II-V while on the other side only a tubercle on V.
Measurements: See Table 1.
Setation (Fig. ID) Body sparsely setate, dorsal setae on thorax and abdomen short,
0.013--0.019; on head slightly longer, 0.0194).032 with acute tip; cauda with 57 setae,
usually 6; subgenital plate with from 6--11 setae on posterior half and 1-4 on anterior half.
most often with one pair near median line on anterior margin; first tarsal formula 3,3,2
and rarely 3,3,3; eighth tergum with 5 or 6 setae; ultimate rostral segment with 2
accessory setae.
Alate Viviparae
This form was first described by Muller and Buhr (1965) in German.
Color in life: Head and thorax black: abdomen pale yellow-green, pulverulent with
irregular dusky areas on abdominal terga II-VII, presence and shape of anterior abdom
inal tergites variable; coxae, trochanters, distal ¥3rds of femora, tip of tibiae and all tarsi
black, antennae black except for small pale region at base of III; siphunculi concolorous
with body: cauda dusky.
Sclerotization pattern of mounted specimens (Fig. 5D): Pattern essentially as in living
specimens, black areas in life are brown to dark brown; abdomen and siphunculi clear;
dark regions of appendages concolorous with head and thorax; cauda, subanal plate,
subgenital plate, lateral sclerites on abdominal segments II-VI and sclerites on abdominal
terga VI-VIII, paler.
Morphology (Fig. lB): Median frontal tubercle exceeding antennal tubercles; antennal I
rugose on median surface, II-VI evenly imbricated (Fig. 2B); abdominal dorsum smooth;
siphunculi lightly imbricated, not to slightly swollen, constricting below tip; cauda
triangular, tip acute (Fig. 3C); lateral tubercle anterior to siphunculi on antesiphuncular
sclerite, additional tubercles may be present on several of the lateral sclerites on segments
II-IV.
Measurements: See Table I.
Setation (Fig. lB): Body sparsely setate; dorsal abdominal setae, short, 0.013--0.024,
most located on dorsal abdominal sclerites; shorter on head, <0,016, all with acute tip;
cauda with 5-7 setae, usually 6, located on distal half; subgenital plate with 7-12 on
posterior half and 4--6 on anterior half; antesiphuncular sclerite with 1 seta, lateral
sclerites on abdominal II-IV with 1-3 setae, usually 2; first tarsal formula 3,3,2, rarely
2,2,2 or 3,2,2; ultimate rostral segment with 2 accessory setae.
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Oviparae
This fonn was originally described by Aizenberg (1935) in Russian with an English
version immediately following.
Color in life: Body color varying from pale yellow to pale green, usually covered with
light pulverulence. Darker areas of body as follows; vertex and front of head, antenna I,
distal part of antennal IV, distal half of base and process tenninalis of last antennal
segment. Dark areas on legs variable, joints always dark, fore and middle tibiae may be
evenly dusky to dusky on distal third only, hind tibiae dusky over region with
pseudosensoria: cauda and siphunculi dusky.
Sci erotization of mounted specimens (Fig. 4C): Dorsum of thorax and abdomen
without selerites: antennae, legs, cauda and siphunculi darker as noted for living
specimens: hind legs always darker than fore and middle; cauda variable, usually with tip
paler than base; siphunculi pale; prostemal furca not dark; subgenital plate often pale on
anterior central section.
~Iorphology: Median frontal tubercle only slightly indicated; antennae with usually 5
but sometimes 6 segments, antennal I and II relatively smooth, III-V or VI evenly
imbricated: body surface smooth; siphunculi very lightly imbricated, not to slightly
swollen. constricted below flange; cauda triangular, more acute at tip than apterae but less
so than alatae; with a small tubercle anterior to siphunculi on V, additional lateral
tubercles may be on IV and sometimes III; hind tibiae swollen, region covered with
pseuodsensoria varying from proximal % to all of hind tibiae.
~Ieasurements: See Table I.
Setation: Setae sparse and of similiar length to that in apterae; cauda with 6-7 setae;
tergum VIII with 6-9 setae; subgenital plate with 8-12 setae on anterior half and 13-22 on
margin of posterior half: first tarsal formula 3,3,2; ultimate rostral segment with 1-2
a.:.::essory setae.

Males
This fonn was originally described by Aizenberg (1935) in Russian with an
version immediately following.
Head and pterothorax black, prothorax dark on anterior half. yellow green on posterior
half: abdomen mottled dull green and yellow; siphunculi pale yellow to colorless; cauda
dark: femora varying from almost all dusky to proximal half pale; tibiae pale except for
dark distal tip: tarsi dark; antennae evenly dark throughout except for short pale area at
base of Ill.
Sclerotization of mounted specimens (Fig. 4D): Head and thorax dark brown, antenna!
I and II concolorous with head, III and VI slightly lighter, base of III pale; coxae and
trochanters dark; femora pale on proximal y, then gradually darkening distally: fore and
middle tibiae pale on proximal %; hind tibiae pale on proximal 0/5, dark at joint; tarsi dark;
siphunculi lighter than to only slightly darker than body; cauda and genitalia darker than
siphunculi: sclerites on abdominal tergum VII and VIII extending across segment,
sclerites on anterior abdominal segments becoming increasingly smaller.
~1.orphology: Median frontal tubercle slightly exceeding antennal tubercles; antennal I
and II imbricated on median surface, III-VI evenly imbricated; body surface smooth;
siphunculi lightly imbricated, usually swollen, barrel shaped, with base slightly smaller
than diameter just below flange; cauda short, triangular approximately as long as wide;
forewings with median forked twice; hind wings with one median and one cubitus vein.
~leasurements: See Table I.
Setation: Body with relatively few setae; dorsal abdominal setae O.0l6-D.026; setae on
head 0.013--0.016: cauda with 6 setae in all specimens examined; eighth tergum with from
3-5 setae: antesiphuncular sclerite with I setae, other lateral sclerites with from 2-5 setae;
tlrst tarsal fonnula 3.3,2; ultimate rostral segment with 2 accessory setae.
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PHENOLOGY OF HYADAPHIS TATAR/CAE
No attempt was made to ascertain precise phenologies for the morphs of Hyadaphis
tataricae. Personal observations in Illinois and collection records from the north central
states suggest the following approximate time periods for various morphs: fundatrices
from early April to mid May, apterous viviparae from late April to late October, alate
viviparae from early May to late October, males from late August to November (there are
two records of males in central Illinois in mid July), and oviparae from mid September to
mid November. The elongated time period when fundatrices were observed reflects
collection records from south to north, i.e., egg hatch in central Illinois may be expected
to precede egg hatch in northern Minnesota or the upper peninsula of Michigan by at least
a month. The presence of sexuales is likely curtailed in the reverse manner.
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CERAMBYCID HOST PLANTS IN A SOUTHWESTERN
MICHIGAN WOODLAND (COLEOPTERA: CERAMBYCIDAE)
D. C. L. Gosling!
ABSTRACT
Host plant associations are listed for 61 species of Cerambycidae based on a six-year
study in an 80-ha woodland in southwestern Michigan.

The cerambycid community in a southwestern Michigan woodland was studied from
1976 through 1981 as the first stage in a long-term investigation of the ecology of
'\[ichigan Cerambycidae. Through field collections and observations, and extensive
rearing. host plant associations were established for 61 of the 119 species recorded from
the study area. Probable hosts for another 45 species could be inferred from the literature
but are not included hcre.
STUDY AREA
The study area is an 80-ha site located at the west end of Tamarack Lake in St. Joseph
County. selected as typical of woodland ecosystems in southwestern Michigan. About 50
ha are uplands formed by glacial kames and outwash, with well-drained, loamy sand
soils. The remainder is nearly level, less than 1 m above lake elevation, and has poorly
drained organic or sand soils. The uplands support a dry woods dominated by Quercus
lefutina. Quercus alba, and Carya glabra. Some north slopes are dominated by Quercus
rubra and Acer rubrum. The poorly drained wet woods are dominated by Acer rubrum,
Beulla alleghaniensis. Fraxinus pennsylvanica, and Quercus bic%r, with some stands of
Larix laricina. Reforestation plantings of Pinus spp., now well mixed with hardwood
regeneration. occupy about 8 ha of the uplands. All the stands are second-growths and
reflect a variety of forms of prior disturbance as well as differences in subsequent
regeneration time. About half the study area has been relatively undisturbed since 1928.
(Detailed information on the site, with descriptions of the major stands and an annotated
list of 110 species of woody plants found there. was presented by Gosling [198Ia]).

METHODS
Host plant associations were cstablished through one or more of three methods:
of
I) Dead or dying branches of woody plants were sampled by beating. If a
'69063 Wallowa Road. White Pigeon, MI 49099
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cerambycid was collected more than twice from branches of a particular plant species, or
was taken from a known preferred host, it was assumed to be breeding in that host plant.
2) Trees were cut in the spring and bolts removed and placed in the major stands
throughout the study area. Most bolts were supported off the ground by wiring them
against suitable trees. Where practical, bolts were frequently inspected, both by day and at
night, and cerambycids that had been attracted to them were collected. Criteria used to
establish host plant associations were similar to those described for dead branches.
3) At the end of the summer bolts were gathered and enclosed for rearing. Suitable host
material was also collected from any trees that had been felled for other purposes, as well
as windfalls and storm-damaged trees. Separate lots of host material were enclosed in
60-cm-square screen cages and maintained outdoors in a wooded area about 5 km away.
The cages were inspected regularly through subsequent seasons and emerged adults
removed. All host material was enclosed for at least two years following exposure to
infestation, and some lots were caged through four seasons. Space limitations made it
impractical to provide prolonged enclosure for all the material collected.
RESULTS
Twenty-one species of potential host plants were used in the bolt sampling, and these
plus five additional
were investigated through rearing. Of the 26 species involved,
21 were eventually associated with one or more species of Cerambycidae. Seventeen more
host plant associations were established through field collections and observations. Table
I lists all 38 cerambycid host plants from the study area and the species associated with
them.
The host plant associations established for 61 species of Cerambycidae from the study
area are shown in the following list. Also given are the normal adult activity period in this
area and, where determined, the typical length of the life cycle for each species. When
more than one host plant is listed, an * following the plant name is used to designate those
that seemed to be the preferred host or hosts for that cerambycid. In a few cases no marked
host preference was apparent.
CERAMBYCIDAE AND ASSOCIATED HOST PLANTS

Aegoschema modesta (Gyllenhal). Reared from Acer rubrum branches. Taken from dead
Carpinus caroTiniana. Late June to late July. Life cycle requires two years.
Amniscus collaris Haldeman. Beaten from dead branches of Quercus velutina. Mid-June
through July.
Amniscus macula (Say). Reared from Toxicodendron radicans*. TWa americana *, Acer
rubrum, Carpinus caro/iniana, Carya g/abra, Jugians cinerea, and Comus .florida.
Beaten from dead branches of Liriodendron tulipifera, Rhus g/abra, Toxicodendron
vernix, and Quercus velutina. Late May through mid-August. Life cycle requires one
year.
Amniscus sexguttata (Say). Reared from Larix laricina, Pinus res/nosa, and P. bank
siana. Mid-June to late August. Life cycle requires one year. Three specimens were
reared from Toxicodendron radicans. Selection of this atypical host by a gymno
spermophagous species may have resulted from the vine clinging to the bark of a
recently cut Larix faricina that had attracted many adult beetles.
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Asemum striatum (L). Reared from Pinus resinosa* and Lari.x laricina. June. Life cycle
requires two years.
Astyleiopus variegatus (Haldeman). Beaten from dead branches of Rhus glabra. Late June
through mid-July.
Callidium frigidum Casey. Reared from Juniperus virginiana. Late May through June.
Life cycle requires two years.
Clytoleptus albofasciatus (Castelnau and Gory). Reared from Vitis riparia. July through
mid-August. Life cycle requires one year. Caged adults will infest old bolts.
Cyrtophorus verrucosus (Olivier). Reared from Carya glabra. Late April to early July.
Life cycle requires two years.
Desmocerus palliatus (Forster). Beaten from living Sambucus canadensis. Mid-June.
Ecyrus dasycerus (Say). Taken from dead Carya glabra and dead branches of Quercus
veIl/tina"', Celtis tenuifolia, and Ulmus americana. Late June through July.
Elaphidion mucronatum (Say). Reared from branches of Acer rubrum. Early July. Life
cycle requires three years.
Elaphidionoides parallelus (Newman). Reared from pruned twigs of Quercus velutina*,
Q. rubra*, Q. alba, and Carya glabra. Late May to early July. Life cycle requires two
years and adults are usually present only in odd-numbered years (Gosling 1978).
Elaphidionoides villosus (Fabricius). Reared from bolts of Car)'a glabra*, and branches
of Tilia americana"', Cercis canadensis"', Acer rubrum, and Toxicodendron radicans.
Beaten from dead branches of Quercus velutina and Carpinus carotiniana. Mid-June
through July. Life cycle requires two years and adults are usually present only in
odd-numbered years (Gosling 1978). All host material was 2 cm in diameter or larger.
This species has been commonly but incorrectly known as the oak twig pruner through
confusion with a sibling species, E. parallelus (Gosling 198Ib).
Euderces picipes picipes (Fabricius). Reared from Cercis canadensis*, Acer rubrum. and
Carya glabra. Beaten from dead branches of Cornus florida and Quercus velutina.
Mid-June to late July. Life cycle requires two years.
Eupogonills subarmatus (LeConte). Reared from Tilia americana. Mid-June to early
August. Life cycle requires two years.
Eupogonius tomentosus (Haldeman). Reared from Pinus banksiana branches. Beaten
from dead branches of P. resinosa. Late June to early August. Life cycle requires two
years.
Ellpogonius 1'estitus (Say). Reared from Corn us florida*, Acer rubrllm, and Tox
icodendron radicans. Beaten from dead branches of Rhus glabra, Toxicodendron
,'ernir:, and Comlls racemosa. and stump sprouts of TWa americana. Mid-June through
July. Life cycle requires two years.
Gal/roles cyanipenni.~ (Say). Beaten from dead branches of Comus florida and Rhus
glabra. ~fay to mid-July.
Grammoplera exigua t:-iewmanl. Reared from TWa americana branches. Late May
through June. Life cycle requires one year.
Graphisums despectlls [LeConte!. Reared from Carya glabra. Mid-June to mid-July.
Life cycle requires one year.
Graphisurus fasciatus (DeGeen. Reared from Quercus ,'elutina*, Carya glabra, Carpi
nus caroliniana, and Toxicodendron radicans. Beaten from dead branches of Acer
rubrum. Early June through July. Life cycle requires one year. Previously published
report (Gosling and Gosling 1977) of rearing this species from Pinus strobus was in
error.
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Heterachthes quadrimacuiatus Haldeman. Reared from Carya giabra*. Taken from dead
Quercus velutina and Carpinus caroiiniana. Mid-June to early August. Life cycle
requires two years. Previously published observations (Gosling 1981 a) of a one-year
life cycle were atypicaL Caged adults will infest old bolts.
Hetoemis cinerea (Olivier). Reared from Carya giabra. Adults feed on foliage of Morus
alba. Mid-June to early August. Life cycle requires one year.
Hyperpiatys aspers'a (Say). Beaten from dead branches of Rhus glabra. Early June
through luly.
Hyperpiatys macuiata Haldeman. Reared from TWa americana*, Carpinus caroliniana*,
and Cornus florida. Beaten from dead branches of Liriodendron tulipifera and Rhus
giabra. Late lune to early September. Life cycle requires one year.
Leptostylus transversus transversus (Gyllenhall). Reared from Toxicodendron radicans*,
TWa americana, and Acer rubrum. Taken from dead Carya giabra. Quercus velutina,
Rhus giabra. and Carpinus caroliniana. Early June to mid-August. Life cycle requires
one year.
Lepturges confluens (Haldeman). Reared from Car.va giabra. Beaten from dead branches
of Cornus florida. Mid-June through July. Life cycle requires one year.
Lepturges symmetric us (Haldeman). Reared from branches of TWa americana. Late June
through July. Life cycle requires two years.
Megacyllene caryae (Gahan). Reared from Carya giabra* and Cercis canadensis. Early
May through July. Life cycle requires one year.
Moiorchus binUiculatus bimacuiatus Say. Reared from Acer rubrum*, Carya glabra, and
Vitis riparia. May to mid-June. Life cycle requires two years.
Monochamus carolinensis (Olivier). Reared from Pinus resinosa*. Taken from dead
Pinus strobus and P. banksiana. Late June to mid-August. Life cycle requires one year.
Monochamus scutellatus scutellatus (Say). Reared from Pinus resinosa, P. banksiana,
and Larix iaricina. Taken from dead P. strobus. June to early July. Life cycle requires
one year.
Neociytus acuminatus acuminatus (Fabricius). Reared from Cercis canadensis*, Carya
giabra*, TWa americana*. Vitis riparia*, Acer rubrum, Carpinus caroliniana, and
Toxicodendron radicans. Beaten from dead Sambucus canadensis. Late May through
August. Life cycle varies from one to two years.
Neociytus muricatuius muricatulus (Kirby). Reared from Larix laricina. luly. Life cycle
requires two years.
Oberea bimacuiata (Olivier). Characteristic girdling was common on cultivated Rubus
idaeus. Mid-June to late July.
Oberea ocellata (Haldeman). Beaten from living Rhus giabra*', R. typhina, and Tox
icodendron vernix. Characteristic girdling was observed on these host species and also
on R. copallina. Late lune through July.
Obrium rufulum Gahan. Taken from dead Fraxinus pellnsylvanica. luly.
Oplosia nubila (LeConte). Beaten from dead branches of Tilia americana. Early luly.
Parandra brunnea brunnea (Fabricius). Reared from Quercus velutina. July.
Phymatodes amoenus (Say). Reared from Vitis riparia. Late May to mid-lune. Life cycle
requires one year.
Phymatodes testaceus (L.). Reared from Carya glabra. June. Life cycle requires two
years.
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Pogonocherus mi:aus Haldeman. Reared from Larix laridna* and Pinus resinosa.
Mid-June through July. Life cycle requires two years.
Psenocerus supernotatus (Say). Reared from Parthenocissus quinquejolia* and Tox
icodendron radicans. Beaten from dead branches of Comus ./lorida*, Rhus glabra*, R.
typhina*. CaT)'a glabra. Catalpa speciosa. Lindera benzoin, Morus alba. and Quercus
velutina. Late May to mid-July. Life cycle requires one year.
Rhopalophora longipes longipes (Say). Reared from Cerds canadensis branches. Mid
June to early July. Life cycle requires two years.
Saperda discoidea Fabricius. Reared from Carya glabra. Mid-June through July. Life
cycle requires two years.
Saperda lateralis Fabricius. Reared from Carpinus caroliniana and Carya glabra. Late
May through July.
Saperda puncticollis Say. Reared from Parthenodssus quinquejolia. June. Life cycle
requires one year.
Saperda vestita Say. Reared from Tilia americana. Early June to early August. Life cycle
requires one year.
Sarosesthes julminans (Fabricius). Reared from Quercus velutina. Late May through
June. Life cycle varies from one to two years.
Stenosphenus notatus (Olivier). Reared from Carya glabra. May. Life cycle requires two
years. Caged adults will infest old bolts.
Sternidius alpha misellus (LeConte). Reared from Acer rubrum* branches. Beaten from
dead branches of Rhus glabra*, R. typhina, Quercus velutina, and Ulmus americana.
Mid-June to mid-August. Life cycle requires one year.
Strangalepta pubera (Say). Reared from Acer rubrum branches. Late May to early July.
Life cycle requires one year.
Tetraopes jemoratus LeConte. Taken from living Asclepias syriaca. July.
Tetraopes quinquemaculatus Haldeman. Taken from living Asclepias tuberosa* and A.
syriaca. Late June through July.
Tetraopes tetrophthalmus (Forster). Taken from living Asclepias syriaca. July.
Urgleptes jacetus (Say). Beaten from dead branches of Acer rubrum, Comus ./lorida,
Lindera benzoin. and Rhus glabra. Late June through July.
Urgleptes querd (Fitch). Reared from Acer rubrum*, Carya glabra, Cercis canadensis,
TWa americana, and Liriodendron tulipifera. Beaten from dead branches of Carpinus
carolinian a , Comus alternifolia, C. florida, Fraxinus pennsylvanica, Lindera benzoin,
'\lorus alba, Prunus serotina. Quercus velutina. Rhus glabra, R. typhina, Tox
icodendron vernix, Ulmus americana, Vaccinium COT)'mbosum, and Viburnum acerifo
lium. ~fid-June through July. Life cycle requires two years.
{,'rgleptes signatus (LeConte). Taken from dead Carpinus carotiniana, Cornus ./lorida,
and Quercus "elutina: beaten from dead branches of CaT)'a glabra, Acer rubrum, and
Comus alternifolia. and from stump sprouts of Tilia americana. Late June through
early August.
Xylotrechlls colonus IFabricius). Reared from CaT)'a glabra* and Carpinus caroliniana.
Taken from dead QuerclIs \·e/utina. Early June through August. Life cycle varies from
one to two years. Caged adults will infest old holts.
Xylotrechlls undulatus (Sayl. Reared from Larix laridna. Late June to early July. Life
cycle varies from one to two years.
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Table 1. Host plants from the study area and cerambycid species associated with them.
An * preceding a cerambycid species indicates the associated plant is a preferred host or
the only one recorded for that species.
Host plant
Cerambycid

Cerambycid

Acer rubrum L.
Aegoschema modesta
Amniscus macula
*Elaphidion mucronatum
Elaphidionoides villosus
Euderces p. picipes
Eupogonius vestitus
Graphisurus jasciatus
Leptostylus t. transversus

*Molorchus b. bimaculatus
Neoclvtus a. acuminatus
*Stern[dius alpha misellus
*Strangalepta pubera
Urgleptes jacetus
*U. querci
U. sigllatus
Asclepias syriaca L.

*Tetraopes jemoratus
T. quinquemaculatus

*T. tetrophtlUllmus
Asclepias tuberosa L.

*Tetraopes quinquemaculatus
Carpinus caroliniana Walter
Leptostylus t. transversus
Aegoschema modesta
Neoclytus a. acuminatus
Amniscus macula
Elaphidionoides villosus
Saperda lateralis
Graphisurus jasciatlls
Urgleptes querd
U. signatus
H eterachthes quadrimaculatus
*Hyperplatys maculata
Xylotrechus colon us
Carya glabra (Miller) Sweet
Amnisclls macula
*Megacyllene caryae
*Cyrtophorus verrucosus
Molorchus b. bimaculatus
Ecyrus dasycerus
*Neoclytlls a. acuminatus
*Phvmatodes testaceus
Elaphidionoides parallellls
Psenocerus sllpernotatus
*E. VillOSllS
*Saperda disco idea
Euderces p. picipes
*Graphisurus despectus
S. lateralis
*Stenosphenus notatus
G. jasciatus
Urgleptes querci
*Heterachthes quadrimaculatus
U. signatus
*Hetoemis cinerea
*Xylotrechus colonus
Leptostylus t. transversus
Leptllrges conjluens
CataLpa speciosa Warder
Psenocerus supernotatus
Celtis tenuifolia Nuttall
Ecyrus dasycerus
Cercis canadensis L.
*Elaphidionoides villosus
*Euderces p. picipes
Megacyilene caryae

*Neoclytus a. acuminatus
*Rhopalophora l. longipes
Urgleptes querd
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(Continued)
Host plant
Cerambycid

Cerambycid

Cornus alternifolia L.r.
Urgleptes quad

U. signatus
Cornus florida L.

Amniscus macula
Euderces p. pidpes
*Eupogonius vestitus
Gaurotes cyanipennis
Hyperplatys maculata

Lepturges confluens
*Psenocerus supernotatus
Urgleptes facetus
U. querd
U. signatus
Cornus racemosa Lamarck

Eupogonius vestitus
*Ohrium rufulum

Fraxinus pennsylvanica Marshall
Urgleptes querd
Juglans cinerea L.

Amniscus macula
Juniperus virginiana L.
*Callidium frigidum
Larix laricina (Du Roi) K. Koch
Amniscus sexgutlata
Pogonocherus mixtus
Monochamus s. scutellatus
Xylotrechus undulatus
*Neociytus m. muricatulus
Lindera benzoin (L.) Blume
Psenocerus supernotalus
Urgleptes facetus

U. querci
Liriodendron tulipifera L.

Amniscus macula
H)perplatys maculata
*HefOemis cinerea
Psenocerus supernotatus

Urgleptes querci
Morus alba L.
Urgleptes quaci

Parthenocissus quinquefolia (L.) Planchon
*Psenocerus supernotatus
*Saperda puncticollis
Pinus banksiana Lambert
Amniscus sexguttata
Eupogonius tomentusus

Monochamus carolinensis
M. s. scutellatus
Pinus resinosa Aiton

Amniscus sexguttata
*Asemum striatum
Eupogonius tomentosus

*Monochamus carolinensis
M. s. scutellatus
Pogonocherus mixtus
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Table I. (Continued)
Host plant
Cerambycid

Cerambycid

Pinus strobus L.
M. s. scutellatus

M onochamus carolinensis
Prunus serotina Ehrhart
Urg[eptes querci
Quercus alba L.
Elaphidionoides parallelus
Quercus rubra L.
Elaphidionoides parallelus

Quercus velutina Lamarck
*Amniscus collaris
Leptostylus t. transversus
A. macula
*Parandra b. brunnea
*Ecyrus dasycerus
Psenocerus supernotatus
*Elaphidionoides parallelus
*Sarosesthes Julminans
Sternidius alpha misellus
E. vi/losus
Euderces p. picipes
Urgleptes querd
U. signatus
*Graphisurus Jasciatus
Heterachthes quadrimaculatus
Xylotrechus colonus
Rhus copallina L.
Oberea ocellata
Rhus glabra L.
Leptosty[us t. transversus
*Oberea ocellata
*Psenocerus supernotatus
*Sternidius alpha misellus
Urgleptes Jacetus
U. querd

Amniscus macula
*Astyleiopus variegatus
Eupogonius vestitus
Gaurotes cyanipennis
*Hyperplatys aspersa
H. maculata
Rhus typhina L.

Sternidius alpha misellus
Urgleptes querci

Oberea ocellata
Psenocerus supernotatus
Rubus idaeus L.
*Oberea bimaculata
Sambucus canadensis L.

Neoclytus a. acuminatus

*Desmocerus palliatus
Tilia americana L.
*Amniscus macula
*Elaphidionoides villosus
*Eupogonius subarmatus
E. vestitus
*Grammoptera exigua
*Hyperplatys maculata
Leptostylus t. transversus

*Lepturges symmetricus
*NeoclWus a. americana
*Oplos:ia nubila
*Saperda vestita
Urgleptes querd
U. signatus
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Table 1. (Continued)
Host plant
Cerambycid

Cerarnbycid

Toxicodendron radicans (L.) Kuntze
macula
Graphisurus fasciatus
A. sexguttata
*Leptostylus t. transversus
Elaphidiorwides villosus
Neoclytus a. acuminatus
Eupogonius vestitus
Psenocerus supernotatus

*Amniscus

Amniscus macula
Eupogonius vestitus

Toxicodendron vernix (L.) Kuntze
Oberea ocellata
Urgleptes querd
Ulmus americana L.

Ecyrus dasycerus
Sternidius alpha misellus

Urgleptes querd

Vaccinium corymbosum L.
Urgleptes querd

Viburnum acerifolium L.
Urgleptes querd

Vitis riparia Michaux
*Clyto[eptus albofasdatus
Molorchus b. bimaculatus

*Neoclytus a. acuminatus
*Phymatodes amoenlls
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FLOWER RECORDS FOR ANTHOPHILOUS CERAMBYCIDAE
IN A SOUTHWESTERN MICHIGAN WOODLAND (COLEOPTERA)
D.

c.

L. Gosling I

ABSTRACT
Flower records are listed for 33 species of anthophilous Cerambycidae based on a
six-year study in an 80-ha woodland in southwestern Michigan. Included is the first
published flower record for Gaurotes thoradca, taken from Cornus racemosa.

The cerambycid community in a southwestern Michigan woodland was studied from
1976 through 1981 as the first stage in a long-tcrm investigation of the ecology of
Michigan Cerambycidae. Through field collcctions and observations, flower records were
obtained for 33 species of anthophilous Ccrambycidae.
STUDY AREA
The study area is an 80-ha site located at the west end of Tamarack Lake in St. Joseph
County, sclccted as typical of woodland ecosystems in southwestern Michigan. Almost
two-thirds of the area is dry-mesic forest dominated by oak and hickory, with some
reforestation plantings of pines. The rest of the site supports wet-mesic stands dominated
by maple and ash, with birch, oak, and larch. (Detailed information on the study area,
with descriptions of the major stands and an annotated list of 120 species of woody plants
found there, was presented by Gosling [1981 D.
All the stands are second-growths and some of the regeneration is recent. About 6 ha
were old fields occupied by shrub and herbaceous plant communities as late as the \950'5,
and nearly 20 ha were severely disturbed in 1963-1964 by selective logging. Because of
the recent and, to a limited extent, continuing disturbances, as well as the maintenance of
rl""n'ncr~ and access roads and the presence of two bogs, there are numerous and varied
sites available for establishment of flowering shrubs and herbs favored by cerambycids.
This. combined with availability of a wide selection of larval host plants, made it possible
to compile a substantial list of flower records for the anthophilous species.
The following list gives flower records for each
and the adult activity period in
the area.
CERAMBYCIDAE AND FLOWER RECORDS

Analeptura lineola (Say). Late May to mid-July. Ceanothus american us L., Comus
racemosa Lam., Daucus carota L., Rhus glabra L., Salix interior Rowlee, and
Viburnum acerifolium L.
Anastrangalia sanquinea (LeConte). Early June. Comus racemosa.
Batyle suturalis suturalis (Say). Early to mid-July. Ceanothus americanus, Chrysanthe
mum leucanthemum L. and Rudbeckia hirta L.
Brachyleptura champlaini Casey. Mid-June to mid-July. Achillea millefolium L.,

169063 Wallowa Road, White Pigeon, MI 49099.
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Ceanothus americanus, Comus racemosa, Euonymus fortunei var. radicans (Miq,)
Rehd., and Rhus glabra.
Brachyleptura rubrica (Say). Mid-June to mid-July. Ceanothus american us. Cephalan
thus occidelllalis L., Comus racemosa, Euonymusfortunei var. radicans. Heracleum
maximum Bartr., Rhus glabra, Rosa spp., Salix illlerior, Spiraea alba DuRoi, and
Viburnum acerifo/iwn.
Callimoxys sanguinicollis sanguinicollis (Olivier). Late May. Comus altemifolia L.f.
Charisalia americana (Haldeman). Mid-June. Comus racemosa.
Cyrtopho/'lls verrucosus (Olivier). Late April to early July. Amelallchier arborea
(Michx. f.) Fern., Comus alternifolia. C. racemosa. Daucus carota, !:Jpiraea
x vanhouttei Zab., Viburnum acerifolium, and Viburnum lentago L.
Encyclops caerulea (Say). Late May through June. Comus alternifolia and C. racemOS{I,
Euderces picipes picipes (Fabricius). Mid-June to late July. Ceanothus americanus.
Chrysanthemum leucanthemum, Comus racemosa, Erigeron philadelphicus L., Rhus
glabra, Rudbeckia hirta, Salix illlerior, and Viburnum acerifoliulll.
Gaurotes cyanipennis (Say). May to mid-July. Ceanothus american us. Comus altemifo
lia. C. racemosa, Liriodendron tulipifera L., Rhus giabra, Rhus typhina L., and Rosa
palusfris Marsh.
Gaurotes thoracica (Haldeman). June. Comus racemosa.
Grammoptera haematites (Newman). Late May to early July. Ceanothus americanus,
Comus altemifolia. C. racemosa, Comus stolollifera Michx., Rhus glabra, Rosa sp.,
and Rubus occidentalis L.
Leptura plebeja Randall. Late June and early July. Ceanothus americanus and Comus
racemosa.
Megacyllene robiniae (Forster). Late August through September. Solidago canadensis L.
Molorchus bimaculatus bimaculatus Say. May to mid-June. Amelanchier arborea,
Aronia prunifolia (Marsh.) Rehd., Comus altemifolia, C. racemosa. C. stolonifera,
Spiraea x vanhouttei, and Viburnum acerifolium.
Neoalostema capitata (Newman). Late May through mid-June. Liriodendron tulipifera.
Pseudostrangalia cruentata (Haldeman). Mid-June. Comus racemosa.
Rhopalophora longipes longipes (Say). Mid-June to early July. Ceanothus americanus
and Liriodendron tulipifera.
Strangalepta abbreviata (Germar). Early June to mid-July. Ceanothus americanus,
Comus racemosa, Erigeron philadelphicus, Rhus glabra, Rosa spp., Salix interior,
and Viburnum acerifolium.
Strangalepta pubera (Say). Late May to early July. Ceanothus americanus, Comus
alternifolia, C. racemosa, and Spiraea xvanhouttei.
Strangalia acuminata (Olivier). Early July. Ceanothus americanus.
Strangalia bicolor (Swederus). Mid-June to mid-July. Ceanothus american us. Comus
racemosa, and Rosa spp.
Strangalia famelica solitaria Haldeman. Late June to early August. Ceanothus amer/ca
nus, Cephalanthus occidentalis, Chrysanthemum leucanthemum, Daucus carota,
Erigeron philadelphicus, Heracleum maximum, Rhus glabra, Rosa spp., Rudbeckia
hirta, Salix interior. and Spiraea alba.
Strangalia luteicorn!s (Fabricius). Late June through July. Ceanothus americanus.
Cephalanthus ocddentalis, Daucus carota, Heraclcum maximum. Rhus g/abra, Rosa
spp., and Spiraea alba.
Strophiona nitens (Forster). Mid-June to early July. Ceanothus americanus.
Trachysida mutabitis (Newman). Late May through mid-June. Cornus racemosa.
Trigonarthris minnesotana (Casey). Late June and early July. Ceanothus americanus,
Comus racemosa, and Rhus glabra.
Trigonarthris proxima (Say). Mid-June. Comus racemosa.
Typocerus acuticauda acuticauda Casey. Mid-July. Rosa palustris.
Typocerus deceptus Knull. July. Ceanothus americanus, Cepha/anthus occidentalis,
Daucus carota, and Rosa palustris.
Typocerus lugubris (Say). Late June through July. Ceanothus americanus, Daucus
carota, Rhus glabra, and Rosa spp.

-------.----~----------
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Typocerus velutinus velulinus (Olivier). Mid-June to early August. Ceanothus america
nus, Cephalanthus occidentalis, Daucus carota, Eupatorium pelfoliatum L., Eu
phorbia corollata L., Heracleum maximum, Monarda fistulosa L., Rhus glabra, Rosa
spp., SaiLt interior, Spiraea alba, Spiraea fomentosa L., and Verbascum rhapsus L.

DISCUSSION
The cerambycids in this list are from the Lepturinae and a few tribes of Cerambycinae;
no other subfamilies are represented. The three species of Tetraopes found in the study
area do oceasionally appear on the flowers of their host plants, Asclepias syriaca L. and
Asclepias ruberosa L., but they consume the entire blossom and have been excluded here
as not strietly anthophilous. A single speeimen of Oberea rripuncrara (Swederus) was
collected from a blossom of Comus racemosa, but was also excluded as it was not
established as feeding there.
One of the functions of pollen-feeding often suggested for these cerambycids is to meet
nutritional requirements for reproductive maturation. For example, Dusham (1921)
observed adults of Megacyllene caryae (Gahan) feeding on pollen from flowers of
Crataegus sp., and found that it was necessary to provide these flowers to obtain
successful breeding by captive adults. Deprived of Crataegus pollen the beetles copulated
but no oviposition occurred and they died in 3-4 days.
Crataegus spp. occur but rarely blossom in the study area. Although MegacyUene
caryae is common in the area, it was never observed feeding on these or other flowers. It
is possible, of course, that adults could feed on pollen from flowers of the taller trees and
remain unobserved.
As a test of the importance of pollen-feeding to this species, five pairs of freshly
emerged adults were transferred to a screened enclosure and provided with bolts of their
host plant. Carya glabra (Miller) Sweet. The bolts had been cuI a few days before and
placed immediately in the breeding cage. The beetles died in 5-7 days but did oviposit,
and a subsequent brood of borers was reared from thl? bolts. It would seem that pollen is
not essential for reproductive maturation by Megacyllene caryae, although it is quite
possible that pollen-feeding enhances fecundity and may promote longevity as well. The
function of this behavior in other anthophilous species awaits further investigation.
The most unusual observation was that of BrachylepIUra rubrica and Brachyleptura
champlaini feeding on pollen from Euonymus fortunei var. radicans. These were the only
cerambycids ever found on these flowers, and they displayed an extraordinary, in
toxicated behavior, presumably induced by something ingested from the blossoms. The
beetles were incapable of flight or coordinated movement; if placed on their backs they
could only quiver their legs helplessly. A few males appeared unaffected, but they were
copulating with females and probably had been thus occupied since their arrival at the
flowers. All females and single males were immobilized. Other insccts frequenting the
same flowers, cantharids and numerous Hymenoptera and Diptera, seemed quite un
affected. Adults of both species of cerambycid were removed and kept under observation
in an enclosure. It was not until the following day that they recovered normal coordination
and were able to crawl and fly.
The nature of the intoxicating agent is unknown, but its function provides an
opportunity for speculation. There would seem to be no adaptive value in immobilizing a
potential pollinator, so presumably this is an incidental side-effect of a selective attraction
mechanism to which these cerambycids have responded atypically. It is interesting to note
that only these two congeneric species have shown this probably nonadaptive behavior,
and that the flower species involved is an introduced ornamental one.
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SUMMER DIAPAUSE OF THE CLOVER LEAF WEEVIL,
HYPERA PUNCTATA, AND LESSER CLOVER LEAF WEEVIL,
HYPERA NIGRIROSTRIS, IN WISCONSIN!
James A. Litsinger2 and James W. Apple 3
ABSTRACT
Low respiration rates, immobility, lack of feeding, and undeveloped reproductive
systems confirmed a summer diapause in the overwintered and current-year adults of the
clover leaf weevil, Hypera punctata, and lesser clover leaf weevil, Hypera nigrirostris.
The prolonged summer diapause and extended winters in Wisconsin set strict limitations
on the available time for damaging populations to develop on red clover, Trifolium
pratense thus assuring the status of these weevils as minor pests.

Summer diapause is a common mechanism among insects to escape periods when their
host plants become nutritionally unsuitable (Masaki 1980). A primary function of summer
diapause is to synchronize the insect's life cycle with that of its host rather than being an
escape mechanism to avoid hot dry conditions.
The alfalfa weevil, Hypera postica (Gyllenhal) (Utsinger and Apple 1973), and
Egyptian alfalfa weevil, H. brunneipennis (Boheman) (Madubunyi 1978), are two
well-studied insects which undergo summer diapause. The former occurs in the Great
Lakes region of the U.S. Two red clover-feeding weevils in the same genus, the clover
leaf weevil (CLW), H. punctata (Fabricius), and the lesser clover leaf weevil (LCLW),
H. nigrirostris (Fabricius), occur in the Great Lakes region and are likely candidates for
summer diapause as they feed on developing leaves and buds of red clover during spring
months. Studies to date have only alluded to summer diapause in these pest species.
Folsom (1909) in Illinois and Tower and Fenton (1920) in Indiana reported that the
CL W reached adulthood in May and June and remained "semidormant" until oviposition
began in September. These authors stated that all oviposition took place during the fall
after adult activity resumed.
Oviposition by the LCLW occurs mainly during the spring in the U.S. and Europe.
Markkula and Tinnila (1956) in Finland noted eggs most abundant from April-July.
Summer dormancy was not mentioned even though a pre-ovipositional period up to nine
months occurs. The few larvae found in the fall in New York (Detwiler 1923) and Ohio
(Sechriest and Treece 1963) were evidence of a partial second generation derived from the
maturation of a small proportion of new-generation adults.
In Coleoptera summer diapause occurs during the adult growth stage and its syndrome
is characterized by accumulation of fat reserves, undeveloped gonads, low metabolism,
and lack of feeding (Masaki 1980). Concurrent with studies in Wisconsin (Utsinger and
Apple 1973) to determine the periodicity of the imaginal summer diapause of the alfalfa
weevil, respiration measurements were taken and the reproductive status determined for
CLW and LCLW.

IResearch supported by the College of Agricultural and Life Sciences, University of Wisconsin,
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2Department of Entomology, University of Wisconsin, Madison. Present address: International
Rice Research Institute, P.O. Box 933, Manila, Philippines.
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MATERIALS AND METHODS
Weevil cultures were maintained in clear plastic shoe-box cages on red clover,
Trifolium pratense L., in an open-air insectary at Arlington, WI (43°18'N Lat.).
Overwintered adult CLWand LCL W were eollected from nearby fields in May 1971.
Current-year adults were reared from larvae field-collected in May. Oxygen uptake
(I.d/mg) by CLW (per 0.5 h) and LCLW (per 1 h) adults was measured biweekly from 25
June to 11 November, according to procedures outlined by Litsinger and Apple (1973).
On each date, 10 adults were randomly chosen from the cultures of overwintered and
current-year weevils of each species. Beginning in August, small numbers of males and
females were periodically dissected in vivo to determine sexual development.
RESULTS AND DISCUSSION
Clover leaf weevil, current-year adults. Average oxygen consumption of current
year CLW adults declined rapidly from 0.38 I.d/(mg . 0.5 h) on 25 June to levels below
0.15 I.d/(mg . 0.5 h) during July and early August (Fig. 1). No feeding occurred in the
cultures during this period and the adults remained aggregated and motionless between the
leaves of paper toweling at the bottom of the cages. This adult inactivity signified the
entry into summer diapause. Supporting evidence comes from dissections. During
August. weevils of both sexes possessed hypertrophied fat-bodies, typical of insects in
diapause (Brazzel and Newsom 1959). Flagellated but immobile sperm were present in
five males dissected 6 August. On 31 August five dissected males possessed mature
spermatozoa, and sperm were present in spermathecae in four of seven dissected females
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Fig. 1. Seasonal adult respiration rates of the clover leaf weevil. Vertical lines indicate standard
errors for each mean value.
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indicating mating had occurred. The first fully-developed eggs were noted in two of seven
females dissected on 14 September when oxygen uptake averaged 0.21 fLl!(mg . 0.5 h).
The large standard errors about the means of oxygen uptake in the fall months were due to
a mixture in the CLW adult population of diapausing and post-diapausing individuals.
At the beginning of overwintering in November, 12 of 16 adults measured showed
diapause levels of oxygen uptake (0.25 /-L!/(mg . 0.5 h» and were sexually immature upon
dissection. The results indicate that most current-year adults at Wisconsin latitudes
overwinter in diapause and sexual maturation is delayed until spring. At the more
southerly latitudes of Illinois (Folsom 1909) and Indiana (Tower and Fenton 1920) the
onset of winter is delayed compared to Wisconsin to favor fall oviposition.
Overwintered adults. Ovenvintered adults ceased oviposition and feeding by late June
and were respiring at low levels (0.08 /-Lli(mg . 0.5 h» by the first sampling date 9 July
(Fig. I). Oxygen uptakc rose sharply in the adults beginning mid-August. Oviposition
resumed in late August in the culture and continued throughout the fall. Thc more rapid
sexual maturation of the overwintered adults was a result of the prediapausc existence of
fully developed reproductive organs, requiring only the maturation of
in thc fall.
was also
Hypertrophy of gonads upon summer diapause renewal by overwintered
found in the alfalfa weevil (Utsinger and Apple 1973).
Lesser clover leaf weevil. The majority of both the current-year and overwintered
LCLW adults remained inactive and respired at low rates (0.6 fLI/(mg . h» from August
through October
2). After July no larvae were collected from the field and no eggs
were recovered from caged host plants. Respiration rates of overwintered adults increased
in November to 0.9 /-LI/(mg . h) but none of the six surviving current-year females
dissected on 11 November at the termination of the experiment were sexually mature. The
fact that their fat bodies were lean on this date indicated that diapause was ending at this
time. Without an energy reserve the adults would have difficulty surviving over the
four-month winter.
Our interpretation is that both the current-year and overwintered LCLW adults undergo
a prolonged summer diapause, longer than either the alfalfa weevil or CLW. A diapausc
state from August through October is supported by adult immobility and aggregation in
between the leaves of paper toweling, non-feeding, sexual immaturity, and low respira
tion. A prolonged summer diapause would explain the reports from Finland stressing
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spring oviposition as well as a prolonged nine-month pre-ovipositional period (Markkula
and Tinnila 1956).
The extended periods of inactivity, diapause in the summer and immobility during the
winter, in Wisconsin severely limit the available time for these pests to develop into
damaging populations and no doubt explains their status as minor pests.
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CONSIDERATIONS WHEN SAMPLING SPRUCE BUDWORM
EGG MASSES ON BALSAM FIR IN THE LAKE STATES:
LOW TO EXTREME POPULATION LEVELS I
Gary A. Simmons 2 and Gary W. Fowler
ABSTRACT
Nineteen balsam fir trees, Abies balsamea, from five spruce-fir stands in Michigan's
Upper Peninsula, were used to study egg mass densities and distributions. Ten were used
to study the effects of branch size on
mass density estimates. The foliage surface area
and the number of new egg masses
spruce budworm, Choristoneura fumiferana,
were determined for each branch, and the top of each tree and (or) the branch segment of
interest. We determined the effects of the bias and the variance of the estimator, of
sampling different parts of the tree, and of sampling different size branches. Points that
should be considered when estimating spruce budworm egg mass densities on balsam fir
were identified. Generally, sampling whole branches from the mid-crown gave the most
precise and accurate estimates of tree egg mass density.

This is the third in a series of papers related to attempts to improve egg mass sampling
of the spruce budworm, Choristoneurafumiferana (Clemens) (Lepidoptera: Tortricidae),
(Fowler and Simmons 1982, Simmons and Fowler 1982). In this paper we (I) examine the
effects of sampling balsam fir branches, Abies balsamea (L) Miller. from different parts
of the tree, (2) examine a range of egg mass densities and compare effects in terms of bias
and the variance, and (3) look at the influence of branch size.
METHODS AND MATERIALS
The data used in this paper are from a study of spruce bud worm egg mass sampling
conducted in the Upper Peninsula of Michigan during the summers of 1979 and 1980
(Fowler and Simmons 1982, Simmons and Fowler 1982). In each of four stands of
spruce-fir, four balsam fir trees were selected for complete enumeration of all observed
egg masses on every branch of the tree. In one additional stand, three balsam fir trees were
examined. These 19 trees were called "every branch trees."
We counted new egg masses and measured the foliage surface area for each branch.
Egg mass density was calculated in two ways: (1) surface area method and (2) per branch
method. For the surface area method, the total number of egg masses was divided by total
surface area for the tree portion of interest. For the per branch method, the total number of
new egg masses per unit of
was determined for each branch, then all branches in
the tree portion of inlerest were avera~ed. For both methods the egg mass densities were
expressed as egg masses per 1000 cm . The top, where branches were less than 70 em,
was treated separately as a single unit. Each branch examined was classified as being from
the iower-, mid-, or upper-crown of the tree. This was determined by visually dividing the
live crown vertically into thirds. The upper-crown included the branches of the upper third
and the portion later classed as the "lOp."
IMichigan Agriculture Experiment Station Journal Article No. 11026.
2Entomology Department, Michigan State University, East Lansing, MI 48824.
3School of Natural Resources, The University of Michigan. Ann Arbor. MI 48109.
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To compare all data with what can be practically obtained by a sampler using a
pole-pruner, all branches in the mid-crown of enumerated trees were examined carefully
from the ground before any branches were removed. Those branches judged to be feasible
for a sampler to obtain with a pole-pruner were called "feasible branches."
In addition to the 19 "every branch trees," two balsam fir trees from each of the five
stands were examined where only the branches deemed feasible to obtain with a
pole-pruner were used. These 10 "sampling scheme trees" provided a means for
comparing estimates of new egg mass densities on branches of different lengths.
The first "sampling scheme tree" selected in each stand was chosen because it
contained a full crown. We felt that samplers tend to select these kinds of trees because
they are easier to sample. The second tree selected was of average crown length and more
representative of the kind of trees found in the stand. This provided us with a total of JO
"sampling scheme trees." For each we examined the feasible branches in the mid-crown
and determined the number of egg masses and foliage surface area for the first 40, 50,60,
and 70 em of that branch from the branch tip.
RESULTS AND DISCUSSION
In the results that follow, the information from the "every branch trees" will be
referred to as the "every branch data set." The information from the "sampling scheme
trees" will be referred to as the "sampling scheme data set." All means related to a given
data set are arithmetic means.
Errors from Sampling a Portion of the Tree. To estimate egg mass density for an
entire tree, we took the total number of new egg masses divided by the total surface area
of the tree. The result is expressed as number of egg masses per 1000 cm 2 (TEMD). To
examine the effects of sampling only a portion of the tree. we compared egg mass density
of each portion of the tree (surface area method) to TEMD. Absolute error is the
difference between the density of the tree portion and TEMD. Relative error is the
absolute error divided by the tree density, multiplied by 100.
Every Branch Data Set. The average egg mass densities for the every branch data set
are shown in Table I. While there is considerable tree-to-tree and c1uster-to-c1uster
variability, some trends are evident.
Over the range of stand egg mass densities (0.034 to 23.547 egg masses per 1000 cm 2 ),
sampling from various parts of the tree yielded the following trends and relative errors: all
branches from tree WOT (without top), 4.2%; lower crown, -55.6%; mid-crown.
19.4%; upper crown WT (with top), 44.5%; upper crown WOT (without top), 48.7%; and
feasible branches, 18.6% (Table 2). These results suggest that (I) sampling the lower
crown consistently underestimates egg mass densities per tree with errors ranging from 50
to 70%; (2) sampling from the upper-crown, including or excluding the top. consistently
overestimates egg mass density with errors ranging from 40 to 150%; (3) sampling from
the mid-crown tends to overestimate egg mass density, although it also can underestimate
Table 1. Average egg mass density (no. egg masses per 1000 cm 2 , surface area method)
and standard deviations ( ) for the 19 balsam fir in the every branch data set.
Feasible
Branches
10.415
(11.344)

Infeasible All Branches Lower
Branches (Tree WOT) Crown
8.163
(9.498)

8.411
(9.498)

Middle
Crown

Upper Crown
WOTb

WTc

3.896 10.489 13.058" 12.695"
(4.613) (13.187) (15.879) (15.380)

Tree WT
(TEMD)
8.784
(9.657)

aBased on only 17 trees. The lower and middle crown values for 17 trees are 3.124 (2.953) and 8.648
(9.752), respectively.
bWithout top
"With top
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Table 2. Average egg mass density (no. egg masses per 1000 cm 2 , surface area method),
standard deviations and relative error for the 10 balsam fir trees in this sampling scheme
dataset.
Feasible Branches
Characterization

Whole 70 em 60 em 50 em 40 em

Tree
Middle
Crown WOTa

Mean
Standard
Deviation
% Error
Error Range

10.831 10.988 10.568 10.702 10.583

10.868

8.545

9.140

10.067 10.481 11.909
17.1
15.8
18.9
-30 to -100 to o to
200%
80%
40%

9.344
6.5
o to
12%

10.378

10.183 9.443 9.549
18.5
20.2
15.6
~10 to
10 to -25 to
160% 100%
60%

aWithout top
bWith top----TEMD

it, with errors ranging from -5 to 40%; (4) sampling only feasible branches from
mid-crown tends to overestimate egg mass density, although underestimates can occur,
with errors ranging from - 5 to 30%.
Sampling Scheme Data Set. The average egg mass densities for the sampling scheme
trees are shown in Table 2. With this table it is possible to examine the estimates from
of egg
mid-crown and the int1uence of branch length on these estimates over a full
mass densities. There is considerable tree-to-tree and cIuster-to-c1uster
with
some trends evident.
Generally, egg mass density estimation errors increased in magnitude as feasible branch
size decreased. Therefore, if feasible branches are to be the sampling unit, whole branches
should be used.
Errors from Using the Branch as a Sampling Unit. For these comparisons, we
assumed TEMD as the parameter to be estimated. We used the per branch method for each
portion of interest. However, because individual branches are neither the same size nor
equal in surface areas, we expressed egg mass densities as egg masses per unit surface
area. To obtain the egg mass density for the portion of the tree of interest we averaged the
individual branches for that portion, then compared these estimates with TEMD.
Variances of egg mass densities were compared to the variance of the tree WOT
(without top). Absolute errors for the variances were determined when compared to the
tree WOT, and relative errors were the absolute errors divided by the tree WOT variance
multiplied by 100.
The population variance (V(x» and the mean square error (MSE(x» of the sample mean
were calculated for various tree portions. Precision and accuracy percents were calculated
for sample sizes of 2, 5, and 10 branches where:
V(x) = V(X)/n
MSE(x) = V(x) + B2
V(X) = per branch variance of egg mass density for tree portion
n = sample size
B = bias, the absolute error for the tree portion
precision % = (YVCx)/J.L) 100
accuracy % = (YMSE(x)lJ.L) 100
J.L = tree WT egg mass density (TEMD)
For a more complete discussion of accuracy and precision of insect density estimates
see Fowler and Witter (l982).
Every Branch Data Set. The average per branch egg mass densities for the every
branch data set are shown in Table 3 for various parts of the tree. As with the surface area
method there is considerable tree-to-tree and cluster-to-cluster variation.
Egg mass densities estimated by the per branch method varied somewhat with
comparable estimates made using the surface area method (Tables I and 3). However,

90

THE GREAT LAKES ENTOMOLOGIST

Vol. 17, No.2

differences in relative errors caused by using the per branch method were no greater than
10%, with the exception of the tree WOT. Thus, the errors caused by using the per branch
method did not appear to be serious. The key comparisons of special interest are the tree
WOT, mid-crown and feasible branches. For all three, the per branch method had greater
biases than the surface area method. Differences between the two methods for the
mid-crown and feasible branches, however, did not appear large enough to be of serious
concern.
The per branch method underestimated all tree WOT variances. The relative error for
the mid-crown was comparatively small at -7% while the relative errors for the other
three tree portions (lower-, upper-crown WOT, and feasible branches) were com
paratively large, ranging from -40 to 90%.
The combined effects of the bias associated with sampling portions of the tree and of
using the per branch method on MSE (x) is illustrated in Table 4. Results show that
sampling from the mid-crown overestimated Vex) and MSE (x) of the tree WOT

Table 3. Average egg mass density (no. egg masses per 1000 cm 2 , per branch method)
and associated standard deviation, and average variance of egg mass density for the 19
balsam fir trees in the every branch dataset.
Statistic
Mean
Standard
Deviation
Variance

Feasible
Branches

Infeasible All Branches
Branches Tree WOT Lower

Crown
Middle

Upper-WOT

10.934

9.806

9.918

4.007

11.223

13.297 a

12.359
45.283

12.580
182.422

12.588
173.075

5.581
23.895

15.241
160.742

16.394
104.392a

aBased on only 17 trees as there were no branches in the upper crown of two trees. The lower and
middle crown values for 17 trees are 2.963 (standard deviation 2.878) and 8.872 (standard deviation
10.256), respectively, for means, and 8.496 and 54.748, respectively, for variances.

Table 4. Vex), MSE (x), precision percentage, and accuracy percentage for sampling
2, 5, and 10 using the per branch method for balsam fir.
various tree parts with n
Sample Size (n)
Tree Portion

2

5

10

Vex)

Tree wor
mid-crown
feasible branches

79.23
116.14
76.37

31.69
46.46
30.55

15.85
23.23
15.28

MSE (x)

Tree WOT
mid-crown
feasible branches

80.52
122.09
81.00

32.98
52.41
35.17

17.13
29.18
19.90

Precision %

Tree WOT
mid-crown
feasible branches

101.3
127.7
99.5

64.1
77.6
62.9

45.3
54.9
44.5

Accuracy %

Tree WOT
mid-crown
feasible branches

102.1
125.8
102.5

65.4
82.4
67.5

47.1
61.5
50.8

Parameter

'Without top
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regardless of sample size. Sampling feasible branches only slightly overestimated V (x)
and MSE (x) of the tree WOT regardless of sample size. For all, V (x) and MSE (x)
decreased as sample size increased.
The precision % and accuracy % obtained by sampling at mid-crown were slightly
larger than that from tree WOT for a given sample size. When sampling feasible branches,
the precision and accuracy are nearly the same as those from tree WOT for a given sample
size. For all, precision and accuracy decreased as sample size increased.
Overall, the results in Table 4 indicate that the combined effect of the bias associated
with the sample mean of tree portions other than the tree WT and the bias caused by using
the per branch method on MSE (x) is very small compared to the variance effect of
sampling other tree portions. The smallest precisions were obtained by sampling whole,
feasible branches. The accuracies obtained from sampling whole, feasible branches were
slightly larger than those obtained by sampling tree WOT.
Sampling Scheme Data Set. When we compared the two methods of calculating egg
mass density, the per branch method always resulted in higher average values (Tables 2
and 5). Using TEMD as the parameter of interest, the absolute and relative errors for
various portions of the tree were calculated. The WOT estimates were within 10%, while
all other surface area estimates were within 15 to 20%. The per branch method
overestimated for the remaining approaches, but relative errors were larger, ranging from
20 to 30%. Therefore, the per branch method probably provides adequate estimates with
relative errors only somewhat larger than surface area method overestimates.
Tree WOT variance was considerably underestimated from mid-crown samples, but the
relative error was nearly twice as great for whole, feasible branches. Tree WOT variance
was overestimated from 40-cm branch samples, underestimated for 60 and 70-cm branch
samples, and slightly overestimated for 50-cm branch samples. The results as shown in
Table 6 suggest that from a practical viewpoint the influence of bias associated with the
sample mean x from tree portions other than tree WT and using the per branch method on
MSE (x) is small to moderate. The smallest precision % and accuracy % are obtained
when sampling whole, feasible branches.
Estimation of TEMD. The results of this paper indicate that sampling whole feasible
branches yields the most precise estimates of tree WT egg mass density compared to
sampling tree WOT, the lower-crown, the mid-crown, the upper-crown WOT, and 70,
60, 50, and 40-cm feasible branches (Tables 4 and 6). Estimates based on sampling
whole, feasible branches and sampling tree WOT are approximately equal in accuracy and
precision.
To determine where to sample in the tree to estimate TEMD, we investigated various
sampling methods for sample sizes n = 2, 3, and 4 whole branches. The sample mean x is
the mean of the n branches. The bias B for any sampling method is the difference between
average egg mass density per branch for that sampling method (E(x)) and TEMD (7.876 4
Table 5. Average egg mass density (no. egg masses per 1000 cm 2 , per branch method)
and associated standard deviation, for the 10 balsam fir trees in the sampling scheme data
set. The average branch to branch variance is also indicated.
Feasible Branches
40 cm

Middle
Crown

Tree

wor

Statistic

Whole

70 cm

60 cm

50 cm

Mean
Standard
Deviation
Variance

11.197

11.997

11.835

11.637

11.544

11.166

9.876

10.566
25.646

10.799
96.302

10.984
163.716

11.401
135.604

12.109
176.856

12.513
74.939

11.696
133.590

aWithout top
4TEMD was recalculated for the 17 trees that had all the data required for this analysis.
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Table 6. Vex), MSE(x), precision percentage, and accuracy percentage for sampling
various tree parts with n = 2, 5, and 10 using the per branch method for balsam fir.
Sample Size (n)
Tree Portion

2

5

10

Interpretationb

Tree WOP
mid-crown
whole branches
70 em branches
60 cm branches
50 cm branches
40 cm branches

68.40
78.29
55.82
58.31
59.34
64.99
73.31

27.35
31.31
22.33
23.32
23.74
26.00
29.33

13.63
15.66
1l.l6
11.66
11.87
13.00
14.66

S
0

MSE(x)

Tree WOT"
mid-crown
whole branches
70 cm branches
60 em branches
50 cm branches
40 cm branches

68.94
82.39
60.05
66.47
66.60
72.30
79.09

27.90
35.42
23.56
31.49
31.00
32.23
35.11

14.22
19.76
15.40
19.82
19.13
19.23
20.44

Precision %

Tree WOTa
mid-crown
whole branches
70 cm branches
60 cm branches
50 cm branches
40 cm branches

90.5
96.8
81.7
83.5
84.3
88.2
93.7

57.2
61.2
61.7
52.8
53.3
55.8
59.2

40.5
43.3
36.5
37.4
37.7
39.4
41.9

Tree WOT"
mid-crown
whole branches
70 cm branches
60 cm branches
50 cm branches
40 cm branches

90.8
99.3
84.8
89.2
89.3
92.3
97.3

57.8
65.1
56.4
61.4
60.9
62.1
64.8

41.3
48.6
42.9
48.7
47.0
48.0
49.5

Parameter

Vex)

Accuracy %

"Without top
bS = standard of comparison; 0 = over: U

= under;

and V

U
U
U
U

0
S
0

V
V
V
0
0
S
0
V
U
U
U

0
S
0
V
V
V
0

0

variable-some over. some under

for the 17 trees with branches in all three crowns [Table 1]). E (x) is the average of all
branches in the tree part or parts from which branches were selected for a given sampling
method. B is caused by sampling tree parts other than tree WT and using the per branch
method for determining egg mass density. Branch selection from a given tree part is made
using simple random sampling.
V (x) and MSE (x) are the variance and mean square error of the sample mean (x) and
are determined using the per branch variances (V(X» of the 17 trees (Table 3). When
selecting branches from two or three crown classes, stratified random sampling is used
with weights based on the proportion of tree foliage surface area in that class (Fmvler and
Simmons 1982).
When n branches are selected from one tree part;
n

x =

!

i=1

xi/n

and Vex)

V(X)/n.
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When branches are selected from J tree parts:
J

J

x

= L

L

WjXj and V (x)
1

1

w. 2 V(x·)
J
J

n'

where:

Xj

t

i= I

xi/n'
]

nj = the number of branches selected from jlh tree part

Wj = the ratio of foliage surface area of the j'h part divided by the total
foliage surface area of the J parts.
Bias distorts probability statements (Cochran 1977, Fowler and Witter 1982). The
larger IBI / VV (x), the larger the actual level of significance a will be compared to the
nominal a (and the smaller the actual confidence coefficient will be compared to the
nominal confidence coefficient). For a = 0.05 and a nonnal distribution, the actual values
of a are 0.0511, 0.0546, 0.0604, 0.0790, and 0.1700 for IBI / yv (x)
0.10, 0.20,
0.30, 0.50, and 1.00, respectively. If the bias is no larger than 10% of yv (x), the effect
of bias on probability statements is negligible. Even with biases as large as 30%
of yv (x) the effect is quite modest.
Samples of2, 3, and 4 whole branches. Tables 7, 8, and 9 show E (x), B, V (x), MSE
(x), and IBII yv (x) for the average of the 17 balsam fir trees for the every branch dataset
using seven different sampling methods with sample sizes of n
2, 3, and 4 whole
branches. With sample size n = 2 (Table 7) selecting two feasible branches yielded the
most precise and accurate estimate, followed by selecting one branch from each of the
lower- and upper-crown. All other methods were considerably less accurate and precise.
With sample size n = 3 (Table 8), selecting three feasible branches gave the most
precise and accurate estimate, followed by selecting one and two branches from the lower
and upper-crowns, respectively. All other methods, except for method 5, were consider
ably less accurate and precise.
With sample size n
4 (Table 9), selecting four feasible branches gave the most
precise and accurate estimate, followed by selecting two branches from each of the lower-

Table 7. E(x), B, Vex), and
sampling methods with n

IB/I YV(x) for the average of the 17 balsam fir trees using
2. a

Sampling Method
1.
2.
3.
4.

2
2
2
1

5.
6.
aEO!.)

branches from tree WOT
branches from mid-crown
feasible branches
branch from each of
lower- and mid-crown
branch from each of midand upper-crown
branch from each of
lower- and upper-crown
=

E(x)

B

Vex)

MSE(x)

/BI! YV(x)

8.245
8.872
9.204

0.369
0.996
1.328

46.25
27.37
9.07

46.39
28.37
10.84

0.054
0.190
0.441

6.480

-1.396

21.14

23.14

0.303

9.945

2.069

37.56

41.84

0.338

6.270

1.606

14.62

17.20

0.420

expected value of x

B = bias
Vex) = variance of the mean
MSE(x) = mean square error of the mean
IBI / YV(x) = absolute value of the bias relative to the standard error
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Table 8. E(x), B, Vex), and IBII VV(x) for the average of the 17 balsam fir trees using
sampling methods with n = 3. 3
Sampling Method

E(x)

B

Vex)

MSE(x)

IBII yV(x)

branches from tree WOT
branches from mid-crown
feasible branches
branch from each of 3 crowns
and 2 branches from lowerand mid-crown
6. 2 and 1 branches from midand upper-crown
7.
and 2 branches from lowerand upper-crown

8.245
8.872
9.204
7.571

0.369
0.996
1.328
-0.305

30.84
18.25
6.05
17.34

30.97
19.24
7.81
17.44

0.066
0.233
0.540
0.073

6.480

-1.396

11.50

13.44

0.412

9.945

2.069

21.85

26.13

0.443

6.270

-1.606

9.27

11.85

0.527

1.
2.
3.
4.
5.

3
3
3
1
1

aE(x)
expected value of x
B = bias

Vex)

variance of the mean
mean square error of the mean
v Vex)
absolute value of the bias relative to the standard error

MSE(~

IBII

Table 9. E(x), B, Vex), and
sampling methods with n

IBI/ yV(x) for the average of the 17 balsam fir trees lIsing
4."
MSE(x)

IBII yV(x)

0.369
0.996
1.328

23.13
13.69
4.54

23.26
14.68
6.30

0.077
0.269
0.623

7.571

--0.305

10.50

10.59

0.094

6.480

-1.396

10.60

12.55

0.429

9.945

2.069

18.78

23.06

0.477

6.270

1.606

7.37

9.89

0.594

E(x)

4 branches from tree WOT
4 branches from mid-crown
4 feasible branches
1, 2 and I branches from 10wer
mid-, and upper-crowns
5. 2 branches from each of lowerand mid-crown
6. 2 branches from each of midand upper crown
7. 2 branches from each of lowerand upper-crown

8.245
8.872
9.204

1.
2.
3.
4.

B

VCx)

Sampling Method

expected value of x
B = bias
Vex) = variance of the mean
MSE(x)
mean square error of the mean
IBI ! YV(x) absolute value of the bias relative to the standard error

aE(x)

and upper-crown. All other methods except methods 4 and 5 were considerably less
accurate and precise.
Distortion of Probability Statements. Sampling feasible branches gave the most
accurate and precise estimate of TEMD. However, IBII yV (x) is largest for this
sampling method, indicating the largest distortion of probability statements of all of the
sampling methods. Actual a varied from about 0.07 to 0.09 when the nominal a
0.05.
Distortion of probability statements increased with sample size. These distortions were
only moderate.
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COMMENTS
The following points should be considered in developing sampling plans to estimate
egg mass densities in mixed spruce fir stands:
1. Considerable tree-to-tree and cluster-to-cluster variation exists.
2. The smallest precision and accuracy percentages are obtained when sampling
whole, feasible branches.
3. Egg mass density estimation errors increase in magnitude as feasible branch size
decreases.
4. When selecting two, three or four branches from a tree, the most precise and
accurate method is to select branches from the mid-crown.
5. Even though sampling feasible branches from mid-crown yields the most precise
and accurate estimates, distortion of probability statements is maximum.
6. Distortion of probability statements increases with sample size, but all distortions
are only moderate.
7. The optimum sampling unit is a whole feasible branch from the mid-crown.
ACKNOWLEDGMENTS
Our thanks to Dr. Louis F. Wilson, USDA Forest Service, East Lansing, MI, and Dr.
Ann M. Lynch and Dr. John A. Witter, The University of Michigan. Ann Arbor, MI for
critical review. Thanks are also extended to our graduate assistants, Bruce Montgomery
and Larry Waisanen, for their assistance with data collection and analysis. We would like
to thank the members of our field crews for their assistance: B. Abbott, J. Berlin, A.
Davis, S. Huston, C. Landauer, R. Mech, R. Drapek, L. Hill, M. Kendrick, C. Lubben,
W. Overbaugh, T. Schreiner, J. Simon, E. Sorenson, and S. Todd. The work was
supported in part by a grant from CANUSA Spruce Budworms Research Program and by
funds and facilities made available through The University of Michigan and Michigan
State University
LITERA TURE CITED
Cochran, W. G. 1977. Sampling techniques. John Wiley and Sons, Inc. New York.
Fowler, G. W. and G. A. Simmons. 1982. Spruce budworm egg mass density on balsam
fir: low to very high levels. Great Lakes Entomo!' 15:277-286.
Fowler, G. W. and J. A. Witter. 1982. Accuracy and precision of insect density and
impact estimates. Great Lakes Entomo!' 15:103-117.
Simmons, G. A. and G. W. Fowler. 1982. Spruce budworm egg mass density on balsam
fir and white spruce: low population levels. Great Lakes Entomo!' 15:287-296.

1984

THE GREAT LAKES ENTOMOLOGIST

97

CONSIDERATIONS WHEN SAMPLING SPRUCE BUDWORM EGG
MASSES ON BALSAM FIR AND WHITE SPRUCE IN
THE LAKE STATES: LOW POPULATION LEVELS]
Gary W. Fowle? and Gary A. Simmons3
ABSTRACT
One cluster each of balsam fir, Abies balsamea, and white spruce, Picea g/auca, trees
was chosen from each of five stands of spruce-fir in Michigan's Upper Peninsula. The
foliage surface area and the number of new egg masses of the spruce budworm,
Choristoneurafumiferana, were detennined for each branch and the top of each tree. The
effects, in tenns of the bias and the variance of the estimator, of sampling in different
parts of the tree and with various size branches were determined. Factors that the sampler
should consider in developing sampling plans to estimate spruce bud worm egg mass
densities in mixed spruce-fir stands were identified. Egg mass density and its per branch
variance may be considerably higher in white spruce than in balsam fir. Sampling whole
feasible branches at mid-crown yielded, in general, the most precise and accuratc
estimates of tree egg mass density.

Little is known about sampling mixed spruce-fir stands to estimate spruce budwonn,
Choristoneurafumiferana (Clemens) (Lepidoptera: Tortricidae), egg mass density. The
objectives of this study were to (1) examine the differences in egg mass density between
white spruce, Picea glauca (Meunchhausen) Voss, and balsam fir, Abies balsamea (L.)
Miller, trees in mixed stands; (2) determine the effects of sampling different sampling
units from various portions of the tree crown by examining the bias and variance of the
estimator; and (3) identify important considerations for developing egg mass density
sampling plans in mixed spruce-fir stands.
METHODS AND MATERIALS
The data used in this paper are part of a spruce budwonn egg mass density sampling
study conducted in the Upper Peninsula of Michigan during the summers of 1979 and
1980. The entire study was described by Fowler and Simmons (1982) and Simmons and
Fowler (1982).
In each of five clusters of trees, two balsam fir and two white spruce trees were selected
for complete enumeration. Two additional balsam fir trees were enumerated for one
cluster, yielding a total of 12 balsam fir and 10 white spruce "every branch trees." Trees
were selected in such a way as to yield low egg mass popUlation densities. In each cluster,
the following criteria were used to select individual trees: (a) overtopped by hardwoods;
(b) least defoliation and healthiest tops; (c) proximity to spruce-fir pocket; (d) from 30 to
60 feet (9 to 18 m) tall with no dead tops; (e) crown full enough so branches feasible for
sampling could be clipped from mid-crown with pole pruners,
The number of new egg masses and foliage surface area were detennined for each
branch and the top, where branches were less than 70 cm long, of each tree. Each branch
lMichigan Agricultural Experiment Station Journal Article No. 11025.
2School of Natural Resources, The University of Michigan, Ann Arbor, MI 48109.
3Entomology Department, Michigan State University, East Lansing. MI 48824.
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was classified as belonging to the lower-, mid-, or upper-crown of the tree. This was
determined by visually dividing the live crown vertically into thirds. The upper-crown
included the branches of the upper third and the top of the tree. The top of the tree
consisted of that portion of the upper crown containing branches less than 70 cm in length.
All branches in the mid-crown that were judged to be feasible for sampling with a pole
pruner were called "feasible branches."
One of the balsam fir and one of the white spruce "every branch trees" with full
crowns from each cluster were designated "sampling scheme trees." Samplers tend to
select such trees for ease of sampling. One additional balsam fir tree from one cluster was
also designated a "sampling scheme tree," yielding a total of six balsam fir and five white
spruce trees. For all branches in the mid-crown considered to be "feasible branches, " the
number of new egg masses and foliage surface area were determined for the first 40, 50,
60, and 70 cm of that branch from the tip.
RESULTS AND DISCUSSION
Information obtained from the "every branch trees" will be referred to as the every
branch dataset; information obtained from the "sampling scheme trees" will be referred
to as the sampling scheme dataset. All means related to a given dataset, unless otherwise
stated, are arithmetic means on a per tree basis. In other words, the analysis centers on the
average tree of a given species.
Errors Due to Sampling Only a Portion of the Tree
We were interested in estimating egg mass density for an entire tree. This is the total
number of new egg masses divided by the total foliage surface area of the tree and is
expressed as the number of egg masses per 1000 cm 2 of foliage surface area (TEMD). We
examined the effects of sampling only a portion of the tree. The egg mass density for each
tree portion was determined by dividing the number of new egg masses by the foliage
surface area found on that portion (surface area method). This egg mass density was then
compared to TEMD. Absolute error is the difference between the density of the tree
portion and TEMD, while relative error is the absolute error divided by TEMD, multiplied
by 100.
Every brancb dataset. The average egg mass densities for the every branch dataset are
shown in Table 1. While there was considerable tree-to-tree and cluster-to-cluster
variation, there were some trends evident.
For balsam fir, sampling in the tree WOT (without top), lower-crown, mid-crown,
upper-crown WOT, upper-crown WT (with top) and feasible branches yielded relative
errors of -8.9, -76.8, -2.7, 117.9, 151.8, and 9.8%, respectively. For white spruce,
Table I. Average egg mass density (no, egg masses per 1000 cm2 , surface area method) and
standard deviation ( ) forthe 12 balsam fir (BF) and 10 white spruce (WS) trees in the every branch
dataset.
Feasible
Branches

Infeasible
Branches

BF

0.123
(0,123)

0.098
(0.098)

(0.092)

(0.040)

WS

0.384
(0.369)

0.320
(0.302)

0.334
(0.309)

0.122
(0.094)

Species

aWithout Top
bWith Top

Tree WT
(TEMD)
0.112
(0.107)

(0.244)
0.310
(0.269)

0,608
(0.544)

0.608
(0.525)

0.341
(0.310)
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sampling in the same tree parts yielded relative errors of --2.1, -64.2, - 9.1,78.3, 78.3,
and 12.6%, respectively.
Tree WT egg mass density (fEMD) was somewhat underestimated when sampling the
tree WOT with the relative error for balsam fir being about 4 times that for white spruce.
TEMD was greatly underestimated when sampling the lower-crown with the relative error
for balsam fir being somewhat greater than that for white spruce. Sampling at mid-crown
somewhat underestimated tree density with the relative error for white spruce being about
3 times that for balsam fir.
Sampling in the upper-crown WOT and WT greatly overestimated TEMD with the
relative error for balsam fir being considerably larger than that for white spruce. Density
in the tree top for balsam fir was considerably higher than that in the branches of the
upper-crown while this difference was negligible for white spruce. TEMD was over
estimated about 10% for both species when sampling feasible branches. Mid-crown
density was over-estimated when sampling feasible branches with the relative error being
12.8 and 23.9% for balsam fir and white spruce, respectively (Table I).
Table 1 shows that white spruce egg mass density was about 3 times that for balsam fir
for TEMD, sampling the tree WOT and at mid-crown yielded underestimates of TEMD
less than 10% for both species, and sampling feasible branches yielded overestimates of
TEMD around 10% for both species. Results indicate that if only a small portion of the
tree is to be sampled mid-crown or feasible branches should be used for both species.
Sampling Scheme Dataset. The average egg mass densities for the sampling scheme
dataset are shown in Table 2. We not only examined the effects of sampling the tree
WOT, mid-crown, and whole feasible branches but also the effects of sampling the first
40, 50, 60, and 70 cm of feasible branches from the branch tip. Once again there was
considerable tree-to-tree and c1uster-to-c1uster variation with some trends evident.
For balsam fir, sampling in the tree WOT, mid-crown, and whole, 70, 60, 50, and
4O-cm feasible branches yielded relative errors of -5.8,22.1,55.8, 169.8, 170.9, 196.5,
and 179.1%, respectively. For white spruce, sampling in the same tree parts yielded
relative errors of -3.2,
10.3, 14.0, 56.4, 67.7. 82.0, and 105.9%, respectively.
TEMD was somewhat underestimated when sampling the tree WOT with the relative
error for balsam fir approximately twice that for white spruce. Sampling at mid-crown
overestimated TEMD for balsam fir and underestimated TEMD for white spruce,
respectively, with the absolute relative error for balsam fir being approximately twice that
of white spruce.
Sampling whole feasible branches considerably overcstimated (55.8%) and somewhat
overestimated (14.0%) TEMD density for balsam fir and white spruce, respectively.
Mid-crown density was overestimated when sampling whole feasible branches with the
relative error being 27.6 and 27.2% for balsam fir and white spruce, respectively (Table
2).
In general, tree density was increasingly overestimated as feasible branch size deTable 2. Average egg mass density (no. egg masses per 1000 cm 2 , surface area method)
and standard deviation ( ) for the six balsam fir (BF) and five white spruce (WS) trees in
the sampling scheme dataset.
Feasible Branches

Tree

Species

Whole

70 cm

60 cm

50 cm

40 cm

Middle
Crown

WOTa

WTb

BF

0.134
(0.154)

0.232
(0.284)

0.233
(0.313)

0.255
(0.311)

0.240
(0.295)

0.105
(0. [12)

0.081
(0.072)

0.086
(0.073)

WS

0.463
(0.376)

0.635
(0.488)

0.681
(0.510

0.739
(0.585)

0.836
(0.630)

0.364
(0.268)

0.393
(0.308)

0.406
(0.303)

aWithout Top
bWith Top-TEMD
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creased from whole to 40-cm branches with the relative errors for balsam fir being, on the
average, over twice that for white spruce.
Table 2 shows that white spruce egg mass density was 4.7 times that for balsam fir for
TEMD, sampling the tree WOT somewhat underestimated TEMD for both species,
sampling at mid-crown overestimated TEMD for balsam fir and underestimated TEMD
for white spruce, sampling feasible branches yielded overestimates ofTEMD around 27%
for both species, and smaller branch sizes yielded larger relative errors for both species.
Results indicate that if afeasible branch is to be the sampling unit, whole branches should
be used for both species.
Errors Due to Using the Branch as a Sampling Unit
Once again we were interested in estimating TEMD. We examined the effects of using
the per branch average of egg mass density of various portions of the tree on the estimate
of TEMD. First, the number of new egg masses per unit of foliage surface area was
determined for each branch. Then the average of all branches in the tree portion of interest
(per branch method) was determined.
mass densities were once again expressed on a
per 1000 cm2 basis. The branch is the sampling unit, and estimates of TEMD based on the
per branch method are biased because foliage surface area is not the same for each branch.
Because foliage surface areas are not known prior to sampling, unbiased estimates are not
possible.
The per branch egg mass densities for various portions of the tree were compared with
TEMD. The variances of per branch egg mass density for various tree parts were
compared with that for the tree WOT, the population parameter of interest. Absolute and
relative errors for density are as described earlier. For the variance, absolute error is the
difference between the variance of the tree portion and the variance of the tree WOT,
while relative error is the absolute error divided by the tree WOT variance, multiplied by
100.
The population variance (V(x)) and mean square error (MSE(x» of the sample mean
were calculated for various tree portions. along with the precision and accuracy %, with
sample sizes of 2, 5, and 10 branches, where
Vex)

V(X)/n

MSE(x)
VeX)

V(x)

+ B2

per branch variance of egg mass density for tree portion

n

sample size

B

bias (the absolute error for the tree portion)

precision %

(yV(X)/fL)100

accuracy %

(yMSE(x)/fL) 100

fL

tree WT egg mass density-surface area method (TEMD)

Fowler and Witter (1982) provided a detailed examination of the accuracy and precision
of insect density and impact estimates.
Every branch dataset. The average per branch
mass densities for the every branch
dataset are shown in Table 3 for various tree parts.
with the surface area method, there
was considerable tree-to-tree and c1uster-to-cluster variation,
Egg mass density calculated using the per branch method varied somewhat from that
calculated using the surface area method (Tables I and 3) for the various tree parts. Using
the density based on the surface area method for a given tree part as the parameter of
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, per branch method)
Table 3. Average egg mass density (no. egg masses per 1000
and standard deviation ( ) for the 12 balsam fir (BF) and 10 white spruce (WS) trees in
the every branch dataset.
Feasible
Branches

Infeasible
Branches

All Branches
(Tree WOT)

Lower
Crown

Middle
Crown

Upper
Crown
WOT

BF

0.130
(0.142)

0.123
(0.114)

0.124
(0.110)

0.025
(0.039)

0.1l7
(0.127)

0.266
(0.270)

WS

0.375
(0.343)

0.380
(0.378)

0.380
(0.367)

0.119
(0.096)

0.322
(0.320)

0.647
(0.634)

Species

interest, errors caused by using the density based on the per branch method were
examined. For balsam fir, sampling in the tree WOT, lower-crown, mid-crown, upper
crown WOT, and feasible branches yielded relative errors of 21.6, -3.8,7.3,9.0, and
5.7%, respectively. For white spruce, sampling in the same tree parts yielded relative
errors of 13.8, -2.5,3.9,6.4, and -2.3%, respectively. Except for the tree WOT, the
differences between the two methods were relatively small « 10%). The average per tree
differences between the two methods for the tree WOT was not significantly different
from 0 for balsam fir (t, P> 0.10) and white spruce (t, P > 0.05). Thus, the errors caused
by using the per branch method do not appear to be serious.
We examined the errors in terms of egg mass density caused by sampling different tree
parts (tree WOT, mid-crown, and feasible branches) using the per branch and surface area
methods for the averages shown in Tables 1 and 3, respectively, for balsam fir and white
spruce. Each tree part was compared to TEMD. For balsam fir, the relative errors were
larger for the per branch method compared to the surface area method with mixed results
for white spruce. Results indicate, on the average, biases were larger for the per branch
method. For sampling at mid-crown and feasible branches, the differences between the 2
methods did not appear to be serious given the small sample sizes and large variabilities
present.
The average variances of egg mass density for the every branch dataset are shown in
Table 4 for various tree parts. The average variances for white spruce were considerably
larger than those for balsam fir for all tree parts, varying from about 2.4 times as large for
feasible branches to about 5.5 times as large for the mid-crown. For balsam fir, sampling
in the lower-crown, mid-crown, upper-crown WOT, and feasible branches yielded
relative errors of -90.7, -44.9, 129.5, and -50.9%, respectively. For white spruce,
sampling in the same tree parts yielded relative errors of -92.3, -41.4, 74.6, and
-77.3%, respectively.
Tree (WOn egg mass density variance per branch was underestimated when sampling
the lower- and mid-crown by approximately 90 and 45%, respectively, for both balsam fir
and white spruce. Tree egg mass density variance was considerably overestimated when
sampling the upper-crown WOT with the relative error for balsam tir being about 1.7
times that for white spruce. Sampling feasible branches underestimated this variance with
the relative error for white spruce being about 1.5 times that for balsam fir.
Table 5 shows Vex), MSE(x), precision %, and accuracy % for sampling in the tree
WOT, mid-crown, and feasible branches for sample sizes of2, 5, and 10 whole branches.
Results show that sampling at mid-crown and feasible branches considerably un
derestimated Vex) and MSE(x) of the tree WOT with the same sample size for both
species. V(x) at mid-crown was 55.1 and 58.9% of Vex) of the tree WOT with any sample
size for balsam fir and white spruce, respectively, while Vex) of feasible branches was
49.1 and 22.7% of Vex) of the tree WOT with any sample size for balsam fir and white
spruce, respectively. Similar results were obtained for MSE(x) with MSE(x) being

VoL 17, No.2

THE GREAT LAKES ENTOMOLOGIST

102

Table 4. Average variance of egg mass density (no. egg masses per 1000 cm", per branch
method) for the 12 balsam fir (BF) and 10 white spruce (WS) trees in the every branch
dataset.

Species

Feasible
Branches

Infeasible
Branches

All
Branches a

Lower
Crown

Middle
Crown

Upper
Crown
WOTb

BF
WS

0.0723
0.1729

0.1573
0.8312

0.1474
0.7615

0.0137
0.0590

0.0812
0.4482

0.3383
1.3294

'Tree WOT
"Without Top

Table 5. Vex), MSE(x), precision %, and accuracy % for sampling various tree parts with
n 2,5, and 10 using the per branch method for balsam fir (BF) and white spruce (WS),
using the averages shown in tables 3 and 4.
BF
2
a

5

WS
10

2

5

10

Vex)

Tree WOT
Mid-Crown
Feasible Branches

0.0737
0.0406
0.0362

0.0295
0.0162
0.0145

0.0147
0.0081
0.0072

0.3808
0.2241
0.0864

0.1523 0.0762
0.0896 0.0448
0.0346 0.0173

MSE(x)

Tree WOT
Mid-Crown
Feasible Branches

0.0738
0.0406
0.0365

0.0296
0.0162
0.0148

0.0148
0.0081
0.0075

0.3823 0.1538 0.0777
0.2245 0.0900 0.0452
0.0876 0.0358 0.0185

242.4
Tree WOT
179.9
Precision % Mid-Crown
Feasible Branches 169.9

153.4
113.6
107.5

108.3
80.4
75.8

181.0
138.8
86.2

114.4
87.8
54.5

81.0
62.1
38.6

Tree WOT
242.6
Accuracy % Mid-Crown
180.0
Feasible Branches170.6

153.7
113.7
108.7

108.8
80.5
77.4

181.3
138.9
86.8

115.0
88.0
55.5

81.8
62.3
39.8

aWithout Top

slightly larger than Vex) with a given sample for a specific tree part. MSE(x) and V(x)
decreased as sample size increased.
The precision % and accuracy % obtained by sampling at mid-crown and feasible
branches were considerably smaller than that for the tree WOT for a given sample size.
Both precision % and accuracy % decreased as sample size increased. The accuracy 9i:
was slightly larger than the precision % with a given sample size for a specific tree part.
The difference increased slightly as sample size increased.
Results indicate that the combined effect, in terms of the bias associated with the
samplc mean x, of sampling tree parts other than the tree WT and using the per branch
method on MSE(x) was very small compared to the variance effect of sampling other tree
parts. The smallest precision % and accuracy % are obtained when sampling whole
feasible branches.
Sampling scheme dataset. The average per branch egg mass densities for the sampling
scheme dataset are shown in Table 6. We examined both the effects of sampling the tree
WOT, mid-crown, and whole feasible branches and the effects of sampling the first 40,
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Table 6. Average egg mass density (no. egg masses per 1000 cm 2 , per branch method)
for the six balsam fir (BF) and five white spruce (WS) trees in the sampling scheme
dataset. Standard deviations are in parentheses.

--_

Feasible Branches

Species

Whole

70 cm

60 cm

50 cm

40 cm

Middle
Crown

wor

BF

0.142
(0.169)

0.219
(0.283)

0.216
(0.304)

0.236
(0.284)

0.210
(0.264)

0.124
(0.138)

0.1 I7
(0.123)

WS

0.458
(0.353)

0.630
(0.492)

0.641
(0.509)

0.706
(0.541)

0.745
(0.585)

0.315
(0.236)

0.437
(0.377)

.....

Tree

"Without Top

50, 60, and 70 cm of feasible branches from the branch tip. Once again there was
considerable tree-to-tree and cluster-to-cluster variation.
Egg mass density calculated using the per branch method varied somewhat from that
calculated using the surface area method (Tables 2 and 6) for various tree parts. Assuming
density based on the surface area method to be the parameter of interest, errors caused by
using the density based on the per branch method were examined. For balsam fir,
sampling in the tree WOT, mid-crown, whole, 70, 60, 50, and 40-cm feasible branches
yielded relative errors of 44.4, 18.1,6.0, -5.6, -7.3, -7.5, and 12.5%, respectively.
For white spruce, sampling in the same tree parts yielded relative errors of 11.2, -13.5,
1.1, -0.8, -5.9, -4.5, and 10.9%, respectively. Except for the tree WOT and
mid-crown for balsam fir, the differences between the two methods were generally within
10%. The average per tree differences between the two methods for the tree WOT were
not significantly different for balsam fir (t, P > 0.20) and white spruce (t, P > 0.40).
Once again the errors caused by using the per branch method did not appear to be serious.
The errors in terms of egg mass density caused by sampling different tree parts using
the per branch and surface area methods for the averages shown in Tables 2 and 6,
respectively, for balsam fir and white spruce were examined. Each tree part was compared
to TEMD. For balsam fir, the relative errors were larger with the per branch method for
the tree WOT (36.0% compared to -5.8%), mid-crown (44.2% compared to 22.1 %), and
whole feasible branches (65.1 % compared to 55.8%). The reverse was true for 70,60,50,
and 40-cm feasible branches where the relative errors ranged from 151.2-174.4% for the
per branch method and 169.8-196.5% for the surface area method.
For white spruce, the relative errors were larger with the per branch method for the tree
WOT (7.6% compared to -3.2%) and mid-crown (-22.4% compared to 10.3%). The
reverse was true for whole (12.8% compared to 14.0%) and 70, 60. 50, and 40-cm
feasible branches where the relative errors ranged from 55.2-83.5% for the per branch
method and 56.4-105.9% for the surface area method.
Results indicate that when sampling the tree WOT and mid-crown, biases were larger
for the per branch method. However, when sampling whole 70, 60, 50, and 40-cm
feasible branches, the biases were, in general, larger for the surface area method. Given
the small sample sizes and large variabilities present, the differences between the two
methods did not appear to be serious.
The average variances of egg mass density for the sampling scheme dataset are shown
in Table 7. The average variances for white spruce were considerably larger than those for
balsam fir for all tree parts, varying from about 2 times as
for the mid-crown to 5.7
times as large for 50 cm branches. For balsam fir, sampling in the mid-crown and whole,
70,60,50, and 40-cm feasible branches yielded relative errors of -47.3, -76.9, -9.6,
12.9, 19.5, and 79.4%, respectively. For white spruce, sampling in the same tree parts
yielded relative errors of -72.2, -70.1, 4.7, 18.8,76.9, and 106.7%, respectively.
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Table 7. Average variance of egg mass density (no. egg masses per 1000 cm2 , per branch
method) for the six balsam fir (BF) and five white spruce (WS) trees in the sampling
scheme dataset.
Feasible Branches
Species

Whole

70 cm

60 cm

50 cm

40 cm

Middle
Crown

wor

BF
WS

0.0462
0.2305

0.1812
0.8074

0.1746
0.6266

0.2394
1.3641

0.3596
1.5937

0.1056
0.2143

0.2004
0.7712

Tree

"Without Top

Tree WOT egg mass density variance per branch was considerably underestimated
when sampling at mid-crown with the relative error for white spruce being about 1.5 times
that for balsam fir. Tree density variance was underestimated by 76.9 and 70.1 % when
sampling whole feasible branches for balsam fir and white spruce, respectively. For
balsam fir, tree density variance was underestimated for 70 and 60-cm branches and
overestimated for 50 and 40-cm branches. For white spruce, tree density variance was
overestimated for 70, 50, and 40-cm branches and underestimated for 60-cm branches.
The absolute relative error increased as branch size decreased for both species. The errors
were larger for white spruce with 60, 50, and 40-cm branches.
Table 8 shows Vex), MSE(x) precision %, and accuracy % for sampling in the tree
WOT, mid-crown, and whole 70, 60, 50, and 40-cm feasible branches for sample sizes of
2, 5, and 10 branches. Results show that sampling at mid-crown and whole feasible
branches considerably underestimated Vex) and MSE(x) of the tree WOT with the same
sample size for both species. Vex) at mid-crown and for whole, 70, 60, 50, and 40-cm
feasible branches was 52.7, 23.1, 90.4, 87.1, 119.5, and 179.4% of Vex) of the tree
WOT, respectively, regardless of sample size for balsam fir. Vex) at mid-crown and for
whole, 70, 60, 50, and 40-cm feasible brdnches was 27.8.29.9,104.7,81.2,176.9. and
206.0% of Vex) of the tree WOT, respectively, regardless of sample size for white spruce.
Similar results were obtained for MSE(x) when sampling at mid-crown and whole feasible
branches with MSE(x) being somewhat larger than Vex) for a given sample size and
specific tree part. The difference between MSE(x) and Vex) increased as sample size
increased. In all cases, MSE(x) for 70, 60, 50, and 4O-cm branches was
than that
for the tree WOT with the difference, in general, increasing as branch size decreased. For
a given tree part, the difference increased relatively as sample size increased because the
effect of the bias (relative error) caused by sampling the tree part on MSE(x) became
larger.
The precision % and aecuracy % obtained by sampling at mid-crown and whole feasible
branches were considerably smaller than that for the tree WOT for a given sample size.
The preeision and accuraey %'s were smallest for whole feasible branches. Both precision
% and accuracy % for 70, 60, 50, and 40-cm branches were larger than that for the tree
WOT with the difference increasing as branch size decreased. Both precision 'k and
accuracy % decreased as sample size increased. The accuracy 'k was larger than the
precision % with a given sample size for a specific tfee part. The difference increased as
sample size increased.
Results indicate that the combined effect. in terms of the bias associated with the
sample mean X, of sampling tree parts other than the tree WT and using the per branch
method on MSE(x) was relatively small to moderate when compared to the variance effect
of sampling other tree parts for the mid-erown and whole feasible branches. On the other
hand this combined effect was considerably larger for 70. 60, 50, and 40-cm feasible
branches with the effect increasing as sample size increased. The smallest precision 'k and
accuracy %'s were obtained when sampling whole feasible branches.
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Table 8. Vex), MSE(x), precision %, and accuracy % for sampling various tree parts with
n = 2,5, and 10 using the per branch method for balsam fir (BF) and white spruce (WS),
using the averages shown in tables 6 and 7.
BF
2

10

2

WS
5

10

V(X)

Tree WOP
Mid-Crown
Whole Branches
70 em Branches
60 em Branches
50 em Branches
40 em Branches

0.1002
0.0528
0.0231
0.0906
0.0873
0.1197
0.1798

0.0401
0.0211
0.0092
0.0362
0.0349
0.0479
0.0719

0.0200
0.0106
0.0046
0.0181
0.0175
0.0239
0.0360

0.3856
0.1072
0.1152
0.4037
0.3133
0.6820
0.7968

0.1542
0.0429
0.0461
0.1615
0.1253
0.2728
0.3187

0.0771
0.0214
0.0230
0.0807
0.0627
0.1364
0.1594

MSE(ii.)

Tree WOT
Mid-Crown
Whole Branches
70 em Branches
60 em Branches
50 em Branches
40 em Branches

0.1012
0.0542
0.0262
0.1083
0.1042
0.1422
0.1952

0.0411
0.0225
0.0123
0.0539
0.0518
0.0704
0.0873

0.0210
0.0120
0.0077
0.0358
0.0344
0.0464
0.0514

0.3866
0.1155
0.1179
0.4539
0.3685
0.7720
0.9117

0.1552
0.0512
0.0488
0.2117
0.1805
0.3628
0.4336

0.0781
0.0297
0.0257
0.1309
0.1179
0.2264
0.2743

Precision %

Tree WOT
Mid-Crown
Whole Branches
70 em Branches
60 em Branches
50 em Branches
40 em Branches

368.1
267.2
176.7
350.0
343.6
402.3
493.1

232.8
168.9
111.5
221.2
217.2
254.5
311.8

164.4
119.7
78.9
156.4
153.8
179.8
220.6

152.9
80.6
83.6
156.5
137.9
203.4
219.9

96.7
51.0
52.9
99.0
87.2
128.6
139.0

68.4
36.0
37.4
70.0
61.7
91.0
98.3

Accuracy %

Tree WOT
Mid-Crown
Whole Branches
70 em Branches
60 em Branches
50 em Branches
40 em Branches

369.8
270.8
188.3
382.6
375.3
438.5
513.7

235.6
174.6
129.1
269.9
264.6
308.5
343.5

168.3
127.6
102.3
220.0
215.7
250.5
263.6

153.1
83.7
84.6
165.9
149.5
216.4
235.2

97.0
55.7
54.4
113.3
104.7
148.4
162.2

68.8
42.4
39.5
89.1
84.6
117.2
129.0

'Without Top

Balsam Fir Versus White Spruce
Egg mass density on white spruce was considerably higher than that on balsam fir for
all tree parts (Tables 1,2,3, and 6). The variance of egg mass density per branch for
white spruce was also considerably higher than that for balsam fir for all tree parts (Tables
4 and 7).
For both species, egg mass density and the variance of egg mass density (I) increased
from lower-to mid-to upper-crown and (2) increased, in general, as feasible branch size
decreased. Also, egg mass density of whole feasible branches was higher than the density
at mid-crown while variance of egg mass density of whole feasible branches was, in
general, lower than that for all whole branches at mid-crown.
Average TEMD for the five clusters of trees varied from 0.034 to 0.273 (x = 0.127) for
balsam fir and from 0.122 to 0.869 (x = 0.341) for white spruce. The cluster ratio of
white spruce to balsam fir average TEMD varied from 1.44 to 4.18 (x = 2.91). This ratio
was significantly larger than 1.00 (t, P < 0.025). The cluster-to-cluster variability of egg
mass density for white spruce trees (S1 2 = 0.0994 was significantly larger (F, P < 0.05)
than that for balsam fir trees (s/ = 0.0 lI4). Also, the tree-to-tree variation of egg mass
density for the 10 white spruce trees (Sj2 = 0.0960) was significantly larger (F, P <
O.OOl) than that for the 10 balsam fir trees (S2 2 = 0.0114).
White spruce egg mass density, in general, increased as balsam fir egg mass density
increased. The simple linear correlation between the two egg mass densities was
moderately high (r = 0.707; t, 0.05 < P < 0.10).
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Estimation of TEMD
The results of this paper indicate that sampling at mid-crown and feasible whole
branches yielded the most precise and accurate estimates of tree WT egg mass density
compared to sampling tree WOT, the lower-crown, the upper erown WOT, and 70, 60,
50, and 40-cm whole feasible branches (Tables 5 and 8). Estimates based on sampling
feasible branehes were the most
and accurate.
In order to determine where to
in the tree to estimate TEMD, we investigated
n 2, 3, and 4 whole branches. The sample
various sampling methods for sample
mean x is the mean of the n branches. The bias B for any sampling method is the
difference between the average
mass density per branch for that sampling method
(E(x» and TEMD (0.112 for balsam and 0.341 for white spruce). E(x) is the average of
all branches in the tree part or parts from which branches were selected for a given
sampling method. B is caused by sampling tree parts other than tree WT and using the per
branch method for determining egg mass density. Branch selection in a given tree part is
assumed to be made using simple random sampling.
Vex) and MSE(x) are the variance and mean square error of x and are determined using
the per branch variances (V(X» in Table 4. When selecting branches from two or three
crown classes, stratified random sampling is used with weights based on the proportion of
tree foliage surface area in that class (i.e., 0.32, 0.50, and 0.18 for balsam fir and 0.30.
0.45, and 0.25 for white spruce for the lower-, mid-, and upper-crowns, respectively)
(Simmons and Fowler 1982).
n

When n branches are selected from one tree part, X ~ xi/n and Vex) = V(X):n. \Vhen
J
i 1
J
branches are selected from J tree parts, x . ~ WjXj and Vex) =. ~ w/ V(Xj) where Xj =
nj
J 1
J= 1
. L Xi/nj and nj is the number of branches selected from the j'" tree part. The weight Wj is
1=

I

the ratio of the foliage surface area of the j'h part divided by the total foliage surface area
of the J parts.
Bias distorts probability statements (Cochran 1977, Fowler and Witter 1982). The
larger IBI / yV(x), the larger the actual level of significance a will be compared to the
nominal a (and the smaller the actual confidence coefficient will be compared to the
nominal confidence coefficient). For a 0.05 and a normal distribution, the actual values
of a are 0.0511, 0.0546, 0.0604, 0.0790, and 0.1700 for IBI / yV(x) = 0.10. 0.20.
0.30,0.50, and 1.00, respectively. If the bias is no larger than \0% of yV(x), the effect
of bias on probability statements is negligible. Even with biases as large as 30'1: of
yV(x) , the effect is quite modest.
Samples of 2,3, and 4 whole branches. Table 9 shows E(x), B,V(x), MSE(x). and
lSI i VV(x) for the averages from the every branch dataset using seven different methods
2, 3, and 4 whole branches.
with sample sizes of n
n
2
The six methods are (only methods 1-3 and 5-7 are considered for n = 2):
1. select two branches from Tree WOT
2. select two branches from mid-crown
3. select two feasible branches
5. select one branch from each of the lower- and mid-crown
6. select one branch from each of the mid- and upper-crown
7. select one branch from each of the lower- and upper-crown.
The order of the methods in terms of decreasing accuracy and precision was 5.3.2. 7.
6, and 1 for balsam fir and 3, 5, 2, 7,1, and 6 for white spruce. Selecting two feasible
branches and selecting one branch from each of the lower- and mid-crowns yielded the
most precise and accurate estimates, followed by selecting two branches from mid-crown.
All other methods were considerably less accurate and precise.

=

::0
00

....

Table 9. E(x), B, V (x), MSE(x), and IBI ! yV(x) for the average of the 12 balsam fir and 10 white spruce trees using samoling methods
1-7 with n = 2, 3, and 4.
n=2

n=3

Sampling
Method

E(x)

B

V(x)

MSE(x)

! yV(x)

I
2
3
4
5
6
7

0.124
0.117
0.130
0.114
0.081
0.156
0.112

0.012
0.005
0.018
0.002
-O.D31
0.044
0.000

0.0737
0.0406
0.0362

0.0738
0.0406
0.0365

0.044
0.025
0.095

0.0322
0.0678
0.0494

0.0332
0.0697
0.0494

I

2
3
4
5
6
7

0.380
0.322
0.375
0.342
0.241
0.438
0.359

0.039
-0.019
0.034
0.001
-0.100
0.097
0.018

0.3808
02241
0.0864

0.3823
0.2245
0.0876

0.l708
0.8634
0.2923

0.1808
0.8728
0.2926

V(x)

Balsam fir
0.0491
0.0271
0.0241
0.0327
0.173
0.0215
0.169
0.0458
0.000
0.0275
White spruce
0.063
0.2538
0.040
0.1494
0.116
0.0643
0.1792
0.242
0.0901
0.104
0.7708
0.033
0.1549

n=4

MSE(x)

--l

V(x)

MSE(x)

/ yV(x)

0.0368
0.0203
0.0181
0.0226
0.0161
0.0339
0.0247

0.0369
0.0203
0.0184
0.0226
0.0171
0.0359
0.0247

0.063
0.035
0.134
0.013
0.244
0.239
0.000

::t
tTl

a
:;tI
tTl

0.0492
0.0271
0.0244
0.0327
0.0234
0.0477
0.0275

0.054
0.030
0.116
0.011
0.211
0.206
0.000

>

--l

r

>
~

tTl

CIl

tTl

Z
--l
0

;s::

0.2553
0.1498
0.0655
0.1792
0.1001
0.7802
0.1552

0.077
0.049
0.134
0.006
0.333
0.110
0.(146

0.1904
0.1120
0.0432
0.1338
0.0854
0.4317
0.1462

0.1919
0.1124
0.0444
0.1338
0.0954
0.4407
0.1465

0.089
0.057
0.164
0.003
0.342
0.148
0.047

0

5a

CIl

--l

o

-J
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The seven methods are
1. select three branches from Tree WOT
2. select three branches from mid-crown
3. select three feasible branches
4. select one branch from each of the three crowns
5. select one and two branches from the lower- and mid-crowns, respectively
6. select two and one branches from the mid- and upper-crowns, respectively
7. select one and two branches from the lower- and upper-crowns, respectively.
The order of the methods in terms of decreasing accuracy and precision was 5. 3. 2. 7.
4, 6, and 1 for balsam fir and 3, 5, 2, 7, 4, 1 and 6 for white spruce. Selecting three
feasible branches and selecting one and two branches from the lower- and mid-crowns
yielded the most precise and accurate estimates, followed by selecting three branches at
mid-crown. All other methods were considerably less accurate and precise.
n =

4

The
1.
2.
3.
4.

seven methods are
select four branches from Tree WOT
select four branches from mid-crown
select four feasible branches
select one, two, and one branches from the lower-, mid-, and upper-crowns.
respectively
5. select two branches from each of the lower- and mid-crown
6. select two branches from each of the mid- and upper-crown
7. select two branches from each of the lower- and upper-crown.
The order of the methods in terms of decreasing accuracy and precision was 5, 3. 2. -l.
7, 6, and 1 for balsam fir and 3, 5, 2,4, 7, 1, and 6 for white spruce. Selecting four
feasible branches and selecting two branches from each of the lower- and mid-crowns
yielded the most precise and accurate estimates, followed by selecting four branches at
mid-crown. All other methods were considerably less accurate and precise.
Distortion of Probability Statements
Results clearly show that sampling feasible branches yielded the most accurate and
precise estimates of TEMD for white spruce. Sampling branches from each of the lower
and mid-crowns (Method 5) yielded the most accurate and precise estimates ofTEMD for
balsam fir, but sampling feasible branches (Method 3) was almost as accurate and precise.
Method 3 was more accurate for sample sizes larger than n = 12. The distortion of
probability statements was considerably smaller for Method 3 than for Method 5 for both
balsam fir and white spruce. For balsam fir, IBI! yV(x) = 0.095, 0.116, and 0.13-l for n
= 2, 3, and 4, respectively, using Method 3 and IBI! yV(x) = 0.173, 0.211, and 0.2M
for n = 2, 3, and 4, respectively, using Method 5. For white spruce, IBI! yVUtl =
0.116,0.134 and 0.164 forn = 2~ 3, and 4, respectively, using Method 3 and IBI!"\ \'(.\)
= 0.242,0.333, and 0.342 for n = 2, 3, and 4, respectively, using Method 5. Actual a's
varied from about 0.0511 to less than 0.0546 when the nominal a = 0.05 for balsam fir.
but with white spruce the acutal a's varied from somewhat less than 0.0546 to greater than
0.604. Distortion of probability increased with sample size. The distortions of both
methods were only moderate.

COMMENTS
The following points should be considered in developing sampling plans to estimate
egg mass densities in mixed spruce fir stands:
1. Considerable tree-to-tree and cluster-to-cluster variation;
2. The average egg mass density in spruce trees may be considerably higher than that
in balsam fir trees; for the low density populations sampled in this study the ratio of

1984

3.

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

THE GREAT LAKES ENTOMOLOGIST

109

white spruce to balsam fir density varied from about 2 to 4.2 with an average of
2.91;
The branch-to-branch, tree-to-tree, and cluster-to-cluster variation of density may
be considerably higher in white spruce compared to balsam fir trees; for the low
density populations sampled in this study, the tree-to-tree variance for white spruce
was approximatcly 9 times as large as that for balsam fir;
The biases due to using whole branches as the sampling unit with simple random
sampling are relatively small;
The per branch mean and variance of egg mass density increases from lower- to
mid- to upper-crowns;
The per branch variance of egg mass density at mid-crown is, in general, lower
than that for the tree WOT;
The per branch variance of egg mass density for feasible branches increases as
branch size decreases and is larger than the variance of tree WOT for smaller
branch sizes;
The egg mass density of feasible branches is higher than that of tree WOT with the
difference increasing as branch size decreases;
There may be a relatively strong positive linear correlation between white spruce
and balsam fir egg mass density; for the five low-density clusters sampled in this
study, the linear correlation coefficient was 0.71;
The most precise and accurate estimates of TEMD for white spruce are obtained
from samples of whole feasible branches;
The most precise and accurate estimates of TEMD for balsam fir are obtained by
selecting whole branches from each of the lower- and mid-crowns, but sampling
whole feasible branches is almost as accurate and precise;
The distortion of probability statements caused by sampling whole feasible
branches to estimate TEMD is relatively small-this distortion is moderate when
sampling branches from each of the lower- and mid-crowns;
Sampling whole branches from the lower- and mid-crowns yields estimates of
TEMD that are somewhat more precise and accurate than estimates based on
sampling whole branches at mid-crown;
Sampling should not be done in the upper-crown:
The optimum sample unit is a whole fea~ible branch.
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BROWN-TAIL MOTH, EUPROCTIS CHRYSORRHOEA, AN
INDIGENOUS PEST OF PARKS AND PUBLIC IN
THE BENELUX COUNTRIES (LEPIDOPTERA: LYMANTRIIDAE)
F. M. Kniest! and J. R. Hoffman 2
ABSTRACT
Euproctis chrysorrhoea is a pest of park and shade trees and of the public in the
Benelux countries as well as in the northeastern United States and Canada. In the Benelux
countries the brown-tail moth is present every year in the dune regions, where it mainly
feeds on Hippophae rhamnoides. Hairs from the larvae are irritating to the human skin
producing a papular urticaria. An outbreak of the caterpillars produced widespread
discomfort at a beach in the Netherlands in 1982 following defoliation of food plants and
migration of the larvae seeking food, with resulting human contact, as well as wind
dispersal of the hairs.

The brown-tail moth, Euproctis chrysorrhoea (L.) (Lepidoptera: Lymantriidae), is a
defoliator of park and shade trees, and also a pest of the public because of the irritating
properties of its hairs. The species is a pest in great areas of Europe and Asia, and a minor
pest in the northeastern United States and Canada where it was accidently introduced
about 1897. It exists in scattered coastal areas in Massachusetts, New Hampshire, and
Maine (Metcalf et al. 1951). Its range formerly also included Connecticut, Vermont, and
New York.
Every year the brown-tail moth is present in the dune regions of The Netherlands and in
the West-Frisian Islands. The lower reaches of the rivers Rhine, Meuse, and Waal are the
natural northern limits of distribution. Approximately once every decade a major
infestation occurs which may extend as far north as Utrecht. The observations of
Euproctis species in the northern provinces come from incidental reports of adults.
In the Benelux countries, brown-tail moths are present from June until September.
From 200 to 400 eggs are laid on the under surface of leaves just after mating. Egg masses
are wrapped in a protective cover of brown hair dislodged from the anal tuft of the female,
and hatch in about I month. The caterpillars spend the rest of the season feeding and
spinning silken tents called winter nests in which they hibernate.
The caterpillars in a winter nest may number up to 500. In April or May, depending on
the weather, the young larvae will come out of their shelter and start feeding again. At this
point the larvae will be small, only 6-12 mm, but after a few weeks they may have tripled
their length. A few weeks later they will pupate and in about 10 days a new generation of
adult moths will appear.
The larvae of the brown-tail moth are polyphagous although in 40% of all infestation
reports received in the Benelux countries they fed on Quercus spp. (oak), in 25% on
Hippophae rhamnoides (buckthorn), and in 20% on Cralaegus spp. (hawthorn). During
major outbreaks they will feed on a great variety of plants. These caterpillars can defoliate
an enorniOUS number of trees.
There are three ways of controlling this defoliator: by hand, by pesticide, and by
biological agents. The presence of winter nests facilitates control of an infestation, as
'Laboratory of Minibiology, Department of Dermatology, State University. Utrecht, The Nether
lands.
2Department of Entomology, Michigan State University. East Lansing. Ml 48824.
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cutting out one winter nest in January destroys up to 500 larvae. Effective pesticides
which can be used for eradication are carbaryl (Sevin) or diflubenzuron (Dimilin). They
should be used in the period from the end of July until the beginning of AugusL when the
caterpillars are still young and sensitive to pesticides. Also a biological agent. Bacillus
thuringiensis, may be used for controlling the larvae in the spring as well as in the faiL
The results vary widely so that we are sometimes forced to also use a pesticide. In most
cases an early reporting of the caterpillars or the winter nests will be the first step to a
"proper controL"
An example of an outbreak was the one in 1982 in Oostvoorne, a small city in the
western part of The Netherlands, where we discovered thousands of caterpillars on
buckthorn. Because most of the shrubs were eaten bare the larvae were crawlimr on the
sand looking for new food sources. Tourists sunbathing on the beach came in contact with
the travelling caterpillars. After a few hours children as well as adults complained of
itchy, painful skin.
The disagreeable symptoms caused by this species are called "caterpillar dermatitis." a
form of papular urticaria. Symptoms range from mild erythema to epidermal necrosis and
varying degrees of pruritis (rash). Also lesions of the eyes involving conjuncti\·iris.
keratitis, and iritis resulting from direct contact with the caterpillars, have been described.
Mostly we find red, itchy skin with many small urticaria.
Infection may occur under several conditions: after direct contact with larvae or wimer
nests, for example by foresters who are removing winter nests or children playing in the
shrubs, by wind, or by infected clothing, mainly by tourists sitting or cycling near the
beach or under infested trees. The capacity to produce skin lesions is due to the presence
of small barbed hairs, the so-called nettIe hairs. These setae are very small hollow rubes.
100-150 mm in length, filled with venomous fluid. On contact these nettle hairs enter the
skin and inject the venom like a syringe. The venom consists of a mixlUre of histamine.
trypsin, phospholipase, and several other enzymes. In most cases a skin reaction follows.
Laboratory experiments pointed out that epicutaneous application of minute amounts of
nettling hairs produces skin lesions within 48 h in 70% of all cases (de Jong 19-- L
During outbreaks about 30% of all people in that area would exhibit papular urticaria. A
remarkable fact is that even after several decades these nettle hairs can cause a skin
reaction, which was demonstrated by Oudemans (1901) with an 18-year-old presened
caterpillar.
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AN IMPROVED PROCEDURE FOR LABORATORY REARING OF
THE CORN EARWORM, HELlOTHIS ZEA
(LEPIDOPTERA: NOCTUIDAE)
G. P. Waldbauer, R. W. Cohen and S. Friedman l
ABSTRACT
IS
An improved method for the laboratory rearing of the corn earworm. Heliothis
described. The rearing medium is a modification of the commonly used wheat germ
An oviposition chamber, a feeder for adults, and a simple and inexpensive contrnlled
humidity chamber are described.

The corn earworm, Heliothis zea (Boddie), is often used as a laboratory animal and is
one of the most important insect pests in North America. The rearing procedure outlined
below is based in part on the techniques of Berger (1963), Ignoffo (1965). and Young et
al. (1976). The artificial diet used here is a lineal descendant of the wheat germ medium
first developed by Adkisson et al. (1960) for rearing the pink bollworm, Pectinophora
gossypiella (Saunders). This medium was subsequently modified for use with Heliothis
zea by Vanderzant et al. (1962), Berger (1963), and Ignoffo (1966). We have made a few
additional modifications, largely following Kogan and Parra's (1981) soybean looper diet.
Up to now we have reared 34 sueeessive generations of H. zea using this procedure.
PHYSICAL CONDITIONS DURING REARING
The larvae are held in an environment chamber at 2SoC and a 16:8 light:dark
photoperiod to prevent the induction of diapause. There is no need to control humidity
externally because the larvae, confined in closed cups on a moist diet, are already in a
sufficiently humid microenvironment.
pupae, and adults are held in controlled humidity chambers (Fig. 1) in a rearing
room at 2SoC and a 16:8 Jight:dark photoperiod. The relative humidity (Lh.) in the
chamber is kept at about 70%. Maintenancc of a high r.h. is important becausc the insects
otherwise desiccate and die prematurely. Adults in dry conditions, for example, often die
without laying eggs. This problem is especially acute in northern climates where the r.h.
may be as low as 1~20% in heated buildings in the winter.
The humidity chamber (Fig. I) is 1.35 m tall by 1.47 m long by 0.54 m wide. It
consists of a welded 3 cm angle-iron frame covered top and sides with transparent sheet
plastic held on with masking tape. The underside of the chamber fits flush against the
floor. The entire expanse of the front opens through two hinged doors. Three shelves of
expanded metal, held by adjustable shelf brackets, permit the passage of air. Moisture is
provided by a 38 by 49-cm plastic pan of deionized water in the bottom of the chamber
with a small blower directed at its surface. The blower is clamped to one of two 1.3-cm
diameter steel rods that extend from top to bottom in the middle of the ehamber. The
percent r.h. is controlled by covering or uncovering two rows of 18 I.S-cm wide circular
holes on each end of the plastic top. These holes are easily made with a heated cork borer.
During the scotophase an "artificial moon" must be provided because the moths will
neither mate nor lay eggs in complete darkness. The "moon" is a IS W light bulb in a
IDepartment of Entomology, University of Illinois, Urbana, IL 61801.
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Fig. I. Frontal view of the controlled humidity chamber with one door open. Note the pall 0! '" a.ler
(A), the blower (B), and the holes that can be covered and uncovered to control reiati\(: hUIT'.idit...
~.


gooseneck lamp placed about 2.5 m from the humidity control chamber. The hemi~pheri
cal metal shade of the lamp is placed with its open side almost flush against the wall. 50
that only a small amount of light escapes.
THE EGGS

The oviposition chamber (Fig. 2) is made from a cylindrical, one-gallon. cardboard ice
cream container (Standard Packaging Corp., Union, NJ) with the insert pushed out of the
rim of the lid. Therim is then used to hold a cheesecloth cover in place on the container.
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About 80% or more of the eggs are laid on the cheesecloth that covers the top of the
oviposition chamber. The cheesecloth, with the adhering eggs, is removed daily and
replaced with a fresh cloth. The cloth is easily changed, without moths escaping, by
removing the rim from the chamber, placing a fresh cloth over the old one, and then
gently pulling the old cloth out from beneath. The eggs are surface sterilized by placing
the cloth in a 10% formalin (3.7% formaldehyde) solution for 3 min followed by a 6-min
rinse in tepid running tap water. (Sterilization with formaldehyde, unlike sterilization with
sodium hypochlorite, does not cause the eggs to detach from the cloth.) The cloths are
dried on a blotter and then placed individually in 8-oz paper food cups with a transparent
plastic lid (Dixie Cup, American Can Co., Easton, PA). During peak egg laying each
oviposition chamber produces several thousand eggs per day. Developing eggs tum dark
on the second day and hatch on the third day.
THE LARVAE
Larvae are reared on the artificial medium whose ingredients are listed in Table I. The
medium is prepared as follows: The group A ingredients, water and agar, are poured into a
large flask and placed in an autoclave where the agar dissolves within 15 min. The flask is
then allowed to cool for 10 min. Meanwhile, the wheat germ and about one-half of the
water (group B) are placed in a small blender and blended to a fine pabulum. The rest of
the group B ingredients are then poured into a large blender. The wheat germ pabulum is
rinsed into the large blender with the remaining water, and the mixture is blended. The
agar solution is then added and the mixture is again blended slowly until it cools to below
60° C. Finally, the group C ingredients are added, and the diet is blended for 3 or 4 min.
The diet is immediately poured into l-oz transparent plastic condiment cups (Fill-Rite,
Inc., Newark, NJ) using large beakers that have been preheated in a 60° C oven. The cups
are approximately half filled. The diet cups may be capped after one-half hour. Six or
seven pin holes are made in the center of each opaque plastic cap (Bio-Serv, Inc.,
Frenchtown, NJ) to allow for air circulation.

Fig. 2. The oviposition chamber. Note the stoppered hole for the insertion of moths (A), the
hatchway for insertion of the feeder (B), and the feeder, shown without cotton wool (e).
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Table I. Ingredients for an amount of Heliothis zea
about 250 larvae.
Group A:
Group B:

Group C:

Agar
Water
Vitamin-free easein
Alfalfa meal
Sucrose
Wheat germ
Wesson's salt mixture
Alphacel
4M KOH
Water
Wheat germ oil
Vanderzant modification vitamin mixture
(Nutritional Biochemicals)
Sorbic acid
Methyl-p-hydroxybenzoate
Ascorbic acid
Streptomycin
10% formaldehyde (27.0% formalin)

Vol. 17. No. 2

medium sufficient to rear
75 g
2200 ml
126 \2
54 g
96 g
108 g
36 "
18 '"g
18 in!
880 ml
7 g (ca. 10 mil
36 \2
6.8 ~g
6.8 g
13 \2

0.5~£

15 ~l

A small camel's hair brush that has been cut down so that it has only six to eight bristles
is used gently to place one newly hatched larva in each cup. After capping. the diet .:ups
are placed upside down in wooden racks (inside dimensions: 52.5 by 35.5 by 3.0 em I with
a hardware cloth bottom to allow for air circulation. The racks, designed to hold % cups
in 12 rows of eight each. are held in an environmental chamber as described aoove. They
are stacked with 2-cm wide sticks between them for spacing. On the third or fourth ill:;' the
cups are examined and turned over. (Missing or dead larvae are replaced from eight .:ups
per rack that were set up with an extra larva in each.) Keeping the cups upside down for
the first few days reduces mortality at the second instar from about 15% to about S;,<:
because fewer of the negatively geotactic, first instar larvae starve as a result of wandering
about on the lids of the cups. Six to eight racks of diet cups are set up for each generation.
THE PUPAE
Pupation occurs about 17 days after hatching. Most of the larvae dig down to the
bottom of the diet cup and form a pupation chamber that is lined with a sparse but strong
mesh of silk. The pupae are dug out 1 or 2 days after about 90% of the lanae ha\'e
pupated. thus avoiding injury either to teneral pupae or pharate adults. The pupae are
surface sterilized by immersing them in 0.2% sodium hypochlorite (one part household
bleach in 24 parts of water) for 3 min, then in 10% sodium thiosulfate (20 g200 mI \\aten
for 3 min, and finally in tepid running tap water for 5 min.
The pupae can be sexed by using the characteristics of the pupal,abdomen shown in Fig.
3. The sex ratio of 1155 pupae was essentially 1: I, with 50.8% males and 49.2'<: females.
The pupae. segregated by sex, are placed in groups of 50 each in cubical screen edosion
cages that are 30.5 cm on a side and have a cloth sleeve. If more than 50 pupae are placed
in a cage, the newly eelosed adults injure each other and the pharate adults that are aoout
to eelose.
THE ADULTS
The adults eelose about 13 days after pupation and are moved to oviposition chambers
at that time. (Survival from the first instar to the adult is generally mer 80'i:.' Adults are
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Fig. 3. Ventral views of the ends of the abdomens of male and female pupae of Retiothis zea.

moved from the emergence cages to the oviposition chambers by catching them in a
condiment cup with a screen bottom; moths that will not fly can be forced into the
oviposition chamber by blowing through the screen bottom of the condiment cup. Ten to
12 moths of each sex are placed in each oviposition chamber though a 3.5-cm diameter
hole in the side that can be closed with a rubber stopper (Fig. 2). A feeder, composed of a
5-cm petri dish held in the center of a 9-cm petri dish with a bit of Plasticene®, is placed
on the floor of the oviposition chamber (Fig. 2). The inner dish holds a wad of cotton
soaked with a 10% solution (vol.lvol.) of honey in water. The feeder is moved in and out
of the chamber through a 3 by II-cm opening cut near the bottom of the chamber. The
cover of the opening can be pulled open or held shut with a length of tape. The feeders
must be washed and the honey solution changed daily because the solution begins to
ferment on the second day. Fermenting honey solution causes the moths to bloat and die
prematurely, greatly decreasing the yield of eggs. The design of the feeder prevents
spillage and subsequent fermentation of honey water in the oviposition cage. Six to 10
chambers are set up for each generation. The females begin laying eggs in large numbers 3
or 4 days later.
MINIMIZING INBREEDING
Inbreeding is minimized by promoting heterogeneous mating within the culture and by
introducing new insects from the field at the end of each summer. Heterogeneous mating
is promoted by identifying the progeny of the adults in eaeh oviposition cage, and by
mating females from one group of progeny with males from another. The lineages are
followed in succeeding generations, and females are never mated with their first cousins.
The culture is outcrossed each summer by mating laboratory-reared females with males
reared from larvae collected in the field. Using only males from the wild population
prevents accidental introduction of the naturally occurring microsporidian Nosema
heliothidis Lutz and Splendore into the culture. This microsporidian is transovarially
transmitted by females, but is not venereally transmitted by males (J. V. Maddox, pers.
comm.).
STARTING AND MAINTAINING A DISEASE-FREE CULTURE
A culture free of infection by N. heliothidis can be started by using a variation of the
Pasteur technique. Field-collected larvae are reared to the adult stage, and groups of these
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adults are then placed in oviposition chambers as described above. After sufficient
have been produced, the females are killed and examined for N. heliothidis spores.
spores are found in one or more females of a group, the larval progeny of that group are
checked for the presence of N. heliothidis by examining fecal smears for spores. Spores
can be seen under a phase contrast microscope. Infected larvae are discarded.
It is particularly important to take precautions against the introduction of X. heliothidis
into the culture. It is the pathogen most likely to be encountered when starting a colony
from field-collected insects. Furthennore, it causes a chronic disease that ma\ 11:0
unnoticed until it eventually causes an unacceptable level of mortality. In the meantime: il
slows the developmental rate and may obscure the effects of an experimental \'ariable
(J. V. Maddox, pers. comm.).
The culture is maintained essentially disease free by strict adherence to routine S31litary
procedures. Spatulas are flamed if they are used to dig in diet cups that contain a larva thaI
may be diseased. Cages and oviposition chambers are autoclaved between Oi'11r>r:>tli"\m,
Diet cups are used only once, and all discarded cups are sealed in plastic
line wastebaskets. Perhaps the most important measure is the routine surface
of eggs and pupae described above.
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DIPLOPLECTRON PEGLOWI, A NEW RECORD FOR
MICHIGAN (HYMENOPTERA: SPHECIDAE: ASTATINAE)
Mark F. O'Brien!
ABSTRACT
Diploplectron peglowi is recorded from Michigan for the first time. Collecting data
indicate that D. peglowi is probably bivoltine and widespread but not common within the
state. This is only the second state east of the Mississippi River in which D. peglowi has
been found.

Diploplectro"n peglowi Krombein is the only eastern member of a predominantly
western North American genus. Krombein (1939) described this species from Oswego
County, NY, and the only records from east of the Mississippi River cited in Parker's
(1972) revision of the genus are from this county. Kurczewski (1972, 1975) has provided
detailed accounts of the nesting behavior of D. peglowi in Oswego County.
The possible presence of D. peglowi in Michigan was first brought to my attention in
1982 by Mike Arduser who had been running Malaise traps at Pictured Rocks National
Lakeshore in Alger County. Several specimens were sorted to Diploplectron and I
determined these as peglowi. Since then I have gathered other specimens from different
localities within the state. The collection data for existing Michigan specimens are as
follows (unless otherwise indicated, all are in the University of Michigan Museum of
Zoology collection):
MICHIGAN: ALGER CO., T 49, R14, Sec. IS, 29 June-I July, and 9-15 July 1982 (2
males), M. Arduser, coil.; KALKASKA CO., 21 July and 24 August 1966, window pane
trap, (3 females), L. F. Wilson, coil., (Michigan State University); LIVINGSTON CO.,
E. S. George Reserve, 13-15 August 1983, Malaise trap, (male), M. & A. O'Brien, colI.;
MARQUETTE CO., Huron Mountain Club, 5 August 1983, Malaise trap, (female), D.
C. L. Gosling, colI.
The range of localities above reflects a wide distribution within the state although D.
peglowl is probably not abundant at any given site. The small size (5-7 mm) and
inconspicuous nature of these wasps precludes casual observations and may account for
the paucity of collection records in the east and midwest (Parker 1972). The lack of
records in the east may reflect a gap in collecting or inappropriate collecting techniques.
Bohart and Menke (1976) suggested sweeping low mats of vegetation for the western
species, a technique which may be appropriate for D. peglowi. Krombein (1939) noted
that the wasps are reluctant to fly up into a net, but instead try to hide in the grass. Malaise
traps and yellow pan traps when placed in areas of likely occurrence may be the easiest
methods of collecting D. peglowi and other inconspicuous small sphecids.
There are similarities between the site at the George Reserve where D. peglowl was
collected, and the study site at Selkirk Shores State Park, Oswego County, NY, described
by Kurczewski (1972). Open areas of sand interspersed with mats of grasses, bordered by
deciduous woods, or overgrown blowouts, are thus likely habitats for D. peglowl.
Although Kurczewski (1972, 1975) observed D. peglowi nesting in late June, speci
mens collected by Krombein (1939) were taken in late August and early September.
Parker (1972) gave collection dates from April to November, with the bulk of the records
being from the western U.S. In Michigan it appears that D. peglowi is bivoltine, with
'Insect Division, Museum of Zoology, The University of Michigan, Ann Arbor, MI 48109.

120

THE GREAT LAKES ENTOMOLOGIST

Vol. 17, No.2

specimens collected from late June to late August. Fresh-looking (recently emerged?)
individuals collected in June and August support this, but many more wasps should be
seen to determine the actual voltinism of D. peglowi.
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