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ABUNDANCE AND IDENTIFICATION OF THE LEAFMINING
GUILD ON APPLE IN THE MID-ATLANTIC STATES
M. W. Brown l
ABSTRACT
The leafmining guild on apple in the northeastern United States was studied
from 1983 to 1988. Ten species of leafminers, all Lepidoptera, were encountered
during the sampling. Phyllonorycter spp. (P. blancardella and P. crataegella) were
the most ubiquitous and most abundant throughout the region. Lyonetia specule/la
was also abundant in both managed and unmanaged orchards, indicating a potential
to become a pest. Bucculatrix pomi/oliella and Coptodisca splendori/erella were
abundant in unmanaged orchards, but were only rarely found in managed orchards.
Coleophora serratella, Stigmella pomivorella, Parornix geminatella, Tischeria mali
joliella, and Recurvaria nanella were also found. A key to the most important
1eafminer species on apple in the mid-Atlantic states, based on leafmine characteris
tics, is presented.

Leafminers of recent economic importance on apple in North-America are
limited to the gracillariids: the spotted tentiform leafminer, Phyllonorycter blancar
della (Fabricius), and the apple blotch leafminer, P. crataegella (Clemens) in the
east; and in the west the western tentiform leafminer, P. elmaella Doganlar and
Mutuura (Lepidoptera: Gracillariidae). These species are the only leafminers identi
fied that currently require chemical control, primarily because of their developing
resistance to chemicals commonly used in orchards (Weires et al. 1982, Pree et al.
1986, Barrett and Brunner 1990). Lyonetia speculella Clemens (Lepidoptera: Lyone
tiidae) has recently become abundant in the mid-Atlantic states (Brown 1989), but
has required chemical control only in isolated circumstances. However, several spe
cies of leafminers have been major pests in orchards. Those species requiring control
in the past include Coleophora serratella (Linnaeus) (Lepidoptera: Coleophoridae)
(Slingerland 1895), Tischeria mali/olie/la Clemens (Lepidoptera: Tischeriidae) (Jar
vis 1906, Houghton 1910, Dunnam 1924), Parornix geminatella (Packard) (Lepi
doptera: Gracillariidae) (Haseman 1916, Hill and Hough 1957), Bucculatrix pomi/o
liella Clemens (Lepidoptera: Lyonetiidae) (Slingerland and Fletcher 1903), and
Rhynchaenus pallicornis Say (Coleoptera: Curculionidae) (Houser 1923).
Needham et a1. (1928) and Frost (1942) listed 13 and 10 species, respectively, in
the leafmining guild (Root 1967) of apple, nine of which were in listed in common.
This guild is comprised of those species that live and feed completely between the
apple leaPs two epidermal layers for at least part of their life cycle. I have encoun
tered ten leafmining insects on apple (Brown et al. 1988). This paper presents
information on the abundance of the most important leafminers of apple in the mid
Atlantic states. A key to species is also presented using characteristics of the
leafmine.

lUSDA, ARS, Appalachian Fruit Research Station, 45 Wiltshire Road, Kearneysville,
WV 25430.
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MATERIALS AND METHODS
Data on the abundance of leafminers are taken from two separate studies of the
arthropod community structure on apple. In the first study, managed and aban
doned orchards were sampled in Ulster Co., New York (1983); Wayne Co., New
York (1984); Lehigh and Berks Cos., Pennsylvania (1984); Jefferson and Morgan
Cos., West Virginia (1983, 1984); and Augusta and Nelson Cos., Virginia (1983).
"Organic" orchards, those with an intermediate level of management, were sampled
in Ulster, Berks, and Morgan Co. At each orchard, 5-7 randomly selected trees were
sampled 3-7 times per year. A sample consisted of recording all leaf- and sap
feeding insects and mites observed on nine branch sections per tree. A complete
description of the sampling procedures, species lists, and analysis of community
structure are given in Brown et al. (1988) and Brown and Adler (1989).
The second study investigated the development of the arthropod community on
three orchards in Jefferson Co., West Virginia, for the first five years after planting.
The first orchard was managed commercially and was composed of two rows adja
cent to a large block (40 ha) planted the previous year; the second orchard also was
managed commercially except for no insecticides or herbicides; and the third
orchard was totally unmanaged except for occasional mowing in the first two years
after planting. The three orchards were planted in spring 1984, and each was sam
pled 4-6 times per year from 1984 to 1988. The commercially managed orchard had
a few insecticide sprays in 1985 and a full schedule of insecticide use beginning in
1986. Sampling consisted of searching whole trees and recording the presence of all
phytophagous arthropods. Ten trees were sampled randomly from each orchard in
1984 and 1985, and in the two reduced management orchards through 1988. Only
five trees were sampled in the managed orchard from 1986 to 1988 due to the large
size of the trees and the uniformity of the community among trees.
Species identification was largely by leafmine characteristics, but individuals
from all species, except Parornix geminatella, were reared and their identity con
firmed by personnel at the USDA, ARS, Systematic Entomology Lab, Beltsville,
Maryland. Data from both studies are presented as relative abundance, defined as
the proportion of branch sections (or trees in the second study) on which a species
was found. No comparisons between studies are made because the relative abun
dances are based on different spatial scales. Due to the lack of replication of
orchards, statistical differences among orchard management practices could not be
tested. However, the trend in population abundance of leafminers over the six years
covered by the two studies does provide information on the composition of this
guild in one region.
A key to the most important leafminers of apple in the mid-Atlantic states using
only characteristics of the mine was developed using personal observations and
descriptions in the literature.

RESULTS AND DISCUSSION

Abundance. Ten species of leafminers were found on apple during the
1983-1984 study (Table 1). Phyllonorycter spp. were the most abundant and the
only species found in all orchards; they were moderately to very abundant in all
abandoned orchards. In the managed orchards of New York, Phyllonorycter spp.
were extremely abundant, whereas in other regions they were never present on more
than 180/0 of the branches. The resistance of these species to insecticides in New
York and Ontario (Weires et al. 1982, Pree et al. 1986) apparently has not developed
in the regions sampled south of New York. Throughout the 1984-1988 study, P.
blancardefla was very abundant in all three orchards (Fig. 1). Phyllonorycter blan
cardella was most abundant in unsprayed orchards the first year after planting. The

tC
~

Table I.-Relative abundancea of leafminers on apple in the mid-Atlantic states, 1983-1984.
Orchard

Phyllonorycter
spp.

Bucculatrix
pomijoliella

Lyonefia
speculella

Copfodisca
splendorijerella

Coleophora
serratella

Stigmella
pomivorella

Paromix

Tischeria

Recurvaria
nanella

0.46
0.59
0.06
0.19
0.10
0.68
0.14
0.01

0.62
0.26
0.01
0.62
0.57
0.01
0.16
0

0.04
0.22
0.03
0
0.02
0
0.06
0.13

0.69
0
0
0.31
0.11
0.01
0.23
0

0.02
0
0
0.10
0
0
0.25
0

0
0
0
0
0
0
0.02b
0

0
0
0
0
0
0
0.02b
0.02b

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

...,

::c

tTl

WV-Abandoned
WV-"Organic"
WV-Managed
NY-Abandoned
NY-"Organic"
NY-Managed
VA-Abandoned
VA-Managed

tTl

~
r

>~
tTl

r:Il

tTl

Z

1984

0.24
0
0.07
0.09
0.53
0
1.00
0.15
0.39
0
0
0
0
0
0.13
0.01
0.18
0
0
0
0.21
0
0.02
0.05
0048
0048
0
0.25
0.20
0.20
0.15
0
0
0
0.Q3
0
0
0.01
0.02
0
0
0.21
0.04
0.96
0
0.42
0.02
0.02
0.90
0.01
0
0
0
0
0
aProportion of branch sections on which a species was found at the sample period of greatest abundance for that species.
bUnverified identification; identification made in laboratory based on field notes and phenology.
cA single pupa was collected and rcared independent of regular sampling.
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Figure 1.
Abundance of the most important leafminers of apple in West Virginia from
1983-1988. Relative abundance, the proportion of branches (1983-1984 study) or trees
(1984-1988 study) on which the species was found, presented is at the time of greatest abun
dance during the year. Solid lines with square symbols are for unmanaged orchards, dashed
lines with circles are for managed orchards. Solid symbols represent data from the 1983-1984
study, open symbols the 1984-1988 study.
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pattern of abundance is what would be expected for a mobile pest: rapid coloniza
tion followed by a gradual decline as natural enemies begin to colonize.
Bucculatrix pomijoliella was the next most abundant leafminer in the
1983-1984 study; it was consistently more abundant in abandoned than managed
orchards (Table 1). Coptodisca splendorijerella (Clemens) (Lepidoptera: Heliozeli
dae) followed a similar pattern of abundance with only one individual found in a
managed orchard. Both species once were considered pests requiring chemical con
trol (Slingerland and Fletcher 1903, Quaintance and Siegler 1922). These two species
are still abundant in the northeastern U.S. (Table 1), even though they are intolerant
of currently used insecticides. As orchardists reduce the use of insecticides because
of public pressure and lor economic considerations, these former pests may reappear
in commercial orchards in large numbers.
Bucculatrix pomijoliella became abundant in the unsprayed orchards of the
1984-1988 study two years after planting (Figure 1), possibly because of a lower rate
of dispersal than P. blancardella. There also may have been a general area-wide
depression in population density from 1983-1985, as Fig. 1 suggests. More data are
needed to confirm either hypothesis. The moderate abundance of B. pomijollella in
the managed orchard was unexpected. This result could be explained by inadequate
insecticide coverage or because the trees sampled were on the edge of a large block,
resulting in an edge effect phenomenon.
Lyonetia speculella was of low to moderate abundance in 1983-1984 (Table I)
and was equally abundant in managed and unmanaged orchards throughout both
studies. These two data sets (Fig. 1) document the area-wide increase in its abun
dance (Maier 1988, Brown 1989).
Coleophora serratella, formerly a major pest (Slingerland 1895), was infre
quently found, and only in unmanaged and "organic" orchards. The cigar case
bearer was found only in one sample in the 1984-1988; it had a relative abundance
of 0.2 in the unsprayed orchards in 1988. The use of modern insecticides andlor
environmental changes seem to have reduced the threat to apple production once
caused by this insect.
The remaining leafminer species were found only sporadically, with the excep
tion of P. geminatella, in abandoned orchards. Stigmella pomivorella (Packard)
(Lepidoptera: Nepticulidae), and T. malijoliella were abundant in Wayne Co., New
York, in 1984, and were at low and moderate densities, respectively, in West Vir
ginia, in 1984-1988. Although P. geminate/fa and. T. malijollella have been pests
(Haseman 1916, Dunnam 1924, Hill and Hough 1957), they appear to be of little
threat to orchards, except possibly the latter in western New York.
KEY TO THE MORE IMPORTANT LEAFMINES OF APPLE
IN THE MID-ATLANTIC STATES

This key is designed to be used for leafmines that are fully developed. Only
characteristics of the leaf mine or other structures associated with the insect's feed
ing are used. Frost (1942) presents a key to most of the same leafminers, but uses
characteristics of mines, larvae, and adults. Use of the key on a mine that has not
been completed, either through larval mortality or because the mine is still being
enlarged by the larva, may give incorrect results. Descriptions of the mines of
Parornix geminatella, Rhynchaenus pallicornis, Recurvaria nanella, and Ballosus
nervosus are taken from the literature and have not been seen by the author. Refer
ences to each species' biology and life history are given as a source of more detailed
information.
1.

Mine tented or inflated with upper and lower epidermis separated, forming
a cavity within leaf. ................................... , .......2
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I'.
2(1).
2'.
3(2').

3'.

4(1').
4'.
5(4).

5'.
6(5').
6'.

7(4').
7'.
8(7).

8'.

9(7').
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Mine not tented or inflated, upper and lower epidermis not separated,
cavity not formed within leaf. ................................. .4
Mine appearing inflated, usually at leaf margin, brick-red, with small
linear mine leading to blotch portion. Apple flea weevil2 , Rhynchaenus
pallicornis (Houser 1923, Frost 1924).
Upper epidermis of mine tented, lower epidermis drawn together in
creases; usually not at leaf margin; pale green to brown or translucent .
............................................................. . 3
Upper surfaces of mine spotted in appearance from patches of leaf tissue
not eaten; leaf moderately distorted; no evidence of pupation site exte
rior to mine, pupal exuviae extruded from mine; Figure 2. Spotted tenti
form leafminer 2, Phyllonorycter blancardella or apple blotch leafminer 2,
Phyllonorycter crataegella (Pottinger and LeRoux 1971). (These two
may be distinguished by cremaster of pupa, see Weires et al. [19801).
Upper surface not spotted, entire leaf tissue eaten within mine; pupation
site (a leaf fold with silk at leaf margin or midrib) usually near mine; leaf
usually greatly distorted. Unspotted tentiform leafminer, Parornix
geminatella (Haseman 1916, Hill and Hough 1957).
Mine linear, margins of mine parallel or only gradually enlarging .....5
All or a portion of mine blotchlike ................................7
Long, serpentine mine, mostly filled with continuous black deposit of
frass, Figure 3, but sometimes blotchlike if abutting leaf margin or
major leaf vein. Serpentine leafminer, Stigmella pomivorella (Quain
tance and Siegler 1922).
Short mine with few changes in direction; frass, if present, not in a contin
uous strand ................................................... .
Short straight mine, often br.anched; mine constructed only in July and
August. Lesser bud moth 2, Recurvaria nanelfa (Chapman and Lienk
1971).
Narrow mine following midrib or major vein for 1-2 ern (this portion of
mine difficult to see), making a sharp turn and enlarging, usually at a
vein junction, slightly serpentine for a short distance; sometimes found
throughout the summer; often accompanied on leaf by silvery silken
molting cocoons and skeletonized patches near leaf margin on upper
surface made by the free-feeding stages of the larva; Figure 4. Ribbed
cocoon maker, Bucculatrix pomifoliella (Slingerland and Fletcher
1903).
Mine partially linear and partially blotchlike ........................8
Mine entirely blotchlike ..........................................9
Long, serpentine linear mine abruptly enlarging into an irregular blotch,
frass often hanging from underside of mine in tendrils; more or less
visible from both sides of leaf; active mining only in young leaves on
expanding shoots, Figure 5. Apple leafminer, Lyonetia speculella
(Forbes 1923, Frost 1924).
Short, slightly serpentine linear mine gradually enlarging into irregular
blotch; basal portion of mine with alternating bands of white tissue and
crescent-shaped deposits of frass; mine nearly invisible from lower side
of leaf, Figure 6. Apple leaf trumpet miner 2, Tischeria malifoliella (Jar
vis 1906, Houghton 1910, Dunnam 1924).
Irregular blotch mine, translucent, clear of frass, circular hole in only one
epidermis located centrally in mine, Figure 7. Cigar casebearer 2, Cole

2ESA approved common name.
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Figures 2-4.
Illustration of leaf mines on apple made by the most important species in
northeastern U.S.: 2 - Phyllonorycter spp.; 3 - Stigmel/a pomivorella; 4 - Bucculatrix pomi/o
liel/a, c = cocoon, s = silken molting cocoons, sk = skeletonized injury caused by free-living
larva.
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6

Figures 5-8.
Illustration of leaf mines on apple made by the most important species in
northeastern U.S.: 5 -Lyonetia speculel/a; 6- Tischeria malijoliel/a; 7 -Coleophora serra
tella; and 8-Coptodisca splendorijerella, ps = pupation shield.
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ophora serratella, or cherry casebearer 2 , Coleophora pruniella
(Slingerland 1895, McDunnough 1933, Waddell 1952).
Mine not as above .............................................. 10
Large mine, > I cm in diameter, adjacent to skeletonized portion of leaf
created by adult feeding. Basswood leafminer2 , Baliosus nervosus (Chit
tenden 1904, Baker 1972).
Small mine, ca. 0.5 cm in diameter; partially filled with frass; usually in
crotch between two veins; oval pieces of both upper and lower epidermis
cut out for pupation case; Figure 8. Resplendent shield bearer2 , Copto
disca splendoriferella (Britton 1922, Quaintance and Siegler 1922).
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USE OF A MONITORING SYSTEM TO EVALUATE PESTICIDE
EFFICACY AND RESIDUAL ACTIVITY AGAINST TWO PINE
ROOT WEEVILS, HYLOBIUS PALES AND PACHYLOBIUS
PICIVORUS (COLEOPTERA: CURCULIONIDAE), IN
CHRISTMAS TREE FARMS
Lynne K. Rieske and Kenneth F. Raffa!

ABSTRACT
Hylobius pales, the pales weevil, and Pachylobius picivorus, the pitch-eating
weevil, comprise part of a weevil complex which affects plantation pine production
in the Lake States. Common control practices on Christmas tree farms include
calendar applications of persistent insecticides. The resulting environmental risks
could be minimized by repeating applications only when needed. A sampling
method using ethanol-and turpentine-baited pitfall traps was used here to assess the
efficacy and monitor persistence of chemical sprays. Trap catch in lindane-treated
field plots and untreated controls were compared over two years. Unsprayed con
trols had significantly higher weevil populations than treated plots. Spray efficacy
continued for three years following
tion. Weevil population growth in rela
tion to insecticide efficacy and degra tion is discussed.

The pales weevil, Hylobius pales (Herbst), and pitch-eating weevil, Pachylobius
picivorus (Germar) are important pests of pines in the eastern United States. Larvae
of both species develop in highly stressed hosts or recently cut stumps. Adult feeding
on branches and twigs can disfigure mature trees and cause heavy seedling mortality
(KearbyI965, Davis & Lund 1966, Wilson 1968).
With the increasing production of plantation pines in the Lake States, the
importance of these two species and the pine root collar weevil, Hylobius radicis
Buchanan, is increasing (Hunt & Raffa 1989, Rieske 1990, Rieske & Raffa in press).
The even-aged plantations used for Christmas trees, timber, and pulp provide ideal
habitat. Insecticide usage on Christmas trees in particular is often high (Benyus
1983).
A major problem in managing these weevil species is that infestations may not
be detected until damage is irreversible. Subterranean larval development and noc
turnal adult activity make direct detection difficult. Common practice dictates pre
plant dipping of seedlings to prevent feeding injury, or stump applications of lin
dane to prevent brood development (Benyus 1983, Lynch 1984). Lindane poses
severe environmental problems (Newton & Knight 1981), however, and is banned
from all commercial uses in Wisconsin except against pine root weevils in Christmas
trees. This exception is allowed because other insecticides do not provide the desired
long-term control.

tDept. of Entomology, University of Wisconsin, Madison, WI 53706.
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A method of detecting and monitoring pine root weevils prior to yield losses
and quality grade reduction, could potentially reduce insecticide usage to situations
where damage was imminent. Ethanol and turpentine baited pitfall traps are effec
tive in capturing these weevils (Raffa & Hunt 1988, Hunt & Raffa 1989). The
objective of this study was to use this trapping system for monitoring resurgence of
weevil populations following insecticide treatments.

MATERIALS & METHODS
The study was conducted in the summers of 1988 and 1989, in Waushara and
Portage counties, in the "central sands" region of Wisconsin. Plots were established
in the spring of 1988 in 4-112 and 5-112 year old Scots pine, Pinus sylvestris,
Christmas tree farms. The trees were planted in rows 1.8 m apart, and with 1.8 m
between trees in a given row, with the exception of one site, where this spacing was
1.68 m. Plots were established on six farms which exhibited a range of foliar discol
oration indicative of root weevil infestation.
The pitfall traps used were modified from those developed by Tilles et al.
(l986a,b), and consisted of 17 cm sections of 10 cm diameter plastic PVC drainpipe.
Eleven cm from one end, eight 7 mm diameter holes were drilled about the perime
ter. The trap interior was coated with liquid teflon Fluon to prevent weevil escape.
The traps were capped at each end and inserted into the ground so that the holes
were flush with ground level. Two 2 mm holes were drilled in the bottom to allow for
drainage. The exposed 6 cm of the trap was painted flat black (New York Bronze
Powder Co. Inc., Elizabeth, NJ) to simulate a tree trunk image.
Baits were dispensed from two 2 ml glass vials (0.5 dram, 12 mm x 35 mm) and
were suspended by thin aluminum wire to a stiff 14 guage wire that passed through
two 2 mm holes in the trap wall. The vials were suspended 4 cm below ground level.
Baits consisted of 95070 ethanol (Worum Chemical Co., St. Paul, MN) and turpen
tine (Mautz Paint Co., Madison, WI). The turpentine consisted of 46% alpha
pinene, 42% beta-pinene, 2% beta-phellandrene, 1% limonene, 0.88% camphene,
0.77% myrcene, and less than 1% unknown compounds, as determined by gas
liquid chromatography using the method of Raffa & Steffeck (1988). The volatiliza
tion rates from the 2 ml vials at 23 0 C were 200 mg/ 24 h of ethanol and 40 mg/ 24 h
of turpentine.
Each treatment consisted of 6 traps/ 432 m2 , equivalent to the I trap/72m 2
used by Hunt & Raffa (1989). Within each treatment, traps were arranged 7 m apart
on two transects within the interior of the plot. Two treatments were compared for
total trap catch: (I) Standard insecticide application, and (2) control. Standard
insecticide treatment consisted of a liquid formulation of lindane applied at a rate of
0.95 I of active ingredient per acre. The lindane was mixed with water at the rate of
0.95 I lindane: 473 I water. 0.48 I of mixture was applied to the collar region of each
tree in June, 1987.
There were 15 replicates for the insecticide treatment and 30 replicates of the
unsprayed control, located on farms with a wide array of symptoms indicative of
pine root weevil damage.
Traps were monitored on 6 to 10 day intervals throughout the 1988 and 1989
growing seasons. At each monitoring interval, the weevils were removed and the
baits replenished. Weevils were identified to species and their gender determined
using available keys (Warner 1966, Wilson et al. 1966, Franklin & Taylor 1970).
Data were analyzed from each year and from both years combined by the
General Linear Model and Duncan's Multiple Range Test (SAS 1982). A square root
+ 0.5 transformation normalized the data prior to analysis.
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Figure 1. Comparison of Hylobius pales and Pachylobius picivorus pitfall trap catches in
lindane versus untreated control plots, 1988 and 1989. P < 0.05. Means within years followed
by the same letter are not significantly different, Duncan's Multiple Range Test.

RESULTS
There was a 580/0 increase in the number of insects trapped from 1988 to 1989
(Fig. 1). In both years, P. picivorus comprised 59% of the total trap catch; H. pales
comprised 40%. Hylobius radicis comprised less than 1% of the total in both 1988
and 1989, even though this species is attracted to the ethanol-turpentine bait (Hunt
& Raffa 1989). The 1988 drought appears to have impacted root collar weevil more
severely than either pales or pitch-eating weevil populations (Rieske 1990). Because
so few H. radicis were trapped, this species was not included in the analysis.
The insecticide application had a strong effect on trap catch. Plots with stan
dard insecticide spray caught significantly fewer weevils of both species than the
unsprayed controls (p < 0.009, Table 1) in both 1988 and 1989. Differences between
treatments were similar for both genders. However, the proportion of total insects
trapped in sprayed plots increased from 6.7% in 1988 to 11 % in 1989. This includes
a 1.56x increase in H. pales, and a 1.63x increase in P. picivorus.
No significant difference emerged in the total trap catch between farms in either
year. There was no significant treatment/farm interaction in either year individually
or pooled (P > 0.05).
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Table I.-Mean number (+I-s.d.) of H. pales and P. picivorustrapped per replicate under standard
insecticide spray and unsprayed controls. (P < 0.05, Means within columns within years followed by
the same letter are not significantly different, Duncan's Multiple Range Test).
1988

Treatment
Standard spray
Unsprayed control

N

H. pales

P. picivorus

TOTAL

15
30

(1.28) a
6.45 (5.06) b

1.75 (1.71) a
10.17 (7.03) b

2.93 (2.19) a
16.42 (9.72) b

Standard spray
Unsprayed control

15
30

1989
4.26 (4.12) a
10.99 (8.83) b

3.81 (1.92) a
16.34 (4.19) b

6.70 (5.59) a
27.33 (9.43) b

Standard spray
Unsprayed control

30
60

1988 & 1989
3.03 (1.97) a
8.57 (5.03) b

2.66 (3.36) a
13.10 (8.53) b

4.82 (4.82) a
21.57(10.87) b

DISCUSSION
The strong treatment effect among all locations in both 1988 and 1989 confirms
the efficacy of lindane and the potential of baited traps in monitoring residual
control. While total weevil catch increased by 58070 in 1989, weevil catch in sprayed
plots increased three-fold. This suggests that traditional chemical applications are an
effective means of controlling the pine root weevil complex for up to three growing
seasons after application (Fig. I). The population resurgence in treated plots sug
gests that residual activity begins to break down in its second season.
This trapping method may allow growers to monitor weevil populations follow
ing sprays, so that repeat applications are applied only where necessary. By assuring
growers that weevil population resurgence can be detected before grade reduction or
yield loss occurs, this method may also allow use of less persistent insecticides. This
approach could also be used against other species such as H. radicis, Hylobius
rhizophagus Millers, Benjamin, and Warner, and Hylobius abietis L., against which
ethanol! turpentine combinations are known attractants (Tilles et al. 1986a, 1986b,
Hunt & Raffa 1989).
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THE THIMBLEBERRY GALLMAKER, DIASTROPHUS
KINCAIDII (HYMENOPTERA: CYNIPIDAE),
IN THE GREAT LAKES REGION
Kenneth J. Kraft! and Frederic H. Erbisch 2
ABSTRACT
Diastrophus kinccddii, a gall wasp previously known only from California and
the Pacific Northwest, is reported from the Great Lakes Region. It is present on
thimbleberry, Rubus parvijlorus, in three counties in the Upper Peninsula of Michi
gan and in Duluth, Minnesota. It may have arrived on the Keweenaw Peninsula of
Upper Michigan within the past ten years. Information about its biology, distribu
tion, and abundance is presented.

On the Keweenaw Peninsula of Upper Michigan, thimbleberry, Rubus par
vif/orus (Rosaceae), is very abundant. Jam made from the tart red berries is a
popular local delicacy. In 1988, several Houghton County, MI, residents told us
their favorite thimbleberry patches, which once were waist or chest high and pro
duced many berries, were now ankle or knee high and producing few or no berries.
We found these patches had many conspicuous stem galls (Fig. 1) made by the
cynipid wasp Diastrophus kincaidii Gillette. Thimbleberry is the only host of this
gallmaker (Weld 1957).
Thimbleberry has a disjunct distribut'on, occurring in cool moist areas of
western North America from southern Alaska to northern Mexico, in the Black
Hills, and along the shores of the Upper Great Lakes in Ontario, Minnesota, Wis
consin, and Michigan (Fassett 1941, Marquis and Voss 1981).
Wangberg (1975) reported the known distribution of D. kincaidii as California,
Oregon, Washington, British Columbia, and Idaho. We report its presence in
Baraga, Houghton, and Keweenaw counties in the Upper Peninsula of Michigan
and in Duluth, Minnesota, and present initial findings about its distribution, his
tory, effect on thimbleberry plants, and biology in the Great Lakes Region.
METHODS
We sampled thimbleberry stands in Houghton and Keweenaw counties, Michi
gan, to determine the percent of stems with galls; displayed thimbleberry galls at the
Houghton County Fair and asked people when and where they had first seen such

ISchool of Forestry and Wood Products and Department of Biological Sciences, Michi
gan Technological University, Houghton, MI 49931.
2School of Forestry and Wood Products, Michigan Technological University, Houghton,
M149931.
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Figure 1.
Drawing of a thimbleberry stem gall caused by Diastrophus kincaidii. Galls ranged
in length from IO to 90 mm.

galls; asked in letters to high school and college biology teachers, in newspaper and
magazine articles, and at scientific meetings, for people to examine 20 thimble berry
stems in a stand in the Great Lakes Region and report the percent with galls; and
dissected and reared insects from thimbleberry galls. The gallmaker was determined
from the form of the gall and the host plant and by comparing adults reared from
Michigan galls with those reared from California galls. Voucher material was placed
in the insect collection of Michigan Technological University.
RESULTS AND DISCUSSION
Distribution. We received reports from forty people about the distribution of
thimbleberry galls. Most told of the presence of galls in Houghton, Keweenaw, and
Baraga Counties in Michigan. However, W. Beck (pers. comm.) wrote that thimble
berry galls were abundant along the Lester River in Duluth, MN. All who reported
seeing thimbleberry galls in Michigan said they first noticed them in the 1980s. The
earliest report was from R. Beaudoin (pers. comm.), a commercial berry picker
from Calumet, MI, who first saw the galls on the west shore of the Keweenaw
Peninsula in 1982 and said that in subsequent years the infestation had spread and
increased in intensity. J. Adler (pers. comm.), a botanist who moved to Houghton,
MI in 1984, said the galls were abundant in Houghton when he came. Several people
who had lived all their lives in Houghton County said they first observed the galls in
the mid-1980s.
Five reports were from areas east or south of Baraga County and all said galls
were not present: P. Cattelino (pers. comm.) reported that thimbleberry was well
represented in plots at ELF study sites in Marquette and Iron counties, MI, but in
1989, when the plants were examined for the presence of galls, none were found; E.
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Figure 2. Sites examined 14 Nov. 1989. The number by a site is the mean percent of stems
with galls rounded to the nearest whole number.

Jepson (pers. comm.) said she had previously lived in Houghton County and was
familiar with the galls and now lived in Marquette, MI, where she picked thimble
berries every year and saw no galls; W. Loope and F. Young (pers. comm.) examined
stands of thimbleberry at Sand Point and Miner's Beach in Pictured Rocks National
Lakeshore in Alger County, MI in October 1989 and found no galls; C. Davis (pers.
comm.) reported that in 1989 he examined several hundred stems in a large thimble
berry patch at Sand Bay on the north shore of Lake Superior about 90 km west of
Sault Ste. Marie, Ontario and found no galls; and E. Voss, a botanist who fre
quently visits Great Lake shoreline areas in the northern Lower Peninsula of Michi
gan, reported in 1989 (pers. comm.) that he had never seen galls on thimbleberry
plants there.
Infestation Rates. On November 14, 1989 a survey was made to determine if
there was a west to east gradient in gall infestation rates on the Keweenaw Peninsula.
Thimbleberry stands at nine locations in northern Keweenaw County were examined
(Fig. 2). At each location, nine or ten groups of 20 stems were examined for galls
and samples of galls collected. Each group of stems was 4 to 10 meters from the
next. There was a conspicuous difference in infestation rates from west to east
(Table 1 and Fig. 2).
We obtained gall infestation rates for 21 additional localities in Baraga,
Houghton and Keweenaw counties in 1989 (Table 2). We collected some of the data,
but the majority came in response to our requests. The 27 groups of 20 stems from
Houghton County had a mean gall infestation rate of 64.8% (SD = 18.1) and a range
of 35 to 100070; the 11 groups of 20 stems from Baraga County had a mean of 36.4%
(SD= 13.1) and a range of 20 to 50%; and the 108 groups of 20 stems from
Keweenaw County (Tables 1 and 2) had a mean of 25.0% (SD = 21.2) and a range of
o to 94%.
Seasonal History and Habits. Galls developed in late Mayor early June on
first-year stems and on new growth of second-year stems. Sharp bends often formed
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Table I. - Mean percent of thimbleberry stems with one or more galls, I standard deviation in
parentheses, range of infestation rates at the site, and N, the number of groups of 20 stems examined
at nine Keweenaw County sites on 14 Nov. 1989.
Location
T58N
T58N
T58N
T59N
T58N
TS8N

T58N
TS9N

T59N

R30W
R30W
R30W
R30W
R29W
R29W
R29W
R29W
R28W

Sec 6
Sec 16
Sec 14
Sec 36
Sec 33
Sec 27
Sec 11
Sec 36
Sec 34

Mean Percent with
Galls (I S.D.)

Range

N

30.5 (10.1)

10-40
35-65
25-60
20-70

10
10
10
10
10
10
10
10
9

47.0 (9.S)

42.0 (13.2)
46.0 (17.1)
8.0 (4.8)
4.5 (3.7)
15.0 (13.5)
16.5 (10.9)
I.l (2.2)

0-IS

0-10
0-40
5-35
0- 5

at galls, apparently because eggs were not inserted evenly around the stems, causing
one side to grow faster than the other. This resulted in stems growing horizontally
and being over-topped by neighboring plants for a time. Stems seemed to be struc
turally weakened where the galls developed. In the fall and winter, animals often
pecked or gnawed on galls to reach the insects, and this further weakened the stems.
We observed many stems broken off at galls. Flowers develop on healthy two-year
old stems, but the broken stems appeared to produce no flowers. Wangberg (1973)
reported dieback of heavily infested stems caused by interruption of vascular tissue
by the galls.
There was a marked contrast in the size of galls at different locations. In 1989,
the largest galls, 30 mm wide and 90 mm long, were from Eagle River on the west
shore of the Keweenaw Peninsula where the gall infestation rate was high. The
smallest galls, 11 mm wide and 10 mm long, were from Elo, MI, where the gall
infestation rate was low. Wangberg (1973) stated that in northern California it was
common for two or three female gallmakers to oviposit in the same general area on a
stem. The large galls at Eagle River were probably the result of group oviposition on
stems in an area with high wasp density, and the small galls at Elo, the result of only
one female ovipositing on a stem in an area where the wasp population was sparse.
We reared adUlt wasps from galls in the laboratory but did not observe them in
the field in 1989. Wangberg (1973) indicated they emerge synchronously in spring,
mate, lay eggs, and die. The following gallmaker life history events were observed in
1989 in a thimbleberry patch near Chassell, MI: by 23 June, the green galls appeared
to be full-grown when the tiny larvae were only 0.25 mm long; on 6 July, 10 larvae
averaged 1.35 mm long (80=0.19); on 24 July, 10 larvae averaged 2.44 mm long
(80=0.14); on 26 July, 100/0 of the larvae were in the prepupal stage which is
marked by defecation and immovable mandibles; early in the prepupal stage, com
pound eye pigment became visible; on 1 August, 10 larvae averaged 2.64 mm long
(80=0.14) and 1.38 mm wide (SO =0.05); on 14 August, 19% were in the prepupal
stage; and on 28 August, 93% were in the prepupal stage and ten prepupae averaged
2.55 mm long (80=0.33),1.25 mm wide (80=0.12), and the head capsule 0.69 mm
wide (80=0.04). Over the summer, the galls changed from green, soft, and moist,
to brown, hard, and dry.
The gallmaker overwintered in the prepupal stage. Galls brought indoors in
January 1990 and held at four different temperatures showed the prepupae had a
developmental threshold of 9.5 degrees C and a thermal constant for prepupa to
adult of 150 degree days. Based on temperatures in 1989 at the Houghton County
Airport, adults would have emerged there about 1 June.
In future studies we hope to answer the following questions. Has this gallmaker
only recently reached Michigan? What is its present range, and direction and rate of
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Table 2. - Mean percent of thimbleberry stems with one or more galls, 1 standard deviation in
parentheses, range of infestation rates at the site, and N, the number of groups of 20 stems examined
at 21 additional sites in Baraga, Houghton, and Keweenaw Counties in 1989.
M~an

Range

N

44.2 (7.4)
26.7 (16.1)
20.0
35.0

35-50
20-45

6

Houghton County
T55N R33W Sec 9
T56N R33W Sec 5
T55N R34W Sec 3
T55N R34W Sec 36
T53N R34W Sec I
T55N R33W Sec 18
T55N R33W Sec 4
T55N R34W Sec 8
T55N R33W Sec 20
T54N R35W Sec 19

60.0 (17.8)
85.0 (0.0)
45.5 (0.7)
82.5 (24.7)
62.0 (16.2)
100.0
65.0
75.0
90.0
60.0

35-90
85
45-46
65-100

12
2

48-77

4
1
1

Keweenaw County
Mainland
T57N R32W Sec 35
T59W R29W Sec 36
T59N R28W Sec 32
T58N R30W Sec 6
T57N R33W Sec 27

59.0 (19.0)
40.0
, 0.0
40.0
94,0

35-90

10
I
1
1
I

Isle Royale
T66N R34W SEC 18
T64N R38W SEC 28

10.0 (5.0)
12.5 (3.5)

5-15
10-15

3
2

Location
Baraga County
T50N R33W
T51N R35W
T52N R31W
T48N R34W

Percent with
Galls (I S.D.)

3

1
1

2
2

1

1
I

spread'? Is it accompanied by all the natural enemies present in the West? To date we
have reared three primary parasite species, whereas Wangberg (1975) reported
seven. If this gallmaker has been here for hundreds of years, unnoticed because of
low densities, what has caused it to become so abundant in the past few years? What
can be done to reduce its numbers?
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SIPHONAPTERA RECORDS AND HOST
ASSOCIATIONS FROM THE CENTRAL AND EASTERN
UPPER PENINSULA OF MICHIGAN
William C. Scharf!, Patrick E. Lederle

2,

and Thomas A. Allan 3

ABSTRACT
Fleas were collected from birds and mammals over a five year period in four
upper peninsula counties. Identified specimens were compared to published records
of distribution for the parasite species and its host species, and only those records
which are new county distributions for host or parasite are listed. Four new host
records for Michigan, four new flea distribution records for the upper peninsula,
and 26 new county records are listed.

Two previous studies partially document flea distribution by hosts in the upper
peninsula of Michigan (Lawrence et al. 1965, and Scharf and Stewart 1980). Addi
tionally comparisons were made with the work of Wilson and Johnson (1971),
Timm (1975) and Benton (1980). Despite the appearance of thorough coverage by
the previous studies, much of the large geographic area of the upper peninsula, and
a variety of flea hosts remain unexamined. The goal of this paper is to further the
knowledge of flea and host distributions and provide new records from the region.
MATERIALS AND METHODS
We collected 307 fleas representing 16 species from 114 individual specimens
representing 14 mammal species and one bird species in Chippewa, Dickinson, and
Iron Counties between 1985 and 1989. One species of flea, Peromyscopsylla catatina
(Jordan) from Iron and Chippewa Counties, was not a new record. The majority of
the specimens were collected by systematic trapping with snap, live and pitfall traps
by three groups of collectors: (1) Lederle and co-workers collected regularly as part
of long term small mammal studies in Dickinson and Iron Counties by the Michigan
State University Terrestrial Vertebrates Group. They also searched nest boxes of
both birds and mammals which subsequently yielded fleas. (2)Allan and his students
also ran a systematic trapping program, and caught bats in mist nets as part of a
faunal inventory of the Vermilion Point Biological Station of Lake Superior State
University in Chippewa County. (3) Scharf and his students snap trapped near Lake
Munuscong. All three groups collected fleas from road-kills in the areas surveyed
whenever possible.

JDivision of Science and Mathematics. Northwestern Michigan College. Traverse City,
M149684.
2Michigan State University Terrestrial Vertebrates Group, Crystal Falls, MI 49920.
3Department of Biology, Lake Superior State University, Sault St. Marie, MI 49873.
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Small mammals were brushed and examined, and the fleas dislodged were
subsequently picked up with forceps or wetted finger. Bird nests were sorted and
searched both in and out of the nest box. All fleas were collected in 70% ethyl
alcohol, cleared and subsequently mounted in Canada Balsam on glass slides for
identification. Identification was aided by using a phase-contrast microscope. The
slides are in the personal collection of the senior author.
Mammal names concur with the nomenclature of Hamilton and Whitaker
(1979). Bird names follow the Checklist of North American Birds (1983). Most
Siphonaptera were identified using Holland (1949), but Benton (1983) was also
useful in a few instances. Holland's nomenclature is adhered to except that Nearc
topsylla genalis genalis follows the accepted nomenclature of Hopkins and Roths
child (1953).

RESULTS
The following list of parasites consists of new county records for either host or
parasite. Additional specimens which were reported in earlier works are not
repeated. New records for the mainland of the upper peninsula are denoted with
(UP) and new records for Michigan are denoted with (MI). Following each county,
is the number of specimens and number of hosts examined from that county. The
new records listed here are from 107 of the total of 307 specimens mounted and
identified. The remainder are flea species already reported in the literature from the
counties and hosts examined, and listing them here, even though they are new
specimens, would be redundant.

CERATOPHYLLIDAE

Ceratophyllus idius Jordan and Rothschild, (UP): Tree Swallow, Tachycineta
bicolor (Vieillot), Dickinson, 3/4 nests.
Megabothris acerb us (Jordan): Tamias striatus, Chippewa, 9/4 hosts.
Megabothris quirini (Rothschild): Zapus hudson ius, Chippewa, 3/4 hosts.
Monopsyllus vison (Baker): Glaucomys sabrinus, (MI), Dickinson 3/1 host;
Tamias striatus, Tamiasciurus hudsonicus, Iron 2/6 hosts, and 111 host.
Opiscrostis brueneri (Baker), (UP): Thirteen-lined Ground Squirrel, Sper
mophilus tridecimlineatus (Mitchill), Dickinson 111 host.
Orchopeas caedens caedens (Jordan): Northern Flying Squirrel, Glaucomys
sabrinus (Shaw), (MI), Dickinson 111 host; Red Squirrel, Tamiasciurus hudsonicus
(Erxleben), Dickinson 6/3 hosts.
Orchopeas howardii (Baker), (UP): Mustella frenata, Iron, 111 host.
Orchopeas leucopus (Baker): Woodland Deer Mouse, Peromyscus maniculatus
gracilis LeConte, Dickinson 42/16 hosts; Bog Lemming, Synaptomys cooperi,
Baird, (MI),Iron 1/4 hosts.
Oropsylla arctomys (Baker), (UP): Woodchuck, Marmota monax (L.), Dickin
son 11 1 host.

HYSTRICHOPSYLLIDAE

Corrodopsylla curvata curvata (Rothschild): Masked Shrew, Sorex cinereus
Kerr, Meadow Jumping Mouse, Zapus hudson ius (Zimmerman), Chippewa 111
host, and 111 host.
Ctenophthalmus pseudagyrtes Baker: Short-tailed Shrew, Blarina brevicauda

1990

THE GREAT LAKES ENTOMOLOGIST

203

(Say) Dickinson, Iron 10/32 hosts; Sorex cinereus, Iron; Eastern Chipmunk, Tamias
striatus (L.), Chippewa 111 host.
Doratopsylla blarinae C. Fox: Blarina brevicauda, Dickinson 6/5 hosts.
Epitedia wenmanni (Rothschild): Long-tailed Weasel, Mustella /renata Lich
tenstein, Iron III host.
Nearctopsylla genalis genalis (Baker): Blarina brevicauda, Chippewa 111 host;
B. brevicauda, Mustella/renata, Iron 2/8 and 115 hosts; Sorex cinereus, Dickinson,
Iron 114 hosts; MarIes americana (Turton), Marquette 111 host, (MI).

ISCHNOPSYLLIDAE
Myodopsylla insignis (Rothschild): Little Brown Bat, Myotis luci/ugus
(LeConte), Chippewa 7/3 hosts.
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ECOLOGY AND HOST ASSOCIATIONS OF
HISTIOGASTER ARBORSIGNIS (ACARI: ACARIDAE)
IN THE GREAT LAKES REGION, PARTICULARLY IN THE
HURON MOUNTAINS OF NORTHERN MICHIGAN
Barry M. OConnor l
ABSTRACT
Histiogaster arborsignis is recorded from subcortical habitats and fungal fruit
ing bodies in the Huron Mountains of northern Michigan. Deutonymphs were
collected from 15 species of Coleoptera, Hymenoptera and Diptera. Additional host
and locality records for this species are provided from other areas in the Great Lakes
region.

Woodring (1963) described Histiogaster arborsignum (sic) based upon adults
and deutonymphs collected from the galleries of the southern pine beetle, Dendroc
tonusJrontalis, in loblolly pine, Pinus taeda, from eastern Texas. Woodring (1966)
correctly emended the specific name to arborsignis and reported new specimens
associated with the galleries or bodies of 14 species of Scolytidae (8 species of Ips, 5
species of Dendroctonus, and Orthotomicus coelatus) as well as a gallery of the
woodwasp, Sirex sp. These insects and ga1leries were taken from 8 species of Pinus
and "fir". The geographic range of the species was extended to include Quebec,
Ontario and Saskatchewan in Canada; California, Colorado, South Dakota, Michi
gan, Ohio, Louisiana, North Carolina, and Georgia in the United States; Sonora,
Durango and Puebla in Mexico, and Honduras. A single specimen was reported
from brazilnut husks from Brazil intercepted in plant quarantine in Louisiana.
Woodring (1969) provided life-history information on this species based on labora
tory cultures. Moser and Roton (1971) reported that deutonymphs of H. arborsignis
would attach to a variety of insect species in the laboratory. Chmielewski (1977)
reported H. arborsignis from Poland on Silvanus unidentatus (Cucujidae) from
"bark of exotic trees".
During studies of the astigmatid mite fauna of the Huron Mountains in north
ern Michigan, H. arborsignis was one of the most commonly collected species. In
this paper I provide new information on the natural habitats and phoretic hosts of
this species.
MATERIALS AND METHODS
Mites were collected on the property of the Huron Mountain Club, Marquette
Co., Michigan, during the period 22-28 June 1986 (OConnor and Houck, 1989).

IMuseum of Zoology and Department of Biology, The University of Michigan, Ann
Arbor, MI 48109-1079.
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Oetailed descriptions of the habitats are included in Wells and Thompson (1976) and
Gosling (1986). Feeding stages of astigmatid mites were recovered from habitat
samples examined under a dissecting microscope. Phoretic deutonymphs were
recovered from insect hosts which were collected by sweep nets, Malaise traps and
pitfall traps. Cultures were attempted by placing live mites in culture dishes with
small amounts of the substrate in which they were found (for feeding stages) or
brewer's yeast, oatmeal or pieces of freshly killed insect (for deutonymphs). Insect
hosts were identified and vouchered with labels reading "Mites removed, B.M.
OConnor" followed by a catalog number. Insect and mite specimens are deposited in
the University of Michigan Museum of Zoology.

RESULTS
Histiogaster arborsignis was the only species of Histiogaster collected in the
Huron Mountains. "Histiogaster" cye/opis Woodring, 1966, and two undescribed
related species were also collected, but these species should not be placed in the
genus Histiogaster and will be considered in a separate paper. Colonies containing
all ontogenetic stages of H. arborsignis were recovered from three microhabitat
samples as follows.
Acer saccharum (sugar maple), subcortical space in fallen log, 24 June 1986,
(BMOC #86-0624-1). Mites were observed feeding on two (unidentified) species of
fungi on the underside of the bark. Mites were observed in colonies of a black
fungus throughout the subcortical area and in colonies of a green fungus occurring
in old cerambycid or buprestid galleries. Active and pharate deutonymphs were
observed in the latter colonies.
Acer saccharum subcortical space in fallen log, 27 June 1986, (BMOC
#86-0627-3).
Pinus resinosa Gack pine) subcortical space in· fallen log, 24 June 1986, (BMOC
#86-0624-16). Mites were collected from old cerambycid galleries.
Active deutonymphs but no feeding stages were recovered from the following
microhabitats:
Betula alleghaniensis (yellow birch), subcortical space in fallen log, 24 June
1986, 2 ON, (BMOC #86-0627-4).
Piptoporus betulin us (birch polypore) on Betula papyri/era (paper birch), 23
June 1986, ION, (BMOC #86-0623-3).
Pleurotis ostreatus (oyster mushroom) on Acer saccharum (sugar maple), 23
June 1986, ION, (BMOC #86-0623-47).
Phoretic deutonymphs (ON) were recovered from the following insect hosts:

COLEOPTERA: BUPRESTIDAE
Buprestis striata impedita Say, 23 June 1986, 107 ON, (BMOC #86-0623-14).
Chalcophora sp., 22 June 1986, 13 ON, (BMOC #86-0622-3).

COLEOPTERA: CERAMBYCIDAE
Acmaeops proteus (Kirby), 23 June 1986, 22 ON, (BMOC #86-0623-18); 24
June 1986,4 ON, (BMOC #86-0624-9).
Monochamus scutellatus (Say), 26 June 1986, ION, (BMOC #86-0626-6).
Physocnemum brevilineum (Say), 24 June 1986,4 ON, (BMOC #86-0624-5).
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COLEOPTERA: OSTOMATIDAE

Grynocharis quadrilineata (Melshimer), in P/eurotis ostreatus (see above,
BMOC #86-0623-47), 23 June 1986,,1 DN, (BMOC #86-0623-48); 24 June 1986, 1
DN, (BMOC #86-0624-6).
COLEOPTERA: SALPINGIDAE

Pytho american us Kirby, 24 June 1986, 26 DN, (BMOC #86-0624-4).
COLEOPTERA: SCOLYTIDAE

Ips pini (Say), in Pinus banksiana, 24 June 1986, 1 DN, (BMOC #86-0624-10).
HYMENOPTERA: BRACONIDAE

Atanyc%us u/micola (Viereck), 24 June 1986, 13 DN, (BMOC #86-0624-11);
5 DN, (BMOC #86-0624-12).
HYMENOPTERA: ICHNEUMONIDAE

Dolichomitus imperator (Kreichbaumer), 25 June 1986, 2 DN, (BMOC
#86-0625-12).
Megarhyssa macrurus (Linnaeus), 26 June 1986, 1 DN. (BMOC #86-0626-15).
Neoxorides pi/lulus Townes, 24 June 1986, 1 DN, (BMOC #86-0624-13).
Xylophylax macrocephala (Provancher), 23 June 1986, 1 DN, (BMOC
#86-0633-20).
DIPTERA: ASILIDAE

Laphria janus McAtee, 26 June 1986, 1 DN, (BMOC #86-0626-26).
Laphria postica Say, 23 June 1986, 1 DN, (BMOC #86-0623-7).
Additional specimens of H. arborsignis in the collections of the University of
Michigan Museum of Zoology (UMMZ) further extend the known host and habitat
associations of the species. Insect hosts have been vouchered with labels "Mites
removed, B.M. OConnor" and the collection number as above. Host insects are
housed in the UMMZ and the Cornell University Insect Collection, Ithaca, New
York (CUIC).
ILLINOIS: Pope Co., Bell Smith Springs Recreation Area, 23 October 1982,
B.M. OConnor, ex Phellinus gi/vus (Polyporaceae), 1 DN, (BMOC #82-1023-10).
MICHIGAN: Berrien Co., Warren Woods State Park, 18 July 1982, B.M. OCon
nor, ex Coriolus versicolor (Polyporaceae), all feeding stages, (BMOC #82-0718-4);
Saginaw Co., 13 June 1943, R.R. Dreisbach, ex Somula decora (Diptera: Syrphidae)
(UMMZ), 20 DN, (BMOC #89-0113-44); Washtenaw Co., Ann Arbor, 21 June
1927, N.K. Bigelow, ex Somu/a decora (Diptera: Syrphidae) (UMMZ), 6 DN,
(BMOC #89-0113-45). NEW JERSEY: Burlington Co., near Atsion, 23 July 1980,
W.L. Brown et aI., ex Enoc/erus nigripes (Coleoptera: Cleridae) (CUIC), 1 DN,
(BMOC #80-0808-7). NEW YORK: Cortland Co., McLean Reserve, 6 May 1980,
B.M. OConnor, ex Fomes fomentarius (Polyporaceae) on Fagus grandi/olia (Ameri
can beech), 1 DN, (BMOC #80-0506-4); Essex Co., Whiteface Mountain, 24 August
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1916, ex Dolichomitus tuberculatus (Hymenoptera: Ichneumonidae) (CUIC), 2 DN,
(BMOC #78-0927-11); Nassau Co., Plainview, 10 June 1978, M. Huybensz, ex
Glischrochilus quadrisignatus (Coleoptera: Nitidulidae), 11 DN, (BMOC
#79-0612-2); Tompkins Co., Ringwood Preserve, 6 May 1978, B.M. OConnor, ex
unidentified polypore fungus, 1 male, (BMOC #78-0516-1); Tompkins Co.,
Taughannock Falls State Park, 3 May 1980, B.M. OConnor, ex Xyloterinus politus
(Coleoptera: Scolytidae) (CUIC), 4 DN, (BMOC #80-0503-3). CANADA:
ONTARIO: Parry Sound Co., Humphrey Twp., Mogridge Lake, 24 km south of
Parry Sound, 28 September 1986, B.M. OConnor, Acer saccharum subcortical
space, all feeding stages and deutonymphs, (BMOC #'s 86-0928-1, 4,5). QUEBEC:
Montreal, ex Dolichomitus irratator (Hymenoptera: Ichneumonidae) (CUIC), 1
DN, (BMOC #78-0927-4).

DISCUSSION
Although previous literature records suggest that H. arborsignis is primarily
associated with active galleries of scolytid beetles, these new observations indicate
that the species actually has a much broader habitat and host range. The species
appears to normally inhabit subcortical spaces in both angiosperms and conifers,
and can also colonize fungal fruiting bodies growing on wood. Phoretic associations
are also broad, with the common factor among most of the above listed hosts being
an attraction to or development in wood. The hosts from which the highest numbers
of deutonymphs of H. arborsignis were recovered are all beetles whose adult habitat
(Cleridae, Ostomatidae, Scolytidae, Salpingidae) or larval habitat (Buprestidae,
Cerambycidae) is subcortical. The Hymenoptera used as hosts are all parasitoids of
subcortical insects, either Cerambycidae (D. imperator, N. pi/lulus, X. macro
cephala, A. ulmicola) or Siricidae (M. macrurus). It is interesting to note that the
individual M. macrurus which carried H. arborsignis was a male, one of few male
ichneumonids from which astigmatid mites of any species was recovered during this
study. This association correlates with the behavior of male Megarhyssa which are
unusual in being attracted to female oviposition sites on logs (Crankshaw and
Matthews, 1981). Of the two genera of Diptera used, Laphria species perch on tree
trunks from which they pursue prey, while Somula females are attracted to moist
decaying woody substrates as oviposition sites.
Field observations confirm Woodring's (1969) supposition that H. arborsignis
is primarily a fungivore. Woodring was able to culture this species successfully using
both yeast and powdered mushrooms as food. My cultures maintained separately on
yeast and small pieces of polypore fungi survived and reproduced extensively. I also
cultured this species for a long period using oatmeal as the only food. In contrast to
Woodring's failure to maintain H. arborsignis on mealworm tissue, I was also able
to culture this species using only freshly killed insects as food.
The natural history of H. arborsignis appears to be that of a species primarily
restricted to subcortical spaces and primarily fungivorous, although other types of
food can be utilized. Mites may also leave the subcortical space and colonize rela
tively long-lived fungal fruiting bodies on the bark surface. Long distance dispersal
to new habitats is achieved through phoretic association with essentially any insect
that develops in or visits the subcortical space. Dispersing deutonymphs may also
migrate to the bark surface through insect emergence holes where they may encoun
ter other potential phoretic hosts. This pattern of relative habitat specificity but little
specificity for phoretic hosts is common in most genera in the acarid subfamily
Rhizoglyphinae related to Histiogaster. The species is widely distributed in temper
ate and tropical North America and has also been reported from Brazil and Poland
although the association of the latter record with "exotic trees" may indicate an
introduction.
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LIFE CYCLES OF LEUCTRA DUPLICATA AND OSTROCERCA
PROLONGATA IN AN INTERMITTENT STREAMLET IN
QUEBEC (PLECOPTERA: LEUCTRIDAE AND NEMOURIDAE)
P. P. Harperl

ABSTRACT
Large populations of Ostrocerca prolongata and Leuctra duplicata developed
in a small intermittent stream in the foothills of the Laurentian Highlands of Que
bec. Both species were univoltine in 1974-1975. Ostrocerca prolongata started
emerging in mid-to late May. followed by L. duplicata about 2 weeks later. The
emergence periods lasted 3-4 weeks with similar patterns in both sexes. Ostrocerca
prolongata laid its eggs before the stream dried up in early July. while L. duplicata
oviposited just afterward. The eggs of both species did not hatch before October
when flow had resumed; the prolonged incubation was due to a diapause in Ostro
cerca, but to a depressed development rate in Leuctra. Nymphal growth continued
through winter and accelerated considerably in May in both populations. Despite
much overlap in timings of the life cycles and in size-frequency distributions of the
nymphs. there appeared to be little competition between the two species. probably
due to differing food habits.

Stoneflies (Plecoptera) are common inhabitants of headwater streams where
they often develop into dense populations (Stewart and Stark 1988). Except when
such streams are spring-fed and therefore offer relative stability. temperature and
waterflow may vary considerably. Successful populations must therefore possess
specialized traits in their cycle to allow them to colonize such marginal habitats.
The opportunity was taken to study the previously undescribed cycles of two
species of stoneflies, Leuctra duplicata Claassen (Leuctridae) and Ostrocerca pro
longata (Claassen) (Nemouridae). large populations of which inhabited a small
intermittent stream in the Laurentian Highlands of Quebec. Emphasis was given to
timing of adult emergence and nymphal growth.

STUDY SITE
0

The stream (45 59' 40" N; 74 0 00' 17" W) was situated on the Station de
biologie (University of Montreal) at St. Hippolyte de Kilkenny, Terrebonne County
(Quebec), about 75 km north of Montreal, in the foothills of the Laurentian High
lands, at an altitude of about 325 m.
The stream was very small and its width rarely exceeded 30 cm and its depth 10
cm. It arose in a small depression in a forested (second-growth mature white birch
interspersed with young sugar maple) and hilly region where surface waters accumu

lDepartement de Sciences biologiques, Universite de Montreal, C. P. 6128, Succursale
"A", Montreal, Quebec, CANADA H3C 317.
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lated to form a boggy area of about 50 m in diameter. From there it flowed into Lac
Croche, about 100 m away and 10 m below. Its flow was important in the spring due
to snowmelt; however, by mid-July (13 July 1974; 4 July 1975) the stream had dried
up and only damp substrate and occasional puddles remained. There was a heavy
deposition of autumn-shed leaves on the bottom and the streambed was heavily
shaded from mid-May to late September. Regular flow resumed in September
October. From early November to late April, snow accumulation was important
(1-2 m) and flow was much reduced. Ice, however, did not form under the snow and
water temperatures remained just above freezing. Water temperatures in May and
June were generally less than or equal to l3°C, while most streams in the area, fed
mainly from lakes and ponds, reached 25°C during this period. As the stream dried
up, however, higher temperatures were recorded.
This stream is part of Ashby Creek drainage which has been described many
times in the literature (Harper and Harper 1982, marked gc). The water was acidic
(pH
5.8-6.2), colored (80 Pt units), and soft (less than 30 mg CaC03 /1).
MATERIALS AND METHODS
Adults were collected with a small emergence trap designed by Harper and
Magnin (1971) and covering 0.25 m2. It was emptied every 2-4 days, both in 1974
and 1975.
Nymphs were sampled approximately every month from April 1974 to June
1975 with a fine-meshed net (60 p. mesh opening) using the "kick-sample" technique.
This qualitative sample represented the relative composition of the population at a
given date, but cannot be regarded as a measure of population density.
A few mature females were brought into the laboratory and allowed to oviposit
in Petri dishes containing bottled water (Naya, Inc.) at approximately 15°C and
simulated outdoor photoperiods. Their development was checked at irregular inter
vals, but not tallied in any quantitative manner.

RESULTS
Ostrocerca prolongata
The emergence began on 30 May in 1974, about three weeks after the icemelt on
Lac Croche (Fig. 1). Males appeared earlier than females, but the emergence pat
terns of both sexes were generally similar. The emergence period lasted about two
weeks. In 1975, the emergence started on 23 May, a week earlier than the previous
year, and it also extended into mid-June. The protandry was more pronounced. The
density of emergence was 819 and 416 individuals I m2 respectively in 1974 and
1975.
By the third week of June, the females collected in the field were aU mature and
ready to oviposit. The eggs were thus deposited while the stream was still flowing.
Eggs incubated in the laboratory showed no sign of development during the first two
months of incubation and were presumed to have entered diapause.
The first nymphs, many of them still hatchlings, were collected in mid-October
(Fig. 2), which suggests the existence of an egg incubation of nearly 4 months.
Despite the low temperatures, growth proceeded throughout the winter, though the
rate declined, particularly in March. By the time snow melted in late April, the
nymphs had a mean length of about 2 mm. Growth then accelerated considerably
and within a month total lengths had more than doubled and the nymphs were ready
to emerge. There was little or no size differences between the sexes.
The size-frequency distribution of nymphs observed in May 1974 was compara
ble with data in the spring of 1975, so the earlier emergence in 1975 was probably not
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Figure 1.
Emergence patterns (N/O,25 m2/day) of adult Ostrocerca pr%ngata and Leuctra
duplicata in 1974 and 1975. Males are illustrated on· the upper graphs, and females on the lower
graphs.

due to differences in the cycle between years, except in the last weeks of nymphal
growth.

Leuctra duplicata
Adults started emerging about 10 days later than those of O. pr%ngata in 1974
(Fig. I). but peak emergence did not occur before yet another week. The emergence
period lasted about one month. In 1975, emergence began about a week earlier and
lasted only three weeks. There appeared to have been little difference between the
emergence times of males and females. Emergence density was 932 individuals / m2
in 1974 and 1052/ m2 in 1975.
By early July. females collected in the field were mature and oviposited readily
in the laboratory. Such females were collected until late-July. Eggs were therefore
deposited in the stream at about the time it dried up. Eggs kept in the laboratory did
not undergo diapause, as in the preceding species, but developed directly, albeit very
slowly. They did not start hatching before October. By contrast, eggs of Leuctra
tenuis Pictet, an inhabitant of permanent streams, hatched within 3-4 weeks. These
were collected at the same time and kept in the same conditions.
The first nymphs (n = 2) were collected in mid-October (Fig. 3), but they were
not hatchlings; for some reason, these were not collected. In December, a more
representative sample was secured and the mean length was 1.0-1.25 mm. Growth
then proceeded through the winter, though there appeared to be a lull in March. It
resumed and accelerated in April and May and by mid-June the nymphs were
mature and ready to emerge.
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Figure 2.
Growth pattern of nymphs of Ostrocerca pr%ngata in 1974-1975, based on relative
distribution of size (total length, in 0.25 mm classes) frequencies. Sexes are separated in larger
nymphs, males on the left, females on the right. Arrows indicate emergence times. Numbers on
top row give sample size.

The samples in May 1974 and April 1975 had similar size distributions, but the
June 1974 sample indicates an important delay in growth, which probably accounts
for the later onset of the emergence.

DISCUSSION
The life-cycle strategies of these two species are very similar in many respects.
Growth is concentrated in both the fall and spring seasons, when the probabilities of
the stream being flooded are very high. Growth is especially important in late April
and May when temperatures are rapidly increasing. The timing is probably only
secondarily related to the presence of allochthonous leaf litter, which is abundant in
this stream throughout the year. Nevertheless, such life cycles in stone flies probably
evolved originally as adaptations to the seasonal availability of detritus in the form
of leaf litter.
The summer months bring an interruption in the flow of the stream and both
species evade this hazard because nymphs are not present at that time. Although O.
pr%ngata manages to lay its eggs before the stream actually dries up, L. duplicata
probably has to oviposit on the damp substrate or in the puddles (no oviposition was
observed in the field). The eggs of both species, as inferred from laboratory observa
tions, did not hatch until October when flow had resumed. This delayed hatching is
brought about in O. pro[ongata by a diapause (complete cessation of growth after
minor initial development), and this is the common strategy in the Nemouridae in
such situations. Diapausing eggs have been described in many genera, such as
Amphinemura (Khoo 1964, Harper 1973), Prostoia (Radford and Hartland-Rowe
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Figure 3.
Growth pattern of nymphs of Leuctra duplicata in 1974-1975, based on relative
distribution of size (total length, in 0.25 mm classes) frequencies. Arrows indicate emergence
times. Numbers on top row give sample size.

1971, Harper 1973), Protonemura (Malicky 1982), and Shipsa (Harper 1973). The
cycle of O. prolongata is very similar to that described for Ostrocerca albidipennis
(Walker) from southern Quebec by Mackay (1969): the earliest nymphs were, how
ever, collected only in December and no growth was reported from February to
April. The growth patterns were nevertheless similar, with a maximum rate in April
and May; the overwintering nymphs belonged to a larger size-class (3 mm) than is
the case here.
In Leuctra duplicata, there is no evidence of an egg-diapause, but rather of a
depressed developmental rate which extends the duration of the embryogenesis.
Indeed, in all species of Leuctra whose life cycle has been studied until now, the
development of the eggs is direct (Harper 1973, Lillehammer 1985, Elliott 1987) and
it would seem that the mechanism of embryonic diapause may not be available in the
family Leuctridae. The North African Tyrrhenoleuctra tangerina (Navas), which
inhabits temporary streams, has no egg diapause, but has a nymphal diapause in its
6th instar (Berthelemy 1973). However, Berthelemy (1973) mentioned the existence
of an egg diapause in an undescribed Leuctra ("sp. nov. A") from Tunisia and
promised more details in a forthcoming paper, which never appeared; this was the
only species among five he collected that colonized temporary waters. Among Que
bec Leuctridae, besides L. duplicata, the only other that lives in temporary streams
is L. maria Hanson. Not surprisingly, it is a close relative of L. duplicata and can be
expected to have a similar life-cycle.
Both species were affected by the lower temperatures in May 1974. Although
ice on Lac Croche disappeared at the same time in both years (8 May 1974 and 10
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May 1975), stream temperatures were approximately 2-3°C lower throughout the
later half of May in 1974 (9.5 vs I20C). This lower temperature slowed growth much
more in L. dupiicata than in O. proiongata, probably because the former completed
more of its growth later in May when conditions were less favorable, resulting in a
delayed emergence.
Both species achieved remarkable success and maintained very dense popula
tions in this stream which supported no mayflies and only an occasional caddis fly.
The two species did not seem to interfere with one another. Although the emergence
and oviposition periods of the adults were separated in time, the eggs hatched at the
same period and there was little difference in the size-frequency distributions of the
nymphs until May. The species belong, however, to different families that differ in
their general habitus, and presumably in their choice of microhabitat. Also,
although both are detritus feeders, the Nemouridae are shredders of leaves, while
the Leuctridae seem to feed on smaller particles (Merritt and Cummins 1984). This
presumably minimizes competition between the two populations.
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DETERMINATION OF FREQUENCY AND DISTRIBUTION OF
HESSIAN FLY (DIPTERA:' CECIDOMYIIDAE) BIOTYPES IN
THE NORTHEASTERN SOFT WHEAT REGIONl
B. H. Chen2 , J. E. Foster 3, P. L. Taylor

4,

J. E. Araya 5, and C. Kudagamage

6

ABSTRACT
Fifteen collections of Hessian flies from the northern soft winter wheat region
of the United States were used to determine the composition and frequency of
biotypes. The wheat cultivars 'Seneca' (H7Hs), 'Monon' (H 3), 'Knox 62' (~, H7Hg),
and 'Abe' (Hs) were used as differentials. Biotypes J and L replaced biotype B as the
prevalent biotype in Indiana, since wheat cultivars having the Hs and the H6 genes
have been grown. Biotype GP, the least virulent of any Hessian fly biotypes, was
still present in New York indicating that wheat cuItivars with no genes for resistance
are still being grown there. The genetic variability of Hessian fly biotypes that
enables them to overcome the resistance in wheat cultivars is discussed.

The Hessian fly, Mayetio/a destructor (Say) is one of the most serious insect
pests of wheat in the United States. It is usually controlled by resistant cuItivars and
by planting winter wheat cultivars after the "fly-free" dates. However, the wide
spread use of resistant cuItivars has resulted in the development of new biotypes
having the ability to infest previously resistant cultivars (Gallun 1977). The fre
quency of biotypes is dynamic because of the selection pressure of the resistant
cultivars on Hessian fly populations. The rate of change depends on the selection
intensity of resistant cultivars (Gallun et al. 1961, Hatchett 1969). Biotype B
replaced biotype A as the prevalent biotype in Indiana after the wheat cultivar
'Dual', having the H3 gene for resistance, was released in 1955 and became widely
grown by 1959 (Hatchett and Gallun 1968); Biotype E was found in Georgia to infest
'Georgia 1123' having the H3 gene for resistance where this cultivar represented 75%
of the wheat hectarage (Hatchett 1969); Biotypes J and L were discovered in Indiana
where cultivars having the H5 gene for resistance were being predominantly grown
(Sosa 1981). These events illustrate that the Hessian fly possesses the genetic varia
bility for virulence that is necessary to overcome the resistance in wheat.
Some individuals in a field population of Hessian flies are capable of surviving
the release of a new resistant cultivar which cannot be infested by the rest of the

IJournal Paper No. 12,569, Purdue University Agriculture Experiment Station, W.
Lafayette, IN 47907.
2Taiwan Agricultural Research Institute, 189 Chung-cheng Road, Wan-feng, Wu-feng,
Taichung, Taiwan Republic of China.
3Head, Dept. of Entomology, University of Nebraska, Lincoln, NE 68583.
4Research Assistant, Dept. of Entomology, Purdue University, W. Lafayette, IN 47907.
5Associate Professor, Departamento de Sanidad Vegetal, Facultad de Ciencias Agrarias y
Forestales, Universidad de Chile, Casilla lOO4-Santiago, Chile. Currently, Research Associ
ate, Dept. of Entomology, Purdue University, W. Lafayette, IN 47907.
6Research Entomologist, 80 Gampoland, NawaIapitiya, Sri Lanka.
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individuals in the population. As the area cultivated with these resistant cultivars
increases, the difference in fitness between the virulent and avirulent flies results in a
shift in the biotype proportion in favor of the virulent population variant. The
resistant cultivars become eventually more susceptible each year to this population,
and a new biotype will be identified. Since the discoveries of biotype J in the field,
several cultivars with the H6 gene that are resistant to this biotype have been released
('Auburn', Patterson et al. 1982a; 'Caldwell', Patterson et al. 1982b; 'Fillmore',
Patterson et al. 1985; and 'Adder', Shaner et al. 1986). As wider areas are grown
with these resistant wheat cultivars, the frequency of biotypes that are capable of
surviving on them is also expected to increase in the future. It is always necessary to
monitor the occurrence of virulent biotypes in order to breed wheat cultivars resist
ant to them. Therefore, the objective of this study was to determine the distribution
and frequency of Hessian fly biotypes in the northern and eastern areas of the soft
wheat region.
MATERIALS AND METHODS
Wheat crops from 15 locations in five states in the northeast portion of the soft
winter wheat region were sampled in 1986 to determine the presence of Hessian flies.
Each sample consisting of at least 100 or more plants per site was brought into the
Insect and Weed Control Research Unit laboratories of the U. S. Department of
Agriculture, Agricultural Research Service, at Purdue University for the emergence
of adult flies. Then, each sample was increased as a bulk population for one genera
tion by caging ovipositing adult flies on susceptible 'Blue boy' wheat. When the
second generation adults emerged from Blueboy, the biotype was determined
according to the plant response to progenies of a single fertile female having infested
four differential cultivars, Seneca (H7Hg), Monon (H3)' Knox 62 (H6' H7Hs), and
Abe (Hs) (Gallun et al. 1961). These four cultivars were seeded separately in 10.2 em
plastic pots divided into four sections. The location of each differential cultivar was
standardized and marked, so that their sequence was the same in each pot. A
minimum of 100 progenies was used to determine the biotype frequency of each
location. When the seedlings were in the two-leaf stage, they were thinned to 3
seedlings per cultivar and covered by a transparent plastic cage. The top of this cage
was vented with a hole covered with fine plastic screen, and a 2.5 cm diam. hole in
the middle of the cage side was used for introducing a fertile fly into the cage during
infestation. A dispo plug was used to prevent the fly from escaping. At the peak fly
emergence, each pot of differentials was infested by placing a single mated gravid
female inside the cage for oviposition. After two days, the differentials were uncov
ered and reviewed for eggs. Only pots with eggs on all cultivars were saved.
Two weeks after infestation, the phenotype of the fly progenies in each pot was
determined according to the reactions of wheat cultivars. Susceptible plants have
dark green leaves, stunted appearance, and supported live larvae; whereas the resist
ant plants contained dead larvae, maintained light green leaves, and grew in a
normal manner (Gallun et al. 1961). All biotype determinations were conducted in
environmental growth chambers set at 20± 1°C and a 14 L: 10 D photoperiod.
RESULTS AND DISCUSSION
The frequency (percentage) of the Hessian fly biotypes in the samples are listed
in Table 1. Results showed that in 1986, biotype L was predominant in all counties
of Indiana sampled except Tippecanoe where biotype J was most prevalent. Bio
types J and L were also the most prevalent biotypes in Indiana and nearby states
(Table 1). These two biotypes occurred in 12 of 15 locations sampled. High fre
quency of biotype J and L in Illinois and Indiana samples indicates that these
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Table 1. - Frequency (percentage) of Hessian fly biotypes in samples collected in 1986 from the
northeastern soft wheat region
States

Counties

Illinois

Wabash
White
Knox
Pike
Posey
Sullivan
Tippecanoe
Berrien
Branch
Calhoun
Ingham
Tompkins (I)
Tompkins (2)
Crawford
Sandusky

Indiana

Michigan

New York
Ohio

Number of
f ernales tested
82
73
105
93
102
102
124
96
1I8
89
103
94
94

109
93

A

0
0
0
0
0
0
0
0
0
0
0
10
12
0
0

0
0
0
0
0
0
0
0
0
1
0
81
53

36
79

0
0
0
0
0
0
0
0
0
0
0
6
22
0
0

0
0
0
0
5
0
0
0
0
2
13
0
0
0
3

0
0
0
0
0
0
0
0
0
2
0
0
3
0
0

23
14
1
0
21
20
85
90
35
18
40
0
0
59
17

77
86
99
100
74
80
15
9
0
7
22
0
0
3
1

0
0
0
0
0
0
0
1
0
0
0
0
0
2
0

biotypes overlap in these areas. This result is understandable because wheat cultivars
susceptible to both biotypes J and L are currently grown in both states. These
biotypes can stunt cultivars with the H 3 , Hs, and H7HS genes; however, only biotype
L can survive on wheat cultivars with the H6 gene for resistance. Thus, biotype L will
most likely increase in frequency, providing that the cultivars with the H6 gene
continue to be widely grown. Currently, Caldwell, with the H6 gene for Hessian fly
resistance (Patterson et al. 1982), is the most prevalent wheat in Indiana. As a result,
the frequency of biotype L has increased from 33.3070 in a sample from Randolph
Co. (Sosa 1981) to 100% in a sample from Pike Co. in this study.
This study showed that wheat cultivars having the H~, Hs, and H7HS genes were
susceptible to the Indiana flies (Table 2). This result mdicated that Hessian fly
populations in these areas are evolving and are homozygous for virulence at these
three loci. Only wheat cultivars having the H6 gene provided resistance to some of
the flies. The development of additional biotypes is expected in Indiana. Prior to
resistant cultivars of wheat being released, biotype A was predominant (Gallun et al.
1961). When ~u1tivars with the H3 gene for resistance occupied a high percentage of
the wheat cultivated (50070) in Indiana, biotype B became prevalent (Hatchett and
Gallun 1968, Gallun 1972). After cultivars with the H6 gene for resistance were
grown, biotype J was discovered (Sosa 1981). Since 1980, several cultivars with the
Hs and the H6 gene have been released in Indiana (Patterson et al. 1982a, 1982b,
1985, Shaner et al. 1986). These cuitivars were immediately accepted and cultivated
area increased. This study showed that biotype L is becoming more prevalent,
further illustrating that the Hessian fly possesses the genetic variability for virulence
and is evolving and overcoming the resistant genes that are incorporated into wheat.
Biotype A was the predominant biotype in the New York samples along with the
Great Plains (GP) biotype. Because the GP biotype will only survive on cultivars
with no genes for resistance, GP is probably the original biotype; cultivars with
resistant gene likes the H7HS would select against it, favoring the development of
biotype A.
If cultivars having other genes for resistance were grown, however, biotypes
other than biotype A would be detected. This inference is reasonable because the GP
biotype probably represents the original population of the Hessian fly in the eastern
United States, and would have the most genetic variability for virulence to wheat.
Using laboratory data, Gallun (1977) pointed out that a mating between a com

220

THE GREAT LAKES ENTOMOLOGIST

Vol. 23, No.4

Table 2. - Percentage of the four differential wheat cultivars susceptible to the Hessian fly collected
in 1986 in different locations
Percentage Homozygous Susceptible in
Number of
females
Seneca
Monon
Knox 62
Abe
States
Counties
tested
(H7H8)
(H3)
(H 6 • H7Hg)
(H5>
97.6
Illinois
Wabash
82
100.0
75.6
100.0
White
73
100.0
100.0
86.3
100.0
Indiana
Knox
100.0
105
100.0
91.4
100.0
Pike
93
100.0
100.0
100.0
100.0
Posey
102
100.0
100.0
78.4
95.1
102
Sullivan
100.0
100.0
77.5
100.0
Tippecanoe
124
99.2
100.0
4.8
100.0
Michigan
Berrien
96
97.9
100.0
7.3
100.0
Branch
118
100.0
100.0
33.1
0.0
Calhoun
89
97.8
98.9
9.0
24.7
Ingham
100.0
34.0
103
100.0
62.1
Tompkins (I)
New York
80.9
94
4.3
20.2
l.l
Tompkins (2)
89.4
0.0
94
2.1
0.0
Crawford
109
98.2
Ohio
100.0
3.7
56.0
Sandusky
93
100.0
100.0
14.0
3.2

pletely heterozygous GP female and a GP male, with maternally derived recessive
alleles at the four differential loci, would theoretically produce progenies of all
sixteen known biotypes when placed on four differentials. In Michigan, biotypes B
and J were predominant in each county sampled, however, biotype L was found in
three of four counties sampled, especially in Ingham Co. This is the first report of
these three biotypes from Michigan. In Ohio, biotypes A and J were prevalent.
Biotype J had not been previously reported from ,Ohio. In Illinois, biotypes J and L
were the predominant biotypes, and this is the first report of these biotypes in this
state. With the occurrence of biotypes J and L in these states, this study re-confirms
that an increase in the use of cultivars with specific genes for resistance creates a
change in the frequency of each biotype in the field, because the selection pressure
favors individuals that can live on the specific resistant genes of wheat (Gallun et aI.
1961). The high frequency of biotype L in Indiana and Illinois indicates that an
outbreak of the Hessian fly could occur in these areas. The large area with wheat
cultivars having the H6 gene for resistance favors the selection for biotype L; there
fore, a release of wheat cultivars resistant to this biotype is needed.
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OCCURRENCES OF EUMORPHA FASCIATA, HYLES GALLII,
SPHINX FRANCKII AND S. VASHTI (LEPIDOPTERA:
SPHINGIDAE) IN ILLINOIS
Everett D. Cashattl, George L. Godfrey2, and James R. Wiker 3
ABSTRACT
A recent survey of private and institutional collections in Illinois and surround
ing states has provided specific information on the occurrences of four species of
sphingids within Illinois: Eumorpha fasciata, Hyles gallii, Sphinx franckii, and S.
vashti. Geographical and phenological data for these species are provided.

Four species of sphingids, Eumorpha fasciata (Sulzer). Hyles gallii (Rottem
burg), Sphinx franckii Neumoegen, and S. vashti Strecker, previously unreported
for Illinois. were found in several collections as they were examined for records to be
entered in The Database of Illinois Lepidoptera. a joint effort of the Illinois Natural
History Survey and the Illinois State Museum. This paper documents their occur
rences in Illinois.
Hodges (1971) reported that Eumorpha fasciata ranges from northern Argen
tina to Nova Scotia, that it is a resident in the U.S.A. on the east coast as far north
as South Carolina (perhaps North Carolina). and that it occurs in the Gulf Coast
states and in southern Arizona and southern California. He also noted that E.
fasciata "is moderately common in central Arkansas from the middle of July
through mid-October and has often been taken at flowers. Curiously, considering
the rather extensive collecting done in Missouri. no specimens have been taken
there." Hyles galla, a Holarctic species. occurs in North America across the northern
U.S.A. and several provinces in Canada (see Hodges 1971 and Covell 1984). Sphinx
franckii was described from Kansas City (presumably Missouri) (Neumoegen 1893).
Discussions by Forbes (1948) and Hodges (1971) indicate that it is widely distributed
throughout portions of the eastern U.S.A., although Hodges observed that S.
franckii "is probably one of our rarest resident species ...[and] many of the states
within [its projected distribution] have no records of the species." In his Ohio-based,
identification key to the sphingids of the eastern U.S.A., Selman (1975) did not
specifically mention if Eumorpha fasciata and Sphinx franckii occur in Ohio.
Metzler (pers. comm. to GLG) recently said that S. franckii has been collected from
Ohio. Sphinx vashti has been considered a western species with records as far east as
northern Missouri, but it has not been reported from Iowa or Minnesota (Hodges
1971). However, according to L. A. Ferge (per. comm. to GLG) and records at the
Milwaukee Public Museum. S. vashti occurs in Wisconsin.
Data for the records reported below were obtained from the following institu
tional and private sources in Illinois: Chicago Academy of Sciences (CAS); Spooner-

IZoology Section, Illinois State Museum, Springfield, IL 62706.
2Center for Biodiversity, Illinois Natural History Survey, 607 East Peabody, Champaign,
IL 61820.
3Zoo1ogy Section, Illinois State Museum, Springfield, IL 62706.
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Riegel Insect Collection, Eastern Illinois University (EIU), Charleston; Field
Museum of Natural History (FMNH), Chicago; Fruendt-Young Lepidoptera Col
lection (FYLC), Monticello; Harrison Lepidoptera Collection (HLC), Charleston;
Illinois Natural History Survey (lNHS), Champaign; Wiker Lepidoptera Collection
(WLC), Athens; Southern Illinois University at Carbondale (SIUC); and Western
Illinois University (WIU), Macomb. On each of the dates listed below a single
specimen was collected unless indicated otherwise. When the collecting locale for a
specimen simply was given as "Chicago", the designation T39N, R14E, 3P has been
supplied. Where possible collecting locales have been pinpointed to the sectional
level.

Eumorpha fasciata (Sulzer)
This species has been collected from four counties in Illinois, all in the southern
half of the state. The frequency of adults collected in Union County and the larva
found in Massac County indicate that the species occasionally breeds in Illinois.
Specimens examined: COLES CO.: Charleston (T12N, R09E, Sect. 11, 3P), 28
VIII-1987, T. Harrison (HLC). MACON CO.: IO-X-1981, I. Hughes (E1U). MAS
SAC CO: 1 mi. So. of Hillerman (T15S, R03E, Sect. 16, 3P), photograph oflarva, 6
X-1988, Kevin Cummings (INHS). UNION CO.: Bald Knob, Alto Pass (TUS,
R02W, Sect.20, 3P); 8-VIlI-1988, J. Wiker (WLC); 18-VIII-1987, A. Holtman
(SIUC); 26-VIII-1989, J. Wiker (WLC); 28-VIII-1987, R. Lampley (SIUC): 9-IX
1989, J. Wiker (WLC).
Hyles galli; (Rottemburg)

The only known Illinois records are from Cook County.
Speeimens examined: COOK CO.: Chicago (T39N, R14E, 3P), 23-VII-1898
(two specimens), A. Troschel (FMNH). (Note: The University of Michigan Museum
of Zoology contains a specimen from "Chicago, Ill. D8/G. A. Akerlind" taken prior
to 1920, pers. comm. to EDC from M. F. O'Brien.) .

Sphinx franckii Neumoegen
This species in Illinois is known from only four specimens taken in three coun
ties.
Specimens examined: CLARK CO.: Rocky Branch (TI2N, RI2W, Sect.30, 2P),
3-VII-1988, M. Goodrich & C. Springer (EIU). JOHNSON CO.: 2.2km. NE of
Goreville (TllS, R02E, Sect.2, 3P), 2-VII-1983, T. Young & M. Fruendt (FYLC).
UNION CO.: Bald Knob, Alto Pass (TllS, R02W, Sect.20, 3P), II-VII-1988, 25
VIIl-1989, J. Wiker (WLC).

Sphinx vashti Strecker
The following records represent the first known report of this species east of the
Mississippi River. Its known distribution in Illinois is west of the Illinois River and in
Cook County.
Specimens examined: ADAMS CO: Quincy (T2S, R9W, Sect.2, 4 P), 3-V-1943,
22-V-1944, unknown coll.(lNHS); 28-V-I948, J. P. Nielson (INHS); ll-VI-1943,
unknown coll.(INHS). COOK CO.: Arlington Heights (T42N, RIlE, Sect. 30, 3P),
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6-V-1940, A. L. McElhose (FMNH); Chicago (T39N, R14E, 3P), 27-V-1952, D. H.
Kistner (FMNH); Lincolnwood (T4IN, R13E, Sect. 34, 3P), 6-VI-1950, L. Banks
(CAS). HANCOCK CO.: A. L. Kibbe Life Science Station (Western Ill. Univ.)
(T2N, R9W, Sect. 3, 4 P), 20-VI-I978, Y. Sedman (WIU); 27-VI-I978, unknown
coli. (WIU).
The records of S. jranckii given above clearly lie within its projected distribu
tion as discussed by Forbes (1948) and Hodges (1971); and the Cook County records
of H. gallii fall within the southern limits of its projected distribution. The new data
for E. jasciata and S. vashti extend the known northernmost distribution of E.
jasciata into Illinois and the easternmost distribution of S. vashti into Illinois and
Wisconsin.
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A FURTHER NOTE ON GLENo.STICTA PICTIFRONS
(HYMENOPTERA: SPHECIDAE) IN MICHIGAN
Mark F. O'Brien!
In a previous paper (O'Brien 1989) I listed a single record of G/enostielia
pietjfrons (Smith) from Michigan. The female specimen was from the E.S. George
Reserve in Livingston Co., and I stated that it was the only record from the George
Reserve. Recently, more specimens of this wasp have turned up in the UMMZ
collection, considerably expanding the range of dates and localities, thus establish
ing G. pietjfrons as a resident, but quite uncommon species. The additional Michi
gan records are as follows:
BERRIEN CO., Cook Power Plant, 26-VII-1976, Rudbeekia hirta. (1 male)
EC. Evans. LIVINGSTON CO., E. S. George Reserve (except as noted, specimens
were collected by F. C. Evans): 18-VII-1957 (male) U.N. Lanham, colI.; 6-VII-1974
(male & female in copula), on flowers of Rudbeekia hirta; 20-VII-1972 (male), R.
hirta; 12-VII-1974 (male), R. hirta; 9-VI-1977 (2 males) Hieraciumj/orentinum; 11
VII-1989 (male) R. hirta flowers.
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INDEX TO ARTHROPOD TAXA Abrostola urentis, 53
Acanthocephala terminalis, 109, 114
Acari,205-209
Acaridae, 205-209
Achatia distincta, 56
Acholla multispinosa, 108
Acmaeops proteus, 206
Acronicta
af/licta, 53
americana, 53
hosta,53
implera,53

impressa, 53
incretalinclara, 53
interrupta, 53
/Qbeliae, 53
moru/a,53
oblinita, 53
retardata, 53
vinnula,53
Acrosternum hilare, 110, 116
Actias luna, 50
Agroperina dubitans, 53
Agrotis
gladiaria,56
ipsilon,56
stigmosa,56
venerabilis,56
Aletia oxygala, 55
Allagrapha aerea, 53
AIleculidae, 172
Alliea
carduorum,73
subplicata, 65-76
Alydidae, 109, 115
Alydus
eurinus,l09,115
pilosu/us, 109,115
Alysson melleus, 61
Ammophila
evansi,60
harti,60
kennedyi, 60
nigricans, 60
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pictipennis,60
urnaria, 60
Amnestus
basidentatus,116
pallidus, 110
pusillus, 110
spinifrons, 110, 115
Amphinemura, 214
Amphipoea
americana, 54
interoceanica, 54
velata, 54
Amphipyra pyramidoides, 54
Amyna octo, 53
Anacamptodes humaria, 48
Anacrabro ocellatus, 61
Anagoga occiduaria, 49
Anagrapha falcifera, 53
Anasa tristis, 109
Anathix ralla, 55
Anavitrinella pampinaria, 48
Ancistromma distincta, 60
Androniscus dentiger, 166
Anicla infecta, 56
Anomis erosa, 52
AnopUus
aethiops, 59
fulgidus, 162
illinoensis,59
imbellus,59
marginatus, 59
michiganensis,59
semirnfus,59
subcylindricus, 59
ventralis, 59
Antaeotricha
leucillana,47
schlaegeri,47
Antepione thisoaria, 49
Antheraea polyphemus, 50
Anthocoridae, 107,112
Anticlea vasiliata, 49
Antillocoris pilosu/US, 109, 114
Apamea
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amputatrix, 53
finitima, 53
nigrior,53
Aptmtesis
nais,51
pha/erala,51

Apate/Qdes torre/acta, 50
Apatelodidae, 50

Apateticus cynicus, 110
Aphelininae, 93·97
aphid, bird cherry-oat, 19·27
chrysanthemum, 20
Aphididae, 19·27, 73
Aphodius fimetarius, 171·172
Aphytis diaspidis, 93·97
Apidae, 29-32
Apiomerus crossipes, lOS, 112

Apis melli/era, 29-32
Apoda y-inversum, 48
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AtleVa punctella, 47
Aufeius impressicolJis, 101
Auplopodini, 59
Auplopus nigrellus, 59
Autographa
biloba,53
precationis, 53
Automeris io, 50
Baileya
dormitans, 53

levitans,53
ophthalmica, 53
Baliosus nervosus, 183
Balsa

1abecula, 54
malana,54
tristrigelJa, 54
beetle, alfalfa snout, 9-12
Colomdo potato 13-18
flea, 149-150

Aporinellus
medianus, 59
wheeleri, 59
Apple leaf trumpet miner, 184
Aradidae, lOS, 112

Be1anochilus numenius, 109
Bellura obliqua, 54
Bembix americana spinolae, 61

Arat/us

Besma

kormiJevi, lOS

omatus, lOS
robustus, lOS
similis, lOS
Archimerus altematus, 109
Arctiidae, 51

Argyrotaenw veiutinana, 47
Arhyssus lateralis, 109,115
Arilus cristatus, lOS
ArmadiUidiidae, 166

Amu:ulillidium
nasalllm, 166

pilulare, 167

vulgare, 167
Asilidae, 207

Astata
leuthstromi, 60
unicolor,6O
Astatinae, 60

Atanycolous ulmicola, 207
AJrazonotus umbrosus, 109, 113

Ber0r6dae,109,113
endropiaria, 49

quercivoraria, 49
Bicyrtes vemralis, 61
Biston
betularia f. cognaJaria, 48
betularia f. swettaria, 48

Blissus leucopterus, 109
Boisea trivittata, 101
Bombyx mori, 139
Bomolocha
abalienalis,52
baltimoralis,52
deceptalis,52
madefactalis,52
numalis,52
palparia,52
Brachymel'ia
intennedia, 508
lasus,So8
Bmconidae, 207

Brochymena

1990

THE GREAT LAKES ENTOMOLOGIST

arborea, 110

punctata,110
quodripusrulata, 110, 116
Buccalatrix pomifoliella, 179-188
Buprestidae, 206

Buprestis striata impedita, 206
CQ£nurginD
crmsiuscula, 52
erechtea, 52
Calicurgus hyalinatus aUenotus, 59
Calliodis temnostethoides, 107, 112
Callosamia promethea. 50
C~aeaperlata,49

Catocala
amatrix,52
blandula, 52
cara,52
cerogama, 52
grynea,52
habiJis,52
ilia,52
insoiabilis,52

mira, 52
nebulosa,52
neogama,52
obscura,52
palaeogama,52
parta,52
residua, 52
retecta, 52
sereno,52
subnota, 52
ultronia, 52
Catorhintha mendica,101-102
Cecidomyiidae,38,217-221

Cepphis armataria, 49
Cerambycidae, 65, 173-174, 206

Ceratomia
amyntor,SO
catalpae, SO
unduloso, SO
Ceratophytidae, 202

Ceratophyllus idius, 202
Cerceris

dentifrans. 61
deserta, 61
fumipennis,61
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nigrescens, 61
Cercyonis pegala, 47
Cerma cerintha, 53
Ceropales maculata fraterna, 59
Ceropalini. 59
Chalcididae, 5-8
Chalcophora sp., 206

Charadra deridens, 53
cherry casebearer, 187

Chionmpis
heterophyllae, 93
pinifoliae,93-97
Chlorion Q£rarium, 59
Choristoneura
fractivittano, 47
rosaceana, 47
Chrysomelidae, 13-18, 65-76,149-150,
172

Chytolita metonolis, 51
cigar casebearer, 184
Cimicomorpha, 106-107

Cisseps fulvicollis, 51
Cissusa spadix, 52
C1eora sublunaria, 48
Clepsis melaleucana, 47
Oeridae, 172, 207

Clostera
aibosigma, 50
inciusa, SO
Coccinelidae. 65, 172

Coccobius varicornis, 93-97
Cochliomyia hominivorax, 14
Coenus delius, 110
Coleophora
pnmiella,187
serratella,179-188
Coleophoridae, 179-188
Coleoptera, 9-12, 13-18,33-37,39-41,
65-76,77-91,149-150,171-172,173-174,
177-178,179-188,189-193,205-207

Colim eurytheme, 47
Colocmia
flavicornis,53
prapinquilinea, 53
Copivaleria grotei, 55
Coptodisca splendoriferella, 183
Coreidae, 99-104, 109, 114
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Corimelaenapulicaria, 110, 116
Coriomeris humilis, 101
Corrodopsylla curvata curvata, 202
Corythuca
ciliata, 106
juglandis,l06
Cosmopepla bimaculata, 110
Crabro
advena,61
latipes,61
Cmbroninae,61

Crambodes talidiformis, 54
Crammia
arge,51

virgo, 51
Crocigrapha normani, 55
Crophius disconotus, 114
Crossocerus maculipennis, 61
Crustacea, 165-169

Cryphula trimaculata, 109
Ctenopthalmus pseudagyrtes, 202
Ctenucha virginica, 51
CucuUio.
asteriodes,55
florea, 55

Cuenerio. similario., 49
Curculionidae, 9-12, 172, 179-188, 189
193
Cyclisticidae, 167

Cyclisticus convexus, 167
Cyclophora packardi, 49
Cycnio. tenera, 51
Cydnidae, 110, 115
Cymus angustatus, 109, 114
Cynipidae, 195-200

Darapsa
pholus,SO
versicolor, SO
Dasylophio.
anguina,50
thyatiroides, 50
Darana

angusii,50
integerrima,50
ministra, SO
Deidomio. inscripta, SO

Vol. 23, No.4

Dendrocoris humeralis, 110
Dendroctanus spp., 205
Desmio. funeralis , 48
Diaspididae, 93-97

Diastrophus kincaidii, 195-200
Dichorda iridario., 49
Dineutus
analis, 78
assimilis, 77-91
discolor, 77-91
emarginatus, 78
homil,77-91
nigrior,77-91
serrulatus,78
Diodontus
franclemonti, 60
virginianus, 60
Diptera, 33-37, 38,171-172, 175-176,
207,217-221

Dipterygio. rozmani, 54
Ditylus
caeni/eus,39-41
gracilis, 39
quadricollis, 39
Dolichomitis
irratator, 208
tuberculatus, 208
imperator, 207
Doratopsylla blarlnae, 203
Drepanisiphum platanoides, 73
Dryocampa rubicu:nda, 50
Dyspteris abortivaria, 49
Dyspyralis puncticosta, 52
Dysstroma hersiliata, 49
Eades imperialis, 50
Ectemnius sp., 61
Elaphrio. grata, 54
Ellida caniplogo, 50
Encyrtidae, 93-97

Ennomos
magnaria,49
subsignario., 49
Enoclerus nigripes, 207
Epiglaea decliva, 55
Epilachna varivestis, 65
Epimecis hortorio., 48
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Epinysson basilaris lUberculatus, 61
Episyron
quinquellOtatus, 59
spp.l60
Epitedia wenmanni, 203
Eremn.ophila au.rcollOtata,59
Ef/igmene acrea, 51
Eubaphe mendica, 49
Euchlaena
amoenaria , 49

johnsonaria , 49
obtusaria,49
serrata ,49
Eucirroedia pampina, 55
Euclea delphini, 48
Eudryas grata, 53
EuIithis diversilineata, 49
Eumorphafasciata,223-225
Euparlhenos nubilis, 52
EupeodesvoJucris,175-176
Euphyia unangulata intermediata, 49
Euplexia benesimilis, 54
Eupsilia
devia,55
morrisoni, 55
sidus,55
tristigmata, 55
vinulenta, 55
Eurasta solidaginis, 33-37
Eurytoma
gigantea, 33-37
obtusiventris,33-37
Eurytomidae, 33-37
Eusarca confusaria, 49
Euschistus
se~,110,116,118

tristigmus, 110
~~,110,116,118

Euthoctha galeator, 109, 114
Euthyatira pudens, 48
Eutolype electilis, 55
Eutrapela clemotaria, 49
Evagetes
p~,59

subangulatus, 162
Feltia
heriJiY,56

jaculifera, 56
tricosa,56
spp.,56
fly, goldenrod ball gall, 33-37
Furcula cinerea, 50
Galgula partita, 54
Galgupha
aterrima,110
carinata, 110
loboprostethia, 110
omliY,110
Galleria mellonella, 5-8
Gargaphia solani, 107
Geocoris
punctipes, 109
uliginosus,109
Glena cribrataria, 48
Glenostictia pictifrons, 227
Glischrochilus quadrisignatus, 208
Gluphisia septentrionis, 50
Gracillariidae, 179-188
greenbug,22
Grynocharis quadrilineata, 207
Gypsy moth, 5-8
Gyrinidae,77-91
Gyrinus
aeneolus,77·91
ajfinis,77-91
aquirus, 77-91
bi/arills,77-91
borealis, 78
conjinus,77-91
dichrous, 77-91
frosti,77-91
gehringi, 77-91
impressicollis, 77-91
latilimbus,77-91
lecontei, 77-91
maculiventriY,77-91
parcus, 77-91
pectoraliY,77-91
piceolus, 78
pleuraliY, 78
pugionis,77-91
sayi,77-91
sp. nr.minutus, 77-91
ventralis,77-91
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wallisi,78
Haemaropsis grataria, 49
HaJysidota tessellaris, 51
Haplophtha1mus
dtmicus, 166

puteus, 166
HOTIIWStes
fraterculus,l09
rejIe.rulus, 109

Harrisimemna trisignata, 53
Helophorus
angusticollis, 177
grandis,177.178
orientalis,177
!ienJpervarians, 177

aequolis,110
nervosa, 110
Hymenoptera, 1-4,5-8, 29·32, 33-37, 57
64,93-97,159-163,195-200,205,207,
227

Hypagyrtis
esther, 48
unipunctata, 48
Hyphantria cuneo, 51
Hypoprepia /ucosa, 51
Hyppaxylinoides,54
Hypsopygia costalis, 48
Hystricbopsylidae,202-203
Ichneumonidae, 2D7, 208
lelia

Hemipepsis ustulata, 162
Hemiptem, 99·104,105·120
Hepialidae,47
Hesperiidae,47,151·157
Hessian fly, 217-221

Heterocantpfl
biundata, 51
guttivitta, 51
Heterophleps
refusarla, 49

triguttaria, 49
Himella intractata, 56
Histiogaster
arborsignis,205-209
cyclopis, 206
Hoicostehuslimbolarius, 110
Homophoberia apicosa, 53
Homoptem, 19-27,93-97

Hoplisoides placidus nebulosus, 61
Horisme intestinata, 49
Hydrelia inornata, 49
Hydria prunivorata, 49
Hydrophilidae, 177-178

Hyles gallii, 223-225
Hylobius
abietis, 192
pales,I89-193
radicis,l89
rhizophagus, l92
Hyloniscus riparim, 166
Hymenarcys
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aemula,51
americaJis,51
lubricoUs,51
rotwuialis,51
Ips
pini,2D7
spp., 205

Iridopsis larvaria, 48
Isa textula, 48
Iscnopsyllidae, 203
Isopoda,165.169
Itame pustularia, 48

Jalysus
spinosus, 109, 113
wickami, 109, 113

K1eidocerys resedae, 109
Lacanobia
legitima, 55
subjuncta, 55
Lacinipolia
iorea,55
lustralis, 55
medirata, 55
renigera, 55
Lambdina fiscellaria, 49
Lampyridae, 172

Laothoe juglandis, 50
Laphria
janus,207
postica, 207
Largidae, 109, 114
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Largus succinctus, 109, 114
Larrinae, 60

LoscoriIJ anrbigualis, 51
Lasiocampidae, 50
i.eafminer, Apple, 179·188
apple blotch, 184
basswood, 187
serpentine, 184
spotted tentiform, 184

udaea perditalis, 52
Lepidoptera, 139·143,43·56,121-126,
127·138,145·147,151·157,179.188,

223·225
uptinotarsa decemiineata, 13·18
Leptoglossus
ashmeadi,102
balteatus, l03
brevirostris,102
clypealis,102
concolor, 103
corcu/us, 103
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carneola, 53
muscosula. 53
musta,53
synochitis,53
Litlwphone
antennata, 55
bethunei, 54
disposita, 54
grotei,55
hemina f. lignicosta, 54
innominata, 54
laticinerea, 55
palefacta, 54
unimoda,55
Lochmaeus bilineata, 51
Lomographa
glomerarilJ, 48
vestaliDta, 48
Lophocampa

fulvicomis, 102, 109

caryae,51
maculata, 51
Lycaena phlaeas americana, 47

golfllgra, 102
occidentalis,99·104

Lyctocoris staUi, 107, 112

Lycaenidae, 47

o.P~,103,109

Lygaeidae, 109, 113

phyUopus, 102

Lygaeus kalmii ongustomarginatus, 109
Lygidium
hypnorum,165
longicaudatum,165
LymantriIJ dispar, 5

zonatus,103

uuconiD
1inda,55
mu1tiJinea,55
phragmatidicola, 55
pseudargyria, 55
ursuJa,55
l£ucOlJycta
diphteroides, 53
lepidtikl,53
l£uctra
du.plicata,211.216
IIIDriIJ, 215
Leuctridae, 211·216
Ligidium elrodii, 165
Ugiidae,165
Lindenius coiumbianus, 61
Liorhyssus hyalin:us, 110
Liris argenf(Jf(J, 60
Lithacodes fasciola. 48
LithacodiLl

Lymantriidae, 51

Lyonetia speculella, 179·188
Lyonetiidae, 179·188

Lyroda subita, 60
Lytrosis unitarilJ, 49
Macrosiphoniella sonborni, 20
Macrurocampa marthesiD, 51
Magusa orbifera, 54
Malacosoma
americanum,50
disstrilJ, 50
Malezonotus sodalicius, 109, 113
Manduca
jafminearum, 50

sexta,50
Marathyssa basalis, 53
Marietta pulchella, 93-97
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Mayetiola destructor, 217-221
mealybug, citrus, 20

Megabo/hris
acerous, 202
quirini, 202
Megalotomus quinquespinosus, 109
Megarhyssa mm:rurus, 207
Megisto cymela, 47
Melanaethus
~~cus,110

robustus, 110
Melanchra pieta, 55
Melanolestes
abdominalis,l08
picipes, 108
Melanolophia canadaria, 48
Melanomma auricinctaria, 52
Melanorhopala infuscata, 107
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Myodopsylla insignis, 203
Myzinum quinquecinctum, 58
Myzus persicae, 25
Nabid8e, 106-107

Nabis
amerlcoferus, 107
roseipennis,107
Nacerdes melanura, 41
Nadata gibbosa, 50
Narvesus caro1inensis, 108
Nearctopsylla genalis genalis, 203
Nedra ramosula, 54
Nemoria
bistriaria, 49

mimosaria, 49
Nemouridae, 211·216
Neoxorides pilJuJus, ZJ)7
Nephelodes minions, 56

Meloidae, 172

Nepticulidae, 183

Meropleon diversicolor, 54
Metalectra
discalis, 52
quadrisignata, 52
Metarranlhis hypocharia, 49
Metaxaglaea inulta, 55
Methoca stygia, 58
Mezira sayi, 108
Microbembex monodonta, 61
midge, gall, 38
Miktoniscus
bamn,166
medcoft,l66
ohioensis, 166
Mimesa ezra, 60
Miscophus americanus, 60

Nerice bidentata, 50
Nitidulidae, 172, 208
Noctuidae, 51
Notodontidae, 50
Nymphalidae,47
Nymphalis amiopa, 47

Nysius
niger, 109
raphanus,109,113
scutellatus, 109, 113
Nysson trlchrus, 61
Nyssoninae, 61

Ochleroptera bipunctata, 61
Ochrop1eura p1ecta, 56
Odontosia e1egans, 50
Oebalus pugnax, 110

mites, 205-209

Oecophoridae,47

Mocis texana, 52
Monochomus scutellatus, 206
Monopsyllis mon, 202

Oedancala dorsalis, 109, 113

Mordellidae, 33-37

MordeUistena unicolor, 33·37
Mormidea /ugens, 110
Morrisonia
conjusa,56
evicta,56
Myodocha serripe.s, 109

Oedemeridae, 39-41

Ogtioconta cinereala, 54
Olceclostera angelica, 50
Oligia
mactata, 54
obtusa, 53
Oligocentria lignicolor, 51
Oncerotrachelus acuminatus, 108, 112
Oniscidae,166
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Oniscus

affi:nis, 166
aselJus,166
vicarius,l66

Opiscrostis brueneri, 202
Orc/wpeas
caedens caedens, 202
howardii, 202
leucopus, 202
Oreta
l'O\fea f. irrorata, 48
l'O\fea,48
Orgyia
dejinita,51
leucostigmtl, 51
onus insidiosus,107, 112
Oropsylla arctomys, 202
Orthodes
crenulala, 56
cynica,56
Ortholomus scolopax, 109
Orthonama
cen~aigaria,49

obstipata,49
Orthosia
alurina,55
hibisci,55
rubescens, 55
Orthotomicus caelatus, 205
Ostomatidae, 207

Ostrinia nubilalis, 48
Ostrocerca
albidipennis,215
prolongata,211-216
Otiorhynchus ligustici, 9-12
Oxybelus
bipunctatus, 61
subcornutus,61
uniglumis,61
Pachybrachius basalis, 109
Pachylobias picivorus, 189-193
Pachysphinr modesta, 50
Packardia geminata, 48
Paectes oculatrix, 53
Paleacrita vernata, 48
Pa!pita magniferalis, 48
Palthis
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angulalis,51
asopialis,51
Pangrapta decoralis, 52
Panopoda

carneicosta, 52
rujimargo, 52
Pantographa limata, 48
Paonias
excaecatus, 50
myops,50

Papaipema
arctivorens, 54
baptisiae,54
birdi,54
cataphracta, 54
cerrusata,54
furcata,54
impecuniosa,54
inquaesita, 54
limpidn,54
nebris,54
nelita, 54
rigida,54
unimoda,54
Papilw
glaucus arcticus, 127
glaucusausualis,127
glaucuscanadensis 121-138, 145
147

glaucus glaucus, 121-143
Papilionidae,121-147

Parallelia bisuiaris, 52
Paromix geminatella, 179-188
Peiecinidae, 1-4

Pelecinus polyturator, 1-4
Pemphredon
lethifer,60
sp.,60
Pemphredoninae,60
Pentatomidae, 110, 116
Pepsini,59

Peridea
angulosa, 50
basilTiens, 50
Peridroma saucia, 56
Perigea xanthioides, 54
Perigenes consuictus, 109, 113
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Pe1'O
Iwnestaria, 49
hubneraria, 49
Phalaenophonapyrtl11UJSalis,51
PIuIItlenostola
1mentiodes, 51
metonalia, 51
Pheosia rimosa, 50
Phigalia
strigataria,48
titea,48
Pbilantbinae,61
Phikmthlls
bilunalllS,61
gibbosus,61
Iepidus,61
polilus,61
solivagus,61
ventiklbrus, 61
Philoscia
IlUlScorum, 166
viltata, 166
Pbilosciidae, 166
Phlegyas abbrevialllS, 109
Phlogophora iris, 54
Phlyctaenia C01'Ollllta, 48
Phoberia atomaris, 52
Pholisora catuJlus, 151-157
Phragmatobia
fuliginosa, 51
lineata,51
Phycoides tharos, 47
Phyllodesma americana, 50
PhyUonorycter
b1oncardella, 179-188
craltlegella, 179-188
e1moeUa, 179"
Phymata pennsylvanica, 108,112
PhYDlatidae, 108,112

Physocnemum brevilineum, 206
Pieridae,47

Piesma cibera, 109, 113
PiCMnatidae, 109,113
Plagiodera versicolora, 74
Plagodis
keuamgi, 49
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serenarla, 49
Plonococcus citri, 20
Plalhypena scabra, 52
Platyartbridae, 166
Platyarthrus hojfmannseggi, 166
PlatySenla
vecors,54
videns,54
Plecoptera, 211-216
Plenoculus davisi, 60
Plusiodonta compressipalpus, 52
Pnirontis modesta, 108
Poda1onia
iucluOSa, 62
robusta, 59
Podisus maculivmtris, 110
PoecilopompiJus, 160
Palia
delTacta, 55
latex, 55
Palygrammate hebroeiculn. 53
Palygrammodes fIavidalis, 48
Pompilldae, 59, 159-163
Pompilini, 59
Parcellio
convcnus,167
laevis, 167
limatus, 168
mixlllS, 168
scaber,167
spinicornis, 167
tri1inealus, 168
Porcellionidae, 167
Parcellionides p17.linasus, 167
Priocnemis
comica, 59
notha,59
Prionyx alTatus, 59
Probole aIienaria nyssaria, 49
Prochoerodes transversata, 49
Prostoia,214
Protoboarmia porcelaria, 48
Protonemura, 215
Psenulus pallipes parenosas, 60
Pseudaletia wripuncta, 55
Pseudoplisus pholeralllS, 61
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Pseudoplusia inciudens, 53
Pseudorthodes vecors, 56
Pseudothyadra cymatophoroides, 48
Ptochiomera nodosa, 109
Pyreje"a
cilrombra, 55
hesperidago,55
pettiti,55
Py"harcda isabella, 51
Pytho americanus, 207
Raphia frater, 53
Recurvaria naella, 183
Recurvariidae,183
Rcduviidae,108, 112

Renia
discoioralis,51
/aCtiosalis,51
nemoralis,51
sobrialis, 51
resplendent shield bearer, 187
Rhiginia cruciata, 108, 112
RhopU~e,101,109,110,115

Rhopalosiphum
maidis,25

padi,19-27
Rhynchaenus pa/licornis, 179-188
Rivula propinqualis, 52
Sabine stimulea, 48

aemuiatoria, 48
aequiferaria, 48
bisignata, 48
minorato, 48
ocellinata, 48
Sesiidae, 47

Shipsa, 215
Silvanus unidentatus, 205
Sinea diadema, 108,112
Siphonaptera, 201-203
Sirex sp., 205
skipper, sooty wing, 151-157
Smerinthus jamaicensis, 50

Somula decora, 207
Speyeria cybele, 47
Sphecidae,59~3,227

Sphecinae, 59

Sphecius speciosus, 61
Sphex
ichneumoneus,59
pensylvanicus, 59
Sphingidae, 50, 223-225
Sphinx

chersis,50
/ranc/di,223-225
vashti,223-225
Spilomena sp., 60

Scutelleridae, 115
Sehirus cinctus cinctus, 110, 116

Spilosoma
cOllgrua,51
Iatipennis,51
virginica,51
Spodoptera
frugiperda, 54
ornithogalli, 54
Stamnodes gibbicostata, 49
Stenopoda spinulosa, 108, 112
Sthenops argenteomaculatus, 47
Stigmella pomivorella, 183
Stiriodes obtusa, 54
Strongygaster triangulifer, 171-172
Sunira bic%rago, 55
Symmerista
canicosta, 50
leucitys'50
Synathedon acerni, 47
Syndemis afflictana, 47

Semiothisa

Syrphidae, 175-176, 207

Salpingidae, 207
Satumiidae, 50
Satyridae,47
Scarabaeidae, 171·172

Sceliphron caementarium, 59
Schinia rlvulosa, 56
Schizaphis graminum, 22
Schizura
badia,51
ipomoeoe, 51
leptinoides,51
unicornis, 51
Scolecocampa Uburna, 52
Scoliopteryx Ubatrix, 52
Scolytidae, 205, 207, 208

Scopula Umboundata, 49
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Systena
blonda, 149
elongata,149
frontalis, 149

hudSclUas,14~150

18chUUdae,171-172
Tachypompilus forrugineus, 159-163
Tachysphex
acutus,60
tarsalUS, 60
terminalis,60
Tachytes validus, 60
Tarachidia

cOlll1efacta, 53
eraslrloide:s, 53
'U:pbritidae, 33-37
Tetracis crocaUata , 49
Tetraopes tetraoplha1mus, 65
Tetrocis cachexiata, 49
Thyanta
acceTTQ, 110
calceata,110
Th~ridae,110,116

TIngidae,l06-107
1iphiidae,58
Tischeria malifolieUa, 179-188
1ischeriidae, 179-188
Tolype velleda, 50
lbrtricidae, 47
Tortricidea
j1exuosa, 48
testacea, 48
1l:achelipidae, 167-168
1i'achelipus rathkeyi, 167
7Hchodezia albovittata, 49
7Hcholita signata, 56
1Hchoniscidae,l66
7Hchoniscus
demivirgi, 166
pusillus, 166
7Hchonyscus pygmaeus, 199
7Hchopepla semivittata, 110
11ypargilum collinum rubrocinctum, 60
11ypoxylon pennsylvanicum, 60
'llypoxyloninae, 60

'JYpocerus
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acuticauda, 174
deceplUS,173-174
lugubris,174
ve~,173-174

TyrrhenoleuctTa tangerina, 215
Mme.s:sa atalanta, 47
WaJ1engreniil egeremet, 47
weevil, Apple flea, 184
Xanthorhoe
ferrugata,49
lacustTata, 49
Xanlhotype
sospeta,49
urticaria , 49
Xestia
adela, 56
dolosa,56

Xylacoris

cW'Sitans, 108
gaJactinus,l08
Xylophylax macrocephala, 2D7
Xyloterinus politus, 208
Yponomeutidae,47
Zale

duplicata, 52
honida,52
lunata, 52
unilineata,52
Zanclognalha
laevigata,51
limralis,51
ochreipennis,51
pedipiJalis, 51
Zelus luridus, 108, 112
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