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SEASONAL POPULATION CENSUS OF THE ALFALFA WEEVIL,
CLOVER ROOT CURCULIO, AND CLOVER LEAF WEEVIL
(COLEOPTERA: CURCULIONIDAE) IN SOUTHERN ILLINOIS
Stephen J. Roberts, Edward J. Armbrust, Robert J. Barney, and Robert D. Pauschl
ABSTRACT
The alfalfa weevil, Hypera postica, clover root curculio, Sitona hispidula, and clover leaf
weevil, H. punctata, were sampled from alfalfa, woods, woodedge, corn, soybeans. wheat,
clover, pasture, and field borders from 1976-1978 in Washington County, Illinois. Data from
quadrat samples indicated that the woodedges contained the highest summer densities for all
three weevil species. Alfalfa weevil adults sampled from alfalfa, field borders, and woodedges were dissected to determine sexual maturity as related to diapause or potential reproductive impact on alfalfa. Ovenvintering mortality was determined for the alfalfa weevil
and clover root curculio for 1977 and 1978, and was significantly high for both species in
1978.

In most areas where alfalfa weevils, Hypera postica Gyllenhal, are found summer and fall
dispersal to and from aestivation sites are important aspects of the biology of this pest. This
has been well documented by Poinar and Gyrisco (1962), Prokopy and Gyrisco (l%3, 1%5a,
1965b). and Prokopy et al. (1967) for the eastern strain and by Manglitz (1976) for the
western strain.
In developing mathematical models for the alfalfa weevil, we found that there were very
few data to provide parameter values for absolute population densities for adult weevils
during prediapause, diapause, and post-diapause. Before absolute density could be determined, research was needed to pin point the location, physiological state. and relative
abundance of adult weevils for the entire season. This research is reported here.
MATERIALS AND METHODS
The study area shown in Figure I, is located in Washington County. Illinois, and is a 10.4
km2 site, with 129.5 ha of alfalfa, 310.7 ha of woods, and 5.3 ha of woodedge. Woodedge was
calculated as an area 1.5 m into the wooded areas from the edge times the lineal measurement of the perimeter of the wooded areas. The remainder of the area is comprised of corn,
soybeans, wheat, clover, pasture, and field borders. The field borders consisted of areas
immediately bordering alfalfa that were not already classified as woodedges. These areas
were primarily grassy areas between alfalfa fields and roads. fence rows, turn roads, etc.
Fence rows or hedges with mature trees closely spaced were considered as woodedges.
Several authors have shown that these woodedges act as a mechanical interceptor for flying
adult weevils dispersing out of the alfalfa before enteringdiapause (Prokopy et al. 1967, Pitre
1969).
Plant and litter quadrat samples (30.5 cm on a side) were taken at random in each habitat
sampled. Woodedge samples were taken from areas C1.5 m into a woods, and woods
samples from areas 1.5-15 m into a woods. The number of samples required in each habitat
was determined by the number of hectares for that component and whether estimated adult
weevil density would be high. medium. or low. Large area habitats with assumed low
populations required the greatest number of samples. After each sample was taken the
quadrat area was saturated with an aqueous solution of synthetic pyrethroid (Pratt SBP
1 3 8 2 ~ at
s lcc13.8 litres Nater to activate any weevils that were still in the quadrat. This
l~llinoisSarural History Sun-ey- and Illinois Agricultural Experiment Station, Urbana, I L 61801
?B. G. Pratt, Div. Gabriel Chemicals. Ltd.. Patterson, NJ 07509.
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Fig. 1. Study areain Washington County, Illinois

procedure has been reported to be an effective sampling technique for alfalfa weevil adults
by Klostermeyer and Manglitz ( 1976).
The plant and litter portion of the quadrat samples was returned to the laboratory for
processing through Berlese funnels. The adults were extracted, counted, and matched with
the drench counterpart for a total for each sample. The adults extracted by the Berlese were
sexed and dissected to determine sexual maturity. Male and female adult alfalfa weevils
were classified as developed or nondeveloped using the descriptions by Tombes (1%4). The
spent category and method of dissection was described by Snow (1928).
In addition to the alfalfa weevil, counts were also obtained for the clover root curculio
Sitona hispidula (Fabricius), and the clover leaf weevil Hypera punctata (Fabricius).
All habitats were sampled during the summers of 1976 and 1977 to determine the location
and relative densities of diapausing weevils. The habitats sampled, number of samples
taken, and the sampling dates from the summer of 1976 through the spring of 1978 are shown
in Table 1. Sampling in the summer for diapausing weevils, and in the fall for post-diapausing
weevils was initiated after the migratory period. In the summer of 1976, August was arbitrarily chosen as the time to sample the 1976 summer population. Samples for the winter of
1976 and the summer and fall of 1977 were taken after the adult migration. This was indicated by flight traps, emergence traps, and sweepnet counts (Roberts et al. 1978; Barney et
al. 1978). Comparison of specific mean densities was analyzed by t test.

Table I. Numbcr ;mil iI;~tco('qt~;~dr;~t
samples taken in each of nine habitats in the 10.4 km2 study area. Washington County, Illinois, 1976-1978.
Number of Samples and Date
Habitat

Sunlrner 1970

Winter" 1976

Spring 1977

Summer 1977

Fall 1977

Spring 1978

Alfalfa
Clover
Woodcdgc
Woods
Field
borders
Pasture
Corn
Soybeans
Wheat

(4 9 Aug.
15 I0 Auy.
30 3 Aug.
05 I8 Auy.

100 I4 Dec.

100 14 Mar.
20 6 Apr.
18 14Mar.
-

108 13 Jul.
30 4 Aug.
39 14 Jul.
76 28 Jul.

100 16 Nov.

100 4 Apr.
10 5 Apr.
-

14 4 Aug.
33 19 Auy.
33 20 Aug.
66
1 Scpl.
48 I8 Auy.

14 14 Dec.
-

-

18 I4 Dec.
-

14 15 Mar.
-

-

-

-

-

-

aFall sampling delayed because of latc alA1lrt1wccvil ;ldult rniglxtion

-

back to

alfalfa

15
40
50
50
60

27 Jul.
17 Aug.
17 Aug.
17 Aug.
3 Aug.

-

36

I6 Nov.
-

-

-

-
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RESULTS AND DISCUSSION
Table 2 shows the means ? S E of H . Postica, S. Hispidula, and H . punctata, respectively, for samples taken in each of the nine habitats in the study area from 1976 to 1978.
The highest density of all three weevil species for samples taken during both summers was
in the woodedges. All three weevil species utilized the same summer habitat. Specimens of
the asiatic oak weevil Cyrtipistomus castaneus (Roelofs) and the lesser clover leaf weevil
Hypera nigrirostris (Fabricius) were also collected at low densities in the woodedges.
The 1976 summer densities of the alfalfa weevil were high in alfalfa (0.34tquadrat) and
field borders (1.43Iquadrat). as compared to the remainder of the habitats (X < 0. Itquadrat).
Dissections were made on alfalfa weevils from the Berlese portion of the samples from the
summer and winter of 1976 and spring of 1977 to determine if these weevils were sexually
mature, spent, or diapausing. Dissected weevils included those sampled from alfalfa,
woodedge, and field borders in the summer of 1976 and those from alfalfa in the winter of
1976 and spring of 1977, and are categorized as nondeveloped, developed, or spent in Table
3.
All of the alfalfa weevils dissected in the woodedge were nondeveloped which was expected since these weevils were diapausing. Of the 13 weevils in alfalfa dissected in the
summer of 1976, two females and three males were sexually mature and the females capable
of oviposition, while the remainder were spent. The sexually mature weevils could be either
nondiapausing weevils as suggested by White et al. (L%9), or late maturing weevils from the
1975 generations as reported by Barnes (1967) and Pitre (1969).
The majority (94%) of alfalfa weevils dissected from the field border samples were spent,
while only one weevil was categorized as nondeveloped.
The winter of 1976 dissections showed that the majority of alfalfa weevils (70%) had
matured sexually. There were essentially as many in the spent category as the nondeveloped. Since there were some weevils which were nondeveloped, not all of the weevils
became sexually mature shortly after returning to the alfalfa fields in the fall of 1976.
The majority of alfalfa weevils were still in the developed category in the spring of 1977
with a few in the nondeveloped and spent categories.
No dissections were made for alfalfa weevils sampled from alfalfa in the summer of 1977
since the population was low (X 0.17tquadrat) and few were available for dissection.
Comparison of the fall and spring mean densities of the alfalfa weevil and clover root
curculio for 1976-1977 and 1977-1978 gave an indication of overwintering mortality (Table
4). in addition, fall populations of both of these species were compared between 1976 and
1977. The t tests for both species for fall and spring 1976-1977, were not significant, indicating that the sampled population had not changed. The fall and spring comparisons for
1977-1978, however, were significantly different and the decline in alfalfa weevil and clover
root curculio populations was probably a result of overwintering mortality. The successive
generations of alfalfa weevils remained essentially the same from 1976-1977, while there was
a sharp decline (0.01 level of significance) in the clover root curculio population. Knowing
the specific location of the relative densities of these weevil species makes it possible to
concentrate on research to develop specific sampling techniques for absolute density sampling for mathematical model development, and adult pest management. The highly concentrated densities of weevils aestivating in the woodedges will be most influential in the
economic potential for the following season.
ACKNOWLEDGMENTS
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Table 4. t tests0 between mean densities of Hypera postica and Sitona hispidula for Fall and
Spring 1976-1977 and 1977-1978 alfalfa samples.
Compared Means, Variances, and Associated t values
Winterh
1976

Spring
1977

t

Fall
1977

Spring
1978

t

Winter
1976

Fall
1977

.55
.78

.42
.65

t

Hypera postica

x
s2

.55
.78

.58
.67

.25ns

.42
.65

.09
.12

3.75**

1.08ns

Sitona hispidula

b ~ a l lsampling delayed because of late alfalfa weevil adult migration back to alfalfa.
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LINEAR PITFALL TRAPS, A MODIFICATION
OF AN ESTABLISHED TRAPPING METHOD
Robert D. Pausch, Stephen J. Roberts, Robert J . Barney. and Edward J. Armbrustl
ABSTRACT
A linear pitfall trap, inexpensively and simply constructed from commercially available
materials, has been designed and field tested. It is possible with proper placement of these
traps to observe speed and timing of insect populations moving across the soil surface.

Insects often hibernate or aestivate in areas bordering their host fields. The movement
back into these fields is often initially by walking. The pitfall trap, a very common device for
collecting insects moving across the soil surface, and modifications, however, tend to be
circular in shape and consequently expose a relatively small area of capture of insects in
directionally oriented movements.
During the course of research into post-aestivational movements of several forage crop
insects (alfalfa weevil, H-vpera postica Gyllenhal, clover leaf weevil, Hypera punctata
Fabricius, and clover root curculio, Sitona hispidula Fabricius), we developed a new type of
pitfall trap that has proven to be an extremely valuable tool in studying the movement of
insects across the soil. Although our linear pitfall trap is somewhat similar to that described
by Pamanes and Pienkowski (1965), we feel that the design and capabilities are different
enough to warrant special mention.
The pitfall traps are linear in nature and composed of commercially available galvanized
metal guttering cut into I m lengths. The guttering was purchased from Sears, Roebuck and
Company in 10 ft (3.05 m) lengths. If joint connectors are used, any length trap in excess of
10 ft (3.05 m) can be constructed. End caps were installed and caulked making the unit
water-tight (Fig. 1). When installing the traps in the field, a shallow trench was dug so that
the gutter edge was flush with, or slightly below the soil surface. Soil was backfilled around
the traps so that the ground sloped slightly toward the trap. The trap was then filled to a
depth of approximately 1 cm with ethylene glycol. Periodically all captured insects were
removed by passing an aquarium dip net across the bottom of the trap. The insects were then
transferred to a jar of alcohol and returned to the laboratory for identfication and counting.
The ethylene glycol evaporated very slowly from the traps even during dry weather. It
was occasionally diluted from rain but this dilution did not appear to impair the effectiveness
in killing and holding captured insects. Although the possibility does exist for the traps to
become overfilled during wet periods, we never encountered this problem in Illinois. The
water in the traps evaporated quite rapidly after rainy periods, bringing the liquid back to the
original level of the ethylene glycol. With the onset of cold weather in the autumn, the traps
were pulled up and brought back to the laboratory for storage. With a minimum of maintenance, the traps should last for several years.
The linear pitfall traps enabled us to determine the species composition of populations of
Hypera postica, H . punctata and Sitona hispidula crawling into an alfalfa field, to determine
the speed of dispersal, and to determine the time of peak density for each insect population.
These three species of weevils aestivate in areas bordering alfalfa fields and were presumed
to move back into the field on the surface of the ground. The onset of migration and the
direction and speed of field reentry by the weevils was determined by placing the traps in a
staggered pattern (Fig. 2). Weekly collections from the traps showed when the peak number
of insects gradually dispersed outward into the field. The time when surface movement
ceased and aerial dispersal commenced was determined by using flight traps, such as those
described by Roberts, et al (1978).

llllinois Natural History Survey and Illinois Agricultural Experiment Stateion, Urbana, IL 61801
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Fig. I. Linear pitfall trap made from commercially available galvanized guttering.

Fig. 2. Relative location of pitfall traps in relation to aestivation sites and host alfalfa field, Washington
County, IL. 1978.
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Although we were primarily interested in the three species listed above, the traps collected a variety of vertebrate animals such as frogs, toads, salamanders, mice, and a baby
opossum. In addition to the three weevils, other invertebrate animals (butterflies, carabids,
caterpillars. miscellaneous Coleoptera, crickets, flies, mites, thrips, and tiger beetles) were
also collected.
Quantities of Live carabids were needed in conjunction with another experiment. By
eliminating the ethylene glycol from the traps. large numbers of carabids were captured
alive. Because of their predaceous nature, however, the dry traps had to be examined daily
or else cannibalism occurred with a resulting loss of many of the captured carabids.
This modification of the old pitfall trap is relatively inexpensive, easy to construct, has a
wide range of adaptability and the materials are commercially available.
LITERATURE CITED
Pamanes, A. G. and R. L . Pienkowski. 1965. Dispersal of the alfalfa weevil in Virginia. Ann.
Entomol. Soc. Amer. 58:23&33.
Roberts, S. J., R. D. Pausch, E. J. Armbrust, and R. J. Barney. 1978. Two trapping systems
to determine incidence and duration of migration of adult alfalfa weevils, Hypera postica
(Coleoptera: Curculionidae). Great Lakes Entomol. 11:249-53.
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INSECT PREDATORS OF THE ALFALFA WEEVIL AND
CLOVER ROOT CURCULIO (COLEOPTERA: CURCULIONIDAE)
DURING FALL FIELD REENTRY
R. J. Barney, S. J. Roberts, R. D. Pausch, and E. J. Armbrustl
ABSTRACT
Pitfall traps were used to catch potential predators of two weevil pests of alfalfa, Hypera
postica and Sitona hispidula. The carabids Harpalus pennsylvanicus, Abacidus permundus,
and Evarthrus sodalis (Coleoptera: Carabidae) and a cricket, Gryllus pennyslvanicus (Orthoptera: Gryllidae) were the most abundant potential predators found. Feeding studies
revealed that these four species do indeed prey upon the two weevil alfalfa pests.

The alfalfa weevil, Hypera postica (Gyllenhal) and the clover root curculio, Sitona hispidula (Fabricius) (Coleoptera: Curculionidae) are the most damaging insect pests of alfalfa in
the United States. The alfalfa weevil is capable of defoliating an untreated alfalfa field, while
clover root curculios feed on root nodules, lateral roots, and tap roots (Underhill et al. 1955).
This study was undertaken to discern specific predators of these two weevil pests and to
measure their relative abundance and activity in the alfalfa field.
MATERIALS AND METHODS

Pitfall Trapping. Pitfall traps were fashioned from galvanized metal guttering as described
by Pausch et al. (1979). The gutters were cut into I m-long linear pitfall traps and caps were
attached at both ends. Clear bathtub caulk was used to seal the traps and prevent leaking.
The linear traps were aligned parallel to a woods bordering the alfalfa field. The traps were
sunk into the soil in a staggered pattern of six rows with seven traps in each row. The rows
were so aligned that no trap overlapped another trap as they faced the woods. in this manner
any mass movement of predators into or out of the woods could be detected.
The 42 pitfalls were partially filled with ethylene glycol to catch and preserve any insect
falling into the trap. Every week the traps were emptied of all insects with a small aquarium
dip net. Trapping was conducted from 12 September to 15 November.
Feeding Studies. Live potential predators were collected in a dry linear pitfall trap. The
insects were individually placed into !4 pint Fondas cartons which contained some litter and
were covered with organdy. Each of the potential predators u-assupplied with two weevils
which were replaced when and if eaten. Each individual predator was only supplied with one
species of weevil before it was discarded. Five repetitions of each predator with each weevil
species were run for one week.
RESULTS .L\D DISCUSSION

Pitfall Trapping. The carabids Harpalus penn~lcanicusDeGeer, Abacidus permundus
(Say) and Evarthrus sodalis M o n t e (Coleoptera: Carabidae) and a cricket, Gryllus pennsylvanicus Burmeister (Orthoptera: Gryllidae) were the most abundant potential predators
found over the two month period in the linear pitfall traps (Table I). These four species
accounted for 94.5% of the potential predators caught. Holliday and Hagley (1978) stated
that the most commonly caught caiabids are probably the most active and numerous, and
have the greatest potential for finding and destroying prey that occur on the ground. This

l~llinoisNatural Histor). Sunrey and Illinois Agricultulal Experiment Station, Urbana, IL 61801.
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Table 1. Potential predators most frequently caught in 42 pitfall traps in alfalfa in Washington
County, Illinois from, 12 September to 15 November.

Species

Percent of
Total
Predators
Caught

Total
Caught

Harpalus pennsylvanicus
Abacidus permundus
Evarthrus sodalis
Gryllus pennsylvanicus
others

35.5
30.6
20.2
8.2
5.5

2,657
3,091
1,768
7 17
478

Table 2. Laboratory predation of Hypera postica and Sitona hispidula over a one-week time
period (five repetitions per predator).

Predator

Hypera postica
Percent
Predators
Weevils
Eating
Eaten
Weevils
X & SE

Sitona hispidula
Percent
Predators
Weevils
Eating
Eaten
Weevils
X ? SE

Total
Weevils
Eaten
?
SE
i?

Harpalus
pennsylvanicus

80

1.50? .25

80

3.25 2 .89

2.38 2 .56

Gryllus
pennsyluanicus

40

1.50 2 .35

100

2.75 2 .74

2.14 ? .51

40

1.00 r+- .00

60

1.33?.27

1.202.18

Abacidus
permundus
Evarthrus
sodalis

two month period is also the time of migration by weevils from aestivation sites in the woods
back into alfalfa fields (Barney et al. 1978). Therefore the weevils are concentrated and very
susceptible to predation during this field reentry process. A small number of other predacious species were also caught including Calosoma spp., Megacephala spp., and Cicindela
spp. The three carabids and cricket species were also the most frequently caught in conventional pitfall traps in alfalfa by Cherry and Armbrust (1977). Cherry and Armbrust (1977)
recorded the highest catches of predators in September and October, which corresponds to
the timing of our study, with the trapping slowing down in November as cold temperatures
restricted insect activity.
There was no evidence of mass movement of carabids out of the woods into the alfalfa
field. The neighboring woods did not act as a reservoir to resupply the alfalfa field. Thiele
(1977) stated that forest species of carabids scarcely penetrate into fields, which are climatically unsuitable for them. Greenslade (1964) reported that pitfall catches are determined
primarily by the size of the population and the level of locomotor activity. Species may also
show differential susceptibility to trapping according to size and behavior. The trapping was
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done during September and October which matches the activity pattern for "fall brood"
adults of G. pennsylvanicus (=Achefa pennsylvanica) (Alexander 1957). The number of
Gryllus evident in the field at this time by visual observation constituted a much greater
density than that demonstrated by the pitfall catches. These adult field crickets do not
appear t o be a s susceptible to pitfall trapping as the carabid ground beetles.
Feeding Studies. All four potential predators tested preyed on both the weevil species
(Table 2). H. pennsylcanicus and G. pennsylvanicus were the most voracious eaters, consuming almost twice as many weevils as the other two. Lindroth (1969) stated that most
ground beetles are primarily predatory, but the majority probably have a mixed diet. Predation by various Gryllidae has been noted by Clausen (1940), Bourne and Nielsson (1967), and
Irwin et al. (1974).
Cherry and Armbrust (1977) found the same four species to be predacious on cocoons of
Bathyplectes curculionis (Thomson), the primary endoparasite of the alfalfa weevil. Therefore the four predators may exert more pressure on the beneficial parasite than the pest. The
fact that these general predaton feed on both pests and beneficial insects of the alfalfa
agroecosystem makes it very difficult to delineate their impact on the pest population.
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LARVAL RETREAT AND FOOD HABITS OF THE NET-SPINNING
TRICHOPTERAN CHEUMATOPSYCHEANALIS
(TRICHOPTERA: HYDROPSYCHIDAE)
M. Drew Ferrierl and Thomas E. Wissing2
ABSTRACT
An investigation of the larval retreat and food of Cheumatopsyche analis in Harker's Run,
Butler County, Ohio, was conducted from May to December 1976. Retreats of analis were
of sturdy construction; the nets of subterminal and tenninal instar larvae possessed mean
mesh sizes of 60.4 X 30.7 Fm, and 81.4 x 43.3 Fm, respectively. Detritus and diatoms
comprised 57-94 and W2%,respectively, of the diet of analis during the study. Diatoms
became an increasingly important food source during November and December. Animal
fragments and filamentous algae were minor components of the diet. Electivity indices
indicate that food items are selected on a particle-size basis which is determined by capturenet mesh-size.

Members of the trichopteran family Hydropsychidae have been classified as net-spinning
forms by Ross (1944). These forms construct a stationary larval dwelling which supports a
net used for the procurement of food. Many investigators have described specific larval
abodes and nets (Noyes 1914; Sattler 1955, 1958; Fremling 1%0; Williams and Hynes 1973,
Wallace and Sherberger 1974, 1975; Wallace 1975a, 197Sb; Malas and Wallace 1977). Because of their feeding mechanism, Cummins (1973) categorized the net-spinning caddisflies
functionally as collectors which filter fine particulate organic matter (FPOM) from the water
flowing through their dwellings. The quantity and size of food particles obtained are dependent upon net structure and microdistribution of retreats, especially in relation to current
velocity and substrate (Ulfstrand 1967; Wallace 1975b; Wallace et al. 1977).
Net-spinning trichopterans are generally omnivorous, though relying mainly on detritus
and phytoplankton as food sources (Glasgow 1936; Slack 1936; Babcock 1951; Nagagawa
1952; Mecom 1972; Crosby 1975; Shapas and Hilsenhoff 1976; Rhame and Stewart 1976).
Additional studies have focussed on the food-particle sizes preferred by various species
(Wallace and Sherberger 1974, 1975; Wallace 1975a, 1975b; Malas and Wallace 1977). In all
cases, particle sizes selected by the organism were related to a specific net mesh-size.
The wide variation in microdistribution and net structure observed among the netspinning Trichoptera indicate a need for studies of the feeding relationships of individual
species from a variety of habitats. The present study was designed to (1) characterize the
larval retreat and nets of Cheumatopsyche analis (Banks); and ( 2 ) compare larval food
consumption with the availability of stream seston.
STUDY AREA
Harker's Run is a small, second-order stream located in Butler County, Ohio. It is 6.5 km
in length, with a gradient of 0.9'2. The caddisflies inhabiting Harker's Run in order of their
relative abundance are: Cheumatopsyche analis, Chimarra obscura (Walker), Hydropsyche
betteni Ross, and Wormaldia shawnee (Ross). The identificationof C . analis was made from
laboratory-reared, adult specimens. The other species were identified from larvae obtained
from the field.

l ~ a r r e t tCommunity College, Mosser Road, McHenry, MD 21541
Z~epartmentof Zoology, Miami University, Oxford, OH 45056.
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The sampling area was comprised of a single rime roughly 7 m in length and 4 to 5 m in
width. Water depth during the study ranged from 0.3 to 15.5 cm. Substrates in the riffle are
composed chiefly of gravel although the particle sizes range from cobbles to fine sand. The
stream is partially shaded throughout its length by trees and other types of overhanging
vegetation. Organic matter, consisting mainly of leaves and small branches, accumulates in
the pools and as "packs" among and against the rubble in the riffles.
METHODS
Head capsule widths of all larvae collected during the study were measured with an ocular
micrometer. This method of instar determination has been used previously (Fremling 1960;
Wallace 1975a). Head capsule width-frequency histograms for analis are shown in Figure 1.
Three instars can be identified from the distribution. Previous investigators have determined
that hydropsychids undergo five or six instars (Fremling 1960; Rhame and Stewart 1976). In
this study, larvae with head capsule widths of 0 . 6 4 . 7 mm are termed subterminal instar
larvae, and specimens having head capsule widths >0.8 mm are referred to as terminal instar
larvae.
Details of retreat design and the mesh-sizes of nets were determined from dwellings and
associated larvae, which were preserved in the field with 70% ethanol. Each retreat and
accompanying larva was placed in a separate vial and transported to the laboratory for
further examination. The retreats were disassembled under a dissecting microscope to determine the details of construction. Nets were carefully removed from the larval dwellings
and permanently mounted in Hoyer's mounting medium on microscope slides. All mesh-size
measurements were taken from the uniform central portion of the net. Mesh-size in microns
was recorded a s the mean ( 2 standard error of the mean) of 10 measurements.
The potential food supply of analis was assessed by analyses of the biotic composition and
range of particle-sizes in the FPOM of the stream. A water sample (25-80 ml) was obtained

30' 04

0.5

0.6

07

0.8

09

1.0

1.1

1.2

Head Capsule Width
(mm)
Fig. 1. Head capsule width-frequency histograms for C. analis larvae collected in Harker's Run, 7 July to

20 December 1976.
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biweekly (7 July to 20 December 1976) near the substrate with a hand-operated vacuum
pump and a length of plastic tubing. Each sample was transported to the laboratory and
vacuum-filtered through a gridded Millipore filter (0.45 pm). The filter was mounted on a
microscope slide, cleared with light immersion oil, and then permanently mounted in Permount mounting medium. Determinations of biotic composition and particle-sizes were
based on the microscopic examination.(200X) of four randomly chosen grid-squares. Particles were placed in the following categories; detritus, diatoms, filamentous algae, and
animal fragments. Additionally, particles were measured with an ocular grid and separated
into size-categories based on their estimated areas (Thut 1969). They were then enumerated
according to the following ranking system: particles 314 to 3063 pmZ and particles >3063
pm2. These values correspond approximately to areas smaller and larger than the mesh-size
of nets of mature analis larvae.
The composition and sizes of particles in larval gut contents were examined by procedures
similar to those discussed above. Slides for gut analyses were prepared by the Millipore
filter technique of Cummins (1973). Digestive tracts of five to seven terminal instar larvae
were obtained biweekly from 22 July to 20 December 1976. The contents of the proventriculi
were placed in 25 ml of distilled water, and this mixture was vacuum-filtered through a
gridded Millipore filter (0.45 pm). Filters were cleared and mounted on microscope slides,
and the analysis of composition and particle sizes was carried out as above. The data from
the analyses of FPOM and larval gut contents were used to calculate Ivlev's Electivity Index
(Ivlev 1%1): E = (ri - pi)/(r; + pi), where r; is the percentage of food item i in the diet, and
pi is the percentage of item i in the environment. Values of E may range from + 1 through 0 to
- 1. A positive index value indicates a food item is preferred or more available to the animal.
A value of 0 denotes no feeding preference. A negative value indicates avoidance or reduced
availability of a food item.
RESULTS

Retreats and Nets. Cheurnatopsyche analis larvae construct their dwellings with bits of
organic debris, fine gravel and sand grains. Silk-strands are used to hold the construction
materials together, to provide support for the retreat, and to attach the dwelling to the rock
surface. The retreat is roughly T-shaped. The upright portion of the "T" is closed at the
lower end producing a chamber which is inhabited by the larva. The cross-bar of the "T" is
short and open at both ends. These openings are oriented in the current and act as sites of
inflow and ouMow of the water Wered by the net. The net is situated within the cross-bar
near the outflow. This allows the larva access to the upstream side of the net which contains
the food particles removed from the water. The percentages of retreats attached to the
ventral, lateral and dorsal surfaces of rocks were 70.6,29.2 and 0.2, respectively, of the total
number (n= 198) observed.
The net mesh-size measurements for terminal and subterminal instar analis are given in
Table 1. Comparisons of the mean lengths, widths, and areas of the net meshes with Student's t-test indicated that subterminal instar nets are significantly smaller (p 5 0.01) than
those of terminal instar larvae. Meshes are of a very uniform sue and shape. The characteristic double-stranded nature of the threads and the torsion associated with intersecting
silk-strands were also observed.
Table 1. Mean net mesh-size measurements (2one standard error of the mean) of C . analis
larvae during different developmental stages.
Developmental
Stage

n

Length
OLm)

Width
Olm)

Area
OLm2)

Terminal Instar
Subterminal Instar

23
13

81.4 (2.0)
60.4 (3.4)

43.3 (1.7)
30.7 (2.8)

3579.4 (202.7)
1951.7 (259.1)

Vol. 12, No. 4

THE GREAT LAKES ENTOMOLOGIST

160

Food Habits. Percentages by area of items found in the diet of analis are shown in Figure
2. Detritus comprised 57-94% of the diet. The percentages for diatoms ranged from 4.2 to
42.1%; filamentous algae and animal fragments never exceeded 2.0%. From mid-July
through early November the diet of analis remained fairly stable. Thereafter, a steady
increase occurred in the amount of diatoms ingested, with a corresponding decrease in the
utilization of detritus. This trend probably reflects the increased diatom numbers present in
the stream after leaf-fall.
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Filamentous Algae
Animal Fragments
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N
D
Fig. 2. Percentages by area of various food items in the guts of C. analis, July-December 1976.
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Electivity indices for all food items in the diet of analis are shown in Figure 3. Detritus
was selected for at all times. Diatoms, although prominent in gut contents, were never
consumed in proportion to their abundance in the stream. The values of filamentous algae
indicate both avoidance and preference, with no temporal trends in the data. Animal fragments were never found in the FPOM. Thus, the four calculated indices indicate a high
preference for this food source, though few animal fragments were actually observed in the
gut contents. Small food particles ( 5 3063 pm2) were always selected against by analis,
while larger particles (> 3063 pm2) were selected for consistently. The preference for larger
food particles reflects the use of a capture-net in the feeding of terminal instar analis. The
mesh-size of the net probably accounts for the negative values of diatoms, which were
always < 3063 pm2.
DISCUSSION
In the Hydropsychidae, Arctopsyche constructs the simplest retreat, while Macronema
builds the most intricate dwellings. The retreat design of C . analis is very similar to that of
Diplectrona and Hydropsyche, as described by Wallace (1975a). This kind of retreat is
intermediate in complexity and exhibits the stability needed to withstand the current velocities (> 15 cmlsec) favored by C . analis (Fenier 1977).
There is some indication that net-spinning activity varies with season. Glasgow (1936) and
Philipson (1%9) found that fewer nets were present during winter months, and that netspinning behavior was temperature-dependent. In this study, nets were present through
October: however, fewer nets were observed in November and December. It could not be
determined whether nets were actually fewer in number during these months, or whether
they were not observed owing to poor light conditions and ice cover.
Detritus was the major food source for analis in Harker's Run. This material consists
mainly of decomposing plant and animal tissue of autochthonous and/or allochthonous
origin. Detrital fragments are quickly colonized by microflora (i.e., algae, fungi, and bacteria), which increase the nutritive value and palatability of the particles (Iversen 1973;
Barlocher and Kendrich 1975). Particulate detritus is also an important source of energy,
having a higher caloric content than previous decompositional stages (de la Cruz and Gabriel
1974). Most of the detritus found in the guts of mature analis was larger in size than the
capture-net mesh-size. This suggests that the larvae are size-selective in the capture of
detrital particles.
Filamentous algae and animal fragments were of little importance in the diet of analis. It is
uncertain whether larval capture-nets were used to capture these foods. Algal fdaments (2-6
cells in length) appeared in both the gut contents and FPOM, which suggests that filtration of
the algae by larval nets did occur. Animal fragments (e.g., head capsules of chironomid
larvae) were rare in the gut contents and absent in the FPOM. Chironornid larvae were
observed on the surface of or partially within the retreats of analis. Therefore, it is likely that
these forms were captured and ingested without the aid of larval nets.
Large numbers of diatoms were also observed in the gut contents of the larvae. These
forms exhibit the highest energy content of the FPOM constituents, with published caloric
values ranging from 4900 to 5300 cal/g ash-free dry wt (Coffman et al. 1971; Trama 1972).
These values could be even greater in some forms owing to the presence of lipids synthesized and stored by diatoms (Fogg 1956). C . analis may possess a mechanism which allows
for rapid extraction of diatom contents prior to passage into the midgut. Although the major
food-grinding apparatus is located in the posterior proventriculus, the esophagus and crop
are lined with chitinous intima and fine denticles (Branch 1922; Lepneva 1964) which may
aid in processing diatom frustrules.
Even though diatoms comprised a considerable portion of the diet of analis, the electivity
values for those forms were always negative, indicating selection against this food source.
Rhame and Stewart (1976) concluded that increased electivity of diatoms by Hydropsyche
simulans during cooler months of the year was associated with decreased net-building
activity and a shift to grazing food material from the substratum. From the diatom electivity
values presented here, it does not appear that analis was grazing during November and
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Fig. 3. Electivity indices for food items and particle-sizes in the diet of C. analis, July-December 1976.
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December; instead, filtering-feeding appears to continue. The increased numbers of diatoms
ingested during these months reflect an increase in the diatom fraction of the FPOM. Since
diatoms are much smaller than the net mesh-size of mature analis larvae, it would seem that
the nets are incapable of retaining these small algal forms. However, under certain conditions diatoms may be obtained by nets of larger mesh-size (Wallace 1975b; Wallace et al.
1977). Epiphytic diatoms may adhere to the mesh until gleaned by the larvae, or they may be
captured in clumps and ingested in the same manner as larger food particles. Debris has been
observed adhering to larval nets, and there is some indication that the net surface may be
sticky (Branch 1922). This could serve as another method of food capture.
Cummins (1974) has reported that stream macroinvertebrates are generally tolerant of
winter water temperatures, and that this allows them to process the allochthonous organic
matter (e.g. leaves) received by the stream during the autumn months. In this study, analis
larvae consumed considerable amounts of detrital material from July through mid-October.
Thereafter, increasing quantities of diatoms were taken, even though large numbers of
autumnal leaf-packs were available in the riffles. Since there is probably an appreciable
time-lag involved in the breakdown of these materials to W M , they may not become
available to the larvae in large amounts until the following spring.
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LIGHT TRAP AND EMERGENCETRAP RECORDS OF CADDISLFLIES
(TRICHOPTERA) OF THE LAKE ERIE REGION OF
PENNSYLVANIA AND ADJACENT OHIO
E. C. Mastellerl and 0. S. Flint, Jr.2
ABSTRACT
Light-trap records for caddisflies of the Lake Erie region of Pennsylvania and northeastern Ohio are reported along with several emergence records. Twelve families, 42 genera,
and 109 species are represented. Thirty-nine species are recorded for the first time from
Pennsylvania, and five for the first time from Ohio.

Records of Trichoptera from Pennsylvania are scattered (Betten 1934, 1950; Flint 1960;
Flint and Wiggins 1961; Gordon 1974; Hoopes 1976; Hyland 1948; Morse 1975; Ross 1944,
1947, 1966; Seward and Swegman, in press; Sykora and Weaver 1978; Sykora, et al. 1976;
Weaver and Sykora, in press) in the literature and have not been published in a comprehensive article. Hoopes' unpublished thesis (1976) listed 99 species for Pennsylvania; he hypothesized that 198-267 species eventually would be recorded for the state. T o provide more
data o n distribution and emergence periods in Pennsylvania and the eastern Lake Erie
region, several years' light-trap records are reported here. Several records from emergence
traps are noted. Voucher specimens are located with E. C. Masteller at Behrend College, The Pennsylvania State University, and the National Museum of Natural History,
Washington, D.C.
METHODS
Samples from 19 dates were analyzed in both 1976 and 1978, from 13 dates in 1977, from
12 dates in 1973, from nine dates in 1974, and from seven dates in 1979. A total of 79 samples
was used in this study at the sites indicated in Figure 1.
A "black light" trap (6 watt, battery operated or 15 watt. 110 volt) with a black light
fluorescent lamp was used (Frost 1957). The collection container was charged with ethyl
acetate. Traps were operated from shortly (112-2 hours) before dusk, through the night until
shortly (112-2 hours) after dawn on one or two nights a week. The collections were either
preserved in 70% ethyl alcohol or pinned. Over 71,000 specimens were collected (through
July 1979) and 9227 were identified at the species level.
T o provide an accurate comparison of collections from year to year, each week of the year
was numbered so that comparable weeks for each year could be viewed simultaneously.3
This also avoided the complication of partial weeks in a month. For example, week 20
always appears in May, but week 23 might occur in May or June (Table 2).
SAMPLING SITES
The primary location for sampling was near Four Mile Creek, a third-order sandstoneshale stream on the Behrend Campus of The P e ~ s y l v a n i aState University (PSU-BEH),
Erie, Pennsylvania. The light trap was located 0.24 km from Four Mile Creek and its
tributaries and 3.4 km from Lake Erie. This site is regularly used for the Economic Faunistic

l ~ e h r e n dCollege, The Pennsylvania State University, Erie, PA 16563
2 ~ a t i o n a Museum
l
of Natural History, Smithsonian Institution, Washington, DC 20560
3~ersonalcommunication, E. P. McElravy, University of California, Berkeley, CA.
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Fig. 1 . Location of the light trapping sites.

Survey of Pennsylvania and the Trichoptera were removed for this study. Traps were set out
at least once a week from May through September during 1976, 1977, and 1978. Some
random samples were available during 1973, 1974, and through July 1979. All specimens
collected were identified.
At the Erie County Field Research Laboratory of PSU (PSU-NE) Trichoptera were occasionally sorted from the Economic and Faunistic Survey. This light trap was located 0.3 km
from the shore of Lake Erie, 3.8 km W of the New York State boundary near North East,
Pennsylvania. Traps were operated weekly from 9 May to 1 July 1976.
One area near Lake City, Pennsylvania (LC), was sampled on 31 May, 6 June, and 19 July
in 1974. These traps were located 0.14.3 km from the shore of Lake Erie, 2.2 km W of Lake
City along Pennsylvania Route 5. Two traps were located in a forested area near the shore of
Lake Erie and another near a stream flowing into Lake Erie while a third trap was located in
an abandoned farm field near the lake shore. A total of eight samples was collected on 31
May, 6 June, 27 June, and 4 July 1974. Subsamples of the total collections (Table 1) were
made and 1517 specimens identified at the species level.
Six sites at another area 4 km N of West Springfield, Pennsylvania (WS) were sampled on
13 dates during 1977 from June through September ( l , 7 , 16, 17 June; 25,27,28,29 July; 2,3
August; and 3, 4, 5 September). Four additional sites were located in Ashtabula County,
Ohio (OH), and sampled on nine dates (1, 8, 16, 18 June; 24, 25, July; 1 August; and 2, 5
September). The traps were located 0.2-1 km from the shore of Lake Erie. Two streams
flowed through the sample area. Subsamples of the total collection (Table 1) were made and
2400 specimens identified at the species level.
RESULTS AND DISCUSSION
From the Lake Erie region of Pennsylvania, '11 families, 41 genera, and 102 species of
Trichoptera have been identified (Table 2). Thirty-seven species were collected just across
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Table 1. The total number of specimens collected and the number of species at each site.
Site
1973

PSU-BEH

1974

PSU-BEH
LC
PSU-BEH
PSU-NE

1976
1977

Specimens

Species

PSU-BEH

ws

OH
1978

PU-BEH

1979 (through July)

PSU-BEH

Table 2. Synoptic list of Trichoptera collected in Pennsylvania and adjacent Ohio.
PHILOPOTAMIDAE

Chimarra obscura (Walker) (OH, WS)
Dolophilodes distinctus (Walker) (LC, PSU-BEH, SM)
Wormaldia moesta (Banks) PSU-BEH, SM, LA)
PSYCHOMYIIDAE
Lype diversa (Banks) (OH, PSU-BEH, PSU-NE, WS, LA)
POLYCENTROPIDAE
Neureclipsis crepuscularis (Walker) (LC, OH, WS)
*Nycriophylar afinis (Banks) (OH, PSU-BEH, WS)
Phylocentropus lucidus (Hagen) (LC, PSU-BEH)
*Polycontropus blickeli Ross & Yamamoto (PSU-BEH)
*P. centralis Banks (PSU-BEH, PSU-NE, SM)
P . cinereus Hagen (LC, OH, PSU-BEH, WS)
P . clinei (Milne) (PSU-BEH, 14 June 1976; 4 June 1979)a
P . confusus Hagen (OH, 25 July 1977)a
*P. crassicornis Walker (OH, WS)
P. elarus (Ross) (PSU-BEH, 10 June, 1 July 1974; 4 June 1979, SM)a
*P. interruptus (Banks) (PSU-BEH, WS)
P. maculatus Banks (SM, LA)
*P. pentus Ross (PSU-BEH, PSU-NE, SM, LA)
*P. remotus Banks (PSU-BEH, 2 August 1979; WS, 1 June 1977)a
HYDROPSYCHIDAE
Cheumatopsyche analis (Banks) (OH, PSU-BEH, PSU-NE, WS)
C . campyla Ross (LC, OH, PSU-BEH, PSU-NE WS)
*C. gracilis (Banks) (PSU-BEH)
*C. halima D ~ M
(LC, PSU-BEH, WS)
Diplectrona modesta Banks (PSU-BEH, SM)
Hydropsyche alhedra Ross (PSU-BEH, 25 July, 4 September 1973; 23 July 1979)a
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Table 2. (continued)
*W. betteni Ross (OH, PSU-BEH. WS, SM)
H . bronta Ross (OH, PSU-BEH)
*H. dicantha Ross (LC, 6 June 1974, PSU-BEH, 20 July 1976, 16 July 1979)a
H . morosa Hagen (PSU-BEH)
H . recurvata Banks (OH, WS)
t*H. scalaris Hagen (LC, 6 June 1974, OH, 25 July 1977)a
t*H. separata Banks (LC, OH, WS)
H . slossonae Banks PSU-BEH, WS)
*H. sparna Ross (PSU-BEH, 1 August 1977)a
H. ventura (Ross) (SM)
*Parasyche apicalis (Banks) (LC, 27 June 1974; PSU-BEH, 4 June 1979; LA)a
Potamyia Java (Hagen) (PSU-BEH, WS)

RHYACOPHILIDAE
Rhyacophila banksi Ross (PSU-BEH, SM, LA)
R . carolina Banks (PSU-BEH, SM, LA)
R . fuscula (Walker) (PSU-BEH, 21 June 1977)a
R . glaberrima Ulmer (SM)
R . minora Banks (LA)
R . nigrita Banks (LA)
R . vibox Milne (SM)
HYDROPTILIDAE
*Agraylea multipunctata Curtis (PSU-BEH, WS)
Hydroptila consimilis Morton (OH)
H . perdita Morton (PSU-BEH)
H . spatulata Morton (OH)
H . waubesiana Betten (OH)
0.ryethira forcipata Mosely (WS, 3, 4 September 1977)a
Palaegapetus celsus (Ross) (LA)
PHRYGANEIDAE

Agrypnia vestita (Walker) (OH, PSU-BEH, PSU-NE, WS)
*Banksiola crotchi Banks (LC, PSU-BEH)
B. dossuaria (Say) (OH, PSU-BEH)
Phyrganea sayi Milne (PSU-BEH)
*P. cinerea Walker (LC, 19 June 1974)a
Ptilostomis ocellifera (Walker) (LC, OH, PSU-BEH)
P. postica (Walker) (OH, 5 September 1977, PSU-BEH, 20 June 1974)a
LIMNEPHILIDAE

*Anabolia consocia (Walker) (LC, 19 July 1974, PSU-BEH, 23 July 1973, 5 July 1978)a
*Goerita sp.(prob. betten11 Ross (PSU-BEH)
Zronoquia lyrata (Ross) (OH, PSU-Morgan)b
I. punctatissima (Walker) (OH, PSU-BEH, WS)
Limnephilus indivisus Walker (LC, OH, PSU-BEH, WS)
t*L. moestus Banks (OH, PSU-BEH, PSU-NE, WS, LA)
*L. ornatus Banks (PSU-BEH)
L. submonilifer Walker (PSU-BEH, PSU-NE)
*Nemotaulius hostilis (Hagen) (PSU-BEH)
Neophylax aniqua Ross (LA)
N . concinnus McLachlan (PSU-BEH? 23 May 1979; SM)a
Platycentropus radiatus (Say (PSU-BEH)
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Table 2. (continued)

*Pseudostenophylax uniformis (Betten) (LC, PSU-BEH)

t Pycnopsyche circularis (Provancher) (OH, 5 September
P.
P.
P.
P.
P.

1977, WS, 5 September 1977)a
divergens (Walker) (PSU-BEH, LA)
lepida (Hagen) (OH, WS)
luculenta (Betten) (PSU-BEH, 13 September 1976, LA)a
scabripennis (Rambur) (OH, PSU-BEH, WS)
subfasciata (Say) (PSU-BEH, 12 September 1977)a

LEPIDOSTOMATIDAE
*Lepidostoma carrolli Fling (WS, 5 September 1977)a
*L. costalis (Banks) (PSU-BEH)
L. griseum (Banks) (PSU-BEH, LA)
L. sackeni (Banks) (PSU-BEH)
L. sommermanae Ross (PSU-BEH)
t L. rogatum (Hagen) (OH, 2 September 1977)a
*L. vernalis (Banks) (PSU-BEH, 14 June 1976)a
MOLANNIDAE

Molanna blenda Sibley (PSU-BEH, 7 July 1976)a
HELICOPSYCHIDAE

Helicopsyche borealis (Hagen) (OH)
LEPTOCERIDAE

*Ceraclea alagma (Ross) (PSU-BEH, 7 August 1978; 23 July 1979)a
*C. albosricta (Hagen) (PSU-NE, 15 June 1976)a
*C. ancyla (Vorhies) (LC, PSU-BEH)
C. cancellata (Betten) (LC, OH, PSU-BEH, WS)
C . diluta (Hagen) (PSU-BEH, 19 June 1979)a
*C. resurgens (Walker) (LC, OH, PSU-BEH)
*C. ruthae (Flint) (PSU-BEH)
C . tarsipunctata (Vorhies) (LC, OH, PSU-BEH, WS)
C. transversa (Hagen) (OH, WS)
'Leptocerus americanus (Banks) (PSU-BEH)
Mystacides longicornis (Linnaeus) PSU-BEH, 7 August 1978)a
M. sepulchralis (Walker) (PSU-BEH)
Nectopsyche albida (Walker) (PSU-BEH, 19 June 1979)a
N . exquista (Walker) (OH, 25 July 1977)a
Oecetis cinerascens (Hagen) (LC, PSU-BEH, PSU-NE, WS)
*O. ditissa Ross (PSU-BEH, 10 July 1979)a
*O. immobilis (Hagen) (PSU-BEH, 9 August 1978)a
0. inconspicua (Walker) (LC, OH, PSU-BEH, PSU-NE, WS)
0 . osteni Milne (PSU-BEH, 19 June, 30 July, 7 August 1978)a
*O, persimilis (Walker) (PSU-BEH, WS)
*Setodes oligia Milne (PSU-BEH, 2 August 1977)a
*Triaenodes injusta (Hagen) (WS)
*T. nox Ross (PSU-BEH, 4 July 1977; 16 July 1979)a
T. tarda Milne (OH, PSU-BEH, PSU-NE, WS)
aCollection dates are indicated for those species which were rarely collected and usually at only one
site.
b ~ ~ u - ~ o r was
g a na light trap collection at the SM emergence trap site.
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the Pennsylvania border in Ohio; seven of these were collected only in Ohio. Four of the
Pennsylvania species were taken only in an aquatic emergence-trap (Table 2) located on a
first-order stream, Six Mile Creek (SM) in Erie County, Pennsylvania. Another aquatic
emergence-trap was located on Little Amot Run (LA), Warren County, Pennsylvania in the
Allegheny National Forest in Northwestern Pennsylvania, and also produced four species
not taken in light-traps (Table 1). This latter area is not influenced by any lakes.
The sequence of taxa presented in Table 2 follows the classification of Wiggins (1977).
Thirty-nine species, indicated by an asterisk (*) in Table 2, are new records for Pennsylvania. Five species indicated by a dagger (I)are new records for Ohio (Table 2) (Howarth 1964;
Marshall 1939; McElravy et al. 1977).
The following species were collected in an abundance of greater than 50 during at least one
of the years sampled.
Oecetis osteni (Milne) was unique in that it appeared only once in 74 samples and then in
an abundance of 198 individuals (192 males, 6 females) on 30 July 1978 at PSU-BEH.
Cheumatopsyche campyla (Ross) was the most abundant caddisfly (over 1800 specimens)
in 1974, 1976, and 1977 from July through September in traps closest to Lake Erie. On each
date, 6, 19, 27 June 1974; 17, 25 July 1977; and 4, 5 September 1977, over 100 individuals
were collected.

Table 3. Activity periods of common Trichoptera from the Lake Erie region of Pennsylvania
and adjacent Ohio during 19761978. Bars indicate the occurence of that species during a
particlar week.
Week Number
18
Chimarra
obscura
(Walker)

77

Dolophilodes
distinctus
(Walker)

76
77
78

Wormaldia
nwesta
(Banks)

76
77
78

Lype diversa
(Banks)

76
77
78

Neureclipsis
crepuscularis
(Walker)

77

Nyctiophylax
affinis
(Banks)

76
77
78

Phylocentmpus
lucidus
(Hagen)

76
77
78

20

22

24

26

28

30

32

34

36

38

40

42

44
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Table 3. (continued)
Week Number
18

Polycentropus
blickeli
Ross & Yamamoto

76
77
78

I? centralis
Banks

I?cinereus
Hagen
F! crassicornis
Walker

I? interruptus
(Banks)

I? pentus
Ross

Cheurnatopsyche
analis
(Banks)

C. campyla
Ross

C. gracilis
(Banks)

C. halima
Denn

Diplectrona
modesta
Banks
Hydropsyche
betteni
Ross
H.bronta Ross
H.morosa
Hagen

76
77
78

20

22

24

26

28

30

32

34

36

38

40

42

44
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Table 3. (continued)
W e e k Number
18
H. recurvata
Banks

77

H. separata
Banks

77

H. slossonae
Banks

76
77
78

Potarnyia
f lava

76
77

(Hagen)

78

R.banksi
Ross

76
77
78

Rhyacophila
carolina
Banks

76
77
78

Agraylea
nultipunctata
Curtis

76
77
78

20

22

24

26

28

30

32

34

36

38

40

42

44

8
I

Hydroptila
consirnilis
Morton

77

H. perdita Morton

77

H. spatulata
Morton

77

H. waubesiana
Betten

77

I

8

Agrypnia
vestita
(Walker)
Banksiola
crotchi
Banks
B. dossuaria
(Say)

77
76
78
76
77
78

6
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Table 3. (continued)
Week Number
18

Phryganea
say i
M ilne

76
77
78

Ptilostomis
ocellifera
(Walker)

76
77
78

Goerita sp.
prob. betteni
Ross

77

lronoquia
lyrata
(Ross)

77

I. punctatissirna
(Walker)

76
77
78

Limnephilus
indivisus
Walker

76
77
78

L . rnoestus
Banks

76
77
78

L. ornatus
Banks

L. submonilifer
Walker

20

22

24

26

28

30

32

34

36

38

40

42

44

I

I

77
78

76
77
78

Nernotaulius
hostili s
(Hagen)

78

Platycentropus
radiatus
(Say)

76
77
78

I

Pseudostenophylax 76
uniforrnis
77
(Betten)
78
Pycnopsyche
divergens
(Walker)

76
77
78

8
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Table 3. (continued)
Week Number
18

P lepida
(Hagen)

P scabripennis
(~ambur)

Lepidostoma
costalis
(Banks)
L. griseum
(Banks)

L. sackeni
(Banks)

L. sommermanae
Ross

Helicopsyche
borealis
(Hagen)
Ceraclea ancyla

C. cancellata
(Betten)

C. resurgens
(Walker)

C. ruthae

lint)
C. tarsipunctata
(Vorhies)
C.transversa
(Banks)
Leptocerus
americanus
(Banks)

20

22

24

26

28

30

32

34

36

38

40

42

44
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Table 3. (continued)
W e e k Number
18

20

22

24

26

28

30

32

34

36

38

40

42

44

M. sepulchralis
(Walker)

Oecetis
cinerascens
(Hagen)

0 . inconspicua
(Walker)

0.persimilis
(Banks)
Triaenodes
injusta
(nagen)
T. tarda
Milne

Oecetis inconspicua (Walker) was also extremely abundant (over 1700 specimens) with
the most specimens in 1973 and 1978. Males were at least twice as numerous as females in all
years except 1974. On 27 June, 19, 30 July 1973; 19 July 1976; 17 July 1977; and 21 August
1978 over 100 individuals were collected.
Hydropsyche separata (Banks) was collected only from Lake Erie sites (LC, OH, and
WS). On 6, 27 June, 19 July 1974; 1 June, 4 September 1977 over 100 individuals were
collected.
Hydropshyche slossonae (Banks) was the fourth most abundant species with the major
emergence from 13-31 August in all years while only 9 August 1977 provided over 100
individuals. Specimens were collected from May through September, mainly from the
stream sites (PSU-BEH).
Polycentropus centralis (Banks) was predominant from the stream site (PSU-BEH). Most
collections had twice as many females as males. One large collection occurred on 4 July 1979
with 87 specimens.
Diplectrona modesta (Banks) was the most abundant caddisfly collected from the emergence-trap on Six Mile Creek (343 during 1977, 167 males and 176 females). The total collected for three years of light trapping was 123 (1978, 28 males and 2 females; 1977,47 males
and 14 females; 1976, 3 1 males and 3 females). Light-trapping produced a preponderance of
males, but females and males in emergence-trap data occurred in almost equal frequency.
This could be explained by a selective attractiveness of the light to males, or the females
may not move very far from the area where they emerge.
Leptocerus americanus (Banks) showed a huge emergence in 1977;257 individuals versus
two in 1978 and seven in 1976. In 1977, 185 specimens were collected 4 July (week 28) and
16, 12 July (week 29, PSU-BEH). Emergence appears to be synchronous.
Ceraclea tarsipunctata (Vorhies) was most abundant in 1977 from the Lake Erie site
(PSU-BEH, LC, WS). Males predominated in one evening on 26 July (week 31) (50 males
and 1 female).
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Zronquia punctatissima (Walker) d s o was most abundant in 1977 with 63 individuals from
the Lake Erie site (WS). Fifty-one of these were taken on 5 September (week 36), 49 males
and 2 females.
Ceraclea albosticta (Hagen) was abundant at Put-in-Bay, Ohio at one time and this now
possibly endangered species has been recorded from another area of Lake Erie.
Future studies with samples from March through November may provide a few more
species. Other species, not attracted to a black light trap, may be collected as has already
been indicated from emergence trap records.
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THE AQUATIC AND SEMIAQUATIC LEPIDOPTERA OF
INDIANA AND ADJACENT AREAS'
W. P. McCafferty2 and M. C. Minno3
ABSTRACT
Lepidoptera with fully aquatic larvae (Pyralidae: Nymphulinae, Schoenobiinae in part)
and those with semiaquatic larvae (Noctuidae: Amphipyrinae in part, Acontiinae in part;
F'yralidae: F'yraustinae in part, Schoenobiinae in part, Crambinae in part) are documented
for the first time for the area encompassed by the states of Illinois, Indiana, Kentucky,
Michigan, and Ohio with emphasis on Indiana and adjacent areas. Thirty-one species are
treated, most of which represent new state records for one or more of the states within the
study area. Biological, ecological, temporal, host plant, and faunistic data for each species
are annotated. Systematics collections data from 11 sources contributed significantly to the
study. At least three populations from the area may represent undescribed species. Still
patchy distributional records permit only a preliminary analysis of possible biogeographical
patterns.

Recent emphasis on water resource protection has stimulated research into the ecological
requirements of freshwater organisms and their community dynamics. The aquatic and
semiaquatic Lepidoptera represent an interesting but poorly understood part of many freshwater communities. Some caterpillars are specially adapted to benthic-lotic environments;
their contribution to the secondary productivity of riverine ecosystems is almost completely
unknown. Other caterpillars demonstrate host plant relationships with emergent and floating
vegetation, and are important primarily in lentic environments. Many of these species may
be of significance for their phytophagous role, and a few appear to have potential for
controlling certain aquatic weeds.
"Aquatic" Lepidoptera can be defined as those which are submergent at least in the larval
stage. The term, "semiaquatic," as applied to Lepidoptera or other insects, has been subject
to interpretation and often poorly defined. It has been arbitrarily applied to various taxa
occuning in "wet" habitats. Lange (1956b, 1978) included certain Lepidoptera as semiaquatic on the basis of literature which either described observations of some aquatic behavior, of occurrences near aquatic habitats, or of feeding on aquatic or marginal vegetation.
Accordingly, various species of Cosmopterygidae, Arctiidae, Sphingidae, and others have
been liberally considered semiaquatic by authors. We apply a more conservative interpretation of semiaquatic which excludes many taxa which are transient in such environments or
are riparian only. Our definition includes only those Lepidoptera which as larvae feed on or
within aquatic or emergent vegetation, below or periodically below the airlwater interface,
and at least may enter the water to seek out new feeding, pupation, or overwintering sites.
These semiaquatic Lepidoptera do not, however, demonstrate respiratory adaptations (behaviorally or morphophysiologically) for indefinite submergence.
The present work represents a first list of the aquatic and semiaquatic Lepidoptera of
Indiana, Illinois, Michigan, Ohio, and Kentucky (with emphasis on Indiana). The provision
of ecological, biological, and faunistic annotations for each species should help fill a void in
our knowledge of this specialized moth fauna and provide a working base from which more
sophisticated examinations of ecological associations and adaptations may be undertaken.
Although no comprehensive treatment of this fauna in the central U.S. or any one central
state has preceded this, various authors have written about selected aquatic and semiaquatic
Lepidoptera which occur within the area of this study, focusing largely on life histories or
l ~ u r d u eUniversity Experiment Station No. 7617.
' ~ e p a r t m e n t of Entomology, F'urdue University, F'urdue University, West Lafayette, IN 47907
3 ~ e p a r t m e n tof Entomology and Parasitology, University of California, Davis, CA 95616.
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aquatic plant-insect associations. Hart (1895) conducted studies in Illinois, Welch (1919) in
Ohio, and Berg (1949, 1950), Frohne (1938, 1939a,b), McGaha (1952, 1954), and Welch
(1915, 1916, 1924) have published observations made in Michigan, especially the Douglas
Lake region. Some general references for the fauna in Illinois and Michigan were given by
Forbes (1923, 1954) and Munroe (1972-73). Only a few authors (Ficht 1940; Levine and
Chandler 1976) have conducted studies exclusively in Indiana.
Within Indiana, areas adjacent to Lake Michigan, and the northeastern lakes zone and the
Wabash lowland zone (Indiana biotic zones of Barnes [I9521and Lindsey [1%6])provide the
greatest abundance of lentic habitats. Rivers and streams are abundant throughout Indiana.
Colder streams of the extreme north are more faunistically typical of Michigan lotic habitats.
Aquatic habitats of southwestern Indiana are generally similar to those of southern Illinois,
while those of south central Indiana (unglaciated) are similar to many Kentucky habitats.
Rivers and at least fourth-order streams from throughout the area of study appear to provide
preferred habitat for bottom dwelling lotic species.
Since distribution records remain patchy, any apparent patterns may be, to a greater or
lesser degree, artifacts of historical collection site preferences. Many of the records for the
southern Lake Michigan area of Illinois and Indiana are from before 1910. Widespread
industrial development of this area may have severely reduced the suitable habitats there.
The data presented below have been amassed from institutional and personal collections,
seven years of field work, and published accounts. A large majority of that data based on
collections is taken from material we examined at the Field Museum of Natural History, the
Illinois Natural History Survey, and Purdue University. We treat 3 1 species, of which 17 are
aquatic and 14 are semiaquatic. Twelve species represent new state records for Indiana; and
several new state records for surrounding states, especially Illinois, are recorded. Fifteen
species have yet to be actually taken in Indiana. Of these, 13 have been taken from surrounding states, and the other two should eventually be found in the area. Three of the taxa
recorded may represent undescribed species.
Our classification is after McDunnough (1938, 1939) for the Noctuidae and the Pyralidae,
subfamilies Pyraustinae, Schoenobiinae, and Crambinae, and after Munroe (1972-73) for the
Pyralidae, subfamily Nymphulinae. Literature sources for recent nomenclatural changes,
distribution records, host plant data, and ecological and biological notes are cited under the
references notation of each species. Habitat and habit data included under genera or higher
groupings are applicable only to listed species and may not always be applicable to unlisted
congeners. Collections housing material from the study area are cited for each species, and
the abbreviations of specimen depositions are for the following: CU--Cornell University
Collection, EHM-E. H. Metzler personal collection, FMNH-Field Museum of Natural
History, INHSIllinois Natural History Survey, MCM-M. C. Minno personal collection,
MCN-M. C. Nielsen personal collection, MSU-Michigan State University Collection,
PU-Purdue University Collection, UCWUniversity of California, Davis, Collection,
UGUniversity of Louisville Collection, USNM-United States National Museum.

Family NOCTUIDAE
Subfamily AMPHIPYRINAE
Habitats: Ponds, lakes, sloughs, and marshes. Habits: Larvae are semiaquatic leaf miners
in the early instars. Later instars bore into the petiole and/or rootstock of the host plant.

Genus OLIGIA
diversicolor (Morrison). Host plants: Scirpus. Area distribution: This species was recorded
from Delaware County, Indiana by Ficht. One PU record also exists from that county. It
occurs in Illinois and may be expected to occur locally throughout the study area. Area
flight period: August and September. References: Bird (1913), Ficht (194% Forbes (1954).
Specimen depositions: PU.
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Genus ARCHANARA
oblonga (Grote). Host plants: Scirpus, Typha. Area distribution: This species has been taken
from Tippecanoe County, Indiana. It also occurs in Illinois, Michigan, and Ohio. It should
occur locally throughout the northern glaciated portions of Indiana. Area flight period:
July through September. References: Forbes (1954), Tietz (1972). Specimen depositions:
EHM, FMNH, INHS, MCN, MSU, PU, USNM.
subflava (Grote). Host plants: Juncus, Scirpus. Area distribution: This species was reported
from DeKalb County, Indiana by Ficht. It also occurs in Illinois and Michigan and can be
expected in the northern glaciated portions of Indiana. Area flight period: July through
September. References: Ficht (1940), Forbes (1954), Tietz (1972). Specimen depositions:
FMNH, INHS, MCN, MSU, UCD.
laeta (Monison). Host plants: Sparganium. Area distribution: Although this species has yet
to be taken in Indiana, two of the specimens in the FMNH are from the Chicago area, and
specimens in the INHS are from nearby areas. The species occurs in Illinois, Michigan,
and Ohio, and it should be found in the northern glaciated portions of Indiana. Area flight
period: July through September. References: Forbes (1954), Tietz (1972). Specimen depositions: EHM, FMNH, INHS, MCN, MSU.

Genus BELLURA
obliqua (Walker). Host plants: Nelumbo, Pontederia, Sagittaria, Sparganium, Symplocarpus, Typha. Area distribution: This species has been taken from DeKalb, Fulton, and
Tippecanoe counties, Indiana. It also occurs in Illinois, Michigan, and Ohio. It is a wide
ranging species and probably occurs throughout Indiana. Area flight period: April through
August (primarily May). References: Ficht (1940), Forbes (1954), Lange (1978), Tietz
(1972). Specimen depositions: CU, EHM, FMNH, INHS, MCM, MCN, MSU, PU.
densa (Walker). Host plants:Eichornia, Pontederia, Typha. Area distribution: Only one
record of this species exists for Indiana (Posey County in the extreme southwestern
comer of the state). Besides Indiana, it occurs throughout Illinois, and in Kentucky,
Michigan, and Ohio. It is probably widespread in the Ohio valley, the Wabash lowlands,
and the northern glaciated portions of Indiana. Area flight period: June through August.
References: Forbes (1954), Lange (1978), Tietz (1972), Vogel and Oliver (1%9). Specimen
depositions: EHM, FMNH, INHS, MCM, MCN, UL.
gortynoided Walker. Host plants: Nuphar, Pontederia, Typha. Area distribution: This species has been taken from LaGrange and Tippecanoe counties as well as the Dunes area
along Lake Michigan in Porter County, Indiana. It also occurs in Illinois, Kentucky,
Michigan, and Ohio. It undoubtedly occurs throughout much of Indiana, especially where
yellow water lily occurs. Area flight period: May through September. References: Forbes
(1954), Levine and Chandler (1976), Tietz (1972). Specimen depositions: EHM, FMNH,
JNHS, MCM, MCN, MSU, PU, UL, USNM.

Subfamily ACONTIINAE
Genus NEOERASTRIA
Habitats: Ponds, lakes, and sloughs. Habits: Larvae are semiaquatic and feed on the
emergent leaves of the host plant. According to Dyar, mature larvae swim to shore to
pupate.
caduca (Grote). Host plants: Nuphar. Area distribution: Two specimens taken in June from
the Dunes area of Porter County are in the INHS; and specimens from both Elkhart and
Lake counties, Indiana, are in the FMNH. The species also occurs in Illinois, Michigan,

4~ublishedrecords of B. diffusa (Grote) are applied to gortynoides.
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and Ohio. It may be expected throughout northern Indiana. Area flight period: June
through August. ~eferences:Dyar ( l a ) , Forbes (1954). Specimen depositions: EHM,
FMNH. INHS.
Family PYRALIDAE
Subfamily PYRAUSTINAE
Genus OSTRINIAS
Habitats: Ponds, lakes, and sloughs. Habits: Larvae are semiaquatic. The early instars
feed on the leaf surfaces of the host plant and construct silk webbings for protection. Later
instars bore into buds, fruits, and stems.
penitalis (Grote). Host plants: Nymphaeaceae, especially Nelumbo. Area distribution: This
species is known from Illinois, Kentucky, Michigan, and Ohio. Host plant distribution as
listed by Deam suggests that the species should occur throughout Indiana. Area flight
period: June through August. References: Deam (1940), Forbes (1923), Munroe (1976),
Welch (1919). Specimen depositions: FMNH, INHS, MSU, UL, USNM.

Subfamily NYMPHULINAE
Tribe NYMPHULINI
Biological Group I of Nymphulini
Habitats: Ponds, lakes, sloughs, and slow reaches of streams. Habits: Larvae are aquatic'
and lack gills. They construct leaf cases which the later instars fill with air. Some also
construct a resting burrow in the host plant.

Genus NEOCATACLYSTA
magnificalis (Hiibner). Host plants: Lemna. Area distribution: Within the area of study, this
species is known only from Michigan. It may possibly occur in the northeastern lakes
biotic zone of Indiana. Area flight period: July. References: Lange (1956a), Munroe (197273). Specimen depositions: MSU.

Genus CHRYSENDETON
medicinalis (Grote). Host plants: Unknown. Area distribution: This species remains unknown in Indiana, but it is known from Illinois and Kentucky. It should occur in central
and southern Indiana, especially in the prairie zones, Wabash lowlands, and the Ohio
valley. Area flight period: June through August. References: Munroe (1972-73). Specimen
depositions: FMNH, INHS, UL.

Genus NYMPHULA
ekthlipsis (Grote). Host plants: Cyperaceae. Area distribution: This species has been taken in
Illinois and Michigan, and it should occur in the northern and central areas of Indiana.
Area tlight period: June through July. References: Forbes (1923), Munroe (1972-73). Specimen depositions: FMNH, INHS, MSU.
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Genus MUNROESSA
icciusalis icciusalis (Walker). Host plants: Cyperaceae, Lemna, Menyanrhes, Poramogeron
(especially), Vallisneria. Area distribution: One specimen taken from Porter County, Indiana, is housed in the FMNH, and several specimens are from the Chicago area. Besides
in Indiana and Illinois, the species also occurs in Michigan. It should occur locally
throughout northern and central Indiana. Area flight period: June through September.
References: Lange (1956a), Munroe (1972-73). Specimen depositions: FMNH, INHS,
MSU.
gyralis serralinealis (Barnes and Benjamin). Host plants: Nuphar, Nymphaea. Area distribution: This species occurs throughout Illinois, and in Kentucky and Michigan. It probably
occurs at least in the Ohio and Wabash valleys as well as northern regions of Indiana. Area
flight period: June through September. References: McGaha (1954), Munroe (1972-73).
Specimen depositions: FMNH, INHS, MSU, UL.
nebulosalis (Fernald). Host plants: Unknown. Area distribution: Specimens taken in 1908 and
1930 from extreme northwestern Indiana are deposited in the FMNH, along with specimens from Illinois. There is a possibility they represent an undescribed species. The
species was previously reported only from the southeastern U.S. Area flight period: June.
References: Munroe (1972-73). Specimen depositions: FMNH.

Genus SYNCLITA
obliteralis (Walker). Host plants: Lemna, Nymphaeaceae, Poramogeron. Area distribution:
Specimens have been taken from Posey, Spencer, and Tippecanoe counties in Indiana,
and the species is probably relatively common throughout that state. It also occurs in
Illinois, Kentucky, and Michigan. Area flight period: May through September. References:
Hart (1895), Munroe (1972-73). Specimen depositions: FMNH, INHS, MCM, MSU, PU,
UL.

Biological Group I1 of Nymphulini
Habitats: Ponds, lakes, sloughs, and slow reaches of streams and rivers. Habits: The
larvae are aquatic and possess gills. They construct leaf cases which are filled with water.

Genus PARAPOYNX
maculalis (Clemens). Host plants: Brasemia, Nuphar, Nymphaea. Area distribution: This
species has been taken from LaGrange County in northeastern Indiana, and from east
central Illinois. It also occurs in Michigan. Area flight period: June and July. References:
McGaha (1954). Munroe (1972-73). Specimen depositions: INHS, MCM, MSU.
obscuralis (Grote). Host plants: Nuphar, Poramogeton, Vallisneria. Area distribution: This
species has been taken from Pulaski, Tippecanoe, and White counties, Indiana. It also
occurs in Illinois and Michigan. It is common in the Tippecanoe River (Indiana) and
probably occurs throughout northern and central parts of that state. Area flight period:
June through September. References: Berg (1950), Munroe (1972-73).Specimen depositions: FMNH, INHS, MCM, MSU, PU, USNM.
badiusalis (Walker). Host plants: Myriophyllum, Poramogeron. Area distribution: This species has been taken in Lake and Tippecanoe counties, Indiana. It also occurs in Illinois
and Michigan. It probably occurs throughout the northern glaciated areas of Indiana. Area
flight period: May through August. References: McGaha (1954), Munroe (1972-73). Specimen depositions: FMNH, INHS, MCM, MSU, PU.
cuniferalis (Walker). Host plants: Unknown. Area distribution: This species has yet to be
taken from Indiana, but Mumoe records it from Illinois. It closely resembles P . badiusalis
and is likely t o be mistaken for it. Area flight period: ? June and July. References: Munroe
(1972-73).

184

THE GREAT LAKES ENTOMOLOGIST

Vol. 12, No. 4

allionealis itealis (Walker). Host plants: Nymphaea, Potamogeton. Area distribution: This
species has been taken in Illinois and may also occur in northern Indiana. Area flight
period: June through August. References: Munroe (1972-73). Specimen depositions:
FMNH, INHS, MCN, UL.

Tribe ARGYRACTINI
Genus PARARGYRACTIS
Habitats: Streams and rivers. Habits: The larvae are aquatic benthos and possess gills.
They construct silken webs on the bottom substrate where they graze on algae and diatoms.
Pupae are also submergent.
bifascialis (Robinson). Area distribution: This species has been taken from Elkhart,
LaGrange, Martin, Tippecanoe, and White counties, Indiana. It also occurs in Illinois and
Michigan. It probably occurs locally throughout Indiana in certain rivers and larger
streams. Area flight period: June through September. References: Munroe (1972-73). Specimen depositions: INHS, MCM, MSU, PU.
fulicalis complex
sp. near fulicalis (Clemens). Area distribution: True P . fulicalis has not been found in
Indiana; however, material from Martin, Steuben, and White counties closely resemble it.
These populations probably represent a variant of P . fulicalis. It also occurs in Kentucky
and Michigan and sometimes occurs in the same habitat with P. bijascialis. Area flight
period: May through August. References: Lange (pers. comm.), Munroe (1972-73). Specimen depositions: MCM, MSU, LU, PU.
sp. near canadensis (Munroe). Area distribution: Typical P. canadensis has not been found
in Indiana, although a series of distinctively marked specimens from Wildcat Creek in
Tippecanoe County, Indiana, are similar. According to Lange, these specimens probably
represent an undescribed species. Area flight period: August. References: Lange (pers.
comm.), Munroe (1972-73). Specimen depositions: PU.

Genus EOPARARGYRACTIS
Habitats: Larval habitat is unknown, but adults have been taken around lakes. Habits:
Unknown, but presumably larvae are gilled and benthic.
irroratalii (Dyar). Area distribution: A specimen taken in Chicago, Illinois, by Gerhard,
29-VIII-1906, is housed in the FMNH. This specimen may represent an undescribed
species. Area flight period. August. References: Munroe (1972-73). Specimen depositions:
FMNH.

Subfamily SCHOENOBIINAE
Genus ACENTROPUS
Habitats: Lakes, ponds, and sloughs. Habits: Larvae are aquatic and lack gills. As first
instars they bore into the stems of the host plant. Later instar larvae live within cases built
on the exterior plant parts. Those female adults which are wingless are also aquatic.
niveus (Olivier). Host plants: Ceratophyllum, Elatine, Elodea, Hydrilla, Myriophyllum,
Potamogeton. Area distribution: This species has not yet been taken from Indiana or
adjacent areas; however, as Munroe pointed out, it may be easily overlooked. Since this
European species was first collected from Montreal in 1927, it evidently has been spread-
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ing in the eastern half of North America rapidly. Batra reported specimens taken from
Wisconsin in 1963. It is known from the lower Great Lakes, and it probably occurs in
southern Lake Michigan regions. Area fight period: ? June through September. References: Batra (1977), Berg (1942), Munroe (1947), Judd (1950). Lange (1978). Specimen
depositions: USNM (Wisconsin material).
Genus SCHOENOBILJS
Habitats: Ponds, lakes, sloughs, and marshes. Habits: Larvae are semiaquatic. They are
borers and live largely below the water line but within culms of the host plant. Overwintering
occurs within silken hibernaculae in the culms. In the spring, larvae leave their hibernaculae, enter the water, and seek out new culms.
sordidellus (Zincken). Host plants: Unknown, but presumably uses Cyperaceae similar to
those used by S . rnelinellus. Area distribution: This species has not been taken in Indiana,
but it occurs in Illinois (including far eastern areas) and Michigan. Area flight period: May
through August (one lllinois record from March). References: Forbes (1923). Specimen
depositions: FMNH, INHS, MSU.
melinellus dispersellus (Robinson). Host plants: Carex, Eleocharis, Scirpus. Area distribution: This species is presently unknown from Indiana but occurs in adjacent areas of
Illinois and Michigan. It should occur in the northern tier of Indiana. Area flight period:
June through September. References: Forbes (1923), Frohne (1938, 1939b). Specimen
depositions: FMNH, INHS, MCN, MSU, USNM.

Subfamily CRAMBINAE
Habitats: Ponds, lakes, sloughs, and marshes. Habits: The larvae are semiaquatic. They
are culm borers with similar habits to those of Schoenobius.

Genus CHILO
plejadellus Zincken. Host plants: Poaceae (Oryza at least in southern states). Area distribution: This species has not been taken from Indiana or adjacent areas, but it is reportedly
wide ranging from Wisconsin to Florida and may occur locally throughout the study area.
Area flight period: ? July. References: Forbes (1923). Specimen depositions: None of the
collections studied.
forbesellus Fernald. Host plants: Eleocharis, Juncus, Scirpus. A m distribution: This species
occurs in Illinois and Michigan, and it should eventually be taken in northern Indiana. Area
flight period: July through September. References: Forbes (1923), Frohne (1938, 1939a).
Specimen depositions: None of the collections studied.

Genus OCCIDENTALIA
comptulalis (Hulst). Host plants: Scirpus. Area distribution: This species occurs in Illinois,
Michigan, and Ohio, and it should eventually be found in northern Indiana. Area flight
period: July through September. References: Forbes (1923), Frohne (1938, 1939b). Specimen depositions: INHS.
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NOTES ON THE OCCLIRRENCE OF EPIPYROPS BARBERIANA
IN SOUTHERN ILLINOIS(LEPIDOPTERA: EPIPYROPIDAE)
S. W. Wilson and J. E. ~ c ~ h e r s o n l
ABSTRACT
Epipyrops barberiana Dyar, a parasite of planthoppers, is reported from southern Illinois
together with notes on host species.

Larvae of the moth family Epipyropidae are parasitic on planthoppers (Hornoptera: Fulgoroidea), apparently feeding on the dorsal surface of the abdomen (Borror et al. 1976); an
Asian epipyropid, Epipyrops anomala Westwood, has been reported to feed on the blood of
the fulgoroid Laternaria candelaria (Linnaeus) (Marshall 1970). Epipyrops barberiana Dyar
is the only epipyropid which occurs in North America (Davis, pers. cornrn.) and is associated with issid, acanaloniid, and flatid planthoppers (Perkins 1907). It has been reported
from New Mexico on Hysteropterum auroreum (Uhler) (Issidae) (Dyar 1902a), from Texas
on Metcalfa pruinosa (Say) (Flatidae) (Holland 1904), and from Arizona (no host given)
(Dyar 1902b); it is here reported from southern Illinois.
It is not known whether E. barberiana actually feeds on its host and, if so, whether its
feeding is detrimental (Dyar 1903). Holland (1904) noted that the host specimens which he
observed (i.e., M . pruinosa) died after the moth larvae left.
For the past three years, we have been conducting studies on the bionomics of selected
southern Illinois fulgoroids, including laboratory rearing. During the course of the laboratory studies, four field-collected fulgoroids (two specimens of Acanalonia conica [Say]
[Acanaloniidae], one each of Thionia bullata [Say] [Issidae] and Metcalfa pruinosa) were
found to be parasitized by epipyropid larvae (Table 1). The hosts were either placed in petri
dishes (9 cm diam, 2 cm depth), or I-qt mason jars closed with wire screen and paper
toweling and secured with the band of the two-piece mason jar lid; the bottoms of both the
petri dishes and mason jars were covered with filter paper which, in the dishes, was
moistened every 2-3 days. Green snap beans (Phaseolus vulgaris [L.]) were used as the food
source. The dishes and jars were kept in an incubator under a 16L:8D photoperiod at 23 2
l.l°C.
From 3 to 6 days after capture the moth larvae left their hosts and attached themselves to
the walls of the petri dish, mason jar, or to the bean, and pupated. One specimen was
preserved as a larva (preserved in KAAD for 24 h and then transferred to 95% ethyl alcohol),
the other three were reared to adult. Adult moths emerged 16, 11, and 10 days after leaving
their hosts, an A . conica male, a T. bullata female, and a M. pruinosa female, respectively.
Three of the hosts, an A. conica nymph, a T. bullata female and a M. pruinosa female died
10,4, and 4 days, respectively, after the moths left them. However, the A . conica male lived
for 61 days after its parasite left, and was able to mate with a laboratory-reared A. conica
female which subsequently laid several clusters of eggs. Thus, it appears that E. barberiana
may not always be detrimental to its host.
Two additional E. barberiana larvae, and their hosts, were found in collections housed at
Southern Illinois University, Carbondale (SIU-C) and Illinois State University (ISU),
Normal (Table 1). AU hosts and parasites, except for the ISU specimens, are deposited in
the SIU-C insect collection, Zoology Research Museum.

l ~ e ~ a r t m eof
n tZoology, Southern Illinois University, Carbondale, 62901.
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Table 1. List of hosts of l?pipyrops barberiatla found in southern Illinois.
Host
Family

Collection
Stage When
Collected

Species

Sex

Date

Sitea

Male

24 July 1978

SIU

5th instar
Adult

Female

8 Aug. 1978
29 July 1977

SIU
PH

Adult

Female

26 Aug. 1977

PH

5 Sept. 1967
26 July 1974

GC
PH

Present Study
Acanaloniidae
Flatidae
Issidae

Adult

Acanalonia
conica
A . conica
Metcalfn
pruitzosa
Thionia
bullata

Museum Collections
T . bullatab
T. ellipticac

Adult
Adult

Female
Female

aSIU = Southern Illinois University campus, Carbondale, Jackson Co., Illinois; PH = LaRue-Pine
Hills Ecological Area, Union C o . , Illinois; GC = Giant City State Park, Jackson Co., Illinois.
bcollected by E. L. Mockford and deposited in the Illinois State University Insect Collection.
Ccollected by P. L. Nixon and deposited in the SIU-C insect collection, Zoology Research Museum.
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THE FOREST TENT CATERPILLAR
(LEPIDOPTERA: LASIOCAMPIDAE) IN MINNESOTA:
A CASE HISTORY REVIEW'

ABSTRACT
The research work conducted on the forest tent caterpillar during the last 40 years, with
emphasis o n Minnesota studies, is reviewed. The following areas are covered: range and
hosts, life history, impact, Minnesota outbreaks, population dynamics, and pest management. The following four factors acting by themselves or in combination appear to be the
most important factors affecting the collapse of forest tent caterpillar outbreaks: (I) high
pharate larval mortality within the egg due to low winter temperatures, (2) high early larval
mortality due to harsh weather conditions during the first three weeks after hatch, (3) high
late larval mortality from starvation due to food depletion, and (4) high pupal parasitism by
Sarcophaga aldrichi.

There are recent reviews on the taxonomy (Stehr and Cook 1%8), on the disease causing
microorganisms (Stairs 1972), and on the parasites and predators (Witter and Kulman 1972a)
of tent caterpillars in the genus Malacosoma. Kulman (1971) reviewed the effects of defoliation by the forest tent caterpillar, Malacosoma dissrria Hubner, on tree growth and mortality.
Dr. A. C. Hodson and several of his graduate students in the Entomology, Fisheries, and
Wildlife Department, University of Minnesota, have been studying the forest tent caterpillar
since the early 1930's. More recently, Dr. H. M. Kulman, myself, and other entomologists in
the north-central United States have been studying various aspects of the biology and
impact of this insect. The United States Forest Service, North Central Forest Experiment
Station has been conducting studies on the forest tent caterpillar and its effect on the aspen
ecosystem since 1970.
The objective of this paper is to present a concise review of the research work conducted
on the forest tent caterpillar during the last 40 years. The emphasis is placed on Minnesota
studies.
RANGE AND HOSTS
The forest tent caterpillar is found throughout the United States and adjacent Canadian
provinces. It has caused complete defoliation of aspen in the Lake States and adjacent
Canadian provinces; of oaks in Illinois; of sugar maple, basswood, and oaks in Michigan; of
sugar maple and aspen in the northeastern United States; and of water tupelo, black gum,
and cottonwood in Alabama, Mississippi, and Louisiana (Batzer and Moms 1978; Nyrop
1979).
LIFE HISTORY
In Minnesota, mating and egg laying occur in early to mid-July. The female moth usually
lays a single egg mass that contains approximately 200 eggs (range, a few to 500). The egg
mass normally is laid in cylindrical bands around a small aspen twig less than 8 mm in
IPresented in similar form as an invitation paper at the North Central Branch, Entomological Society of
America meetings in Madison, Wisconsin in April 1978.
2~choolof Natural Resources, University of Michigan, Ann Arbor, MI 48109
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diameter. About 75% of the egg masses are located in the middle and upper crown levels of
the host tree. Embryo development begins immediately after the egg is laid and the young
caterpillar (pharate larva) is fully formed within the egg in three weeks. It overwinters as a
pharate larva within the egg. Egg hatch in Minnesota varies from late April to late May
depending on weather conditions and location within the state. The caterpillars are gregarious during the first three larval stages. They become more independent in their feeding
habits during the last two larval stages. However, the late larval stages are still quite
gregarious and normally rest, feed, or molt in groups until late in the last larval stage or until
depletion of their food source. The forest tent caterpillars normally spend 5-8 weeks in the
larval stages. Cocoons are constructed during mid to late June by the mature larvae, in rolled
leaves on ground vegetation, shrubs, and on aspen and other trees. The locations of the
cocoons vary with tent caterpillar population density. When light and moderate defoliation
occurs, the cocoons are found primarily on leaves of the host tree, aspen. If heavy or
complete defoliation occurs, the cocoons are found everywhere. The majority are on ground
and shrub vegetation and on non-host tree species (i.e. balsam fir, red maple). The adults
emerge from the cocoons in 2 to 3 weeks with peak adult emergence occumng in early to
midJuly.

IMPACT
Using an experimental rating scheme, Addy et al. (1971) showed that the estimated impact
of the forest tent caterpillar ranks above all other forest insects in the north-central United
States. The forest tent caterpillar has defoliated aspen and other broad-leaved tree species
covering areas as large as 38,611 km2 (Davidson and Prentice 1968). In Minnesota and
throughout much of the aspen range, the forest tent caterpillar greatly reduces tree growth.
However, in most studies tree mortality was negligible except for small suppressed trees
(Kulman 1971; Batzer 1972). Tree stem densities and basal areas were reduced per plot by 41
and 27%, respectively, during the 19W1972 northern Minnesota outbreak (Witter et al.
1975). Tree mortality was most severe on plots with high water tables. Heavy defoliation
occurred in the same area for 5 to 7 consecutive years during this outbreakinstead of the %4
consecutive years that is characteristic of most outbreaks on aspen. Reduction in radial
growth of 70 to 100% often occurs with two or more consecutive years of moderate or heavy
defoliation (Duncan and Hodson 1958). They also reported 1&22% growth reductions one
year beyond cessation of defoliation. Growth returned to predefoliation averages during the
second year following the collapse of an outbreak. The large number of caterpillars, the
denuded trees, and the large number of sarcophagid flies associated with tent caterpillar
outbreaks are a major nuisance problem in resort areas and local communities.
Mattson and Addy (1975) used the periodic coordinate system to demonstrate variations
in the type and intensity of interactions between the forest tent caterpillar and hypothetical
aspen stands. This mapping technique showed that the forest tent caterpillar affected forest
production most severely in the ffith and sixth years (year 1 refers to the f m t year of visible
defoliation) after which the effect gradually diminished to become negligible.

MINNESOTA OUTBREAKS
The forest tent caterpillar is native to North America and outbreaks probably have occurred for hundreds of years in Minnesota. Documented records on outbreaks in Minnesota
exist from 1891 to present. Forest tent caterpillar outbreaks have been recorded eight times
in the last 87 years; 1891, 1898, 1912, 1921-1923, 1933-1938, 1948-1959, 19f541972, and
1977-present (See Hodson 1941, 1977; Witter et al. 1975 for additional information on outbreak histories).
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POPULATION DYNAMICS
The forest tent caterpillar often shows sudden population eruptions in trembling aspen
forests in Minnesota, Wisconsin, and Michigan and in the Canadian provinces of Ontario,
Manitoba, Saskatchewan, and Alberta. The outbreaks normally last 3 4 years with some
infestations occurring for 5 to 8 years. The interval between outbreaks in any one area varies
from 6 to 16 years. Ives (1973) demonstrated that all known outbreaks in the Prairie
Provinces and Ontario were preceded by a single year ( 2 4 years earlier) with a relatively
cool winter and an unusually warm spring. He also reported that years with increasing
populations had cooler overwintering periods than those with decreasing populations.
Weather, starvation, parasites, and diseases have been reported to be responsible for the
collapse of most outbreaks (Table 1).
Witter et al. (1975) in an intensive study on the population dynamics of the forest tent
caterpillar at epidemic levels showed that: (1) variations in annual egg densities were due
mostly to variations in survival during the egg to 30-day larval stage (S1) and secondly to
variations in survival during the 30-day larval to adult stage (S2), (2) S2 tended to change in
the opposite direction from S1, and (3) the net result was a tendency to produce a relatively
constant amount of eggs per unit area unless a severe disruption occurs to drastically lower
the population density. Variations in S1 were due primarily to pharate larval mortality and
mortality of larvae 2-3 weeks after hatch. Variations in S2 were due primarily to unmeasured mortality factors such as starvation, disease, and dispersal. The average daily mortality rate of larvae over all years and plots was 5%.
Egg Mortality. Parasitism, infertility, and death of fully developed first-stage larvae in
eggs (pharate larvae) were the egg mortality factors encountered in all studies (Hodson 1939,
1941; Witter and Kulman 1972b). Egg parasitism has been low (< 10%) in all studies on
North American Malacosorna, and apparently does not vary significantly with population
density (Witter and Kulman 1979). Egg mortality from infertility was insignificant in our
studies and varied from 1 to 3%. However, Hodson (1941) reported high and fluctuating
mortality from infertility of 33, 9, and 20% in 19361938, respectively. The high percentage
of infertile eggs laid in 1936 coincided with extremely high temperatures (38-42'C) during the
time of maximum adult emergence, moth flight, mating, and egg laying. This event led to the
collapse of forest tent caterpillar outbreaks in localized areas in Minnesota (Hodson 1941).
Cold winter temperatures have been responsible for the collapse of several outbreaks
(Table 1). The average yearly pharate larval mortality in North America varies from 1 to
over 90% (Witter and Kulman 1972b). Witter et al. (1975) showed a significant relationship
(r2 = 0.93) and an exponential rise in pharate larval mortality during 1%4-1972 vs coldest
overwintering temperature. During this outbreak in northern Minnesota, all observations
showed a precipitous rise in pharate larval mortality occurred at -40.6 to -41.7"C. Hanec
(1966) reported that the lower limit of cooling which pharate larva could tolerate before
freezing was -40.6 to -41. I0C. There are reported cases where substantial increases in
pharate larval mortality did not occur when winter temperatures were even lower than
-44°C (Hodson 1941; Ives 1973). This is not difficult to explain since there are different
genetic strains (Wellington 1%0; Campbell 1%6), different winter conditioningof tent caterpillar populations, and differences in the duration or nature of cold treatments (Mansingh
1964). In laboratory studies, Wetzel et al. (1973) showed that the effects of the same cold
temperature treatment on hatching varied by years.
Larval Mortality During the Early Stages. Weather conditions in early spring after egg
hatch have been responsible for the collapse of several outbreaks (Table 1). For example,
Hodson (1941) stated that only 11.7% of the hatched larvae were present 20 days after hatch.
Sweetman (1940), Hodson (1941), and Blais et al. (1955) have shown that the combined
action of one or more weather factors (i.e., cold temperature, rain, wind, snow, and absence
of foliage due to frost damage) on small larvae have been responsible for the collapse of
several outbreaks. Raske (1975) reported that newly hatched larvae in the laboratory survived lower temperatures and for longer durations than is usually encountered in Alberta
during early spring. He suggested that the cause of the sudden collapse of large populations
of early stage larvae cannot be solely attributed to low temperatures. Raske also speculated
that there may be cumulative interactions between the effect of low temperatures on early
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larval survival and sublethal dosages of a disease (i.e., nuclear polyhedrosis virus, microsporidia) in early larvae.
Stairs (1964) reported that forest tent caterpillars can be destroyed by epizootics of a
nuclear polyhedrosis virus 4-6 years after the first year of high caterpillar populations.
Lawal Mortality During the Late Stages. It is d i c u l t to obtain quantitative information on
the various mortality factors affecting outbreak populations of 4th and 5th-stage larvae
because of the wandering larval behavioral patterns. Parasitism, primarily by tachina flies,
varied from 3 t o 23% during 1967-1972 (Witter and Kulman 1979). Starvation can lead to the
death of millions of 4th and 5th stage larvae. This can be extremely common in localized
areas where egg densities are high, egg hatch is high, and survival during the first 30 days is
high due t o favorable weather conditions (Hodson 1977). The nuclear polyhedrosis virus can
kill large numbers of 5th stage larvae in habitats or years with high humidity (Stairs 1972).
Pupal Mortality. Pupal parasitism of the forest tent caterpillar normally increases with the
age of the outbreak and approaches 90% or more during the third or fourth year of an
outbreak (Hodson 1941; Sippell 1957). Witter and Kulman (1979) reported that in the
1964-1972 outbreak, pupal parasitism increased with the age of the outbreak until 1968,
decreased significantly in 1969, then increased again until the population collapsed in 1972.
The lower rate of parasitism in 1969 probably resulted from high mortality of overwintering
Diptera puparia from extremely wet conditions in the fall of 1%8 and/or from competition
among parasites (Witter et al. 1972). Pupal parasitism was highest on cocoons collected from
the ground level and progressively lower in the shrub and crown levels. Sarcophagid and
tachina flies generally accounted for 98 to 99% of the parasitism in the late cocoon collections during 1967-1971. Sarcophaga aldrichi Parker is the most common pupal parasite in
the Lake States and adjacent Canada. The populations of this flesh fly nonnally increase
with the age of the outbreak and often account for at least 75% pupal parasitism during the
third or fourth year of an outbreak (Hodson 1939b, 1941; Sippell 1957). Thus. heavy pupal
mortality caused by S. aldrichi during the third or fourth year of an outbreak augmented by
prior reduction in the caterpillar population due to starvation or bad weather affecting egg
hatch and/or early larval survival can lead to a population collapse.
Reduced Fecundity. Witter et al. (1975) reported a variation in fecundity during the 1%71971 studies of 122-236 eggslegg mass with an overall mean of 169.7 eggslegg mass. Highest
fecundity occurred in 1 x 8 and 1969 with the lowest fecundity present in 1970. Some important factors which cause fecundity to vary are population density, food quality. insect
quality, and physical factors such as temperature and humidity.
Changes in Adult Sex Ratio. The sex ratio is approximately 1:1 during the first years of an
outbreak and a sex ratio showing a male bias (two or more males to every female) is common
in the latter years of an outbreak (Witter, unpubl. data).
Dispersal Losses. Dispersal losses or gains, specifically movements of adult moths. and its
effect on forest tent caterpillar populations has not been studied to date.
Summary of Population Collapses. The following four factors acting by themselves or in
combination appear to be the most important factors affecting the collapse of forest tent
caterpillar outbreaks: (I) high pharate larval mortality due to low winter temperature, (2)
high early larval mortality due to harsh weather conditions during the first 3 weeks after
hatch, (3) high late larval mortality from starvation, and (4) high pupal parasitism by S.
aldrichi. The factors responsible for keeping endemic populations in check have not k e n
quantified o r studied at this time.
PEST MANAGEMENT
Sampling techniques used for determining forest tent caterpillar populations are presented
by Connola et al. (1957), Shepherd and Brown (1971), Witter and Kulman (1%9), Witter et
al. (1972, 1975), Nyrop (1979), and Nyrop et al. (1979). Recommended pest management
practices for the forest tent caterpillar in forested areas are: (1) an annual aerial survey
and/or egg mass survey to determine the current defoliation levels, (2) an active educational
program for the citizens during the outbreak phase, and (3) inspections by the forest manager of the quality of the mature and overmature aspen stands affected during the outbreak.

Table 1. Factors acclaimed to be responsible for collapse of forest tent caterpillar outbreaks.
Factor(s)
Cold temperature
Cold temperature
Cold temperature
Cold temperature
High temperature-low fecundity
(adult), infertility (egg)
Rain, wind, cold temperature,
and absence of foliage due to
frost damage
Rain, wind, and cold temperature
Freezing temperature, snow
Cold temperature
Cold temperature
Cold temperature
Virus
Starvation (food depletion), pupal
parasitism (S. aldrichi)
Starvation, (food depletion), pupal
parasitism (S. aldrichi)
Parasitism (S. aldrichi)
aFirst stage larva in egg (pharate larva).
b~ersonalobservation.

Stage

Location

Reference

Minnesota
Alberta
Saskatchewan
New Brunswick

Witter et al. 1975
Gautreau 1964
Prentice 1954
Gorham 1923

Adult, Egga

Perham, Minn.

Hodson 1941

Small larva,
Egga
Small larva
Small larva
Small larva
Small larva

Minnesota
Minnesota
Central Canada
NE U.S.
New Brunswick

Hodson 1941
Hodson 1977
Blais et al. 1955
Sweetman 1940
Tothill 1919,
1923
Lowe 1899
Stairs 1964

Small larva
Small and
large larva
Large larva,
Pupa
Large larva,
Pupa
Pupa

Year

NE U.S.
1952
1977
1938

Minnesota
(localized areas)
Michigan
(localized areas)
Grand Marais, Minn.

Hodson 1977
Witter 1977b
Hodson 1941
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Overmature aspen stands have a tendency to deteriorate faster immediately after an outbreak.
In highly used forest recreational areas or urban parks, public demands may occasionally
require the use of Bacillus rhuringiensis Berliner, a microbial insecticide, or a chemical
insecticide (i.e., Sevin, Malathion) to reduce forest tent caterpillar populations. Homeowners can mechanically reduce the populations in their yards by cutting the egg masses off
the trees in the winter or early spring. After the larvae hatch in the spring, homeowners can
apply microbial or chemical insecticides.
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DIFFERENTIAL HATCHING TIMES IN THE
FOREST TENT CATERPILLAR (LEPIDOPTERA: LASIOCAMPIDAE)
Nancy Lorimerl
ABSTRACT
The daily pattern of larval emergence was determined for 36 egg masses collected from
Ontonagon County, Michigan. Duration of hatching ranged from 6 to 16 days. Peak emergence occurred 3 and 4 days after the beginning of hatch.

Forest tent caterpillar, Malacosoma disstria Hiibner, moths lay their eggs in masses
around twigs of the host tree. First instar larvae develop within the eggs and remain there
through the winter, hatching in spring. Accumulation of a number of heat units, or degreedays, beyond a threshold temperature seems necessary for hatching in the field (Mattson
and Erickson 1978). Little information is available about the length of the hatching period or
variability in hatching times within egg masses. In this note I report the pattern of larval
emergence in the laboratory for a sample of egg masses from Michigan.
MATERIALS AND METHODS
Egg masses were collected in fall in Ontonagon County, Michigan, from aspen, Populus
tremuloides Michx., and were held in a cooler at 5'C for 3 months.
Four groups of nine masses each were removed from the cooler at weekly intervals.
Number of larvae was recorded for each mass daily except weekends. Days on which no
observations were made were assigned average values based on the next count. The numbers of larvae emerging from each egg mass were summed for each day after hatching began
so that the overall pattern of emergence could be quantified. A frequency distribution was
constructed.
RESULTS AND DISCUSSION
The pattern of hatching varied among the 36 egg masses examined (Table 1). The duration
of hatching for an egg mass ranged from 5 to 16 days. Only 6% of all larvae hatched on the
first day. Peak hatch occurred 3 and 4 days after the beginning of hatching, with 14% of
larvae hatching on each of those days. The frequencies of emerged larvae approximated a
normal distribution, skewed to the right (Fig. 1). Differential emergence is likely to be
adaptive. Larvae must find food soon after hatching in order t o survive, yet older foliage
cannot be a s easily assimilated. Optimal hatching time would be the small period between
leaf flush and leaf aging, a period that fluctuates from year to year. Variability in caterpillar
hatching time would increase the probability of some caterpillars hatching within the critical
period.
This study shows that forest tent caterpillars are variable in hatching time, that as many as
16 days can separate the emergence of individuals from the same egg mass. Whether different hatching times represent different rates of degree-day accumulation, diierent threshold
temperatures, o r other factors is unknown. However, hatching variability of the insect is
probably an adaptive response to leaf flushing variability in the host.

l ~ o r t hCentral Forest Experiment Station, USDA Forest Service, 1992 Folwell Avenue, St. Paul, MN
55108.
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Table 1. Individuals hatching on consecutive days from 36 Michigan egg masses.
Days after first hatch

Egg mass

124
125
126
127
128
129
130
131
132
133
134
135
136

TOTAL

1

2

3

4

5

6

7

8

9 1 0 1 1 1 2 1 3 1 4 1 5 1 6
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DAYS AFTER HATCHING BEGINS
Fig. 1 . Frequency distribution of 2299 larvae hatching from 36 egg masses over a 16-day period.

ACKNOWLEDGMENTS
I thank Walter George for laboratory assistance.
LITERATURE CITED
Mattson, W. J., Jr., and G. W. Erickson. 1978. Degree-day summation and hatching of the
forest tent caterpillar, Malacosoma disstria (Lepidoptera: Lasiocampidae). Great Lakes
Entomol. 11:59-61.

1979

THE GREAT LAKES ENTOMOLOGIST

203

VALIDATING MICHIGAN STATE UNIVERSITY'SCODLING MOTH
MODEL (MOTHMDL) IN AN ARID ENVIRONMENT: ATEST IN UTAH
Clive D. Jorgensen,' Mark E. Martinsenl and Layne J. Westover2
ABSTRACT
MOTHMDL performed rather well under the drier conditions of apple production in
Utah. It was able to predict codling moth (Laspeyresia pornonella) phenology between 3.80
and 8.80 calendar days of observed for first hatch of spring generation, 50% of spring hatch,
adult emergence, first hatch of summer generation, and 50% of summer hatch. Generally,
MOTHMDL seems adaptable enough to perform well in Utah climates; thus its performance
in the expected climatic changes in Michigan would likely be even better.

The potential for strictly biological control of codling moths (Laspeyresia pornonella
[Linnaeus]) is limited since natural enemies such as effective predators and parasitoids are
not available (Chapman 1973). Since organic pesticides are the only effective control agents
registered and commercially available, more economical and environmentally safer control
requires a reduction in the number of spray applications, which is possible if the applications
are better synchronized with codling moth phenology.
MOTHMDL, developed at Michigan State University, has demonstrated that a physiological time model requiring climatic and pheromone trap catch data provides a reliable
system to predict the phenology of codling moths in Michigan (Riedl and Croft 1978a).
MOTHMDL is part of a computer-based information system called the general Pest Management Executive System (PMEX), used by Michigan apple growers to improve control
applications (Croft et al. 1976). To determine its reliability in Michigan and applicability to
other fruit growing areas, its predictions need to be validated under climatic conditions that
depart substantially from what would be expected in Michigan's fruit growing area where
MOTHMDL was developed. These conditions were available in Utah where temperature
and precipitation (mostly during winter) average 23.8"C and 5.08-7.62 cm, respectively
during the growing season.
Westover and Jorgensen (in press) began the validation of MOTHMDL in 1977 using an
abandoned apple orchard in Utah Valley, Utah. They included all stages of c o d h g moth
development (adult, egg, larva, pupa) in their studies, monitored as described by Riedl et. al.
(1976). Our objective was to expand this work by testing the predictive capability of
MOTHMDL for another season in different geographical areas of Utah Valley, while using
climatic data supplied by NOAA (National Oceanic and Atmospheric Administration) stations, not usually in close vicinity to the validation orchards. Observed phenological events
were to be compared with predictions provided by MOTHMDL.
METHODS
Data were collected in 1978 from four abandoned apple orchards scattered throughout the
apple growing area of the Utah Valley (Lindon, West Mountain, Spring Lake, and Mapleton). All orchards were unsprayed, and with one exception, separated from other unsprayed trees by at least 1 km.Male codling moths were monitored throughout the growing
season using Pherocon 1 C traps and Pherocon CM caps.3 Attractant caps were replaced
every three weeks, and each trap replaced after it had collected about 50 moths or an

l~epartmentof Zoology, Brigham Young University, Provo, UT 84602.
2~epartmentof Entomology, University of Missouri-Columbia, Columbia, MO 65201.
3~oeconCorp., 975 California Ave., Palo Alto, CA 94304.
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equivalent amount of dust and debris. Moths were counted and removed from the traps
three times each week from May to October 1978.
Pupation and adult emergence were monitored weekly by examining larvae, pupae, and
emerged pupae under corrugated cardboard bands placed on tree trunks in the orchards.
Oviposition, egg development, and egg hatch were monitored weekly by inspecting 20 fruit
clusters each from the upper and lower crown regions of 10 randomly selected trees from
each orchard. When necessary, the date of first egg hatch was estimated from the develop
mental stage of the first egg found.
Temperature data were provided from 1 January 1978 to 1 November 1978 by five NOAA
stations. Accumulative degree-days were determined from these data by MOTHMDL,
which uses 10°C as the lower and 31°C as the upper developmental threshold temperatures.
Predicted dates of phenological events, using NOAA temperatures, were obtained from
MOTHMDL and Riedl and Croft (1978b).
Accuracies of the MOTHMDL predictions were comparatively assessed using a threeway analysis of variance (p = .05)., with diierences between predicted and observed events
a s the dependent variable. Independent variables were abandoned orchards, temperature
data, and phenological events. Duncan's multiple range test was used to determine the
orchard in which codling moth phenology was predicted best by MOTHMDL.
RESULTS
Codling moth populations were bivoltine in Utah Valley (Fig. 1-4), but with considerable
variability among populations in the four orchards. Accuracy of MOTHMDL predictions
(Table 1) can be more easily assessed by comparing its predicted calendar days with those
observed (Table 2). Predicted cumulative egg hatch for the two generations was rather
encouragingly contrasted with the observed egg hatch for all four orchards (Fig. 5). Riedl
and croft (1978b) was also compared in Table 2; since this represented an earlier version of
MOTHMDL.
The analysis of variance suggested that none of the independent variables had a sigdicant
effect on the accuracy of MOTHMDL predictions of the phenological events summarized in
Table 2. Second order interactions were used to determine if combinations of independent
variables were significant and to determine if there were any differences among the orchards. Interactions between weather and orchards and weather and phenology were both
significant (p 5 .05), suggesting that some weather data and at least one orchard provided
better predictions than the others. Duncan's multiple range test was used to determine
which orchard's data was predicted best by MOTHMDL. The Mapleton orchard was predicted significantly closer than Lindon orchard with NOAA-1 data, but there were no
significant differences among the other orchard contrasts.
DISCUSSION
Observed phenology differed somewhat from that predicted but most of the differences
would not preclude using the predictions for effective codling moth control, particularly if
pesticides with residual action of 2CL30 days are used. Differences in the time between
predicted and observed events were possibly due to differential effects of winter temperatures on diapause termination, effects of lower spring temperatures on the length of preoviposition peridos, and effects of precipitation and temperature on adult female activity and
oviposition (Hagley 1976). Further testing needs to be done to assess these effects on codling
moth phenology before they can be incorporated into the predictions.
MOTHMDL seems to predict codling moth phenology adequately for pest management
decisions in Utah. If the weather data were collected at the orchard, these predictions would
likely be appreciably better. Since MOTHMDL provided reliable predictions of codling
moth phenology under the Utah climatic conditions, we believe it will perform at least as
well in Michigan providing the weather and sampling data are adequate.
Another interesting and expanded use of MOTHMDL is its potential as a management

-n

WEEKLY AVG. CATCHITRAP X 10

3 g 6'
-

u

P

e$p

8 g 2.

I

m

03

1

.

I

I

W

N
P

2

0

'

'

N

I

1

pg2

pg

9 Ba %
u
$9" $

,-.a
='a

0

-'c 3

83
p gw
'"

w

3

@pg

0

;

sz; ;
S'TF m
F'O

0

5s o; 0. -<p
gwp

2%

E7Z8
-. *

<85.
Oa-

x
2

8

% a i?

3,c

'Peg

g a
g g
?

9%
m
z 5
''

%2
-.
o

%
'

c o
3 b
Eg

2.a

1

'
9
0

P

03

a

N

EGGS110 FRUIT CLUSTERS

2

m

THE GREAT LAKES ENTOMOLOGIST

Vol. 12, No. 4

w

50%

1

0

2

4

6

1

1

8 10 12 14 16 18
DEGREE DAYS X 100

1

1

20

1

1

1

1

1

1

22 24 26

1

1

28

Fig. 2. Relationships of pheromone trap catch to oviposition in the West Mountah orchard: average catch
per pheromone trap and egg numbers per 10 fruit clusters plotted on a calendar time scale: cumulative
percent catch and oviposition per generation on a cumulative degreeday scale.
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Fig. 5. Comparison of predicted cumulative egg hatch with observed egg hatch in the four orchards using
NOAA weather data, plotted on a cumulative degree-day scale, 1978.

tool for codling moths in Utah. A careful review of Table 3 will exemplify the economic
advantages of more critical analyses of codling moth phenology. In all orchards, comparable
control could seemingly have been obtained with less intensive spraying than is recommended by the County Extension Off~ce.Using MOTHMDL or Riedl and Croft (1978b)
predictions would have saved about one-third of the growers' spray costs for codling moth
control, produced less environmental pollution, reduced the probability of causing secondary pest outbreaks, and reduced the rate of likely genetic resistance development to the
pesticide.
In general, MOTHMDL seems robust enough to consider using it in many other fruit
growing areas, but only after adequate validation is completed under the local climatic
conditions.
LITERATURE CITED
Chapman, P. J. 1973. Bionomics of the apple-feeding Tortricidae. Ann. Rev. Entomol.
18:73-96.
Croft, B. A., J. L. Howes and S. M. Welch. 1976. A computer-based, extension pest
management system. Environ. Entomol. 5:2&34.
Hagley, E. A. C. 1976. Effect of rainfall and temperature on codling moth oviposition.
Environ. Entomol. 5:%7-%9.
Riedl, H. and B. A. Croft. 1978a. Management of the codling moth in Michigan. Michigan
State Univ. Agric. Expt. Sta. Res. Rpt. 337.
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Table 1. Comparisons of MOTHMDL prediction and field data analysis: degreedays were
computed with MOTHMDL in both analyses.
Data Analysis
Degreedays

Date
Predicted

May
May
June
June

0
135
233
452

9 May
-

-

2 June
24 June

205
500

Summer Adult Emergence
Summer First Hatch
Summer 50% Hatch

18 July
21 July
7 Aug.

944
1005
1363

16 July
27 July
22 Aug.

895
1120
15%

Spring
Spring
Spring
Spring

9
23
5
21

May
May
June
June

0
149
225
507

9 May
3 1 May
21 June

0
205

Summer Adult Emergence
Summer First Hatch
Summer 50% Hatch

18 July
21July
7 Aug.

1036
1110
1542

12 July
22 July
10 Aug.

895
1120
15%

Spring
Spring
Spring
Spring

13 may
22 May
6 June
22 June

0
53
204
500

13 May
-

-

9 June
30 June

488

Summer Adult Emergence
Summer First Hatch
Summer 50% Hatch

8 July
25 July
8 Aug.

908
1306
1411

18 July
27 July
19 Aug.

1121
1587

Spring
Spring
Spring
Spring

8 May
28 May
14 June

0
158
374

8 May
6 June
21 June

0
-

Summer Adult Emergence
Summer First Hatch
Summer 50% Hatch

8 July
13July
2 Aug.

798
1028
1379

13 July
23 July
11 Aug.

913
1132
1588

Spring
Spring
Spring
Spring

12 May
6 June
24 June

0
230
510

12 May
6 June
23 June

13 July
20 July
5 Aug.

853
1044
1435

15 July
25 July
11 Aug.

Orchard
Lindona
(NOAA- I)

Lindona
(NOAA-2)

West Mountain

Spring Lake

Mapleton

Spring
Spring
Spring
Spring

Phenological
Event

Date
Observed

Adult Emergence
First Egg
First Hatch
50% Hatch

9
23
5
21

Model Analysis

Adult Emergence
First Egg
First Hatch
50% Hatch

Adult Emergence
First Egg
First Hatch
50% Hatch

Adult Emergence
First Egg
First Hatch
50% Hatch

Adult Emergence
First Egg
First Hatch
50% Hatch

Summer Adult Emergence
Summer First Hatch
Summer 50% Hatch

Degreedays
0

500

0
220
909

5
487

0
-

2.3 1
490
909

1131
1593

aData from two NOAA weather stations were analysed, the orchard is much closer to N O M - I than
NOAA-2, the latter being about 16 km away.
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Table 2. Error of predictions expressed as calendar days differences between observed
phenological events and events predicted by Riedl and Croft (1978b) and MOTHMDL.
Phenological Events
Spring
Generation
Orchard

First
Hatch

50%
Hatch

Summer
Generation
Adult
Emergence

First
Hatch

50%
Hatch

Average
Difference

Lindon 2nd NOAA-la
Riedl & Croft
MOTHMDL
Lindon 2nd NOAA-2a
Riedl & Croft
MOTHMDL
West Mountain
Riedl & Croft
MOTHMDL
Spring Lake
Riedl & Croft
MOTHMDL
Mapleton
Riedl & Croft
MOTHMDL
Average Difference
Riedl & Croft
MOTHMDL
aData from two NOAA weather stations were analysed, the orchard is much closer to NOAA-1 than
NOAA-2, the latter being about 16 km away.

. 1978b. The effect of photoperiod and effective temperatures on the seasonal
phenology of the codling moth (Lepidoptera: Tortricidae). Canadian Entomol. 110:455470.
~ i e d lH.,
, B. A. Croft and A. J. Howitt. 1976. Forecasting codling moth phenology based on
pheromone trap catches and physiological time models. Canadian Entomol. 108:449460.
Westover, L. J. and C. D. Jorgensen. Degree days and pheromone trap catches in predicting
codling moth phenology in Utah Valley, Utah. Encyclia. (in press)

Table 3. Utah State University Extension recommendations for timing codling moth covers (assuming Guthion is used) in the four abandoned
orchards, 1978.
Lindon
Cover
Spray
First
Extensions
MOTHMDL
Riedl & Croft

Date

21 May
I5 June
13 June

West Mountain

Degreedays

131
500
465

Date

25 May
20 June
19 June

Degreedays

93
488
465

Mapleton
Date

24 May
17 June
16 June

Spring Lake

Degreedays

134
490
465

Date

20 May
14 June
14 June

Degreedays

105
487
465

18 June
3 Aug.
29 July

572
1596
1480

22 June
8 Aug.
31 July

535
1588
1480

21 June
6 Aug.
2 Aug.

559
1593
1480

. 17 June
31 July
27 July

550
I588
1480

k
2

ErA

3

g

P

0

Third

Extensions
MOTHMDL
Riedi & Croft

n

m

Second
Extensions
MOTHMDL
Riedl & Croft

m2

16 July
none
nonc

1182

-

20 July
none
none

1124
-

19 July
none
none

1163
-

15 July
none
none

1161
-

8
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FIELD TECHNIQUES FOR ASSESSING THE IMPACT OF
THE SPRUCE BUDWORM (LEPIDOPTERA: TORTRICIDAE)
IN MICHIGAN'S UPPER PENINSULA
Thomas P. Mog and J. A. Witterl
ABSTRACT
The described field techniques are currently employed in balsam fir stands within the
Hiawatha and Ottawa national forests to assess the impact of the spruce budwom, Choristoneura fumiferana (Clemens), on balsam fir and spruce. This information is presented to
encourage others involved with pest management to publish their measurement techniques.
Standardization of commonly used data collection procedures to assess insect impact will
result in more meaningful evaluation and comparison of similar studies.

INTRODUCTION
There is little information available on the biological and economic impact of the spruce
budworm, Choristoneura fumiferana (Clemens), in the Lake States, particularly for Michigan. An impact study plot system of 108 ground sampling units was established and evaluated in the Ottawa and Hiawatha national forests in Michigan's Upper Peninsula during May
to August 1978. An additional 28 ground sampling units were added in 1979. AU ground
sampling units will be evaluated once each year from 1979 to 1981. The impact study plot
system was established to obtain a data base for assessing the impact of the spruce budworm
and for developing a hazard rating system for spruce-fir stands in Michigan's Upper Peninsula.
The sampling scheme used for the impact study plot system is an adaptation of the
stratified three-stage cluster sampling technique (Schumacher and Chapman 1954; Sukhatme and Sukhatme 1970; Yamame 1967); it will be fully described in an upcoming publication. The sampling units were: (1) stratum-a national forest, (2) primary sampling unit
(PSU)-a forest compartment, (3) secondary sampling unit (SSU)-a spruce-fir stand, and (4)
tertiary sampling unit (TSU)-a circular plot.
The objective of this paper is to describe the measurements taken within a tertiary sampling unit used to assess the impact of the spruce budworm on a forest stand.
METHODS

Description of TSU. A tertiary sampling unit (TSU) consists of one of the three concentric
circular plots of 0.02, 0.04, and 0.08 ha (0.05, 0.10, 0.20 acre, respectively) established
around a single fried plot center, a 1.5 m metal pole. The particular circular plot used
depends on the parameter being measured and evaluated. AU three concentric circular plots
make up the composite ground sampling unit.
Parameters measured. The parameters recorded for each tertiary sampling unit are as
follows:
0.02 ha plot: (1) sapling count and budwom feeding on saplings, (2) tree number, (3) tree
height, (4) crown condition, and (5) defoliation ranking.
0.04 ha plot: (1) tree number, (2) tree species, (3) DBH, (4) crown position, (5) tree
condition, and (6) budworm feeding on reproduction.
0.08 ha plot: (1) tree mortality-(a) tree species, (b) DBH, and (c) tree condition.
In addition to the above tree data, the following descriptive information is obtained for
each ground sampling unit: (1) measurement date, (2) measurement year, (3) county, (4)
l ~ c h o o of
l Natural Resources, University of Michigan, Ann Arbor, MI 48109.
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national forest, (5) plot number, (6) forest type, (7) aspect, (8) percent slope, (9) drainage.
(10) national forest district, (1 1) township and range, (12) bectiofi number, (13) stand age, and
(14) soils information.
All tree parameters except for species are reevaluated annually. The plot description data,
except for date and measurement year, are determined only once during the study. Figure 1
shows the tally sheet used for recording all field measurements taken inrhe Michigan Spruce
B u d w o m Impact Study.
TALLY SHEET
for
Michigan Spruce Budworm Impact Study

I

0.04 HA.

TREE TALLY

r-7
0.02 HA.

TREE TALLY

Fig. 1 . Tally sheet for the Michigan Spruce Budworm Impact Study Plot System.
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DESCRIPTION OF MEASUREMENTS FOR EACH PARAMETER
Sapling count and budworm feeding on saplings. The number of live spruce and balsam fir,
other softwoods, and merchantable hardwoods is recorded by 2.5 cm classes for all stems
1.3 cm-11.5 cm DBH within the 0.02 ha plot. Each tallied sapling is sprayed with red paint at
eye level, but is not numbered. A visual estimate of the extent of budworm feeding on live
spruce and fir saplings within the 0.02 ha plot is determined and pseudoquantitied into one of
the following four categories: (1) none - 0 to 10%of the total foliage missing, (2) light - 10%to
33% of total foliage missing, (3) moderate - 33% to 66% of total foliage missing, and (4) heavy
more than 66% of total foliage missing.
Tree number. The tree number assigned to all trees 11.6 cm DBH and larger on the 0.02
and 0.04 ha subplot is recorded. These trees are numbered in a systematic fashion with the
tree nearest magnetic north from plot center being tree number 1. AU other trees are numbered sequentially as the observer moves clockwise from tree number 1. Ingrowth trees
(i.e., trees which grew into DBH of 11.6 cm or more in the year since last measured) are
numbered sequentially commencing where the previous year's numbering ended. Only trees
within the 0.02 and 0.04 ha plots are numbered. The number is painted on the tree bole at eye
level using white "Nel Script" paint. Dead trees are not numbered, but a large red "X" is
sprayed on the bole in place of a number.
Tree species. The species of all trees 11.6 cm DBH and larger on the 0.04 ha plot are
recorded. Alphabetic codes are used to enter this information on the tally sheet.
DBH The DBH (i.e., tree diameter at 1.4 m above average ground level) of all numbered
trees within the 0.04 ha plot is measured and recorded to the nearest 0.1 cm. A small white
Nel Script "X" and a narrow red horizontal band of paint is applied on the bole where the
DBH is measured since demarcation of the exact level at which the metric D-tape was held is
critical.
Crown position. The crown position of each tree 11.6 cm DBH or larger within the 0.04 ha
plot is recorded as: (1) dominant, (2) codominant, (3) intermediate, or (4) suppressed. If the
upper portion of a live or dead tree is missing, the crown position prior to loss of the upper
portion of the crown is estimated by comparing the tree's DBH and its overall size with trees
of the same species which are intact on the plot.
Tree condition. The condition of each tree 11.6 cm DBH or larger within the 0.04 haplot is
recorded at the time of measurement as: (1) merchantablesoundness of tree exceeds 30%,
or (2) cull-tree alive but of no commercial value, 30% sound or less. If the tree is dead, the
cause of death is recorded as: (1) spruce budworm, (2) blowdown, (3) harvest, (4) logging
damage, (5) fire, (6) other-cause specified, and (7) unknown. Any previously numbered tree
which died since the last measurement period is recorded as a dead tree. Also, a large red
"X" is sprayed over its number so that it will not be reevaluated a year later.
Spruce budworm feeding on reproduction. The extent of spruce budworm feeding on
spruce and fir stems less than 1.3 cm in diameter and over 0.3 m in height is recorded for
each 0.04 ha plot. The guidelines are the same as those used to evaluate budworm feeding on
saplings. The categories are: (1) none, (2) light, (3) moderate, or (4) heavy.
Tree height. The total height of all numbered live spruce and fir trees within the 0.02 ha
plot is measured to the nearest 0.3 m using a metric Suunto clinometer. If the top is broken
out, the total height of the remaining portion of the tree is recorded.
Crown condition. The total length of the live crown and of the dead crown (if present) is
determined to the nearest 0.3 m for all numbered spruce and fir trees which fall within the
0.02 ha plot. The length of the live crown is measured from an imaginary line which marks
the average lowest point of the green crown to the uppermost live terminal of the tree,
whether or not partially defoliated. The total length of the dead and/or completely defoliated
portion of the crown also is measured and recorded.
Defoliation ranking. AU numbered spruce and fir trees in the 0.02 ha plot are ranked
according to the amount of defoliation which occurred within the crown. Using binoculars,
the green portion of the crown is ranked as having: (1) no defoliation-no observable feeding
damage, 0 to 20% of total foliage missing, (2) light to moderate defoliation - 20% to 5Wo
defoliation of total foliage, (3) heavy defoliation-50% or greater defoliation with no observable top-kill, and (4) severe defoliation-~WOor greater defoliation with obvious top-kill.
-
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The defoliation ranking is detennined after the host species foliage is fully flushed out and
after most of the budworm feeding has occurred. In Michigan's Upper Peninsula. the defoliation ranking is measured from late June through August.
Tree mortality. Because tree mortality within a stand is often patchy, all black spruce,
white spruce, and balsam fir trees 11.6 cm DBH or larger within the 0.08 ha plot are
evaluated as follows: (1) tree species, (2) DBH, and (3) tree condition (alive or dead). The
soundness or cause of death is not recorded for trees outside of the 0.04 ha plot. Dead spruce
and fir trees inside the 0.08 ha plot are sprayed with a large red "X" on the bole. When tallying
the 0.08 haplot, a 30 m tape is run out 16.1 m fromplot center past tree number 1. The nearest
tree greater than 11.6 cm DBH on the outer margin of the 16.1 m radius is sprayed with 30 cm
wide band of red paint. Trees within the 0.08 ha plot are evaluated by moving clockwise from
the banded tree.
Sometimes it is difficult to determine whether a tree is dead or alive by using foliage or
other external cues. This is especially true for balsam fir which often retains some green
foliage after the tree is dead. A "cambium test" is performed if there is any doubt as to the
mortality status of a given tree. A short section of the cambium layer is exposed with a knife
and quickly examined because the cambium of a healthy tree will oxidize and turn brown
when exposed to the air. A healthy tree has a cream-colored cambium, inner bark. and
xylem; a dying tree has brown streaks through the cream-colored areas: and a dead tree has
a brown-colored cambium, inner bark, and xylem. Any tree with brown streaking is recorded as dead because it is only a matter of time before all tissues in the tree w i l l be dead.
Plot description data. The following descriptive information is recorded for each plot: ( 1)
date-month and day of evaluation, (2) year-calendar year of evaluation, (3) county. (4)
national forest, (5) plot number-a three-digit code, beginning with 001. (6) forest &-pesoftwood (a stand comprised of 75% or more balsam fir, spruce, hemlock. eastern larch.
white cedar, and pine) or mixed wood (a stand in which neither softwoods or hardwoods
comprise 75% or more of the stand), (7) aspect-direction of slope to nearest degree. (8)
percent slope-recorded directly from the Suunto Clinometer as a fraction in the field (e.g..
1/20 m) and converted to percent slope for the data file, (9) drainage-recorded as poor.
moderate, or well drained, (10) national forest district, (11) township and range. (121section
number, (13) stand age-detennined by taking increment cores at 1.2 m above ground horn
16 dominant and codominant spruce and fir trees located within the stand but outside of the
0.04 ha plot, and (14) soils information-physiographic position, depth to mottling andlor
ground water, thickness of the organic horizons, pH, and a soil sample taken for determination of texture. The procedures for obtaining soils information will be discussed in a subsequent publication.
Plot Identification Information. The location of the forest stand and study plot is documented by preparing an overlay location map from the aerial photographs of the area. and by
preparing a written description of the access to and the location of the plot center including
witness tree information.
DISCUSSION
The current spruce budworm outbreak in the Lake States began in the 196Ws. Mortality of
balsam fir in Michigan was first reported in 1971 (Hastings and Renlund 1976). Presently.
most of the spruce-fir type in Michigan's Upper Peninsula is under some stage of attrtck.
Mosher et al. (1979) presented maps showing defoliation and mortality caused by the spruce
budworrn on non-federal lands in Michigan. They reported that over 101.000 ha of private
and state lands had heavy defoliation and mortality. Our observations on federal lands in
Michigan's Upper Peninsula during 1978 and 1979 indicate that there is heavy defoliation
and considerable tree mortality within the Ottawa and Hiawatha national forests. We also
observed that the amount of defoliation and tree mortality among spruce-iir stands ranges
from no detectable defoliation to nearly 100% stand mortality. The field techniques presented in this paper are being used in our 1978-1981 impact study in Michigan's Upper Peninsula. Results of this study will enable us to better assess the impact of the spruce budworm
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and will allow us to develop a hazard rating system for spruce-fir stands in the Upper
Peninsula.
The purpose of this paper is to document the field techniques we are using'to assess the
impact of the spruce budworm in Michigan's Upper Peninsula. In the past, entomologists
and foresters often have been remiss in quantifying insect impact and/or in publishing the
techniques employed in their impact studies. Consequently, there is a paucity of data on
insect impact, and many different techniques are used to measure the same or similar tree
parameters. Also, differences in measurement techniques rather than actual differences in
the growth response of trees being studied often make comparison of similar studies d%icult.
Professionals involved in forest pest management must begin to standardize the techniques used in gathering forest insect impact data and data on insect population densities.
Several promising events in this direction have occurred recently in forest pest management.
They are: (1) a region-wide technique for measuring impact of the mountain pine beetle in
lodgepole pine stands in the western United States (Cline et al. 1979), (2) a region-wide
technique for sampling the number of spruce budworm egg masses in coniferous stands in
the western United States (Grimble and Young 1977), (3) movement towards standardization
of the techniques for assessing the impact of the spruce budworms in the eastern and
western United States, respectively (Ford and Ciesla, pers. c o r n . ) , and (4) coordinating
and compiling of publications on sampling techniques for each of the major forest pests by
the U.S. Forest Service, Forest Insect and Disease Management, Methods Application
Group, Davis, California (Ciesla, pers. c o r n . ) .
The measurement techniques used and the tree parameters recorded in this study were
developed after reviewing the spruce budworm literature (e.g. Moms 1963; McKnight 1968;
Batzer 1969, 1973; Ashley et. al. 1976; Rea and Houseweart 1978) and consulting with a
number of scientists involved in collecting various types of impact data during the last 25
years. We hope that the publication of this methods paper will encourage others involved in
forest pest management to publish their measurement techniques and thereby increase the
interest in the standardization of certain commonly applied insect impact data collecting
procedures.
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VERTICAL STRATIFICATION PREFERENCES OF ADULT FEMALE
MOSQUITOES IN A SYLVAN HABITAT (DIPTERA: CULICIDAE)
Lee Mitchell1 and C. Lee Rockett2
ABSTRACT
Vertical stratification preferences and seasonal population variations of female mosquitoes were investigated in a northwestern Ohio woodland area. Vertical collection sites,
equipped with CDC light traps, were located at ground level and at heights of 7.8 and 15.5
meters. At ground level, species of Aedes comprised 98% of the female mosquito sample.
Collections at the 7.8 m elevation consisted primarily of Culex and Aedes species, 56% and
41% respectively. Culex mosquitoes represented 89% of the collection at the 15.5 m level.
Specimens of Aedes were most abundant in June, whereas Culex mosquitoes reached their
population peak in August.

Studies regarding the vertical stratification preferences of mosquitoes have helped to
better clarify host selection and die1 activity of individual species at different spatial levels.
Workers in other countries (Galindo et al. 1951; Haddow et al. 1961) have utilized vertical
stratification studies as an integral component in their epidemiological investigations of
yellow fever. This concept has been recently employed in the U.S. by investigators concerned with the role of tree-hole breeding mosquitoes, Aedes triseriatus (Say) and Ae.
hendersoni Cockerell, in the transmission of the Lacrosse strain of California encephalitis
virus (CEV) (Loor and DeFoliart 1970; Scholl and DeFoliart 1977; Sinsko and Grimstad
1977). The St. Louis encephalitis (SLE) epidemic in the U.S. during 1975 prompted many
states to initiate arbovirus surveillance programs in order to determine the extent of involvement of SLE in human, bird, and mosquito populations. The northern house mosquito,
Culex pipiens pipiens Linnaeus, has been implicated as the primary urban vector of SLE in
the northern states east of the Mississippi River (USDHEW 1977).
The primary purpose of our study was to measure the relative abundance of adult female
mosquitoes at different stratification levels. Seasonal population variations were also noted.
MATERIALS AND METHODS
This study was conducted in a 26.9 ha woodland area located in Wood County, Ohio. A
17.1 m tower was constructed from 13 sections of scaffolding (1.3 m gradations) and placed
in a sand-ridge community, characterized by red oak (Quercus rubra) and white oak (Q.
alba). The tower site was located approximately 0.5 km from an adjoining swamp-forest
community typified by pin oak (Q. palusfris) and swamp white oak (Q. bicolor). Previous
surveys had shown that both of the communities contained many natural tree holes.
Adult mosquitoes were collected during the period 14 June through 23 September 1977
with CDC light traps. Vertical collection sites were located at ground level and at heights of
7.8 and 15.5 m. Eighteen samples were taken at each elevation during the survey. Each light
trap was baited with approximately 2.3 kg of dry ice (CQ) per collection night and operated
from 20004700 h. Light trap collections were returned to the laboratory for counting, sexing
and identification.

l~oledoArea Sanitary District, 5015 Stickney Avenue, Toledo, OH 43612.
2~epartrnentof Biological Sciences, Bowling Green State University, Bowling Green, OH 43403.
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RESULTS
Aedes and Culex mosquitoes were not collected in the same ratio at the different heights
(Table 1). At ground level, species ofAedes comprised 98% of the female mosquito sample.
The collection at the 7.8 m level was more evenly divided between Aedes and Culex species,
41% and 56% respectively. Culex mosquitoes were collected most often at the 15.5 m level
(89% of the sample). A chi-square test revealed that a significant statistical difference existed in the stratification of Aedes and Culex mosquitoes (P < ,005). The authors have previously found Ae. triseriatus larvae to be abundant in this woodland area. Adults of this
species represented only 1.7% of the total mosquito sample and were collected most often at
ground level. Specimens of Anopheles, Coquillettidia, Culiseta and Psorophoru were collected too infrequently in light traps to permit determination of vertical stratification preferences and seasonal abundance; however, it appeared that Anopheles quadrimaculatus (Say)
displayed a preference for ground Level elevations.
Seasonal population variations were found to exist between Aedes and Culex mosquitoes
collected in the woodland (Table 2). Specimens o f A e d e s were particularly abundant early in
the survey due to the occurrence of univoltine Ae. canadensis (Theobald) and Ae. stimulans
(Walker). Aedes mosquitoes comprised 98% of the June collection. Culex mosquitoes
reached their population peak in August. This was the only month in which more specimens
of Culex were collected than Aedes mosquitoes, 211 and 165 respectively.
DISCUSSION
Factors believed to influence the vertical stratification of mosquitoes include the following: temperature, humidity, and light gradients; resistance to desiccation; search for oviposition sites; swarming and mating activities; and wind speed (Bates 1949; Service 1971). Love
and Smith (1958) suggested that the availability of preferred hosts at a relatively constant
height might indicate the activity level of a particular species. They utilized mechanical
sweeping devices at different vertical levels and found that Anopheles mosquitoes. which
often feed on man or other mammals, were collected most often within 6 ft of ground level.
Table 1. Vertical distribution of adult mosquitoes collected at the stratification tower.
Location of CDC light trap
Species
Aedes canadensis
A e . sticticus
A e . stimulans
A e . triseriatus
A e . trivittatus
A e . vexans
Anopheles punctipennis
An. quadrimaculatus
Culex erraticus
C x . p. pipiens
Cx. restuans
Cx. salinarius
C x . tarsalis
Culiseta inornata
Coquillettidia perturbans
Psorophora ferox
Totals

Ground level

7.8 m

15.5 m

Totals

109
25
475
33
137
988
6
14
0
5
0
4
0
1
I
3

2
1
5
6
19
43
2
2
1
97
0
2
3
0
1
0

1
1
3
2
9
28
2
2
1
358
1
24
1
0
1
0

112
27
483
41
165
1059
10
18
2
460
1
30
4

1801

184

434

2419

1

3
3
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Table 2. Seasonal occurrence of adult mosquitoes collected at the stratification tower.
Month
Genus

June

July

August

September

Totals

Aedes
Culex
Othera

1049
13
11

480
138
5

165
211
12

193
135
7

1887
497
35

Totals

1073

623

388

335

2419

aIncludes Anopheles, Coquillettidia, Culiseta and Psorophora

Service (1971) concluded that there is little doubt that in sheltered areas, the vertical distribution of mosquitoes is closely associated with host seeking and oviposition behavior.
Scholl and DeFoliart (1977) described a pulley system for elevated oviposition traps which
could be utilized in adult mosquito light trap surveys and would subsequently eliminate the
need for construction of a tower in stratification studies.
Aedes species as a group prefer mammalian hosts (Tempelis 1975). In our study, Ae.
vexans (Meigen) and other woodland Aedes species were collected most often at ground
level and this would tend to reinforce the host seekinglflight level theories. Other workers
have not always collected Aedes mosquitoes primarily at ground level. Love et al. (1%3)
concluded that Aedes mosquitoes were generally more abundant in New Jersey light traps
located at 25 and 40 ft elevations. In California, Meyers (1959) utilized American model light
traps and reported that collections of Ae. nigromaculis (Ludlow) were about equal at elevations of 5.5 and 25 feet. Bast and Rehn (1%3) concluded that Ae. sollicitans (Walker)
apparently exhibited no significant stratification and suggested that this pattern may be
typical of certain migratory species of mosquitoes.
Loor and Defoliart (1970) reported that Ae. triseriatus females exhibited their heaviest
biting activity in the afternoon prior to 1800 h; biting activity was very low after this time. In
our study CDC light traps were operated from 20004700 h and consequently, significant
numbers of this species were not collected. Mosquito biting studies with a human volunteer
or the use of ovitraps located close to ground level (Loor and DeFoliart 1970) currently
appears to be the best way to monitor Ae. triseriatus populations.
Blood-meal sources of the Cx. pipiens complex have been studied extensively in several
distinct geographical areas. In Colorado (Tempelis et al. 1%7), Wisconsin (Wright and
DeFoliart 1970) and Connecticut (Magnarelli 1977) a high degree of avian preference has
been shown by Cx. p. pipiens. In our study this mosquito species was most often collected in
the sylvan canopy, a level known to provide a favorable habitat for a variety of potential
avian hosts. Meyers (1959) found that Cx. tarsalis Coquillett were collected more often at 25
and 50 ft levels than at 5.5 feet. Bast and Rehn (1%3) noted a similar pattern with Culiseta
melanura (Coquillett), an avian feeder. They reported that this species was collected from
New Jersey light traps almost entirely at the highest level tested (25 ft).
The influence of the blood meal type on the fecundity of different mosquito species has
been studied by a number of workers (Shelton 1972; Shroyer and Siverly 1972) and provides
a rationale for host and vertical stratification preferences. Shroyer and Siverly (1972) found
that Cx. p. pipiens fed on an avian host (Coturnix coturnix) produced more egg rafts with a
greater mean number of eggs per raft than did the same species fed on a guinea pig (Cavia
porcellus). They also indicated that a high mosquito fecundity associated with a preference
for certain vertebrates would have an adaptive advantage for particular species. Egg production could possibly vary with the selection of different avian hosts such as Passeriformes,
Columbiformes, etc. A seasonal shift from avian to mammalian feeding preferences has been
noted for Cx. nigripalpus Theobald and Cx. tarsalis, both of which are recognized as eficient vectors of arboviruses (Edman and Taylor 1%8). A similar shift in the host preferences
of Cx. p . pipiens has not been documented.

222

THE GREAT LAKES ENTOMOLOGIST

Vol. 12, No. 4

In our study the Aedes mosquito populations were most abundant in June. It is known that
many of these species, such as Ae. vexans, create a significant pest problem for Ohio
residents living adjacent to woodlands. A continuous production ofAe. triseriatus during the
summer months often appears to be coincident with virus amplification in the small mammal
reservoir and is believed to be responsible for many of the CEV cases reported in Ohio each
year during the months of August and September. In northwestern Ohio, C.r. p. pipiens
typically reach their population peak during the midduly through mid-September period and
this coincides with SLE activity in our area.
The importance of being able to effectively monitor adult mosquito populations, such as
Culex sp., with a standardized method (CDC light traps) has been recognized by many state
health departments. The results of our study indicate that the vertical placement of light
traps can be critical in obtaining accurate quantitative and qualitative population survey
data. Bias results could be expected if one consistently placed light traps at or near ground
level. Our results have shown that it may be possible to obtain increased numbers of Cx. p.
pipiens for arbovirus surveillance programs, blood-meal analysis, etc., by utilizing CDC
light traps baited with CC$ in woodland canopies. Preliminary work by R. L. Berry3 has
indicated that utilization of our technique also increased the numbers of this species collected in an urban environment.
It is recognized that the results of this study are preliminary and that further research
concerning the vertical stratification preferences of mosquitoes needs to be conducted. A
more thorough knowledge of stratification preferences would be useful in providing effective
mosquito management. Excluding aerial application, pesticides for mosquito control are
normally applied so that the aerosol remains close to the ground. It is tempting to speculate
that some mosquito species, such as Cx. p. pipiens, may avoid coming into contact with a
toxic dosage of pesticide due to their behavior patterns regarding stratification preferences.
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ENTOMOLOGICALNOTES
AN ANNOTATED LIST OF STONEFLIES (PLECOFTERA) FROM
PENITENTIARY GLEN, LAKE COUNTY, OHIO
Penitentiary Glen, a sheer-walled gorge in Kirtland Township, Lake County, Ohio, contains an unusual, isolated aquatic habitat in the midst of northeastern Ohio's rolling, glaciated topography. The Glen, property of the Lake County Metropolitan Park District, is an
0.8 km long, 35 m deep ravine cut into Devonian and Mississippian shales and sandstones at
the western edge of the Allegheny Plateau (Prosser, Bull. Geol. Surv. Ohio, 4th Ser.,
15:218-228; 1912). Penitentiary Glen shares many geologic and ecological characteristics
with Stebbins Gulch 3.5 km to the east, an area whose stonefly fauna has been extensively
surveyed (Tkac and Foote, Great Lakes Entomol., 11:139-142, 1978).
Large numbers of stonefly nymphs were collected using a Surber sampler during winter
(December 1976), spring (May 1977), and summer (July 1977) months. Collections of immatures were augmented with adult specimens taken in sweep nets and hand-picked from
streamside rocks.
The following summary of nine species in seven genera and five families follows the
format proposed by Zwick (Insecta: Plecoptera, Phylogenetisches system und katalog. Das
Tierreich 94, 1973). Information on seasonal abundance of each species is based collectively
on nymphal and adult material, except for Alioperla chloris, which is exclusively an adult
record since chloroperlid nymphs cannot be identified to species. Cultus decisus is newly
recorded for Ohio.
Family PERLODIDAE
Cultus decisus (Walker). Winter, spring; common.
lsoperla namata Frison. Spring; rare.

Family PERLIDAE
Acroneuria abnormis (Newman). Spring, summer; rare.
A . carolinensis (Banks). Winter, spring, summer; common.
A . lycorias (Newman). Summer; common.

Family CHLOROPERLIDAE
Alloperla chloris Frison. Spring, summer; common.

Family LEUCTRIDAE
Leuctra tenuis (Pictet). Spring, summer; abundant.

Family NEMOURIDAE
Amphinemura delosa (Ricker). Spring, summer; abundant.
Soyedina vallicularia (Wu). Winter; rare.

David J. Robertson
Pymatuning Laboratory of Biology
Deoartment of Bioloeical Sciences
of ~ i t t s b u r ~ h
Pittsburgh, PA 15260
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AMETROPUS NEAVEI (EPHEMEKOYI'EKA: AMETKOPODIDAE) IN
THE UPPER PENINSULA OF MICHIGAN]
On 12 September 1978, two immature Ametropus nymphs were collected from the East
Branch of the Ontonagon River in the Upper Peninsula of Michigan as part of a U.S. Forest
Service survey of streams in the Ottawa National Forest. They were collected about 50 m
upstream from Mud Creek Road (T49N, R37W, Sec.-lo), but were too immature for species
determination.
On 29 May 1979, I1 mature nymphs were collected from the same site. Three were
preserved in 70% ethanol and the remainder returned to the laboratory to be reared.
Nymphs remained healthy for about 10 days in an aerated pan containing sand and water,
but none emerged and all died after 12 days, probably because of elevated temperatures in
the laboratory. All nymphs fit perfectly the descriptions of Ametropus neavei McDumough
in Allen and Edmunds' revision of Ametropus (J. Kansas Entomol. Soc., 49:625435, 1976),
representing a significant eastward extension of the range of this species. Nymphal characters in couplet 2 of Allen and Edmunds' key have been reversed, but descriptions and
illustrations in this publication leave no doubt as to the identity of nymphs we collected.
Our Michigan record and previous collections in Alberta and Saskatchewan suggest that
neauei is part of the boreal fauna. In the East Branch of the Ontonagon River nymphs were
collected by sifting through sand with a D-frame aquatic net in water less than 0.5 m deep.
They were found only in a strong eddy where water was moving upstream at 10 to 15 cm/sec.
Sand was sampled in various normal currents in other areas of the stream, but nymphs were
found only in the eddy. The East Branch of the Ontonagon River is a soft-water stream that
is about 25 m wide. It has primarily a sand substrate with some areas of rubble and clay, and
reaches a maximum summer temperature of about 20°C. Sampling sand eddies in similar
streams in the boreal region of North America prior to their emergence in June will undoubtedly yield additional records of A. neavei.
Jeffrey C. Steven and William L. Hilsenhoff
Department of Entomology
University of Wisconsin
Madison. WI 53706
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THE FIRST RECORD O F MEGAMELUS PALAETUS IN ILLINOIS
(HOMOPTERA: FULGOROIDEA: DELPHACIDAE)

Megamelus palaetus (Van Duzee) has been recorded from Florida, Mississippi, Louisiana, Texas, and New York. Its only known host plant is pickerelweed (Pontederia cordara
L.) (Beamer, J. Kansas Entomol. Soc., 28:2946, 1955; Denno, Can. Entomol., 110:135142, 1978) which occurs along shorelines and in standing water of ponds and lakes from
Nova Scotia west to Ontario and south to Texas and Florida.
We recently found one male palaetus from Illinois among unidentified fulgoroid material
in the Western Illinois University (WIU) insect collection, Macomb. This specimen agreed
with several identified by Beamer as palaetus and housed in the U.S. National Museum,
Washington, D.C. The label information is as follows: Union Co.: Pine Hills Field Station,
23 July 1966, coll. Y. Sedman. The specimen is deposited in the WIU insect collection.
In order to confirm the presence of a population of palaetus in Illinois, we went to
Alexander County in southern Illinois to examine a known stand of pickerelweed. Seven
adults (three males, four females) were collected in this stand; the label information is as
follows: Alexander Co.: Horseshoe Lake, 13 August 1979, S. W. Wilson, coll. The specimens are housed in the Entomology Collection, Zoology Research Museum, Southern Illinois University, Carbondale (two males, three females), and the Illinois Natural History
Survey Collection, Urbana (one male, one female).
Although these specimens support the apparent southern distribution of palaetus, it is
possible that it occurs throughout most of the range of its host plant and, if so, would explain
the New York record of Metcalf(in: Leonard, Mem. Cornell Univ. Agr. Exp. Sta., 101: 1 7 6
182, 1928) which presently appears to be questionable. However, it may be absent in
northern areas because of unfavorable temperatures, length of growing season, or some
other factor o r factors.
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T H E FIRST REPORT O F THE OCCURRENCE OF OECLEUS CHRISJOHNZ AND
0 . EPETRION IN ILLINOIS (HOMOFTERA: FULGOROIDEA: CIXIIDAE)
Kramer (Trans. Amer. Entomol. Soc., 103:379449, 1977), in his recent revision of the
genus Oecleus, recorded 40 species from the United States, three of which occurred east of
the Mississippi River. Only two species, 0. borealis Van Duzee and 0.productus Metcalf,
were listed for Illinois.
We recently found several male specimens of 0. chrisjohni Kramer and 0 . epetrion
Kramer from Illinois among unidentified Oecleus material in the Illinois Natural History
Survey Collection, Urbana. Although no adequate keys for the identification of females
exist, collecting dates and locations and similarity of appearance of the sexes permitted
female specimens to be matched with males and, thus, tentatively identified. The label
information, to which we have added the county names, is as follows:
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Oecleus chrisjohni Kramer: Mercer Co., Keithsburg, 15 June 1932, seven males, nine
females, coll. H. L. Dozier. Carroll Co., Thomson, 30 June 1935, two males, four females,
DeLong & Ross; Thomson (sand prairie), 4 July 1936, one female, DeLong & Burks.
Oecleus eperrion Kramer: Johnson Co., W. Vienna (on Salk), 16 July 1948, three males,
Sand. & Stannard. Pike Co., Pike (Mississippi flood plain), 28 June 1934, one male, two
females, De Long & Ross. LaSalle Co., Starved Rock, 14 July 1932, one male, Dozier & Park.
The specimens are deposited in collections as follows: two males, two females 0 . chrisjohni, Keithsburg, two males 0 . epetrion, W. Vienna, Entomology Collection. Zoology
Research Museum, Southern Illinois University, Carbondale; one male, one female 0 .chrisjohni, Keithsburg, one male, one female 0 . chrisjohni, Thomson (30 June), one male. one
female 0 . eperrion, Pike, U.S. National Museum, Washington, D.C.; the remaining specimens are housed in the lllinois Natural History Survey Collection, Urbana.
Kramer (1977) included two keys to male Oecleus, one to all species occurring in the
continental U.S., and one to those occumng east of the Mississippi River (three species). He
did not include 0 . chrisjohni and 0 . epetrion in the key to the eastern U.S. species because
they were known only from Tyler and Kerrville, Texas, respectively. Using the eastern U.S.
key, 0 . chrisjohni most closely resembles 0 . borealis and 0 . tamiamus Ball and K h g e n berg in that the three species have two processes on the left margin of the aedeagal shaft in
ventral view. However, these two processes are less than half the length of the shaft. not
long and slender as in 0 .borealis and 0 .ramiamus. 0 . epetrion is similar to 0 .productus in
that the aedeagus only has one process on the left margin of the shaft, but this process is
slender and needlelike in 0 . eperrion and stout in 0 . productus.
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