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COMPARATIVE BIOLOGY OF TEMPERATE AND SUBTROPICAL 

BARK AND AMBROSIA BEETLES (COLEOPTERA: SCOLYTIDAE, 


PLATVPODIDAE) IN INDIANA AND FLORIDA 


Mark Deyrupl and Thomas H. Atkinson2 

ABSTRACT 

Bark and ambrosia beetles were compared from two intensively studied sites. The 
Indiana site produced 58 species, the Florida site 57 species; 17 species occurred at both 
sites. ~fuch greater plant host diversity at the Indiana site seems balanced by more 
fa;-orable climate at the Florida site. There are more exotic species at the Florida site. 
Different patterns in feeding habits and mating habits of the beetles are related to the 
climate and history of the sites in complex ways. A list of the and their habits is 
included. 

It may be assumed that the fauna of two sites will differ if there are differing climatic, 
blOric. and historical influences in these sites. Faunal comparisons between sites are 
useful if they can distinguish among these influences. The bark and ambrosia beetles are 
well suited to faunal comparisons because their biology and taxonomy have been under 
study for many years, culminating in Wood's monograph on the bark and ambrosia 
beetles of North and Central America (1982). Previous studics of biogeography of these 
beetles (Beaver 1979; Atkinson and Equihua 1986a, 1986b) have lead to some major 
insights with respect to trends in species diversity, resource usc. and mating systems. The 
present study attempts to relate these characteristics to particular biogeographical 
influences in two small study areas. 

MATERIALS AND METHODS 

The two sites are the town of West Lafayette (WL), Tippecanoe County, in 
north-central Indiana, and Archbold Biological Station (ABS), Lake Placid, Highlands 
County. in south-central Florida. Intensive inventories of scolytids were conducted in 
1978-81 (WL) and 1982-85 (ABS). Malaise traps, window traps, and light traps were 
used in both areas. Inspection of promising host material was found to be the most 
productive collecting method. 

SITE DESCRIPTIONS 

The climate of WL is typical of continental temperate regions. Winters are cold, with 
temperatures below ODC for many days at a time. Summers are hot and humid, with 
temperatures over 25°C during the day and often during the night as well. The ABS is in 
a transitional zone between warm temperate and subtropical zones of Florida. Winters are 

'Archbold Biological Station, P.O. Box 2057, Lake Placid, FL 33852. 
'Department of Entomo)gy and Nematology, University of Florida, Gainesville. FL 32611. 
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mild and dry, with temperatures during some years falling below O°C, but only for a few 
hours at a time. Sheltered microhabitats are frost-free. Summers are warm and humid, like 
those of WL, but longer by 2-3 months. 

In their biotic characteristics the two sites are generally similar in that they both include 
upland and lowland habitats, natural and disturbed habitats, open and densely wooded 
habitats. The natural habitats of WL include areas of mixed deciduous upland and lowland 
forest, found primarily in Happy Hollow Park and the Purdue University Arboretum. 
Disturbed habitats include landscaped areas with a rich variety of native and exotic trees. 
We found 25 genera of native trees and large woody shrubs, and eight genera of abundant 
exotic trees and shrubs. The ABS includes sandhill and scrub habitats in various states of 
maturity, flatwoods, bayheads, and seasonal ponds. Plantings of exotic trees, mostly oaks 
and fruit trees, exist in two areas of the ABS. The vegetation of the ABS contains 13 
genera of native trees and shrubs and five genera of abundant exotics (Abrahamson et al. 
1984). 

Both areas have undergone climatic changes over the last few thousand years. WL is 
in a glaciated portion of Indiana and was presumably denuded during the Pleistocene. The 
diverse deciduous forests of the area are probably the result of a massive invasion from 
the unglaciated southern portion of the state. Peninsular Florida during the Pleistocene 
was considerably drier and cooler than at present (Watts 1983). The native vegetation of 
the ABS combines species of the temperate Southeast, the West Indies, and endemic 
species of xeric scrub. Despite its conglomerate origin, the flora of the ABS is relatively 
depauperate. The hot climate and xeric conditions seem to limit temperate species, while 
freezing temperatures, however brief, exclude many West Indian species found farther 
south on the peninsula. The area is not easily accessible to organisms from any area 
having a similar climate. 

RESULTS AND DISCUSSION 

The Appendix provides a combined list of species with their feeding habits, degree of 
host specificity, mating habits, and hosts. 

Total numbers of species found at each site were similar: WL 58; ABS 57. Previous 
studies (Beaver 1979, Wood 1982) suggested that species diversity in scolytids increases 
toward the tropics. This does not seem to occur as one procccds to subtropical Florida, 
probably because of the biotic isolation and depauperate flora mentioned above. Relative 
to plant diversity, however, the ABS fauna is remarkably diverse. Since an equal number 
of species is maintained on about half the diversity of hosts, it appears that the diversity 
of tropical scolytids may depend more on the warm climate than on the floral diversity of 
the tropics. 

One would expect the ABS to be a haven for a greater number of exotics than WL 
because of Florida's many seaports and because its isolation may have resulted in 
unoccupied ecological niches. Since there were no early surveys of bark and ambrosia 
beetles, it is difficult to determine whether widespread Neotropical species were imported 
by man. We know of no historical documentation or establishment and range extension of 
any Neotropical species in the U.S. Although it is probable that some U.S. species of 
Xyleborus and Hypothenemus are exotic, as suggestcd by Wood (1982), it is just as likely 
that the majority were able to disperse across the Caribbean by "island-hopping," or 
around the Gulf of Mexico from Mesoamerica. Species with Old World origins are 
incontrovertable exotics; Wood (1982) has provided a list of such species. There are 12 
Old World species at the ABS and eight in WL. 21 % and 14% of the fauna respcctively. 

The ABS has a similar proportion of exotic Formicidae: 21 out of 103 species are exotic 
(Deyrup and Trager 1986). These numbers of exotics are not manifestations of some 
widely applicable "20% rule" in south central Florida, since unpublished surveys of 
several groups at the ABS (Scarabaeidae, Mutillidae, Apoide, Symphyta, butterflies) 
suggested that 20% is an extraordinarily high proportion of exotics. Neither ants nor bark 
beetles seem well adapted for dispersal over open sea. A study of insects taken on 
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oil-drilling rigs in the Gulf of Mexico (Sparks et al 1986) produced only one specimen of 
a bark or ambrosia beetle and no ants among the 177 species and thousands of specimens 
of insects captured. South Florida habitats were therefore not saturated with naturally 
immigrating species of bark and ambrosia beetles from the tropics. On the other hand, 
both ants and the inbred polygynous scolytids are particularly effective colonizers once 
transported to a new habitat. In these groups, mating between sibling offspring of a single 
fertilized female is practical, if not obligatory. Inbred polygynous bark and ambrosia 
beetles establish family groups in which a female produces several to many females and 
only one or a few males, which mate with their sisters before the latter disperse to new 
hosts (Wood 1982, Kirkendall 1983). Of the Old World exotics at the ABS, 11 out of 12 
are inbred polygynous. Even in WL, where there are generally fewer inbred polygynous 
species. five of the eight exotics have this mating system. 

Good evidence exists for geographical trends in feeding habits of scolytoids. In general, 
in temperate climates there is a much higher proportion of phloeophagous (inner bark or 
phloem-feeding) species, and in the tropics there is a higher proportion of xylomy
cetophagous (feeding on ecto-symbiotic fungi) species (Beaver 1979). At a dry tropical 
site in western Mexico, however, Atkinson and Equihua (1986a) found that 57 out of96 
species were phloeophagous. The WL and ABS sites seem to show the· more typical 
parterns of reduced phloeophagy and increased xylomycetophagy from north to south 
(Table 1). The percentage ofphloeophagous species in WL (53.5%) was much lower than 
that in California (85%) and France (80%), the other temperate areas cited by Beaver 
(979). The incidence of phloeophagy at the ABS (32.7%) was more similar to that of 
tropical areas treated by Beaver (1979: 11.6% in West Malaysia, 30.4% in Fiji) and 
Atkinson and Equihua (1986a: 26.5% in southeastern Mexico). 

Xylomycetophagous species were more numerous at both sites than in the much larger 
scolytid and platypodid faunas of California, France (Beaver 1979), or the dry tropical site 
in ~fexico (Atkinson and Equihua 1986b). The percentage of ambrosia beetles in WL 
fauna (14.1 <1) is more comparable to that of Korea (36.6%, Choo 1983). The number and 
proportion of xylomycetophagous species is very high in humid tropical areas such as 
West ),falaysia. Fiji (Beaver 1979), southeastern Mexico (Atkinson and Equihua 1986a), 
and Zambia (Beaver and Loyttyniemi 1985). While xylomycetophagy is at its peak in the 
humid tropics, it is also frequent in humid temperate areas. Mediterranean climates, as in 
France and California, appear even more inimical to this group than a climate with very 
cold winters but warm, humid summers. 

The incidence of xylophagous (wood-feeding), myelophagous (pith-feeding), and 
spennatophagous (seed-feeding) species is usually also lower in temperate areas (Beaver 
1979). The proportion of myelophagous species at the ABS is very high (21.8%). The 
only area with a comparable representation of this guild is dry tropical forest in Mexico 
(Atkinson and Equihua 1986b: 13.1%). In both areas, most of these species are 
polyphagous. inbred polygynous species of the tribe Cryphalini (Hypothenemus, Crypto
carenus). For reasons which are unclear, these species seem to be very numerous (both 
in terms of individuals as well as species) in areas with warm, seasonally dry climates. 
Xylophagy and spennatophagy is infrequent at both study sites. 

Beaver ( 1979) noted that tropical scolytids tend to be less host specific than temperate 
species. In large part this reflects the strong association between feeding habits and degree 
of specificity. In general, phloem-feeding species are highly specific, while ambrosia 
beetles and pith and wood-feeding species are usually polyphagous (Table 1; Beaver 
1979: Atkinson and Equihua 1986a, 1986b). Phloeophagous species tend to be mono
phagous or oJigophagous, probably because they deal with the specialized compounds 
concentrated in the inner bark. Most of the differences in overall degree of specificity 
between WL and ABS can be explained by the differences in the relative frequency of 
SIXXies with different feeding habits. In addition to this trend, Beaver (1979) suggested 
that the plant diversity of tropical forests is so great that there is an insufficient resource 
base to support monophagous species. This explanation cannot be applied to our study 
sites, as plant diversity is much greater in WL, the more northern, temperate site. Another 
factor explaining the high proportion of polyphagy at the ABS is that many of the 
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Table I. Cross tabulation of feeding habits and degree of host specificity for bark and ambrosia 
beetles in West Lafayette, Indiana, and Archbold Biological Station. Florida. 

Host Specificity Total 
Feeding 
Habit Monophagy OJigophagy Polyphagy Unknown No. % 

West Lafayette 
Phloeophagy 25 3 3 31 53.5 
Xylomycetophagy I 12 14 24.1 
Xylophagy 1 4 5 8.6 
Myelophagy 4 4 6.9 
Mycetophagy 2 2 3.4 
Spermatophagy 1.7 
Herbiphagy I 1.7 

Total No. spp. 28 4 25 58 
%" 48.3 6.9 43.9 

Archbold Biological Station 
Phloeophagy 14 3 18 32.7b 

Xylomycetophagy 4 14 18 32.7 
Xylophagy 1 I 3 5.4 
Myelophagy I 11 12 21.8 
Mycetophagy 2 2 3.6 
Spermatophagy 2 2 3.6 
Herbiphagy 
Unknown 2 2 

Total No. spp. 
%C 

22 
40.0 

2 
3.6 

31 
56.4 

2 57 

"Percentage based on 57 species with known degree of host specificity. 
bPercentage based on 55 species with known feeding habits. 
"Percentage based on 55 species with known degree of host specificity. 

polyphagous species are known or suspected exotics, whose polyphagy may be partly 
responsible for their establishment. 

Host plant use by host specific species differs markedly between the two sites, 
particularly with respect to conifers and broad leaf trees. In WL 10 out of 32 monophagous 
and oligophagous species (most of which are phloeophagous), are in conifers; at ABS 16 
out of 24 are in conifers. In WL the lower number of speeies in conifers may be explained 
by a historical factor; although conifers in plantings now occur throughout Indiana, they 
were originally confined to the northern and southern extremes of the state. Of the 24 
species of phloeophagous species in Indiana conifers, only eight have made their way to 
the center of the state (Deyrup 1981). In a very local sense, conifers and associated 
host-specific scolytids could be considered exotics in WL. In central Florida some species 
associated with hardwoods in Indiana are absent because their hosts are also absent, but 
others appear to be absent due to other factors. In Indiana there are 14 species of 
phloeophagous scolytids which attack hardwoods of the genera Carya, Rhus, Fraxinus, 
Moms, Celtis, and Prunus; these scolytids are not found in central Florida even though 
trees of these genef'd are present. Ten of these beetles are found in northern Florida (Wood 
1982, Deyrup and Atkinson 1987), but only one occurs as far south as central Florida. 
These beetles do not apear to be replaced by a greater density of other bark-feeders such 
as eef'dmbycids and buprestids. It is normal to find large areas of unconsumed phloem in 
recently killed material. Temperate hardwood species become increasingly patchily 
distributed from north to south in peninsular Florida. This may make it more difficult for 
some host-specific bark beetles associated with these trees to maintain their populations. 
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Another explanation is that the absence of these species in central Florida may be due to 
climatic factors. 

In summary. biotic, climatic, and historical factors affect scolytid fauna at the two sites 
in various ways. A biotic factor, the diversity of hosts, accounts for the richness of 
phloeophagous scolytid fauna in WL, even in the absence of native conifers. Climatic and 
historical factors foster a partially exotic assemblage of species at the ABS; these factors, 
combined with a rich fauna in native pines, allow the ABS fauna to approach the diversity 
of WL, even though there are fewer potential host species. A climatic factor seems to 
repress southern expansion of certain phloeophagous species in hardwoods, although 
dispersion of host trees may also be involved. Xylomycetophagous species in both sites 
appear to be favored by the wann humid summers. Monophagy and oligophagy are 
dominent in WL and notably reduced at the ABS, due to the southern reduction of 
phloeophagous species (which tend to be monophagous) and the incursion of tropical 
polyphagous species. 
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APPENDIX 

Combined lists of species from both areas. Column headings: WL, West Lafayette; 
ABS, Archbold Biological Station; FH, Feeding Habits; SP, Host Specificity; MS, 
Mating System. Feeding habits follow categories defined in text: ph, phloeophagy; xm, 
xylomycetophagy; xy, xylophagy; my, myelophagy, mcy mycetophagy; sp, sperma
tophagy; he, herbiphagy; ?, unknown. Mating systems follow categories defined by 
Kirkendall (1983): mg, monogyny; bg, bigyny; hp, harem polygyny; ip, inbred polygyny; 
th, thelotoky; ?, unknown. Degrees of specificity are defined as monophagy (mo) , 
restriction to a single genus of host plant; oligophagy (ol), restriction to hosts of a single 
family; polyphagy (po), common use of hosts in unrelated families. 

Location 

Name WL ABS PH SP MS Hosts, Comments 

PLATYPODIDAE 
Platypus compositus Say + xrn po rng Hardwoods 
Platypus flavicomis (Fabricius) + xm mo rng Pinus spp. 
Platypus parallelus (Fabricius) + xrn po rng Extremely polyphagous 

SCOLYTIDAE 
HYlesininae 
Hylastini 
Hylastes exilis Chapuis + ph rno rng Pinus spp. 
Hylastes salebrosus Eichhoff + ph rno rng Pinus spp. 
Hylastes tenuis Eichhoff + ph rno rng Pinus spp. 

Hylesinini 
Hylastinus obscurus (Marsharn) + he 01 rng Leguminous perennial 

forbs 
Hylesinus aculeatus Say + ph rno rng Fraxinus spp. 
Hylesinus criddlei (Swaine) + ph rno rng Fraxinus spp. 
Hylesinus Jasciatus LeConte + ph rno rng Fraxinus spp. 
Hylesinus pruinosus Eichhoff + ph rno rng Fraxinus spp. 

Tornicini 
Dendroctonus terebrans (Olivier) + ph rno rng Pinus spp, 
Hylurgopinus rufipes (EichhofO + ph rno mg Ulmus spp. 

Bothrostemini 
Cnesinus strigicoliis (LeConte) + my po rng 
Pagiocerus frontalis (Fabricius) + sp rno rng Locally rno in Persea 

seeds 
Phloeotribini 
Phloeotribus dentifrons (Blackman) + rno rno mg Celtis spp, 
Phloeotribus frontalis (Olivier) + ph rno mg Moms spp. 
Phloeotribus liminaris (Harris) + ph rno mg Prunus spp, 

Phloeosinini 
Chramesus chapuisi LeConte + ph rno rng Celtis spp. 
Chramesus hicoriae LeConte + ph rno rng Carya spp. 
Phloeosinus dentatus (Say) + ph rno rng Locally rno in 

Juniperus spp, 
Polygraphini 
Carphoborus bifurcus Eichhoff + ph mo hp Pinus spp. 
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Location 

Name WL ABS FH SP MS Hosts, Comments 

SCOLYTlDAE (Continued) 
Scolytinae 
Scol}1ini 
ScolyiUS mali (Bechstein) + ph 01 mg Rosaceae, Ulmus 
Sco(wus multistriatus (Marsham) + ph mo mg Ulmus spp. 
Scol,iUS muticus Say + ph 01 mg Celtis spp., Gleditsia 
ScolyiUS qundrispinosus Say + ph mo mg Carya spp. 

Micracini 
Hylocurus binodatus Wood + xy mo bg Carya 
Hylocurus langstoni (Blaclunan) + xy 01 hp Locally on Morus 
Hylocurus rudis LeConte + xy po bg Hardwoods 
.'I1icracis sumralis LeConte + xy po bg Hardwoods 
Jficracis swainei Blackman + + xy po bg Hardwoods, at ABS 

mo in Salix 
.'I1icracisella nanula (LeConte) + my po rng Hardwoods 
Pseudoth.\'Sanoes lecontei Blackman ph po bg Carya, Quercus 
Pseudothysanaes rigidus (LeConte) + ph rno bg Tilia 
Thysanoes fimbricornis LeConte + + xy po bg Hardwoods 

Ipini 
Ips a\'ulsus (Eichhoff) + ph rno hp Pinus spp. 
Ips cal/igraphus (Gennar) + ph rno hp Pinus spp. 
Ips grandicollis (Eichhoff) + + ph rno hp Pinus spp. 
Onhotomicus caelatus (Eichhoff) + + ph 01 hp Pinus, Larix. Picea; 

rno at ABS in Pinus 
Pity-ogenes hopkins! Swaine + ph rno hp Pinus 

Dryocoetini 
C occotrypes distinctus (Motscholsky) + sp ruo ip At ABS mo in Saba I 
Dryocoetes granicollis (LeConte) + ph rno hp Picea 
Lymall10r decipiens (LeConte) + rnyc po rng Fungus in hardwoods 

Crypturgini 
Crypfurgus alutaceus Schwarz + ph rno mg Pinus spp. 

Xylotemini 
Xyloterinus paUtus (Say) xm po mg Hardwoods 

Xvleborini 
Ambrosiodmus devexulus (Wood) + xrn po ip Hardwoods 
Ambrosiodmus lecontei Hopkins + xm po ip Hardwoods and pines 
Premnobius cavipennis Eichhoff + xm po ip Highly polyphagous 
Xyleborinus saxeseni (Ratzeburg) + + xrn po ip Highly polyphagous 
Xyleborus affinus Eichhoff + + xm po ip Highly polyphagous 
Xvleborus celsus Eichhoff + + xm rno ip Carya spp. 
X:,leborus dispar (Fabricius) + xm po ip Hardwoods 
Xyleborus ferrugineus (Fabricius) + + xm po ip Highly polyphagous 
Xyleborus obesus LeConte + xm po ip Hardwoods 
X:\'/eborus planicoliis Zimmennann + xm ? ip Hosts unknown, 

presumed xrn, ip 
Xyleborus pubescens Zirnmennann + xm rno ip Pinus spp. 
Xy/eborus sayi (Hopkins) + xm po ip Hardwoods 
Xyleborus volvulus (Fabricius) + xm po ip Highly polyphagous 
Xy/eborus xylographus (Say) xm po ip Hardwoods 
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Location 

Name WL ABS FH SP MS Hosts, Comments 

SCOL YTIDAE (Continued) 
Xylosandrus compactus (Eichhoff) + xm po ip Hardwoods 
Xylosandrus crassiusculus (Motschulsky) + xm po ip Hardwoods 
Xylosandrus germanus (Blandford) + xm po ip Highly polyphagous 

Cryphalini 
Cryptocarenus seriatus Eggers + my po ip Hardwoods 
Hypocryphalus mangiferae (Slebbing) + ph mo mg Mangifera indica 
Hypothenemus birmanus (Eichhoff) + my po ip 
Hypothenemus brunneus (Hopkins) + my po ip 
Hypothenemus californicus Hopkins + ph po ip 
HYPOlhenemus columbi Hopkins + ph po ip 
Hypothenemus crudiae (Panzer) + my po ip 
Hypothenemus dissimilis (Zimmermann) + my po ip 
Hypothenemus eruditus Westwood + + ph po ip 
Hypothenemus interstitialis (Hopkins) + + my po ip 
Hypothenemus javanus (Eggers) + my po ip 
Hypothenemus miles (LeConte) + ? ip Galleries and hosts 

unknown 
Hypothenemus rotundicollis (Eichhoff) + my po ip 
Hypothenemus seriatas (Eichhoff) + + my po ip 
Hypothenemus sp. my po ? In Cestrum and 

Palafoxia 
Trischidias aloma (Hopkins) + + myc po ip 
Trischidias exigua Wood + myc po ip In Carya, Quercus 
Trischidias sp. + ? ? ? Specimen in flight trap 

Corthylini: Pityophthorina 
Conophthorus coniperda (Schwarz) + sp mo mg Pinus strobus 
Pityoborus comatus (Zimmermann) + xm mo mg Pinus spp. 
Pityophthorus annecteus LeConte + ph mo hp Pinus spp. 
Pityophthorus confusus Blandford + ph mo hp Pinus spp. 
Pityophthorus crinalis Blackman + ph mo hp Rhus 
Pityophlhorus laurus Eichhoff + ph po hp In several hardwoods, 

may be a species 
complex 

Pityophthorus opaculus LeConte + ph mo hp In WL mo in Picea 
Pityophthorus pinivorus Bright + ph mo hp Pinus 
Pityophthorus puberulus (LeConte) + ph po th In WL mo in Pinus 
Pityophthorus pulicarius (Zimmermann) + my mo hp Pinus spp. 
Pityophthorus sp. nr. virilis Blackman + ph mo hp Rhus 
Pseudopityophthorus asperulus 

(LeConte) + + ph rno mg Quercus spp. 
Pseudopityophthorus minulissimus 

(Zimmermann) + + ph mo mg Quercus spp. 
Corthylini: Corthylina 

Corthylus spinifer Schwarz + xrn po rng Hardwoods 
Corthylus punctatissimus (Zimmermann) + xm po mg Hardwoods 
Monarthrumfasciatum (Say) + + xrn po hp Hardwoods 
Monarthrum mali (Fitch) + + xm po hp Hardwoods 

Totals: WL, 58 ABS, 57 Species in common, 17 
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NEW DISTRIBUTION RECORDS OF SCOLYTIDAE FROM INDIANA 
AND FLORIDA 

Mark Deyrupl and Thomas H. Atkinson2 

ABSTRACT 

Twenty-three new state records are provided for Florida and Indiana Scolytidae; 92 
species are now known from Indiana, 112 from Florida. 

\\'hile reviewing our collections of Scolytidae for a study reported in this journal, we 
found a number of records of species not previously reported from Indiana in a faunal 
re\iew by Deyrup (1981) or from Florida in the comprehensive monograph by Wood 
(1982). We add 14 and subtract two species from the Indiana list, for a total of 92 species 
known from the state. We add nine species to the Florida fauna, for a total of 112 species. 
The specimens are in the collections of T. H. Atkinson (THA), Archbold Biological 
Station (ABS), Stephen L. Wood (SLW), and Florida State Collections of Arthropods 
I PSC). All identifications were made by the authors, with the exception of Indiana species 
of Hylocurus and Xyleborus, which were identified by Stephen L. Wood of Brigham 
Young University. 

INDIANA 

Cnpturgus alutaceus Schwarz. Clark Co. State Forest, in gallery of Ips grandicollis 
(Eichhoff) in Pinus virginiana Mill. 

Crypturgus borealis Swaine. Indiana Dunes State Park, Porter Co., in gallery of 
Pityogenes hopkinsi Swaine in Pinus strobus L. 

Crypturgus pusillus (Gyllenhal). Deleted from Indiana list. Specimens listed (Deyrup 
1981) are C. alutaceus and C. borealis. 

Dendroctonus terebrans (Olivier): Clark Co. State Forest, in Pinus virginiana. 
Dendroctonus va/ens LeConte. Pokagon State Park, Steuben Co., in Pinus sylvestris L. 
Hylastes porculus Erichson. Indiana Dunes State Park, Porter Co., in roots of Pinus 

strobus. Clark Co. State Forest, in roots of Pinus virginiana. 
Hylastes tenuis Eichhoff. W. Lafayette, Tippecanoe Co., in flight. Clark Co. State 

Forest. in roots of Pinus virginiana. 
Hylocurus bicomus Blackman. Delete from Indiana list. Specimens listed (Deyrup 1981) 

refer to next species. 
Hylocurus binodatus Wood. W. Lafayette, Tippecanoe Co., in branches of Carya ovata 

(Mill.) K. Koch. 
Hylocurus torosus Wood. Turkey Run State Park, Parke Co., in branches of Carya 

o.-ala. Shakamak State Park, Clay Co., in branches of Carya ovata. 
Liparthrum squamosum (Blackman). Clark Co. State Forest, in twigs of Madura 

pomifera (Raf.) Schneid. 

'Archbold Biological Station, P.O. Box 2057, Lake Placid, FL 33852. 

2Department of Entomology and Nematology, University of Florida, Gainesville, FL 32611. 
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Pityogenes plagiatus (LeConte). Clark Co. State Forest, in branches of Pinus virginiana. 
Pityophthorus cariniceps LeConte. Clifty Falls State Park, Jefferson Co., in branches of 

Pinus strobus; Indiana Dunes State Park, Porter Co., in branches of P. banksiana 
Lamb. 

Pityophthorus liquidambarus Blackman. Clark Co. State Forest, in branches of 
Uquidambar styraciflua L. 

Pityophthorus pulchellus Ecihhoff. Hovey Lake, Posey Co. 
Xyieborus planicollis Zimmermann. W. Lafayette, Tippecanoe Co., in light trap. 

Specimens of all species are in the ABS collection except for X. planicollis (SLW) and 
P. pulchellus (FSC). 

FLORIDA 

Araptus sp. (aceinctus Wood?). Monroe Station. Collier Co., in dead stem of 
Sarcostemma sp., one female specimen (ABS). First representative of genus known 
from U.S. 

Chramesus hicoriae LeConte. Gainesville, Alachua Co., in fallen branch of Carva 
illinoensis (Wang.) K. Koch; in window trap in hardwood hammock (THA). • 

Corthylus punctatissimus (Zimmemlann). Relay Management Tract. Flagler Co., in 
window trap with ethanol (THA). 

Hylurgopinus rUfipes (Eichhoff). Highlands Hammock State Park, Highlands Co., in 
bole of Ulmus americana L. (ABS). 

Phloeosinus dentatus (Say). Gainesville, Alachua Co., in Juniperus silieicola (Small) 
Bailey (THA). 

Phloeotribus frontalis (Olivier). Gainesville, Alachua Co., in Morus rubra L. (THA). 
Pityophthorus pullus (Zimmermann). Gainesville, Alachua Co., in Pinus elliotti 

Engelm., Tallahassee, Leon Co. (FSC). 
Scolytus quadrispinosus Say. Gainesville, Alachua Co., in Carya sp. (THA). 
Xyleborus tachygraphus Zimmermann. Relay Management Tract, Flagler Co., in win

dow trap with ethanol (THA). 
Xylosandrus crassiusculus (Motschulsky). This species was recently reported from 

extreme northern Florida by Chapin and Oliver (1986). It also occurs on the Archbold 
Biological Station, Highlands Co., at Lake Worth, Palm Beach Co., and Collier
Seminole State Park, Collier Co. (ABS, FSC). This exotic species is therefore widely 
distributed in Florida, but unlike many exotic scolytids, seems to occur at very low 
population levels. 
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DISTRIBUTION AND HOST PLANTS OF CORTHYLUS 

PUNCTATISSIMUS (COLEOPTERA: SCOL YTIDAE) IN THE LOWER 


PENINSULA OF MICHIGAN 


Richard A. Roeper!, Demetrios V. Zestos l, Brian J. Palikl, and Larry R. Kirkenda1l2 

The pitted ambrosia beetle. Corthylus punctatissimus Zimmerman, infests woody 
saplings and shrubs 14 mm in diameter or less. The beetle bores an entrance hole into the 
main stem at soil level and constructs a main gallery tunnel which generally spirals 
downward in the stem. Egg-niche construction is followed by inoculation of symbiotic 
fungi and oviposition. The main stem of the host tree wilts as a result of the girdling 
activity of the beetle. Finnegan (1967) described the life history of C. punctatissimus 
infesting Acer saccharum Marshall in Ontario and Quebec. 

The range of C. punctatissimus has been recorded from Colorado and Quebec to 
Arkansas and South Carolina by Finnegan (1967) and Wood (1982). Wood (1982) 
reported a specimen of C. punctatissimus from Midland County in Michigan. The woody 
host plants from which the beetle has been recorded include Acer saccharinum L. (silver 
maple); A. saccharum (sugar maple); Berberis sp. (barberry); Carpinus caroliniana 
Walter (American hornbeam); Comus sp. (dogwood); Corylus sp. (hazel); Gay/ussacia 
sp. (huckleberry); Ostrya sp. (hophornbeam); Rhododendron sp. (azaleas and rhododen
dron); Sassafras sp. (sassafras); Ulmus sp. (elm); Vaccinium sp. (blueberry) and 
Viburnum sp. (cranberry) (Finnegan 1967, Wood \982). 

In this study infested hosts were distinguished by their wilted condition. Infested plants 
wilt so quickly that leaves do not undergo abscission and can remain attached even after 
a year's time. The infested hosts were excavated and dissected to confirm the presence of 
the beetle. Collection sites of C. punctatissimus were recorded by county, hosts, number 
of collections (in parentheses), and range of collection dates. 

COLLECTION RECORDS 

Antrim Co. Acer saccharum, (3) 5-8 October. 

Cbarlevoix Co. A. saccharum, (I) 5 October. 

Genesee Co. Comus sp., (I) 7 June. 

Grand Traverse Co. A. saccharum, (I) 7 October. 

Gratiol Co. Acer negundo L., (1) 11 October; Acer rubrum L., (214) 17 April~3 November; A. 


saccharum. (186) 15 March-I 5 November; Quercus rubra L., (12) 5 June-15 September; Prunus 
serofina Ehrhart. (15) 5 June-I5 September; Ulmus americana L.. (I) 7 October. 

Jackson Co. A. saccharum, (1) 13 September. 
Kalamazoo Co. A. saccharum, (1) 12 August. 

Co. P. serofina, (1) 7 June. 
l....	'IlI!,"'''' Co. A. rubrum, (3) 13 August-18 September; A. saccharum, (I) 12 August; Carpinus 

caroliniana. (!) 21 August; Cornus racemosa Larmarck, (I) 13 August; Cory/us americana 
Walter. (!) !3 August; Quercus velutina Lamarck, (I) I3 August. 

IBiology Department, Alma College, Alma, MI 48801. 

cZoological Institute. University of Oslo, P.O. Box lO50, Blindem, Oslo 3, Norway. 
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Montcalm Co. A. rubrum, (1) 6 June; A. saccharum, (27) 5 May-20 October; Carpinus caroliniana, 
(1) 27 September; Comus racemosa, (1) 27 September; Ostrya virginiana (Miller) K. Koch, (1) 
7 October; Sassafras albidum (Nuttall) Ness, (1) 21 September; Viburnum dentatum L., (1) I 
October; Viburnum den tatum L., (I) 27 September. 

Montmorency Co. A. saccharum, (1) 20 October; Fagus grandifolia Ehrhart, (1) 20 October; 
Amelanchier sp., (I) 20 October. 

Oakland Co. A. rubrum, (1) 7 June. 
Oceana Co. S. albidum, (1) 20 October. 
Osceola Co. F. grandifolia, (I) 1 February. 
St. Joseph Co. A. saccharum, (1) 12 August. 

This study indicates C. punctatissimus is widely distributed throughout the Lower 
Peninsula of Michigan with all collections representing new county records. New hosts 
include Acer rubrum (red maple), A. negundo (boxelder), Fagus grandifolia (American 
beech), Quercus rubra (red oak), Q. ve/wina (black oak), Amelanchier sp. (serviceberry), 
Viburnum dentatum (arrowwood) and V. trilobum (highbush cranberry). The beetle 
probably can infest most deciduous woody tree saplings or shrubs within its range. 
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BIOLOGY AND DISTRIBUTION OF TACHYSPHEX AETHIOPS IN 

MICIDGAN (HYMENOPTERA: SPHECIDAE: LARRINAE) 


Mark F. O'Brien! 

ABSTRACT 

Tachysphex aethiops is a primarily western species that also occurs in the Upper 
Peninsula of Michigan. Females nest in mossy, sand slopes and utilize pre-existing 
burrows of other insects. One shallow, five-celled nest contained a single, third-instar 
nymph of Spharagemon sp., probably bolli, in each cell. Three prey were parasitized by 
miltogrammine flies. 

Tachysphex aethiops Cresson is a robust, shiny, all-black species found across the 
western half of North America (Krombein 1979). It reaches its easternmost limit in the 
Upper Peninsula (UP) of Michigan. Evans (1970, 1973) briefly reported on some aspects 
of T. aethiops nesting behavior in Wyoming. Females there preyed upon Trimerotropis 
sp. nymphs and made a two-celled nest. Evans saw many females digging burrows, but 
never observed them dragging prey or exhibiting other provisioning activities. The 
shallow, oblique burrow he unearthed was 10 cm long and 4 cm deep, with the two cells 
in close proximity. Alcock (1973) found a three-celled nest of this species in Seattle, 
Washington, which apparently had been modified from a Bembix sleeping burrow. Each 
cell contained a single, large grasshopper nymph. The burrows were 10-12 cm long and 
4 cm deep. 

These are the first records of T. aethiops from Michigan. The quantity of males and 
females of this species collected in Malaise traps in the UP indicates it can be abundant 
in the proper habitat. I have seen specimens of this species from the following localities 
in Michigan: Alger Co., Pictured Rocks National Lakeshore, 30 June-2 July 1982, M. S. 
Arduser, coli.; Dickinson Co., Channing, 17 July 1983, R. L. Fischer, coli.; and 
Marquette Co., Huron Mountain Club, (various dates as stated below) D. C. L. Gosling, 
coIl. An attempt was made in 1986 to locate a nesting aggregation of this species at the 
Huron Mountain Club, a large, private preserve in northwestern Marquette County, about 
7 km W of Big Bay, as part of a continuing study of the aculeate Hymenoptera of the 
region (O'Brien 1987). 

T. aethiops was studied at the Huron Mountain Club during 21-27 June 1986. 
Collection records from Malaise traps from previous years (1983-85) indicated that the 
wasps were active from 21 June to 30 July, with most records from late June to mid-July. 
During the study period, females were active both on sunny and cloudy days from 0900 
to 1900 h (EDT) at ambient temperatures of 20-33°C. Observations were made primarily 
along a portion of a sandy lane running through an old, abandoned homestead and into a 
pine plantation. The area where the wasps were most frequently encountered consisted of 
a sandy slope covered with patches of mosses, grasses, various Compositae, and bracken 
fern (Pteris sp.). 

Several female T. aethiops were seen digging at the bases of clumps of moss-covered 
sand, (reminiscent of the moss-covered slopes in central New York, where populations of 

!Insect Division, Museum of Zoology, The University of Michigan, Ann Arbor, MI 48109. 
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1 

Side View 

2 em 

Top View 

FIG. 1. Side and top views of Tachysphex aethiops nest. Numbered cells denote order in which they 
were excavated, not sequence of provisioning by wasp. Question marks and dotted lines denote 
hypothetical burrows. 

Liris argentata (Beauvois) and Podalonia luctuosa (Smith) were observed [O'Brien and 
Kurczewski \982a,b]). T. aethiops females were commonly seen digging or inspecting 
burrow entrances throughout various times of the day. Females inspected the bases of 
grass clumps and exhibited searching behavior, but prey capture or transport was never 
observed. 

On 24 June, one female was observed throwing sand into a burrow at the base of a 
sandy slope at 1300 h. This burrow was marked and excavated the following day. The 
nest (Fig. 1) was in moist, friable sand. A broad, fan-shaped, low tumulus ca. 6 x 5 cm 
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extended out from the open entrance, which entered the sand at an oblique angle. The 
burrow entrance measured 6 mm in diameter. 

A total of five cells was unearthed, all in close proximity to each other, each containing 
a single third instar nymph of Spharagemon sp., probably bolli Scudder (Orthoptera: 
Acrididae) which faced head inward with venter up. The most recent cell was at the end 
of the main burrow (6.4 cm), at a depth of2.3 cm. The cell measured 1.5 X 0.9 cm, and 
the grass shopper contained five miltograrnmine maggots, which emerged from beneath 
the pronotum after it was immersed in alcohol. A second cell was found at a right angle 
to the first, 2.8 cm deep, 2.0 cm away. This cell measured 2.0 x 0.8 cm, and the 
grasshopper nymph had a mutilated egg with a miltogrammine larva on the sternum. Cell 
three was almost below the entrance, in line with cell two at a depth of 2.8 cm, and 
measured 1.7 x 0.8 cm. The prey had three miltogrammine maggots. Cell four, also in 
line with cell two, was 3.0 cm deep, measuring 1.8 X 0.8 cm. The nymph was apparently 
not parasitized; no egg or larva was on it when removed. It is possible that the egg may 
have been dislodged during excavation or a miltogrammine maggot may have burrowed 
inside after devouring the egg. Cell five was 2.2 cm from cell four, about halfway 
between cells two and four, at a depth of 3.1 cm. The cell measured 1. 7 X 0.8 cm, and 
contained a grasshopper nymph with a 4-mm-long wasp larva across the prosternum, 
attached to the base of the right forecoxa. The prey measured 16, 18, 17, 18, and 17 mm, 
in body length respectively. 

Attempts were made to excavate two other T. aethiops burrows near the above nest. 
The burrows entered the ground at the bases of moss-covered clumps of soiL A female 
had been observed intermittently removing sand from one burrow from 1500 to 1520 h. 
She raked the sand onto the tumulus after carrying out several loads. The irregular, 
slightly fan-shaped tumulus measured 5.3 X 5.0 cm. The burrow was traced to a length 
of 5 cm, where it was 3.8 cm below the surface. The other burrow was excavated 30 m 
away from two nests dug previously, after a female of this species was observed closing 
the entrance at 1812 h. The entrance was 8 mm in diameter, and the burrow was traced 
for 4 cm before being lost. 

DISCUSSION 

[t is surprising that T. aethiops, a large and conspieuous species, has not been observed 
transporting prey in this or previous studies (Alcock 1973; Evans 1970, 1973). Although 
more than 15 h were spent at the site during various times of the day (0900-1900 h), no 
females were seen with prey. The wasps may have been capturing prey during early 
morning and early evening hours, or while I was absent from the site at other times of the 
day. On the other hand, I observed T. pompilifonnis (Panzer) and T. tarsatus (Say) 
provisioning nests at the same site during this time. 

T. aethiops may hunt for prey in or bordering the woodlands, because Spharagemon 
bolli is an inhabitant of open, dry woodlands, woods margins, and sandy roadsides (Otte 
1984). Spharagemon is closely related to Trimerotropis (Otte 1984), which was reported 
as prey by Evans (1973). 

Although I observed several wasps removing sand from open burrows, I did not 
actually see any of them initiate a burrow, and I suspect they were using abandoned 
colletid or andrenid bee burrows. It was not uncommon to see as many as four females at 
a time running about, inspecting open holes, antennating entrances, and then continuing 
on to the next burrow. There were several dozen inactive openings in the sand that 
resembled the burrows T. aethiops used for nests. Alcock (1973) observed a T. aethiops 
female modify a Bembix sleeping burrow into a complete nest in about 70 min, but after 
5 h the nest still had not been provisioned. This cryptic provisioning behavior certainly 
deserves further study. 

The multicelIed, shallow nests with a long main burrow are characteristic of T. aethiops 
and T. punctifrons Fox. T. punctifrons also makes a multicellular (six or more cells) nest 
with a long main burrow and several side burrows, each leading to a single cell 
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(Kurczewski, in press). Other Tachysphex species in the pompiliformis group that have 
thus far been studied, make only unicellular nests, either with a single large prey or a few 
smaller grasshoppers (Kurczewski 1964, Krombein 1979). 

Miltogrammine flies may be a significant cause of mortality among T. aethiops, evident 
from the three of five cells parasitized in this study and Evans' (1970) observation that a 
Trimerotropis nymph was heavily parasitized. T. aethiops does not construct a temporary 
closure at the burrow entrance, which may account for susceptibility to cleptoparasitism 
by miltogramrnine flies. 
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NEST AND PREY OF AGENIELLA (LEUCOPHRUS) FULGIFRONS 
(HYMENOPTERA: POMPILIDAE) 

Frank E. Kurczewski' and Edmund J. KurczewskF 

ABSTRACT 

Information on the habitat, nest-site, hunting, prey transport, closure, burrow structure, 
and prey of Ageniella (Leucophrus) fulg!frons is presented. Components of the nesting 
behaviors of other species of Ageniella are examined and compared with those of A. 
fulgifrons. 

Little is known about the nesting behaviors of the Nearctic species of Ageniella (Evans 
and Yoshimoto 1962). Prey records have been published for several of the species 
(Krombein 1979), but the first nests of Nearctic members of this genus were described 
only rather recently (A. blaisdelli (Fox) [Wasbauer and Leech 1973]; A. collf/icta Banks 
[Evans 1974]), Janvier (1930) has presented rather detailed observations on the nesting of 
a Neotropical species, A. argemeosignata Spinola, 

A. (Leucophrus) fulgifrons (Cresson) is a medium-sized, all-black spider wasp with 
golden reflective vestiture on the c1ypeus, frons, and face. It oecurs in the Upper and 
Lower Austral Zones from the Atlantic Ocean to 1000W long. (Krombein 1979). The 
species is found in fields and meadows and preys upon Salticidae (Evans 1959, 
Kurczewski and Kurczewski 1968). It is collected in the same habitat as the pompilid 
Emypus unifasciatus (Say) and the sphecids Ammophila umaria Dahlbom and Cerceris 
clypeata Dahlbom. Like these other species, A. fulgifrolls visits the flowers of Daucus 
carota L. for nectar (Kurczewski 1961 a). 

On 17 July 1985 at 1310 h (EDT) at the edge of an overgrown field bordering an 
abandoned gravel pit, 2.4 km SE of Erie, Erie County, PA, a female of A.fulgifrons was 
observed transporting a salticid which had all legs amputated at the coxal-trochanteral 
joints. The provisioning wasp walked forward out of the field for ca. I m and then paused 
atop her prey for 25 sec. She repositioned her paralyzed spider, grasped it by its spinnerets 
with the mandibles, and, straddling it, proeeeded forward on gravelly soil for 45 em 
directly into a mole burrow, 

After waiting for 40 min we excavated the 25-mm-wide tunneL The soil contained 
much clay and many large stones. The mole burrow bifurcated 5 cm beneath the surface 
with one tunnel coursing horizontally and the other plunging downward at a 60° angle to 
the surface for 21 cm and then ending blindly (Fig. 1). At a depth of 18 em we unearthed 
a cell, 6 x 13.5 mm in size, containing a paralyzed Phidippus audax (Hentz) female 
(Salticidae). All of the spider's legs had been amputated as described above. The cell was 
positioned obliquely-vertically in the soil with the spider's cephalothorax uppermost. We 
could not find the wasp's egg on the spider's abdomen. The spider weighed (wet) 90 mg. 

We collected the female of A.fulgifrolls at a depth of 18.5 cm, 3 cm from the first cell, 
in a small side burrow, 4.5 mm in diameter (Fig. I). She was in a head-upward position, 

JDepartment of Environmental and Forest Biology, S.U.N.Y. College of Environmental 
Science and Forestry, Syracuse, NY 13210. 

22921 Reed Street, Erie, PA 16504. 
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Fig. 1. Two burrows of AgenieUa (Leucophrus) fulgifrotls, as viewed from side, showing cells, 
paralyzed spiders, and wasp filling in lower burrow. Scale to left refers to both nests and mole 
tunnel. 

pulling gravel particles into the tunnel with the mandibles and forelegs (?). The burrow, 
open for 2.5 cm at the top, descended almost vertically for an additional 2 cm, was filled 
with pebbles and soil, and ended in a cell, 6 x ll.5 mm. The cell contained a paralyzed 
Eris sp., probably marginata (Walckenaer), immature female (Salticidae) positioned 
cephalothorax upward, with all legs amputated. This prey was observed being transported 
on the ground surface. The wasp's egg could not be found and may have been dislodged 
from the spider's abdomen during the excavation. The spider weighed (wet) 72 mg and 
the wasp, 48 mg. 

On 27 July 1985 at 1535 h at the opposite side of the gravel pit, another female of A. 
fulgifrons was seen to enter a mole tunnel, ca. 25 mm wide. This burrow was located in 
a sandy-gravelly slope of a car path leading into the pit. The wasp exited at 1546 h, circled 
the entrance three times, walking in a "stilted" fashion, flew 2 m away, paused, and then 
flew into an overgrown field. After 45 min the female had not returned to the site. 

On 24 July 1986 at 1210 h, a female was observed hunting through low vegetation, 
primarily Solidago spp., grasses, Fragaria sp., and Trifolium sp., in the overgrown 
portion of the gravel pit. She continually moved her antennae as she walked rather slowly 
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up and down the stems and on the leaves of the plants. Occasionally, she paused and 
cleaned the antennae. Her wings were held mostly flat on the dorsum and only 
occasionally bobbed up and down. She made no flight from one area to another, while 
hunting, but proceeded walking and searching in a seemingly random manner. 

A female was seen on 28 July 1986 at 1330 h, filling a burrow in a depression at the 
edge of a field with twigs, dried grass blades, and pebbles. She held the wings flat on the 
dorsum as she walked backwards carrying debris with the mandibles. Each time she 
turned 1800 to place the debris on the fill and, after several such trips and a small mound 
of debris had accumulated, she flew away. We were unable to trace the burrow due to 
several subterranean rocks. 

DISCUSSION 

Like many other species of Pompilidae, species of Ageniella are habitat-specific. In the 
eastern United States A. (Ageniella) accepta (Cresson), A. (Ageniella) conflicta and A. 
(Leucophrus) semitincta (Banks) are predominantly psammophilous, A. (Ageniella) 
norata Banks and A. (Ageniella) cupida (Cresson) are silvicolous, and A. (Leucophrus) 
fuigifrons inhabits fields and meadows (Townes 1957; Kurczewski 1961 b; Evans and 
Yoshimoto 1962; Kurczewski and Kurczewski 1963, 1968; Evans 1974). 

Evans and Yoshimoto (1962) have reported A. (Priophanes) arcuata (Banks) nesting in 
Kansas in a "previously prepared" burrow in sand which appeared to have been dug by 
the wasp. In the subgenus Priophanes prominent teeth on the hindtibiae may assist in 
pushing soil upward in the burrow (Evans and Yoshimoto 1962). The legs of members of 
the subgenus Ageniella, on the other hand, are smooth and devoid of spines and these 
species probably do not use the legs for soil removal. The Nearctic species of Ageniella 
s. str. apparently build short nests in the soil from pre-existing burrows or cavities. For 
example, Hartman (1905) noted either A. accepta orA. conflicta (reported as A. accepta) 
nesting in Texas in a vertical burrow "three inches deep" from the bottom of a crevice, 
"two inches deep." Wasbauer and Leech (1973) reported A. (Ageniella) biaisdelli nesting 
from the side of an active burrow of Astata occidentalis Cresson in California. Evans 
(1974) found both A. conflicta and A. (Ageniella) partita Banks transporting paralyzed 
spiders into inactive Philanthus gibbosus (Fabricius) burrows in Massachusetts. Our 
observations on A. fuigifrons nesting within mole tunnels extend the use of pre-existing 
cavities to the subgenus Leucophrus. Townes (1957) noted females of A. (L.) semitincta 
exploring drying cracks in a bare red-clay bank. One wasp had the top of her head and 
thorax "plastered" with dried red mud. Females of Leucophrus lack a pygidium and have 
only weak longitudinal teeth on the hindtibiae (Townes 1957). 

The Neotropical A. argenteosignata is an enigma. Townes (1957) assigned this species 
to the subgenus Ageniella yet Janiver (1930) noted females digging their own nests among 
the bases of grasses near fissures in the ground and building from 8 to 12 cells per nest, 
the cells ranging in depth from 2 to 15 cm. The first cell was constructed before hunting 
began and subsequent cells were built successively deeper from a common burrow. The 
same pattern of cell succession was evident in the two cells of A. fuigifrons that we 
unearthed near the mole tunnel. The uppermost cell was older than the deeper one as 
indicated by the amount of moisture on the spider and the fact that we unearthed the wasp 
as she was filling the burrow to the lower cell. 

Evans (1974) noted that completed burrows of A. conflicta were filled with "small 
pebbles, bits of leaves, and grass blades .... " Such a closure would be expected in a 
species which lacks fossorial spines on the legs. The burrow closure of A. fuigifrons in 
one nest we excavated also contained pebbles and soil particles but no vegetable material. 
However, another female observed a year later filled her burrow with twigs, dried grass 
blades, and pebbles. 

A. fuigifrons resembles A. semitincta and another auplopodine pompilid, Phanagenia 
bombycina (Cresson), in hunting for prey on the ground and low vegetation, by 
occasionally bobbing the wings up and down but not flicking them incessantly, and by 
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rarely flying from one area to another. Species in the pompiline genus Anoplius, while 
hunting, flick the wings continuously and fly rapidly from one site to another (Evans and 
Yoshimoto 1962), 

In Ageniella and the related genera Phanagenia and Auplopus the manner of transport 
of the prey. i.e., forward on the ground or in short flights while straddling the spider, is 
facilitated by amputation of the prey's legs at the coxal- trochanteral joints (see Evans and 
Yoshimoto 1962). Hartman (1905) described a female of either A. accepta orA. conflicta 
that amputated one of the prey's legs, then straddled the spider and tried to walk forward. 
The spider's other legs interfered with this manner of transport so the wasp released it, 
amputated two more legs, attempted to transport the prey, released it again and cut off all 
of the spider's legs before moving it. 

Janvier (1930) observed that A. argenteosignata amputated the prey's legs during 
transport prior to nest entry. The wasp snipped off the spider's posterior legs with the 
mandibles at the coxal-trochanteral joints and then moved forward as it cut off the anterior 
legs. Many stored prey had all of the legs amputated but some had one, two, or three legs 
intact (see Fig. 2, Janvier 1930). 

In some reports on species of Ageniella, where all of the legs had been amputated, the 
spider was grasped by its anterior end, probably dorsal side up, and carried forward either 
on the ground or in short flights (A. argenteosignata [Janvier 1930]; A, conflicta [Evans 
and Yoshimoto 1962, Kurczewski and Kurczewski 1968];A. partita [Evans and Yoshimoto 
1962]; A. arcuata [Evans and Yoshimoto 1962]; A. (PriopJu;mes) agenioides (Fox) [Kur
czewski and Kurczewski 1968]). Evans (1964) ascertained that in A. (Ageniella) nivalis 
(Cameron) the wasp grasped the base of the right chelicera of the spider while moving 
forward. Kurczewski (1963) noted a female of A. partita maintaining an anterior grasp of 
the prey during forward transport but this spider had all of its legs intact. 

Other observations of prey transport in this genus reveal different grasps of the prey's 
body. Evans and Yoshimoto (1962) reported a female ofA. con{licta that ran forward while 
grasping the end of one of the spider's legs. None of the spider's legs had been amputated. 
Evans (1974) noted a female of A. partita running on the ground and making short flights 
while straddling the prey and holding it by the spinnerets, a grasp that we confirmed in 
A. fulgifrons. In A. partita only one leg had been amputated but in A. fulgifrons all of the 
spider's legs had been cut off. A provisioning wasp may alter her grasp of the spider during 
transport depending upon the number of legs amputated, size and shape of the prey, and 
proximity of the pair to the nest. We observed that A.fulgifrons paused atop the spider and 
readjusted it prior to transporting it into the mole tunnel while grasping the prey by its 
spinnerets. Such a grasp may have facilitated transport into the nest, as was the case in A. 
argenteosignata (Janvier 1930) and, possibly, A. partita (Evans 1974). 

Strangely, none of the spiders unearthed from any cell in studies on the Nearctic species 
of Ageniella contained an egg on the abdomen. 'The cell of A. accepta or A. conflicta that 
Hartman (1905) excavated had not been provisioned. That of A. arcuata unearthed by 
Evans and Yoshimoto (1962) contained a spider but the egg "had not yet been laid." The 
cell of A. blaisdelli dug by Washbauer and Leech (1973) likewise contained a spider but 
no wasp egg. Evans (\974) did not report finding eggs on the prey of A. conflicta or A. 
partita, nor did we find any eggs associated with the stored prey of A. fulgifrons. Either 
the egg is lightly affixed to the spider's abdomen and is brushed off during the prey's 
removal from the confines of the cell (as frequently occurs in species of Episyron) or it 
had not yet been laid by the provisioning wasp due to some unexplained ovipositional 
delay (as seemed to be the case in some of the above-mentioned observations), The egg 
of A. argenteosignata is laid in an oblique position about midway on the spider's abdomen 
(see Fig. I, Janvier 1930) and the larva begins feeding at this point of attachment. 

In 1951 Townes assigned the Nearetic species of Ageniella to five subgenera using 
adult external morphology. Based upon the prey records available for species of Ageniella 
(see Janiver 1930, Krombein 1979), there is no specificity for a family of spider at the 
subgenus level (Table 1). In Leucophrus, A. fulgifrons attacks Salticidae while A. 
semitincta preys upon Agelenidae. A. (Nemagenia) longula (Cresson) captures Lyeosidae 
(three records) and A. (Ameragenia) salti (Banks) takes Clubionidae (two records), but 
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Table 1. Families of prey of subgenera and species of Ageniella. 


Prey family 

Ageniella Ageleoidae Lycosidae Oxyopjdae Gnaphosidae Cluhionidae Thomisidae Salticidae 

Leucophrus 

fulgifrons X 

semitincta X 


Nemagenia 

longula X 


Priophanes 

agenioides X X 

arcuata X X X 

Jaceta X 

fuscipennis X X 


Ageniella 

accepta X 

argenteosignata X 

blaisdelli X 

conflicta X 

coronata X 

euphorbiae X X 

evansi X 

nivalis X 

partita X X 

vogeli X 


Ameragellia 

salti X 


there are no records available for other species in these subgenera to substantiate such 
preferences. Four species in the subgenus Priophanes prey upon a total of four families 
of spider, with three of them each capturing two or more families. Only in the subgenus 
Ageniella where eight specics prey upon Lycosidae, one, Gnaphosidae, and one, 
Clubionidae, is there a semblance of selectivity. But two of the eight species that hunt 
Lycosidae also capture Agelenidae and Gnaphosidae, respectively. 

Although some pieces of the puzzle have been put together regarding the intricacies of 
the nesting behaviors of species of Ageniella, much has yet to be learned before a 
behavioral synopsis can be attempted. Habitat preferences for additional species have to 
be ascertained along with whether or not particular species construct their own nests or use 
pre-existing cavities. The specific method of prey transport of various species must be 
detailed and correlated with leg amputation, size, shape and kind of prey, and entry into 
the nest. The exact position of the affixation of the wasp's egg on the spider must be 
determined and compared with that of A. argenteosignata and species of PhafUlgenia and 
Auplopus. Finally, much has yet to be learned about prey specificity in the various species 
of Ageniella in order to delimit subgenera and species groups. 

ACKNOWLEDGMENTS 

We thank. R. A. Norton, S.U.N.Y. College of Environmental Science and Forestry, for 
identifying the species of Salticidae used as prey. 



80 THE GREAT LAKES ENTOMOLOGIST VoL 20, No.2 

LITERATURE CITED 

Evans. H. E. 1959. Prey records for some midwestern and southwestern spider wasps (Hymenoptera; 
Pompilidae). J. Kansas Entomol. Soc. 32;75-76. 

___. 1964. Notes on the prey and nesting behavior of some solitary wasps of Mexico and 
southwestern United States (Hymenoptera; Sphecidae and Pompilidae). J. Kansas Entomo!. Soc. 
37:302-307 , 

1974. Digger wasps as colonizers of new habitat (Hymenoptera; Aculeata). J. New York 
Entomo!. Soc, 82:259-267. 

Evans, H. E" and C. M. Yoshimoto. 1962. The ecology and nesting behavior of the Pompilidae 
(Hymenoptera) of the northeastern United States, Mise, Publ. Entomo!. Soc. Amer, 3:65-119. 

Hartman, C. 1905, Observations on the habits of some solitary wasps of Texas. Bull, Univ. Texas 
65:1-72. 

Janvier, H. (M. F. Claude-Joseph). 1930. Recherches biologiques sur les predateurs du ChilL Ann. 
Sci. Nat. Zool. (l0) 13:235-354, 

Krombein, K. V, 1979. Superfamily Pompiloidea, pp. 1523-1571 in K. V. Krombein, et. al. (eds,), 
Catalog of Hymenoptera in America north of Mexico, Vol. 2, Apoerita (Aculeata), Smithsonian 
Inst. Press, Washington, D.C. 

Kurczewski, F. E. 1961a. New North American records of Pepsinae and Ceropalinae (Hymenoptera: 
Pompilidae), Entomo!. Ncws 72:24-25. 

___. 1961 b. Some observations and prey records of Pompilidae (Hymenoptera) from northeastern 
United States, Bull. Brooklyn Entomol. Soc. 56:23-24. 

___, 1963. Some new pompilid prey records from southern Florida (Hymenoptera: Pompilidae). 
Florida Entomol. 46:209-213. 

Kurczewski, F. E. and E, J. Kurczewskj, 1963. An annotated list of digger wasps from Presque Isle 
State Park, Pennsylvania (Hymenoptera; Acu1eata). Proc. Entomo!' Soc. Washington. 65; 141-149, 

___, 1968. Host records for some North American Pompilidae (Hymenoptera) with a discussion 
of factors in prey selection. J. Kansas Entomol. Soc. 41: 1,33. 

Townes, H. K, 1951, Subfamily Pepsinae (excluding Genus Pepsis Fabricius), pp. 908-9/9 in C. F. 
W. Muesebeck, et al. Hymenoptera of America north of Mexico, Synoptic Catalog. U. S. Dept. 
Agric, Monogr. 2: 1-1420. 

1957. Nearctic wasps of the subfamilies Pepsinae and CeropaJinae. BulL U, S, Nat. Mus, 
209:1-286. 

Wasbauer. M, 	S" and H. B, Leech. 1973. A biological note on two species of Ageniella from 
California (Hymenoptera; Pompilidae). Pan-Pacific EntomoL 49:182-183. 



1987 THE GREAT LAKES ENTOMOLOGIST 81 

NORTHERN DISTRIBUTION RECORDS FOR SOME NEARCTIC 

POMPILIDAE (HYMENOPTERA) 


Frank E. Kurczewski 1 and Edmund J. Kurczewski2 

ABSTRACT 

Distributional records and nomenclatural changes are presented for 20 species of 
Nearctic Pompilidae. The records extend the species' ranges northward in North America, 
are peripheral on the northern boundaries of the ranges, or fill in sizeable gaps in the 
distributions. Flower records, habitat notes, and remarks on the prey are given for some 
of the species. 

Adult pompilids are mostly solitary, rather secretive insects. The females are rapid 
runners, fast fliers, have a propensity for not walking upward into an insect net, and often 
fly out of the net once netted; their potent sting rivals that of the eusocial Vespidae. The 
males, likewise, are fast on foot and in flight, are difficult to discern because of their 
mostly small sizes, and live for only a few weeks. The opportunity for collecting 
particular species of Pompilidae arises only once every several years, probably due to a 
variety of stochastic environmental factors such as variations in temperature and amounts 
of rainfall and snowfall, severity of parasitic and predatory "pressure," and relative 
abundance or scarcity of host spiders of suitable size. 

Virtually nothing has been published on the Nearctic Pompilidae since the classical 
taxonomic studies of Bradley (1944), Evans (1950, 1951a, b, 1966) and Townes (1957), 
the monumental comparative behavior paper by Evans and Yoshimoto (1962), and the 
host record and discussion of prey selection factors papers by Wasbauer and Powell 
(1962) and Kurczewski and Kurczewski (1968a, b, 1972, 1973). Geographic distribution 
records presented by Evans, Hurd, and Townes in Muesebeck, et a1. (1951), Krombein 
(1958), and Krombein and Burks (1967) were extended for the Nearctic species north of 
Mexico by Krombein in Krombein et al. (1979). Despite these rather extensive records, 
sizeable gaps related to the lack of collecting in certain parts of the United States remain 
in the distributional maps of some of the species. Because of such informational blanks, 
the following collecting records which introduce new distributional and ecological data 
are worth noting as part of the picture of the biology of the Nearctic spider wasps. 

The species of Pompilidae are presented in phylogenetic order, following Krombein in 
Krombein et al. (1979). The records are based, in part, upon the collection during 
1959-1986 of more than 15,000 specimens of Pompilidae from the northeastern U.S. and 
Ontario and on the examination of several hundred other specimens from the northern 
U.S. and Canada. Unless otherwise indicated, the specimens were collected by the 
authors. All specimens have been placed in the S.U.N.Y. College of Environmental 
Science and Forestry Insect Museum. 
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Subfamily PEPSINAE 

Tribe PEPSINI 


Chirodamus fortis (Cresson). 4 ,?, 4200; PENNSYLVANIA: Crawford County, 
Cambridge Springs, Meadville, Saegerstown, Woodcock; 25 June-5 July 1960-1961, 
on flowers of Pastinaca sativa alongside PA 86 at edge of woodlands. This species was 
seen commonly on the above-mentioned flowers but could not be found in the adjoining 
woodlands. Its host spider(s) remain(s) unknown. 

Priocnemis (Priocnemis) aequalis (Banks). I 0; ALBERTA: Jasper-Edson County, near 
Whitecourt; 20 July 1971 (N. B. Elliott). 

Priocnemis (Priocnemis) notha (Cresson). 1 '?; MAINE: Lincoln County, Damariscotta; 
10 Sept. 1936 (F. Fletcher). This is the first published record from Maine and the 
easternmost record in the U.S. for this species. 

Calicurgus hyalinatus (Fabricius). We have collected three subspecies, alienatus 
(Smith), borealis (Banks) and rupex (Cresson), at a single locality (PENNSYLVANIA: 
Crawford County, Cambridge Springs), thus casting doubt on Townes' original 
sub specific designations. 

Tribe AUPLOPODINI 

Auplopus architectus (Say). 1 '?, I 0; MAINE: Lincoln County, Damariseotta; 20 June 
1936 (F. Fletcher). This is the easternmost record in North America for this species. 

Ageniella (Leucophrus) fulgifrons (Cresson). 2 '? '?, 1 0; NEW YORK: Tompkins 
County, North Lansing; 24 July 1963 (for associated host record see Kurczewski and 
Kurczewski 1968a); PENNSYLVANIA: Erie County, Wintergreen Gorge Cemetery; 6 
Aug. 1968; PENNSYLVANIA: Erie County, Erie; 25 July 1961; on flowers of Daucus 
carota. This species is collected uncommonly in fields and meadows. 

Ageniella (Ageniella) partita Banks. I '?; NEW YORK: Oswego County, Selkirk Shores 
State Park; 15 July 197 I, on bare sand at edge of open woodlands. The abdomen of this 
female is more heavily infuscated than in others we have examined. 

Subfamily POMPILINAE 

Tribe APORINI 


Aporus (Aporus) niger (Cresson). 12 'i' '?; PENNSYLVANIA: Erie County, Wintergreen 
Gorge Cemetery; 19 July~ Aug. 1967-1968. All specimens were collected in sunlit 
areas in open woodlands. The series of 12 females averaged only 9.3 mm (range, 
6.5-11.0 mm) in body length, which is nearly liS smaller in size than an "average
sized" female of this species (see Bradley 1944). It would be enlightening to know 
which spider(s) is (are) preyed upon by this species of pompilid in the Northeast. 
Aporus (Plectraporus) hirsutus (Banks) nests in sand dunes and preys upon trapdoor 
spiders in the western U.S. (Williams 1928), but trapdoor spiders do not occur in the 
area where we collected A. niger. 

Tribe POMPILINI 

Evagetes crassicornis (Shuckard). 1 '?, 1 0; ALBERTA: Jasper-Edson County, near 
Whitecourt; 20 July 1971 (N. B. Elliott). 

Evagetes subangulatus (Banks). 1 '?, 1 0; ALASKA: Mount McKinley National Park; 
4-5 July 1971 (N. B. Elliott). 

Episyron snowi (Viereck). I 9; PENNSYLVANIA: Erie County, Wintergreen Gorge 
Cemetery; 19 July 1967; searching on gravelly soil in sunlit area of open woodlands. 
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Poecilopompilus interruptus (Say). 1 9; NEW YORK: Cayuga County, Auburn, 8 Sept. 
1962 (see Kurczewski and Kurczewski 1968a); 1 0; NEW YORK: Tompkins County, 
Groton; 17 July 1960; on flowers of Daucus carota at edge of gravel pit. 

Anoplius (Lophopompilus) cleora (Banks). One male (pENNSYLVANIA: Erie County, 
Presque Isle State Park, 17 Aug. 1966) shows ferruginous coloration laterally on the 
first three abdominal tergites. Others examined from this locality and elsewhere are 
entirel y black. 

Anoplius (Arachnophroctonus) relativus (Fox). 1 9; VERMONT: Orange County, 
Orange; 22 Aug. 1937 (G. M. Day). 

Anoplius (Anoplius) depressipes Banks. 6 99, 1 0; PENNSYLVANIA: Crawford 
County, Meadville; Erie County, Presque Isle State Park, 23 June-25 July 1960-1962. 
All seven specimens were collected either near a swamp or a lagoon. See Kurczewski 
and Kurczewski (l968a) for associated host record. 

Anoplius (Anoplius) nigerrimus (Scopoli). 2 99, 1 0; PENNSYLVANIA: Crawford 
County, Cambridge Springs, Saegerstown; 2-5 July 1960-1% 1, on flowers of 
Pastinaca sativa along PA 86. This is actually a southerly record for this spccies which 
occurs mostly in the Hudsonian and Canadian Zones (Krombein, in Krombein, et al. 
1979). 

Aporinellus taeniolatus (Dalla Torre). 7 99; ONTARIO: Norfolk County. Long Point 
Provincial Park, 30 June 1964; NEW YORK: Jefferson County, Southwick State Park, 
22 Aug. 1972 (R. C. Miller); PENNSYLVANIA: Erie County, Presque Isle State Park, 
28 June-22 Sept. 1969-1978. All collections were made on bare sand near water. The 
correct name for Aporinellus taeniatus Kohl is Aporinellus taeniolatus (Dalla Torre). A. 
taeniatus was renamed while in homonymy and the new name stands even though 
homonymy no longer exists. A. taeniatus Kohl was a junior homonym while in 
Pompilus. (A. S. Menke, pers. comm., 1980). 

Aporinellus wheeleri Bequaert. 10 9 9, 10 0" 0, NEW YORK: Tompkins County, 
Groton; Cayuga County, Auburn, Onondaga County, Bridgeport (R. E. Acciavatti); 
PENNSYLVANIA: Erie County, Wintergreen Gorge Cemetery, 2-5 km SE of Erie; 24 
May-2 Oct. 1961-1986. All collections were made on gravelly soil, away from water. 
Although Evans (1951 b) considered wheeleri to be a subspecies of taeniatus (= 
taeniolatus), there is evidence for separating the two taxa in the eastern United States 
based upon the rufous abdomen and legs, dark pubescence and short foretarsal rake, 
and habit of the former of nesting in gravelly soil. This suite of characters breaks down 
in the extreme southern U.S. and Mexico. 

Subfamily CEROPALINAE 

Tribe MINAGENIINI 


Minagenia congrua (Cresson). 1 9; PENNSYLVANIA: Erie County, Wintergreen 
Gorge Cemetery; 30 June 1967, in sunlit area in open woodlands. 

Minagenia montisdorsa Dreisbach. I 9; PENNSYLVANIA: Erie County, Presque Isle 
State Park; 25 June 1969, on vegetation at edge of open woodlands. 
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REDISCOVERY OF ACANTHAMETROPUS PECATONICA IN THE 

WESTERN GREAT LAKES REGION (EPHEMEROPTERA: 


SIPHLONURIDAE)l 


Richard A. Lillie2 , Kurt L. Schmude" and William L. Hilsenhoff' 

ABSTRACT 

Two nearly mature nymphs of Acanthametropus pecatonica were collected in June 
1986 from the shifting sand bottom of the lower Wisconsin River. This is the fIrst known 
collection of this species in the western Great Lakes region since the original collections 
of two nymphs by R. E. Richardson in 1926 and 1927. 

In 1953 Burks described and illustrated the nymph of Acanthametropus pecatonica (as 
Metreturus) from two nymphs collected by R. E. Richardson from the Rock River system 
in extreme northern Illinois. Single specimens were collected 6 July 1926 from the Sugar 
River near Harrison and 8 May 1927 from the Pecatonica River near Rockton. The 
collections were from moderate-sized, fairly rapid streams with a rock and sand substrate. 
Burks (1953) reported that both collection sites had been dredged and that "intensive 
collecting in these rivers in recent years has failed to produce additional specimens," 
leading to speculation that the species may have been extirpated. More recently Edmunds 
et aI. (1963) reported that nymphs of this or a similar species were collected from the 
SavannaII River basin in South Carolina and Georgia, and additional nymphs have 
subsequently been collected in that area, but adults of this genus remain unknown. The 
only other record of Acanthametropus is a nymph from the Amur River basin in Siberia 
(Tshernova 1948), but it is possible that six adults of Siphluriscus chinensis Ulmer (1920) 
from China could belong to the same genus (Edmunds and Koss 1972). 

On 7 June 1986, more than 59 years after the last collection of A. pecatonica in the 
midwest, Richard Lillie rediscovered the species when he collected a mature nymph from 
the Wisconsin River in southwestern Wisconsin above the Big Green River near 
Woodman. This is about 155 km west-northwest of Richardson's collection sites. The 
collection was made with a drag net from a side-channel with rapidly shifting sand in 
current of 0.4-0.6 m/sec at a depth of about 0.5 m. The river had been at least 1 m deeper 
at the collection site during April and May. An intensive collecting effort on 13 June 
resulted in the capture of only one more nymph. We attempted to rear the second nymph, 
which was also mature, but it died after two weeks and was preserved in 70% ethanol 
along with a nymphal exuvia. A black light trap was used to make several collections of 
insects from along the river in June and July, but it failed to capture any adults that could 
be this species. 

The lower Wisconsin River is about 320 m wide and often deep, with primarily a 
shifting sand bottom and only a few areas with rock and gravel substrate. The water is 
warm, sometimes reaching 30°C, and eutrophic, but there is little pollution and dissolved 

'Research supported by the College of Agricultural and Life Sciences, University of Wisconsin
Madison and by the Wisconsin Department of Natural Resources. 

2Department of Natural Resources, 3911 Fish Hatchery Rd., Madison, WI 53711. 
3Department of Entomology, University of Wisconsin, Madison, WI 53706. 
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oxygen levels remain high throughout the year (Hilsenhoff 1977). Deep rivers with 
shifting sand bottoms are difficult to sample and thus their fauna tends to remain poorly 
known. Nymphs of Spinadis Edmunds and Jensen were collected from the lower 
Wisconsin River in 1973. This mayfly genus was unknown until that year (Flowers and 
Hilsenhoff 1975), and subsequently we have found nymphs of other relatively rare 
mayflies such as Pseudiron centralis McDunnough and Pentagenia vittigera (Walsh) in 
this part of the Wisconsin River. 
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DESIGNATION OF A NEOTYPE FOR SPHINX POECILA STEPHENS 
(LEPIDOPTERA: SPHINGIDAE) 

J. C. E. Riotte 1 

This designation of a neotype, in accordance with the provisions of Article 75(b) of the 
International Code of Zoological Nomenclature (1985), has to be considered as contin
uation of the revisional article "Sphinx poecila, a valid North American species 
(Lepidoptera Sphingidae)" (Riotte 1980). 

The unique specimen described by Stephens (1828) and illustrated in color by Wood 
(1839), was treated by Walker (1956) among the lepidopterous insects in the collection of 
the British Museum as Anceryx poecila with a description conforming to that of Stephens 
(1828) and Wood's illustration of 1839. 

The detailed history of the unique specimen, without repeating all that I wrote in 1980, 
is as follows. Stephens found the single specimen "in fine condition" in Mr. Vigor's 
cabinet where it had come from Mr. Wilkin's cabinet as Sphinx pinastri L., i.e., clearly 
misidentified. After Vigor's death in 1840 his collection went to the Zoological Society 
in London with first choice of specimens to the British Museum, which then accessioned 
Vigor's specimens in 1859 (A. H. Hayes, in litt.). When I prepared my article (Riotte 
1980) Hayes spent much time trying to locate Stephens' specimen but to no avail. He also 
checked for specimens of the closely related Sphinx gordius Cramer, but with no success. 
He then suggested that I inquire at the University Museum Oxford, which effort was also 
unsuccessful (E. Taylor, Hope Dept. of Entomology, Oxford, in litt.). Finally, the 
Museum of Victoria, Australia, Department of Entomology, where a number of 
specimens used by Walker were deposited, was consulted. This inquiry was also 
unsuccessful. I believe that the type specimen of Stephens' Sphinx poecila is no longer 
extant, and thus Article 75(a) is relevant. 

It is not possible to say when the loss of the type occurred. Grote & Robinson (1865) 
synonymized Sphinx poecila with Sphinx gordius Cramer. They were the first of many 
subsequent authors to do this; they were also the first to synonymize not only Stephens' 
poecila but also the illustration of this insect by Wood (1839). This is surprising because 
Wood's illustration of 1839 (Fig. 1) leaves no doubt that this illustration is not at all an 
illustration of Cramer's gordius, of which also no type specimen exists. In later 
publications Grote (1875, 1877) changed his mind and synonymized Stephens' poecila 
with Sphinx eremitus (Hiibner), with which it has not even a superficial similarity. 

Evidence for the loss of Stephens' specimen may also be found in Butler (1876:6l7) 
who has Hyloicus poecila as a good species and nevertheless remarks "like a strongly 
marked female of H. plebia, which I believe it to be. " In fact the specimen in the British 
Museum having the accession no. 5957, a "type" label, a "Sphinx lineolata" label, and 
an additional label "plebeja" was believed by A. H. Hayes to be the "substitute" for the 
then missing type of Sphinx poeci/a Stephens as well as the specimen on which Butler 
based his remark. It should be kept in mind that the unique type of Stephens' poecila was 
a male. Then on p. 618 Butler has Stephens' Sphinx poecila as a synonym of Sphinx 
gordius, but without any further explanation. 

lEntomology Department, Bishop Museum, Honolulu, HI 96817, and Royal Ontario Museum, 
Toronto, ONT M5S 2C6 Canada. 
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Fig. 1. Wood's original illustration (1839) of Stephens'S. poeciia, British Museum Library. 

This taxonomic confusion was compounded by the bibliographical development of 
Wood's 1839 publication. Curle (1949) gave a vivid picture of the changes the 
illustrations underwent in the different editions of Wood's and then Westwood's 
publications. The Wood publication had a second edition in 1845. The illustration in this 
edition (Fig. 3) was clearly changed to an insect very similar if not identical with Sphinx 
gordius. In the Westwood (1854) edition the illustrator then removed the gordius-like 
additional dark shades, and in also making "artistic" changes the specimen became 
almost unidentifiable (Fig. 4). Was Stephens' original specimen already lost by 18451 
This seems possible because Wood's original illustration of 1839 conforms almost exactly 
with the neotype (Fig. 2) herewith designated. This neotype was selected from the 
material in the collection of Bishop Museum by the author together with Drs. F. Howarth 
and 1. Medler. 

Rothschild & lordon (1903) noted that they had seen the type of Sphinx: poecila. 
However, since they also quoted Wood (1839) it may well be that they considered the 
illustration as the "type" as such. On the Manitoba and Saskatchewan prairies (probably 
also on remnant Wisconsin prairies) poeciia and gordius are sympatric without hybrid
izing. This should definitively settle the question of conspecifity for Mayr (1966:21) 
stated that "The nonarbitrary criterion of the category species, biologically defined, is 
that of the interbreeding or noninterbreeding." This was pointed out in Riotte (1980) but 
it seems necessary to strongly repeat it. For distributional maps of both species see Riotte 
(1980). For excellent illustrations in color see, for poecila Hodges (1971), plate 5, nos. 
3,4, 7, and for gordius, plate 5, nos. 5 and 6. The illustration no. 3 on plate 5 in Covell 
(1984) is a female of poecila. 

Stephens did not give any type locality data. Therefore a male specimen from the center 
of the distributional range of Sphinx poecila is designated as the neotype. It was collected 
in Otsego County, Michigan, Sec. 18, T29N,R2W, on 21 May 1965 by M. C. Nielsen 
(Fig. 2), and is in the type collection of Bishop Museum, type no. 13,541. 
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\ 

Fig. 2. Neotype of S. poecila in type collection Bishop Museum: 21 May 1965, Otsego Co .. 
Michigan, M. C. Nielsen call. BPBM Type no. 13,541. 

?/'/ /) + 

Fig. 3. Wood's illustration in the 2nd 1845 edition, Philadelphia Academy of Natural Sciences 
Library. 
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2Gb + 
Fig. 4. Illustration in the Westwood edition of 1854, Royal Ontario Museum Library. 
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EFFECT OF PREY DENSITY ON DIURNAL ACTIVITY AND 
OVARIAN DEVELOPMENT IN CALOSOMA CALIDUM 

(COLEOPTERA: CARABIDAE): IMPLICATIONS FOR BIOLOGICAL 
CONTROL OF THE GYPSY MOTH, LYMANTRIA DISPAR 

(LEPIDOPTERA: LYMANTRIIDAE) IN THE MIDWEST 

Michael R. Jeffords and Laurie J. Case l 

ABSTRACT 

Four feeding treatments were used in the laboratory to study the effects of the 
availability of prey on diurnal behavior and ovarian development of Calosoma calidum. 
Activity was closely monitored for six weeks. No significant differences were found 
between male and female behavior patterns. Diurnal beetle activity was found to be 
inversely related to prey density; in treatments where prey was available, diurnal activity 
declined during the course of the experiment. At the end of six weeks, dissections of 
female beetles showed that ovarian development and fat body quantity were dependent 
upon the number of prey available for consumption. 

The gypsy moth, Lymantria dispar (L.), is expanding its range from the northeastern 
United States into the Midwest. where it is increasing in number. In 1984 moderate to 
heavy defoliation occurred on nearly 6500 acres of central Michigan, an increase of over 
1300% from the previous year. Such dramatic increases are likely to occur in a number 
of midwestern states that have a history of low-level infestation. Because gypsy moth 
populations remain very low in most midwestern states, however, researchers have a 
unique opportunity to study interactions between the gypsy moth and naturally occurring 
biological control agents. 

One group of organisms that may have a significant impact on gypsy moth populations 
is predatory beetles in the genus Calosoma. Attributes of these beetles that make them 
suitable control agents for leaf-feeding lepidopterous caterpillars include the following: 
(I) they kill many more prey items than they eat and appear to be highly efficient hunters, 
(2) they are relatively long-lived, and (3) many species are arboreal (Burgess and Collins 
1917). Their major drawback as predators appears to be their relatively low reproductive 
potential and the time needed for their numbers to catch up to those of the gypsy moth 
(Vasic 1972). 

In Yugoslavia, where the gypsy moth is a native insect, its most important predator is 
considered to be Calosoma sycophanta L (Vasic 1972). This species was introduced and 
established in the northeastern United States around 1910 (Burgess 1911). Weseloh 
(1985b) demonstrated that it can have substantial impact on gypsy moth popUlations. In 
one instance, adult and larval C. sycophanta destroyed nearly 70% of the gypsy moth 
pupae in a Connecticut forest during a single season. Information on the effect of native 
Calosoma species on gypsy moth populations in the United States, however, is sparse and 
consists of feeding records and a few early laboratory studies on climbing behavior, 
fecundity, and longevity (Burgess and Collins 1917). A. G. Burgess (1896) rated three 

I Illinois Natural History Survey, Section of Economic Entomology, 607 E. Peabody. 
Champaign, IL 61820. 
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native Calosoma species for their efficiency against the gypsy moth and considered C. 
Jrigidum Kirby to be the most important, followed by C. calidum Fabricius and C. 
scrutator (Fabricius). The potential of native Calosoma species as predators of gypsy 
moths cannot be evaluated without more biological information concerning how the 
various species interact with populations of leaf-feeding caterpillars. Calosoma calidum 
was chosen for this study because it is one of the more common species found in the 
Midwest during outbreaks of lepidopterous defoliators and because it is distributed over 
much of the eastern United States. Burgess and Collins (1917) reported that C. calidum 
adults are often found under burlap bands feeding on gypsy moth caterpillars. Adult 
beetles overwinter in cells constructed in the soil and usually emerge from diapause in 
early May. Females can begin oviposition within a month. Mature larvae pupate in the 
soil, and beetles emerge in late summer to feed actively until they reenter the soil to 
overwinter. Adults probably live from I to 2 years (Burgess and Collins 1917). In this 
intitiallaboratory study we investigated the effects of density of prey (using Pseudoplusia 
includens (Walker) as prey) on diurnal activity patterns and ovarian development of first 
year C. calidum adults. 

MATERIALS AND METHODS 

Newly emerged C. calidum adults reared from eggs laid by second generation, 
laboratory-reared females were used in the experiment. The colony originated from adults 
collected in southern Illinois. Twenty males and 20 females were randomly selected and 
paired. Each pair was placed in a plastic container (dia. 17 em, depth 9 cm) with a 
loose-fitting plastic lid. Each container had been filled with fine soil to a depth of 5 cm, 
and a small, plastic petri dish was placed on the soil surface to serve as a water basin. The 
beetles had not fed before the experiment began. 

Five beetle pairs were randomly assigned to each of four feeding treatments designed 
to simulate various prey densities: (1) no food, (2) one prey itemlbeetle/96 h, (3) one prey 
itemlbeetIe!48 h, and (4) three prey items/beetle/24 h. Last-instar soybean looper, 
Pseudoplusia includens (Walker), larvae were used as prey. Gypsy moth larvae were 
unavailable at the time of beetle emergence, but Burgess and Collins (1917) have shown 
that gypsy moth larvae are readily acceptable prey to C. calidum adults. 

The experiment was conducted in an environmental chamber at 25°C under a 
photoperiod of 15L:9D to mimic late spring-early summer conditions in Illinois. 
Observations of beetle loeation on or under the soil surface were made at hourly intervals 
from 0800 to 1700 h on weekdays for six weeks. Each container was checked daily for 
ovipositional activity. 

At the end of the six weeks each female was dissected and examined under a dissecting 
microscope; the degree of ovarian development and the status of the fat body were 
evaluated. Ovarian development was evaluated by observing the appearanee of the ovaries 
and assigning each female to one of four categories of development: (1) no differentiation 
of ovarioles, ovaries threadlike, (2) no differentiation of ovarioles, slight thickening of 
ovaries, (3) slight differentiation of ovarioles, moderate thickening of ovaries, and (4) 
ovarioles evident, moderate thickening of ovaries. Females that died during the course of 
the study were immediately dissected, except for those cannibalized by males. 

RESULTS 

No significant differences (paired-sign test [Jerome 1964]) were found in male and 
female behavior; therefore, all replicate pair data for each treatment were combined. 

The behavioral observations are summarized in Figure 1. Two trends are readily 
apparent: (1) diurnal beetle activity is inversely related to prey density, and (2) with the 
exception of treatment 1 (no food) diurnal activity declined during the course of the 
experiment. The a posteriori analysis with the paired-sign test indicated that treatments I 
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Fig. I. Percentage of observations of above and below ground behavior exhibited by male and female 
adult Calosoma calidum under four treatments. All beetles that received no food died bv the end of 
the fourth week. 

and 4 were significantly different (P < 0.05) from the other treatments. Treatments 2 and 
3 did not differ from each other but were significantly different from I and 4, respectively. 
Both males and females in treatment 1 were almost constantly in motion throughout the 
experiment, either walking around the container or palpating the soil surface with their 
antennae. Their speed and mobility declined significantly after 10 days, but they remained 
active for four weeks; at the end of this period all beetles in treatment I had died. Males 
lived approximately one week longer than females. Beetle survival was consistently high 
in treatments 2-4, indicating that the amount of food in each of these three treatments was 
sufficient to sustain the adults. Prey items were fed to each beetle individually, and all 
prey offered during the experiment were consumed. Four instances of mortality occurred 
in treatments 2-4 because of cannibalism (one female cannibalized in treatments 2, 3. and 
4, and one male in treatment 3). 

No oviposition occurred during the experiment. Dissections of females revealed 
differences in ovarian development and quantity of fat body (Table I). Body cavities of 
females denied food (treatment 1) were virtually empty, with only the nerve cord, 
threadlike gut, and ovaries visible. Females that had undergone treatments 2-4 showed 
ovarian development roughly proportional to the amount of food they had received; 
reserves of the fat body were extensive. 
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Table I. Condition of ovaries and fat body in Calosoma calidum females. 

No. of Females 
Dissected Treatment Fat Body 

Ovarian 
Development" 

5 
4b 

4 
4 

no food 
1 larvaJ96 h 
1 larvaJ48 h 
3 larvae/24 h 

none present 
filled abdomen 
filled abdomen 
filled abdomen 

o 
+ 

++ 
+++ 

ao no differentiation of ovarioies, ovaries threadlike; + = no differentiation of ovarioles, slight 
thickening of ovaries; + + slight differentiation of ovarioles, moderate thickening of ovaries; 
+ + + ovarioles evident, moderate thickening of ovaries. 

bNumbers lower than 5 reflect cannibalized females. 

DISCUSSION 

A comparison of our data on C. calidum and those of other researchers on C. 
sycophanta is useful in interpreting our experimental results. The two species appear to 
differ markedly in their response to very low prey density. When no food was available 
in our experiment, C. calidum continued to search for prey and remained active until their 
reserves were exhausted and they died. Vasic (1972), however, found that in years when 
prey density was low, C. sycophanta adults either remained beneath the soil in diapause 
or emerged only briefly to "test" the level of prey populations. If sufficient prey were not 
found, C. sycophanta adults reentered their hibernacula and did not emerge until the 
following year. In a two-year, mark-recapture study, Weseloh (1985a) found that some C. 
sycophanta adults emerged in low-density gypsy moth populations in Connecticut. He 
postulated that these were first-year adults since very few of the adults he recaptured had 
been marked the previous year. Apparently, older beetles tended to remain in the soil. 

Calosoma calidum and C. sycophanta also differ in life span. Burgess and Collins 
(1917) found that C. calidum adults live 1.5-2 years. Our data on C. calidum biology 
agree. Calosoma sycophanta, however, live 3-4 years (Vasic 1972, Burgess and Collins 
1917). 

Another difference between C. sycophanta and C. calidum is host range. The gypsy 
moth is the primary food source for C. sycophanta, and the life histories of the two species 
are in close synchrony (Vasic 1972). In contrast, Burgess (1896) and Burgess and Collins 
(1917) thought C. calidum to be an opportunistic feeder not dependent on a particular 
species. Our field observations in Illinois support their contention that C. calidum is a 
generalist predator. 

The apparent inactivity of C. sycophanta during years of low gypsy moth abundance 
may be a plausible strategy for a relatively long-lived predator that depends on a narrow 
range of prey items (Vasic 1972). The life-history strategy of C. calidum appears to be 
quite different. Its shorter life span and generalist feeding habit make season-long periods 
of latency of little merit as an evolutionary strategy. Our behavioral data suggest that after 
spring emergence C. calidum adults actively search for prey throughout the season and do 
not permanently return to the soil when prey density is low. Treatment 1 represented an 
extreme case since a predaceous beetle is unlikely to emerge in the spring and find no food 
available; nevertheless, the behavior of C. calidum under these conditions strongly 
suggests that low densities of prey do not send them back to the soil until the end of the 
growing season. This characteristic is important if C. calidum is to be effective in 
reducing low-density gypsy moth popUlations in the Midwest. 

Prey density also had an observable effect on C. calidum ovarian development. Even 
though no oviposition occurred during the experiment, ovarian development progressed 
roughly in proportion to the availability of food (Table I). The absence of oviposition may 
be explained by at least two factors. First, the quantity of food available to the females 
may have been insufficient to allow for complete ovarian development and subsequent 
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ovipOSition. If oviposition is dependent on the availability of food, C. calidum 
populations might decline during years when little prey is available. A second explanation 
for the lack of oviposition in C. calidum is that first-year females simply may not lay eggs. 
Burgess and Collins (1917) found that C. sycophanta females lay very few or no eggs 
during their first year, and that may be the case for C. calidum. In the field a population 
of mixed-age females would ensure that some oviposition would occur each season. 

While results of lab studies cannot be generalized to field situations, information from 
our study allows us to make some predictions about the potential impact of C. calidum on 
gypsy moth populations in the Midwest. Our study demonstrated that C. calidum searched 
actively for prey when prey densities were low. This behavior is encouraging since gypsy 
moth populations in the Midwest are often low density and scattered. Our study further 
indicates that ovarian development and possibly ovipositon may be related to the 
availability of prey. Thus in years when gypsy moth populations increase to high densities 
in areas of the Midwest, C. calidum may be able to respond by increasing oviposition, 
thereby serving as a significant factor in the control of gypsy moth populations. Field 
studies in areas of the Midwest where gypsy moths are currently established could clarify 
the role of C. calidum as a biological control of the gypsy moth. 
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TOTAL LIPID AND FATTY ACID COMPOSITION IN MALE AND 
FEMALE LARVAE OF INDIAN·MEAL MOTH AND ALMOND MOTH 

(LEPIDOPTERA: PYRALIDAE) 

Bh. Subramanyam and L. K. Cutkompl 

ABSTRACT 

The total body lipid and fatty acid composition of last instar larvae of the Indian-meal 
moth, Pladia interpunctella, and almond moth, Cadra cautella, reared on a turkey mash 
diet was determined. Male P. interpunctella larvae contained significantly higher 
(lA-fold) total body lipid than females, while no differences between the sexes of C. 
cautella larvae were observed. The relative abundance of the fatty acids palmitate, 
palmitoleate, stearate, oleate, lineoleate, and linolenate was similar in both sexes of P. 
interpunctella and C. cautella. The accumulation of individual fatty acids in larvae of 
both the moth species did not correspond to levels of fatty acids in the diet. The 
accumulation of palmitate, palmitoleate, and oleate in moth larvae of both the species was 
greater than linoleate and linolenate, suggesting a sparing effect by the former on the 
latter, more unsaturated fatty acids. 

Lipid composition is influenced by sex during development in some Lepidoptera 
(Gilbert 1967). For example, fourth instar larvae of male silkworm, Bambyx mari (L.), 
(Niemierko et al. 1956) and fifth instar larvae of male Oak silkworm, Antherea pernyi 
Guerin, (Demyanovsky and Zubova 1957) contained higher lipid reserves than females of 
similar age. A sexual dimorphism in the requirement of lipids was reported in seven 
families of Lepidoptera (Gilbert 1967). Turunen (1974) reported a sexual dimorphism in 
the requirement of a polyunsaturated fatty acid (linolenate) in the cabbage butterfly, Pieris 
brassicae (L.). The adaptive significance of sexual dimorphism in lipid content in larvae 
is not clearly understood, but the factors producing such differences may be genetically 
determined (Gilbert & Schneiderman 1961). Though most immature male Lepidoptera 
contain more lipid than females, the utilization of these reserves during pupal-adult 
transformation is greater in females than males (Gilbert 1967, Downer 1978). 

The total body lipid in last instar larvae of male Indian-meal moth, Pladia inter
punctella (Hiibner), was greater than in females (Yurkiewicz 1969). However, 
Yurkiewicz (1969) did not show whether the differences were significant. Worthington 
and Payne (1974) reported the fatty acid composition in larvae of P. interpunctella and the 
almond moth, Cadra cautella (Walker). However, they did not mention the stage or sex 
of the larvae. 

Therefore, this study was undertaken to determine the total body lipid and principal 
fatty acid composition of last instar male and female larve of P. interpunctella and C. 
cautella. Principal fatty acids studied were palmitate, palrnitoleate, stearate, oleate, 
linoleate, and linolenate. These are the fatty acids most commonly occurring in 
Lepidoptera (Fa~t 1964, 1966), and constitute 98% or more of the total fatty acids in 
larvae of P. interpunctella and C. cautella (Worthington and Payne 1974). 

IDepartment of Entomology, University of Minnesota. st. Paul, MN 55108. 
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MATERIALS AND METHODS 

Pladia interpunctella and C. cautella were reared in the laboratory on a diet consisting 
of turkey mash (1000 g), honey (150 ml), glycerin (150 ml), and distilled water (75 mI). 
Eggs laid within 24 h of adult collection were used for rearing at 26-27°C and 50% RH. 

Total body lipid was extracted and purified from live, 16-day-old, last instar male and 
female larvae of P. interpunctella (5th instar) and C. cautella (4th instar) in 2: I 
chloroform:methanol mixture according to the procedure of Folch et al. (1957). Female 
larvae were identified by the absence of testes visible through the integument of males. 
Five groups of 20 male or female larvae of each species were extracted (five determi
nations/species/sex), and the total body lipid was expressed as per cent of live body 
weight. 

Fatty acid methyl esters were prepared by evaporating 0.5 ml volume of chloroform 
containing lipid under nitrogen, and methylating by addition of 5 ml of benzene:boron 
trifluoride in methanol (12% w/v): methanol [1:1:1. (v/v/v») mixture (Beenakkers and 
Gilbert 1968). The mixture was heated for 90 min at 98°C in 40 ml teflon-capped glass 
centrifuge tubes. The tubes were cooled, and 3 ml of water and 4.5 ml of hexane added 
and vigorously shaken. The upper hexane layer was removed, and the remaining mixture 
reextracted with 5.5 ml of hexane. The combined hexane fraction containing fatty acid 
methyl esters was taken up in isooctane, after evaporation of the hexane under nitrogen. 
Fatty acid methyl esters were analyzed using a Hewlett-Packard gas chromatograph 
(Model 5830 A) equipped with a flame ionization detector. The conditions of chroma
tography were as follows: glass column of 30.48 cm length with an internal diameter of 
2 mm and packed with 79.SP 2330 on Chromo sorb A-A W 1O(V200 mesh size; nitrogen 
carrier gas flow rate 20 cc/minute; initial temperature 160'C; initial hold 4 min; 
program rate = 10°C/min; final temperature 200cC; final hold = 7 min; injection 
temperature = 280°C; and detector temperature 350°C. Individual fatty acid peaks 
were identified by reference to a standard mixture offatty acid methyl esters (e.g. FAME 
MIX- 28 & FAME MIX-38, Alltech Associates), which were subjected to gas chroma
tography under the same conditions as were the insect samples. Three samples of each 
sex/species were injected. Each sample was injected twice and the average value 
considered. Relative abundance of individual fatty acids was computed by area normal
ization (McNair & Bonelli 1969). Fatty acids in the moth diet were prepared and analyzed 
in a similar manner from 1 g of diet. 

Difference between sexes in the total body lipid and each fatty acid for each species was 
determined using Wilcoxon's two-sample signed r.mk test at P 0.05. 

RESULTS AND DISCUSSION 

Male larvae of P. interpunctella contained significantly (P < 0.05) higher (l.4-fold) 
total body lipid than female larvae, while there was no difference (P > 0.05) between the 
larval sexes of C. cautella (Table I). Yurkiewicz (1969) found higher levels of neutral 
lipid per gram live weight in male, last instar P. interpunctella larvae than female larvae. 
However, he did not indicate whether these differences were significant. A major portion 
of the total lipid in most Lepidoptera (Fast 1964, 1966; Gilbert 1967), and in these two 
moth larvae is in the triglyceride form (Yurkiewicz 1969, Worthington and Payne 1974). 
Sexual dimorphism in lipid content was evident in seven families of Lepidoptera (Gilbert 
1967). The lack of any sexual dimorphism in total lipid content in C. cautella larvae 
suggests that these differences may be genetically controlled (Gilbert and Schneiderman 
1961). 

There was no difference (P > 0.05) between the sexes of P. interpunctella or C. 
cautella in the individual fatty acid composition (Table 2). The most abundant fatty acid 
in P. interpunctella was oleate, followed by palmitate, palmitoleate, linoleate, stearate, 
and linolenate. In C. cautella larvae, palmitate was the most abundant fatty acid followed 
by oleate, linoleate, stearate, palmitoleate, and linolenate. However, in the moth diet, the 



1987 THE GREAT LAKES ENTOMOLOGIST 101 

Table L Total body lipid (mean % of live weight [S.E.]) of last instar larvae of male and female 
P. interpunctella and C. cautella. 

P. interpunclella C. cautella 

Male Female Male Female 

No. larvae used 95 98 100 100 

Total lipid 16.8 (0.8) 12.3 (OA) 13.5 (OA) 14.1 (0.1) 

P-value 0.03b OA3 

"Each mean based on five replicates. 

bSignificant (P 0.05, by Wilcoxon's two-sample signed rank test). 


Table 2. Relative abundance (mean % of total [S.E.]) of principal fatty acids in last ins tar larvae of 

male and female P. interpunctella and C. cautella. a 


Fatty acid 
P. interpunclellab C. camel/ab 

Moth diet 
Male Female P-value Male Female P-value 

Palmitate (16:0)' 31.8 (0.5) 31.3 (0.2) 0.42 40.7 (0.7) 41.8 (0.04) 0.14 14.9 (0.9) 
Palmitoteate (16: 1) 12.2 (0.7) 13.2 (0.6) 0.25 3.6 (0.8) 4.5 (0.4) 0.25 004 (0.1) 
Stearate (18:0) 5.2 (2.8) 2.0 (0.5) 0.25 5.0 (004) 3.2 (0.7) 0.14 4.8 (l.7) 
Oleate (18:1) 41.2 (1.0) 40.8 (004) 0.68 37.8 (1.7) 36.6 (0.4) 068 23.1 (0.5) 
Linoleate (18:2) 8.9 (\.2) 11.5 (0.6) 0.14 10.2 (0.3) 11.6 (0.7) 0.14 53.8 (3.1) 
Linolenate (18:3) 0.8 (0.2) 1.2 (0.1) 0.14 2.6 (0.1) 2.3 (0.2) 0.14 3.3 (0.3) 

'Each mean based on three 
bFor each species, differences sexes are not significant (P > 0.05. by Wilcoxon's two-sample signed rank 
test). 

'Number of carbons: Number of double bonds. 

abundant fatty acids in descending order were as follows: Iinoleate > oleate> palmitate 
> steatate > Iinolenate palmitoleate (Table 2). Worthington and Payne (1974) reported 
low levels of palmitoleate, steatate, and linolenate in P. interpunctella and C. cautella 
larvae. 

The accumulation of oleate in both moth larvae was about 2-fold greater than that 
present in the diet. Linoleate was about 5-fold greater in the diet (53.8%) but very little 
was accumulated by the moth latvae (9-l1%). Polyunsaturated fatty acids, especially 
linoleate and linolenate, ate essential for normal growth, development, and adult 
emergence of P. interpunctella and C. cautella (Fraenkel and Blewett 1946). The levels 
of individual fatty acids in the larvae did not correspond to levels in the diet. Nevertheless, 
the greater accumulation of palmitate, palmitoleate, and oleate than linoleate or linolenate 
suggests a sparing effect by the former mono-saturated and -unsaturated fatty acids on the 
latter polyunsaturated acids (Downer 1978, Turunen 1983). An increase in monoenoic 
acids was observed in larvae of P. brassicae reated on linolenate-deficient diets (Turunen 
1974, 1983). Our observations on the compositions of palmitate and linolenate in both 
moth latvae agree with results obtained by Worthington and Payne (1974). 

Differences in the total body lipid and principal fatty acid composition between sexes 
and species may be related to their lipid requirements. The levels of lipids and fatty acids 
are profoundly int1uenced by the diet (Batlow 1966, Turunen 1983). Since the supporting 
diet used for P. interpullctella and C. cautella was the same, variations in lipid 
components reflect basic physiological and metabolic differences between the species. 
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USE OF ALUMINUM-FOIL AND OAT-STRAW MULCHES FOR 

CONTROLLING ASTER LEAFHOPPER, MACROSTELES 


FASCIFRONS (HOMOPTERA: CICADELLIDAE), AND ASTER 

YELLOWS IN CARROTS. 


Dwi P. Setiawan! and David W. Ragsdale2 

ABSTRACT 

Aluminum-foil and oat-straw mulches significantly (P < 0.05) reduced aster leafhop
per numbers on carrots compared to an untreated control and a malathion spray treatment 
during the first half of the growing season. The amount of reflected light was significantly 
higher in both aluminum-foil and oat-straw mulched plots compared to unmulched 
treatments. Mulch effectiveness decreased when the closing carrot canopy reduced 
surface area of reflective mulches and amount of reflected light The percentage of aster 
yellows-infected plants was significantly lower (P < 0.05) in aluminum-foil and straw 
mulches and in the malathion spray plots compared to the untreated controL Results 
demonstrated that aluminum-foil and straw mulches gave control of aster leafhoppers and 
aster yellows in carrots equal to that of a conventional insecticide spray program. 

Aster yellows is an important insect-vectored disease of many vegetables, ornamentals, 
and grasses (Wallis 1960). Severe damage to carrots by aster yellows has been frequently 
reported (Whipple et a1. 1940, Knight and Blodgett 1945, Ivanoff and Ewart 1944, 
Chapman 1973). In Minnesota, aster yellows is a key factor limiting production of lettuce, 
carrots and celery (Zalom 1981). 

Aster yellows is transmitted and distributed principally by the aster leafhopper, 
Macrosteles fascifrons (Stal). Although the aster leafhopper can overwinter in the egg 
stage, migrants from the southern and central U.S. are most important in terms of 
numbers and as a source of the aster yellows pathogen (Chiykowski and Chapman 1956, 
1965; Chapman 1973; Drake and Chapman 1965; Peterson 1973). 

Reflective mulches such as aluminum foil and colored plastic mulches have been shown 
to be effective in controlling virus diseases in various crops such as sugar beets. 
cucumbers, tomatoes, peppers, and watermelons (Jones and Chapman 1968, Lobenstein 
et al. 1975, Daiber and Donaldson 1976) by reducing the number of insect vectors or by 
making the habitat less suitable for the insect (Cohen 1984). Recently, Cardona et al. 
(1981) demonstrated that rice-straw mulch gave effective control of the leafhopper 
Empoasca kraemeri Ross in dry beans. Zalom (1981) demonstrated that aluminum-foil 
mulch gave effective control of the aster leafhopper and aster yellows in head lettuce in 
Minnesota. 

Objectives of this study were to compare efficacy of aluminum-foil and oat-straw 
mulches to a conventional malathion spray program for control of aster leafhopper and 
aster yellows in carrots. 

IPIan! QUar'dIltine. Ministry of Agriculture Indonesia, P.O. Box 352, Jakarta Pusat, Indonesia. 
2Departrnent of Entomology, University of Minnesota, 51. Panl, MN 55108. 
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MATERIALS AND METHODS 

The experiment was conducted at the University of Minnesota Agricultural Experiment 
Station, Rosemount, Minnesota. In 1985, an aster yellows-susceptible carrot variety, 
'Danvers 126,' was planted in rows 0.62 m apart. Each plot consisted of nine rows, 5.5 
m long with a IO-row border between replications and a 5 .5-m border between treatments. 
Borders were untreated. 

Treatments were aluminum-foil covered paper (AI-foil) mulch, oat-straw mulch, 
weekly application of malathion spray (1.68 kg AI/ha), and an untreated control. AI-foil 
and straw mulches were laid between rows of carrots at the 2-4 leaf stage. Malathion was 
chosen from recommendations in Waters et al. (1981). A randomized complete block 
design with four replications was used. 

Sampling aster leafhoppers was done with both sweepnet and green-colored sticky 
traps. Twenty pendulum sweeps were used as the sweepnet sampling unit. Sticky traps 
were a modification of the trap designed by Irwin (1980) who used them for measuring 
aphid landing rates on a soybean canopy. Preliminary sampling experiments of aster 
leafhoppers in carrots showed green-tile traps not as attractive as yellow traps. However, 
yellow traps are known to be attractive to aster leafhoppers, and we hypothesized that 
such traps might mask differences among treatments in leafhopper counts by attracting 
insects from untreated borders. Green colored tiles (Cambridge #815) closely mimicked 
the reflectance spectrum of carrot foliage and were placed vertically in the center of each 
plot and covered with diluted Stickem Special®. A single trap consisted of two tiles back 
to back, clamped to a metal pole and placed at canopy height. Traps were changed twice 
each week. Observations on plant growth and disease incidence (foliar symptoms) were 
made twice a week. Ten plants were chosen at random in each plot and top height was 
measured. The number of aster yellows-infected and healthy carrots in one random 
row-meter were counted. Percent reflected light was measured using a Barnes Modular 
Multiban Radiometer (MMR Model 12-1000). This instrument measured the pereentage 
of light reflectance 3.5 m above the soil surface. 

RESULTS AND DISCUSSION 

Aluminum-foil and oat-straw mulches were effective in reducing the number of aster 
leafhoppers for the first half of the growing season. From 19 July to 6 August, the number 
of aster leafhoppers caught with green-tile sticky traps in aluminum-foil and straw 
mulched plots was significantly lower (P < 0.05) than in the malathion treated and 
untreated control plot. For these sampling dates, there were no signifieant differences in 
the number of aster leafhoppers caught on the green-tile sticky traps between aIuminum
foil and oat-straw mulched plots. For the remainder of the season, there were no 
significant differences among treatments (Fig. la). 

Sweep sampling showed trends similar to the sticky traps. From 19-30 July there were 
significantly more leafhoppers in the untreated control and malathion spray plots than in 
the mulch treatments. As the season progressed, the number of aster leafhoppers declined 
and few differences in leafhopper numbers were seen among treatments except for a lower 
number of leafhoppers by sweep sampling in malathion spray plots. 

At harvest maturity (27 August), the amount of aster yellows infection in aluminum
foil, straw mulch and malathion spray plots was significantly lower than the untreated 
control (P < 0.05) (Table 1). Results of a similar field experiment conducted in 1984 
(data not presented) showed the same trends. It is known that aster yellows-inoculated 
carrots will exhibit symptoms two or three weeks after inoculation, and that symptom 
expression is temperature dependent with cooler temperatures prolonging symptom 
development (Chapman 1973). Thus the number of aster yellows- infected canots on each 
observation date is an estimate of cumulative infections from inoculations three weeks 
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Fig. I. Mean number of aster leafhoppers caught on the green-tile sticky traps (Ia) and in 20 sweeps 
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prior to symptom expression. However, infection levels did not continue to rise as 
anticipated. This may be explained, in part, by use of foliar symptoms as a measure of 
infection which excluded plants which apparently died of aster yellows. Linear regression 
analysis was used to test relationship between percent of aster yellows infection on given 
observation dates with the average number of aster leafhoppers three weeks prior to that. 
Results showed a significant (P < 0.05) but weak correlation between incidence of aster 
yellows and number of aster leafhoppers caught on green-tile sticky traps (Figure 2a.) and 
by sweep sampling (Figure 2b.). 

Decrease in mulch effectiveness was measured by correlating plant height and number 
of aster leafhoppers as estimated by the two sampling methods. The ratio of aster 
leafhoppers caught in each treatment to the total captured on each observation date was 
used to minimize effects of fluctuations in aster leafhopper density. The proportion of 
total leafhoppers caught in aluminum-foil and straw mulch plots increased continually as 
carrot height increased. Both mulches became less effective as the surface area was 
reduced by the closing carrot canopy and as contamination from dirt and decayed plant 
materials reduced the amount of reflected light (Table I). The oat -straw gradually turned 
from a bright straw-yellow to a dull brown because of decomposition and became less 
effective in repelling leafhoppers. 



106 THE GREAT LAKES ENTOMOLOGIST Vol. 20, No.2 

Table I. Percent of aster yellows-infected carrots per meter. 

Treatmenta 

Observation 
dates Aluminum-foil Oat-Straw Malathion Umreated 

26 July 2.9 A 2.5 A 2.1 A 4.8 A 
30 July 3.9 B 4.7 B 8.1 AB 9.2 A 
2 Aug. 4.4 A 5.0 A 6.5 A 9.9 A 
6 Aug. 7.9 A 5.4 A 5.9 A 9.6A 
9 Aug. 6.7 B 7.4 B lL2 AB 14.6A 

13 Aug. 6.4 B 5.6 B 9.9 AB 14.4 A 
20 Aug. 8.7 B 5.7 B 8.6 AB 14.4 A 
27 Aug. 6.7 B 8.1 B 10.2 B 14.3 A 

Overall Mean 6.0 B 5.6 B 7.8 B 11.4 A 

aMeans within a row followed by the same letter are not significantly different using Duncan's 
multiple range test (P < 0.05). 

In monitOling reflected light, seven discrete wavelength bands were available for 
analysis (0.45-0.52, 0.52-0.60, 0.63-0.69, 0.76-0.90, 1.15-1.30, 1.55-1.75 and 
2.08-2.35 IJ..m). Aluminum-foil mulched plots consistently reflected more light than other 
plots. The amount of reflected light in the oat-straw mulch was intermediate between 
aluminum-foil and the unmulched treatments. The wavelength of reflected light that 
relates to insect vision is generally from 0.35-0.60 IJ..m (Chapman 1982). In this 
experiment, wavelengths of 0.45-0.50 and 0.52-0.60 IJ..m were the bands most likely 
affecting the aster leafhopper (Table 2). 

The amount of reflected light in the 0.45-0.60 IJ..m range was significantly correlated 
(P < 0.05) with the number of aster leafhoppers in the plots; i.e., as the amount of 
reflected light increased as in the aluminum-foil and straw mulched plots, fewer aster 
leafhoppers were caught (r = -0.51 and 0.56, respectively). Although there were 
significant correlations between the amount of reflected light, leafhopper abundance. and 
the significantly lower disease incidence in mulched plots than in the untreated check. this 
does not mean there was a direct cause and effect relationship. This experiment was not 
designed to determine the mechanism of mulch effectiveness. 

The higher disease incidence that occurred in malathion spray plots than in mulch 
treatments (Table I) was likely an artifact of the experimental design since only 3.691: of 
the O.34-ha field was treated with an insecticide. Thus a relatively large population of 
leafboppers was available to recolonize the sprayed plots as the insecticide lost 
effectiveness. Altogether, aluminum-foil and straw mulches gave a level of control of 
aster yellows equivalent to a standard insecticide spray program. Furthermore. use of an 
oat-straw mulch for control of aster yellows is more likely to be adopted than an 
aluminum-foil mulch. 
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Table 2. Percent of reflected light in discrete wavelength bands in each treatment for each observation 
date. 

Wavelength (,..,m)' 

Dates & Treatments 0.45-0.52 0.52-0.60 0.63-0.69 

23 July 
Aluminum-foil mulch 34.4 A 34.6 A 32.6 A 
Oat-straw mulch 10.2 B 15.4 B 21.3 B 
Treatments without mulchb 6.4 B 8.6 C 10.0 C 

26 July 
Aluminum-foil mulch 50.5 A 533 A 52.0 A 
Oat-straw mulch 13.7 B 20.6 B 27.2 B 
Treatments without mulchb 4.7 C 7.0 C 6.9 C 

I Aug. 
Aluminum-foil mulch 21.4 A 23.3 A 22.1 A 
Oat-straw mulch 7.0 B 10.7 AB 12.3 AB 
Treatments without mulchb 7.8 B 10.0 AB 9.8 B 

7 Aug. 
Aluminum-foil mulch 16.7 A 19.0 A \6.7 A 
Oat-straw mulch 5.7 B 8.9 B 9.4 B 
Treatments without mulchb 3.9 B 6.1 B 5.1 B 

"Means within a column on one observation date followed by the same letter are not significantly 
different using Duncan's multiple range test (P < 0.05). 

bMean reflectance of malathion and untreated check plots. 
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