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THE GREAT LAKES ENTOMOLOGIST 

MOTH SPECIES NEW TO MICHIGAN' 
John H. Newman and Mogens C. ~ i e l sen2  

ABSTRACT 
This is a compilation of moth species previously unrecorded from Michigan. Moore's 

(1955) publication has been critically examined necessitating some specific changes. All 
questionable material has been determined by present day specialists in their particular 
fields. The McDunnough (1938) checklist is followed in the arrangement of the new data 
together with most of the recent changes in nomenclature as presented by Forbes (1948, 
1954, 1960), Hardwick (1970), Hodges (1971), and Covell (1970, 1971). With the advent 
of more sophisticated collecting equipment and the easier access to Michigan's Upper 
Peninsula a total of 154 species has been added. Many institutional and private 
collections have been examined including the large collection at Michigan State University 
which was not considered in the Moore publication. 

1NTRODUCTlON 

During the seventeen year period since the publication in 1955 of Moore's Annotated 
list of the Moths of Michigan exclusive of Tineoidea, there has been an increase in the 
number of collectors of Michigan Lepidoptera, especially among 4-H youth, students and 
dedicated amateur Lepidopterists. The use of ultraviolet lights (blacklight) has added a 
considerable number of new state moth records, which in earlier years using the typical 
coleman lantern and sheet method would have been unlikely. The senior author, 
employed with the Department of Entomology at Michigan State University, has been 
active in the state-wide "blacklight" insect pest survey during the past eight years. All UV 
trap samples. from widely scattered Michigan counties, have been examined for new 
records, and for additional data on heretofore scarce species. 

Expeditions to lsle Royale National Park by Ronald Hodges, Edward Voss and Ronald 
Willson were made during this period with each trip producing many new boreal records, 
besides adding additional examples to those species previously known by a single 
specimen. Resident Lepidopterists Julian P. Donahue (now residing in California), Richard 
Holzman and Virgil Warczynski have made many productive forays into northern 
counties for moths. The authors have journeyed numerous times to the eastern portion of 
the Upper Peninsuula and to scattered counties in the Lower Peninsula with the object of 
searching for certain "missing" species and filling in distributional gaps. Consequently, 
these many collecting activities has resulted in a total of 154 moth species new to tile 
Michigan faunal list. It is appropriate to record information on these species so that other 
collectors may benefit and, perhaps, be challenged to add additionaI data. As might be 
expected countless new county records have been accumulated during the seventeen year 
period. Space does not permit the presentation of such data at the present time. 
Complete distributions of species within the State of Michigan will be summarized in a 
new checklist to appear sometime in the near future. 

Moore's annotated list of Michigan moths as it now stands contains some errors of 
determination, nomenclature and a few omissions. No attempt is made here to correct 
Moore's work, as such, except in those instances where certain new species have been 
elevated from previous synonymy, or were obviously omitted in his original compilation. 
The primary purpose is to supplement Moore's list by adding new state records that have 
accumulated since the completion of his ~nanuscript. It is hoped that many zoogeogra- 
phers, taxonomists, and other Lepidopterists will benefit by the publication of this new 
data. We also hope that it will stimulate greater interest in collecting and studying 
Michigan moths, which offer so many challenges to those with scientific curiosity. The 
authors expect to treat corrections to Moore's list in the preparation of a new Michigan 
checklist. 

l ~ i c h i ~ a n  Agricultural Experiment Station Journal Article No. 6270. 
z~xtension Research Technician and Adjunct Instructor, respectively, Department of 

Entomology. Michigan State University, East Lansing, Michigan 48823. 
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SOURCE OF NEW RECORDS 

The material represented in the following list of new Michigan moths has been 
critically examined by the authors, including those species where the final determination 
was made by a specialist. Credit is given to each specialist who made the determinations. 
In addition to reviewing various 4-H collections and miscellaneous UV survey samples, the 
following institutional and private collections were examined for new records: 

Institutional collections: 

Maryglade College, P.I.M.E. Entomological Museum, Memphis, Michigan; Rev. Carlo 
Brivio, Curator. 

Michigan State University, East Lansing; Dr. Roland L. Fischer, Curator. 
Michigan Technological University, Houghton; Dr. Kenneth J .  Kraft, Curator. 
Northern Michigan University, Marquette; Dr. Gordon D. Gill, Curator. 
University of Michigan, Ann Arbor; Dr. Thomas E. Moore, Curator. 

Private collections: 

Glenn Y. Belyea, East Lansing; Richard C. Fleming, Olivet; Richard W. Holzman, 
Royal Oak; Wilbur S. McAlpine, Union Lake; Eric H. Metzler, Lansing; Russell A. 
Rahn, Watertown, Wisconsin; Edward G. Voss, Ann Arbor; Virgil Warczynski, Bay 
City; Bruce V. Wilson, Owosso. 

It is interesting to note that Moore did not include records contained in the large 
lepidoptera collection at Michigan State University. This institution now contains the 
largest moth collection representative of the state's fauna. 

The publications of Forbes (1948, 1954, 1960) and Ferguson (1955) were extremely 
useful in identifying much of the material. The latter publication served as a guide to the 
authors in investigating many of the state's northern counties for previously unrecorded 
species, especially the sphagnum-heath bogs of the Upper Peninsula. 

ARRANGEMENT OF NEW RECORDS 

In general, McDunnough's (1938) checklist is followed and the checklist numbers are 
indicated for each species. Some of the recent changes in nomenclature as presented by 
Forbes, Hardwick (1970) and Hodges (1971) are incorporated to update the taxonomy 
and assist others in properly identifying these species. Species are arranged by family. 
Following each name is a list of alI known county locations, with the earliest and latest 
date of capture (when known), grouped by three regions of the state (Fig. 1). The 
location of specimens of rare or scarce species is given with the name of the collection. 
Also, when known the initials of the collector are listed in parentheses after the county 
locations. The following collectors are cited: Edward Anderson (EA), Glenn Belyea (GB), 
Irving J. Cantrall (IJC), Dale Cosper (DC), Julian P. Donahue (JPD), Robert R. Dreisbach 
(RRD), Larry Elmleaf (LE), David Eppelheimer (DE), Roland L. Fischer (RLF), Richard 
Fleming (RF), Dorothy Frosh (DF), Robert W. Hawes (RWH), Ronald Hodges (RH), 
Richard W. Holzman (RWHo), Melvin Gomulinski (MG), Peter Martinat (PM), Janice 
Matthews (JM), Wilbur S. McAlpine (WSM), LyIe McDonald (LM), Donald McMaster 
(DM), Eric Metzler (EM), Philip E. Moody (PEM), Sherman Moore (SM), W. W. Newcomb 
(WWN), John H. Newman (JHN), Mogens C. Nielsen (MCN), Russell Rahn (RR), Lewis 
Ruesink (LR), Rudolph Scheibner (RS), Frederick Stehr (FS), Walter C. Stinson (WCS), 
William Taft, Jr. (WT), Eugene Thompson (ET), Edward Voss (EV), Virgil Warczynski 
(VW), Ronald Willson (RW), Bruce Wilson (BW), Louis Wilson (LW). 

ACKNOWLEDGMENTS 

The authors express their thanks and appreciation to all those collectors who so 
kindly sent us specimens and data, and allowed us access to  their collections; and to the 
curators of the previously mentioned institutional museums for their splendid cooperation 
while examining their collections. A special debt of gratitude is owed to the following 
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Fig. 1 .  Michigan showing the three major physiographic and ecological divisions of the state: 
Upper Peninsula (UP), Northern Lower Peninsula (NLP), and Southern Lower 
Peninsula (SLP). 
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specialists who graciously examined and determined many of the questionable specimens, 
and who have in many ways inspired the authors to initiate this paper: Dr. A. E. Brower, 
retired, Augusta, Maine, formerly Chief of the Maine Forestry Department's Entomology 
Laboratory; Dr. Charles V. Covell, Jr., Department of Biology, University of Louisville, 
Louisville, Kentucky; Julian P. Donahue, Assistant Curator of Entomology, Los Angeles 
County Museum of Natural History, Los Angeles, California; Dr. Thomas D. Eichlin, 
National Museum of Natural History, Smithsonian Institulion, Washington, D.C.; Dr. John 
G. Francleniont, Department of Entomology, Cornell University, Ithaca, New York; Dr. 
Douglas C. Ferguson, Systematic Entomology Laboratory, U.S. Department of Agricul- 
ture, c/o U.S. National Museum, Washington, D.C.; Dr. David F. Hardwick, Canada 
Department of Agriculture, Ottawa, Canada; Dr. Frederick H. Rindge, Curator of 
Lepidoptera, The American Museum of Natural History, New York City; Charles C. E. 
Riotte, Research Associate, Department of Entonlology, Royal Ontario Museum, 
Toronto, Canada; Dr. E. L. Todd, Department of Entomology, Smithsonian Institute, 
Washington, D.C. 

We are especially grateful t o  Dr. Ferguson for critically reviewing the manuscript, for 
making significant corrections in the nomenclature and for helpful suggestions. 

SPHINGIDAE 

71  1 Paratrea plebeja (Fabricius). SLP: Clinton, 23 June (DM). One specimen taken 
near Laingsburg, deposited in MSU Collection. 

775 Eumorpha vitis (Linnaeus). SLP: Sanilac, no date (RWH). One specimen taken in 
Applegate, deposited in MSU Collection. 

SATURNIIDAE 

831 Hemileuca lucir~a Henry Edwards. UP: Schoolcraft, 15 August. One specimen 
from the Seney Wildlife Refuge (Voss, 1969). Two other specimens, without 
dates, from Schoolcraft County in the UM Collection. 

853 Sphingicarnpa bisecfa (Lintner). SLP: Lenawee, 11 July-15 August (MCN). 
Several males collected at UV along Bcan Creek near Morenci. Specimens 
deposited in the MSU and Nielsen Collections. 

ARCTIIDAE 

985 Halisidota harrisii Walsh. SLP: Berrien, Ingham, Kalamazoo, Lenawee, 2-14 July 
(RLF, MCN). Specimens determined by J .  P. Donahue. Nielsen collected larvae 
on  sycamores along Bean Creek near Morenci, Lenawee County. Larvae and 
adults deposited in MSU Collection. 

992 Cycnia inopinatus (Henry Edwards). NLP: Occana, 1 8  July (EM). SLP: Allegan, 
Barry, Berrien, Kalamazoo, Oakland, St. Joseph, 22 May-21 Au~wst  (JPD, GB, 
EM, MCN, RR).  Nielsen has collected larvae feeding on butterfly-weed, Asclepias 
tuherosa. Larva deposited in MSU Collection. 

1011 Pygarcria spraguei (Grote). NLP: Newaygo, 22  June-14 July (JPD). SLP: Al lgan ,  
Barry. Berrien, Branch, Kalamazoo, Montcalrn, 22 May-1 7 August (JPD, RLF, 
RH, MCN). 

1019.1 Holomelina lanzae (1:rceman). UP: Schoolcraft, 7 July-16 August (JHN, MCN). 
Common in large acid bog north of Manistique, flying in the daytime. NLP: 
Cheboygan, 15 July (EV). One female taken in Mud Lake Bog (Voss, 1969). 

1029.1 Plzragmatobia lineata Ncwman & Donahue. NLP: Newaygo, Otsego (x-larva). 
16-26 July. SLP: Allegan, Barry, Berrien, Branch, Calhoun, Cass, Clinton, Eaton, 
Gratiot. Ingham, lonia, Jackson, Kalamazoo, Kent, Lapeer, Lenawee. Livingston, 
Monroe, Oakland, St. Clair, St. Joseph, Shiawassee, Van Buren, Wayne, 2 May-2 
October. Type locality is Galien, Berrien County. Apparently three broods, late 
May (scarce), late June-July (common), mid-August+arly October (Donahue & 
Newman, 1966). 
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105 2 Apantesis figurata (Drury). SLP: AUegan, Berrien, St. Joseph, 23  May-8 
September (EG, LM, MCN, RR). 

106 2 Parasemia plantaginis scudderi (Packard). UP: Iron, 23 June (VW). Several fresh 
specimens collected in roadside sedges. Specimens deposited in the Nielsen, 
Warczynski and MSU Collections. 

1072 Spilosoma prima Slosson. UP: Chippewa, Schoolcraft, 21  May-17 June (MCN, 
JHN, VW). NLP: Cheboygan, Oceana, Otsego, 1 8  May-24 June (EM, MCN, EV). 

NOCTUIDAE 

1147 Acronicta rubricoma Guende. SLP: Berrien, Lenawee, 19-30 July (JHN, MCN). 
One specimen at  UV along Bean Creek, Lenawee County, and one from Sodus 
Experiment Station, Berrien County, determined by A. E. Brower and D. 
Ferguson. 

1162 Acronicta falcula (Grote). SLP: Lenawee, Washtenaw, 25 May-13 August (MCN, 
VW). One specimen taken a t  UV along Bean Creek, determined by A. E. Brower. 

1163 Acronicta parallels (Grote). NLP: Oceana, 27 July-3 August (EM). Small series 
collected in T.l5N., R.l6W., Section 31 at  UV. Specimens deposited in the 
Metzler and Newman collections. 

1168 Acronicta funeralis Grote & Robinson. UP: Isle Rovale. 18  Julv (RH). NLP: 
Arenac, ~ h e b o y g a n ,  Ogemaw, Otsego, Roscommon, 2 i  ~ a y - 2 0  ~ i l y  '(DF, MCN, 
EV, VW). 

1174 Acronicta laetifica Smith. UP: Mackinac, 13 June (MCN). NLP: Otsego, 29 May 
(MCN). One specimen collected at  UV near Cedarville, determined by J. G. 
Franclemont. Another specimen taken a t  UV in T.29N., R.2W., Section 18. 
Deposited in the Nielsen Collection. 

1180 Acronicta spinigera Guende. UP: Ontonagon, 29 June (MCN). NLP: Benzie, 12 
July (EM). One specimen at UV in T.51N., R.40W., Section 14, determined by 
D. Ferguson. Another specimen at UV in T.25N., R.lSW., Section 15. Specimens 
deposited in the MSU and Nielsen collections. 

1188 Acronicta modica Walker. NLP: Roscommon, 30 June (MCN). SLP: Allegan, 
Clinton, 23 May-28 June (MCN). Several specimens collected at  UV, determined 
by D. Ferguson. 

1190 Acronicta clarescens Gucnde. NLP: Charlevoix (Beaver Island), 16 June-2 August 
(SM). SLP: Kalamazoo, Oakland, 24 June-26 July (EM, RIF). Long series from 
the Gull Lake Biological Station deposited in the MSU Collection. 

1194 Acronicta increta Morrison. SLP: Oakland, 1 1  June-13 July (JHN). Specimens 
deposited in the Newman Collection, determined by A. E. Brower. 

1219 Merolonche dolli Barnes & McDunnough. NLP: Arenac, Newaygo, Oceana, 
Roscommon, 1 3  April-8 May (DE, EM, VW). Several specimens collected in 
oak-pine forest. 

1237 Euxoa niveilinea (Grote). NLP: Benzie. Mason, Oceana, Osceola, 9-17 September 
(EM, JHN, WCS). SLP: Clinton, Montcalm, 11-18 September (JHN, MCN). 
Specimens determined by David Hardwick. 

1251.1 Euxoa manitobana McDunnough. NLP: Clare. Oceana, Otsego, Roscommon, 14 
July-5 August (EM, MCN, WT, VW). Specimens determined by David Hardwick, 
confused with E. perolivalis Smith. 

1271 Euxoa aurulenta (Smith). SLP: Berrien, Ottawa, 26 May-12 July (JPD, MCN). 
Long series taken at  UV in Grand Mcre Dunes, determined by David Hardwick. 
Previous record in Moore from Chippewa County is in error. 

1272.1 Euxoa personata (Morrison). UP: Menominee, 29 August (JHN). NLP: Cheboygan, 
Emmet, Otsego, 2-6 September (MCN). Forbes (1954) refers to Michigan 
specimens. Specimens deposited in the MSU Collection. 

1296 Euxoa velleripennis (Grote). NLP: Oceana, Otsego, August-4 September (EM, 
MCN). SLP: Clinton, Ingham, Jackson, Kent, Lenawee, Livingston, 2 0  August-28 
September (JHN, MCN, VW). 



3 8 THE GREAT LAKES ENTOMOLOGIST Vol. 6, No. 2 

1329 Euxoa quebecensis (Smith). NLP: Oceana, 1 1  June (EM). Four specimens 
collected at UV in T.15N., R.l9W., Section 1, determined by David Hardwick. 
Deposited in the Metzler and MSU Collections. 

1341.1 Euxoa knoxvillea McDunnough. SLP: Lenawee, Livingston, Monroe, Montcalm, 
Oakland, 27 June-18 September (EA, EM, JHN, MCN). Specimens determined by 
David Hardwick, deposited in the Metzler, Newman and Nielsen Collections. 

1346 Euxoa pleuritica (Grote). UP: Dickinson, Mackinac, 20 July-2 August (SM). NLP: 
Benzie, Charlevoix (Beaver Island), Clare, Crawford, Emmet, Leelanau (Fox 
lsland), Oceana, Oscoda, Otsego, Roscommon, 14 July-16 August (EM, SM, JHN, 
MCN). SLP: Berrien, Huron, Lenawee, Montcalm, 20 July-29 August (SM, MCN). 
Specimens determined by D. Ferguson and David Hardwick. 

1366.1 Euxoa sinelinea Hardwick. UP: Chippewa, Keweenaw, Marquette, Schoolcraft, 18  
July-3 August (MCN). NLP: Cheboygan, Crawford, Oceana, Ogemaw, Otsego, 
Roscommon, 5-24 July (DF, EM, MCN, EV). Specimens determined by David 
Hardwick deposited in the MSU and Nielsen Collections. 

1383 Euxoa brocha (Morrison). SLP: Lenawee, 17 July (LR). One specimen collected 
at UV near Tipton, determined by David Hardwick. 

1387 Euxoa auxiliaris (Grote). UP: Chippewa, 27 July. SLP: Kalamazoo, Ottawa, 25 
May & 6 July. One adult recorded from Saulte Ste. Marie (Hardwick, 1970). 
Other records refer to  lama1 specimens determined by D. M. Weisman (USDA) 
and deposited in the MSU Collection. 

1389 Euxoa drewseni (Staudinger). UP: Chippewa (Drummond Island), Mackinaw, 25 
June-24 August (SM). NLP: Charlevoix (Beaver lsland), Newaygo, Oceana, 
Roscommon, 9 June-26 July (DE, EM, SM, MCN, VW). SLP: Montcalm, 6 July 
(JHN). Specimens determined by David Hardwick. 

1410 Eucoptocnemis fimbriaris (Guende). NLP: Newaygo, Oceana, 31 August- 
September (DE, EM). SLP: Livingston, 10-14 September (JHN). 

1450 Agrotis subterranea (Fabricius). NLP: Newaygo, 10 August (DE). SLP: Lenawee, 
18 July (JHN). One specimen taken at UV in Fremont; another at bait along 
Bean Creek near Morenci. Deposited in the Newman Collection. 

1459 Copablepharon lorzgipennis Grote. SLP: Berrien, 30 August (JHN). One specimen 
at UV in TSS., R.l9W., Section 29; deposited in the Newman Collection. 
Determined by David Hardwick. 

1481 Anicla infecta (Ochsenheimer). SLP: Lenawee, 26 August (MCN). One immacu- 
late male at UV along Bean Creek near Morenci; deposited in the Nielsen 
Collection. 

1483 Euagrotis illapsa (Walker). SLP: Barry, Clinton, Eaton, lngham, Lenawee, St. 
Joseph, 16 August-4 September (MCN). Specimens determined by J. G. Francle- 
mont. 

1483.1 Euagrotis forbesi Franclemont. NLP: Otsego, Roscommon, 2, 3 July (MCN). 
Specimens determined by J.  G. Franclemont; deposited in MSU and Nielsen 
Collections. 

1493 Metalepsis fishi (Grote). UP: Chippewa, Schoolcraft, 25-29 May (JPD, JHN, 
MCN). NLP: Cheboygan, Ogemaw, Otsego, Roscommon, 15 April-29 May (DF, 
MCN, VW). Specimens collected at bait and UV; deposited in the MSU, Newman 
and Nielsen Collections. 

1501 Chersotis juncta (Grote). UP: Marquette, 31 July-2 August (MCN). Two fresh 
males collected at UV in open jack pine in the Yellow Dog Plain; deposited in 
the Nielsen Collection. 

1510.1 Diarsia pseudorosaria freemani Hardwick. UP: lsle Royale, Schoolcraft, 8-26 July 
(RH, JHN). Specimens determined by David Hardwick; deposited in the MSU and 
Newman Collections. 

1517 Amathes oblata (Morrison). UP: lsle Royale, Schoolcraft, 8-29 July (JPD, RH, 
JHN, MCN). Specimens collected at bait and UV near large acid bog in T.42N., 
R.l6W., Section 13; deposited in the MSU and Nielsen Collections. 
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1527 Amathes opacifrons (Grote) UP: Chippewa, Schoolcraft, 18-20 August (MCN). 
NLP: Antrim, Oceana, Otsego, Roscommon, 6 August-10 September (EM, JHN, 
MCN, VW). SLP: Clinton, Livingston, St. Joseph, 8 September (MCN). 

1555 Anomogyna perquiritata (Morrison). UP: lsle Royale, 24-27 July (RH). One 
specimen deposited in the MSU Collection. 

1558 Anomogyna imperita (Hiibner). UP: lsle Royale, 24-29 July (RH). Determined by 
A. E. Brower. One specimen deposited in the MSU Collection. 

1561.1 Anomogyma badicollis (Grote). UP: Schoolcraft, 5-25 July (MCN). NLP: Otsego, 
24 July-2 August (MCN). Specimens determined by J. G. Franclemont; deposited 
in the Nielsen Collection. 

1562 Anomogyma janualis (Grote). NLP: Cheboygan, Mecosta, Otsego, 21 August-3 
September (MCN). Specimens determined by J. G. Franclemont; deposited in the 
Nielsen Collection. 

1562.1 Anomogyma youngii (Smith). NLP: Otsego, 12 August-2 September (JHN, MCN). 
Specimens determined by J.  G. Franclemont; deposited in the Nielsen Collection. 

1594 Abagrotis barnesi (Benjamin). SLP: Livingston, Oakland, 29 June-8 July (JHN). 
Long series deposited in MSU Collection. 

1679 Polio radix (Walker). UP: Keweenaw, 23 July (MCN). NLP: Grand Traverse, 
Otsego, 31 May-16 July (EM, MCN). One specimen taken at UV in Fort Wilkins 
State Park, another collected at  bait in Otsego County, determined by J. G. 
Franclemont. Specimens deposited in the Metzler and Nielsen Collections. 

1684 Polio tacoma (Strecker). UP: lsle Royale, Mackinac, Schoolcraft, 27 May-3 July 
(RH, JHN, MCN, VW). NLP: Montmorency, 31 May (WSM). Several specimens 
collected at W near large acid bog in T.42N., R.l6W., Section 13. 

1685 Polio rugosa (Morrison). UP: Schoolcraft, 15 June-26 July (MCN). NLP: 
Cheboygon, 14 July (EV). Three males collected at lights adjacent to large acid 
bog in T.42N., R.l6W., Section 13; one taken at Douglas Lake Biological Station. 

1694 Polk pulverulenta (Smith). UP: Chippewa, Schoolcraft, 15 June-20 July (JHN, 
MCN). Most of the specimens were collected near the large acid bog in T.42N., 
R.l6W., Section 13 at bait and UV. 

1697 Polia cristifera (Walker). UP: Gogebic, Schoolcraft, 19-22 June (MCN, VW). One 
immaculate male taken at  UV near the large acid bog in T.42N., R.l6W., Section 
13; specimens deposited in the Nielsen and Warczynski Collections. 

1734 Lacinipolia imbuna (Smith). UP: Isle Royale, 23 July (RH). One specimen 
determined by A. E. Brower; deposited in the MSU Collection. 

1789 Anarta cordgera Thunberg. UP: Chippewa, Schoolcraft, 20 May-12 June (JHN, 
MCN, VW). NLP: Otsego, 20, 21 May (MCN). Numerous in acid bogs feeding by day 
on leatherleaf, blueberry and bog rosemary blossoms. 

1841 Protorthodes curtica (Smith). NLP: Oceana, 10-20 September (EM). Determined 
by D. Hardwick, deposited in the Newman Collection. 

1917 Xylomyges alternans (Walker). SLP: Allegan, Ottawa, 18-22 May (GB, JPD, JHN, 
MCN). Several males collected at  UV in the Allegan State Forest. 

1941 Orthosia alurina Smith. SLP: Clinton, lngham, 12-21 April (GB, MCN). Speci- 
mens collected at UV in the DansviIle and Rose Lake State Game Areas, 
deposited in the Belyea and Nielsen Collections. 

1974 Leucania ursula (Forbes). SLP: Lenawee, 31 August (MCN). Specimens collected 
at UV along Bean Creek near Morenci, deposited in the Nielsen Collection. 

1975 Leucania inermis (Forbes). NLP: Otsego, 21-24 July (MCN). Specimens deposited 
in the MSU and Nielsen Collections. 

2024 Brachionycha borealis (Smith). NLP: Arenac, Otsego, Roscommon, 13 April-5 
May (GB, MCN, VW). Several immaculate males at  UV in oak-pine forests. 

2116 Oncocnemis piffardi (Walker). UP: Iron, 24 August. NLP: Benzie, Cheboygan, 22 
August-22 September (MCN, VW). Three immaculate specimens at UV along the 
marsh edge of Elliot Creek, near U.S. Highway 23, in Cheboygan County. 
Specimens deposited in the Nielsen and Warczynski Collections. 
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2153a Homohadena infixa dinalda Smith. UP: Baraga, Marquette, 16 July-2 August 
(MCN, RW). NLP: Roscommon, 26 July (VW). Specimens deposited in the MSU, 
Nielsen and Warczynski Collections. 

2155 Adita chwnanthi (J. E. Smith). NLP: Benzie, 25 August-2 September. SLP: 
Berrien, Lenawee, 18 August-18 September (LR, MCN). 

2157.1 Apharetra purpurea McDunnough. UP: Luce, Schoolcraft, 15, 16 July (MCN). 
NLP: Otsego, 2-11 August (MCN). Common at bait in oak-pine forests. Speci- 
mens determined by A. E. Brower and J. G. Franclemont. 

2185 Feralia major Smith. NLP: Arenac, Oceana, Ogemaw, Otsego, Roscommon, 13 
April-15 May (DF, EM, MCN, VW). Several males at UV in oak-pine forests. 

2209 Cleoceris discinigra (Walker). NLP: Osceola, Otsego, 3-7 September (MCN, WCS). 
Specimens deposited in the Newman and Nielsen Collections. 

2262 Xylena thoracica (Putnam-Cramer). UP: Schoolcraft, 30 May (MCN). NLP: 
Benzie, Ogemaw, Otsego, Roscommon, 13 April-8 October (DF, MCN, VW). 
Specimens collected at bait and UV in spring and fall. 

2273 Mnwtype versuta (Smith). UP: Gogebic, 13 July (T. Eiber). One specimen 
collected in T.44N., R.39W., Section 32 at light; determined by E. L. Todd. 
Deposited in the MSU Collection. 

2276 Mniotype minwta (Smith). UP: Gogebic, 22 June (VW). One specimen deposited 
in the Newman Collection. 

2283 Fishia enthea Grote. NLP: Bay, Oceana, Otsego, Roscommon, 11 September-3 
October (EM, MCN, VW). Several males collected at UV in open aspen areas. 

2289.1 Chaetaglaea cerata Franclemont. NLP: Otsego, 2-1 1 October (MCN). SLP: 
Ingham, 6 October (MCN). Specimens determined by J. G. Franclemont, 
deposited in the MSU and NieIsen Collections. 

2300 Pyreferra citromba Franclemont. SLP: Clinton, Macomb, 24 January-17 
October (GB, JHN). Specimens collected at bait and UV in spring and fall. 

2304.1 Eupsilia vinulenta (Grote). NLP: Osceola, 4-15 October (WCS). SLP: Clinton, Eaton, 
Ingham, Shiawassee, Wayne, 4 October-28 April (GB, JPD, MCN). Specimens 
collected at bait and UV in spring and fall. 

2355 Apam2a inordinata (Morrison). UP: Chippewa, 19, 20 June. NLP: Benzie, 
Manistee, Oceana, Otsego, Roscommon, 19-27 June (EM, MCN, VW). SLP: 
Clinton, Genesee, Gratiot, Ingham, Jackson, Montcalm, 5-24 June (JHN, WT). 

236 1 Apamea commoda Walker). NLP: Roscommon, 2-6 July (MCN, VW). Two im- 
maculate specimens taken at UV in oak-pine forest opening; deposited in the Nielsen 
and Warczynski Collections. 

2363 Apamea mixta (Grote). NLP: Otsego, 30, 31 July (MCN). Three immaculate 
males collected at bait in oak-pine forest, deposited in the Nielsen Collection. 

2368.1 Agroperina cogitafa (Smith). UP: Isle Royale, 13-24 July (RH). Two specimens 
de~osi ted  in the MSU Collection. 

2379 ~ r ; m o d e s  burgessi (Morrison). NLP: Newaygo, Oceana, 26 August-17 September 
(EM, JHN). 

2428 Eremobina hilli (Grote). UP: Schoolcraft, 4, 5 August (MCN). NLP: Otseyo, 13 . . - .  - .  

August-3 September (MCN). 
2473 Hydroecia immanis Guende. SLP: Berrien, Lenawee, 24 August-18 September 

(MCN, ET). Three specimens have been collected at UV near Galien and Morenci. 
Deposited in the Newman and Nielsen Collections. 

2479 Papaipema appassionata (Harvey). UP: Chippewa, 25 August (MCN). NLP: 
Alpena, Cheboygan, Montmorency, 25 August-4 September (MCN). Specimens 
reared from larvae found in pitcher-plants uowing in bogs in proximity to Lake 
Huron shoreline. 

2482 Papaipema speciosissima (Grote & Robinson). SLP: Ingham, Livingston, 1 
September-3 October (IJC, JHN). Most of the specimens collected to date have 
come from the E. S. George. Reserve near Plnckney. 

2489 Papaipema nepheleptena Dyar. NLP: Oceana, 20 September. SLP: Berrien. 
Clinton, Lenawee, Livingston, Oakland, 8 Septemberd October (IJC, JPD, JHN). 
All specimens have been collected at UV traps. 
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250 1 Papaipema harrisi (Grote). SLP: Clinton, Hillsdale, Jackson, Lenawee, Shiawassee, 
6 August-3 September (MCN). Nielsen has reared adults from larvae boring into 
stems of Angelica atropurpurea from each county. 

2508 Papaipema lysimachiae Bird. SLP: Berrien, 6-7 September (MCN). Specimens 
reared from larvae boring in Lysimachin sp. growing in small marsh in Grand 
Mere Dunes; deposited in the Nielsen Collection. 

2532 Pavapamea buffaloensis Grote. SLP: Ingham, Jackson, 31 August-7 October. 
Specimens deposited in the Newman and MSU Collections. 

2544 Iodopepla u-album (Guenle). SLP: Berrien, St. Joseph. 20 May-8 September (GB, 
EM, MCN). Three specimens have been coUected at UV in the Three Rivers State 
Game Area. One specimen taken a t  Grand Mere Dunes. Deposited in the  Belyea, 
Metzler and Nielsen Collections. 

261 1 Condica cupentia (Cramer). SLP: Berrien, Lenawee, 22 September-16 October 
(LR, ET). Specimens deposited in the Newman and MSU Collections. 

2656 Platyperigea extima (Walker). UP: Mackinac, 30 August (MCN). NLP: Otsego, 4 
August (MCN). SLP: Ingham, 10 July (MCN). 

2685.1 Enargia infumata (Grote). UP: Isle Royale, Schoolcraft, 20 July-9 September 
(PEM, MCN). NLP: Otsego, 7 August-3 September (MCN). SLP: Macomb, 24 
August (JHN). Specimens determined by J. G.  Franclemont and D. Ferguson. 

2692 Elydna gulnare (Strecker). SLP: Berrien, 26 June-1 9 August (ET). Specimens 
collected at UV in Galien, deposited in the MSU and Newman Collections. 

2715.1 Pyrrhia exprimens (Walker). UP: Gogebic, Iron, 22, 23 June (VW). NLP: 
Cheboygan, Crawford, Oscoda, Roscommon, 2 June-5 July (PEM, JHN). SLP: 
Gratiot, 22 July. 

2810 Basilodes pepifa Guende. SLP: Lenawee, 28 July-12 A u s s t  (MCN, VW). 
Nielsen has collected larvae feeding on  Verbesina alternifolia flower heads at 
night along Bean Creek near Morenci. 

2871 Eictricopis nexilis (Morrison). NLP: Iosco, Otsego, 16-20 May (MCN). Adults 
collected during the day feeding on  flowers of Antennaria sp.; larvae found 
feeding on flower heads of Antennaria during June. Specimens deposited in the 
Nielsen collection. 

2933.1 Heliothis subflexa (GuenCe). NLP: Bay, Benzie, Oceana, 12 June-6 October (EM). 
SLP: Wayne, 23 August (JHN). Specimens determined by Hardwick. 

2938 Schinia lucens (Morrison). NLP: Newaygo, 13  June (DE). One specimen collected 
in the daytime near Fremont, deposited in the Newman Collection. 

3006 Schinia thoreaui (Grote & Robinson). SLP: Berrien, Lenawee, Monroe, 29 
July-22 August (EA, MCN, ET). All specimens collected at UV. 

3023 Schinia mortua (Grote). NLP: Wexford, 22 August (RS). One fresh specimen 
collected during the daytime near Cadillac. Deposited in the MSU Collection. 

3028 Schinia brevis (Grote). HLP: Manistee, 3 1  August (JM). SLP: Berrien, 8 
September (ET). One specimen collected at UV at Bear Lake and Galien, 
deposited in the Newman and MSU Collections. 

3113 Thioptera nigrofimbria (Guenle). NLP: Benzie, 26 September. One specimen 
collected in a UV trap at Frankfort. Specimen deposited in the Newman 
Collection. 

3122 Lirhacodia concinnimacula (Guende). UP: Delta, lsle Royale, Schoolcraft, 8 June 
18 July (RRD, RH). Specimens deposited in MSU Collection. 

3147 Spragueia onagrus (Guenee). SLP: Berrien, 2 J u l y 4  September (ET). Several 
specimens taken in UV trap at Galien. 

3148 Spragueia leo (Guende). SLP: Berrien, 2 J u l y 4  September (ET). Several speci- 
mens taken in UV trap a t  Galien. 

3230 Paectes abrostolodes (Guenle). NLP: Oceana, 27 June (EM). SLP: Clinton, 
Lenawee, 8-19 June (MCN, LR). One specimen at UV from the Rose Lake 
Wildlife Experiment Station. Specimens deposited in the Metzler. Newman and 
Nielsen Collections. 
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Syngrapha microgamma (Huebner). UP: Chippewa, Schoolcraft, 5-22 June (JHN, 
MCN, VW). Most specimens collected at leatherleaf and bog laurel flowers in 
sphagnum-heath bogs during the day. 
Syngrapha montana (Packard). UP: Mackinac, Schoolcraft, 11 June-10 July (JHN, 
VW). Collected with microgamma. Determined by D. Ferguson, deposited in the 
Newman Collection. 
Autographa pseudogamma (Grote). UP: Iron, Keweenaw, 3-24 July (LE, MCN). 
Two specimens collected at UV near Beechwood (determined by Thomas Eichlin), 
and two specimens taken at fueweed flowers near Copper Harbor. Deposited in 
the MSU and Nielsen Collections. 
Autographaflagellum (Walker). UP: Alger, Menominee, 2 July. NLP: Newaygo, 
18-23 July. Several specimens collected in UV traps. 

Abrostola ovalis Guende. SLP: Barry, Livingston, Montcalm, 1-15 June (MCN, 
JHN). Two immaculate specimens collected at UV in the Yankee Springs 
Recreation Area and two from the E. S. George Reserve. Deposited in the Newman 
and Nielsen Collections. 
Catocala angusi Grote. SLP: Lenawee, 4 September (MCN). One fresh female at  
bait in oak-hickory woodlot near Morenci, determined by A. E. Brower. 
Deposited in the Nielsen Collection. 
Catocala lacrymosa Guende. SLP: Clinton, Ingham (Cook, 1890), Washtenaw, 9 
July-25 August. Two specimens deposited in the MSU Collection, determined by 
A. E. Brower. 
Catocala illecta Walker. SLP: Lenawee, 11-20 July (JHN, MCN). Several 
specimens collected at bait and UV along Bean Creek near Morenci. 
Catocala mrdida Grote. UP: Luce, Marquette, Schoolcraft, 30 July-6 August 
(MCN). NLP: Clare, Oceana, Otsego, 1-22 August (EM, MCN). Many of Moore's 
records listed under gracilis Edwards included this species. 
Catocala clintoni Grote. SLP: lngham (Cook, 1890). Material no longer extant 
in the MSU Collection. The species has been collected in Wisconsin by Sieker 
(personal communication). 
Caenurgia chloropha (Hiibner). SLP: Lenawee, 24 September (LR). One specimen 
collected at UV near Tipton; deposited in the Newman Collection. 
Mocis texana (Morrison). SLP: Benien, Livingston, 16 June-22 September (DC, 
JHN, ET). Specimens collected at UV in Grand Mere Dunes, Galien and near 
South Lyon. 
Zale submediana Strand. UP: Schoolcraft, 31 May-3 June (MCN). NLP: Otsego, 
17-31 May (MCN). Specimens collected at bait, determined by J. G. Francle- 
mont. 
Zale metatoides McDunnough. NLP: Arenac, 3 June (VW). One specimen 
deposited in the Nielsen Collection, determined by D. Ferguson. 
Bendis detrahens (Walker). SLP: Berrien, 1 June (ET). One specimen collected in 
UV trap at Galien, deposited in MSU Collection. 
Panopoda carneicosta Guende. SLP: Clinton, Lenawee, Livingston, Oakland, 8 
June-18 July (RLF, JHN, MCN, LR). Moore included this species with his 
records of rufimargo. 
Meliporis indomita (Walker). SLP: Kalamazoo, Lenawee, 9 July (RLF, JPD). One 
worn specimen collected, at UV near Morenci in 1970; another worn specimen 
taken at UV at the Gull Lake MSU Biological station in 1957. Deposited in the 
MSU Collection. 
Phyprosopus callitrichoides Grote. SLP: Berrien, 12-16 June (DC, LM). Two 
specimens collected at UV at Sawyer and Grand Mere Dunes. Deposited in the 
Nielsen Collection. 
Tathorhynchus angustiorata Grote. SLP: Lenawee, 1 2  August (LR). One 
specimen collected in UV trap in Tipton. Deposited in the MSU Collection. 
Phytometra coccineifascia Grote. SLP: Allegan, 24 July-1 August (EM). Two 
specimens deposited in the Metzler and MSU Collections. 
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Hypenodes palustris Ferguson. UP: Schoolcraft, 21 June (MCN). NLP: Otsego, 
19 July (MCN). Specimens determined by E. L. Todd; deposited in the MSU and 
Nielsen Collections. 

NOTODONTIDAE 

3859.1 Symmerista leucitys Franclemont. UP: Chippewa, Schoolcraft, 7 June-5 August 
(RRD, MCN). NLP: Benzie, Charlevoix (Beaver and High Islands), Roscommon, 
23 June-9 August (RRD, MCN, VW). SLP: Berrien, Ingham, Kalamazoo, Oakland, 
Washtenaw, 6 June-4 August (RLF, LM, WS). Specimens determined by J.  P. 
Donahue, deposited in MSU Collection. 

3859.2 Symmerista canicosta Franclemont. SLP: Allegan, Hillsdale, Ingham, 
Kalamazoo. 1 May-24 July (RLF, WS). Specimens determined by J.  P. Donahue, 
deposited in MSU Collection. 

3880 Dasylophia anguina (J. E. Smith). UP: Gogebic, 22 June (VW). SLP: Berrien, 
Kalamazoo, Lenawee, 13 June-18 August (RLF, MCN, ET). Specimens collected 
at UV at Galien, Gull Lake MSU Biological Station and near Morenci. 

3899 Heterocampa subrotata Harvey. NLP: Bay (VW). SLP: Berrien, Lenawee, 28 
May-30 July (MCN, LR). Most specimens have been collected at UV along Bean 
Creek near Morenci. 

3940.1 Gluphisia avimacula Hudson. UP: Chippewa, Mackinac, 16-1 8 May (MCN). 
NLP: Crawford, Emmet, Oceana, Oscoda, Otsego, 10 May-1 June (EM, JHN, 
MCN). SLP: Livingston, Oakland, 1-5 May (EM, JHN). Specimens of the form 
slossoni Packard have been taken in the northern counties. 

LASIOCAMPIDAE 

3994 Malacosoma califbrnica pluviale Dyar. UP: Alger, Chippewa, Isle Royale (Stehr 
& Cook, 1968), Luce, Mackinac, Schoolcraft, 2 July-12 August (SM, WSM, WWN, 
FS). NLP: Charlevoix (High Island), 16 July (SM). Larval nests found on dwarf 
birch, Betula pumila, in sphagnum-heath bogs (MCN). 

3998 Heteropacha rileyana Harvey. SLP: Lenawee, 29 May-21 August (MCN). Nielsen 
has beaten larvae from small honey locusts along Bean Creek near Morenci. 

GEOMETRIDAE 

4025 Leucobrephos brephoides (Walker). NLP: Charlevoix, Otsego, 13-1 7 April (JPD, 
JHN, BW). First collected near Opal Lake in Otsego County flying with Brephos 
infbns (Donahue & Newman, 1967). Specimens deposited in the MSU and Wilson 
collections. 

4046 Nemoria bishiaria rubromarainaria (Packard). SLP: Kalamazoo. 18 Julv-9 August 
(RLF). Specimens collected at uv at the' Gull Lake MSU ~ i o l o ~ i c a l  station, 
determined by D. Ferguson. Deposited in the MSU Collection. 

4367 Eupithecia mutata Pearsall. UP: Chippewa, 6 July (RS). One specimen collected 
at Emerson Camp, deposited in the MSU Collection. 

4398 Eustroma semiatrata (Hulst). UP: Schoolcraft, 26 July (JHN, MCN). NLP: 
Cheboygan, Newaygo, Ogemaw, Otsego, Roscommon, 11-26 July (DF, EM, MCN, 
EV, VW). SLP: Montcalm, 8 July (JPD). 

4412 Plemyria georgii Hulst. UP: Delta, Houghton, Roscommon, Schoolcraft, 6 
August-8 September (RRD, JHN, VW). Specimens deposited in the Newman and 
Nielsen Collections. 

4416 Dysstroma citrata (Linnaeus). UP: Isle Royale, Mackinac, 29 July-9 September 
(RH, PM, MCN). NLP: Osceola, Otsego, 26 August-4 October (MCN, WCS). 
Osceola County specimen determined by D. Ferguson. 

4434 Stamnodes gibbicostata (Walker). NLP: Mason, 1 8 September (EM). SLP: 
Lenawee, 5-8 September (JHN). Specimens deposited in the MSU Collection. 

4509 Xanthorhoe lacustrata (Guende). UP: Iron, 20 June. SLP: Calhoun, Clinton, 
Ingham, Kalamazoo, Livingston, Oakland, St. Clair, Shiawasee, Wayne, 8 April-31 
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July (RLF, WCS). Moore's records of this species refer to X. intermediata, which 
is identical to his records of Euphyia intermediata, according to J .  P. Donahue 
(personal communication). 

4657.1 Mellilla stwvaria (Packard). SLP: Lenawcc, Kalamazoo, Washtenaw, 3 July-5 
August (RLF, JHN, MCN). Several specimens colIected at UV along Bean Creek, 
near Morenci. 

4687 Semiothisa sexmaculata (Packard). SLP: Clinton, Shiawassee, 29 May-August 
(RLF, LW). Specimens from the Rose Lake Wildlife Station were reared on 
tamarack by Louis Wilson; determined by D. Ferguson. Specimens deposited in 
the MSU Collection. 

4688 Semiothisa denticulata (Grote). NLP: Newaygo, 9-11 July (JHN). Several 
specimens collected during the daytime in large prairie in T.12N., R.l2W., 
Section 2, deposited in the Newman Collection. 

4804 Eufidonia discospilata (Walker). UP: Schoolcraft, 28 May-12 June (RLF, RS). 
NLP: Kalkaska, 22 May (RLF); SLP: Livingston, 5 June (WCS). Specimens 
deposited in the MSU Collection, determined by D. Ferguson. 

4805.1 Orthofidonia flavivenata (Hulst). NLP: Otsego, 26 May (MCN). One fresh 
specimen at UV in T.29N., R.2W., Section 18, deposited in the Nielsen 
Collection. 

4812 Tornos scolopacinarius GuenLe. SLP: Kalamazoo, Livingston, 2 May-19 July 
(RLF, JHN). Several specimens collected at lights at  the Gull Lake MSU 
Biological Station and near South Lyon. 

5012 Epirrhanthis substriafaria (Hulst). UP: Chippewa, May (JPD). NLP: Charlevoix, 
Ogemaw, Otsego, Roscommon, 15 April-15 May (GB, DF, MCN, VW). Several 
specimens collected at UV in oak-pine forests. 

EPIPLEMIDAE 

5225 Callendapteryx dryopterata Grote. SLP: Clinton, Livingst on, 19 June-20 August 
(RWHo, MCN). Three specimens collected at UV; deposited in the MSU and 
Nielsen Collections. 

LACOSOMIDAE 

5227 Lacosoma chiridota Grote. SLP: Kalamazoo, Livingston, Oakland, Washtenaw, 
10 June-6 July (RLF, JHN). 

5229 Cicinnus melsheimeri (Harris). SLP: Clinton, Ingham, Kalamazoo, Livingston, 
Oakland, 10 June-14 July (GB, RLF, PEM, JHN, WCS). 
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ABSTRACT 

The n~orphology and histology of a previously undescribed sex pheromone gland in 
male scorpionflies of the genus Panorpa (Mecoptera: Panorpidae) and a morphologically 
similar gland in Brachypat~orpa (Mecoptera: Panorpodidae) are described and discussed. 
The gland and the associated pheromone dispersing structure consist of an eversible 
pouch that lies in the ventral part of the male genital bulb a t  the point where the 
basistyles diverge. The glandular layer of epithelium is composed of three types of cells 
that vary in size between species of Panorpa and between Panorpa and Brachyponorpa. It 
is suggested that the gland may have evolved from a structure that is everted by the male 
during copulation and used to push the female's terminal abdominal segments ou t  of the 
way and/or open the female genital aperture. 

INTRODUCTION 

The extant scorpionflies, or insects of the order Mecoptera, are a minor order of 
insects containing only a few hundred described species and are relics of a once larger 
and more widespread order. The fossil record indicates that the Mecoptera were most 
abundant during the last Paleozoic and Mesozoic Eras. In some Permian deposits in 
Russia and parts of North American, the Mecoptera comprise a large component of the 
total insect fauna. One fossil mecopteran dates back t o  the Upper Carboniferous Period 
and is thus the oldest known fossil of an insect having complete metamorphosis. Their 
antiquity and generally primitive state makes them of great importance in the understand- 
ing of the evolutionary history of insects, and many insect evolutionists believe that a 
mecopteran ancestor probably gave rise to what is referred to as the Panorpoid cornplex 
of insect orders, i.e., the Neuroptera, Mecoptera, Lepidoptera, Trichoptera, Diptera and 
Siphonaptera. 

Despite their phylogenetic significance, the insects of the order Mecoptera have been 
studied very little relative to rnost orders of insects. Most of the literature o n  tht: 
mecopterous insects is taxonomic or morphological in nature. However, a few authors, 
including Caron (1966), Cooper (1940), Newkirk (1957), Brownson (1964), and 
Bornemissza (1964, 1966a, 1966b) have discussed certain aspects of the behavior and 
ecology of these insects. Two year ago I initiated a study of the comparative behavior 
and comparative ecology of the eastern North American Mecoptera in hopes of filling in 
some of the gaps in our understanding of this interesting order of  insects. Future papers 
will stress: 1) the behavioral strategies of the Mecoptera surrounding pair formation, 
courtship and copulation and the origin and evolution of these strategies particularly in 
the selective contents of sexual selection and sperm competition; 2) inter- and intra- 
specific ecological competition in the genus Panorpa as selective contexts leading to the 
evolution of adult seasonal emergence patterns. This paper is a first report o n  the repro- 
ductive behavior of eastern North American Mecoptera and includes information on  the 
morphology and histology of a previously undescribed sex pheromone gland in male 
scorpionflies of the genus Panorpa (Panorpidae) and a morphologically similar gland in 
Brachypanorpa (Panorpodidae) of unknown but probably similar function. 

l ~ e s e a r c h  supported in part by a grant from the National Science Foundation, 
GB-25986, to N. G. Hairston, The University of Michigan for research in Systematic and 
Evolutionary Biology. 
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Felt (1895) was the first worker to  mention the possibility of chemical communica- 
tion in Panorpa. He observed females palpating the dorsum of the  thud and fourth 
abdominal segments of males during courtship, and later noticed a "peculiar organ" at  
this location. He concluded that this structure probably secretes a volatile oil that  attracts 
the female to the male. However, that structure has no associated glandular tissue and 
Mickoleit (1971) recently reported o n  the  significance of this organ: it forms a clamp-like 
structure that holds the costa of the wing of the female during copulation. True olfactory 
sex pheromones have been reported in the Mecoptera. Bornemissza (1964, 1966a, 
1966b), in studies of four species of Harpobittacus (Mecoptera: Bittacidae) in Australia, 
found that apparently species-specific sex pheromones are secreted by the males from 
two eversible intertergal vesicles between abdominal segments 6-7 and 7-8. The 
pheromones in this case were detectable by the human nose and had an odor similar to 
butyric acid. Crossley and Waterhouse (1969) studied the ultrastructure of the phero- 
mone secreting gland in Harpobittacus and found that the  pheromone is secreted directly 
on the intertergal membrane and dispersed when the intertergal membranes are everted. 
These authors felt that the eversion of the glands is probably under the control of 
hemostatic pressure and inversion under the control of retractor muscles. 

Eversible abdominal sacs were described by Setty (1940), Newkirk (1957) and 
Brownson (1964) in the males of various North American species of Bittacus and these 
authors suggested that these structures might be the source of a sex pheromone. During 
my study of the eastern Mecoptera, 1 have investigated chemical communication in detail 
in three species of Bittacus and found that olfactory sex pheromones that are apparently 
species-specific are produced by males in glands homologous with those in Harpobirracus. 
However, the pheromones in the North American bittacids are not detectable by the 
human nose. The results of the pheromone studies in Bittacus will be published at a later 
date. 

Pheromone glands have not been reported in Panorpa or Brachypanorpa. However, 
Grell (1942) in a detailed study of the morphology of the male genital bulb of P. 
conzmunis L., a European species, observed a layer of glandular epithelium surrounding 
the genital pouch in the genital bulb and the results of my investigation show that  this is 
undoubtedly the source of the sex pheromone in these insects. 

MATERlALS AND METHODS 

The species referred to in this paper were collected at the following localities: 

Panorpa banksi Hine-Washtenaw Co., Michigan, near Ann Arbor, June and July, 1972. 

Panorpa jlexa Carpenter-Swain Co., North Carolina, along road from Newfound Gap 
to  Clingman's Dome, elev. 5100 ft.,  June 9 ,  1972. 

Brachypanorpa carolinensis (Banks)-Mitchell Co., North Carolina, Crabtree Meadows 
Campground, elev. 3700 ft.,  June 4 and 5 ,  1972. 

The genital bulbs of males preserved in 80% ethyl alcohol were removed and placed in 
dioxane for 24 hours for dehydration and then embedded in a 1 : l  paraplastR dioxane 
mixture for 2 hours and finally embedded in pure Paraplast (m.p. 56") for 2 hours. Serial 
sections cut at 5-10 were stained with Delafield's hematoxylineosin for observation. 

RESULTS AND DISCUSSlON 

,4,forp/2ology and Histolog~l of' the Pheromone Gland in illales o f ' t h e  Genus Panorpa- 
Early in my investigation of the behavior of the Panorpidae, 1 noticed that a portion of 
the exoskeleton between the basistyles on the venter of the male genital bulb2>3 was 

 he genital bulb is the bulbous genital apparatus of male scorpiontlies, consisting of 
the 9th,  10 th  and 11 t h  abdominal segments. 

3 ~ e e  the excellent paper by Grell (1942) for morphological details of structures other 
than the pheromone gland in the male genital bulb of Panorpa. 
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everted in the form of a sac or vesicle during courtship. Chemical assays were not 
conducted to confirm that this structure produces a pheromone. However, tests involving 
observations of the responses of receptive females to courting males before and after the 
glands were covered with beeswax or Testor's Pla airplane dope showed conclusively that 
the everted vesicle is the source of a pheromone. Further studies, which will be described 
in a subsequent paper, revealed that this is the site of production of an apparently 
species-specific olfactory pheromone which serves to attract receptive females from dis- 
tances up to 25 feet. Fig. 1 shows a courting male of P. banksi with his pheromone gland 
(P) everted. The figure also shows a coil of solidified saliva (S) projecting from the male's 
mouth. The solidified saliva is presented to an attracted female just prior to copulation. 

The sex pheromone gland of Panorpa males is not homologous with those of the 
Bittacidae (vide supra). In Panorpa, the gland is a)  a single eversible pouch, b )  lined 
ventrally with glandular epithelium, c) located in the ventral part of the genital bulb, and 
d)  projecting anteriorly into the genital bulb at the point where the basistyles diverge 
(GP, Figs. 2, 4 ,  5 ,  7, 8). The hypovalvae, i.e., the bifurcate portion of abdominal sternum 

Fig. 1 .  Male of Panorpa banksi with genital pouch everted and dispersing sex pheromone. 
The structure projecting from the male's mouth is a solidified coil of sahvary 
secretion which is presented to an attracted female as a nuptial offering. 
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IX, have been partially removed in Fig. 2 t o  show the location of the genital pouch 
which varies in size slightly between species of Panorpa and which is very large in some 
species of Neopanorpa (Byers, personal communication), an Asian genus of panorpid. The 
genital pouch is probably everted by hemostatic pressure and is inverted by 2 sets of 
retractor muscles (RM, Fig. 4). 

At the base of the layer of glandular epithelium lining the ventral wall of the genital 
chamber the cuticle forms filamentous processes projecting into the chamber (CP, Figs. 5 ,  
11, 12). The processes vary in length from 15 p to 17.5 p and are about 2 p wide at 
their bases in P. jlexa. In P. banksi the processes are about 35 p in length (CP, Fig. 12). 
The cuticular lining of the genital pouch also forms vesicles which invaginate into the 
glandular layer (V, Fig. 1 1). Grell (1942) noticed a variation in the size of these vesicles 
in P communis  in Europe, and felt that the large vesicles were probably associated only 
with sexually mature males. I could not see any marked variation in the size of the 
vesicles between individuals or between species of Panorpa even though some individuals 
sectioned were teneral and some definitely sexually mature, i.e., individuals that 
were seen exposing their pheromone gland in courtship prior t o  their preservation 
in ethyl alcohol. No differences were observed in the structure of the glandular 
layer of epithelium of individuals of P. flexa ranging from very teneral (less than 
one day old) up to 49 days of age when preserved and sectioned. On the other 
hand, the height of the glandular layer of cells does vary between species and this 
variation is discussed below. Courtship and mating in most species of Panorpa occur 
primarily at dawn, at dusk and at night. Courtship and the simultaneous release of a 
pheromone begins in males a t  an age of two to four days and continues in a circadian 
manner until the death of the male. Although this general pattern is probably typical of 
most of our panorpid fauna, Byers (1963) reported that P. nuptialis Gerstaecker probably 
males during the day and is inactive a t  night. 

The  epithelial components making up the pheromone gland of Panorpa are of three 
types of usually closely packed cells. These three cell types were described by Grell 
( 1  942) and 1 wiIl employ his terminology. A layer of flat matrix epithelial cells (MCN, 

I 4 

Figs. 2 and 3. Vcntral views of the genital bulbs of male scorpiontlies, hypovalves 
(sternum IX) partially removed. Both same scale. Fig. 2. Panorpa .flc.ua. 
Fig. 3. Brachypanorpa carolinensis. 
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Figs. 4.  5 ,  and 6 .  Diagrams of the genital bulbs of male scorpionflies. All same scale. 
Accessory and matrix cells omitted. Fig. 4. Panorpa flexa; sagittal 
section. Fig. 5.  Panorpa flexa; cross section. Fig. 6. Brachypanorpa 
carolinensis; cross section. 
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Figs. 7,  8 ,  9 ,  and 10. Photomicrographs of the genital bulbs of male scorpionflies. 35X. 
Fig. 7. Panorpa flexa; sagittal section made lateral to the hypo- 
valves (sternum IX). Fig. 8. Panorpa flesa; cross section. Fig. 9. 
Brachypar~orpa carolinensis; sagittal section. Fig. 10. Brachypanorpa 
carolinensis; cross section. 

Figs. 1 I and 12) lies just below the cuticular lining of the genital pouch. The boundaries 
of these cells in the region of the gland cannot be determined with light microscopy. 
However, the subelongate or elongate nuclei are conspicuous, and in P. banksi  range in 
length from 5 p  to 8 p  ( 1 . 5 ~  to 2.5p in P. tlexa). The vacuolated columnar glandular cells 
(GC: Figs. 11, 12) located below the matrix layer of cells, range in height from 37p to 
71p ( 1 7 . 5 ~  to 2 8 . 5 ~  in P flexa) and from 7p to 31p in wldth (4p to 9.5p in P. flexa). 
The shapes of the nuclei of these columnar cells range from oval to elongate and from 
I l p  to 17p in length ( 3 . 5 ~  to 5p in P. flexa). Accessory cells (AC, Fig. 11,  1 2 )  usually 
with indistinct boundaries, can be seen between the glandular cells. The nuclei of the 
accessory cells show approximately the same range in shape and size as the nuclei of the 
matrix cells. 

The secretory mechanism of the glandular cells is unknown, but the morphological 
evidence presented above suggests that the vacuoles containing droplets of the pheromone 
move through the glandular cells to the vesicle and through the cuticle of the vesicle to 
the genital chamber. The pheromone is then dispersed when the genital chamber is 
everted by hemostatic pressure. 

hlorphology and Histology o f  a Similar Gland in Bracl~vparzorpa carolinensis (Banks)- 
The rncilr genital pouch of B. carolinerzsis (GP, Figs. 3 ,  6, 9.  10) is about the same size as 
in Panorpa. The epithelial components of' the glandular structure are made up of the 
same three cell types (GC, AC, MCN; Fig. 13) as in Panorpa; however the glandular cells 
are larger than in P flexa but about the size of those in P. banksi,  ranging in height from 
1 7 . 5 ~  to 8 7 . 5 ~  and in width from 3 . 5 ~  ro 7p. The processes (CP, Fig. 13) of the 
cuticular lining of the genital chamber vary from 5.25 to 8.75 in length, and the vesicles 
formed by invaginations of the cuticle into the glandular cells are small and indistinct and 
very difficult to discern with the light microscope unlike those in Panorpa. As in 
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Fig. 11. Diagram of the epithelial components of the glandular layer of the  sex phero- 
mone gland of Panorpa banksi 

Figs. 12 and 13. Photomicrographs of the epithelial components of the  glandular layer of 
the sex pheromone gland of male scorpionflies. 400X. Fig. 12. Panorpa 
banksi  Fig. 13. Brachypanorpa carolinensis. 

Panorpa, retractor muscles (RM, Fig. 9) connect the  anterior part of t h e  genital pouch to  
the wall of genital bulb and probably control the inversion of the genital pouch. 

During two weeks of field observations on B. carolinensis in the southern Appalachian 
Mountains last summer, I did not  observe a single male everting his genital pouch in a 
courtship situation, nor did 1 observe mating in this species. However, the morphology of 
the chamber suggests a function similar to that in Panorpa. Further field and perhaps 
laboratory observations must be conducted in order to  elucidate the function of this 
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gland in Brachypanorpa carolinensis and' the importance of chemical communication 
during pair formation in this species. 

CONCLUDING REMARKS 

Miyake (1913, Fig. 4, p. 287) in a study of the Mecoptera of Japan mentioned that 
males of P. klugi M'Lachlan evert a vesicle from the venter of the genital bulb during 
copulation and that the everted vesicle protrudes posteriorly and presses the terminal 
abdominal segments (9th-11th) of the copulating female nearly at a right angle to the 
rest of the abdomen. He goes on to say that Panorpodes (Panorpodidae) has a structure 
in the genital bulb which may correspond to the eversible vesicle of Panorpa. The literature 
on the genitalia of the Mecoptera indicates that the genital bulb of Panorpa was very 
difficult to  interpret and prior to Miyake morphologists had thought the eversible vesicle 
to be the penis (see Stitz, 1906:538). Miyake's observation clearly demonstrated that the 
vesicle was not inserted into the female during copulation. 

Without question the eversible vesicle of Miyake is the same structure referred to as 
the genital pouch in the present paper. I have seen several hundred pairs of panorpas 
copulating and recorded numerous copulations on TV tape and 16 mm film. From these 
data it is apparent that the genital pouch is not always everted during an entire copula- 
tion, but is occasionally inverted and then immediately everted at irregular intervals. The 
female's terminal abdominal segments may fall to a plane with the other abdominal 
segments when the pouch is inverted and are raised to angles from 55" to 85' from the 
horizontal axis of the body when the pouch is everted. Therefore, Miyake's observation is 
correct, that is, the eversion of the pouch does lift the terminal segments of the female's 
abdomen during copulation. The question remaining is whether the everted genital pouch, 
in addition to its function as a pheromone dispersing structure, serves to allow the entry 
of the aedeagus into the female genital aperture; or alternatively, are the terminal 
abdominal segments of the female merely pushed up incidentally when the male everts 
his genital pouch to attract additional females. (Receptive females and occasionally males 
are attracted to copulating pairs.) This can be tested by covering the genital pouch of 
Panorpa males with beeswax and allowing them to mate with receptive virgin females. If 
sperm are not transferred by these males but are by untreated males this will indicate that 
the genital pouch does serve to move the terminal portion of the female's abdomen out 
of the way and/or open the genital aperture of the female so the aedeagus is properly 
received. If it is found that the eversible pouch, besides functioning as a pheromone 
gland, is also important as a mechanical aid in copulation, a reasonable context for the 
origin of the pheromone structure will have been provided, that is, originally functioning 
only as a device to help open the genital aperture of the female with its later cellular 
modification into a pheromone secreting structure. This would also explain the presence 
of the pheromone gland in the male sex of Panorpa, rather than in the female. 

Insight into the question of the origin of the pheromone gland in Panorpa could 
probably also be obtained by a morphological, coupled with a behavioral investigation of 
copulation in other panorpid genera such as Leptopanorpa and Neopanorpa, both of 
which are Asian in distribution. In addition it might be fruitful to investigate copulation 
in families of Mecoptera other than Panorpidae and Panorpodidae: the Apteropanorpidae, 
Choristidae, Nannochoristidae, Notiothaumidae all of which are extra-Nearctic in dis- 
tribution and the Meropeidae, which occurs in North America and Australia. The litera- 
ture on the comparative morphology of the genitalia of the Mecoptera is inadequate to 
determine whether the males in these families possessa structure similar to the genital 
pouch in the Panorpidae and Panorpodidae. On the other hand, the genitalia in the 
mecopterous family Boreidae has been described in some detail by Stitz (1908), 
Crampton (1923), Potter (1938), and Cooper (1940). These studies reveal no indication 
of an eversible genital pouch in Boreus and after observing copulating pairs of Bittacus 
and histological studies of their genitalia, I am convinced that males of this genus do not 
have a genital pouch either. 
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ABBREVIATIONS USED IN FIGURES 
AC accessory cell MCN matrix cell nucleus 
B basistyle P pheromone gland 
C cuticle RM retractor muscle 
CP cuticular process S salivary secretion 
D dististyle VAC vacuole 
GC glandular cell V vesicle 
GP genital pouch W ventral valve (paramere) 
H (STIX) hypovalve (sternum IX) 
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DEFINITION OF THE SUBFAMILY HEDOBllNAE BASED ON 
LARVAL CHARACTERISTICS (COLEOPTERA: ANOBIIDAE) 

Manuel G. de Viedma 
Department of Entomology, College of Forestry, 

Universidad Politkcnica, Madrid, Spain 

Recently, Espaiiol (1968, 1970) redefined the subfamily Hedobiinae and, using the 
anatomy of adults, presented a key to sepatate the eight genera which form it. He also 
introduced some notable modifications, among them the inclusion of Ptilineurus and 
Clada in the subfamily and the elevation of Ptinomorphus Mulsant and Rey to generic 
rank. The latter genus includes, among others, the species P. imperialis Linnaeus and 
regalis Duftschmid, from Europe and P. granosus LeConte and angularus Fall from the 
United States of America. 

Hedobiinae is one of the most isolated and welldefined divisions of the Anobiidae. 
Information from research now in progress, in which I am describing the larva of Clada 
fernandezi Espariol from the Canary Islands, makes it possible at this time to define the 
subfamily on larval characters and to present a key to genera, including Clada. 

The main larval characters defining the subfamily Hedobiinae are: head retracted; 
pigmented field behind epistoma present (except in Ptilineurus); lacinia distally armed 
with one or three strong spines, prodorsal asperities absent (Clada) or not hooked 
(Eucrada, Ptinomorphus) or present and hooked (Ptilineurus); basal part of pretarsus 
long, with four or more setae; tormae and labral rods forming a pair of Y-shaped, strong, 
parallel features; larvae spinning a silken cocoon for pupation. [The use of a silken 
cocoon for pupation was reported in the genus Ptilineurus by Fisher, 1919; in Clada by 
Espariol, 1968; in Eucrada and Ptinornorphus by Rozen, 1957; and in Hedobia by 
Wachtl, 1876.1 

Data from larval anatomy and life history support the inclusion of the genera Ptili- 
neurus and Clada in the subfamily. Particularly significant here are the characters of the 
modified lacinia and the form and vestiture of the basal part of the pretarsus, as well as 
the construction of the silken cocoon. 

KEY FOR THE SEPARATION OF THE FOUR GENERA WITH KNOWN LARVAE 

Prodorsal asperities hooked, basd part of pretarsus sclerotized and with numerous 
ovate setae, lacinia distally armed with 3 strong, pointed spines . . . . . . .  Ptilineurus 
Prodorsal asperities either absent or not hooked. basal part of pretarsus membranous 
and with 4-6 setae; lacinia distally armed with one strong spine . . . . . . . . . . . . . .  2 
Prodorsal asperities absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Clada 
Prodorsal asperities present on most segments . . . . . . . . . . . . . . . . . . . . . . . . . .  .3  
Maxillary palpus with 4 articles; spiracles with numerous short air tubes on one side 
of peritrema; mandible without teeth projecting from the edge of the distal part . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eucrada 
Maxillary palpus with 3 articles; spiracles with a single short air tube; mandible with 3 
teeth slightly projecting from the edge of the distal part . . . . . . . . . .  Ptinomorphus 
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GEORGE STARKEY, AN EARLY SEVENTEENTH-CENTURY 
AMERICAN ENTOMOLOGIST 

Ronald S. Wilkinson 
The Library of Congress, Washington, D.C. 20540 

Between the earliest known North American entomological observations made by 
John White (Wilkinson, 1973a) and Thomas Hariot, and the beginning of more systematic 
investigations by John Banister (Ewan and Ewan, 1970) and other collectors in the late 
seventeenth and eighteenth centuries, especially those promoted by the London 
apothecary and naturalist James Petiver (Stearns, 1952; Wilkinson, 1966), a number of 
persons wrote about insects observed in British America. However, their remarks were 
usually very brief, and confined to notices of one or two species. Only a few 
seventeenth-century investigators actually studied North American insects and related 
forms in situ with any diligence. The earliest of these appears to have been George 
Starkey (1627 or 1628-1665). 

Starkey, whose surname was Stirk before he changed it to the more familiar form 
seen on his title-pages, was the son of George Stirk, a Puritan minister in the Bermudas, 
and Elizabeth Painter. Leaving the Bermudas prior to 1643, Starkey finished his 
education in New England, and while at Harvard College began the study of chemistry 
and alchemy. Graduating in 1646, he took the master's degree "in course", and practiced 
medicine in the Boston area, where he married a daughter of Israel Stoughton. 

In 1650 Starkey emigrated to  England. Associating with Samuel Hartlib's circle of 
investigators, which in its scientific aspects has been interpreted as an informal, less 
secular, and more mystical precursor of the Royal Society of London, he engaged in a 
wide range of experiments, including the production of alchemical metals and the 
preparation of chemical medicines. Starkey's first publication was a long alchemical 
poem, The Marrow of  Alchemy (London, 1654-55), which appeared under a pseudonym. 
With the appearance of Natures Explication and Helmont's Vindication he entered the 
dispute between those physicians who adhered to the "Paracelsian compromise" (Debus, 
1965) and those who advocated more frequent use of chemical remedies. Starkey's book, 
an outspoken defense of the latter position, was followed by Pyrotechny Asserted and 
fllustrated (London, 1658), in which he continued the style of rhetoric which won him 
the friendship of only a small fraternity. Starkey's publications became more numerous 
during the vigorous medical-pharmaceutical disputes which followed the Restoration. He 
was among the relatively few physicians who remained in London to treat victims of the 
Great Plague in 1665, and was struck down himself at an unknown date, dying late in 
the year. 

Starkey is best known as a physician and alchemist (Wilkinson, 1963), and it now 
appears that he may have been responsible for an important corpus of alchemical works 
which appeared under the pseudonym of "Eirenaeus Philalethes" (Wilkinson, 1973b). His 
role as a pioneer in American entomology has, however, gained scant notice. Although he 
wrote nothing concerning his entomological observations and experiments in the 
Bermudas and New England until 1655, Starkey told Samuel Hartlib in 1652 that "The 
Silke-Spider of Bermudas is hugely great. They Spin most excellent silke in great 
abundance," and gloves had been made of the product. The orb-weaving spiders, Nephila 
clavipes (L.), "far exceed the Silk-worms and may be kept also in old Engl[and]. They 
make their webs and that Strong ones between Tree and Tree" (Hartlib Papers, 
"Ephemerides," CCCC3). Hartlib was hoping to further the establishment of the silk 
industry in England, and he may have urged Starkey to undertake a paper on the 
Bermuda silk-spider; at any rate, one exists in title in Hartlib's papers (LX1, 2). 

When Hartlib's interest in bees and the production of honey prompted him to publish 
a volume of correspondence on the subject, Starkey contributed two letters to The 
Reformed Common-wealth of Bees (London, 1655), which included further observations 
of the silk-spider and details of his experiments in the spontaneous generation of insects, 
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as well as his ideas on the cultivation of bees. Starkey noted that in the Bermudas there 
was "a sort of Spider, that is very large, and of admirable gay colours, yellowish, 
blackish, greenish, and reddish, so intermixed, that it makes the Creature very delectable 
to l ook  on; these in great multitudes ate there, who live abroad in the open fields, 
spinning their webbs from tree to tree of a vast bignesse, to catch Flies in, on the which 
they prey: their webbs are yellow, and most pure silk of which one Maid for tryall knit a 
pair of Gloves, which proved in wearing no whit inferiour to the best Silk of the 
Silk-worm. Now if these Spiders were so kept, as an ingenious man might easily invent, 
they by feeding kept in good plight, might be made to  spin quantity enough, for as much 
as in few houres they will spin a large web, if their old one be taken away, else they 
mind onely their prey." 

In his second letter, Starkey enlarged upon these observations; he was not sure 
whether the spider could be maintained in England, "yet in the Plantation, where they 
are naturally (being under this Government) I presume they might with ingenuity be 
made profitable; first, since they multiply so abundantly: Secondly, live in the open 
fields, not annoyed with weather: Thirdly, give Silk copiously, for out of one large 
Spider, in a day, one may draw at the least two drachms of Silk, if they have an intire 
Web they spend little after it is made, but if fed fat, they may be  taken in ones hand, 
without danger to ones self, or dammage to the Creature, and one may out of its body 
wind a good ball of yellow Silk daily, which being washed is white enough. Fourthly, 
they will feed on Flies, or any blood of beast cloddered exceedingly, and all their 
nourishment may be forced out in Silk, which they as naturally made in their tail (which 
is a great bag, like a Pigeons Egge in bignesse) as Bees doe Honey." Starkey noted that 
silkworms were hard to keep, yet the Bermuda silk-spider was extremely hardy, "and 
who knowes what they may be brought to eat, I my self have fed them with pieces of 
Figs." One spider, Starkey thought, would yield more si lk in a summer than six 
silkworms, "their Silk being full good as any" (Starkey, in Hattlib, 1655). 

Starkey's account of Nephila clavipes was a reasonably accurate one for the 
seventeenth century, especially so when it is considered that he had not observed the 
insect in more than a decade, and it is interesting in the light of subsequent attempts to 
utilize Nephila silk. Starkey was not the first to notice the large orb-weaver in the 
Bermudas; Silvester Jourdan, who was shipwrecked in the islands in 1609, seems to have 
observed the yellow silk of clavipes, but thought it was produced by silkworms (Jourdan, 
1610), and John Smith (1624) noted that in the Bermudas "Certaine Spiders.. . of very 
large size are found hanging vpon trees, but instead of being any way dangerous as in 
other places, they are here of a most pleasing aspect, all ouer drest, as it were with 
Siluer, Gold, and Pearle, and their Webs in the Summer wouen from tree to tree, are 
generally a perfect raw silke, and that as well in regard of substance as colour, and so 
strong withall, that diuers Birds bigger than Black-birds, being like Snipes, are often taken 
and snared in them as a Net." 

The latter statement is somewhat of an overestimation, as were some of the claims 
made for clavipes by one of Starkey's contemporaries in the Bermudas, Richard Stafford. 
His account was sent in a letter to Henry Oldenburg, secretary of the Royal Society of 
London, in response to the Society's query about the natural products of the islands, and 
was printed in the Philosophical Transactions (1668). Stafford maintained that the spiders 
"spin their Webbs betwixt Trees standing seven or 8 fathom [i.e. 42  to 48 feet] asunder; 
and they do their work by spitting their Webb into the Air, where the Wind carries it 
from Tree to Tree. This Webb, when finisht, will snare a Bird as big as a Thrush" 
(Stafford, 1668). In the first lengthy account of the natural history of the Bermudas, 
John Matthew Jones cast the cold eye of nineteenth-century science on Stafford's 
account; "we think this statement to be an exaggeration; . . . we should be much nearer 
the mark if we were to place the greatest breadth at twelve to fifteen feet. Again, a bird 
the size of a thrush would easily break through the strongest web, and we believe it is 
only the small and barely full-fledged young of the whiteeyed greenlet (Vireo 
noveboracensis) that has been known to become entangled in the meshes of this web." 
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Considering Starkey's successful attempt t o  reel silk directly from the spider, Jones' 
own experiment is relevant; "Being particularly anxious to test the strength of the  silk, 
we one day caught an Epiera [i.e., N.  clavipes] and taking hold of the  end of the silken 
thread hanging from its body,  began t o  wind upon a piece of paper, and succeeded in 
obtaining a few yards of beautiful light yellow-colourd silk,-and this single thread was so 
strong that we could pull it slightly without breaking it. We were informed that the 
'Mudian ladies made use of it for sewing purposes" (Jones, 1859). Burt G. Wilder, using 
South Carolina specimens of clavipes, had much better luck with a variation o n  the 
method described by Starkey; using a cylinder turned by a crank, he was able to draw 
strands up to three hundred yards in length from single individuals (Wilder, 1866). 

Despite the warm hopes of Starkey and other persons who have advocated the 
commercial utilization of Nephila silk, production has never been sustained. Gertsch 
(1949) describes the uses of silk from Nephila species, chiefly by primitive peoples in 
Oceania, but  suggests the difficulties that would be encountered in large-scale production. 
The animals are solitary, and could resort t o  cannibalism if confined together. Even if 
space and food requirements could be met, Gertsch calculates that these spiders would 
not be as productive as silkworms. 

Starkey's observations of insects in the Bermudas and New England are quoted 
extensively from his first letter to Hartlib; concerning bees, h e  had "read in some 
Authors of their engendering out  of dead Kine, fermented with the falling dew. Some 
think, that ou t  of any kind of beast Bees may b e  produced, and doe conclude, that the  
Bees which bestowed their Honey on  the carcasse of the Lion, slain by Samson, were of 
this nature, and bred out  of that savage Creature, though I have known several sorts of 
dead Creatures both open, and covered with leaves, lightly [recte nightly?] exposed to 
the continual dewes, yet never could I take notice of any such procreation. And that ou t  
of Kine, either strangled, or otherwise dying, and so lying abroad, exposed t o  the 
influence of the Heavens, Bees naturally will not spring, I am induced: For that in the 
Summer Islands [i.e. the Bermudas], where I was born, 1 never yet saw one Bee, except 
those of a kind called Humble Bees, where notwithstanding, to my knowledge, divers 
Cattle both younger and elder, have (perishing by mischance, as it oft falls ou t  there, that 
the very heat of the noon Sun in Summer kills Cattle if not  removed into the shade) lyen 
in the open fields till they have rotted, and have not a night scarce wanted the dew, in 
which Maggots and Wormes have bred, bu t  no Bees, which if they were so to be bred, I 
suppose would in lesse than fourty yeares have been seen in those Islands, in which I 
never saw any, though I was naturally a great Observer of Insects there, where I noted 
Waspes, bu t  no Honey making Bees. Nor is it t o  b e  thought, that  the Climate is averse t o  
the Generation of Insects, which it there produceth of other kinds as plentifully, if not  
more than many other places, in which Bees are. 

Also my ingendred Curiosity was so great, that I took the pain t o  observe and collect 
the Generation of several Insects, with their various mutations from kind to kind, sparing 
no diligent travel that might benefit me herein. For so soon as I began t o  read a little in 
Philosophy, I took great content in these Contemplations, which after in New England I 
as carefully noted. In the Summer Islands I found, that in Rain-water kept in wooden 
Troughs (especially where the Sun a t  some time of the day shineth o n  it) there would in 
time gather a sedimen of muddy matter to the  bottome, black and slimy, out  of which 
would breed at the bottom, crawling long ill-favoured Wormes, with many feet: these 
Wormes growing bigger and bigger would swim and play together, and engender sexually, 
till a t  last growing more slow, they would a t  length lose almost all motion, a t  last coming 
t o  the top of the water, would by the legs hang neer the superficies, where in few dayes, 
opening the back, ou t  of them proceeds a Fly, which crawling out  of the  water, is for  a 
day or two tender, after able to fly, which Fly, after a time casting its skin, becomes 
another creeping Insect, without wings, and out  of it proceeds another Fly, farre 
different from the former. So in the ground, I have often under stones or  tufts of grasse 
found tender Wormes. which are naturally in time of their own accord incrusted, and so 
lying a space, a t  length break, ou t  of which comes a great Butter-fly, which layeth her 
Eggs o n  the Orange tender leaves, where the dew hatcheth them into Wormes, which live 
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on the leaves, and if touched send forth long red hornes; these at length, hanging to the 
under part of a bough, are incrusted, and after a long death turn into the same kind of 
Butterfly, which before came out of the Earth. 

Another sort of Wormes, ingendred by the Celestial influences in the Earth, being 
incrusted, proves a singing Fly, which after its season, cleaving to a tree casteth its skin, 
and of a Fly becometh a creeping sceptile [reptile?], and so liveth a long time, till about 
the season of the year when that Fly cometh again. This creeping thing on some tree or 
other for a time is almost without motion, at last bursting in sunder in the back, out of 
it comes the like singing Fly as came before out of the first Worm, which was bred in the 
earth. 

Many such like Generations of Wormes in the Earth, and of crawling Creatures in the 
Waters, which after turn into Flies, and so again into other husky Wormes without 
motion, and from them to  other flying Insects. I might speak largely, were it not besides 
my proposed intent and scope at present. 

A thud very anomalous Generation, which I have noted, is of a sort of stinging Flies 
out of rotten Trees: these, in the Summer Islands, I have observed out  of the rotting 
Palmeto, and in New England I have seen the same in rotten Poplar and Birch: In d i c h  
a man may at one time see some, like to a tender Spermatical milk, enclosed in a most 
tender skin, others like to a white Maggot, with a little motion, others now almost 
shaped like a Fly, others full formed, and able to crawle. others ready to come forth. 
and in a short time after to  fly. 

The Generations of Beetles, Dorres, &c. I have also diligently enquired into, and find, 
that under stone hedges, where dung-hils are usually made of Rubbish, they doe chiefly 
proceed, which some sort of Sea shell fish, buried in the Earth. doe also produce the 
same in kind and fashion with the former. Yet, as I said. I never yet could 
experimentally find any rise of Bees from putrefaction, though by me, for curiosity sake, 
oft attempted, and that with the bloud, also with the flesh of Kine, such as by accident 
perishing, I could procure part of them for tryall sake; this I have kept, some openly 
exposed to the dew, others covered with Rubbish (as for the Generation of other Insects) 
othei while defended with green leaves and straw, and so buried in the Earth, others 
covered with earth immediately without any defence from the same, in which variety of 
operations, as I had variety of successe, at various seasons of the year, so never did the 
event answer the end, for which I imployed this industrious inquiry. If any Gentleman, 
that hath on his own experience tried this manner of productionof Bees, please to impart 
his method, I shall be unto him really thankful, and requite h ~ s  communication perhaps 
with as acceptable a discovery. 

Insects then in my opinion, is, as it were, Natures recreation, which she out  of the 
fracid ferment of putrifying Bodies doth form, in which as there is singular and rare 
variety, so they are intended either as blessings or scourges to  Man. The Bee, the 
Silk-worm, the Cochineel, how greatly profitable to Mankind they have been I need not 
repeat, nay most Insects of a shelly or scaly nature, being very excellent in medicinal 
qualities. I think then, that our sloth is very great, in that we neglect the inquiry into 
this particular" (Starkey, in Hartlib, 1655). 

Starkey held to the ancient doctrine of the spontaneous generation of insects; only 
once in his account did he refer to sexual activity, and his observation in that case was 
mistaken. When he wrote his contributions to Hartlib's volume, the concept of 
spontaneous generation was giving way in the light of observational knowledge of sexual 
origins and insect metamorphosis. Yet the discoveries of such men as Redi, Goedart, 
Malpiphi and Swammerdam were still in the future, and the standard authority on insects 
consulted by English scholars was Thomas Moffet's Insectorvm sive Minimorum 
Animalium Theatrvm (London, 1634), which would appear in English three years after 
Starkey's account, and enjoy a new popularity. Moffet thought that bees were produced 
from cows, that beetles appeared by spontaneous generation, and that flies were 
engendered in similar fashion as well as sexually, although he had a reasonably accurate 
idea of the life-cycle of Lepidoptera. Although when Redi (1668) furnished his famous 
experimental disproof of the spontaneous generation of some insects (flies), it was readily 
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accepted due to the rapidly changing climate of scientific opinion (Hall, lY63) ,  by no 
means was it forever certain that all small creatures had parents; Redi himself thought 
that larvae appeared spontaneously in plant galls, and the discovery of microscopic 
organisms led to a reopening of the controversy. 

If Starkey's conclusions about the origin of insects were incorrect, at least h e  reached 
them from observation and experiment, and he was able to  disprove the ancient myth 
about the origin of bees, although he did not reach the correct solution. His accounts of 
insect metamorphosis were sometimes quite faulty, although he watched representatives 
of a number of orders with some diligence. Perhaps this is explained by his statement 
concerning Nephila clavipes, that "I was not then so principled in Phylosophy, when 1 
lived in those Islands, as to observe every observeable thing," but  when one considers 
that all of Starkey's work in the Bermudas was conducted before he was sixteen years of 
age, he may certainly be excused. 

In the remainder of Starkey's two published letters to Hartlib, he gave several other 
instances of what seemed to be spontaneous generation, including the production of an 
insect which appeared to  have properties not inferior to the cochineal scale, and discussed 
his experiments to produce an oil of medicinal virtue from maggots (during which he 
thought he had engendered these larvae from decaying blood and liver); such unsavory 
medicines were not unknown to the seventeenth-century dispensatories. He wrote at  
length on the care of the honeybee and the production of honey, a subject in which he 
had practical experience, especially in devising ways of feeding bees. Starkey mentioned 
the appearance of raw beeswax under the microscope, although he did not say whether 
the observation was his own. 

It is not known to what extent Starkey continued his work with insects and related 
forms after reaching England. Increasing involvement in matters of greater importance to 
him left little time for such pleasures; in his first letter to Hartlib he suggested that 
entomological investigations were "most applicable to a rural life, from which my 
profession is in a manner alienated." Yet many of his American observations are of 
considerable interest, ranging from his description of Nephila clnvipes and its silk to his 
notice of the osmateria (scent horns) of the larva of the giant swallowtail Papilio 
cresphontes Cramer. Although he was not primarily a naturalist, George Starkey's 
contributions are important to the early history of American entomology. 
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