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HOST PLANTS AND HABITATS OF THE BALTIMORE 

CHECKERSPOT BUTTERFLY, EUPHYDRYAS PHAETON 


(LEPIDOPTERA: NYMPHALIDAE), 

IN THE GREAT LAKES REGION 


Brian G. Scholtens1 

ABSTRACT 

The habitats and host plants of Euphydryas phaeton in the Great Lakes region 
are examined using data from several different populations spread over much of the 
region. The range of habitats and host plants used by this species is wider than 
commonly believed. While many populations are found in seasonal or permanent 
wetlands, others are located in dry, old fields or woodland areas. The host plants 
used vary with habitat, but they include all major primary hosts and many second
ary hosts previously reported plus several new records. The biology of E. phaeton is 
shown to be similar to western Euphydryas butterflies in which variation in habitat 
and host plant use is well documented. 

Euphydryas phaeton (Drury) is a wide ranging, univoltine species that flies 
from early to mid-summer (Opler and Krizek 1984). While E. phaeton is the only 
member of its genus in eastern North America, four species are recognized in 
western North America and eight in the Northern Hemisphere of the Old World 
(Bauer 1975, Ferris 1989, Gunder 1929. Higgins 1950, 1978; Miller and Brown 
1981). The Baltimore checkerspot has long been known as a wetland species special
izing on turtlehead, Chelone spp., as its larval host plant (Klots 1951). Klots men
tioned only Chelone as a host plant for this species. More recently two sets of 
geographically separate populations (subspecies phaeton (Drury) and ozarkae Mas
ters) have been recognized, each specialized on a particular host plant (Che/one and 
Aureo/aria, respectively) and in a different habitat (wetlands and oak woodlands, 
respectively) (Bauer 1975, Opler and Krizek 1984, Scott 1986). Although E. phaeton 
is a well known species and extensive work has been done documenting its interac
tion with iridoid glycoside-containing plants (Bowers 1983b, 1988; Bowers and Put
tick 1986), predators and parasitoids (Bowers 1980, 1983a; Stamp 1984), and vari
ous aspects of its natural history (Bowers 1978), relatively few populations have 
been examined for host plant and habitat relationships. 

Such a limited survey of populations can lead to a biased, often inaccurate view 
of a species' biology, and misconceptions about "standard" life history information 
of E. phaeton are common. By examining data gathered from several populations in 
the Great Lakes region, where E. phaeton is widespread, and comparing this infor
mation with data on other E. phaeton populations and several intensively studies 
western species, I will show that a significantly broadened view of the habitat and 
host plant choices of E. phaeton is warranted. 

IDepartment of Biology, University of Michigan, Ann Arbor, MI 48109. 
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MATERIALS AND METHODS 

To characterize the habitats and host plants used by E. phaeton, I studied 
several populations of this species during the summers of 1987, 1988 and 1989. 
These populations were spread over much of the Great Lakes region, including 
populations in northern Michigan, southern Michigan. and central Ohio. A popula
tion in the Ozarks of Missouri was also examined for comparison. These localities 
included all major habitat types previously reported. three different primary host 
genera, Chelone, Aureo/aria and Plantago, and a wide variety of secondary hosts. 
Secondary or alternate hosts are defined here as species used as food plants by larvae 
but not chosen by females for oviposition. 

The main study popUlation. located three miles east of Cheboygan on Alpena 
State Road (referred to below as ASR), in Cheboygan Co., MI, was intensively 
studied during all three years. Two other populations in Cheboygan Co. were also 
examined, one 6 miles west of Cheboygan, during the summers of 1988 and 1989, 
and one 12 miles west of Cheboygan, during the summer of 1989. In southern 
Michigan, a population in Washtenaw Co., at Park Lyndon North on Embury Rd., 
was examined during the spring and fall of 1988 and the spring of 1989, and a 
popUlation in Allegan Co., at the Allegan State Game Area, was studied during June 
of 1989. A popUlation in Ross Co., OH, at a Nature Conservancy preserve called 
Betsch Fen, was studied during June of 1988 and 1989, and one population was 
examined in Meramec State Park, in the Ozarks of Missouri, during late May and 
early June of 1989. 

When possible, several types of observations on host plants and habitats were 
made at each site. Oviposition was observed or egg masses located to determine what 
species were used as primary host plants. In most cases exhaustive searches were 
done of several potential host plant species in an attempt to locate egg masses. In the 
spring, late instar larvae were located to document which secondary host plants were 
used by each population. Each locality was characterized by noting the habitat type, 
the general physiognomy, the dominant species present, and as much as possible, all 
potential host species, both primary and secondary. 

The information recorded for these populations was used to decribe the varia
tion observed in the use of primary and secondary host plants by these populations 
as it relates to the habitat in which the population occurs. Populations were com
pared and contrasted with a 'standard population' very much like that described by 
Klots (1951), and exemplified by the main study population at ASR. 

RESULTS 

The "Standard" Population 
The main study population (ASR) occurs in an old, wet field habitat. The 

vegetation here is dominated by perennial graminoids and forbes. Typical of this 
association are the genera Scirpus, Carex, Agrostis, Poa, Solidago, Aster and 
Eupatorium. As the habitat progresses through succession Salix, Prunus, Comus 
and Spiraea become dominant. 

The area in Cheboygan County is in constant flux between the earlier and later 
successional stages because the main habitat occurs on a power line cut, which is 
periodically brushed to clear the invading shrubby plants. Over the three year period 
of the study, the part of the habitat not immediately under the power line became 
noticeably more shrubby, and perhaps less suitable as habitat for E. phaeton. 

Seasonality with respect to moisture is an additional important aspect of the old 
field habitat. In general, these are areas of poor drainage. During periods of 
increased moisture, primarily spring and fall, the areas are at least soggy, and often 
have shallow standing water. In the summer, during periods of reduced rainfall, the 
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habitat gradually dries, often becoming entirely dry by mid-summer. This 
seasonality is important in determining the composition of the community, and 
seems favorable to the growth of the host, Chelone. 

Because of this seasonal variability plants can be strongly affected by unusually 
wet or dry years. During the three year duration of my study, two years (1988-89) 
were unusually dry for long periods, and this had an adverse effect on the condition 
of the plants in the area. During 1988, drought started early in the summer, with 
only about 5.7 cm of rain falling from May through mid July compared with an 
average of about 17.8 cm. Although not quantified, plants looked badly wilted and 
some species flowered little or not at all, with many flowers burning off in the bud. 
During 1989, drought conditions existed through the month of July, when less than 
0.63 em of rain fell compared with an average of about 5.7 cm. This dry spell seemed 
to have less effect on plants than that of the previous year. They appeared less wilted 
and most species did not appear to have significantly reduced flowering compared to 
1987. 

Chelone was probably adversely affected, though not severely, as I did not find 
evidence of dried stems, or, later in the year, dried flower buds. In 1988, the effect 
may have been simply to reduce the percentage of flowering stems. An estimated less 
than 100/0 of the stems flowered that year, while more flowering stems were observed 
during 1987 and 1989, when up to 35% flowered in areas without caterpillars 
(Scholtens unpub. data). 

The host plant, Chelone, is perennial and, in the Great Lakes region, grows as 
isolated individuals or small clumps of stems. Individual stems start growing early in 
the spring, and, as long as they are not eaten by checkerspot larvae, they grow as 
unbranched stems (very tall stems may branch later in development). The buds on 
flowering stems in northern Michigan are formed from the end of July to the 
beginning of August, with flowering continuing through mid to late September. If 
the apex of the stem is damaged by larvae during development, either one or two 
branches form from an upper pair of leaves. These branched stems may flower if the 
branching occurs early in the season, but usually they remain vegetative. 

In the populations I studied, adults of E. phaeton are most active from 1100 to 
1700 hr. Males either set up a loose territory or patrol throughout the habitat to 
locate mates. Both are previously well documented mating strategies in butterflies 
(Scott 1974). Females, after mating, spend most the late morning and afternoon 
searching for potential oviposition sites and ovipositing. Nectaring by both sexes is a 
much more common and extended behavior than previously reported (Opler and 
Krizek 1984), with males and females visiting several species of nectar plants (Table 
1). The species used as nectar plants are dictated mainly by their presence or absence 
in the habitat of a particular population. 

In the southern part of the Baltimore checkerspot's range the flight period is 
from late May to early June, in central Ohio to southern Michigan from mid-to late 
June, and in northern Michigan from mid-July to early August. Egg masses of 100 
to 700 eggs (mean about 200-250) are laid on the underside of a host leaf (Stamp 
1982, Scholtens unpub. data). Synchronous hatching of the egg mass occurs in 
about three weeks. Before diapause in third or fourth instar the larvae web together 
the leaves and stems of the plant upon which they are feeding. Larvae usually 
overwinter in small groups in the leaf litter (Bowers 1978), but may occassionally 
remain in the "pre-hibernation" web throughout the winter (pers. obs.). As feeding 
proceeds in the spring, the small groups of larvae gradually break up into individuals 
that complete development and pupate in isolation. 

Because host stems are very small in the spring, when larvae resume feeding 
they quickly defoliate anyone stem, often eating the entire stem to the ground. 
Additional primary host plants can often be located nearby, due to the clumped 
distribution of host stems. However, stems of the primary host, Chelone, may 
become increasingly more difficult to find as the spring progresses, especially if 
many larvae survived from the previous year. 
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Table i.-List of nectar plants of Euphydryas phaeton (includes all field sites). 

Family 	 Genus and Species 

Rosaceae 	 Rosa palustris 
Spiraea alba 
Potentilla fruticosa 

Apiaceae 	 Daucus carota 

Cornaceae 	 Comus stolonifera 

Apocynaceae 	 Apocynum cannabinum 

Asc1epiadaceae 	 Asclepias incarnata 
Asclepias syriaca 

Asteraceae 	 Achillea mille folium 
Eupatorium maculatum 
Eupatorium perfoliatum 
Solidago canadensis 
Solidago graminifolia 
Rudbeckia serotina 

When primary host stems are difficult to locate, caterpillars are forced to utilize 
secondary hosts. The secondary hosts used vary with the habitat in which the 
population is located (Opler and Krizek 1984, Scott 1986). At my study site in 
Cheboygan Co., MI, the secondary host used is Fraxinus pennsylvanica. In some 
years, nearly all late instar larvae are feeding on this alternate host. All known 
primary and secondary hosts are united by a secondary chemistry which includes 
iridoid glycosides (Bowers 1983b). These chemicals are apparently one important 
contact cue used by females and larvae to identify host plants (Bowers 1983b, 1988). 
At least in some cases, these chemicals are stored in various tissues (Bowers and 
Puttick 1986), making the butterfly unpalatable to avian predators (Bowers 1980). 
Secondary hosts will be discussed below in relation to the habitat in which they 
occur. 

Permanent Wetland 
The first variation on the usual habitat is that of a permanent wetland. This 

habitat type grades, in many forms, into the typical old, wet meadow habitat. I have 
seen intermediate examples such as willow/bog birch wetlands in Schoolcraft Co., 
MI and permanently soggy depressions in Washtenaw Co., MI. In both of these 
instances, the composition of species at the site indicates a successional habitat that 
would eventually become unsuitable for E. phaeton populations, if disturbance were 
not maintained in the form of periodic flooding, fire or removal of woody 
vegetation by humans. 

The other end of this scale is typified by a true fen, such as Betsch Fen in Ross 
Co., OH. Here, the wetland is fed by an upwelling of groundwater that maintains 
the dominance of graminoids, mostly Carex spp., characteristic of permanent 
wetlands. In the wettest spots, Acorus and Typha dominate. There are fewer weedy 
associates than in the wet, old field habitat, although genera such as Aster, Solidago 
and Eupatorium are still prominent. 

The main characteristic that distinguishes this habitat from the wet field is 
decreased seasonality with respect to moisture. In true fens there is rarely a period 
during which the ground is not at least very soggy, and usually there is standing 
water in depressions. I have seen similar habitats with checkerspot populations in 
Clark Co., OH and northern Washtenaw Co., MI. These permanent wetlands may 
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well be what was once the most common habitat for E. phaeton in the northern and 
eastern states. Few such areas remain, and human disturbance has created many 
areas in the wet, old field category that checkerspots now occupy. Even at Betsch 
Fen, not all of the habitat is actual fen. Some areas resemble more the wet, old field 
habitats and are characterized by a similar species composition. 

Chelone glabra is the oviposition plant used by E. phaeton in these habitats. 
Although the species is not usually abundant, individual stems thrive in these areas, 
often reaching greater heights than in old fields. In Cheboygan Co., MI the average 
height of a Chelone stem during the checkers pot's oviposition period is about 35 cm 
with an extreme of 100 cm, while in the fen in Ohio the average height is about 60 cm 
with an extreme of 130 cm. Because the number of stems is still limited, Chelone is 
sometimes defoliated in the spring. This was observed during the spring of 1989 in 
one part of Betsch Fen. Alternate hosts containing iridoid glycosides are used by the 
larvae to complete development. At Betsch Fen these alternate hosts are Pedicularis 
lanceolata and an introduced wetland species, Valerianella locusta, both newly 
reported as larval hosts of E. phaeton. At the site in northern Washtenaw Co., MI, 
Valeriana sp. is the only confirmed alternate host, but other species also may be 
used. 

Old Field 
A small number of E. phaeton populations occur in typical dry, old field 

habitats. These also grade into the wet meadow type, but are always dry for a 
prolonged period during the summer months. Examples of this association are 
known from New York (Stamp 1979) and Cheboygan Co., in northern Michigan 
(pers. obs.). 

In northern Michigan, this habitat harbors a higher percentage of weedy species 
than the wet, old field habitat. It is characterized by various grasses, and forb 
species including Trifolium, Daucus, Rudbeckia, Chrysanthemum, Solidago and 
Aster. As succession continues, this habitat is invaded by woody plants such as 
Salix, Comus and Populus. 

The primary or oviposition host in this habitat is the European introduction, 
Plantago lanceolata. P. lanceolata was first reported as a primary host for E. 
phaeton by Stamp (1979) although it has been known as a secondary host since at 
least the 1940's (Burns pers. comm.). The existence of a population in northern 
Michigan indicates that this host plant association may either be more general than 
originally thought, or may be becoming more general. Because P. lanceo/ata is so 
abundant, if E. phaeton populations become established in these habitats, the 
butterfly may become much more common. 

Because of the habitat differences, the available choices of alternate hosts for 
late instar larvae are limited compared to wetter areas. It may not be unusual that, in 
these dry, old fields, there is no alternate host. That appears to be the case in the 
Cheboygan Co. population. Larvae have not been located on any host other than P. 
lanceolata, and no potential alternate hosts are known to be present. This situation 
may contribute to instability in these populations and help explain why E. phaeton 
has not invaded these areas to a greater degree. At some of the New York localities, 
Chalone, in addition to P. lanceolata, is present as a primary host (Bowers pers. 
comm.), and each must serve occasionally as an alternate host for the other. At one 
other population in Cheboygan Co., MI where P. lanceolata is suspected as the 
primary host, both Plantago major and Castilleja coccinea, neither previously 
reported, are used as secondary hosts. 

Although this habitat is consistently drier than the typical wet field, seasonality 
of moisture still influences checkerspot populations. P. lanceo/ata grows luxuriantly 
in the moist spring and early summer, providing a good food plant supply for late 
instar larvae and, usually, for ovipositing females. As the summer continues, and 
the habitat dries, P. lanceolata grows less and becomes tougher. It is at this point in 
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the season when early instars grow to diapause size. If a drought occurs, the food 
plant supply may be very reduced, both at the level of the individual plant and the 
population. When this happens young larvae are forced to move from plant to plant 
more frequently, and a smaller percentage probably survives to produce adults in the 
next season. In 1988, following a year with adequate moisture, E. phaeton was 
extremely abundant at the P. lanceolata site in Cheboygan Co. Both of the next two 
summers had periods of prolonged drought. This, in addition to other factors 
including parasitoids and disease, contributed to a crash of the population, so that 
only a few adults were seen in 1989 and none in 1990. 

The invasion of these drier, old field habitats by E. phaeton may actually be 
limited by such dry spells. E. phaeton flourishes in these habitats during wetter years 
and crashes or becomes locally extinct during very dry years. This same 
phenomenon is known to occur regularly in western Euphydryas populations 
(Dobkin et al. 1987, Ehrlich et al. 1980, Murphy and White 1984, White 1974). E. 
phaeton populations in the usual habitats are buffered from such fluctuations in 
precipitation because of their wetter baseline condition. 

Woodland Habitats 
Populations in the southwestern part of the species' range feed mainly on 

scrophulariaceous plants that are herniparasitic on oaks. The confirmed primary 
hosts are Aureolaria (Masters 1968) and Seymeria (Sullivan pers. comm.). These 
hosts grow both in the woods and along woodland edges. Therefore, these habitats 
are very different than those typically used by the species. Because of these 
ecological distinctions and some small differences in maculation and size, these 
populations have been recognized as the subspecies E. phaeton ozarkae Masters 
(Opler and Krizek 1984). 

Due to the habitat relationships of these populations, the usual options for 
secondary hosts are not available. Often, the larvae may not need plants other than 
the primary host to complete development, but it is probable that earlier reports of 
Lonicera as the primary host plant for these populations (Bauer 1975) resulted from 
this genus being used as an alternate host in late instars. 

It is difficult to predict how seasonality of moisture might affect these 
populations. Because the plants used as hosts are hemiparasitic, it might be 
predicted that drought would affect the relationship very little, but the very dry 
character of the habitat would suggest otherwise. This second aspect could be a 
major contributing factor to the noted fluctuations in the size of these populations 
(Heitzman and Heitzman 1987), similar to the dry, old field populations mentioned 
above. 

Populations in habitats similar to those occupied by subspecies ozarkae occur 
scattered over the rest of the range of the species. These have, up to this point, 
received only a passing recognition. Originally reported from Connecticut by 
Shapiro (1974), and also known from New York (Scott 1986) and Michigan (pers. 
obs.), Aureolaria-feeding populations may be much more common than originally 
believed. If the uniqueness of the host plant and habitat is a major reason for 
maintaining the subspecies ozarkae (Masters 1968, Opler and Krizek 1984), evidence 
of similar populations occurring throughout the range may result in a revised view 
of the distinctness of this subspecies. 

I have examined two oak woodland populations in Michigan. These 
populations, in Allegan and Washtenaw counties, both use Aureolariaflava as their 
oviposition plant. In Allegan Co., the habitat is remnant oak opening prairies, while 
in Washtenaw Co. it is an oak woodland mixed with swamp forest. The associated 
plant communities (prairie vs. woodland or swamp) and terrain (flat vs. rolling hills) 
are the major differences between these two sites. 

As in the Missouri populations, alternate hosts are poorly documented at these 
sites. In Allegan Co., no alternate hosts are known. Possibilities include Lonicera, 
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Table 2. - Primary and secondary host plants of Euphydryas phaeton populations examined 
in the present study. 

Population Primary host Secondary host 

Cheboygan Co., MI Chelone glabra Fraxinus pennsylvanica 
Alpena St. Rd. 

Cheboygan Co., MI Plantago lanceolala none known 
6 mi. W of Cheboygan 

Cheboygan Co., MI Plantago lanceolala? Caslilleja coccinea 
12 mi. W. of Cheboygan Plantago major 

Washtenaw Co." MI Aureolaria flava Pedicularis canadensis 
Embury Rd. 

Washtenaw Co., MI Chelone glabra? Valeriana sp. 
I mi W of Embury Rd. 

Allegan Co., MI Aureolaria flava none known 
Allegan St. Game Area 

Ross Co., OH Chelone glabra Pedicularis lanceolata 
Betsch Fen Valerianella locusta 

Franklin Co., MO Aureolaria grandiflora Lonicera? 
Meramec St. Pk. 

found in the woods, or Penstemon, found in the prairie areas. Both genera have 
been previously reportea as secondary hosts (Penstemon also as an occasional 
oviposition plant ). In Washtenaw Co., one alternate host, Pedicularis canadensis, 
has been confirmed, and Lonicera is an additional possibility. All known primary 
and secondary hosts used by E. phaeton populations examined in this study are 
presented in Table 2. 

DISCUSSION 

Several Euphydryas species, especially the western United States representatives 
of the genus, have been and continue to be intensively studied (Ehrlich et aI. 1975, 
Murphy and Weiss 1987). After examining several aspects of the biology of E. 
phaeton, it is appropriate to compare the range of host plants and habitats used by 
this species to its closest North American relatives. Such a comparison will allow a 
better evaluation of whether the variability observed in E. phaeton is unusual or 
typical of the genus. 

Within anyone species of the western Euphydryas, especially those with exten
sive ranges, the host plants can be quite variable. Different populations often use 
different primary hosts, and some populations use more than one (Bowers 1985, 
Singer 1971, White and Singer 1974, Williams 1990). There is a great deal of local 
population differentiation with regard to host usage and preference, both at the 
level of oviposition choice and larval host use (Bowers 1986, Holdren and Ehrlich 
1982, Mackay 1985, Rausher 1982, Rausher et al. 1981, Singer 1983, Thomas et al. 
1987)(Table 3). A similar pattern appears to be emerging in E. phaeton populations, 
with populations now known, scattered throughout the range, that feed on several 
different hosts, from four different plant families (Table 2). In some cases, two 
different primary hosts may be used by the same population (Bowers pers. comm.), 
and several alternate hosts may be used. 
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Table 3.-Host plants recorded for western Euphydryas species compiled from Bowers 
(l983b) and Williams (1990). 

Species Known host genera 

E. chalcedona 
(including E. colon) 

Castilleja 
Diplacus 
Pedicularis 
Penstemon 
Scrophuiaria 
Symphoricarpus 

E. anicia Besseya 
Castilleja 
Penstemon 
Symphoricarpus 

E. editha Castilleja 
Collinsia 
Orthocarpus 
Penstemon 
Plantago 
Lonicera 

E. gilletii Lonicera 
Valeriana 
Pedicutaris 
Veronica 

At least one intensively studied western species, E. editha (Bdv.), shows a 
pattern of forced host switching during development like that seen in E. phaeton 
(Singer 1971, Weiss et al. 1987, White 1974). In both species, females have a pre
ferred oviposition plant on which larvae begin development. After a period of time, 
the host species is either consumed or becomes unsuitable, and the larvae are forced 
to locate an alternate host plant. In E. editha this occurs before diapause due to the 
senescence of the primary host Plantago erecta (White 1974), and in E. phaeton it 
occurs after diapause due to the consumption of the primary host. 

Euphydryas phaeton and its western congeners occur in a wide range of habi
tats. E. editha, anicia (Doubleday), and chalcedona (Doubleday) inhabit dry areas 
ranging from open woodland to extensive grasslands (Bauer 1975, Scott 1986). 
Euphydryas gillettii (Barnes), E. phaeton's closest North American relative, lives in 
wet or moist alpine meadows and open woodlands, often near streams (Holdren and 
Ehrlich 1981, Williams et al. 1983). E. phaeton populations span nearly this entire 
range of habitats. Populations in the Ozarks and other scattered populations occur 
in dry habitats. ranging from woodland and prairie openings in woodland, for the 
Aureolaria-feeders, to dry old fields, for the Plantago -feeders. The Chelone-feed
ing populations inhabit wet areas similar (with the notable exception of altitude) to 
those used by gillettii. 

A strong effect of seasonality on population dynamics also seems to be com
mon to Euphydryas species. In populations of editha where monitoring has contin
ued for many years, the number of individuals fluctuates a great deal (Ehrlich et al. 
1975). Declines, in some cases, have been linked to drought conditions (Ehrlich et al. 
1980). Smaller populations often go extinct due to severe seasonality. and mayor 
may not be reestablished by colonists from larger, more resistant populations during 
favorable years (Murphy and White 1984). 

Similar dynamics probably occur in E. phaeton. This is indicated by the 
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observed large fluctuations in population size (Heitzman and Heitzman 1987, pers. 
obs.), and perhaps extinction and colonization of smaller, less favorable habitat 
areas. Although they have only been monitored for a short period compared to some 
editha populations, several northern Michigan populations of E. phaeton exhibit 
characteristics very similar to those demonstrated by Ehrlich and his colleagues. The 
Plantago-feeding population discussed above, after a favorable year (1987), had an 
extremely large population (in the hundreds of individuals) the following summer, 
but, after a year of severe drought (1988), experienced a crash to a maximum 
population of about 50 individuals. After another year with a prolonged drought 
(1989), the population appears to have gone extinct as did some of the smaller editha 
populations (Ehrlich et al. 1980, Murphy and White 1984). 

Other areas appear to have been recently colonized. In two localities in Emmet 
Co., MI, individuals of E. phaeton have recently been collected where none had 
been seen previously. Neither of these cases is due to a lack of observation. Both 
have been visited regularly, over a number of years, by Dr. Edward Voss, a botany 
professor at the University of Michigan, but more importantly, an avid lepidopter
ist. He had seen no individuals of E. phaeton at either of these sites prior to their 
discovery in the last two years. The success or failure of these colonization events 
will be determined during future monitoring. 

One last, intriguing similarity between the western species and the Baltimore 
checkerspot, is the expansion of their host ranges to include an introduced weed, 
Plantago lanceolala, both as a primary and secondary host. At one locality genetic 
variability exists among E. editha females in oviposition preference of P. lanceolata 
versus Collinsia parviflora, the original host plant, with some females preferring 
Collins/a, some Plantago, and others showing no preference (Thomas et al. 1987, 
Singer et al. 1988). Although a genetic basis has not been documented in E. phaeton, 
P.lanceolatais used by several populations (Stamp 1979, Bowers pers. comm., pers. 
obs.). In some instances, P. lanceolata is the only oviposition plant available, but in 
others Chelone is also present (Bowers pers. comm.), and a similar behavioral 
polymorphism for oviposition site selection may exist. 

Overall, the host plant and habitat range of E. phaeton is comparable to that 
observed in western Euphydryas. The habitats used include permanent wetlands, 
seasonally wet meadows, dry old fields and woodlands. The host plants used by 
these populations include the primary hosts Chelone, Aureolaria and Plantago, and 
many alternate host species. In contrast to the impression of E. phaeton as a wetland 
species specializing on Chelone, this diversity of habitats and host plants calls for a 
substantially broadened view of the habitat and host plant ecology of the Baltimore 
checkerspot, a view supported by a comparison to the habitat and host plant ecology 
of the western Euphydryas. 
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NEW LEPIDOPTERA-PARASITOID ASSOCIATIONS IN 

WEEDY CORN PLANTINGS: A POTENTIAL ATLERNATE 


HOST FOR OSTRINIA NUBILALIS 

(LEPIDOPTERA: PYRALIDAE) PARASITOIDS 


Daniel M. Pavuk l •2 & Benjamin R. Stinnerl 

ABSTRACT 

Larvae of the common sooty wing, Pholisora catullus, and pupae of the yellow
collared scape moth, CissepsJulvicollis, were collected in corn plantings containing 
different manipulated, indigenous weed communities to determine if these Lepidop
tera had parasitoid species in common with the European corn borer, Ostrinia 
nubilalis. Pholisora catullus larvae were collected from lambsquarter, Chenopodium 
album, and redroot pigweed, Amaranthus retroJlexus, whereas pupae of C. Julvi
collis were obtained from corn. Four parasitoid species were reared from P. catul
Ius: Cotesia pholisorae, Oncophanes american us (Hymenoptera: Braconidae), Gam
brus ultimus, and Sinophorus albipalpus (Hymenoptera: Ichneumonidae). Of these, 
O. americanus and S. albipalpus represent new host records. Gambrus ultimus, 
however, was probably parasitizing a primary parasitoid of P. catullus. Itoplectis 
conquisitor and Vulgichneumon brevicinctor (Hymenoptera: Ichneumonidae) were 
reared from C. Julvicollis; V. brevicinctor had not previously been associated with 
this host. Both species reared from C. Julvicollis and Gambrus ultimus have been 
reported from O. nubilalis. 

The influence of weedy vegetation in crop plantings on phytophagous arthro
pods and their natural enemies has been investigated in a variety of systems (e.g. 
Pimentel 1961, Root 1973, Speight and Lawton 1976, Altieri and Whitcomb 1980, 
Horn 1981, 1987, Shelton and Edwards 1983, Barney et al. 1984, Pavuk 1990). 
Weedy vegetation may provide alternate prey and hosts and ameliorated microhabi
tats (Root 1973), as well as abundant pollen and nectar sources (van Emden 1963, 
1965) for predaceous and parasitic arthropods. Thus, allowing weeds to remain 
along crop field borders, or in the crop itself, may augment natural control of pest 
arthropods by supporting populations of arthropod predators and parasitoids. 

Weeds have been shown to increase the attractiveness of cornfields to the 
European corn borer, Ostrinia nubilalis (Hiibner) (Lepidoptera: Pyralidae) 
(Showers et aI. 1976, Showers et al. 1980). Adult O. nubilalis tend to aggregate in 
grassy habitats along edges of cornfields (Caffrey and Worthley 1927). Showers et 
al. (1976) demonstrated that areas of dense, grassy vegetation around cornfields are 
preferred mating habitats for O. nubilalis, because of the presence of water (DeRo
zari ~t al. 1977). However, the occurrence of broadleaf weeds in corn plantings has 
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been observed to reduce both infestation of and damage to corn by O. nubilalis 
(Pavuk and Stinner 1991). 

We initiated this study to determine if lepidopterous larvae feeding on broad
leaf weeds in corn plantings serve as hosts for parasitoids of the European corn 
borer, Ostrinia nubilalis. Corn plantings containing broadleaf weeds have lower 
infestations of O. nubilalis larvae (Pavuk and Stinner 1991). Thus, we were inter
ested in investigating parasitoid use of alternate hosts on broadleaf weeds in corn 
plantings as a possible mechanism leading to lower corn borer infestations. 

MATERIALS AND METHODS 

The study was conducted at The Ohio Agricultural Research and Development 
Center, The Ohio State University, Wooster, Ohio, during 1987 and 1989. Four 
treatments were established: corn without weeds, corn principally with broadleaf 
weeds, corn principally with grassy weeds, and corn with a mixture of both weed 
types. For details of the experimental design, see Pavuk (1990). The weedy flora of 
the corn with broadleaf weeds treatment was dominated in late spring and early 
summer by Canada thistle, Cirsium arvense, dandelion, Taraxacum ojjicinale, and 
daisy fleabane, Erigeron strigosus, and in later summer by lambsquarter, Chenopo
dium album, and redroot pigweed, Amaranthus retrojlexus. Principal early season 
species present in the corn with grassy weeds treatment were Muhlenbergiajrondosa 
and yellow nutsedge, Cyperus esculentus. Later, the grassy plantings became 
increasingly populated by foxtails (primarily giant foxtail, Setariajaber;,), fall pani
cum, Panicum dichotomijlorum, barnyardgrass, Echinochloa crus-galli, and large 
crabgrass, Digitaria sanguinalis. The mixed weeds treatment contained combina
tions of these species. 

Surveys of broadleaf weeds indicated that larvae of the common sooty wing, 
Pholisora catullus (F.) (Lepidoptera: Hesperiidae), were abundant. Larvae of this 
species were haphazardly collected from C. album and A. retrojlexus in the broad
leaf and mixed weed treatments in June, July and August of 1987 and August of 
1989. Klots (1951) lists C. album, Amaranthus graecizans, and probably other 
Chenopodiaceae and Amaranthaceae as larval hosts of P. catullus. However, most 
larvae in the present study were collected from C. album rather than A. retrojlexus. 
Capman (1990) indicated that he, too, seldom found P. catullus feeding on A. 
retrojlexus. Collected larvae were placed individually in 29.5 ml clear plastic cups 
fitted with paper lids, and provided with fresh C. album or A. retrojlexus leaves 
several times each week. Larvae were fed leaves of both species, regardless of which 
plant they were collected from, because larval development occurred equally well on 
either species. Larvae were held under a 16:8 (L:D) photoperiod, 25 degrees C and 
70 070 RH until they either completed development or adult parasitoids emerged. A 
total of 410 larvae were collected (177 larvae from the broadleaves treatment and 
233 larvae from the mixed weeds treatment). 

Pupae of the yellow-collared scape moth, Cisseps julvicollis (Hubner) (Lepi
doptera: Arctiidae), were observed on corn plants, and these pupae were collected 
from randomly-selected corn plants in the broadleaf and mixed weed treatments in 
1989. No pupae of this species were found on corn plants in weedless and grassy 
weed plantings. Covell (1984) lists grasses, lichens and spike-rushes as larval hosts 
for C. julvicollis; neither larvae nor pupae were observed on grassy weeds in the 
experimental plots. Pupae were held under the same conditions as P. catullus larvae, 
except no plant material was provided. Ten pupae were collected (6 pupae from the 
broadleaves treatment and 4 pupae from the mixed weeds treatment). 
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Table I. - Parasitoids reared from Pholisora catullus larvae. 

Number of P. catullus parasitized in: Reported from: 

Broadleaves Mixed Weeds Ostrinia 
Parasitoid Treatment Treatment nubilalis 

Braconidae 
Cotesia pholisorae 
Oncophanes american us 

25(14.1)a 
4(2.3)b 

52(22.3) 
0(0) 

no 
no 

lchneumonidae 
Gambrus ultimus 
Sinophorus albipalpus 

1(0.57t 
4(2.3) 

0(0) 
3(1.3) 

yes 
no 

aNumber in parentheses is the percentage of larvae parasitized. 

bNew host record. 

CMay have parasitized Sinophorus rather than Pholisora. 


RESULTS AND DISCUSSION 

Two new parasitoid host records were noted for P. catullus, and one was 
observed for C. julvicollis (Tables 1 & 2) (Krombein et aL 1979; Biological 
Abstracts). Although Gambrus ultimus (Cresson) emerged from P. catullus, this 
species was probably a hyperparasitoid which attacked a primary parasitoid of P. 
catullus, perhaps Sinophorus albipalpus Sanborne (R. W. Carlson, personal com
munication). Gambrus ultimus has been recorded as a primary parasitoid of Ostri
nia nubilalis (Krombein et al. 1979), but has also been observed to be a common 
hyperparasitoid of Eriborus terebrans (Gravenhorst) (Hymenoptera: Ichneumoni
dae), a primary parasitoid of the corn borer (Baker et al. 1949). The presence of P. 
catullus in corn plantings could therefore lead to larger populations of G. ultimus 
and consequently greater parasitization of O. nubilalis as well as E. terebrans. In 
addition, Itoplectis conquisitor (Say) and Vulgichneumon brevicinctor (Say) (Ich
neumonidae), parasitoids of O. nubilalis, were reared from C.julvicollis. However, 
none of the parasitoids reared from P. catullus and C. julvicollis emerged from O. 
nubilalis in the present study. Eriborus terebrans was the only parasitoid observed 
from collections of corn borer larvae from corn plantings containing broadleaves 
(corn with broadleaf weeds: 50 larvae collected in 1988, 67 larvae collected in 1989; 
corn with broadleaf and grassy weeds: 96 larvae collected in 1988, 82 larvae collected 
in 1989; D. M. Pavuk and B. R. Stinner, unpublished data). Baker et al. (1949) state 
that both /. conquisitor and V. brevicinctor parasitize corn borer larvae and that 

Table 2.-Parasitoids reared from CissepsJulvicollis pupae. 

Number of C. Julvicollis parasitized 
in: Reported from: 

Broadleaves Mixed Weeds Ostrinia 
Parasitoid Treatment Treatment nubi/a/is 

Ichneumonidae 
Itoplectis conquisitor 2(33.3)" 0(0) yes 
Vulgichneumon brevicinctor 1(16.7)b 0(0) yes 

"Number in parentheses is the percentage of pupae parasitized. 
bNew host record. 
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both species emerge from pupae. However, neither species was listed as being reared 
from O. nubilalis in the Great Lakes states (Baker et aI. 1949). 

Differences were observed between the two treatments in terms of percent 
parasitism of P. catullus larvae. Overall parasitism of P. catullus was greater in the 
treatment containing both broadleaves and grasses (23.60/0) than in the treatment 
with only broadleaf weeds (19.2%), although the difference was not large. Parasit
ism of P. catullus larvae by Cotesia pholisorae was also greater in the mixed weeds 
treatment than in the broadleaves only treatment (22.3% versus 14.1 %). However, 
Oncophanes americanus (Weed) emerged from 2.3% of the larvae collected from 
the broadleaf weeds treatment, and from none collected in the mixed weeds treat
ment. Parasitism of P. catullus larvae by Sinophorus albipalpus was slightly greater 
in the broadleafweeds treatment (2.3%) than in the mixed weeds treatment (1.3%). 
Comparison of parasitization of P. catullus collected on Chenopodium album and 
Amaranthus retrojlexus was not possible because nearly all larvae were collected 
from C. album. Also, the number of C. julvicollis pupae collected was too small to 
make any meaningful comparisons between treatments. 

Large numbers of C. julvicollis present in a corn planting could potentially 
harbor significant numbers of parasitoids. Hudon and Perron (1970) found that 
approximately 92% of large numbers C. julvicollis pupae that they collected from a 
45-acre cornfield were parasitized by I. conquisitor and Ichneumon sp. of the group 
winkleyi. Thus, a large C. julvicollis population in a cornfield could lead to large 
numbers of O. nubilalis parasitoids, although such a large C. julvicollis population 
could itself be damaging to the corn (Hu<,lon and Perron 1970). 

The inclusion of weeds in corn plantings to enhance natural enemy populations 
of O. nubilalis may have some potential. However, none of the parasitoids reared 
from P. catultus or C. julvicollis were observed from O. nubilalis in the present 
study, although three species (two from C. julvicollis and one from a primary 
parasitoid of P. catullus) , have been recorded from O. nubilalis (Krombein et al. 
1979). It is also not clear whether or not broadleaf weeds increase the abundance of 
C. julvicol/is in corn plantings, even though no pupae of this species were found on 
corn in grassy weed and weed-free plantings. In addition, weeds, particularly grassy 
species, in corn plantings can actually increase larval populations of O. nubilalis, 
because adult moths prefer such habitats (Showers et al. 1976, Showers et al. 1980). 
Perhaps selective management of certain weeds around cornfields could be of some 
benefit to parasitoids and predators of the European corn borer. More extensive 
research will be needed to determine if weed communities associated with corn 
plantings can be manipulated to augment natural control of O. nubilalis. 
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ORIENTATION OF HYLOBIUS PALES AND PACHYLOBIUS 

PICIVORUS (COLEOPTERA: CURCULIONIDAE) 


TO VISUAL CUES 


D. W. A. Hunt,J,2 and K. F. Raffa l 

ABSTRACT 

Pitfall traps with above-ground silhouettes of various colors and diameters 
were used in field tests to evaluate the role of vision in host orientation by adult 
pales weevils, Hylobius pales, and pitch-eating weevils, Pachylobius picivorus. 
White traps (11 em outer diameter) baited with ethanol and turpentine caught 
significantly more weevils than similarly baited black or green traps (11 cm outer 
diameter). Trap diameter (range of 6-22 cm outer diameter) did not affect trap 
catch. Pitfall traps can be used to monitor root weevil populations in young pine 
plantations and Christmas tree farms, where they are major pests. These results 
demonstrate that visual and chemical cues can be integrated to improve trap 
efficiency. 

The pales weevil, Hylobius pales (Herbst), and the pitch-eating weevil, Pachylo
bius picivorus (Germar), are important pests of a variety of pine species in eastern 
North America. The adults of both species feed on the inner bark of young pine 
stems, and can cause widespread mortality in recently planted pine plantations 
(Nord et al. 1982). Adult feeding on stems and branches can also disfigure young 
trees (Drooz 1985). Along with the pine root collar weevil, Hylobius radicis 
Buchanan, these root weevils comprise the most important pest group affecting 
Christmas trees in Wisconsin. Infestations are difficult to detect, so growers rely on 
routine applications of persistent insecticides, primarily Lindane. 

Recent research has focused on the development of a simple trap-based moni· 
toring technique for forecasting weevil damage (Hunt and Raffa 1989, Rieske and 
Raffa 1990). The objective is to replace calendar applications with threshold· 
triggered treatments to reduce insecticide use, and allow for conversion to less 
persistent materials. Monitoring efficiency is increased through the use of cues that 
weevils use to orient to host trees. A variety of host odors appear to be involved in 
host location by adult weevils. Host monoterpenes are attractive to H. pales 
(Thomas and Hertel 1969, 1979), and P. picivorus (Fatzinger 1985). The combina
tion of ethanol and terpenes is also attractive to both species, and factors sUj:h as 
ratios of the components and season can greatly affect attraction (Fatzinger et aL 
1987, Raffa and Hunt 1988, Hunt and Raffa 1989, Rieske and Raffa 1991). In 
contrast, relatively little is known about the possible role of visual cues in host 
orientation. It was our goal to determine whether visual cues influence orientation 
by H. pales and P. picivorus to attractant-baited traps. 

IDepartment of Entomology, University of Wisconsin, Madison, WI 53706. 
2Current address: Agriculture Canada, Research Station, Harrow, Ontario, NOR 100, 

Canada. 
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MATERIALS AND METHODS 

The traps used were a modified version of the pitfall trap described by Tilles et 
al. (1986a, b) and modified by Hunt and Raffa (1989). Sections of PVC drainpipe, 
76 cm long, were drilled with eight 6 mm diameter holes spaced equally around the 
circumference of the pipe, 31 cm from one end. The pipes were inserted into the 
ground to a depth of 31 cm so that the holes in the pipe were at ground level, and the 
remaining 46 cm provided a silhouette. The pipes were capped at both ends with 
removable plastic lids, with two 0.3 cm diameter holes in the lower lid to allow water 
drainage. Liquid Teflon was applied to the inner surfaces of the traps to prevent the 
escape of weevils. A wire passing through two 2 mm holes in the walls of the trap at 
ground level served as a support for baits. 

To examine the effect of trap color, the above ground portion of 11 cm outer 
diameter traps was painted black, white or green using a flat spray enamel (New 
York Bronze Powder Co. Inc., Elizabeth, NJ). To examine the effect of diameter, 
black PVC of 22 or 6 cm outer diameter were compared. These sizes were used so 
that the weevils could choose between traps of greater and lesser diameter than the 
trees present in the plantation. The traps were placed in a 4 yr old Scotch pine 
Christmas tree plantation in Waushara County, WI. The plantation was known to 
be infested with H. pales and P. picivorus. The trees had been planted at 1.7 m 
between trees and rows. The traps were placed between the rows, every third row, 
midway between every third tree. This resulted in approximately a 5.1 x 5.1 m 
spacing of groups of traps. The traps were arranged in 20 pairs for the diameter 
experiment and at the points of 20 equilateral triangles for the color experiment, 
with 0.6 m between traps in a group. The position of each color or diameter of trap 
was assigned randomly within each triplet or pair, respectively. 

The baits consisted of vials of turpentine (Sunnyside Corp., Wheeling, IL) and 
95070 ethanol. The turpentine and 95% ethanol were each released separately from 
open 12 x 35 mm glass vials, such that the release rates were approximately 40 mg 
and 400 mg124 h, respectively, at 22° C. Vials within each type of trap exhibited 
different rates of evaporation, probably due to temperature differences within the 
trap which were characteristic of each color and diameter of PVC tube. In order to 
standardize the release rates a variable number of vials was used for each color and 
diameter of trap. The turpentine consisted mostly of monoterpenes, of which the 
relative proportions were: alpha-pinene (52.45%), beta-pinene (41.35%), beta
phellandrene (2.00%), limonene (1.05%), camphene (0.85%), myrcene (0.65%), 
and unknown (0.65%), as determined by gas liquid chromatography using the 
method of Raffa and Steffeck (1988). Weevils were collected from the traps and the 
baits replenished at approximately weekly intervals from May to Sept., 1987. All 
weevils were examined in the laboratory for species identity using the keys developed 
by Kissinger (1964) and Warner (1966), and sex was determined by the methods of 
Wilson et al. (1966). 

Numbers of weevils of each species captured in pitfall traps were analyzed using 
analysis of variance and Duncan's multiple range test. Statistical Analysis System 
programs were used for all analyses (SAS Institute 1982). 

RESULTS AND DISCUSSION 

Adult H. pales and P. picivorus of both sexes were captured in significantly 
larger numbers in baited pitfall traps that were painted white than in similarly baited 
pitfall traps painted black or green (Table I). This seemed surprising because black 
or green traps more closely approximate the color of the host trunk and foliage, 
respectively. However, H. pales and P. picivorus breed primarily in the stumps and 
roots of pines that have recently been harvested or were killed by bark beetles, fire, 
or some other agent (Nord et al. 1982), so these insects may not be very responsive to 
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Table I.-Mean number (±SE) of Hylobius pales and Pachylobius picivorus adults caught 
per trap from 19 May to 7 Sept. 1987, in 11 em diameter pitfall traps of various colors in 
Wisconsin. N = 20 traps for each colora. 

H. pales P. picivorus 
Trap color Females Males Females Males 

--------~---------
White 17.3±3.2a 1.8±0.7a 15.3±3.9a 9.8±2.3a 
Black 2.5±0.8b 0.5±0.3b 2.8± l.lb 1.8±0.8b 
Green 0.5±0.03b o b o b o b 
Total captured 406 46 362 232 

aMeans within columns followed by the same letter are not significantly different (P = 0.05; 
Duncan's multiple range test [SAS Institute 1982]). 

Table 2.-Mean number (±SE) of Hylobius'pales and Pachylobius picivorus adults caught 
per trap from 19 May to 7 Sept. 1987, in black pitfall traps of different diameters (large 22 
cm; small = 6 cm) in Wisconsin. N = 20 traps for each diameter". 

H. pales P. picivorus 
Trap diameter Females Males Females Males 

----~--~----------~-------
Large 3.2± LOa O.7±OAa 3.1 ±0.9a 1.7 ±0.7a 
Small 2.9±0.8a O.8±OAa 3.0±0.8a 1.5±0.5a 
Total captured 122 30 122 64 

"Means within columns followed by the same letter are not significantly different (P = 0.05; 
Duncan's multiple range test [SAS Institute 1982]). 

host color. Also, both of these species feed nocturnally, so white traps may simply 
provide greater contrast at night. 

Our data on the effects of color on trap catch contradicts the results of Fat
zinger (1985), who reported that in Florida more H. pales and P. picivorus were 
caught in black flight-barrier traps than in white traps. This discrepancy may be due 
to differences in the behavior of flying and walking weevils, or may reflect differ
ences in Wisconsin and Florida populations. 

Trap diameter did not affect catch for either H. pales or P. picivorus (Table 2). 
Orientation to an odor source may be a more effective method than diameter-related 
preference for locating stumps and roots, since a silhouette may be absent or of 
variable dimensions above suitable host materiaL For these weevils tree condition 
may determine host suitability more than age or size. Similarly, Nordlander et al. 
(1986) reported that Hylobius abietis oriented to underground odor sources in the 
absence of visual cues. The large proportion of female weevils caught in traps baited 
with ethanol combined with turpentine is in agreement with Hunt and Raffa (1989), 
and suggests that these compounds are used as chemical cues primarily by females. 

Weevil orientation to baited traps of various colors in this study suggests that 
visual cues playa role in host orientation by root weevils. However, neither P. 
picivorus nor H. radicis are attracted to black pitfall traps in the absence of turpen
tine and ethanol baits (Hunt and Raffa 1989), suggesting that visual orientation can 
augment olfactory orientation but not replace it. Because H. radicis breed in the 
root collar area of standing pine trees (Schaffner and McIntyre 1944), as opposed to 
the stumps and roots used by H. pales and P. picivorus, visual cues such as color or 
diameter may be even more important in H. radicis. 

Previous studies of host orientation in pine root weevils have used black pitfall 
traps (Raffa and Hunt 1988, Hunt and Raffa 1989). Our results suggest that more 
weevils would have been captured if these studies had used a more attractive or more 
visible color such as white. Since the number of certain species of root weevils 
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captured in pitfall traps appears to be correlated with tree damage in pine planta
tions (Nordlander 1987, Hunt and Raffa 1989) the use of white traps could increase 
trapping efficiency, and thereby provide for a more sensitive and accurate monitor
ing tool. 
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EFFECTS OF SOIL MOISTURE ON THE PUPATION BEHAVIOR 
OF ALTICA SUBPLICATA (COLEOPTERA: 


CHRYSOMELIDAE) 


Kathleen M. Rickelmann and Catherine E. Bach l 

ABSTRACT 

The effects of soil moisture on the pupation behavior of a willow flea beetle, 
Attica subplicata, were studied with two laboratory experiments. To test the effect 
of soil moisture on the number of larvae pupating and pupal survival, we set up 
pupation chambers filled with sand with three different soil moistures: dry, moist, 
and wet. The number of larvae pupating was much greater in the moist sand and wet 
sand treatments than in the dry sand treatment. Pupal survival, as measured by the 
proportion of adults successfully emerging, was greater in the moist treatment than 
in the wet or dry treatments. Thus, overall pupation success (number of adults 
successfully emerging) was greater in the moist treatment than in the wet treatment 
and greater in the wet treatment than in the dry treatment. 

To examine the effect of soil moisture on choice of pupation site, we provided 
the larvae with a choice of two soil moistures in each pupation chamber. More larvae 
chose wet over dry conditions and more chose moist over dry conditions, but larvae 
did not discriminate between moist and wet conditions. 

The improved pupation in areas with higher soil moisture is consistent with the 
field distribution pattern of greater beetle densities on dunes with greater soil 
moisture. 

Flea beetles in the genus Altica represent a group of herbivores that are capable 
of causing extensive damage to their host plants (Woods 1917, Port and Guile 1986). 
At Grass Bay on Lake Huron in northern Michigan, the flea beetle, Attica subpli
cata LeC. feeds exclusively on sand-dune willow, Salix cordata. At this location S. 
cordata grows on sand dunes of various ages (Bach 1990). Despite the wide distribu
tion of S. cordata at Grass Bay, the population of A. subplicata exhibits a strong 
distributional bias at this site. Bach (1990) found that A. subplicata is present on 
young sand dunes but absent from older dunes. 

The feeding and reproductive behaviors of A. subplicata suggest that young 
sand dunes, with younger S. cordata plants (and thus a greater proportion of young 
leaves), are most beneficial for reproductive success. Cassin (1989) observed a 
greater larval to pupal survival rate when the diet consisted of young S. cordata 
leaves compared with old S. cordata leaves. Cassin (1989) also reported a higher 
percentage of egg laying on young S. cordata leaves. Attica bimarginata Say, 
another willow flea beetle, concentrates its feeding efforts on developing buds and 
young leaves of the willow S. exigua (Barstow and Gittins 1971). Hattica (= Altica) 

lDepartment of Biology and University of Michigan Biological Station, University of 
Michigan, Ann Arbor, MI 48109-1048. Correspondence: Dr. Catherine E. Bach: Department 
of Biology, Eastern Michigan University, Ypsilanti, MI, 48197. 
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lythri Aube also prefers young over senescent leaves of its host plant, Epilobium 
hirsutum (Phillips 1976). 

Despite the relationship observed between the food supply, conditions for egg 
laying and the population density of A. subplicata, we propose that other variables 
may influence this relationship, one of these potential variables being soil moisture. 
The location of the young sand dunes, close to the water's edge, results in greater soil 
moisture. Other studies report increased development and survival of soil insects in 
moderately wet soil (Lummus et al. 1983, Marrone and Stinner 1984). Barstow and 
Gittins (1971) suggested that moist sand facilitates the successful pupation of A. 
bimarginata, but they did not experimentally test this. 

The purpose of this experiment was to examine the effects of soil moisture on 
the pupation behavior of A. subplicata. Specifically, we examined the number of 
larvae pupating, pupal survival (proportion of adults successfully emerging out of 
those pupating), pupation success (number of adults successfully emerging), and 
selection of a pupation site by A. subplicata as a function of soil moisture. 

MATERIALS AND METHODS 

Two laboratory experiments were conducted at the University of Michigan 
Biological Station, Cheboygan County, MI. We collected last-instar A. subplicata 
between 25 - 27 July 1990 from 2 sites: (1) Grass Bay Nature Conservancy Property 
on Lake Huron, Cheboygan County, MI, and (2) Pte Aux Chenes lake shore prop
erty on Lake Michigan, Mackinac County, MI. We utilized 16 oz deli dishes as 
pupation chambers for both laboratory experiments. To each deli dish we added dry 
sand (collected from Pte Aux Chenes) to a depth of 4.5 cm, ten A. subplicata larvae, 
and two S. cordata sprigs, each 6-8 cm in length, recently collected from the field. 
To maintain a fresh food supply, we provided a water supply to the sprigs via one 
dram vials and replaced the S. cordata sprigs every three days. Each dish was 
covered with Imm x Imm mesh nylon cloth. 

The soil moisture experiment consisted of 5 replicate dishes of each of three 
treatments: dry, moist, and wet sand. On 27 July 1990, we added 60 ml and 120 ml 
of water to the moist and wet treatments, respectively. Every six days thereafter, we 
added 30 ml of water to the moist treatment and 60 ml of water to the wet treatment, 
to maintain a difference in soil moisture. 

The S. cordata and larvae were placed in the dishes after the water was added 
on the first day of the experiment. To eliminate possible environmental differences 
in the lab room, we arranged the treatments in 5 blocks, with treatments within 
blocks in an alternating order (Le., block 1: moist, dry, wet; block 2: wet, moist, 
dry; etc.). We counted the number of larvae that had not burrowed into the sand to 
pupate periodically between 31 July and 14 August and from that, calculated the 
number of larvae that had pupated (= burrowed into the sand). We also recorded 
the number of adult beetles that successfully emerged from the sand periodically 
between 18 August and 9 September. From this, we calculated pupal survival as the 
proportion of adults successfully emerging out of the number that had pupated, and 
pupation success as the number of adults successfully emerging. Data on pupal 
survival were arcsin transformed before analysis. Data were analyzed with repeated
measures ANOVAs (because data from different dates were not independent) testing 
for effects of soil moisture, treatment, time, and an interaction between treatment 
and time. Pairwise comparisons between individual treatments were conducted with 
individual contrasts (SYSTAT; Wilkinson 1988). 

To calculate the percentage soil moisture in these experiments, we set up an 
additional set of experiments with identical conditions, but without adding larvae. 
We took soil samples each day for the first 7 days of the experiment and calculated 
percentage soil moisture (dry weight) as (wet weight-dry weight)/dry weight. 
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The soil moisture choice experiment consisted of 5 replicate dishes of each of 
three paired treatments: dry vs. moist, moist vs. wet, and dry vs. wet sand. We 
divided the sand into halves with a plexiglass divider and then applied the appropri
ate moisture treatment to each half; each side of the divider supported one S. 
cordata sprig. We maintained the moisture treatments by adding 30 ml and 60 ml of 
water to the moist and wet choices, respectively, on 2 August 1990 and 15 ml and 30 
ml of water, respectively, every 6 days thereafter. As described previously the treat
ments were arranged in an alternating order within each of 5 blocks. Final counts of 
the number of larvae choosing to pupate in each side of each dish were obtained by 
excavating the soil at the conclusion of the experiment on 12 August 1990. Data 
from each choice experiment were analyzed with Chi-square (X2) tests. 

To compare soil moisture values from the laboratory experiments with those 
found in the field, 5 soil samples were taken on each of 2 dates from a young dune 
and an older dune at Grass Bay. Percentage soil moisture was calculated as described 
previously. 

RESULTS 

The number of Attica subplicata larvae that pupated was very strongly influ
enced by soil moisture 63.2, df=(2,12), p< <.001), Fig. 1), time (F=97.3, 
df= (4,48), p< < .001), and an interaction between treatment and time (F= 11.7, 
df = (8,48), p< < .001). This significant interaction indicates an increasing differ
ence between treatments with time (Fig. 1). The number of larvae that pupated was 
much lower under dry sand conditions than under moist and wet sand conditions 
(p< .05 for all dates for both comparisons), but did not differ for moist vs. wet 
conditions (p> .05 for all dates); a total of only 12 larvae from the dry treatments 
burrowed into the sand versus 48 and 47 in the moist and wet treatments, 
respectively. 

Pupal survival, measured as the proportion of adults that successfully emerged 
out of the number that pupated, was higher in the moist treatment (0.91 ± 0.4) than 
in the wet treatment (0.61 ±0.9) or the dry treatment (0.42±0.25). Soil moisture 
treatment significantly affected pupal survival (F=22.7, df=(2,1l), p«.OOl), 
with greater proportions of adults emerging in the moist treatment than in the wet 
treatment (p< .05 for all except the last date) or the dry freatment (p< .05 for all 
dates). There was no significant difference between the proportion of adults emerg
ing in the wet and dry treatments (p> .05 for all dates). 

Pupation success, which combines number pupating and pupal survival, was 
also significantly affected by soil moisture treatment (F=48.4, df=(2,12), p< < 
.001, Fig. 2) with greater numbers of adults successfully emerging in the moist 
treatment than in the wet treatment (p < .05 for all dates) and greater emergence in 
the wet treatment than in the dry treatment (p< .05 for the last date; Fig. 2). Again, 
pupation success increased with time (F=37.1, df=(6,72), p< <.001), and there 
was an increasing difference between treatments with time (F =8.2, df =(12,72), p< 
< .001). 

The percentage soil moistures in each of the treatments over the 7-day period 
were the following: dry (5.4±0.5 SEM, 5.7± 1.0, 2.4±0.2, 3.4±0.2, 3.1 ±0.2, 
2.9± 0.2,3.1 ±0.2, respectively), moist (32.4 ± 1.1, 24.8 ±0.5, 15.2± 1.0, 12.3 ±0.8, 
11.2±0.6, 9.1±0.6, 18.3±0.6, respectively), and wet (32.1±0.8, 24.8±2.3, 
14.5±0.7, 13.1±0.6, 11.3±0.6, 11.0±0.4, 28.8±0.5, respectively). Thus, the dry 
treatment had much lower soil moisture than either the moist or wet treatments 
throughout the study. In addition, although the soil moistures were similar in the 
moist and wet treatments for the first six days of the experiment, the addition of 
water on the seventh day resulted in a much higher soil moisture in the wet treatment 
(290/0) than in the moist treatment (180/0). 
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Figure 1. Mean number of larvae that pupated in containers with dry, moist, and wet sand. 
Data presented are means ± standard errors for the 5 replicate containers of each treatment. 

The soil moisture choice experiment resulted in a highly significant difference 
between the number of larvae that chose a wet as opposed to a dry soil in which to 
pupate (Fig. 3). More larvae chose wet sand over dry sand (;<2= 17.1, df= 1, p< 
.001) and more larvae chose moist sand over dry sand (x2 31.2, df= 1, p< .00l). 
The difference between the number of larvae choosing moist vs. wet sand was not 
significant (~= 0.24, df = 1, p> .05). 

DISCUSSION 

Results from this experiment suggest that soil moisture strongly affects pupa
tion behavior. Since we controlled for the quality of Salix cordata and other environ
mental factors, the variable most likely influencing pupation was soil moisture. 
Moderately wet soil also facilitated the development and increased the survival of 
the bean leaf beetle (Marrone and Stiuner 1984) and the southern corn rootworm 
(Lummus et al. 1983). 

Results from both laboratory experiments showed that larvae consistently chose 
to pupate under moist and wet sand conditions (and did not distinguish between 
these conditions), but larvae avoided pupating under dry sand conditions. Marrone 
and Stinner (1984) suggest that high pupal mortality in dry soils results from an 
inability to make pupal cells and an inhibition of emergence. 

The highest pupation success in the moist sand treatment clearly results both 
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Figure 2. Mean number of adults that successfully emerged in containers with dry, moist, and 
wet sand. Data presented are means standard errors for the 5 replicate containers of each 
treatment. 

from a greater number of larvae pupating and greater survival of pupae in that 
treatment. The lower adult emergence in wet sand is caused by a detrimental effect 
of wet sand on pupal development, not from fewer larvae burrowing into the sand to 
pupate. The lowest pupation success in the dry sand treatment appears to result 
primarily from the larvae not choosing to pupate under dry conditions, but pupal 
survival was also lowest in dry sand. 

The improved pupation in areas with higher soil moisture is consistent with 
field distribution patterns of this beetle. Bach (1990) reports that beetles are abun
dant on young dunes nearer to the water's edge and absent from older dunes, even 
with similar densities of S. cordata. Young dunes at Grass Bay had an average soil 
moisture of 18.2± 1.1 % and 19.1 ± 1.3 070 (which corresponds to the moist sand 
treatment in the laboratory experiments), whereas older dunes had an average soil 
moisture of 3.3 ±O.1 % and 3.6±0.6 % (which corresponds to the dry sand treat
ment). Thus, increased soil moisture, and thus increased pupation success, may be 
an important explanation for the high population densities on younger dunes. 
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DIFFERENTIAL SUITABILITY OF 12 GREAT LAKES 

TREE SPECIES FOR PAPILIO CANADENSIS 


(LEPIDOPTERA: PAPILIONIDAE) 

LARVAL SURVIVAL AND GROWTH 


J. Mark Scriber l 

ABSTRACT 

Differential nutritional suitabilities of 12 potential host plants of Papilio cana
densis in the Great Lakes region of North America were determined with gravimetric 
techniques for penultimate and final larval instars. While leaf water content and leaf 
nitrogen content explain some of the variation, allelochemicals in different plants 
are likely to be involved in differential larval growth performances as well as mortal
ity of neonate larvae on tuliptree and spicebush. Oviposition tests using 3-choice 
arenas with quaking aspen, paper birch, and balsam poplar showed no strong host 
preferences. Factors affecting patterns of Papilio host use in the Great Lakes region 
are discussed. 

The eastern tiger swallowtail butterfly, Papilio glaucus L., has long been con
sidered to be comprised of at least two interbreeding subspecies, Papilio glaucus 
glaucus L. and P. g. canadensis R&J (Luebke et al. 1988, Scriber 1990). The biologi
cal and genetic differences in various biochemical, physiological, behavioral and 
morphological traits are of sufficient number and magnitude that we recently have 
suggested species-level status of Papilio canadensis (Hagen et al. 1991). 

Among the differences is the fact that Papilio canadensis are able to survive and 
grow successfully on quaking aspen, Populus tremuloides leaves, whereas neonate 
Papilio glaucus do very poorly and survival through the first larval instar is rarely 
greater than 150/0. In fact, these survival differences are so dramatic that the zone of 
hybrid interaction in the Great Lakes region can almost be delineated by the step 
cline differences in survival on aspen among P. canadensis populations and P. 
glaucus populations (Fig. 1). A reciprocal pattern of survival is observed for these 
same populations on leaves of tuliptree, Liriodendron tulipifera, with a similar step 
cline pattern of geographic variation (Scriber 1988; Fig. 2). These traits are geneti
cally based (Scriber 1986, Scriber et al. 1989) and are likely due to differential 
detoxification abilities (Lindroth et al. 1986, 1988). 

It has been pointed out that Papilio glaucus is probably the most polyphagous 
of all 560 + species of swallowtail butterflies in the world (Scriber 1984). Similarly 
P. canadensis have been shown to have more than 10% neonate survival in labora
tory no-choice studies on 40 different species of plants from 11 different plant 
families (Scriber 1988). While neonate survival is a critical prerequisite for further 
ecological success, the growth rates and total duration of surviving larvae on mar
ginal host plants are of considerable significance, especially where predation or 
parasitism may be possible. Another important aspect of differential larval growth 

IDepartment of Entomology, Michigan State University, East Lansing, MI 48824. 
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Figure L Geographic variation in neonate (1st instar) larval survival of Papilio glaucus and 
P. canadensis on quaking asp.en, Populus tremuloides. (Data are from 1978-1987, and include 
2803 larvae tested; Scriber et. aL 1988). 

rates is whether or not an extra generation can be completed before adverse climatic 
conditions arrive at a given location. Differential larval growth rates on different 
host plants have been proposed as a basis for natural selection to favor specialists in 
areas where seasonal total thermal unit accumulations are marginal for completion 
of an extra generation as in central Michigan and Wisconsin (Scriber and 
Lederhouse 1992). Selection of the most favorable (nutritionally superior) hosts 
would aid in completing development, whereas selection of a poor host would be 
fatal for larvae since they would not be able to pupate before adverse conditions 
arrive. On the other hand, generalists might be favored in areas where thermal units 
are sufficient for the generation to be completed on most or all host plants, thus 
contributing to alternating latitudinal bands of specialization and generalization 
within a species (Scriber and Lederhouse 1992). 

This study was conducted on Papilio canadensis larvae from northern Wiscon
sin which were fed leaves from 12 different Wisconsin tree species from 7 plant 
families. The goal of this study was to assess the differential suitability of various 
potential hostplants for P. canadensis larval survival and growth. Understanding the 
population variation in host use abilities and the differential nutritional suitability 
of various plants to Papilio populations is a prerequisite to subsequent evaluation of 
the voltinism/suitability hypothesis of Scriber and Lederhouse (1992). 
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Figure 2. Georgraphic variation in neonate survival of P. glaucus and P. canadensis on 
tuliptree, Liriodendron lulipijera (Data are from 1978~1987, and include 3572 larvae tested; 
Scriber et. al. 1988). 

MATERIALS AND METHODS 

Adult female Papilio canadensis were collected from locations in northern 
Wisconsin (Burnett, Clark, Iron, Oneida, and Taylor counties) and immediately 
brought to the laboratory where they were set up in plastic boxes with sprigs of black 
cherry and aspen under illumination from incandescent lights (approximately 0.5 m 
distance away) to induce oviposition. Eggs obtained by these methods were identi
fied for each source female. Resulting neonate larvae were carefully distributed with 
camel hair brushes to leaves of various plants and maintained in standard rearing 
conditions, 16:8 photo/scotophase and corresponding thermal periods of 23.5/19.5 
C, to simulate summer conditions. Leaves (in water-filled rubber-capped plastic 
vials) were changed at intervals of 2~3 days and larval survival on each host was 
recorded at this time. 

Fresh penultimate instar larvae were weighed and placed in individual plastic 
dishes with weighed leaf samples and returned to the growth chambers for standard 
gravimetric feeding experiments. Sample aliquots of leaves and larvae in each treat
ment were weighed, freeze-dried and weighed again, allowing estimation of dry 
weights. Standard indices of growth rates (RGR), consumption rates (RCR) and 
efficiencies (AD, ECD and ECI) were calculated for each treatment based on stadia 
durations, food ingested, fecal production, and larval weight gain for both penulti
mate and final instars (Scriber and Siansky 1981). Data are presented as a mean± 
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standard error. Tukey's test for unequal sample sizes was used for identifying signifi
cant differences between the means (Winer 1962, Snedecor and Cochran 1967). 

Samples were analyzed for total nitrogen content using the micro-Kjeldahl 
method of McKenzie and Wallace (1954). The nitrogen content of each leaf sample 
was determined as a mean of 3 replicates. The overall mean nitrogen content was 
calculated for the larvae of each female independently for each host plant tested, 
and was based on the daily samples actually provided in the feeding experiments. 

An additional group of wild females was used for 3-choice oviposition experi
ments (Chippewa and Taylor counties in Wisconsin, and Iron and Dickinson coun
ties in the adjacent Upper Peninsula of Michigan, and a comparison sample from 
Fairbanks, Alaska). Each female was individually placed in a clear plastic box (10 
em x 20 cm x 27 cm) containing an array of similar size sprigs from 3 different tree 
species (P = paper birch, Q = quaking aspen, B = balsam poplar). These sprigs 
were positioned equal distances apart along one long side of the box such that the 
leaves carefully draped along the side. These boxes, with the leaves on the side 
nearest the light source, were placed 0.7 -1.0 m from two vertical banks of four 100 
watt incandescent bulbs which were on a 4 hr on/off cycle throughout the studies. 
The individual boxes were randomized daily. 

Eggs were collected and counted at 24 hr intervals, and new leaves were substi
tuted daily in a 3-day rotational schedule. Designed to minimize any potential 
"position effects," this rotation started on day 1 with either a P-Q-B or a B-Q-P 
sequence (Le., with aspen separated by birch and balsam poplar). The 3-day 
sequence was then either P-Q-B, Q-B-P, B-P-Q or B-Q-P, Q-P-B, P-B-Q. Leaf 
moisture was maintained using water-filled, rubber-capped aquapics. Preferences 
were calculated and included in the analyses for all females which oviposited 5 or 
more eggs. The few stray eggs that were placed on the paper lining or plastic were 
generally immediately adjacent to a particular leaf, but nonetheless were excluded 
from the analyses. A similar 3-choice design using tuliptree, quaking aspen, and 
black cherry was also used for general comparison of female oviposition responses. 

RESULTS 

Survival through the third instar on tuliptree, Liriodendron tulip/era was non
existent for all populations tested, which is consistent with most of the neonate 
survival studies previously reported (Scriber 1983, 1988). Survival on spicebush was 
also zero (Table I). The best larval survival was on black cherry (85070) followed by 
quaking aspen (71070), paper birch (67070), choke cherry (66070) and ash (57070). In 
addition, some plants found naturally only to the south of these P. canadensis 
populations resulted in relatively low survival for P. canadensis: cucumber magnolia 
(57070), sassafras (44070) and hoptree (34070). Survival through the third instar on 
balsam poplar and mountain ash (two plants whose ranges lie largely north of these 
P. canadensis populations) was also quite low (37070 each; Table I). 

Larval growth rates (RG.R.'s) were fastest on black cherry (.172 mg' go! . d-I) 
and slowest for ash (.129) and mountain ash (.129) during their penultimate instars. 
A basically similar pattern of ranking in larval growth rates is observed for the ten 
plant species in the final instar, with the exception of paper birch and balsam poplar, 
for which final instar growth is even slower (.067 and .081 mg' g-I . dol, respectively) 
than observed for ash and mountain ash (Table 2). 

The total duration of larval development is shortest (32 days) for black cherry 
(where the 4th and 5th ins tar growth rates were also fastest) and longest (44 days) for 
white ash (where 4th instar growth was the slowest), however the total larval dura
tion on the other eight plant species was variable between these extremes. The mean 
total larval duration of P. canadensis on a plant was correlated with both the 
penultimate and final instar growth rates (Fig. 3). However, it should be noted that 



Table I. - Larval survival and growth performance of Papilio canadensis on 12 Wisconsin plant species. \0 
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All Family Relativ1Growth Rates 
(mg'mg- 'd- ) 

Host plant tested Percent survival Penultimate Final 
Females Larvae through: Pupal Total (4th) instar (5th) instar 

(n) (n) 1st 2nd 3rd weight duration mean (range) mean (range) 
instar instar instar 

Black cherry 
(Prunus serotina) 

Paper birch 
(Betula papyrifera) 

Hop Tree 
(Ptelea trifoliata) 

15 

12 

13 

73 

61 

53 

88 

85 

77 

85 

72 

47 

85 

67 

34 

219.1±7.3 a 

187.2±8.2 a 

204.0± 12.5 a 

32.0±0.7 a 

40.9± 1.2 a 

36.6± 1.6 abc 

.172 

.162 
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Balsam poplar 
(Populus balsamifera) 

Choke cherry 
(Prunus virginiana) 

8 

11 

52 

62 

69 

82 

46 

68 

37 

66 

134.2± 14.5 b 

168.9±6.6 a b 

34.3± 1.0 a b 

34.0±0.7 abc 

.155 

.147 

(.156-.160) 

(.109-.180) 
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.111 

(.064-.114) 

(.092-.132) 
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Sassafras 
(Sassafras albidum) 

Mountain magnolia 
(Magnolia acuminata) 

Quaking aspen 
(Populus tremuloides) 

White ash 
(Fraxinus americana) 

10 

11 

20 

8 

55 

54 

80 

51 

62 

70 

86 

84 

51 

63 

78 

75 

44 

57 

71 

57 

199.8 ± 10.1 a 

167.6± 12.5 a b 

219.2±7.2 a 

201.6± 10.6 a 

36.9± 1.0 abc 

34.6±0.9 abc 

38.7±0.8 bcd 

44.1± 1.5 e 

.147 

.136 

.133 

.129 

(.062-.197) 

(.091-.161) 

(.101-.160) 

(.096-.142) 

.109 

.116 

.106 

.087 

(.082-.136) 

(.091-.146) 

(.065-.116) 

(.055-.113) 
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Mountain ash 
(Sorbus americana) 

10 65 72 49 37 205.3±119. a 40.2± 1.9 cde .129 (106-.168) .084 (.073-.102) 

Spicebush 
(Lindera benzoin) 

19 69 0 

Tuliptree 
(Liriodendron 
tulipera) 

21 88 0 0 0 
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Table 2. - Larval growth performance of penultimate (4th instar) and final (5th) instar Papilio canadensis on ten plant species. Data are presented as a grand 
mean ± s.e. (ie. with the average of all individual larvae for a particular mother as a single replicate). 

Growth Consumption 
rate rate Efficiencies 

Host 
Plant 

Larval 
Instar 

Leaf Water 
(0/0 fresh) 

Leaf Nitrogen 
(% dry) 

R.G.R. 
(mg'mg-I'd-I 

AD 
(%) 

47.6±2.9 

ECD 
(%) 

33.3±4.3 

ECI 
("70 ) 

13.8±0.8 

Duration 
(days) 

Number of 
families (n) 

(10) 

--l 
::r:: 
tli 

42.5± 104 3004± 1.9 1204±OA 10.1±0.3 (8) Cl 
(4th) 
(5th) 

67.3±0.6 
64.I±Oo4 

2.72± .01 
2.28±.05 

.162± .008 

.067±.003 
1.20± .09 
1.11±.1O 

4504±1.7 
40.5 1.7 

31.3 ±2.2 
1504± 1.8 

13.8±0.5 
6.9±Oo4 

7.7±OA 
17.0± 1.0 

(8) 
(S) 

:;>;:i 
tli 
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Hop 
tree 

(4th) 
(5th) 

65.7± 1.0 
6404± I.S 

3.08±.10 
2.76±.1O 

.IS8±.008 

.114± .005 
1.07± .07 
1.05±.06 

53.6±S.1 
49.2±2.9 

33.2±6.6 
23.1 ±2.1 

lS.3±1.2 
11.1 ±0.7 

7A±0.3 
11.2±0.S 

(S) 
(8) r 

)
Balsam 
poplar 

(4th) 
(Sth) 

76.8±0.6 
74.1 ±0.5 

3.35±.15 
3.34±.03 

.155±.001 

.081±.016 
1.1O±.11 
.92±.OS 

43.9± 3.5 
43.5±2.6 

34.5±5.5 
20.9±4.0 

14.7± 1.3 
8.8± 1.3 

7.5±0.3 
1304±2.0 

(3) 
(3) 

~ 
tli 
CIl 

Choke 
cherry 

Sassafras 

(4th) 
(5th) 

(4th) 

63.5±.23 
62.9±.67 

66.1±.87 
6S.S±0.8 

2.8S ±.07 
2047± .05 

3.09±.1O 
2.88± .04 

.147±.OOS 

.111 ± .005 

.147±.0J3 

.I09±.006 

1.28± .07 
1.15± .03 

l.2S±.09 
1.08± .04 

45.7±1.1 
43.2± 1.5 

59.1 ± I.S 
47.8± 1.4 

27.1 ±2.4 
22.8 ±0.9 

21.9±2.9 
21.4±0.9 

12.0±0.9 
9.8±OA 

12.6± I.S 
10.1 ±0.3 

6.5±Oo4 
11.2±0.3 

S.8±0.9 
11.1±0.5 

(8) 
(8) 
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Mountain 
magnolia 

(4th) 
(Sth) 

76.7±0.3 
75.S±OA 

304S ± .03 
3.32± .02 

.136±.01l 

.1I6± .009 
.98±.07 
.99± .07 

41.9±4.1 
3S.2±4.3 

40.1 ±9.5 
3S.9±7A 

14.3± 1.4 
12.5± 1.6 

7.6±0.5 
9.9±0.3 

(6) 
(6) 
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Cl-Quaking 

aspen 
(4th) 
(Sth) 

6O.0±0.6 
60.2±OA 

2.32± .10 
2.31 .02 

.133±.007 

.106±.002 
1.54± .11 
I.OS± .05 

48.9±2.5 
38.7± 1.6 

21.6±2.7 
27A±2A 

9.2±0.7 
10.1 ±O.S 

SA±0.3 
12.7±0.4 

(14) 
(12) 
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White (4th) 60.0± 1.2 2A2±.07 .129±.007 1.21 ± .07 45.4±S.0 25.6±2.7 10.7±0.2 8.8±OA (6) 
ash 

Mountain 

(5th) 

(4th) 

57.S±0.7 

6504± 1.0 

2.37± .03 

2.36±.14 

.084±.OOS 

.129±.009 

1.11 ± .OS 

1.05±.06 

34.3±2.3 

49.9±2.5 
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27.0±2.8 

7.S±0.9 

12.6±0.8 

14.1±0.8 

10.0± 103 

(6) 
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Figure 3. Relationship of total larval duration (neonate to pupa) with relative growth rate 
(R.O.R.s) of 4th (stars) and 5th (dots) instar Papilio canadensis larvae on 10 plant species (BC 
= black cherry, PB = paper birch, HT = hoptree, BP = balsam poplar, CC = choke cherry, 
S = sassafras, MM = mountain magnolia, QA = quaking aspen, WA = white ash, MA = 
mountain ash). Correlation coefficients are indicated for each instar. 

there are specific exceptions where the rank-order is not parallel. These include, for 
example, the low relative growth rates of final instars on balsam poplar and paper 
birch. 

Results of the 3-choice oviposition studies with northern Wisconsin and Upper 
Peninsula butterflies indicate considerable individual variation in responses (Table 
3). A general overall preference is evident for balsam poplar (54% of the eggs) in 
these three-choice studies with smaller proportions placed on paper birch (25%) and 
quaking aspen (21 %). This result is intriguing since balsam poplar is sparse and at 
the southern edge of its range in northern Wisconsin. However, Alaskan females of 
P. canadensis select balsam poplar no more frequently than quaking aspen or paper 
birch (Table 3) even though this may be their most common host. Sample sizes 
(numbers of females) and total eggs are low in number, however we can conclude 
that variable oviposition responses, with no strong favorites, were observed with this 
3-choice study of northern hosts in spite of the fact that paper birch and quaking 
aspen were by far the most frequently found hosts for the Canadian populations of 
P. canadensis (McGugan 1958). 

A similar 3-choice oviposition preference comparison using tuliptree, black 
cherry (which is an excellent host plant) and quaking aspen also shows considerable 
individual variation in preference (Scriber et. aI., 1991). The most surprising thing is 
that tuliptree is selected as the favorite host (> 50% of eggs) in these 3-choice 
situations by about half (14 of 29) of these P. canadensis females (Table 4), in spite 
of the fact that it is toxic to virtually all P. canadensis. Even those females not laying 
a majority of eggs on tuliptree nonetheless laid a substantial number of eggs on this 
unsuitable larval host plant species. This plant is not one that the P. canadensis 
females would normally encounter except at their southernmost distribution in 



246 THE GREAT LAKES ENTOMOLOGIST Vol. 24, No.4 

Table 3.-Papilio canadensis oviposition in a 3-choice area with Populus balsamifera, P. 
tremuloides, and Betula papyrifera. These trials followed the 3-day, 3-choice trials with aspen, 
tuliptree, and black cherry. 

Percentage of egg distribution 
Identification Balsam Quaking Paper Total eggs 
number Geographic Source poplar aspen birch (n) 

7038 Fairbanks, AK 7 79 14 (14) 
7040 Fairbanks, AK 72 0 28 (18) 
7043 
7049 

Fairbanks, AK 
Fairbanks, AK 

42 
21 

42 
32 

16 
47 

(12) 
(19) 

7052 Fairbanks, AK 13 37 50 (8) 
7053 Fairbanks, AK 20 10 70 (10) 

29.2±9.8 33.3 ± fl.3 37.5 ±9.0 

7024 Chippewa CO.,WI 71 29 0 (7) 
7025 Chippewa Co.,WI 0 100 0 (8) 
7027 
7028 

Taylor Co., WI 
Taylor Co., WI 

0 
100 

0 
0 

100 
0 

(10) 
(11) 

7030 Taylor Co., WI 100 0 0 (8) 
7033 Taylor Co., WI 18 32 50 (40) 
7034 
7035 

Taylor Co., WI 
Dickinson Co., MI 

50 
10 

50 
51 

0 
39 

(16) 
(41) 

7081 Dickinson Co., MI 46 3 51 (33) 
7082 Dickinson Co., MI 0 0 100 (6) 
7083 Dickinson Co., MI 100 0 0 (5) 
7084 Dickinson Co., MI 100 0 0 (9) 
7055 Iron Co., MI 100 0 0 (19) 
7061 Iron Co., MI 60 30 10 (20) 

53.9± 11.2 21.1 ± 8.0 25.0± 9.9 

Michigan and in central New York State (Scriber, 1975). Aspen was selected as a 
favorite (> 500/0 eggs) by only 5 of 29 females, and cherry by only 4 of 29 females. 

DISCUSSION 

Growth rate limitations vary with the nutritional quality of different plant 
species (Scriber and Feeny 1979, Scriber and Slansky 1981) and allow predictions of 
maximal larval growth performances on different plants that are correlated with 
plant water and nitrogen content. However, it is expected that various allelochemi
cals (eg., toxins, deterrents, growth suppressors) will alter the actual larval perfor
mance in some plants, reducing the rates or efficiencies of growth below that pre
dicted by nutritional parameters alone (Scriber, 1984). Larval growth might also be 
enhanced or reduced from levels predicted by leaf nitrogen and water content in 
cases where physiological adaptation to specific hosts of the particular insect popu
lation is variable (Scriber 1983). 

Papilio canadensis in these studies exhibits no significant correlation of larval 
growth rates with leaf water content for the penultimate and final instars (r = .184, 
r = .077, respectively) (Fig. 4), but growth rates are correlated with leaf nitrogen 
content (Fig. 5). In the penultimate instar, the greatest negative deviation of growth 
from the regression line (Fig. 5) appears to be for mountain magnolia, Magnolia 
acuminata. Since the related tuliptree is toxic and some phytochemical similarity of 
these two Magnoliaceae could be expected (see Scriber et. al1991) it seems that the 
poor growth performance could be due to secondary phytochemicals with antibiotic 
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Table 4. - Individual female oviposition responses of Papilio canadensis in a 3-choice arena. -
Mother # Geographic Percent of eggs (3 day total) Total 

Source Tuliptree Black Quaking eggs 
cherry aspen en) 

7037 AK 41.0 51.3 (39) 
7038 Fairbanks, AK 58.7 19.6 21.7 (46) 
7039 
7040 
7041 
7043 
7049 
7053 
7786 
7788 

Fairbanks, AK 
Fairbanks, AK 
Fairbanks, AK 
Fairbanks, AK 
Fairbanks, AK 
Fairbanks, AK 
Fairbanks, AK 
Fairbanks, AK 

85.7 
BO.5 
20.0 
32.0 
82.1 
92.3 
21.1 
53.8 

14.3 
2.4 

40.0 
16.0 
5.1 
7.0 
5.3 

23.1 

0.0 
17.1 
40.0 
52.0 
12.8 
0.0 

73.7 
23.1 

(28) 
(41) 
(10) 
(50) 
(39) 
(13) 
(19) 
(13) 

o-j
::c 
tr1 
0 
~ 
tr1 

~ 
7789 
7790 

Fairbanks, AK 
Fairbanks, AK 

53.3 
31.6 

20.0 
52.6 

26.7 
15.8 

(30) 
(19) 

r 
> 

7793 
7795 

Fairbanks, AK 
Fairbanks, AK 

42.3 
34.8 

42.3 
45.7 

15.4 
19.6 

(26) 
(46) 

~ 
tr1 
Ul 

7110 Nipissillg, ONT 33.3 43.1 23.5 (51) tr1 
6938 
6985 
6997 
7046 
7048 
7781 
7983 
7086 
7003 

Alger Co., MI 
Luce Co., MI 
Gogebic Co., MI 
Gogebic Co., MI 
Gogebic Co., MI 
Marquette Co., MI 
Bayfield Co., WI 
Roscommon Co., MI 
Chippewa Co., WI 

9.5 
5.6 

59.3 
70.9 
14.3 
52.2 
47.1 
54.1 
15.9 

57.1 
16.7 
22.6 
20.0 
57.1 
21.7 

5.8 
0.0 

41.3 

33.3 
77.8 
18.6 
9.1 

28.6 
26.1 
47.1 
45.9 
42.9 

(21) 
(54) 
(113) 
(55) 
(14) 
(138) 
(17) 
(37) 
(63) 

Z 
(j 
3.: 
0 r 
0 
0 
00 
o-j 

7004 Chippewa Co., WI 15.3 4.2 80.6 (72) 
7023 Chippewa Co., WI 42.5 20.0 37.5 (80) 
7025 Chippewa Co., WI 100.0 0.0 0.0 (14) 
7027 Taylor Co., WI 50.0 50.0 0.0 (14) 
7029 Taylor Co., WI 55.1 42.9 2.0 (49) 

Mean ± s.e. (n = 29) 46.7±4.7 24.3 ±3.4 29.0±4.2 

N 
.j>. 
--.l 
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Figure 4. The relationship of leaf water content (0/0 fresh weight) of 10 species of test plants 
with larval relative growth rates (mg·mg-1·d-1) of P. canadensis in the penultimate (4th) and 
final (5th) instar. Star symbols and dot symbols signify 4th and 5th instars, respectively. 
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Figure 5. The relationship of total leaf nitrogen content (0J0 dry weight) of 10 test plants with 
larval relative growth rates (mgomg-1od-1) of 4th and 5th instar P. canadensis. 
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Figure 6. Efficiency of conver,sion of ingested plant biomass to larval tissue (Eel) on lO hosts 
as a function of leaf nitrogen content for penultimate (star symbols) and final (dot symbols) 
instar P. canadensis larvae. 

activity. In the final instar the greatest negative deviations from the regression based 
on nitrogen, are for paper birch and balsam poplar (Fig. 5). Since neither paper 
birch nor balsam poplar are low in leaf water content (Fig. 4, Table 2), it is likely 
that the deleterious effects could be caused by allelochemicals. Balsam poplar has a 
geographic range that is further north than quaking aspen. The populations of P. 
canadensis in this study (from Burnett, Clark, Oneida, and Sawyer counties, Wis
consin) would not have the opportunity to encounter balsam poplar except on rare 
occasions in very localized pockets south of its general range limits. It is speculated 
that such novelty may explain part of the slower growth of Wisconsin P. canadensis 
on balsam poplar in this study. The reasons for poorer than expected growth on 
paper birch are also unknown, but are likely to be allelochemical in nature 

To determine what might be the physiological/behavioral mechanisms that 
cause slower growth on mountain magnolia and balsam poplar than the empirical 
nutritional model (Scriber 1984) would predict, the consumption rates (RCR) and 
efficiencies (AD, ECD, ECI) were examined. It appears that the slow growth on 
mountain magnolia (M. acuminata) is due more to low consumption rates than to 
low efficiency in assimilation (AD) or conversion of plant biomass (ECD) for both 
penultimate and final instars (Table 2). A combination of reduced consumption 
rates and low efficiencies is responsible for slow growth of larvae on ash, whereas 
fast growth on black cherry is due to high consumption rates combined with high 
efficiencies (Table 2). As observed for other insects (Mattson 1980, Finke and 
Scriber 1988) there is a strong relationship between the efficiency of conversion of 
plant biomass (ECl) and the nitrogen content of the leaf tissues (Fig. 6). The lower 
than expected efficiencies on paper birch and balsam poplar support the hypothesis 
of allelochemical effects suggested in the previous paragraph. 

Of the potential host plants in the Great Lakes region, P. canadensis larvae 
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Figure 7. Relative oviposition preferences of P. canadensis and P. g/aucus females from 
various latitudes in three-choice studies with quaking aspen (QA), tuliptree (TT) and black 
cherry (BC). Note the reciprocal change in relative preferences in the hybrid zone and plant 
ecotone between 42° and 45° N latitude (Data from Scriber et al. 1991). 

obviously use each with differential success. Some are toxic but nonetheless elicit 
oviposition from females in lab studies (Scriber et al. 1991) and in the field (Scriber 
1975). Ten of the 12 plants selected for these studies support growth to the pupal 
stage, however considerable differences in suitability for (and duration of) growth 
are observed. The phytochemical differences between host plant species included in 
these studies are doubtlessly significant in their effects on P. canadensis as has been 
shown with P. glaucus from the hybrid zone southward (Lindroth et al. 1986, 1988). 
At this time we remain uncertain about the allelochemical reasons for differences in 
larval growth performances observed. 

While black cherry is the best host for rapid growth (for total duration as well 
as measured by R.G.R.s in the 4th and the 5th instar), it is still not the favored host 
for oviposition in 3-choice studies. The toxic tuliptree and the slow-growth support
ing quaking aspen are equally preferred with black cherry by P. canadensis females 
in this Great Lakes ecotone (Fig. 7, and Scriber et al. 1991). A similar 3-choice study 
with balsam poplar, paper birch and quaking aspen reveals no strong oviposition 
preferences by P. canadensis females from northern Michigan and Wisconsin (Table 
3). 

These observations and the fact that at least 9 different host species have been 
documented for P. canadensis in Michigan and Wisconsin (Scriber and Ayres 1990) 
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suggest a "generalized" rather than "specialized" feeding classification. This may be 
in contrast to P. canadensis populations in Alaska where females appear to select 
host species where larval growth is fastest (Ayres and Scriber, in. prep.; Scriber and 
Lederhouse 1992). This is in accord with the hypothesis that females in zones where 
total seasonal thermal units are barely sufficient to complete a generation (e.g. 
Alaska) will select the most nutritious plants for egg placement, whereas those in 
zones with sufficient thermal units to complete the generation (e.g. in the Great 
Lakes region) would not be under such selection. Since they would be able to 
complete a generation on any suitable plant, they could therefore generalize, using 
poor as well as good hosts (see Scriber and Lederhouse 1992 for discussion). This 
hypothesis is also currently being tested using P. glaucus at the threshold of bivoltine 
potential and further south, where sufficient thermal accumulations existing for 2 
generations are possible on all suitable host plants. 
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RANGE EXTENSIONS FOR SPECIES OF SPHECIDAE 

(HYMENOPTERA) 


IN THE NORTHEASTERN UNITED STATES 


Frank E. Kurczewski' and Richard C. Miller2 

ABSTRACT 

The ranges of 10 Nearctic species of Sphecidae, Spilomena pusilla, Tachytes 
parvus, Solierella plenoculoides, Pison agile, Entomognathus lenapeorum, Rhopa
fum clavipes, Crabro hilaris, C. tenuis, Alysson conicus and Lestiphorus cockereffi, 
are extended in the northeastern U.S. based upon collections made in Pennsylvania 
and New York. The first prey record for a North American species of Lestiphorus, 
cockerelfi, is included. 

The family Sphecidae contains a vast array of genera and species that, collec
tively, are exceedingly diverse morphologically, ecologically and behaviorally (Evans 
1963, 1966, Krombein 1979). The majority of the species nest in soil but certain taxa 
inhabit living or dead plant materiaL A few genera, such as Sceliphron, are mud
daubers. Species of Sphecidae prey upon a tremendous variety of terrestrial insects 
and spiders, with host specificity ranging from absolute species-specificity to captur
ing several orders of insects. Some sphecids are large, showy and highly noticeable, 
even to a layman's eye, while others are small, obscure and rarely seen. It is the latter 
group of digger wasps to which we address this paper. 

Krombein (1979) has given the known distributions for all of the described 
species of Sphecidae in the United States north of Mexico. Despite these extensive 
records, gaps still remain in the distribution maps of some of the species. These gaps 
are related to the lack of intensive collecting in certain parts of the U.S. The 
collecting and host records which we present herein extend the species' distributions 
in the northeastern U.S. and fill in gaps in the knowledge of the biology of the 
Nearctic Sphecidae, respectively. 

The species of Sphecidae are listed in phylogenetic order following Krombein 
(1979); however, his families are relegated to sub familial status except for Trypoxy
loninae. The sexes, number of specimens, locality and date(s) of collection and 
collector(s) are given for each species. The authors of the paper are abbreviated 
F.RK. and R.C.M., respectively, where they represent the collector(s). All speci
mens were identified by the authors, unless indicated otherwise. 

Subfamily PEMPHREDONINAE 
Spifomena pusi/la (Say). 1)'. New York, Cayuga County, Auburn; 23 July 1 %9; 

F.E.K. and R.C.M. 

'Environmental and Forest Biology, State University of New York College of Environ
ment~1 Science and Forestry, Syracuse, NY 13210-2778. 

Address unknown. 
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Subfamily LARRINAE 
Tachytes parvus Fox. 29 '? New York, Albany County, Pinebush; 10 June-14 

July 1983; J.C. Allen, T. McCabe. 
Solierella plenoculoides (Fox). 1 . New York, Cayuga County, Auburn; 9 

August 1968; F.E.K. 

Subfamily TRYPOXYLONINAE 
Pison agile (Smith). 3 \' . Pennsylvania, Erie County, Presque Isle State Park; 

25 July 1966; Erie; 19 July 1967, 24 July 1985; E.J. Kurczewski. 
Recently, Menke (1989) reported a considerable range extension for P. agile

southwest to Austin, Texas. 

Subfamily CRABRONINAE 
Entomognathus lenapeorum Viereck. 10. Pennsylvania, Erie County, Erie; 9 

September 1966; E.J. Kurczewski. 
Rhopalum ciavipes (Linnaeus). 10. New York, Madison County, Chittenango; 

8 June 1974; R.C.M. 
Crabro hilaris Smith. 400. New York, Suffolk County, Fire Island State Park, 

Sailor's Haven; 10 August 1972; R.C.M. and c.J. Lane. 
Crabro tenuis Fox. 3 \,!j!, 700. Pennsylvania, Erie County, Presque Isle State 

Park; 28 May 1971; E.J. Kurczewski. New York, Oswego County, Selkirk Shores 
State Park; 10-16 June 1971, 13-14 June 1972; Madison County; Chittenango; 6 
June 1972; F.E.K. and R.C.M. 

Subfamily NYSSONINAE 
Alysson conicus Provancher [det. M. F. O'Brien 1979]. 1 \'. Pennsylvania, Erie 

County, Erie; 16 July 1966; E.J. Kurczewski. 
Lestiphorus cockerel/i (Rohwer). 11 \' ". Pennsylvania, Erie County, Erie; 9 

August-1O September 1966, 7 August-5 September 1971, 4 August 1972, 30 July 
1973,4-25 August 1979; Presque Isle State Park, 17 August 1971; E.J. Kurczewski. 

These collection dates suggest that this species flies only during mid - to late 
summer and is probably univoltine in the northeastern U.S. 

One female is pinned with an adult Acanalonia bivittata (Say) (Homoptera: 
Acanaloniidae) (det. A. Wheeler 1980). This is the first host record for this genus in 
North America. One Palaearctic species, 1. bicinctus (Rossi), provisions its nests 
with spittlebugs (Bernard 1934). 
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THE PARASITOID COMPLEX OF FOREST TENT 

CATERPILLAR, MALA COSOMA DISSTRJA 


(LEPIDOPTERA: LASIOCAMPIDAE), 

IN EASTERN WYOMING SHELTERBELTSI 


G. A. Knight2, R. J. Lavigne3 and M. G. Pogue4 

ABSTRACT 

A parasitoid complex affecting the forest tent caterpillar, Malacosoma disstria, 
was investigated during 1978-79 in shelterbelts in eastern Wyoming. Egg parasitoids 
included five species: Ablerus clisiocampae, Ooencyrtus clisiocampae, Telenomus 
clisiocampae, Tetrastichus sp. 1 and Telenomus sp. Thirteen hymenopterous species 
and five dipterous species were reared from larvae and pupae of the forest tent 
caterpillar. The most common 5th-instar larval parasitoids were the tachinid flies, 
Lespesia archippivora and Archytas lateralis. Of the pupal parasitoids reared, 640/0 
were Diptera and 36% were Hymenoptera. Four previously unrecorded parasitoids 
of M. disstria were reared: Cotesia alalantae, Macrocentrus irridescens, Pimpla 
sanguinipes erythropus, and Lespesia flavifrons. 

As a defoliator of deciduous trees, the forest tent caterpillar, Malacosoma 
disstria Hubner is one of the most destructive forest pests in North America (Addy 
et al. 1971), Due to a wide host range and relatively frequent outbreaks, it has been 
the focus of much comprehensive research. Recently, Witter and Kulman (1979) 
completed a six-year study of an outbreak in northern Minnesota, which compared 
fluctuations in percent parasitism and relative abundance of each parasitoid species. 
This study implicated the pupal parasitoid, Sarcophaga aldrichi Parker, as an 
important contributor to the collapse of the outbreak. In other populations (Batzer 
1955, Kulman 1965), parasitoids reportedly played an important role in preventing 
unrestricted increases in caterpillar populations and in the ultimate collapse of the 
outbreaks, although as Witter and Kulman (1972) point out, few quantitative studies 
have been done. An outbreak in Minnesota during 1936-38 was terminated by a 
combination of factors, primarily late frost and parasitoids (Hodson 1941). 

Under Wyoming conditions, popUlations of M. disstria periodically reach suffi
ciently high population levels to cause considerable defoliation of key shelter belt 
trees, such as cottonwood (Populus deltoides), golden willow (Salix alba, var. vilel
lina), western choke cherry (Prunus virginiana demissa) and wild plum (Prunus 
americana). A 1977 survey suggests that M. disstria was one of the most significant 

1Published with the approval of the Director. Wyoming Agricultural Experiment Station 
as Jo¥,rnal Article No. JA 1624. 

9376 James St., Cape Vincent NY 13618. 
3EntomoIogy Section, Department of Plant, Soil and Insect Sciences, Box 3354, Univer

sity SJation. Laramie, WY 82071. 
Dept. of Entomology. USNM NHB-127, Washington DC 20560. 
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pests afflicting shelterbelt (windbreak) trees in Platte County, Wyoming (Knight et 
al. 1985). 

In view of the reported benefits provided by parasitoids in forest tent caterpillar 
control in other areas of the U.S. (Baker 1972, Witter and Kulman 1979), we 
thought it important to investigate their potential in Wyoming. The prospect of 
controlling M. disstria without total reliance on broad spectrum insecticides, that 
have potential to contaminate local environments and that most likely provide only 
temporary relief, and would be advantageous. 

Objectives were to collect and identify the parasitoid, predator, and pathogen 
complex of lvI. disstria in the area of Wheatland, Wyoming, and to determine the 
incidence of parasitism for each life stage. This complex was then to be compared 
with that of M. disstria in other parts of the United States to ascertain if key 
parasitoids were missing in the Wyoming fauna. 

MATERIALS AND METHODS 

Five shelterbelts in the vicinity of Wheatland, Wyoming, where populations of 
the pest had been consistently high during the previous two years (1976-1977), were 
selected as sampling sites. 

Sampling of the egg stage was initiated in May, three weeks prior to larval 
emergence. Sixty-six egg masses collected from five shelterbelts were placed in sepa
rate 946 ml mason jars. After larval emergence, the parasitoids present were 
removed, killed, and pinned for subsequent identification. 

Two shelterbelts (Lenhart and Sinnard), that had cottonwoods with high densi
ties of forest tent caterpillars, were sampled for parasitism rates when caterpillars 
were in fourth and fifth instars. Samples taken from the lower and upper stories of 
each tree were mixed to help unify the sample in the event that the incidence of 
parasitism varied with height. Access to crowns was facilitated by a 12.2 m (40 f1.) 
extension ladder. At one site (Lenhart shelterbelt) all 15 trees in the shelterbelt were 
sampled on two dates, five days apart, and a total of 600 larvae was collected. On 
each date, 20 larvae were taken from each tree each day; one-half from the lower 
story and one-half from the upper story. Due to variation in tree heights, a lower 
story sample was taken between the base of the tree to 6.1 m above the ground, and 
an upper story sample was taken within the 6.1 m to 12.2 m stratum. At the other 
site (Sin nard shelterbelt) 20 sampled trees for each date provided a total of 400 
larvae, two samples of 10 larvae each, collected from the upper and lower strata. 

Larvae were reared in groups of 10 within cylindrical 946 ml ice cream contain
ers. The bottom of each container was replaced with one-half of a plastic petri dish, 
which facilitated disposal of fecal material and food replacement. Ventilation was 
provided by replacing the top lid with a piece of nylon mesh hose. Fresh cottonwood 
leaves were replaced every other day or as needed. Dead and diseased larvae were 
removed at the time this food was added. Records were kept daily on the fate of each 
larva. Rearing containers were held in a field laboratory, consisting of a tent with 
nylon mesh sides; consequently no attempt was made to control or monitor light, 
temperature or humidity. 

During the pupal stage the incidence of parasitism and the presence of parasitic 
species were determined from a sample of 2017 pupae. The same five shelterbelts 
were sampled shortly after larvae began to pupate and sampling was continued for 
nine days. Samples were taken at ground level, shrub level, and crown level. Groups 
of cocoons were held for parasitoid emergence in 3.8 I jars with nylon mesh tops. 
Parasitoids were removed shortly after emergence, killed, pinned and labelled. 

Determinations of parasitoids and predators were made by systematists at the 
USDA, ARS, Systematic Entomology Laboratory and the Department of Entomol
ogy, Smithsonian Institution, Washington, D.C. 
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RESULTS AND DISCUSSION 

A list of parasitoids, predators, and pathogens reared from and associated with 
the forest tent caterpillar, along with biological data, are presented in Table L For 
the most frequently observed parasitoids, information is provided on stage attacked 
and incidence of parasitism. 

Egg parasitoids. Forty-eight parasitoids emerged from 66 egg masses, an aver
age of 0.7 parasitoids per mass. The average number of eggs/egg mass was 182.7, 
with a resultant incidence of egg parasitism of 0.004%. This figure is considerably 
lower than the figures of 7.7 to 9.2% reported by Witter and Kulman (1979) in 
Minnesota. In North Dakota, Frye and Ramse (1975) reported an incidence of 2.50/0 
in 1970 and 4.1% in 1971. 

The three most abundant egg paras ito ids collected in our study were Ooencyr
tus clisiocampae (Ashm.) (Lenhart - 41.7%, Sinnard - 42%), Ablerus clisiocampae 
(Ashm.) (Lenhart-22.9%, Sinnard-23%) and Telenomus clisiocampae (Riley) 
(Lenhart-29.1%, Sinnard-25%). The percentages above represent per cent 
parasitism/species recovered from all egg masses, calculated for each sampling site. 
These egg parasitoids have been reported previously as attacking M. disstria; O. 
clisiocampae and T. clisiocampae also were the most common parasitoids found by 
Hodson (1941) and Witter & Kulman (1979). 

Witter and Kulman (1979) pointed out, that in all studies of North American 
Malacosoma spp., egg parasitism has been less than 10%. They attributed this low 
rate to the spumuline covering which acts to protect the eggs. Hodson (1939) sug
gested several additional, reasons for this low rate of parasitism despite a favorable 
host supply and a general distribution of parasitoids. The following may have an 
effect: a) a high rate of mortality of the parasitoids; b) poor synchronization of host 
and parasitoid life cycles; and c) physical characteristics of the egg which may hinder 
oviposition by the female parasitoid. 

Based on this low incidence of parasitism, it is clear that these parasitoids are 
probably not important in the natural control of M. disstria in southeast Wyoming. 

Larval parasitoids. Four hundred eleven tent caterpillars. that hatched from 
eggs. reached the adult stage in 1978, while 101 others were unaccounted for. Pre
sumably, the latter escaped from the containers. 

Of the 1000 larvae sampled. 21.5070 (n = 215) were parasitized. Of this percent
age, 11.5% (n 25) of the parasitoids reached the adult stage, 7.7% (n 17) died in 
the larval and pupal stages, and 2.3% (n = 17) died within caterpillars which suc
cumbed to polyhedrosus virus. All larval parasitoids reared were tachinids, except 
for one hymenopteran. The most common parasitoid was Lespesia archippivora 
(Riley), which accounted for 6.4% (n = 14) of the larvae parasitized. 

Another commonly collected larval parasitoid was Archytas lateralis (Mac
quart). which parasitized 4.8% of the larvae. The adult parasitoid emerged from the 
pupal case of the tent caterpillar. In a separate study in southeast Wyoming (Knight 
1984), A. lateralis was the primary parasitoid of the western tent caterpillar. Malaco
soma californicum (Packard). infesting mountain mahogany. Cercocarpus mon
tanus Raf. 

One unidentified hymenopteran, probably an ichneumonid or a braconid, par
asitized 2.4!tJo of the sample. This parasitoid had a distinctive pupal case allowing for 
its identification as a single species. Cold treatment of these pupae did not induce 
emergence. The pupae were found in the tent caterpillar's cocoon with the host's 
larval cuticle pressed to one end. 

Adult parasitoid emergence was weil synchronized with that of Malacosoma 
adults. Archytas lateralis and Exorista mella (Walker) attacked the larval stage and 
emerged as adults from the host's pupal stage and are, by definition. considered as 
larval parasitoids. 
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Table 1. - Parasites, predators, and associates reared from Malaeosoma disstria Hbn. in 
eastern Wyoming in 1978. 

Primary (P) or 
Hyper (H) 

Reared from parasite, 
egg (E) pathogen (PN) Common (C). 

larvae (L), or predator uncommon (U), 
Classification or pupa (P) (PR) rare (R) 

Hymenoptera 
Eulophidae 

Tetrastiehus sp. E P R 

Encyrtidae 
Ooeneyrtus clisioeampae (Ashmead) E P U 

Scelionidae 
Telenomus clisioeampae Riley 
Telenomus sp. 

E 
E 

P 
P 

U 
R 

Braconidae 
Braeon xanthonotus Ashmead 
Maeroeentrus irideseens French 
Cotesia ata/antae (Pack.) 

P 
P 
P 

P 
P? 
P? 

U 
R 
R 

Aphelinidae 
Ab/erus e/isioeampae (Ashmead) E P U 

Ichneumonidae 
Coeeygomimus pedalis (Cresson) 
Coeeygomimus sanguinipes 

erythropus (Viereck) 
Itop/eetis eonquisitor (Say) 
Itopleetis vidulata (Gravenhorst) 
Theronia atalantae fulveseens 

(Cresson) 

P 
P 

P 
P 
P 

P 
P 

P 
P 

P&H 

C 
R 

R 
R 
R 

Pteromalidae 
Dibraehys eavus (Walker) 
Pteromalus sp. 
Habroeytus sp. 

P 
P 
P 

H 
? 
H? 

U 
R 
U 

Diptera 
Tachinidae 

Arehytas lateralis (Macquart) 
Exorista mella (Walker) 
Lespesia archippivora (Riley) 
Lespesia flavifrons Bens. 
Spoggossia sp. 

L&P 
L&P 
L&P 
L&P 

P 

P 
P 
P 
P 
P 

C 
U 
C 
R 
C 

Hemiptera 
Pentatomidae 

Podisus placidus Uhler L&P PR R 

Reduviidae 
Ze/us exsanguis (Stal) L PR R 

Nuclear Polyhedrosus Virus L PN C 
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Table 2.-Percent of total parasitism of M. disstria by shelterbelt, 1978 season. 

Lenhart Sinnard Sherlund Total 

0.10 Larval Parasitism 17.8 27.3 21.6 
0J0 Pupal Parasitism 26.7 32.3 50.0 33.8 

Larval pathogens. In the reared sample, 27.3070 of the caterpillars died of 
nuclear polyhedrosis virus, and of these, an undetectable number may have been 
parasitized prior to infection. Close contact between caterpillars in the rearing con
tainers probably allowed the virus to spread which resulted in more viral deaths than 
would occur in wild populations. Nuclear polyhedrosis virus was the only pathogen 
found infecting M. disstria. In the field, diseased larvae were only infrequently 
observed. Dead and dying diseased larvae were recognizable as such, because they 
hung from the host tree by their pro legs and often had a reddish-brown exudate 
oozing from their ruptured cuticles. 

Larval predators. Two predators fed upon late instars: Zelus exsanguis (Stal) 
and Podisus placidus Uhler. Zelus exsanguis has not been previously recorded 
attacking M. disstria. 

Pupal parasitoids. The incidence of pupal parasitism was 33.8% in a sample of 
2167 cocoons. Of the 733 parasitoids, 64% were Diptera and 36070 were Hymenop
tera. Hyperparasitoids were found in 19 cases and many were apparent multiple 
parasitisms. 

Dipteran parasitoids obtained from pupae were the same as those listed for the 
larval stage, with the addition of Spoggossia sp. Most of the Hymenoptera were 
ichneumonids. Coeeygomimus pedalis (Cresson) was reared commonly, but it made 
up only 8.3% of the Hymenopterans. The majority of the hymenopteran sample 
(47.3%) comprised an unknown species, also reported in the larval sample as 
unemerged pupae. 

Other reared ichneumonids were ftopleetis eonquisitor (Say), a common para
sitoid found in other studies conducted east of the Rocky Mountains (Witter and 
Kulman 1979); f. viduata (Gravenhorst), Coccygomimus sanguinipes erythropus 
(Viereck), which has not been previously recorded as attacking M. disstria; and 
Theronia atalantaejluvescens (Cresson), which has been recorded as both a primary 
and hyperparasitoid (Witter and Kulman 1979). 

The most commonly found braconid was Braeon xanthonotus Ashmead. This 
multiple parasitoid accounted for 11 % of hymenopteran parasitism. 

Two pteromalids, Habrocytus sp. and Dibrachys eavus (Walker), were recorded 
as hyperparasitoids. Dibrachys cavus has been reported in most parasitoid studies of 
M. disstria (Witter and Kulman 1979). 

The highest rate (50%) of pupal parasitism was recorded at the Sheriund shel
terbelt. At the Lenhart and Sinnard shelterbelts, the incidence of parasitism was 
26.7% and 32.3 %, respectively, similar to the incidence of larval parasitism (Table 
2). 

Control potential. In Minnesota during 1937, Compsilura concinnata (Meigen) 
and Pimpla turionellae (L.) were released during forest tent caterpillar infestations 
(Hodson 1941). Pimpla turionellae was originally imported to control European 
pine shoot moth, [Rhyacionia buoliana (Denis & Schiff.)]. but was used against 
Malacosoma sp., because it was known to attack many lepidopterous pests. Since 
their release in Minnesota, no recoveries have been made; however, C. cofzcinnata is 
well established in the northeastern states (Baker 1972). In a control program 
designed to anticipate the movement of gypsy moths in Quebec and Ontario during 
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1914-18. a carabid and a tachinid were released into areas with forest tent caterpillar 
populations (Sippel 1957). Though both species were natural enemies of M. disstria. 
neither became established. 

Of the adult parasitoids commonly found in our study, based on numerical 
incidence, only three showed potential for reduction of forest tent caterpillar popu
lations: the unidentified Hymenopteran, A. lateralis and L. archippivora. However, 
since it is difficult to increase the effectiveness of the parasitoid complex of native 
species, it is recommended that these parasitoids not be used in a mass rearing and 
release program in the shelter belts of Wyoming. 

Comparing the parasitoid complex of Wyoming to that of other areas of the 
U.S. indicates that a key pupal parasitoid, Sarcophaga aldrichi Parker, is absent 
from the Wyoming parasitoid complex. This parasitoid has been implicated repeat
edly in studies as an important natural control factor in forest tent caterpillar 
populations (Hodson 1939, Sippell 1957, Turnock 1961, Witter & Kulman 1979), 
where parasitism may approach 90070 (Hodson 1941). The introduction of this dip
teran into Wyoming sheIterbelts to aid in the control of the forest tent caterpillar is 
feasible for several reasons: (a) it requires no other hosts during the year; (b) mass 
rearing is simplified because the species can be bred readily in carrion; (c) large 
numbers of adults are obtained easily in the field using a baited fly trap; (d) it is held 
easily in diapause for timed release; (e) its scavenger habits make it possible for the 
fly population to be maintained once introduced, even when caterpillar populations 
are low; and (f) the species attacks normal pupae as well as parasitized and diseased 
hosts. 

One disadvantage of S. aldrichi is that it is so dominating it replaces other 
parasitoid species (Turnock 1961). Sippell (1957) also noted that S. aldrichi was 
"intrinsically superior" to most of the other parasitoids of the late larval and pupal 
stage. 

Efforts for a potentially successful biocontrol program for M. disstria in Wyo
ming could be based on the introduction of S. aldrichi from established populations 
in other areas of the U.S. A niche apparently exists for this species if it can adapt to 
the Wyoming climate. However, in light of the failure of parasitoid introduction 
programs for the forest tent caterpillar in the past, control might better be acheived 
by the use of the bacterial insecticide, Bacillus thuriengensis. 
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RANGE EXTENSIONS OF THREE EMESINE SPECIES 
IN NORTH AMERICA 

(HETEROPTERA:REDUVIIDAE) 

J. E. McPherson l 

ABSTRACT 

The first records of Empicoris orthoneuron from Michigan, and E. winnemana 
and P/oiaria hirticornis from Missouri are reported. Those for E. orthoneuron and 
P. hirticornis represent considerable extensions of their recorded ranges. 

Recently (1991) I reported rather dramatic range extensions for three species of 
emesine reduviids, Le., Empicoris culici/ormis (De Geer) and E. winnemana McAtee 
and Malloch from Michigan and Pseudometapterus umbrosus (Blatchley) from 
Illinois. These records showed that these species were more widespread than previ
ously thought. Although it is possible that these emesines are expanding their 
ranges, it seems more likely that they have been overlooked by earlier investigators 
because of their secretive habits, sticklike bodies, and small size (P. umbrosus 
averages about 15 mm long; all Empicoris species average less than 8 mm). 

Subsequent to that study, I received an additional six adults from the University 
of Michigan Museum of Zoology (UMMZ) representing three species, only one of 
which (E. winnemana) was reported in my earlier paper. Herein, Empicoris ortho
neuron McAtee and Malloch is reported from Michigan, and E. winnemana and 
Ploiaria hirticornis (Banks) are reported from Missouri; all are less than 7 mm long. 

Empicoris orthoneuron McAtee 
This species has been reported from Massachusetts, Maryland, Virginia, Missis

sippi, Texas, Arizona, Nevada, California, Oregon, and British Columbia; and 
from Mexico to Argentina (Froeschner 1988). It has been collected from flood 
debris, Spanish moss, and under dead leaves (Elkins 1951); and from a light trap, 
bird's nest, and spider web (Wygodzinsky 1966, label information); and on imported 
orchids from Port Barrios, Guatemala (McAtee and Malloch 1925, label informa
tion). Its discovery in Michigan, as with E. culici/ormis (McPherson 1991), strongly 
suggests it is more widely distributed in North America than previously thought. 

Deposited in the UMMZ are two specimens with the following label 
information: 

MI: Cheboygan Co., 2 July 19139 (1 0), A. E. Cordell (Coll.; previously identi
fied by J. D. Lattin in 1950 under synonym of E. reticulatus McAtee and Malloch); 
Cheboygan Co., Univ. Mich. Biol. Sta., 28 June 1960 (l t), R. E. Beer (Coll.). 

Empicoris winnemana McAtee & Malloch 
As noted above, I reported the occurrence of this species from Michigan (1991). 

It had been previously reported only from Connecticut, Maryland, and Virginia 
(Froeschner 1988). 

IDepartment of Zoology, Southern Illinois University, Carbondale, IL 62901. 
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Deposited in the Southern Illinois University Entomology Collection (SIUEC), 
donated by the UMMZ, is an adult with the following label information: 

MO: Shannon Co., T30 R 4W Sec. 6, Shannondale Glade, 15-16 July 1990 
(10), Malaise Tr., M. Arduser (ColI.). 

Ploiaria hirticornis (Banks) 
This species has been collected from Washington, D. C., North Carolina, Flor

ida, and Louisiana (Froeschner 1988). It has been found beneath a board on the site 
of an old house, beaten from dead leaves of cabbage palmetto, and sifted from roots 
of tufts of grass (Blatchley 1926). Its presence in Missouri is a remarkable find. Not 
only does it greatly extend its known range into the midwest, but it is the first time 
the tribe (Leistarchini) has been reported from this part of the country. As I noted in 
my earlier report of emesine species, I suspect that this insect has not recently 
extended its range but simply has been overlooked. 

Deposited in the UMMZ and SIUEC are three specimens of P. hirticornis with 
the following label information: 

MO: Shannon Co., T30N R 4W Sec. 6, Shannondale Glade, 17-18 July 1990 
(1 C;, UMMZ; 1 C;, SIUEC (donated by the UMMZ)), Malaise Tr., M. Arduser 
(CoiL); same label information other than date, 19-21 July 1990 (I!, UMMZ). 
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A CHECK LIST OF THE LEPIDOPTERA OF FULTON COUNTY, 

OHIO WITH SPECIAL REFERENCE TO THE MOTHS OF GOLL 


WOODS STATE NATURE PRESERVE 


Roy W. Rings', Eric H. Metzler2 and David K. Parsha1l3 

ABSTRACT 

The results of a comprehensive 1988-1989 survey of the Lepidoptera in the 130 
hectare Goll Woods State Nature Preserve in Fulton County, Ohio are presented. In 
addition many records of butterflies and skippers outside the confines of the Pre
serve are presented for the first time. This is the fifth in a series of papers featuring 
the current status of lepidopterous fauna in Ohio's recreational areas. 

A total of 27 species of skippers, 51 species of butterflies and 394 species of 
moths was identified and tabulated for the county. Three species on this list are 
classified as endangered, Epidemia helloides, Lithophane semiusta and Ujeus plica
tus, and two are threatened, Speyeria idalia and Clossiana selene. Although locally 
abundant, Lithophane semiusta Grote is known to occur only at this site in Ohio. A 
single specimen of Ujeus plicatus was taken and is the only known specimen for the 
state. 

This research report is a part of an overall plan designed to conduct a compre
hensive survey of the Lepidoptera of Ohio. This survey is sponsored by the Ohio 
Department of Natural Resources, Division of Wildlife, and implemented, by The 
Ohio Lepidopterists, a state-wide organization which is dedicated to increasing our 
knowledge of Lepidoptera in Ohio. 

The publication of this information establishes a data base for Fulton County 
upon which to build a more comprehensive body of knowledge of the non-game 
wildlife in this county. It also provides a status report on the species taken in the 
county as of October 1989. The threat of chemical spraying to control the gypsy 
moth, Lymantria dis par (L.), if it is found eventually in this Preserve, was a deter
mining factor in the decision to undertake this project. The Ohio Department of 
Agriculture reported that the male moth survey numbers in Fulton County more 
than doubled from 1989 to 1990. The mounting population pressure from the Michi
gan gypsy moth populations could speed up future infestations in Fulton County. 
Subsequent studies may show that the survival and abundance status of some lepi
dopterous species at these sites has changed. 

This is the fifth in a series of papers which document the species and present 
status of Lepidoptera in Ohio's recreational areas and nature preserves. We have 
previously reported on the Lepidoptera of the Wilderness Center in Stark County, 
Atwood Lake Park in Carroll and Tuscarawas counties, Mohican State Forest and 

'Ohio Agricultural Research and Development Center, The Ohio State University Woos
ter. OH 44691. 

20hio Department of Natural Resources, Fountain Square, Columbus, OH 43224. 
34424 Rosemary Parkway, Columbus, OH 43214. 
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Mohican State Park in Ashland County and Fowler Woods State Nature Preserve in 
Richland County (Rings et al 1987, Rings and Metzler 1988, 1989, 1990). 

The present paper is organized somewhat differently than our previous publica
tions. In addition to providing a check list of the Heterocera (moths) of Goll Woods 
we have added quite a number of records of skippers and butterflies collected by 
various lepidopterists outside the Preserve itself. 

DESCRIPTION OF THE STUDY SITE 

The Goll Woods State Nature Preserve is located in southwestern Fulton 
County eight km northwest of Archbold. The exact collecting sites were from 
41 °33'6" to 41 °33'33" latitude in German Township. 

Fulton County is entirely covered with soils originating from glacial till and 
deposits in glacial lakes. These deposits range mostly from 15.24 m to 76.20 m in 
thickness and are over shale bedrock. Five soil types have been mapped in Goll 
Woods (Stone and Michael, 1984) of which Lenawee silty clay loam is the most 
prevalent. This soil type is found on former lake plains and is typically deep and very 
poorly drained. The surface layers are high in silt and clay while the subsoil ranges 
from silt loam to fine sand. Two other, poorly-drained soil types have been mapped 
on small out-wash deltas within the Preserve: DelRay silt loam and Fulton clay 
loam. Fossil beach ridges are underlain by either Seward loamy fine sand or Rimer 
loamy sand. While these latter four soils cover less than 40 percent of the Preserve, 
they may influence vegetative composition through their variations in soil moisture 
levels, aeration, or water table level (Hamilton and Limbard, 1982). 

The climate of Fulton County is temperate with an average daily temperature 
minimum of -9.7°C in January, an average maximum of 28.8°C in July, and an 
average annual precipitation of 866 mm (Boerner and Cho, 1987). 

The land use history is typical of northwestern Ohio. The early European 
settlers began clearing the virgin forests in the early 1800's for agricultural opera
tions. Today the farmlands surrounding Goll Woods are devoted to the production 
of corn, soybeans, wheat, vegetables, cattle, hogs, sheep and chickens. 

Goll Woods is the last, known, uncut remnant of the Black Swamp forest of 
northwestern Ohio (Boerner and Cho, 1987). The relatively well-drained fossil beach 
ridges are dominated by sugar maple (Acer saccharum) and beech (Fagus grandifo
Iia ), with sycamore (Platanus occidentalis) and white oak (Quercus alba) also 
common. The forest floor is poorly drained and occupied by silver maple (Acer 
saccharinum), American elm (Ulmus americana), bur oak (Quercus macrocarpa) 
and ashes (Fraxinus). Basswood (Tilia americana), ironwood (Carpina caroliniana), 
northern red oak (Quercus rubra borealis), and red maple (Acer rubrum) are more 
abundant on the transitional sites. 

An outstanding feature of this forest is the abundance of giant bur oaks, 
exceptionally large white oaks, and sycamores. Many of these magnificent, old trees 
are 1.2 m in diameter. One bur oak stands 37.19 m tall, has a diameter of 159.2 cm, 
and is estimated to be more than 450 years old (Anonymous, 1987). 

The forest and roads are bordered by patches of open fields in which various 
grasses (Poa spp.), goldenrods (Solidago spp.), milkweeds (Asclepias spp.) and 
sunflowers, (Helianthus spp.) are found. 

MATERIALS AND METHODS 

Reed Watkins of The Ohio Lepidopterists provided printouts of all Fulton 
County collections of Lepidoptera from the ciata base which has been accumulated 
from 1984 to 1989. In addition many unpublished records of material collected by 
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Figure 1. Map of Goll Woods State Nature Preserve showing nine collection sites. The dotted 
lines represent nature trails. Inset: location of Fulton County in Ohio. 

David Parshall have been added. All of the records from these sources were butter
fly and skipper collections. 

At Goll Woods collecting was done when maximum daily temperatures 
exceeded 16.9°C . In 1988 a total of eight collecting trips was made to the study site 
from 8 May to 16 October. The following year 14 collecting trips were made to Goll 
Woods on 11 and 26 March; 13 and 14 April; 14, 15,24 and 25 May; 7,8,25, and 26 
June; 10, II and 24 July; 1, 25 and 26 August; and 9, 20 and 21 September. 

The collecting techniques at this Preserve were the same as those described 
previuously for the Fowler Woods State Nature Preserve (Rings and Metzler, 1990). 

The following sites were regularly sampled in an alternating pattern (see Fig. I): 
(I) west parking lot on County Road F and banks of the Tiffin River. 
(2) nature trail opposite west parking lot. 
(3) in forest opposite Goll Cemetery on County Road F. 
(4) on County Road F in nature trail opposite Manager's Residence. 
(5) in open field near creek. 
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(6) in main parking lot at entrance to Goll Woods. 
(7) deep in forest east of main entrance 
(8) on County Road 20 in western section of forest at service road. 
(9) on County Road 20 in eastern section of forest at service road. 

RESULTS AND DISCUSSION 

Species and forms collected during this study are listed in Tables 1 and 2 
according to the most recent check list for North America (Hodges et aL 1983). 
Changes in nomenclature since this check list was published follow Ferris (1989), 
Gall (1990), Kononenko et al (1989), Lafontaine and Kononenko (1986) and Poole 
(1989). The numbers in the first column are the check list numbers from the Hodges 
check list. Common names are omitted. Following this number is the scientific 
name, form if appropriate, author of the species, and date of collection. When more 
than one collection date is listed, the first is the earliest record of collection, and the 
second is the latest, in a calendar year. Exceptions to this statement occur in the 
"winter moths", Lithophane and Eupsilia, which overwinter as adults and reproduce 
the following spring. Following the date of collection is the method of collection 
abbreviated as indicated at the bottom of Table 1. The number following the 
method of collection is the number of individuals collected by that method. 

A total of 472 species of Lepidoptera, representing 25 families, was collected 
and identified in the course of these studies. This total is composed of 1,338 records 
and 5,044 specimens. A record may include from one to 151 individuals. Of the total 
number of species 51 were butterflies, 27 were skippers and 394 were moths. (See 
Table 1). 

The following three species taken in Fulton County are on the Ohio list of 
endangered species: (Epidemia helloides (Bdv.), Lithophane semiusta Grt. and 
Ufeus plicatus Grt.). Two species on this check list are threatened (Speyeria idalia 
(Dru.) and Clossiana selene (Cram.). Two species, Lithophane semiusta and Ufeus 
plicatus, are known to occur in Ohio only at Goll Woods. The documentation for 
the endangerment of the three species listed above is the Ohio Departnment of 
Natural Resources, Division of Wildlife Rule Number 1501:-23-01 dated 4 July 
1984 and amended 26 January 1990. 

Lithophane semiusta was found to be locally abundant in collection sites 7, 8, 
and 9. This species was collected from 11 March to 25 April 1989. A total of 39 
males and 14 females was taken by various methods. L. semiusta was attracted to 
sugar baits much more readily than to ultraviolet light. Only 11.30/0 of the moths 
were collected in black light traps while 88.7 % of the moths were attracted to sugar 
baits painted on trees or were captured in bait traps. Very little is kno.....ll about the 
larval food plants of this species. Raizenne (1952) reported a single collection con
sisting of one pupa from basswood in 1940 at Gatineu, Quebec. Prentice (1962) 
reported a single, late June collection of three larvae from basswood near the 
southern tip of Georgian Bay in southern Ontario. Basswood was abundant near the 
collection sites. Repeated attempts to collect larvae from basswood in May failed to 
yield any L. semiusta larvae. Franclemont (personal communication 1989) has 
reared L. semiusta on quaking aspen. 

The single specimen of Ufeus plicatus was collected at ultraviolet light on 10 
July 1989. This is rare species and little is known of its distribution and larval host 
plants. Prentice (1962) stated that the species was rare in the collections of the 
Canadian Forest Insect Survey. At Wood Mountain, Saskatchewan an unspecified 
number of larvae was collected under the bark of a fallen aspen and then reared 
successfully on aspen foliage. Forbes (1954) reared the species on poplar but does 
not claim that poplar is the natural food plant. 

Three-hundred and fifty-five specimens of Lithophane were collected repre
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Table I. - A check list of butterflies and skippers collected in Fulton County, Ohio (1898 
1989) 

HESPERIIDAE 
3870 	 Epargyreus clarus (Cram.) 17 Jul 1987 N, Swan Creek Twp., DKP. 
3909 	 Thorybes balhyllus (1. E. Smith) 29 Jul 1970 N, Maumee State Forest, LLM. 
3945 	 Erynnis icelus (Scudder & Burgess) 22 May 1988 N, Swan Creek Twp., Sec. 23. DKP. 
3947 	 Erynnis juvenalis (F.) 17 May 1987 N. Swan Creek Twp., Sec. 23, DKP. 
3952 Erynnis horatius (Scudder & Burgess) 20 Aug 1988 N, Swan Creek Twp., DKP. No date, 

Maumee State Forest, LLM. 
3959 Erynnis baplisiae (Fbs.) 20 Aug 1987 N, Swan Creek Twp., Sec. 23, DKP. 
3966 Pyrgus communis (Grl.) 5 lui 1989 N, Swan Creek Twp., DKP. 
3977 Pholisora catullus (F.) 29 Jul1970 N, Maumee State Forest, LLM. 9 May 1984 N, Swan Creek 

Twp.,OCl. 1 Jun 1984 N, Swan Creek Twp., JVC. II Jun 1984 N, Oak Openings, JAS. 20 Aug 
1988 N, Swan Creek Twp., OKP. 

4004 	 Ancyloxypha numitor (F.) 20 Aug 1987 N, Swan Creek Twp., DKP. 
4012 	 Thymelicus lineola (Ochs.) 26 Jun 1989 N 15, Go11 Woods, German Twp. RWR. 
4013 	 Hylephila phyleus (Drury) 20 Aug 1987 N, Swan Creek Twp., DKP. 
4023 Hesperia leonardus Harr. 24 Aug 1986 N, Swan Creek Twp.,OCI. 20 Aug 1987 N, Swan Creek 

Twp., DKP. 
4036 Polites coras (Cram.) 9 Jun 1984 N, Swan Creek Twp..OCI. 17 Jul & 20 Aug 1987 N, Swan 

Creek Twp., DKP. 
4041 	 Polites themisocles (Latr.) 17 Jul & 20 Aug 1987 N, Swan Creek Twp., DKP. 
4042 	 Polites origenes (F.) 5 Jul 1989 N, Swan Creek Twp., DKP. 
4043 Polites mystic (Edw.) 9 Jun 1946 N, Mill Creek, Franklin Twp. 18 Jun 1969 N, Maumee State 

Forest, LLM. 9 Jun 1984 N 2, Swan Creek Twp., JVC and DCl. II Jun 1984 N, Oak Openings, 
JAS. 

4047 Wallengrenia egeremet (Scudder) 30 Jun 1988 N, Swan Creek Twp., DKP. 7 Jul1898 N. Wau
seon. Clinton Twp. (Voucher specimen in OSUC). 

4048 Pompeius verna (Edw.) 30 Jun 1988 N. Swan Creek Twp.• DKP. 26 Jun 1989 N I, Goll Woods, 
German Twp. RWR. 

4051 AIry tone logan (Edw.) 30 Jun & 13 Ju11988; 5 luI 1989 N, Swan Creek Twp., DKP. 7 Jul1898 
N, Wauson, Clinton Twp. (Voucher specimen in OSUC). 

4058 	 Poanes massasoit (Scudder) 13 Jul 1988 N, Swan Creek Twp., DKP. 
4059 Poanes hobomok (Harr.) 9 Jun 1946 N. Harrison Lake, Gorham Twp., HFP. 9 Jun 1984 N, 

Swan Creek Twp.,DCI. 9 Jun 1989 N I, Goll Woods, German Twp. RWR. 
4064 Poanes viator (Edw.) 17 Jul 1987, 13 Ju11988, 5 lui 1989 N, Swan Creek Twp., DKP. 
4072 Euphyes dion (Edw.) 13 Jul 1988, 5 Jul 1989 N, Swan Creek Twp., DKP. 
4074 Euphyes dukesi (Linds.) 7 Jul 1987, 13 Jul 1988, 5 lui 1989 N, Swan Creek Twp., OKP. 
4075 Euphyes conspicuus (Edw.) 5 Jul 1989 N, Swan Creek Twp., OKP. 
4078 Euphyes vestris (Bdv.) 5 Jul1989 N, Swan Creek Twp., DKP, 7 Jul1898 N, Wauseon, Clinton 

Twp. (Voucher specimen in OSUC). 
4080 Atrytonopsis hianna (Scudder) 1-5 Jun 1984 N 2, Swan Creek Twp., JVC. 9 Jun 1985 N, Swan 

Creek Twp.,OCl. 17 May 1987 N, Swan Creek Twp., DKP. 
PAPILIONIDAE 
4157 Battus philenor (L.) 17 May 1987 N, Swan Creek Twp., DKP. 
4159 Papilio polyxenes asterius Stoll 24 Aug 1986 N. Swan Creek Twp.DCI. 17 Jul 1987 N, Swan 

Creek Twp., DKP. 
4170 	 HeracUdes cresphontes Cram. 17 Aug 1989 N, Swan Creek Twp., DKP. 
4176 Pterourusglaucus L. 17 Aug 1989 N, Swan Creek Twp., DKP. 8 Sep 1988 L I; 25 May 1989 N I, 

Goll Woods, German Twp., RWR. 
4181 Pterourus troi/us L. 29 Jul1970 N, Maumee State Forest, LLM. 17 Jul 1987 N, Swan Creek 

Twp., DKP. 17 Aug 1988 N I, German Twp., RWR. 
PIERIDAE 
4193 	 Pon/ia pr%dice (Bdv. & Leconte) 30 Jun 1988 N, Swan Creek Twp., DKP. 
4197 	 Pierisrapaerapae(L.) 8 Sep 1988 N I; 25 -26 Jun 1989 N 10, Goll Woods, German Twp. RWR. 6 

Aug 1986 N, Oak Openings, lAS. 30 Jun 1988 N, Swan Creek Twp., OKP. 
4209 	 Colias philodice Godt. 2 Oct 1945 N, Harrison Lake, Gorham Twp., Col. H. F. Price. 30 Jun 

1988 N, Swan Creek Twp., OKP. 20 Sep 1989 N 4, Goll Woods, German Twp, RWR. 
4210 	 CoUas euryrheme Bdv. 26 Aug-21 Sep 1989 N 12, Goll Woods, German Twp., RWR. 
4224 	 Zerene cesonia (Stoll) 9 Jun 1946 N, Mill Creek, Franklin Twp., HFP. 
4237 	 Eurema lisa Bdv. & Leconte 20 Aug 1987 N, OKP. 
4242 	 Eurema nicippe (Cram.) 2 Aug 1896 N, Wauseon, Clinton Twp. (Voueher specimen in OSUC). 
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LYCAENIDAE 
4251a. Lycaena phlaeas americana Harr. 9 Jun 1984 N, Swan Creek Twp.,DCI. 22 May 1988 N, Swan 

Creek Twp., DKP. 
4256 Hyllolycaena hyllus (Cram.) 29 Jul 1970 N, Maumee State Forest. LLM. 9 lun 1984, no Twp. 

DCI. 
4262 Epidemill heiloides (Bdv.) 5 lun 1984 N, Swan Creek Twp., lVC. 9 lun 1984 N, Swan Creek 

Twp.,DCI. 17 Jul 1987 N, Swan Creek Twp., DKP. This species is endangered in Ohio. 
4275 	 Harkencienus titus (F.) 4 Jul 1898 N, Wauseon, Clinton Twp. (Voucher specimen in OSUC). 20 

Jul 1924, Swanton, Fulton Twp. (Voucher specimen in UMMZ). 17 Jul 1987 N, Swan Creek 
Twp., DKP. 

4278 	 Satyrium acadicum (Edw.) 30 Jun 1988, 5 Jul 1989 N, Swan Creek Twp., DKP. 
4281 	 Satyrium edwards!! (G. & R.) 17 Jul 1987 N, Swan Creek Twp., DKP. 
4282a. 	 Satyrium calanus falacer (Godt.) 5 Jul 1989 N, Swan Creek Twp., DKP. 
4283 Satyrium caryaevorum (MeD.) 4 Jul 1898 N, Wauseon, Clinton Twp. (Voucher specimen in 

OSUC). 
4332 Fixsenia ontario (Edw.) 4 Jul1898 N 1, Wauseon, Clinton Twp. (Voucher specimen in OSUC). 
4336a. Strymon melinus humuli (Harr.) 20 Aug)987 N, Swan Creek Twp., DKP. 
4361 Everes comynlas (Godt.) 20 Jul 1924, Swanton, Fulton Twp. (Voucher specimen UMMZ). 
4363 Celastrinll argiolus (Cram.) 23 Aug 1986, Swan Creek Twp., JVC. 
LIBYTHEIDAE 
4410 Libylheana bachmanii (Kirtland) 17 Jul 1987 N, Swan Creek Twp., DKP. 
NYMPHALIDAE 
4420 Polygonia interrogationis (F.) 7-25 Jun 1989 BLT, N 3, Goll Woods, German Twp., RWR. 
4421 Polygonia comma (Harr.) 25 Mar-26 Jun 1989 BT 1, N 5, Goll Woods, German Twp., RWR. 
4430a. Nymphalis vau-album j-album (Bdv. & Leconte) 5 Sep 1927 N, Wauseon, Clinton Twp. 

(Voucher specimen in OSUe) 
4432 	 Nymphalis antiopa (L.) 24 Apr-9 Sep 1989 BT 3, L I, Goll Woods, German Twp. RWR. 
4433 Aglais milberti (Godt.) 9 Jun 1984 N, Swan Creek Twp., JVC. 26 Aug 1989 N 1, Goll Woods, 

German Twp., RWR. 
4434 Vanessa virgin/ens/s (Drury) 20 Aug 1988 N, Swan Creek Twp., DKP. 
4435 Vanessa cardui (L.) 20 Jul 1924 N, Swanton, Fulton Twp. (Voucher specimens in UMMZ). 
4437 Vanessa atalanta (L.) 26 Jun 1989 N 4, Goll Woods, German Twp., RWR. 
4440 Junonia coenia (Hbn.) 24 Aug 1986 N, Swan Creek Twp.,DCI. 20 Aug 1989 N, Swan Creek 

Twp., DKP. 
4450 Speyeria cybele (F.) 17 Aug 1988 N I, German Twp., RWR. 20 Aug 1988 N, Swan Creek Twp., 

DKP. 
4451 	 Speyeria aphrodite (F.) 20 Jul1924 N, Swanton, Fulton Twp. (Voucher specimen in UMMZ). 24 

Aug 1986 N, Maumee State Forest, Swan Creek Twp., JVe. 17 Aug 1989 N, Swan Creek 
Twp.,DKP. 

4452 Speyeria idalia (Drury) 20 Jul 1924 N, Swanton, Fulton Twp., Col. W. J. Clench. (Voucher 
specimens at Miami University and UMMZ). This species is threatened in Ohio. 

4464 Clossiana selene (Cram.) \ Jun 1984 N, Swan Creek Twp., JVC. 20 Aug 1987 N, Swan Creek 
Twp., DKP. This species is threatened in Ohio. 

4465 	 Clossiano bellona (F.) 17 Jul 1987 N, Swan Creek Twp., DKP. 
4481 Phyciodes tharos (Drury) 5 Jun 1984 N, Swan Creek Twp., JVe. 6 Aug 1986 N, Oak Openings, 

JAS. 25 May -20 Sep 1989 N 3, Goll Woods, German Twp. RWR. 
4516 Euphydryas phaeton (Drury) 5 Jul 1989 N. Swan Creek Twp., DKP. 
4522b. Basiiarchiaarthemisastyanax(F.) 17 Aug 1988 NI; 26 Jun 1989 N 2, Goll Woods, German Twp. 

RWR. 
4523 	 Basilarchia archippus (Cram.) 18 Jun 1969 N, Maumee State Forest, LLM. 24 Aug 1986 N 2, 

Swan Creek Twp., JVC & DCI. 30 May 1988 N I; 20 Sep 1989 N I, Goll Woods, German Twp., 
RWR. 

APATURIDAE 
4557 	 ASlerocampa celtis (Bdv. & LeConte) 26 Jun 1989 N 2, Goll Woods, German Twp., RWR. 
4562.1 	 Aslerocampa elylon (Bdv. & Leconte) 10 Jul1989 N I, Go11 Woods, German Twp., RWR. 
SATYRIDAE 
4568.1 	 Enodia anthedon A. H. Clark. 29 Jul 1970 N, Maumee State Forest, LLM. 
4568.3 	 Salyrodes eurydice (Johanssen) 13 Jul 1988, 5 Jul 1989 N, Swan Creek Twp., DKP. 
4569a. 	 Satyrodes appalachia leeuw! (Gatrelle & Arbogast) 29 Ju\1970, Maumee State Forest, LLM. 13 

Jul 1988, 5 Jul 1989 N, Swan Creek Twp., DKP. 
4578 	 Megisto cymela (Cram.) 30 May 1988 N 4; 4 Jun 1989 N 2, GoB Woods, German Twp. RWR. 
4587 	 Cercyonis pegala alope (F.) 8 Sep 1988 N 1, Gol1 Woods, German Twp., RWR. 
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DANAIDAE 
4614 Danausplexippus(L.) 6Aug 1986N, Oak Openings, JAS. 8 Sep 1988 L I, Goll Woods, German 

Twp., RWR. 

Key to Abbreviations: Methods of collection-BT, sugar-baited trap; L, larva; N, net; 0, observed. 
Collections-OSUC Ohio State University Collection; UMMZ = University of Michigan Museum of 
Zoology. Collectors-DKP = D. K. Parshall; LLM = L. L. Martin; DCI D. C. Iftner; JVC J. V. 
Calhoun; JAS = J. A. Shuey; RWR R. W. Rings; HFP H. F. Price. 

Table 2.-A check list of moths collected at Goll Woods State Nature Preserve, Fulton County, Ohio, 
(1988-1989). 

OECOPHORIDAE 
992 Ethmia ~elleriella (Cham.) 30 May-13 Jun 1988 BLT 5; 25 Jun-IO Jul1989 BLT 22, N I. 

1014 Antaeotricha leucillana (Zell.) 30 May 1988 BLT 3;8 Jun 1989 BLT I. 
YPONOMEUTIDAE 
2401 Atteva punctel/a (Cram.) 16 Aug-8 Sep 1988 BLT 5; 24 May - 20 Sep 1989 BLT 4, MVL 1. 
COSSIDAE 
2693 PrionxystllS roblniae (Peck) 13 J un 1988 MVL I. 
TORTRICIDAE 
2906 Spilonola ocellana (D. & S.) 30 May 1988 BLT 2. 
3503 Croesia semipurpurana (KfL) 13 Jun 1988 MVL I. 
3593 Pandemis lamprosana (Rob.) 7 - 26 Jun 1989 BLT 2, MVL 5. 
3622 Argyrotaenia juglandana (Fern.) 26 Jun 1989 MVL 1. 
3624 Argyrataenia alisel/ana (Rob.) 13 Jun 1988 MVL I. 
3632 Choristoneura fractivittana (Clem.) 7 -8 Jun 1989 BLT 4, MVL 2. 
3635 Chorlstoneura rosaceana (Harr.) 30 May-16 Aug 1988 BLT 40, MVL 12, H 2. 
3650 Archips rosana (L.) 26 Jun 1989 MVL I. 
3658 Archips purpurana (Clem.) 18 Jul 1988 BLT 1. 
3686 Clepsis melaleucana (Wlk.) 30 May 1988 -13 Jun 1989 BLT 2, MVL 1. 
3695 Sparganothis sUlfureana (Clem.) 18 Jul 1988 BLT I. 
3725 Sparganathis petti/ana (Rob.) 26 Jun-IO Jul 1989 BLT 2. 
3727 Sparganothis niveana (Wlsm .. ) 13 Jun 1988 BLT I, MVL 2. 
LIMACODIDAE 
4652 Tarlricidia testacea Pack. 18 Jul 1988 BLT I. 
4654 Tortricidiaflexuosa (GrL) 18 Jul1988 BLT 3; 26 Jun-IO Jul1989 BLT 10. 
4659 Packardla geminata (Pack.) 30 May 1988 MVL 1. 
4665 Lithacodesfasciola (H.-S.) 18 Jul1988 BLT I; 24 Jul 1989 MVL I. 
4667 Apoda y-inversum (Pack.) 18 Jul 1988 BLT 7; 24 Jul 1989 MVL 1. 
4669 Apoda biguttata (Pack.) 18 Jul1988 BLT 2; 26 Jun -24 Jul 1989 BLT I, MVL 1. 
4671 Prolimacodes badia (Hbn.) 18 Jul 1988 BL I, BLT 5. 
4681 Isa lextula (H.-S.) 28 Jul 1988 BLT I. 
4697 Euclea delphinii (Bdv.) 18 Jul1988 BLT 4. 
PYRALIDAE 
4949 Ostrinia nubilalis(Hbn.) 30May-8Sep 1988 BLT 4, MVL3; 7 Jun-20Sep 1989 BLT 17, MVL 

3. 
4953 Phlyctaenia coronata (Hufn.) 30 May 1988 BLT 1, MVL 2. 
5040 Pyrausla bicoloralis (Gn.) 20 Sep 1989 MVL 1. 
5159 Desmiafuneralis (Hbn.) 13 Jun-18 Jul1988 BLT 9, MVL I; 7 Jun-25 1989 BLT 2, MVL I. 
5226 Pal pita magniferalis (Wlk.) 30 May 1988 MVL 4. 
5228 Polygrammodesflavidalis (Gn.) 18 Jul1988 BLT 1. 
5241 Pantographa limata (G. & R.) 30 May-8 Sep 1988 BLT 15, H 15; 10 Jul 1989 BLT I. 
5343 Cram bus perlellllS (Scop.) 18 Jul 1988 BLT 2. 
5365 Cram bus girardel/us Clem. 13 Jun-18 Jul 1988 BLT 4, MVL I; 10 Jul 1989 MVL 1. 
5392 Arequipa turbotella Wlk. 30 May 1988 BLT 5; 26 Jun 1989 BLT 1. 
5524 Hyposopygia costalis (F.) 28 Jul 1988 BLT I. 
DREPANIDAE 
6253 Eudeilinia herminiata (Gn.) 8 May 1989 BLT I. 
GEOMETRIDAE 
6258 A/sophila pometaria (Harr.) 11-26 Mar 1989 BL 15 BLT I. 
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6273 Itamepustularia(Gn.) 13 Jun-28 Jul1988 BL2, BLT4; 25 Jun-18 Jul1989 BLT 50, MVL 
15. 

6299 Itame coortaria (Hulst) 26 Jun 1989 BLT 2. 
6303 Itame subcessaria (Wlk.) 26 Jun -10 Jul 1989 BLT 5, MVL I. 
6322 Mellillaxonthometata(Wlk.)28 Jul-15 Aug 1988 BLT 3; 24 May-24 Jul1989 BLT 3, MVL 3. 
6326 Semiothisa aemulataria (Wlk.) 30 May-13 Jun 1988 BLT 3, MVL I; 24 May 1989 BLT 2. 
6335 Semiothisa aequiferaria (Wlk.) 16 Aug 1988 BLT 2. 
6340 Semiothisa minorata (Pack.) 30 May-28 Jul1988 BLT 3, MVL I. 
6341 Semiothisa bie%rata (F.) 30 May 1989 MVL I; 10 Jul 1989 MVL 3. 
6342 Semiothisa bisignata (Wlk.) 13 Jun-18 Jul 1988 BLT 5; 25 Jun-1O Jul 1989 MVL 6. 
6344 Semiothisa signaria dis puncta (Wlk.) 24 May 1989 BLT 2. 
6360 Semiothisa quadrinotaria (H.-S.) 30 May 1988 BLT 6; 24 May-7 Jun 1989 BLT 5, MVL 4. 
6386 Semiothisa ocellinata (On.) 24 May 1989 BLT I. 
6405 Semiothisa gnophosaria (Gn.) 26 Jun 1989 MVL I. 
6419 Enconista dis/ocaria (Pack.) 24 May 1989 BLT 3. 
6583 Anaeamptodes ephyraria (W1k.) 25 Jun 1989 BLT 1. 
6590 Anavitrinelia pampinaria (Gn.) 30 May-8 Sep 1988 BLT 3; 24-30 May 1989 BLT 5, MVL 2. 
6599 Epimecis hortaria (F.) 8-30 May 1988 BLT 3, MVL 1; 24 May-25 Jun 1989 BLT 5, MVL 2. 
6620 Me/an%phia eanadaria (Gn.) 8 May 1988 BLT 3; 24 May 1989 BLT 3, MVL 4. 
6640a Biston betu/aria cognitaria (Gn.) 30 May 1988 MVL 1. 
6654 Hypagyrtis unipunctata (Haw.) 30 May 1988 BLT 1, MVL 2; 7 Jun-25 Jun 1989 BLT 4, MVL 

5. 
6658 PhigaUa tilea (Cram.) 26 Mar 1989 BL 3, BLT I. 
6662 Pa/eaerita vernata (Peck) 26 Mar-26 Apr 1989 BL 138, BLT 162. 
6667 Lomographa vestaliata (Gn.) 30 May 1988 BLT 4. 
6668 Lomographa g/omeraria (Grt.) 24 May 1989 MVL I. 
6720 Lytrosis unitaria (H.-S.) 13 Jun 1988 BLT I, MVL I; 25-26 Jun 1989 BLT 3, MVL 1. 
6726 Euch/aena obtusaria (Hbn.) 30 May 1988 BLT 7, MVL 2; 8 Jun-26 Aug 1989 BLT 7, MVL 1. 
6733a Euch/aena amoenaria astylusaria (W1k.) 30 May 1988 BLT 1. 
6739 Euch/aena irraria (B. & McD.) 7 Jun 1989 BLT I. 
6740 Xanthotype urticaria Swett 30 May 1988 BLT I; 26 Jun 1989 MVL I. 
6743 Xanthotypesospeta (Drury) 30 May-13 Jun 1988 BLT 2, MVL2; 8 Jun-25 Aug 1989 BLT 5. 
6753 Pero honestaria (Wlk.) 8 May-3D May 1988 BLT 6; 24 May-7 Jun 1989 BLT 4, MVL I. 
6754 Pero hubneraria (Gn.) 28 Jul 1988 BL I. 
6796 Campaeaper/ata (Gn.) 30 May-8 Sep 1988 BLT 11, MVL 4, N I; 7 Jun-25 Aug 1989 BLT 3, 

MVL3. 
6798 Ennomos subsignaria (Hbn.) 25 Jun-18 Ju1 1989 BLT 4. 
6819 Metanema inatomaria Gn. 8 Jun 1989 BLT I. 
6825 Metarranthis indeclinata (Wlk.) 8 lun 1989 BLT I. 
6826 Metarranthis hypochoria (H.-S.) 30 May-13 Jun 1988 BLT 6; 7 -25 Jun 1989 MVL 3. 
6836 Anagoga oedduarjo (W1k.) 28 Jul 1988 BL 1. 
6838 Probo/e amicaria (H.-S.) 18 Jul1988 BLT 1. 
6841 P/agodis keutzingi (Grt.) 30 May 1988 MVL 1. 
6842 P/agodis ph/ogosaria (On.) 10-28 Jul 1988 BL 3, BLT 4. 
6843 Plagodisfervidaria (H.-S.) 24 May 1989 BLT 1; 10 Ju11989 BLT 2. 
6844 P/agodis a/coo/aria (Gn.) 8 May-28 Jul 1988 BLT 7. 
6885 Besma quercivoraria (Gn.) 30 May-18 Ju11988 BLT 4; 7 Jun 1989 MVL 1. 
6912 Sicyo macu/aria (Harr.) 25-26 lun 1989 BLT 17, MVL 5. 
6941 Eusarca con fusaria Hbn. 25 Jun-25 Aug 1989 BLT 22, MVL 12, N 2. 
6963 Tetrads croca//ata Gn. 8 Jun 1989 BLT 1. 
6964 Tetrads cachexiata Gn. 30 May-13 Jun 1988 BLT 3, MVL I; 7 Jun 1989 BLT I. 
6%5 Eugonobapta nivosaria (Gn.) 25 Jun 1989 BLT 2. 
6966 Eutrapela c/emataria (J. E. Smith) 8 May-28 Jul1988 BLT 4. 
6982 Prochoerodes tral'.sversata (Drury) 25 Jun-21 Sep 1989 BLT 27, MVL 7, S 5. 
7009 Nematocampa Iimbata (Haw.) 13 lun 1988 BLT 1, MVL 2; 25 lun-10 Jul 1989 BLT 21. 
7046 Nemoria bistriaria Hbn. 30 May-28 lui 1988 BLT 5 
7048 Nemoria mimosaria (Gn.) 30 May 1988 BLT I, MVL I. 
7053 Dichorda iridaria (Gn.) 30 May-18 Jul 1988 BLT I, MVL I; 25 Aug 1989 BLT 1. 
7132 P/europrucha insu/saria (Gn.) 8 Sep 1989 BLT I. 
7146 Haematopis grataria (F.) 10 Jul-20 Sep 1989 BLT 4, MVL 3. 
7159 Seopula limboundata (Haw.) 18 lui 1988 BLT I; 25 Jun 1989 MVL I. 
7169 Scopula induetala (Gn.) 15 Aug-8 Sep 1988 BLT 2. 
7189 Dysslroma hersiliala (Gn.) 13 Jun 1988 BLT I; 26 lun 1989 BLT 2. 
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7196 	 Eulilhis diversilineala (Hbn.) 13 Jun- 28 Jul 1988 BLT 7; 25 Jun- 20 Sep 1989 BLT 5, MVL 15, 
S 1. 

7197 	 Eulilhis gracilineala (On.) 13 Jun 1988 BLT 1. 
7329 	 Anlidea vasiliala On. 25 Apr 1989 BLT 1. 
7333 	 Slamnodes gibbicoslala (Wlk.) 8 Sep 1988 BLT 1, S 1. 
7368 	 Xanlhorhoe labradorensis (Pack.) 16 Aug-8 Sep 1988 BLT 2. 
7388 	 Xanlhorhoe jerrugala (C1.) 24 May-16 Aug 1989 BL 1, BLT 2. 
7390 	 Xanlhorhoe lacuslrala (On.) 30 May 1988 BLT 1. 
7399a 	 Euphyia unangulala inlermediala (On.) 30 May 1988 BLT 5. 
7414 	 Orlhonama obslipala (F.) 24 May-1O Jul 1989 BLT 4, MVL 1. 
7416 	 Orlhonama cenlroslrigaria (Woll.) 8 Sep 1988 BLT 4; 24 May-1O Jul 1989 BL 4, MVL 1. 
7440 	 Eubaphe mendica (Wlk.) 13 Jun 1988 BLT 18; 25-26 Jun 1989 BLT 6, MVL 1. 
7445 	 Horisme inlestinala (On.) 28 Jul 1988 BLT 1; 24 May-25 Jun 1989 BLT 3, MVL 1. 
7639 	 Cladara alroliturala (Wlk.) 26 Apr 1989 BLT 1. 
7645 	 Helerophleps rejusaria (Wlk.) 30 May-13 Jun 1988 BLT 18, MVL 2, S 2. 
7647 	 Helerophleps Iriguttaria H.-S. 30 May-13 Jun 1988 BLT 3, MVL 2, S 1. 
7648 	 Dyspleris aborlivaria (H.-S.) 13 Jun 1988 MVL 1. 
APATELODIDAE 
7663 	 Apalelodes lorrejacla (J. E. Smith) 25 Jun-l0 Jul 1989 BLT 2. 
LASIOCAMPIDAE 
7670 	 Tolype velleda (Stoll) 8 Sep 1988 BLT 1; 9-21 Sep 1989 BLT 22, MVL 6. 
7685 	 Heleropacha rileyana Harv. 13 Jun 1988 MVL 1. 
7687 Phyllodesma americana (Harr.) 8 May 1988 BLT 5; 8 May-1O Jul 1989 BLT 3, MVL 3. 
7698 Malacosoma disslria Hbn. 13 Jun 1988 BLT 32, MVL 7; 25 Jun-1O Jul 1989 BLT 208, MVL 

125. 
7701 Malacosoma americanum (F.) 13 Jun 1988 BLT 3, MVL 2 ; 25-26 Jun 1989 BLT 7, MVL 2. 
SATURNIIDAE 
7704 Eades imperialis (Drury) 18 Jul 1988 BLT 3; 24 Jul 1989 BLT 3, MVL 1. 
7709 Sphingicampa bicolor (Harr.) 24 May 1989 BLT 1. 
7715 Dryocampa rubicunda (F.) 10 Jul 1989 MVL 1. 
7746 Aulomeris io (F.) 30 May-13 Jun 1988 BLT 14, MVL 6; 7-26 Jun 1989 BLT 7, MVL 1. 
7757 Anlheraea polyphemus (Cram.) 13 lun 1988 BLT 2; 7 lun -24 luI 1989 BLT 3, MVL 1. 
7758 Aclias luna (L.) 13 lun 1988 BLT I; 24 May-26 Jun 1989 BLT 2, MVL I. 
7764 Callosamia promelhea (Drury) 10 lui 1989 BL 1. 
SPHINGIDAE 
7786 Ceralomia amynlor (Oeyer) 26 Jun 1989 BLT I. 
7787 Ceralomia undulosa (Wlk.) 24 May 1989 MVL 1. 
7789 Ceralomia calalpae (Bdv.) 10 Jul 1989 MVL 1. 
7824 Paonias excaecatus (J. E. Smith) 18-28 Jul 1988 BLT 4; 10-24 lui 1989 BLT 9. 
7825 Paonias myops (J. E. Smith) 18 Jul 1988 BLT I. 
7827 Laolhoe juglandis (J. E. Smith) 24 May-1O Jul 1989 BLT 2. 
7859 Eumorpha pandorus (Hbn.) 24 Jul 1989 MVL 2. 
7870 Sphecodina abbottii (Swainson) 7 lun 1989 MVL 2. 
7871 Deidamia inscripla (Harr.) 8 May 1988 MVL I. 
7873 Amphion jloridensis B. P. Clark 26 Jun-1O Jul 1989 BT 2. 
7885 Darapsa myron (Cram.) 25 Jun-24 Jul 1989 MVL 9. 
7886 Darapsa pholus (Cram.) 13 lun 1988 MVL 1; 26 Jun-24 Jul 1989 MVL 3. 
NOTODONTIDAE 
7895 Closlera albosigma Fitch 16 Aug-8 Sep 1988 BLT 2; 24 May 1989 MVL 1. 
7896 Closlera inc/usa (Hbn.) 8-30 May 1988 BLT 3. 
7898 Closlera slrigosa (Or!.) 24 May 24 luI 1989 BLT 3. 
7902 Dalana minislra (Drury) 10 Jul 1989 BLT 1. 
7903 Dalana angusii O. & R. 28 Jul 1988 BLT I; 10 Jul 1989 BLT 1. 
7904 Dalana drexelii Hy. Edw. 25 Jun 1989 BLT 1. 
7907 Dalana inlegerrima O. & R. 7 Jun-1O Jul1989 BLT 3. 
7915 Nadala gibbosa (J. E. Smith) 13 lun-28 luI 1988 BLT 4; 24 May-25 Aug 1989 BLT 5. 
7919 Peridea basilriens (Wlk.) 7 -25 Jun 1989 BLT I, MVL I. 
7922 Pheosia rimosa Pack. 30 May 1988 BLT 1. 
7929 Nerice bidenlala Wlk. 24 May-1O Jul 1989 BLT 3. 
7930 Ellida caniplaga (Wlk.) 28 lui 1988 BL I, BLT I; 25 Apr-1O Jul 1989 BLT 5, MVL I. 
7931 Gluphisia seplenlrionis Wlk. 13 Jun-18 Jul 1988 BLT I, MVL I; 24 May-1O Jul 1989 BL 3, 

BLT 3, MVL 9. 
7936 Furcula borealis (Ouer.-Meneville) 10 Jul 1989 MVL 1. 
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7937 Furcula cinerea (Wlk.) 8 May 1988 BLT I; 24 May-7 lun 1989 MVL 2. 
7974 M/sogada unicolor (Pack.) 8 lun 1989 BLT I; 25-26 lun 1989 MVL 4. 
7975 Macrurocampa marthes/a (Cram.) 18 lui 1988 BLT 9; 10 lui 1989 BLT 5. 
7983 Helerocampa ob/iqua Pack. 10 lui 1989 Carrion trap l. 
7985 Heterocampa subrotata Harv. 7 Jun-24 Jul1989 BLT 4, MVL 3. 
7994 Heterocampa guttivilla (Wlk.) 24 May 1989 BLT 1. 
7998 Lochmaeus manleo Doubleday 16 Aug 1988 MVL 1. 
7999 Lochmaeus bilineala (Pack.) 30 May-24 lui 1988 MVL 5; 24 lui 1989 MVL 2. 
8005 Schizura ipomoeae Doubleday 18 lul-16 Aug 1988 BLT 6; 25 lun 1989 BLT 2. 
8007 Schizura unicorn is (1. E. Smith) 30 May-13 lun 1988 MVL 5; 24 May- 25 lun 1989 BLT 3. 

MVL2. 
8011 Schizura leplinoides (Ort.) 24 May-12 Aug 1989 BLT 3. MVL l. 
8017 Oligocentria lignicolor (Wlk.) 18 Jul 1988 BLT 4; 25 lun 1989 BLT I. 
ARCTIIDAE 

8090 Hypoprepia /ucosa Hbn. 18 lul-16 Aug 1988 BLT 61. MVL I: 10-24 Jul BLT 56, .\fVL 6. 

Sill Haploa leconlei (Ouer.-Meneville). 13 lun 1988 MVL I; 13-25 lun 1989 BLT 6. 

8129 pyrrharctia isabel/a (J. E. Smith) 30 May-13 lun 1988 BLT 4, MVL 4; 26 lun 1989 BLT I, 


MVL 3. 
8134 Spilosoma congrua Wlk. 16 Aug 1988 BLT 2. 
8137 Spilosoma virgin/ca (F.) 30 May-13 lun 1988 BLT 12; 24 May-IO lui 1989 BLT 9, .\fVL l. 
8140 Hyphantria cunea (Drury) 13 lun-18 lui 1988 BLT 2. 
8156 Phragmatobia /uliginosa rubricosa (Harr.) 10 lui 1989 MVL 1. 
8169 Apantesisphalerata (Harr.) 30 May 1988 BLT I. MVL I; 7-26 lun 1989 BLT 1-1, .\!VL 2. 
8197 Grammia virgo (L.) 26 lui 1988 BL I, BLT 2; 24 luI 1989 BLT 4, MVL 2. 
8199 Grammia arge (Drury) 16 Aug 1988 BLT I. 
8203 Halysidora tessel/aris(J. E. Smith) 18-28 lui 1988 BLT 50; 25 lun-IO 1ul1989 BLT 27, ....fYL 

4. 
8211 LophocampacaryaeHarr. 30 May-13 lun 1988 BLT I, MVL4; 24 May 1989 BLT 1, .\fYL I. 
8230 Cycnia tenera Hbn. 13 lun-16 Aug 1988 BLT 2; 25 lun -10 Jul 1989 BLT 4, ~f\,L I, :s I. 
8231 Cycnia oregonensis (Stretch) 16 Aug 1988 MVL 1. 
8238 Euchaetesegle (Drury) 25 lun-24 lui 1989 BLT 2, MVL I. 
8262 Ctenucha virginica (Esp.) 13 lun 1988 MVL I. 
8267 Cisseps/ulvicol/is (Hbn.) 30 May-13 lun 1988 BLT 4. MVL I; 7 lun-2O Sep 1989 BLT -15, 

MVL 3. 
LYMANTRIIDAE 
8314 Orgyia de/ini/a Pack. 20 Sep 1989 MV L 1. 
8316 Orgyia leucostigma (J. E. Smith) 20 Sep 1989 MVL l. 
NOCTUIDAE 
8322 ldia americalis (On.) 24 May-18 Jul 1988 BLT 3; 24 May-18 Jul 1989 BLT 2, MYL 1, S 1. 
8323 ldia aemula Hbn. 18 luI 1988 BLT I; 8 lun-20 Sep 1989 BLT 12; MVL 2. 
8334 ldia lubricalis (Oey.) 28 lul-8 Sep 1988 S 8; 10 lui 1989 S 2. 
8338 Phalaenophana pyramusalis (Wlk.) 30 May 1988 BLT I, MVL I, S l. 
8345 Zanc/ognatha laevigata (Or!.) 18 lui 1988 BLT I. 
8348 Zanciognatha pedipilalis (On.) 30 May-13 lun 1988 BLT I. MVL 3. S 1; 7 lun 1989 BLT 2. 
8349 Zanciognatha protumnusalis (Wlk.) 16 Jul 1988 BLT I; 18 Jul 1989 BLT I. 
8352 Zanclognatha jacchusalis (Wlk.) 8 Sep 1988 BLT 1. 
8353 Zanelognatha ochreipennis (Or!.) 28 lui 1988 BLT I. 
8355 Chytolita morbida/is (On.) 30 May- 24 lun 1988 MVL 2. S I; 7 - 24 Jun 1989 BU 2, ~f\,L 1. 
8356 Chytolita petrealis Ort. 26 lun 1989 BLT I. 
8364 Phalaenostola larentioides Ort. 13 Jun 1988 MVL 1. 
8370 Bleptina caradrinalis On. 26 Jun 1989 MVL 1. 
8381 Renia discoloralis On. 18-28 Jul 1988 BL 2, BLT 1. 
8397 Palthisangulalis (Hbn.) 13 lun 1988 MVL 1; 7 Jun-20 Sep 1989 BLT 3, MVL 2. 
8398 Palthis asopialis (On.) 20 Sep 1989 BLT 2. 
8427 Dyspyralis puncticosta (Sm.) 28 Jul 1988 S 1. 
8442 Bomolocha baltimora/is (On.) 25 lun 1989 MVL I. 
8443 Bomolocha bijuga/is (Wlk.) 26 lun 1989 BLT I. 
8445 Bomolocha aba/iena/is (Wlk.) 13 lun 1988 MVL I; 26 lun 1989 MVL I. 
8446 Bomolocha deceptalis (Wlk.) 8-26 Jun 1989 BLT 3. 
8447 Bomolocha made/actalis (On.) 7 Jun-1O Jul 1989 MVL II. 
8448 Bomolocha sordidula (Or!.) 30 May 1988 MVL 1. 
8461 Hypena humuli Harr. 25 Mar 1989 BT I; 25 Apr 1989 BLT I. 
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8465 	 Plathypena scabra (F.) 8 May-16 Oct 1988 BL 4, BLT 58, BT 3, MVL 6; 25 Mar-21 Sep 1989 
BL I, BLT 59, BT 6, S 3. 

8479 	 Spargaloma sexpunctata Ort. 30 May 1988 BLT 1. 
8493 	 [sogona tenuis (Ort.) 30 May 1988 MVL I. 
8499 	 Metalectra discalis (Ort.) 28 Jul 1988 BLT I. 
8514 	 Scoleocampa liburna (Oey.) 26 Jun-IO Ju1 1989 BLT 2. 
8534 	 Plusiodonta compressipalpis On. 30 May 1988 BLT I; 10 Ju1 1989 BLT I. 
8536 	 Calyptra canadensis (Bethune) 16 Aug 1988 BLT I; 9 Sep 1989 BLT 1. 
8555 	 Sco!iopteryx !ibatrix (L.) 25 Apr-20 Sep 1989 S 10. 
8587 	 Panopoda rufimargo (Hbn.) 26 Jun-IO Jul 1989 BLT 6. 
8591 	 Phoberia atomaris Hbn. 14 Apr-26 Apr 1989 BL I, BLT 8, MVL I. 
8689 	 2ale lunata (Drury) 13 Jun-8 Sep 1988 BLT 1. S 2; 7 Jun -21 Sep 1989 BT 2, MVL I, S 13. 
8692 	 20le galbanata (Morr.) 30 May 1988 MVL I; 11 Mar-IO Ju11989 BLT 5, BT I, MVL I, S 2. 
8697 	 2ale minerea (On.) 30 May 1988 MVL 1, S I; 7-13 Jun 1989 BLT I, MVL I. 
8703 	 2alt! duplicata (Bethune) 8 May-13 Jun 1988 BLT 2, MVL 1. 
8704 	 2ale helata (Sm.) 30 May 1988 BLT 1; 14-24 May 1989 BLT 4. 
8705 	 2ale be/hunei (Sm.) 8 May 1988 BLT I. 
8709 	 2ale CUlema (Sm.) 30 May 1988 S I. 
8716 	 2ale unilineata (Ort.) 28 Jul 1988 BLT I. 
8727 Parallelia bistriaris Hbn. 30 May-16 Aug 1988 BLT 5, MVL 2; 13 Jun-24 Jul 1989 BLT 2, 

MVL 2, S 1. 
8738 Caenurgina crassiuscula (Haw.) 8 May-16 Aug 1988 BLT 5, MVL 2; 25 Apr-20 Sep 1989 BL 

I, BLT I, MVL 4. 
8739 	 Caenurgina erechtea (Cram.) 8 May 16 Oct 1988 BLT 2. 
8764 	 Argyrostrotis anilis (Drury) 10 Jul 1989 BLT 1. 
8770 	 Catocala innubens Gn. 16 Aug 1988 S l. 
8771 	 Catocala pia/rix Ort. 24 Jul 1989 BLT 1. 
8778 	 CalOcala habilis Grt. 12 Aug 1989 BLT I. 
8779 	 Catocala serena Edw. 26 Aug-20 Sep 1989 MVL 2. 
8781 	 Calocala judilh Stkr. 16 Aug 1988 MVL I; 24 Jul 1989 BLT I, MVL I. 
8784 	 Calocala obscura Sth. 16 Aug 1988 BLT 2; 12-25 Aug 1989 BLT 2. 
8785 	 Ca/ocala residua Grt. 28 Jul 1988 BLT 2. 
8788 	 C%~~cala relecta Ort. 16 Aug 1988 BLT 2; 9 Sep 1989 BLT 5. 
8791 	 Catocala insolabilis On. 18 Jul-16 Aug 1988 BLT 2. 
8795 	 Catocala palaeogama Gn. 16 Aug 1988 MVL 1. 25 Aug-20 Sep 1989 BLT 3, MVL 2. 
8796 	 Catocala nebulosa Edw. 26 Aug-21 Sep 1989 MVL 2. 
8797 	 Calocala subnata Ort. 28 Ju11988 S I; 26 Aug 1989 S 1. 
8798 	 Ca/ocala neogama (J. E. Smith) 16 Aug 1988 BLT I. 
8801 	 Catocala ilia (Cram.) 10 Jul 1989 BLT I. 
8802 	 Calocala cerogama On. 16-28 Jul 1988 BLT I, S 26; 12 Aug-20 Sep 1989 BLT 2, S 6. 
8805 	 Calocala unijuga Wlk. 26 Aug 1989 MVL 1. 
8832 	 Ca/ocala cara On. 28 Jul 1988 S 1; 12-26 Aug 1989 S 5. 
8834 	 Catocala amalrix (Hbn.) 20 Sep 1989 BLT 1, S 2. 
8857 	 Ca/ocala ultronia (Hbn.) 18-28 Jul1988 BLT 5, S I; 25 Aug 1989 BLT 2. 
8874 	 Catocala minuta Edw. 10 Jul 1989 S I. 
8878 	 Calocala arnica (Hbn.) 18 Jul 1988 BLT 2. 
8887 	 Trichoplusia ni (Hhn.) 16 Oct 1988 BLT 2. 
8890 	 Pseudoplusia includens (Wlk.) 9-20 Sep 1989 BLT 1. 
8898 	 Allagrapha aerea (Hbn.) 8 Scp 1988 BLT I; 9-20 Sep 1989 BLT 17, MVL I. 
8899 	 Pseudeva purpurigera (Wlk.) 25 Jun 1989 BLT 1. 
8905 	 Eosphoropteryx thyatyroides (Gn.) 20 Sep 1989 BLT I. 
8908 Au/ographa precationis(Gn.) 16 Aug -8 Sep 1988 BL 1, BLT 5, S 1; 24 May-21 Sep 1989 BLT 

34, BT 2, MVL 20, N I. 
8924 Anagrapha falcifera (Kby.) 13 Jun 1988 BLT I; 24 May-25 Jun 1989 BLT 3, MVL 2. 
8955 Mara/hyssa inficita (Wlk.) 16 Aug 1988 BLT I. 
8956 Maralhyssa basalis Wlk. 24 May 1989 BLT 3. 
8957 Paectes oculafrix (Gn.) 13 Jun 1988 MVL I; 26 Jun 1989 MVL I. 
8970 Baileya ophthalmica (On.) 13 Jun 1988 MVL 2; 24 May 1989 BLT I. 
8971 Baileya dormifans (Gn.) 13 Jun 1988 BLT 2; 24 May-7 Jun 1989 BLT I, MVL 2. 
8972 Baileya levitans (Sm.) 24 May 1989 MVL I. 
9044 Thioptera nigrofimbria (Gn.) 7 fun 1989 BLT I, MVL I. 
9049 Lilhacodia synochilis (0. & R.) 30 May-13 Jun 1988 BLT 2, MVL I. 
9051 Lithacodia musta (G. & R.) 30 May 1988 MVL 2; 28 Ju11988 BLT I. 



276 THE GREAT LAKES ENTOMOLOGIST Vol. 24, No.4 

9053 Pseudostrotia carneola (On.) 30 May-8 Sep 1988 BLT 32, MVL 10; 26 Jun-20 Sep 1989 BLT 
5. 

9057 Homophoberia apicosa (Haw.) 10 luI 1989 BLT I. 
9062 Cerma cerintha (Tr.) 26 Jun 1989 BLT I. 
9065 Leuconycta dlphteroides (On.) 30 May-13 Jun 1988 BLT I, MVL 3; 7 lun-IO luI 1989 BLT 8, 

MVL 1. 
9066 Leuconycta lepldula (Ort.) 30 May 1988 BLT I, MVL I, S I; 24 luI 1989 MVL I. 
9090 Tarachidia cande/acta (Hbn.) 30 May-16 Aug 1988 BLT 4; 24 luI 1989 BLT I. 
9095 Tarachidia erastriodes (On.) 13 lun-16 Aug 1988 BLT 4, MVL I; 25 Aug 1989 BLT I. 
918.5 Co/acasta propinquilinea (Ort.) 30 May 1988 BLT I; 25 Apr-8 lun 1988 BLT I, MVL 1. 

9193 Raphia /rater Ort. 30 May-13 Jun 1988 MVL 2; 24 May-IO lui 1989 BLT II, MVL 2. 

9199 Acronicta rubricoma On. 24 May 1989 BL 2. 

9200 Acronicta americana (Harr.) 13 lun 1988 MVL 2; 25 Jun 1989 BLT 4. 

9205 Acronicta lepuscu/ina On. 7 Jun 1989 MVL I. 

9229 Acronleta hasta On. 24 May 1989 BLT 1, MVL I. 

9236 Acronlcta morula O. & R. 24 May 1989 BLT 2. 

9237 Acronicta Interrupta On. 8 May 1988 BLT I; 24 May 1989 MVL 2, BLT 1. 

9238 Acronlcta lobeliac On. 8 Jun 1989 BLT I. 

9245 Acronlcta haesitata (Ort.) 26 lun 1989 MVL 1. 

9249 Acronicta increta Morr. 30 May 1988 BLT 1. 

9272 Acronlcta oblinita (J. E. Smith) 8 May 1988 BLT 2; 24 May 1989 BLT 3. 

9280 Simyra henrici (OrL) 25 Aug 1989 BLT 1. 

9281 Agriopodes/allax (H.-S.) 24 May-8 lun 1989 BL I, MVL 2. 

9286 Harrisimemna trisignata (Wlk.) 28 Jui 1988 BL I; 25 lun 1989 BLT 1. 

9301 Eudryas grata (F.) 13 Jun 1988 BLT I; 13 Jun-IO Jul 1989 BLT.5, MVL 4. 

9314 Alypia octomacu/ata (F.) 26 lun 1989 N 1. 

9367 Apomea dubitans (Wlk.) 16 Jun 1988 BLT I; 25 Aug 1989 BLT 1. 

9373 Apamea he/va (OrL) 25 Aug 1989 BLT I. 

9419 Oligla mactata (On.) 16 Oct 1988 BT I. 

9456 Amphipoea Interoceanica (Sm.) 14 lui 1989 BLT I. 

9457 Amphlpoea americana (Speyer) 18 Jul 1988 BLT 3. 

9471 Papaipema arctivorens Hamp. 8 Sep 1988 BLT 3; 20 Sep 1989 BLT 2. 

9473 Papaipema impecuniosa (Ort.) 16 Oct 1988 BLT 2. 

9485 Papaipema baptisiae (Bird) 8 Sep 1988 BLT 2; 20 Sep 1989 BLT 4. 

9495 Papaipema /urcata (Sm.) 9 Sep 1989 BLT I; 20 Sep 1989 BLT 3. 

9496 Papaipema nebris (On.) 6 Sep 1988 BLT I; 20 Sep 1989 BLT 4. 

9501 Papaipema eupatorii (Lyman) 8 Sep 1988 BLT 1. 

9509 Papa/pema unimoda (Sm.) 15 Aug 1988 BLT I. 

9578 Hyppa xylinoides (On.) 18 Jul 1988 BLT 1. 

9582 Nedra ramosula (Gn.) 8 May 1988 BLT I. 

9626 Trachea de/leata (Ort.) 30 May 1988 S I. 

9638 Amphipyra pyramidoidesOn. 18 Jul-16 Oct 1988 BLT 9, S 3; 20-21 Sep 1988 BLT 10, BT I, 


MVL3. 
9640 Amphipyra glabella (Morr.) 28 Jul 1988 BLT 2; 24 Jul 1989 BLT 1. 
9650 Anorthodes tarda (On.) 24 May 1989 BLT 2; 24 May-8 lun 1989 BLT 3. 
9661 Crambodes talidijormis On. 30 May 1988 BLT I. 
9666 Spodoptera /rugiperda (J. E. Smith) 16 Oct 1988 BLT 1; 8 Jun 1989 BLT I. 
9669 Spodoptera ornithoga//i (Gn.) 25 Aug-20 Sep 1989 BLT 4, MVL 2. 
9689 Perigea xanthioides On. 18 Jul- 8 Sep 1988 BLT 5; 7 lun-to lui 1989 BLT 6. 
9696 Platysenfa vecors (On.) 8 Sep 1988 BLT I. 
9720 Ogdoconta cinereo/a (Gn.) 30 May-3D Sep 1988 BLT 16, MVL 3; 7 lun-26 1989 BLT 2. 
9725 Stiriodes obtusa (H. -S.) 16 Aug 1988 BLT I; 6-10 Jul 1989 BLT 2. 
9815 Cosmia calami (Harv.) 10 Jul-26 Aug 1989 BLT I. MVL 1. 
9874 Xylena curvimacula (Morr.) 25 Apr 1989 BT I. 
9885 Lithophane semiusta Ort. 11 Mar-26 April 1989 BLT 5, BT 45, S 2; 9 Sep 1989 BLT 1. 
9886 Lithophane pate/acta (Wlk.) 11-25 Mar 1989 BT 4, S 2. 
9887 Lithophane bethunei (G. & R.) II Mar-25 Apr 1989 BLT 2, BT 15, S 7. 
9888 Lithophane innominata (Sm.) 11-25 Mar 1989 BT 5, S 7. 
9889 Lithophane petu/ca Grt. II Mar-13 Apr 1989 BLT I, BT 3, S 9. 
9893 Lithophane hemina Orl. 11-25 Mar 1989 BLT I, BT 2, S 9. 
9895 Lithophane signosa (Wlk.) 11 Mar-25 Apr 1989 BT 6, S 3. 
9910 Lithophane antennata (Wlk.) 11 Mar-25 Apr 1989 BLT 7, BT 116, S 27. 
9914 Lithophane tat/cinerea Ort. 26 Apr 1989 BLT 2. 



1991 THE GREAT LAKES ENTOMOLOGIST 277 

9915 Lithophane grotei Riley II Mar 1989 BLT 2. 
9916 Lithophane unimoda (Lint.) II Mar-25 Apr 1989 BLT 4, BT 54, SIS. 
9929 Pyre/erra hesperidago (Gn.) 11 Mar-14 Apr 1989 1989 BL I, S 2. 
9930 Pyrtiferra citrombra Franc. 11 Mar-14 Apr 1989 BL 2, BLT I, BT I, S 9. 
9932 Pyre/erra pettiti (Grt.) 11 Mar-14 Apr 1989 BL 2, BT I, S 7. 
9933 Eupsi/ia vinu/enta (Grt.) 11 Mar-26 Apr 1989 BLT 4, BT !l8, S 33. 
9933.1 Eupsilia sidus (Gn.) 16 Oct 1988 BLT 3; 11 Mar 26 Apr 1989 BLT 4, BT 44, S 45. 
9935 Eupsilia tristigmata (Grt.) 14 Apr 1989 BT 3, S 2. 
9936 Eupsi/ia morrisoni (Grt.) 16 Oct 1988 BLT 5; 11 Mar- 26 Apr 1989 BLT 13, BT 356, S 158. 
9939 Eupsilia devia (Grt.) 16 Oct 1988 BLT I; 11 Mar-26 Apr 1989 BLT 5, BT 6, S 6. 
9941 Serieag/aea signata (French) 22  25 Mar 1989 BLT I, BT 2, S I. 
9946 Epiglaea decliva (Grt.) 16 Oct 1988 BLT I. 
9952 Eueirroedia pampina (Gn.) 16 Oct 1988 BLT I; 20 Sep 1989 BLT I. 
9957 Sunira bie%rago (Gn.) 16 Oct 1988 BLT 13, BT 64; 25 Aug-21 Sep 1989 BLT 5, BT 1. 
9961 Ana/hix ralla (G. & R.) 16 Aug-8 Sep 1988 BLT 34; 20 Sep 1989 BLT 4, MVL I. 

10012 Eutolype electilis (Morr.) 25 Apr 1989 BLT I. 
10021 Copivaleria grotei (Morr.) 14-26 Apr 1989 BLT 6. 
10223 Dicestra trijolii (Hufn.) 16 Aug 1988 MVL 2. 
10288 Polia detraeta (Wlk.) 13 Jun 1988 MVL 2; 25 Jun 1989 MVL II. 
10289 Polia goodel/i (Grt.) 16 Aug 1988 BLT I; 7 Jun 1989 MVL 1. 
10292 Melanehra adjunela (Gn.) 13 Jun 1988 BLT I; 12 Aug 1989 MVL I. 
10293 Melanehra pieta (Harr.) 30 May-16 Aug 1988 BLT 1, MVL 2. 
10299 Laeanobia subjuneta (G. & R.) 13 Jun 1988 BLT I, MVL 5. 
10304 Triehordestra legilima (Grt.) 13 Jun 1988 MVL I. 
10397 Lacinipolia renigera (Steph.) 30 May-8 Sep 1988 BLT 9, MVL 6; 7 Jun-20 Sep 1989 BLT I, 

MVL5. 
10405 Lacinipolia lorea (Gn.) 23 Jun 1988 MVL I; 7-26 Jun 1989 BLT 35, MVL I. 
10438 Pseudalella unlpuncta (Haw.) 8 May-16 Oct 1988 BLT 13, BT 2, MVL I, ; 13 Apr-20 Sep 

1989 BL I, BLT 5, BT 30, MVL 24, S 30. 
10440 Leucania linita Gn. 8 May 1988 BLT I. 
10444 Leucania phragmitidicola Gn. 25 Jun 1989 MVL I. 
10446 Leucania muitilinea Wlk. 13 Jun 1988 BLT I, MVL I; 7 Jun-IO Jul 1989 MVL 2. 
10447 Leucania commoides Gn. 24 Jul 1989 MVL 5. 
10461 Leucania ursula (Fbs.) 30 May-13 Jun 1988 MVL 2. 
10462 Leueania pseudargyria Gn. 10 Jul1989 BLT I, MVL 3. 
10487 Orthosia rubescens (Wlk.) 8 May 1988 BLT 1; 14-26 Apr 1989 BLT I, MVL I, S 2. 
10491 Orthosia alurina (Sm.) 14-25 Apr 1989 BT I, S 2. 
10495 Orthosia hibisci (Gn.) 8 May 1988 BLT 3; 26 Mar-26 Apr 1989 BL 9, BLT 34, BT 82, I, S 68. 
10501 Crocigrapha normani (Grt.) 26 Apr-24 May 1989 BLT 3. 
10520 Morrisonia evicta (Grt.) 8 May 1988 BLT 1. 
10521 Morrisonia con/usa (Hbn.) 8 May-13 Jun 1988 BLT 1, MVL 2; 24 May 1989 BLT I. 
10524 Nephelodes minians Gn. 20-21 Sep 1989 BLT 5, S 1. 
10563 Protorthodes oviduea (Gn.) 8 May 1988 BLT I. 
10578 Pseudorthodes vecors (Gn.) 7 Jun 1989 MVL 1. 
10585 Orlhodes crenulata (Butler) 13 Jun-28 Jul1988 BLT 11. 
10587 Orlhodes cynica Gn. 30 May-13 Jun 1988 BLT 11; 24 May-25 Jun 1989 BLT I, MVL 4. 
10627 Tricholita signata (Wlk.) 18-28 Jul 1988 BLT 3; 24 Jul 1989 MVL I. 
10663 Agrotis ipsi/on (Hufn.) 30 May-16 Oct 1988 BLT 18, MVL 4, S 1; 25 Apr-IO Ju11989 BLT 6, 

BT I, MVL 2. 
10670 Feltia jaculijera (Gn.) 28 Jul 1988 BLT II. 
10674 Fellia subgothica (Haw.) 25 Aug 1989 BLT 2. 
10675 Feltia tricosa (Lint.) 16 Aug 1988 MVL I. 
10676 Feltia herilis (Grt.) 18 Jul-8 Sep 1988 BLT 5; 10-24 Jul 1989 BLT 4. 
10891 Ochropleura pleeta (L.) 30 May-13 Jun 1988 BLT 2, MVL 1. 
10915 Peridroma saucia (Hbn.) 13 Jun-16 Oct 1988 BLT 3, BT 1; 14 Apr-24 Jul1989 BLT 3, BT 2, 

MVL 2, S 3. 
10942 Xestia c-nigrum adela Franc. 13 Jun 1988 BLT 2; 25 Jun -20 Sep 1989 BLT 6, MVL I. 
10942.1 Xestiadolosa Franc. 30 May-8 Sep 1988 BLT 77, MVL 3; 25 Jun-21 Sep 1989 BLT 2, MVL 2, 

SI. 
10943 Xestia normaniana (Grt.) 8 Sep 1988 BLT 4. 
10944 Xestia smithii (Snell.) 16 Aug-8 Sep 1988 BLT 3, S 1. 
10950 Xestia bicarnea (Gn.) 16 Aug-8 Sep 1988 BLT 13, BT I; 20Sep 1989 MVL 1; 25 Sep 1989 BLT 

I. 
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10951 Xestia tenuicula (Morr.) 8 Sep 1988 BLT 4. 
10955 Xes/ia badinodis (Gr1.) 21 Sep 1989 BT 5. 
10994 Ceras/is tenebrifera (Wlk.) 14-26 Apr 1989 BL 9. BLT 25. 
11006 Protolampra bruneicollis (GrL) 16 Aug 1988 BLT I; 25 Jun-20 Sep 1989 BLT 4. 
11029 Abagrotisaliernata(Grt.) 18 Jul-8 Sep 1988 BLT 4; 10 Jul-20Sep 1989 BLT6. MVL 3. 
11052 Ufeus plica/us Grt. 10 luI 1989 BL I. 
11063 Pyrrhia umbra (Hufn.) 30 May 1988 MVL 1. 
11068 Heliothis zea (Boddie) 9-20 Sep 1989 BLT I, MVL 193. 
11141 Schinia thoreau! (G. & R.) 26 Aug 1989 MVL 1. 

Abbreviations: BL black light and sheet; BLT black light trap; BT bail trap; ~1VL mercury vapor light and 
sheet; N net; 5 sugaring. 

senting 11 species. Lithophane antennata was the predominate species v.ith 42.2OJo 
of the total number collected. Other species of Lithophane and the percent of the 
total were in, decreasing abundance, unimoda 20.6, semiusta 14.9, bethunei 6.8, 
petulca 3.7, hemina 3.4, innominata 3.4, signosa 2.5, pate/acta 1.7, grotei 0.5 and 
laticinerea 0.3. A comparison of the methods used to collect Lithophane spp. 
showed that bait traps were far superior to either sugaring or ultra.iolet light. The 
percentages of all species of Lithophane by method of collection was: bait trap, 
72.4OJo, sugaring 20.9OJo and ultraviolet light (BL, BLT and ~fVL) 6.7r o. 

During this study 91 individuals of Catocala, the underwing moths, were taken 
representing 21 species. Catocala cerogama was the most abundant species and 
represented 38.4OJ!I of the total number of underwing moths taken. Other species of 
Catocala and the percentage of the total were: ultronia 8.8 r o, retecta 7.7OJo, 
palaeogama 6.6OJ!I, cara 6.6OJo, obscura 4.4OJo, judith 3.3070, amatrL"( 3.3010, amica 
2.2OJo, insolabilis 2.2070, residua 2.2070, serena 2.2OJo, nebulosa 2.2, subnata 2.2070, 
habilis 1.8070, ilia 1.1OJo, innubens 1.1OJo, neogama 1.1070, minuta 1.1 r o, piatrix 
1.1 OJo, and unijuga 1.1070. The percentage of all species of Catocala by method of 
collection was: black light trap 54.5070, sugaring 27.3070 and mercury vapor light 
18.1070. 

During the field collections it was noted that there was a decided seasonal 
influence on the number of moths collected by various methods. A summary of 
these data appears in Table 3. It is obvious that bait traps and sugaring, which both 
employ the same fermented bait, were most effective from January to March. 
During April, May and June the most effective methods for collecting moths were 
black light traps. About one-fourth of the individuals were still collected in bait 
traps and most of these were taken in April before a large number of plants were 
blooming. Black light traps and mercury vapor lamps were the most effective meth
ods of collection from July to September. Only 122 moths were collected from 
October to December so these data are inconclusive. 

The list of Lepidoptera collected over the two year period could have been 
much larger if an effort had been made to collect micro-Iepidoptera. Only a few of 
these were collected and some of these species were not identified for over a year 
because of a lack of specialists for determining them. 
Although several species were collected, which have been serious defoliators of 
hardwood forests, populations were not sufficiently high to cause concern. Some of 
these were the fall cankerworm, spring cankerworm, elm spanworm, forest tent 
caterpillar, eastern tent caterpillar, catalpa sphinx, walnut caterpillar, variable oak
leaf caterpillar, fall webworm, and the white-marked tussock moth. 

The following conclusions can be drawn from the results and discussion above: 
(I) Two of the species collected at Goll Woods, Lithophane semiusta and U/eus 
plicatus, have been designated as endangered. In the event that this forest is treated 
for gypsy moth both of these species might be eradicated from the State of Ohio. 
(2) Bait traps were superior to either sugaring or black light for the collection of 
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Table 3. Relative effectiveness of various methods of collection at different times of the 
, year. Percent of total number of individuals collected by each method. 

Collection method* 
BL BLT BT MVL N S 

Jan-Mar 4.5 10.0 44.6 0.0 0.0 40.9 
Apr-Jun 1.3 43.5 25.5 17.7 1.9 10.1 
Jul-Sep 0.7 74.9 1.4 16.1 2.1 4.8 
Oct-Dec 43.4 56.6 

Abbreviations: BL black light and sheet; BLT black light trap; BT bait trap; MVL mercury 
vapor light and sheet; N net; S sugaring. 

moths in the genus Lithophane. The bait traps catch moths almost every night as 
long as the bait remains attractive. Sugaring is effective only as long as the collector 
is active - usually one night. 
(3) Black light traps were more effective in collecting underwing moths (eatocala) 
than sugaring or mercury vapor lights. 
(4) Bait traps and sugaring were the most effective methods of collecting moths in 
general from 1 January to 31 March. During April, May and June black light traps 
were the most effective means of collecting moths in generaL 
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EFFECT OF TEMPERATURE ON DEVELOPMENT RATE AND 

SURVIVAL OF NOMOPHILA NEARCTICA 


(LEPIDOPTERA: PYRALIDAE) 


Fredric D. Miller, Jr. 1 and Joseph V. Maddox2 

ABSTRACT 

Development of Nomophila nearctica was studied under six constant tempera
tures in controlled temperature cabinets. Developmental threshold temperatures for 
egg, larval, and prepupal-pupal stages were 8.9, 1l.5, and 9.2°C. The overall mean 
developmental threshold temperature for all stages was 9.9°C. Degree-day summa
tions, based on the above threshold temperatures, averaged 50, 304, and 181 DD for 
the egg, larval, and prepupal-pupal stages, respectively. Total heat units of 535 DD 
are required for development from oviposition to adult emergence. Head capsule 
measurements indicated six larval instars. 

Nomophila nearctica Munroe (Lepidoptera: Pyralidae) is mainly distributed 
throughout North and Middle America (Munroe 1973). Recently, N. nearctica was 
recognized by Munroe (1973) as a New World species and N. noctuella Schiff. as an 
Old World species. Literature references made to North American populations of N. 
"noctuella" before 1973 were in fact N. nearctica including MacKay's (1972) descrip
tion of the larva of N. nearctica. Little has been published on its life stages, host 
preference, and seasonal abundance. 

Felt (1893) observed N. nearctica in a grass and clover pasture in New York, 
noting that larvae fed mainly on legumes, purslane, mustard, and cinquefoil. Flint 
(1922) reported that newly seeded fields of sweet clover on the Illinois Agricultural 
Experiment Station farm at Urbana were damaged by N. nearctica. According to 
Flint (1922), its chief larval food plants are red and sweet clovers, and alfalfa, but 
may also feed on soybeans and white clover. Smith (1942) reported N. nearctica in 
alfalfa fields and grasslands in Kansas. Drake and Decker (1927) noted that N. 
nearctica is an occasional pest of minor importance to legumes, bluegrass, foxtail, 
celery, corn, and a number of other plants. Flint (1922) and Smith (1942) both stated 
that this species has feeding and webbing habits similar to the cram bids or "sod 
webworms." 

We have observed that N. nearctica is one of the most common summer moths 
found in grassy and turf areas in central Illinois. However, data about its biology 
and pest status are unclear. We have noted that to the untrained eye of the home
owner and turf manager, the larval stage and webbing habits of N. nearctica may 
often be confused with sod webworm (Pediasia spp.) larvae. Because of its abun
dance and rather broad host range, it is possible that feeding damage observed in 

IUniversity of Illinois, 1010 Jorie Blvd. Suite 200, Oak Brook, IL 60521. 
2Section of Economic Entomology, Illinois Natural History Survey, Champaign, IL 

61820. 
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grassy or turf areas attributed to the sod webworm (Pediasia spp.) may be in fact 
due to Nomophila nearetiea. 

To facilitate prediction of seasonal abundance of field populations of N. neare
tiea, we present results here of a laboratory study to determine the temperature
related development of N. nearetiea. 

MATERIALS AND METHODS 

During the summer of 1986, female moths were collected from lawns and grassy 
field borders in Champaign, Illinois and placed in empty 11 mm glass vials with a 
moistened cotton plug. Females were held overnight at ca. 21°C and monitored for 
oviposition on the inside surface of the vial. Within 5-6 hours of oviposition, the 
vials with 3-4 egg masses of 15-30 eggs each were randomly placed in temperature 
cabinets set at one of six constant temperatures: 10°C, 15°C, 20°C, 26°C, 29°C, 
and 33°C. Cabinets had a 16:8 (L:D) photoperiod and 50-60070 RH. Only the time 
required for egg hatch was recorded at each of the respective temperatures; no 
attempt was made to record egg mortality. 

After eciosion, the first instar larvae were carefully removed from the vials, 
placed on beet armyworm (Spodoptera exigua [Hubn.]) diet (Shorey and Hale 1965) 
in 30 ml plastic cups sealed with a paper lid, and randomly assigned to a given 
temperature regime. Thirty first instar larvae were used for each of the six tempera
ture regimes. Data collection commenced when the first instar larvae were placed on 
the artificial diet and terminated at adult emergence. We made daily observations of 
mortality, molting, pupation, and adult emergence. 

Head capsules were removed from the diet cups after each molt and preserved 
in 70070 ethanol for future measurements. Width of all pooled (N 180) head cap
sules from all six temperatures was recorded with a binocular microscope fitted with 
an ocular micrometer. 

Threshold temperatures for development were estimated using the X-intercept 
method (Arnold 1959). Average days at each stage were converted to percent devel
opment per day and plotted against respective temperatures (Rubenstein et al. 1986). 
Extrapolation of the computed regression line to the X-intercept provided an estima
tion of the temperature at zero rate of development. This temperature is assumed to 
be the developmental threshold (X-intercept method). Centigrade degree-days for 
egg, larval, and prepupal-pupal stages were calculated according to Arnold (1959). 
The equation C D(T-K) was used where C =degree days (0C), D = developmental 
time (days), T =experimental constant temperature (0C), and K =threshold temper
ature (0C) (King et al. 1985). Data was analyzed with the Solo Statistical System, 
Version 2.0. (Jandell Scientific). 

RESULTS AND DISCUSSION 

Developmental time rates for all stages at the six temperature regimes are 
presented in Tables 1 and 2. Between 15°C and 33°C, mean developmental time 
(days) decreased for all stages. Overall stage-specific survivorship from larval eclo
sion through adult emergence ranged from 0.0070 at 10°C to 73070 at 29°C (Table 3). 
In our study, it appears that 29°C is the optimum developmental temperature for N. 
nearetlea (Table 3). 

Developmental rates for the egg stage are presented in Table I. At 10°C, egg 
hatch occurred, but no larvae lived past the second stadium (Tables 1-3). Low egg 
survival at lOoC in this study is similar to results obtained by Heinrichs and Matheny 
(1965) in which only 3070 of sod webworm. Pediasia triseeta (Walker) eggs survived 
at 10°C. 
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Table 1. - Development period (days) of N. nearctica reared on artificial diet at six tempera
tures under a 16:8 (L:D) photoperiod, N = 30. 

Mean Duration in Days (± S.D.) 
Temp. (0C) Egg Larva Prepupa-Pupa 

lO 16.0 (0.51) 
15 11.2 (0.50) 76.1 (3.71) 33.0 (0.71) 
20 4.8 (0.74) 37.4 (1.62) 16.4 (1.09) 
26 3.3 (0.60) 24.2 (1.84) 10.2 (0.89) 
29 2.8 (0.64) 15.4 (0.89) 9.4 (Ll7) 
33 1.9 (0.63) 14.6 (0.91) 7.6 (1.06) 

Table 2. - Duration of development period (days) of N. nearctica larvae reared on artificial 
diet at six temperatures under a 16:8 (L:D) photoperiod, N = 30. 

Mean Duration in Days (±S.D.) 
lnstar 

Temp. 

(0C) 1st 2nd 3rd 4th 5th 6th 


lO 11.8 (1.79) 14.7 (5.54) 
15 11.2 (0.37) 10.9 (0.13) lO.l (1.21) 11.2 (1.27) 10.7 (0.78) 22.0 (2.83) 
20 4.5 (0.51) 7.5 (0.51) 5.0 (0.52) 6.2 (1.36) 6.2 (1.96) 8.0 (0.76) 
26 2.4 (0.40) 2.5 (0.52) 2.1 (0.51) 5.6 (0.56) 6.0 (0.82) 5.6 (0.96) 
29 2.2 (0.50) 1.8 (0.51) 1.9 (0.52) 2.4 (0.53) 3.6 (0.51) 3.5 (0.68) 
33 2.4 (0.53) 1.9 (0.51) 2.0 (0.52) 2.1 (0.82) 3.1 (1.03) 3.1 (1.16) 

Table 3. - Percent survival of N. nearctica stages reared on artificial diet at six temperatures 
under a 16:8 (L:D) photoperiod, N = 30. 

lnstara 

Temp. (0C) 1st 2nd 3rd 4th 5th 6th Prepupal-Pupal alo Surv. 
to Adultb 

lO 16.6 13.3 0.0 0.0 0.0 0.0 0.0 0.0 
15 36.6 16.6 16.6 16.6 16.6 16.6 13.3 6.6 
20 100.0 100.0 53.3 43.3 43.3 43.3 43.3 43.3 
26 53.3 53.3 53.3 53.3 53.3 53.3 53.3 53.3 
29 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3 
33 33.3 33.3 33.3 33.3 33.3 33.3 33.3 33.3 

'Percent stage-specific survivorship is the quotient of the number of individuals entering that 
farticular life stage and the sample size x 100 (N 30). 
Percent survivorship to adult is the quotient of the total number of adults that emerged and 

the sample size x 100 (N = 30). 

Extrapolation of the regression equation (y -17.371 + 1.9464x) for egg 
development vs. constant temperature indicated a X-intercept developmental thresh
old of 8.9°e (Table 4). The thermal requirement for egg development, averaged 
over all constant temperatures with 8.9°e as a base, was 49.6 DD. We recognize that 
this linear relationship is due to the limited number of temperatures used in our 
study. Extensions of the temperature range below lOoe and above 33°e would have 
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Table 4. - Regression equations for the development rate of N. nearctica immature stages in 
relation to temperature. 

LDT" XDDb r2 

Egg 8.9 49.6 Y 0.96 
Larva ll.5 303.7 Y 0.96 
Pupa 9.2 181.4 Y 1.00 

aLDT Lower Developmental Threshold 
bDD Degree Days 

probably resulted in a non-linear developmental curve, which is common with most 
insects (Howe 1967, Wagner et al. 1984). 

Larval development at the five constant temperatures is summarized in Tables 
1-2. With the exception of lOoC, in which larvae did not survive past the second 
stadium, survival ranged from 16.61lfo at 15°C to 73.31lfo at 29°C (Table 3). 

Extrapolation of the regression equation (y = -3.7446 + 0.32661x) for larval 
development vs. constant temperature revealed a developmental threshold of 11.5°C 
(Table 4). A mean degree day summation, using 11.5°C as a base temperature was 
calculated to be 303.7 DD (Table 4). 

Prepupal-Pupal development is presented in Table I. Survival for the prepupal
pupal stage ranged from 13.3Ilfo at 15°C to 73.31lfo at 29°C (Table 3). The X-intercept 
linear regression equation (y -5.1125 + 0.55522x) resulted in a developmental 
threshold of 9.2°C (Table 4). The mean degree day summation for the prepupal
pupal stage was 181.4 DD usi .2°C as a base threshold. 

Developmental thresholds the egg, larval, and prepupal-pupal stages were 
averaged to obtain an overall mean developmental threshold of 9.9°C. Total heat 
units of 534.7 DD are required for development from oviposition to adult 
emergence. 

In general, the number of days spent by Nomophila nearctica in each immature 
stage in this study, conducted under laboratory conditions, are comparable (6 days 
or less) with data gathered on N. nearctica from field observations and field insec
tary studies in Kansas conducted by Smith (1942) and in Illinois by Flint (1922) 
(Table 5). However, since no specific temperature data were reported by Smith 
(1942) nor by Flint (1922), weather data for the summers (May-August) of 
1940-1941 and 1919-1920 were obtained from the Weather Data Library at Kansas 
State University, Manhattan and the Midwest Climate Center at the University of 
Illinois, Urbana, respectively. Smith (1942) commented that in mid-summer 
(July-August) larval development in the field took one month (Table 5). Mean 
temperature for July-August 1940 and 1941 at Manhattan, Kansas was ca. 27°C. In 
our study, larval developmental time at 26°C was 24.2 days (Table 5). However, a 
noticable difference was observed in larval developmental time under field insectary 
conditions in which Smith (1942) reported that during May and June, larval devel
opmental time was ca. 17 days (Table 5). No specific year was mentioned, but in 
May-June 1940-1941, weather records indicate an overall mean temperature of 
21°C. In our study, larval development took 37.4 days at 20°C (Table 5). According 
to Flint (1922), during the seasons of 1919 and 1920, the average period from adult 
to adult was 50 days and the average egg period was six days; average larval period 
30 days; average pupal period 10 days (Table 5). Mean temperature for June-August 
1919-1920 was 23°C. At mean developmental times for 20°C and 26°C, results from 
our laboratory study are comparable to Flint's (1922) for the egg, larval, and 
prepupal-pupal life stages (Table 5). 

We realize that any comparison between our study and those of Smith (1942) 
and Flint (1922) is weakened by neither author reporting field rearing temperature 
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Table 5. - Comparison of field observations. field laboratory rearing and laboratory rearing 
studies of N. nearctica. 

FIELD OBSERVATIONS 
Mean no. Days in Each Stage 

Stage Smith (1942) (27°C)' This study (26°C) 

Egg 3-4 3.3 
Larval 30 24.2 
Prepupal-Pupal 10.2 

nELD INSECTARY STUDIES 
Mean no. Days in Each Stage 

Stage Smith (l942)b Flint (1922)' This Study 
(21°C) (23°C) (20°C) (26°C) 

Egg 3.0 6.0 4.8 3.3 
Larval 17.2 30.0 37.4 24.2 
Prepupa1-Pupal 10.5 10.0 16.4 10.2 

aX temperature 27°C for July-August 1940-1941, obtained from Weather Data Library Kan

sas State University, Manhattan. 

bX temperature 21°C for May-June 1940-1941. obtained from Weather Data Library Kansas 

State University, Manhattan. 

eX temperature 23°C for June-August 1919-1920. obtained from Midwest Climate Center, 

Urbana. 


Table 6. - Head capsule width of larval N. nearctica reared on artificial diet at six tempera

tures under a 16:8 photoperiod. 


Instar X Headcapsule width (mm.) (±S.D.) 

1 0.2496 0.0059 
II 0.3717 0.0277 
III 0.5119 0.0555 
IV 0.7553 0.0654 
V 1.1421 0.1525 
VI 1.7677 0.0610 

data nor host plants used during the rearing study, whereas larvae studied in our 
experiments were reared under constant temperatures and on artificial diet. 

A summary of head capsule meaurements for the instar classes for all tempera
ture regimes is presented in Table 6. These measurements indicate six larval instars. 
No overlap occurred between successive instars. Head capsule widths are compara
ble with measurements taken by Smith (1942) on field reared larvae in Kansas. 

Additional study is needed to determine seasonal abundance of N. nearctica 
and to better understand host plant feeding preferences as it relates to potential 
economic damage in turf management and production. 
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