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SEASONAL AND VERTICAL DISTRIBUTIONS OF 
PIANTHOPPERS (HOMOPTERA: FLILGOROIDEA) 

WITHIN A BLACK WALNUT PLANTATION 

B. C. weberl  and S. W. wilson3 

ABSTRACT 

Information on the seasonal and vertical distributions of 34 species (eight families) of 
planthoppers was obtained from window trap collections in a North Carolina black walnut 
plantation in 1 5  and 1978. The most commonly collected species were Acanalonia conica 
(Acanaloniidael. Liburniella ornata (Delphacidae), Oliarus ecologus (Cixiidae), and 0. 
qlrinquelinearus. 

Black a-alnur. Ju_olans nigra L., is grown in intensively managed plantations for veneer 
and high qualie- lumber. Many of its potential insect pests have only recently been deter- 
mined rKeartr?- 19-5. Xixon and McPherson 1977). As a result, biological information is 
available for only a few species (Blair and Kearby 1979). 

Nixon and McPherson (1977) collected 15 species of planthoppers on walnut, nine of 
w-hich were recorded feeding as adults. Eggs and nymphs have also been associated with 
walnut iliixon and McPherson 1977, Wilson and McPherson 1979). The life histories of a 
few- species w b k k  a-alnut have been investigated (Wilson and McPherson 1979). For 
most. hoa~erer.  little biological information is available. 

The ohjecti\~es of this paper are to provide a list of the planthopper fauna found in a black 
walnut p l a n e n  and. for four species, to provide information on seasonal and height 
distribution. 

MATERIALS AND METHODS 

The stud! area aas a 4.9 ha black walnut plantation established in 1973 about 64 km east 
of Ashe\-ilk in McDoa-ell County, North Carolina. Tree heights averaged 2.42 m and 2.84 m 
in 19-- and 19-8. respectively. 

Unden~ory  \-tatiw included Silene antirrhina (L.) (Caryophyllaceae), Oenothera 
laciniara HLU t-). and Solidago canadensis L. (Compositae). The plantation was 
disked at kas t  once a >-ear to control herbaceous vegetation. 

Insecs  u-ere coUec-red by 28 window traps, modified from Chapman and Kinghorn (1955), 
within a 1.0 ha szctioa of the plantation. The trap heights ranged from 1 to 7 m at 
1 m i~ertisal intends. a i th  four traps randomly located at each height. Collections were 
made uebrly h 1 -lpril to I4 October and 31 March to 13 October in 1977 and 1978, 
respecti\-el?-. 

RESCLTS AND DISCUSSION 

Thin?-four s p c k  of planthoppers in eight families were collected (Table l), compared 
with 1'1 s p h z  forthe & s m e  (Brimley 1938, 1942; Wray 1950). Eight of the 34 species 

I ~ o r r h  Ceund Fc- Eqmnmmt Starion. Forestry Sciences Laboratory, Southern IUinois University, 
C*&. u ml 

- I k p a m n :  d &Jiw Sxm. Califorma State University, Chico, CA 95929. 
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Table 1. Seasonal and vertical distribution of Fulgoroidea collected in window traps at the 
black walnut plantation, McDowell Co., North Carolina. 

- -  - - -- - -- 

Collection 
Number of Trap heights dates 
specimens (m) (daylmonth) 

ACANALONIIDAE 
Acanaloniu bivittata (Say)a 
A. conica (Say)a 

ACHILIDAE 
Catonia bicinctura Van Duzee 
C. nava (Say) 
C. picta Van Duzee 
C. pumila Van Duzee 
Epiptera pallida (Say) 
Synecdoche impunctata (Fitch) 

CIXIIDAE 
Cixius sp. 
Myndus pictifrons ( ~ t a )  
Oecleus borealis Van Duzee 
Oliarus aridus Ball 
0. ecologus Caldwell 
0. quinquelineatus (Say) 

DELPHACIDAE 
Delphacodes campestris (Van Duzee) 
D. lutulenta (Van Duzee) 
D. puella (Van Duzee) 
D. recurvata Beamer 
D. rotundata (Crawford) 
Liburniella ornata (~ tg l ) a  
Megamelus ungulatus Beamer 
Pissonotus brunneus Van Duzee 
Stobaera tricarinata (Say) 

DERBIDAE 
Cedusa sp. 
Syntames uhleri (Ball)a 

DICTY OPHARIDAE 
Scolops angustatus Uhler 
S.  pungens (Germar) 
S.  sulcipes (Say) 

FLATIDAE 
Anormenis septentrionalis (Spinola)a 
Metcalfa pruinosa (Say)a 
Ormenoides venusta (Melichar)a 

ISSIDAE 
Bruchotnorpha oculata Newman 
B. tristis st21 
Tlzionia simplex (Germar)a 

"Reported feeding on black walnut in Illinois (Nixon and McPherson 1977). 
b ~ a l e  specimens only. 
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were recorded feeding on walnut by Nixon and McPherson (1977). Most of the species listed 
(Table 1) are often collected in meadow habitats and are probably not directly associated 
with black walnut (O'Brien. pen.  comm.). 

The number of specimens collected of each species ranged from one to 38. Twenty-four 
species (ca. 707~)  were represented by five or fewer specimens. This may reflect restricted 
habitat requirements. few available host plants, incidental occurrence, or the general rarity 
of a species. On the other hand, window traps may not be an efficient collecting method for 
some species of planthoppers. We cannot determine patterns for height and seasonal distri- 
butions for most species owing to the small number of specimens, but for four species, 
represented by 25 or more specimens, we examined height and seasonal distributions in 
further detail. 

Acanalonia conica (Say) adults were collected from mid-July to early October with peak 
abundance during early September (Fig. 1). This corresponds with the seasonal distribution 
of adults in southern Illinois (Wilson 1980). The eggs of A. conica hatch in early May; adults 
appear in early July; and females lay eggs from late summer to early fall. 

Over 75% of A.  conica adults were collected at 2 m or lower (Fig. 5). This may reflect 
their feeding preferences for low woody and herbaceous vegetation (Wilson 1980), including 
immature black walnut (Nixon and McPherson 1977). 

Oliarus ecologus (CaldweU) adults were collected from early June to late August with 
peak abundance in late June (Fig. 2). Little information is available on the life history of this 
species. Based on the observations of other Oliarus species, Mead (1968) speculated that 0 
ecologus feeds on roots as nymphs, is univoltine, and overwinters as nymphs underground. 
The range of collecting dates of adults (Fig. 2) appears to support Mead's suggestion that this 
species is univoltine. 

0. ecologus adults were collected from 1 to 6 m with 65% collected at 1 m (Fig. 6). The 
only recorded host plant for adults is Lespedeza cuneata Don (Mead 1x8). 

0. quinquelineatus (Say) adults were collected from midJune to mid-September with 
peak abundance in August (Fig. 3). Sheppard et al. (1979) noted that nymphs overwinter 
underground in masses of pine and saw palmetto roots in Florida. 

V) 

' 8 0  P 2 60 - 
040 " 

; 20 
CE 

J N A L A L G S P O C T  XIN JUL AUG SEP OCT 

J N a A L L C i s O C T  JW U AUG SEP OCT 

F i p .  1 4 .  Qasad cfka-i&ho~~ {percent ikquenc) biweekly) of planthopper adults col- 
lected in m-indor traps in a Sonh Carolina black walnut plantation during 1977-1978: (1) 
.-IcanniCUrra conira. 12) O h n u  ecolo_pu. (31 0. quinquelineatus, ( 4 )  Liburniella ornata. 
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Figs. 5 4 .  Vertical distribution (percent frequency) of planthopper adults collected in win- 
dow traps in a North Carolina black walnut plantation during 1977-1978: (5) Acanalonia 
conica, (6) Oliarus ecologus, (7) 0. quinquelineatus, (8) Liburniella ornata. 

0. quinquelineatus adults were collected from 1 to 6 m (Fig. 7). This species has been 
collected on Pinus rigida (Miller), P.  uirginiana (Miller), and under the bark of Quercus 
ellipsoidulis Hill (Mead 1968). 

Liburniella ornata (st:]) adults were collected in June and from September to mid- 
October with peak abundance in early October (Fig. 4). Glick (1939) also reported that this 
speices is abundant in late summer. 

L .  ornata adults were collected at all heights in approximately equal numbers (Fig. 8). We 
have often collected this species by sweeping grasses and low vegetation. On the other hand, 
Glick (1939), using airplane traps, collected L.  ornata at altitudes up to 4,400 meters. 
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A NORTH AMERICAN RECORD FOR VALGUS HEMIPTERUS 
(COLEOPTERA: SCARABAEIDAE) AND 

INFORMATION ON ITS LIFE CYCLE1 

Joseph M. Mahar and Mark P. 0emke2 

ABSTRACT 

A rotting American elm log containing adults of Valgus hemipterus (L.) was discoveredon 
6 May 1980, at the Rose Lake Wildlife Experiment Station, Shiawassee County, Michigan. 
This appears to be the first record of this European species in North America. Larvae were 
collected in the summer, and pupae and teneral adults in the early fall suggesting a univoltine 
life cycle with the adults overwintering. 

On 6 May 1980, an American elm log. Ulmus americana L., containing over 100 adult 
Valgus hemipterus (L.) was discovered at the Rose Lake Wildlife Experiment Station, Shia- 
wassee County, Michigan. As far as is known, this is the first record of this European 
species in North America. Previously, V .  hemipterus has been found throughout Europe 
(Baguena 1955; F d o u  1880, 1883, 1889; Frings 1906; Shenkling 1922; Medvedev 1969) and 
from Algeria and Tunis (Shenkling 1922). 

Three other Valgus species occur in North America: V .  californicus Horn, V .  canalicu- 
latus (Fabricius), and V .  seticollis (Beauvois). Larvae of these species are known termito- 
philes (Richter 1966). Larvae of V .  hemipterus however, have not been associated with 
termites. F d o u  (1889) remarked on the similarity of the galleries tunnelled in logs by V .  
hemipterus larvae to those formed by termites. 

Adult females are usually attracted to moist rotting wood to oviposit. The degree of 
wetness is variable however, and F d o u  (1889) reported oviposition in fairly dry logs as well 
as living trees that had the bark removed. Oak, birch, elm, and chestnut are common host 
trees in France. Fallou (1889) remarked on the damage done by the larvae to acacia fence- 
posts. 

ADULTS. The sexes are dimorphic with the female having an acute pygidial spine with 
several short. lateral teeth ( F i .  1 and 2). One female was observed using her spine, which 
was held perpendicular to her body. to gouge a hole in rotted elm wood, an activity lasting 
about IS min. Tbe bole war presumably used as an ovipositional site as recounted by Fallou 
(1889). 

The majority of&&s found on 6 May were in their pupal chambers located at the end of 
the excavated bn-a1 galleries (Fig. 1). Galleries extended from the log surface to a depth of 4 
in. into tbe wood. S a -  all aduks were inactive. possibly in diapause. By the middle of 
Ma>- adults a-ere mo\ing within the chambers. and one mating pair was found 3 in. deep 
within the log. This rhar in wme cases the entire life cycle may pass within the log. 
F r i n p  I 1906) reported rhar ahks mere active in mid-hiay in Germany. 

lMX.TZPES -4- iog a-ere found on 20 August containing late instar larvae. 
Their presme --is c h m  Micafed by lap accumulations of h s s  on the log exterior. The 
Ian-ae (Fig 41 habe a diakxive W shaped a d  tergite. A complex sculptured pattern 
covers the pbe. rezddy k m i  under magnification. The complete larval description 

l~i ibgan .agrcdmd E . r Swxn J a u m l  .Xi-uclc bo. 98%. 
bepamnsn d -7- - Sme L.ru\cnlr>. Ea-t Lansing. MI 4.888824 
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Fig. I .  Teneral female of V .  hernipterrrs. 
Fig. 2 .  Adult female and pupa of V .  hernipterus. 
Fig. 3 .  Exposed larval galleries of V .  hemipterrrs. 
Fig. 4 .  Valgus hemipterrrs larva, with unidentified mites. 

was given by Medvedev (1969). Creamy white pupae and teneral adults were first discovered 
on 20 September 1980 (Fig. 2). 

LIFE CYCLE. From our observations, it appears that V a l g u s  hemipterus  is univoltine, 
as  reported by Fallou (1889) and Medvedev (1969). Adults collected in mid-May and held in 
the lab oviposited, and early instar larvae were recovered by mid-June. Larvae develop 
throughout the summer and pupate in the early fall. In late September only teneral adults 
and pupae were found, indicating that these are the probable overwintering stages. This 
contradicts Medvedev (1969) who reported larvae overwintering in Russia but agrees with 
Fallou (1889) who noticed that adults emerge in the fall but remain within the detritus of the 
log until spring. 

We have been unable to determine how V a l g u s  hemipterus  anived in the Rose Lake 
Wildlife Experiment Station, since the logs in which specimens of V .  hemipterus  were found 
were from the local area. 
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A LIST OF THE BUTTERFLIES 
(LEPIDOP'TERA: PAPILIONOIDEA) OF THE 
LA RUE-PINE HILLS ECOLOGICAL AREA 

R. W. Sites and J. E. ~ c ~ h e r s o n '  

ABSTRACT 

A survey of the adult butterfly fauna of the La Rue-Pine Hills Ecological Area, Union 
County, Illinois, was conducted from March through July in 1979, and March through 
November in 1980. Forty nine species and subspecies were collected including all six 
papilionids known to occur in Illinois. Notes were taken on seasonal flight periods and 
butterfly-plant associations. 

The La Rue-Pine Hills Ecological Area (hereafter referred to as Pine Hills) is located 
about 18 miles northeast of Cape Girardeau, Missouri, in the northwest comer of Union 
County, Illinois, and is part of the Shawnee National Forest. Although it encompasses only 
about 3 miles', it is an area well known for its plant and animal diversity (McPherson and 
Mohlenbrock 1976). Within Pine Hills are dry forests and hill prairies atop limestone bluffs, 
and moist forests at the base of these bluffs which surround La Rue Swamp and Winters 
Pond. The topography and vegetation of Pine Hills were discussed in detail by McPherson 
and Mohlenbrock ( 1976). 

Irwin and Downey (1973) compiled an annotated checklist of the butterflies and skippers 
of Illinois and included several Pine Hills records. Of these records, the only butterflies 
listed were Atlides halesus (Cramer), Celastrina argiolus pseudargiolus (Boisduval & Le 
Conte) and Lethe creola (Skinner). Thus, no study has been conducted in which the Pine 
Hills butterflies have been extensively surveyed. Presented here is a list of the butterflies 
(exclusive of the skippers) of Pine Hills, flight periods, and butterfly-plant associations; no 
immature stages w-ere included in the survey. Also presented is a list of the butterflies of 
possible occurrence in Pine Hills. 

MATERIALS AND METHODS 

Collecting trips were made at about one week intervals from March through July in 1979, 
and March throu& November in 1980. Trips were generally made on warm, sunny days to 
take advantage of increased £light activity. Since Pine Hills encompasses such a small 
geographical area it *-as possible to thoroughly collect in several habitats (e.g., open fields, 
woodland margins. lake and swamp edges, woodland paths) during each trip. 

Specimens cdlected this study are deposited in the Southern Illinois University 
Entomology Collection, Zoology Research Museum (SIUEC). Records of their flight activ- 
ity were supplemented with those obtained from Pine Hills specimens (i.e., collection dates) 
deposited in the SIL'EC by orber collectors. Samples of plants upon which butterflies were 
observed to land were returned to the laboratory for identification. 

RESULTS AND DISCUSSION 

Forty nine species and subspecies of butterflies were collected during this study (Table I). 
To this total can be added Atlides halesus and Lethe creola reported by Irwin and Downey 

l~e~artment  of Zoolcgy. Southern Illinois University, Carbondale, IL 62901 
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Table 1. Flight activity periods and plant associations of the butterfly taxa found during 
1979-1980 in the L a  Rue-Pine Hills Ecological Area. 

Flight Activity 
Taxon Period Butterfly-Plant Associationa,b 

PAPILIONIDAE 
Battus philenor (L.) 2 May-28 Sept. 1,7,16,20,29,36 
Eurytides marcellus (Cramer) 14 April-19 Sept. 1,4,6,7,16,18,19,20,21,24 
Papilio cresphontes Cramer 17 Aug. 
Papilio glaucus L. 16 April-19 Sept. 1,4,7,12,15,18,23,24,28,29,36 
Papilio polyxenes asterius Stoll 27 April-9 Oct. 3,12,14,15,29,36 
Papilio troilus L. 27April-28Sept. 1,7,12,15,16,17,20,24,29,36 

PIERIDAE 
Anthocharis midea (Hiibner) 14 ApriM May 2,4,19,35 
Artogeia rapae (L.) 14 Apr i l4  Nov. 
Colias euryfheme Boisduval 10May-8Nov. 1,3,7,8,11,17,22,26,27,28,29, 

30,33,34,36 
Colias philodice Godart 22 ApriM Nov. 1,3,7,26,27,28,29,34,36 
Eurema lisa (Boisduval and Le 

Conte) 21 Aug.4  Nov. 1,27,28 
Eurema nicippe (Cramer) 28 Sept.-1 Nov. 34 
Nathalis iole Boisduval 8 Nov. 
Phoebis senrrae eubule (L.)  23 J u l y 4  Nov. 1,3,10.12,13,17,22,29,34,36 
Pontia protodice (Boisduval and Le 

Conte) 14 Sep t .4  Nov. 26,27 
Zerene cesonia (Stoll) 4 May-28 Sept. 28,29,34 

LYCAENIDAE 
Atlides halesus (Cramer)c 17 Sept.c 
Celastrina argiolus pseudargiolus 

(Boisduval and Le Conte) 2 April-14 Sept. 5 
Celastrina ebenina Clench 14 April-5 May 
Everes comyntas (Godart) 2 M a y 4  Nov. 20,26,34 
Hyllolycaena hyllus (Cramer) 19 M a y 4  Sept. 
lncisalia henrici (Grote and 

Robinson) 20 April-5 May 19 
Lycaena phlaeas americana Hams 2 J u n e 4  Nov. 
Mitoura gryneus (Hiibner) 5 May 
Parrhasius m-album (Boisduval and 

L e  Conte) 2 May-19 Sept. 25 
Satyrium calanus falacer (Godart) 9 J u n e 4  Oct. 
Strymon melinus humuli (Hams) 16 June-8 Nov. 1,25,26,29,34,36 

LIBYTHEIDAE 
Libyfheana bachmanii (Kirtland) 2 July-9 Oct. 26,29 

NY MPHALIDAE 
Anaea andria Scudder 2 April-9 Oct. 
Asterocampa celtis (Boisduval and 

L e  Conte) 30 May-28 Sept. 
Asterocampa clyton (Boisduval and 

Le Conte) 1 June16  Sept. 
Basilarchia archippus (Cramer) I June-9 Oct. 1,7,14,28,29,34 
Basilarchia arthemis astyanax 

(Fabricius) 20 May-9 Oct. 7 
Charidryas nycteis (Doubleday) 1 June-14 Sept. 7,9,28,32 
Euphydryas phaeton ozarkae 

Masters 30 May-20 June 
Euptoieta claudia (Cramer) 6 Sept .4  Nov. 36 
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Table 1. (Continued) 

Flight Activity 
Period Butterfly-Plant ~ s s o c i a t i o n ~ . ~  

Nymphalis anriopa (L.) 16 March-2 July 
Phyciodes fharos (Drury) 27 April43 Nov. 1,3,10,26,27,28,29,34,36 
Polygonia comma (Hams) 2 April-9 Oct. 
Polygonia inferrogationis (Fabricius) 16 April-9 Oct. 
Polygonia progne (Cramer) 16 March 
Precis coenia (Hiibner) 2 June43 Nov. 1,26,28,34,36 
Speyeria cybele (Fabricius) 1 June-28 Sept. 1,7,12,16,20,25,29,36 
Vanessa atalanta rubria 

(Fruhstorfer) 2 April-19 Sept. 1,2,7 
Vanessa cardui (L.) 7 April-14 Sept. 
Vanessa cirginiensis (Drury) 20 April-25 Oct. 36 

DANAIDAE 
Danaus plexippus (L.) 20 April-9 Oct. 7,12,15,25,26,28,29,3 1,34,36 

S ATYRIDAE 
Cyllopsis gemma (Hlbner) 23 Apr i l4  Aug. 
Lethe anthedon (Clark) 10 June-23 July 
Lethe creola (SkinnerF I Sept.c 
Megisto cvmela (Cramer) I June-2 July 

alnvolves onl) adult butterflies. 
b~urnbers correspund to plant numbers in Table 2.  
Irwin and DOH-nej 11973). 

(1973) for Pine Hills but not found during the present study. This total represents about 53% 
of the total n u m k r  of butterfly taxa known to occur in Illinois (Irwin and Downey 1973, 
Sites and McPherson 1980). Of the 51, Atlides halesus, Incisalia henrici (Grote and Robin- 
son) and Cyllopsis gemma (Hubner) occur primarily in southern Illinois, and Anthocharis 
midea (Hiibner). Phoebis sennae eubule (L.), Celastrina ebenina Clench, Euphydryas 
phaeton ozarkae Masters and Lethe creola occur primarily in the southern half of the state; 
the remaining 43 occur statewide. 

Twenty nine of the 49 butterfly taxa (Table I) were found on 36 plant species in bloom 
(Table 7). Since it was difficult to approach the butterflies without disturbing them, it was 
usually impossible to determine whether or not they were actually feeding on the plants. 
Thus. we have chosen to use "butterfly-plant association" rather than "host plant" (Table 
1). 

Table 2. List of the plant species on which butterflies were found during 197S1980 in the La 
Rue-Pine Hills Ecological Area. Each plant number corresponds to the same number in 
Table 1 under the Butterfly-Plant Association heading. 

Family No. Species 

Poly gonaceae 
Portulacaceae 
Caryophyllaceae 
Ranunculaceae 
Papaveraceae 
Rosaceae 
Leguminosae 

Polygonum pensylvanicum L. 
Claytonia virginica L.  
Saponaria officinalis L. 
Delphinium tricorne Michaux 
Dicenfra cucullaria (L.) 
Rubus occidentalis L. 
Desmanthus illinoensis (Michaux) 
Desmodium canescens (L.) 
Trifolium pratense L.  
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Table 2. (Continued) 

Family No. Species 

Balsaminaceae 
Malvaceae 
Lythraceae 
Onagraceae 
Umbelliferae 
Asclepiadaceae 

Convolvulaceae 
Polemoniaceae 
Hydrophyllaceae 
Labiatae 

Bignoniaceae 
Rubiaceae 
Campanulaceae 
Compositae 

Impatiens biflora Walter 
Sida spinosa L. 
Decodon verricillarus (L.) 
Oenorhera biennis L. 
Daucus carora L. 
Asclepias syriaca L. 
Asclepias tuberosa L. 
Ipornoea pandurata (L.) 
Phlox divaricara L. 
Phacelia purshii Buckley 
Monarda Jstulosa L. 
Prunella vulgaris L. 
Carnpsis radicam (L.) 
Cephalanrhus occidenralis L. 
Carnpanula arnericana L. 
Acrinorneris alrernifolia (L.) 
Aster ericoides L. 
Aster praealtus Poiret 
Bidens arisrosa (Michaux) 
Cirsiurn discolor (Muhlenberg) 
Helianthus srrumosus L. 
Lactuca floridana (L.) 
Rudbeckia serorina Nuttall 
Rudbeckia subrornenrosa Pursh 
Solidago altissirna L. 
Taraxacurn offkinale Weber 
Vernonia rnissurica Rafinesque-Schmaltz 

Table 3. List of the butterflies occuning in southern Illinois which may occur in the La 
Rue-Pine Hills Ecological Area. 

Taxon Southern Illinois County Records 

LYCAENIDAE 
Calycopis cecrops (Fabricius) 
Euristryrnon ontario (Edwards) 
Harkenclenus titus (Fabricius) 
Zncisalia niphon (Hiibner) 
Satyriurn caryaevorus (McDunnough) 
Satyriurn liparops strigosa (Harris) 

LIPHYRIDAE 
Feniseca rarquinius (Fabricius) 

NY MPHALIDAE 
Clossiana bellona (Fabricius) 

HELICONIIDAE 
Agraulis vanillae nigrior Michener 

SATYRIDAE 
Cercyonis pegala olympus (Edwards) 

Jacksona,Popea,Uniona,Williamsona 
Jacksona 
~acksona,~o~ea,b,  Williamsona 
Jacksona,Popea 
Jacksona 
Hardina,Jacksona 

Jacksonb 

alrwin and Downey (1973). 
b ~ a t a  from specimens deposited in the SIUEC. 
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Ten butterfly taxa that occur in southern Illinois have not, as yet, been recorded from Pine 
Hills (Table 3). The southern Illinois distribution records of these butterflies are given in 
Table 3 and are based on Irwin and Downey's 1973 checklist and on specimens housed in the 
SIUEC. Since these taxa have been collected in Union County andlor nearby counties, their 
eventual discovery in Pine Hills is a strong possibility. 
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Note added in proof: 

The following early 1981 capture records extend the corresponding 1979-1980 flight 
activity periods listed in Table I: 

PAPILIONIDAE 
B. philenor. 12 April 

PIERIDAE 
A.  rnidea. 27 March 
E. liso. 17 April 
E. nicippe. 17 April 

LYCAENIDAE 
E. c o m y ~ t o s .  17 April 
M .  gnneus.  17 April 
S .  rnelinus humuli, 17 April 
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MOTHS OF THE DOUGLAS LAKE REGION 
(EMMET AND CHEBOYGAN COUNTIES), MICHIGAN: 

II. NOCTUIDAE (LEPID0PTERA)I 

Edward G. voss2 

The two counties which share the northern tip of the Lower Peninsula of Michigan, 
Emmet on the west and Cheboygan on the east, have long been taken to define the principal 
"region" under study by the University of Michigan Biological Station, situated since 1909 
on Douglas Lake in Cheboygan County near the Emmet County line. 

Welch's 1915 list of the Lepidoptera of the region included 43 species of Noctuidae; the 
present list includes 31 1. Unlike the first installment (1970) of my local checklist, which 
itemized 73 species in the six families preceding the Noctuidae, this one deals with so large 
and difficult a group that many of the species are unfamiliar and likely to be overlooked by 
collectors. Lnability to identify many species when collecting at a light has meant that I 
doubtless passed some by undetected. A considerable number of species not listed here are 
known from adjacent counties (especially through the collecting of M. C. Nielsen in Otsego 
County to the south), and may be expected one day in the Douglas Lake region as well. 

My indebtedness to others is far greater than before. Especially have I been dependent on 
John H. Newman for identifying or checking all the noctuids in my own collection prior to 
his retirement. Since then, M. C. Nielsen has named my recent material in this family, has 
checked some older dubious specimens of mine and in the University of Michigan Museum 
of Zoology. and has gone over all the noctuids in the University of Michigan Biological 
Station collection (UMBS). He has also generously sent me copious records from his own 
collecting (MCN). Eric H. Metzler supplied information on two early spring species. Other 
collectors with whom I have not been in touch may well be holding choice additions of which 
I am ignorant. I am grateful to Roland L. Fischer and Thomas E. Moore for facilitating my 
examination of the collections at Michigan State University (MSU) and The University of 
Michigan (LMMZ). respectively. 

Because of the large number of species and the dubious status of several records, it has 
appeared best not to continue an independent numbered sequence, but to employ the well 
known numbers and sequence of McDunnough's checklist, old as it is (1938), with inter- 
calated species indicated by decimals. This scheme will help to provide a key to synonymy. I 
use McDumough's nomenclature except in those numerous instances where later work has 
been generally followed by others. Consequently, the names here are in accord with many 
recent references: but as these are not always in agreement, and in order to avoid having to 
cite a large number of synonyms, I have sometimes preferred to use more familiar names. 
Forbes (1953) cited numerous synonyms, and also supplied keys and descriptions which 
apply to most of our species. Rockburne and Lafontaine (1976) unfortunately cited no 
synonyms. but almost all of our species (except for the omitted deltoid subfamilies, species 
3623 onwards) were illustrated by them in color and the names were usually the same as in 
this list. Many of our species were also illustrated in color by Holland (1903). A number were 
figured in black and white by Ferguson (1954b). Catocala were well covered by Sargent 
(1976). These are the works most useful for general identification of our noctuids. 

In the list. when the only extant specimens are in collections other than mine, the sources 
are always indicated. Sources are also given for some other records of special interest, 
including some unusual dates. Records cited only as Moore (1955) are published ones I have 
been unable to verify. and the county name is included in parentheses. Several of these are 
based on Welch (1915). Welch worked in the Barnes collection and had help from 

l~onmbution kom the rniversi~ of Michigan Biological Station. 
1~erbariurn. The Uni\ersit); of Michiga. Ann Arbor. MI 48109. 
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McDunnough in his identifications, so that it would be premature to reject them wholesale. 
Reports by Moore may have been based on specimens in collections I have not seen or 
specimens now lost (or reidentified). These species are included here for completeness, but 
confirming specimens should be sought. Similarly, if one of the two counties appears in 
Moore (1955) but specimens have been seen only from the other county, the reported county. 
name is in parentheses. Except when noted to the contrary, all species listed have previ- 
ously been reported from Michigan (not necessarily the same counties) by Moore (1955) or 
Newman and Nielsen (1973). 

I have not tried to distinguish the source of the collection dates given, the earliest and 
latest for the two-county region being cited regardless of origin, except when only a single 
date of collection is known. Then, the year is added, at least for my own collections, and the 
source indicated if from another collection. And for these I have tried to give some notation 
as  to  collecting circumstances. The unfortunate loss of a large box of my deltoid moths has 
meant that the data for numbers 3650-3807 are undoubtedly less complete than they ought to 
be. In my notes are generally full data on time of day (or night) and weather condition for all 
collections, at  least in the 1940's, so that more information is available on the habits of 
certain species. (My collection, library, and notes are usually accessible only in the summer, 
at  Mackinaw City.) 

No data are at  hand on the economic importance of any of these moths in the northern 
Michigan region. However, the larvae of many species of Noctuidae are all too well known, 
at  least farther to  the south, as important agricultural pests, including several "army- 
worms," "cutworms," and "loopers" (the latter not to be confused with the"inchwonns" 
of the Geometridae). A key and excellent illustrations for the adults of some of these are in 
Rings (1977a), the larvae in Rings (1977b). One of the most destructive species in the family 
is the corn earworm (Helicoverpa zea, long known as Heliofhis obsolefa). Yet no specimen 
of this moth (2932) has been encountered in the present study. Common names for some of 
the best known species, obnoxious or otherwise, are given in the list. 

NOCTUIDAE 

1125. Panthea acronyctoides Walker. Cheboygan: 15 July 1968. The only material of this 
species, rare in Michigan as elsewhere, consists of three specimens which I took at 
mercury vapor light at the Biological Station. Larvae of all species in this genus are 
reported to  feed strictly on conifers. 

1130. P.  furcilla Packard. Emmet, Cheboygan: 3 July-5 August. An interesting account of 
how the mature caterpillar of this species manages to eat the needle of a white pine, 
starting at  the apex, has been published by Klots (1%7), based on observations in Con- 
necticut. 

1135. Charadra deridens GuenCe. Cheboygan: 23 June-ll July. 
1141. Raphia frater Grote. Emmet, Cheboygan: 23 June-2 August. Since the larva is re- 

ported almost entirely on Populus species, this moth is not surprisingly one of our com- 
monest where aspens are so abundant. Some material might be the very similar R. abrupfa 
Grote. 

1148. Acronicta americana Harris. Cheboygan: 23 June-22 July. 
1151. A. dacfylina Grote. Emmet, Cheboygan: 18 June-5 August. 
1153. A. lepusculina Guenee. Emmet, Cheboygan: 17 J u n e 4  August. 
1155. A. innotata GuenCe. Emmet, Cheboygan: 24 June-2 August. 
1157. A. radcliffei Harvey. Cheboygan: 4 July 1969. Not considered a common species; my 

only specimen was collected at  mercury vapor light at the Biological Station. 
1159. A.  tritona Hiibner. Cheboygan: 15 July-1 August. 
1160. A.  grisea Walker. Cheboygan: 22 June-5 July (MSU, MCN). 
1168. A. funeralis Grote and Robinson. Cheboygan: 30 June-17 July. 
1173. A.  superans Guenee. Cheboygan: 30 June-ll July. 
1174. A .  laetifica Smith. Cheboygan: 24 June 1969. One specimen of this uncommon species 

was taken at mercury vapor light at the Biological Station. 
1176. A. hasta Guenee. Emmet, Cheboygan: 23 May-June 30. 
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1182. A. interrupts Guente. Emmet: 13 September 1950 (MSU, a single specimen taken by 
A. Yates at Petoskey). 

1189. A. haesitata Grote. Cheboygan: 12 July 1968. A single specimen taken at mercury 
vapor light at the Biological Station. 

1190. A. clarescens Guenee. Cheboygan: 30 June-13 August. 
1 191. A. inclara Smith. Cheboygan: 24 June-22 July. 
1195. A. retardata Walker. Emmet, Cheboygan: 11 J u l y 3  August. 
1198. A. aflicta Grote. Cheboygan: 24 June 1%9. A single specimen, at mercury vapor light 

at the Biological Station. Apparently the northern edge of the range for this species which 
is otherwise known in the state only from farther south except for the Beaver Islands, 
from which it was reported with some doubt (Moore 1930). 

1202. A. sperata Grote. Cheboygan: 6 July 1940 (UMMZ, taken by Max M. Peet at Burt 
Lake). 

1203. A. nocricaga Grote. Emmet: 25 June 1947. Taken at light at Mackinaw City. 
1204. A. irnpressa Walker. Cheboygan: 10 July-29 August (UMMZ, MSU, MCN). 
1209. A. lirhospila Grote. Cheboygan: 30 June-15 July. 
1215. A. oblinita J. E. Smith. Cheboygan: 7 July 1940 (UMMZ, Peet). 
1223. Harrisirnernna rrisignata Walker. Cheboygan: 4-24 July. 
1272. Euxoa detersa Walker [including E. personata Momson; see McDunnough 1949, 

19501 (sandhill cutworm). Emmet, Cheboygan: 3 July-19 September. One of the com- 
monest moths at light. 

1292. E. perpolita Momson. Emmet, Cheboygan: 26 August-7 September. Cheboygan 
County collections by Nielsen were cited by Hardwick (1970, p. 37). 

1297. E. scandens Riley (white cutworm). Emmet, Cheboygan: 26 June-29 August. A very 
common moth at light. Hardwick (1970, p. 117) cited Cheboygan County specimens. 

1309. E. mimallonis Grote. (Cheboygan. Moore 1955). 
1310. E. rnessoria Hanis (dark-sided cutworm). Emmet, Cheboygan: 13-21 August 

(UMMZ. MCN). Collections from Cheboygan County by Nielsen 7 September-21 Octo- 
ber are cited by Hardwick (1970, p. 52). 

1341. E. tessellata Hams (striped cutworm). Emmet, Cheboygan: 30 June-29 August. 
1346. E. pleuritica Grote. Emmet, Cheboygan: 1-28 July. Hardwick (1970, p. 149) cited an 

Emmet County collection by Nielsen. 
1351. E. declarara Walker. Ernmet, Cheboygan: I1 July-29 August (MSU, MCN). 
1354. E. albipennis Grote. Cheboygan: 29 August 1961 (MCN). 
1366. E. dicer~ens Walker. Emmet, Cheboygan: 20 June-18 July. 
1366.1. E. sinelinea Hardwick. Emmet, Cheboygan: 8-15 July. Hardwick (1970, p. 65-67) 

discussed this species and occurrence of specimens evidently intermediate with E. 
dieergens in northern and central Michigan. 

1371. E. redimicula Momson. Cheboygan: 7 August 1%5. My only specimen was taken at 
mercury \-apor light at the Biological Station. 

1371.1. E. serrira Smith. Emmet: 15 July 1946. My only specimen was at light at Mackinaw 
City. Both this species and the preceding, to which it is very similar, were figured by 
Rockburne and Lafontaine (1976). 

1378. E. ochropasrer Guente (redbacked cutworm). Emmet, Cheboygan: 30 June-7 Sep- 
tember. .bother  rather common cutworm moth in our area. 

1382. E. rn~sticitla .Momson. Cheboygan: 12 August 1932 (UMMZ, det. Brower, taken at 
Douglas Lake bl- J .  Leonard). This is the only Michigan record of the species, listed by 
Moors r 1355. p. 15. but as 21 Aug.). Hardwick (1970) cited no Michigan collections. 

1416. Agrotis :etusta Walker. Emmet. Cheboygan: 12 July-20 September. 
1419. A. mollis R-alker. Cheboygan: 2 July-7 August. 
1435. A. cenerabilis Waker  (dusky cutworm). Cheboygan: 6-11 September 1937 (UMMZ, 

taken at light at Bun Lake by Peet). 
1432. A.  colubilis H m e y .  Emmet. Cheboygan: 36 May-June 25. 
1435. A.  ipsilon Hufnagsl (black cutworm: greasy cutworm). Cheboygan: 22 Ju ly4  Octo- 

ber. 
1443. Feltia ducens '&&errdingy cuta-om). Emmet, Cheboygan: 9 August4 September. 

This species and F. herilis are apparently our commonest members of the genus. 
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1445. F. subgothica Haworth (dingy cutworm). Emmet, Cheboygan: 2 July-20 September. 
1446. F. herilis Grote (dingy cutworm). Emmet, Cheboygan: 18 July-28 August. 
1451. F. geniculata Grote and Robinson. Emmet, Cheboygan: 5 July-31 August. 
1472. Spaelotis clandestina Hams. Ernmet, Cheboygan: 24 June-22 September. 
1475. Eurois occulta L. (Emmet), Cheboygan: 3 July-29 August. A relatively large and 

handsome northern circumpolar species, the larva in Canada (but not Eurasia) reported 
principally on tamarack (Larir). While adults do come to light, they might be less rare in 
collections if a light were employed near a bog or swamp with tamarack. 

1480. Ochropleura plecta L.  Emmet, Cheboygan: 3 July-29 August. 
1482. Euagrotis lubricans Guente. Cheboygan: 5 July 1937 (UMMZ, taken by Peet at light 

at  Burt Lake). 
1483.1. E. forbesi Franclemont. Cheboygan: 25 June-5 July. 
1493. Metalepsis fishii Grote. Cheboygan: 30 April 1964 (MCN). 
1496. Peridroma saucia Hiibner (variegated cutworm). Emmet, Cheboygan: 28 July-18 

September. 
1498. Paradiarsia littoralis Packard. Cheboygan: 24 June-18 July. 
1499. Pseudospaelotis haruspica Grote. Emmet, Cheboygan: 8 July-27 August. Some re- 

cent authors (e.g. Rockburne and Lafontaine 1976) place this species in Graphiphora, 
while the species listed below under Graphiphora are placed in Amathes. 

1502. Heptagrotis phyllophora Grote. Emmet, Cheboygan: 9-23 July. 
1505. Diarsia rubifera Grote. Emmet, Cheboygan: 6 1 4  August. 
1507. D .  jucunda Walker. Cheboygan: 12-23 July. 
15 11. Graphiphora c-nigrum Linnaeus (spotted cutworm). Cheboygan: 30 J u n e 4  Septem- 

ber. 
1512. G. smithii Snellen. Emmet, Cheboygan: 9 August-5 September. 
1513. G. normaniana Grote. Emmet, Cheboygan: 31 July-5 August. 
1520. G .  badinodis Grote (spotted-sided cutworm). Cheboygan: 9 September 1939 (UMMZ, 

a somewhat badly worn specimen taken at light at Burt Lake by Peet). 
1522. G .  collaris Grote and Robinson. Cheboygan: 24 August-9 September 1937 (UMMZ, 

two specimens taken at light at Burt Lake by Peet). Apparently not a common moth in 
Michigan. 

1523. G .  bicarnea GuenCe. Emmet, Cheboygan: 1 July-27 August. 
1525. G .  tenuicula Momson. Cheboygan: 8 August 1937 (UMMZ, taken by Peet at light at 

Burt Lake). 
1552. Anomogyna speciosa Hiibner. Cheboygan: 5 July 1%6. My specimen was taken at 

mercury vapor light at  the Biological Station. A northern species, otherwise known in 
Michigan from Isle Royale. 

1561. A. elimata Guenee. Cheboygan: 11 August 1951. At gasoline lantern in Mud Lake 
bog, Inverness Township, a likely location for a moth whose larva feeds on conifers, 
including spruce and fir. 

1562. A .  janualis Grote. Cheboygan: 21-29 August (MSU, MCN). 
1569. Anaplactoides pressus Grote. Cheboygan: 30 J u n e 3  July. 
1570. A .  prasina Schiffermiiller. Cheboygan: 30 June-13 August. 
1571. Protolampra rufipectus Momson. Cheboygan: 29 August 1%1 (MSU, taken by 

Nielsen near Elliott Creek east of Cheboygan). 
1572. P .  brunneicollis Grote. Cheboygan: (6 July, Moore 1955)-29 August (MCN). 
1575. Cryptocala acadiensis Bethune. Emmet: 4 August 1947. At incandescent light, 

Mackinaw City. An attractive and distinctive boreal species, the hind wings yellow with 
contrasting dark border. Although there are specimens from several Michigan counties in 
the MSU collection, this seems not to have been previously reported from the state. 

1577. Eueretagrotis perattenta Grote. Cheboygan: 7 July 1932 (UMMZ, taken by Peet at 
Burt Lake). 

1578. E. attenta Grote. Emmet: 23 July 1946. At incandescent light, Mackinaw City. 
1593. Abagrotis placida Grote. Cheboygan (UMMZ, an undated but apparently old speci- 

men [female] without collector, labeled "Douglas Lake"; probably the basis of listing by 
Welch 1915). 
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1594. A. barnesi Benjamin. Cheboygan: 1-25 July 1938 (MSU, several specimens with no 
collector indicated). 

1601. A. alternata Grote (mottled gray cutworm). Cheboygan: 30 July-2 1 August. 
1602. Rhynchagrotis cupida Grote. Cheboygan: 18 Ju ly4  August (UMBS, MSU). 
1604. R. anchocelioides GuenCe. (Cheboygan. Moore 1955). 
161 1. Ufeus satyricus Grote. Emmet, Cheboygan: 2-13 October. A late-flying species, 

taken by Nielsen at UV light and by me at a lighted window (fluorescent and incandescent 
lamps). 

1633. Scotogramma trifolii Rottenburg (clover cutworm). Cheboygan: 23 July-14 August. 
1663. Polia nimbosa GuenCe. Emmet, Cheboygan: 11-28 July. Evidently a rare moth in 

Michigan, for it is striking enough to be collected whenever seen but specimens are 
scarce. 

1667. P.  imbrifera Guenie, (Cheboygan. Moore 1955, only citing Welch 1915). 
1669. P.  purpurissata Grote (blueberry cutworm). Emmet, Cheboygan: 3 1 July-26 August. 
1672. P. grandis Boisduval. Emmet, Cheboygan: 9 June-7 July. 
1679. P. radir Walker. Cheboygan: 23 July 1956 (UMBS). One specimen, taken at light at 

Douglas Lake, was examined by Newman, Nielsen, and myself in June 1979. The entire 
box in which it was pinned disappeared shortly aftenvard and has not been located despite 
extensive search. 

1683. P. legitima Grote (striped garden caterpillar). Emmet, Cheboygan: 3-12 July. 
1684. P. tacoma Strecker. Ernmet: 25 May 1973 (MSU, two specimens taken 10 mi. north of 

Harbor Springs). 
1685. P. rugosa Morrison. Cheboygan: " 14 July." A collection of mine was cited by New- 

man and Nielsen (1973) when reporting the species as new to Michigan, but no such 
specimen can be found; furthermore, my notes record no moth collections at the Biologi- 
cal Station on 14 July of any year. So some mixup of data has apparently occurred. 

1691. P. adjuncta Boisduval. Cheboygan: 30 J u n e 4  July. 
1693. P. assimilis Momson. Cheboygan: 12 July 1937 (UMMZ, taken at light at  Burt Lake 

by Peet). 
1694. P. pulcerulenta Smith. Cheboygan: 5 July 1%6. Taken at mercury vapor light at the 

Biological Station. Previous records are from the Upper Peninsula in Michigan (Newman 
and Nielsen 1973). 

16%. P. ingracis Smith. Cheboygan: 24 June 1969. Collected at mercury vapor light at  the 
Biological Station. 

1699. P. lutra GuenCe. Emmet, Cheboygan: 26 May-23 July. A rather common moth at 
light. 

1709. P. detracta Walker. Emmet, Cheboygan: I Ju ly4  August. Another rather common 
species at  light. 

1710. P. goodellii Grote. Cheboygan: 3 1 July 1950. At gasoline lantern about 4 mi. southeast 
of the Biological Station. 

1711. P. obscura Smith. Emmet: 27 May 1973 (MSU, collected 10 mi. north of Harbor 
Springs). 

1712. Lacinipolia meditata Grote. Emmet, Cheboygan: 6 2 8  August. 
1714. L. lustralis Grote. Emrnet, Cheboygan: 3-6 July. 
1716. L. anguina Grote. Cheboygan: 12 June 1%3 (MSU, collected by Nielsen at black- 

light). 
1738. L. renigera Stephens (bristly cutworm). Emmet, Cheboygan: 7 July30 August. 
1744. L. lorea Guen6e. Emmet, Cheboygan: 30 M a y 4  July. 
1745. L. olicacea Momson. Emmet, Cheboygan: 12 July-5 September. 
1801. Sideridis congermam Momson. Cheboygan: 10 September 1936 (UMMZ, taken by 

Peet a t  Burt Lake). This is considered a rare moth. Moore (1955) cited no other records 
from northern Michigan. and the only specimen at MSU is from Midland County. The 
only Ontario record is from the southern part of that province (Rockburne and Lafontaine 
1976). 

1804. Anepia capsularis GuenCe. Emmet: 12 June 1946. Captured at incandescent light at 
Mackinaw City. 
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1821. Tricholita signara Walker. Emmet: I August 1945. Taken at Mackinaw City, at in- 
candescent light. 

1830. Ulolonche modesfa Morrison. (Cheboygan. Moore 1955) 
1831. U .  culea Guenee. Cheboygan: 12 June-5 July. 
1848. Protorihodes incincta ~ o r r i s o n . 3  Emmet: 20-24 June. 
1855. P.  ooiduca Guenee. Emmet, Cheboygan: 27 May-9 September. 
1871. Orthodes crenulara Butler. Cheboygan: 23 July 1956 (UMBS, taken at light at 

Douglas Lake). 
1872. 0. cynica Guenee. Emmet, Cheboygan: 18 J u n e 4  July. 
1890. Hormorthodes furfurata Grote.3 Emmet, Cheboygan: 17-28 July. 
1895. Nephelodes minians Guenee (bronzed cutworm). Emmet, Cheboygan: 13 August-3 

September. 
1940. Orthosia revicta Morrison. Emmet, Cheboygan: 30 April-27 May (MSU, MCN). 
1943. 0. hibisci Guente. Cheboygan: 30 April 1964 (MSU, two specimens taken by Nielsen 

near Grass Bay, east of Cheboygan). 
1950. Crocigrapha normani Grote. Cheboygan: 30 April 1964 (MSU, same data as the 

preceding). 
1962. Proroleucania albilinea Hiibner (wheat armyworm). Emmet, Cheboygan: 21 J u n e 1  I 

July. By some authors (e.g. Rockburne and Lafontaine 1976), this species is called 
Faronta diffusa Walker. 

1973. Leucania pseudargyria Guenee. Emmet, Cheboygan: 3-13 July. 
1975. L .  inermis Forbes. Cheboygan: 27 June 1966. Taken at mercury vapor light at the 

Biological Station. Only material from Otsego County was cited by Newman and Nielsen 
(1973). 

1977. L .  commoides Guenee. Emmet, Cheboygan: 2-23 July. 
1978. L .  phragmaridicola Guente. Emmet, (Cheboygan): 7-31 July. 
1982. L .  mulrilinea Walker. Emmet, Cheboygan: 29 June-20 July. 
1992. L.  insueta Guenee. Emmet: 20 June-13 July. 
1994. L.  unipuncta Haworth (armyworm). Emmet, Cheboygan: 24 June-18 September. An 

all too common species! 
1995. L .  lureopallens Smith. Emmet, Cheboygan: 7 July-12 August. Some authors (e.g. 

Rockburne and Lafontaine 1976) call this species Aletia oxygala Grote. 
2042. Cucullia postera Guenee. Emmet, Cheboygan: 24 June-30 July. 
2044. C .  asteroides Guenee. Cheboygan: 7-22 July. 
21 16. Oncocnemis piffardi Walker. Cheboygan: 29 August (MCN). Three specimens at  UV 

light from Elliott Creek east of Cheboygan were cited by Newrnan and Nielsen (1973). 
2127. 0.  riparia Morrison. Emmet: 6-28 July. 
2147. Homohadena badistriga Grote. Cheboygan: 7 July-21 August. 
2191. Psaphida grotei Morrison. Emmet: 25 May 1973 (MSU, taken 10 mi. north of Harbor 

Springs). 
2207. Bombycia algens Grote. Cheboygan: 26-29 August 1962 (MCN). 
2215. Litholomia napaea Morrison. (Cheboygan. Moore 1955) 
22 16. Lithomoia solidaginis Hiibner. Cheboygan: 6 September 1937 (UMMZ, taken by Peet 

at  light at  Burt Lake). 
2248. Lithophane fagina Morrison. Emmet, Cheboygan: 9 April; 3 October. The April 

collection was made in 1966 by Metzler at blacklight on the south side of Carp Lake; the 
October record is from Nielsen (pers. comm.) and represents the other season when this 
moth can be expected. 

2252. L.  ~ e x a t a  Grote. Emmet: 27 May 1%0 (MSU, two specimens by R. and K. 
~ re i sbach) .  

2260. Xylena curvimacula Morrison. Cheboygan: 30 April 1964 (MSU, taken by Nielsen at 
blacklight near Grass Bay, east of Cheboygan). 

2268. Platypolia anceps Stephens. Cheboygan: 2 4  October (MCN, at bait). Reported for 
the 1975 and 1976 seasons (Nielsen 1976, 1977). The only other published report for 

3 ~ h e  genera segregated from Orrhodes follow McDunnough (1943). 
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Michigan is for Mackinac County (Moore 1955, as Eurofype confragosa Morrison); 
Moore's collection from St. Ignace, 2 October 1%6, is in UMMZ. 

2292. Psectraglaea carnosa Grote. Cheboygan: 6 September 1936 (UMMZ, collected at 
Burt Lake by Peet). 

2309. Parastichtis discivaria Walker. Cheboygan: 1 July 1931 (MSU, coll. C. W. 
S[abrosky]). 

23 12. Sunira bicolorago Guene'e. Emmet, Cheboygan: 2-14 October. 
2316. Xanthia lutea Strom. Emmet: 18 September 1977. This attractive moth, with yellow 

and purple forewings, was taken at light at Mackinaw City. 
2317. Anathix ralla Grote and Robinson. Cheboygan: 8 August 1937 (UMMZ, taken by Peet 

at  light at  Burt Lake). 
2318. A. puta Grote and Robinson. Emmet, Cheboygan: 8 August-14 September. 
2321. Eucirrhoedia pampina Guenee. Cheboygan: 1-11 September (MMZ, MSU). 
2324. Homoglaea hircina Morrison. Emmet: 8-9 April (MSU). A series was taken in 1%6 

by Metzler at  blacklight on the south side of Carp Lake, and he kindly placed specimens in 
my collection as well as MSU. 

2329. Sepfis nigrior ~mi th .4  Cheboygan: 6 July 1940 (UMMZ, taken by Peet at Burt Lake, at 
light). 

2330. S. cariosa Guenee. Cheboygan: 3 August 1940 (UMMZ, taken at light at Burt Lake by 
Peet). 

2335. S. lignicolor Guene'e. Emmet, Cheboygan: 30 June-23 July. 
2344. S. vultuosa Grote. Emmet: 3 July 1945. Taken at incandescent light at Mackinaw 

City. 
2351. S. amputatrix Fitch (yellow-headed cutworm). Emmet, Cheboygan: 1 Ju ly4  August. 

This is the rather large, easily recognized, and very common moth long known as S. 
arctica Boisduval (or Hadena arctica) (see Franclemont 1950, p. 146-148). 

2353. S. alia Guenee. Emmet: I I August 1945. One specimen taken at incandsescent light at 
Mackinaw City; another taken in an earlier year, without date; both retained by Newman. 

2355. S. inordinata Momson. Cheboygan: 30 June 1%8. Taken at mercury vapor light at the 
Biological Station. 

2362. S. impulsa GuenCe. Cheboygan: 28 June 1932 (UMMZ, collected at Burt Lake by 
Peet). 

2366. Agroperina lateritia Hufnagel. Emmet, Cheboygan: 23 June-14 August. 
2368. A dubitam Walker. Cheboygan: I July 1949. Taken at carbon arc light at the Bio- 

logical Station. 
2375. Crymodes devastator Brace (glassy cutworm). Emmet, Cheboygan: 1 July-26 

August. A common species in our area. 
2383. Protagrotis niveivenosa Grote. Emmet: 27 July-5 August. 
2393. Luperina passer GuenCe (Cheboygan. Moore 1955) 
2417a. Oligia tonsa subjuncta Smith. Cheboygan: 9 July 1969. Collected at mercury vapor 

light at the Biological Station. Evidently a rare moth in Michigan, and not listed by 
Rockburne and Lafontaine (1976) from Ontario. 

2420. 0.  bridghami Grote and Robinson. Cheboygan: 8-29 August (UMMZ, MCN). 
2421. 0. minuscula Monison. Emmet, Cheboygan: 28 J u n e 4  September. 
2423. 0. illocata Walker. Cheboygan: (5 July) 6-7 September (UMMZ, MCN). No speci- 

men has been found as early as the 5 July date cited by Moore (1955). There is one 
specimen in UMMZ, taken 6 September 1937 at light at Burt Lake by Peet, and Nielsen 
reported the species for 7 September. 

2424. 0. mactata Guenee. Cheboygan: 5 October (MCN). 
2431. Eremobim jocasta Smith. Cheboygan: 13-23 August (UMMZ). 
2434. Xylomoia chagnoni Barnes and McDunnough. Cheboygan: 8 August 1961 (MCN). 
2453. Zpimorpha pleonectusa Grote. Cheboygan: 28 July-12 August. 

4 ~ h e  species here listed in Sepris are all placed in Apornea by some recent authors, following the 
argument of Franclemont (1950). 
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2458. Apamea velata ~ a l k e r . 5  Emmet: 24-27 July. 
2459. Papaipema appassionata Harvey. Cheboygan: 25 August-11 September (MSU, in- 

cluding specimens ex larva or pupa, collected by Nielsen and V. Warczynski). Specimens 
reared from larvae boring in pitcher plants (Sarracenia purpurea L.) were reported by 
Nielsen (in Heitzman 1%6, p. 9; 1978, p. 6). See also Newman and Nielsen (1973). The 
localities were along Duncan Bay and Grass Bay, east of Cheboygan. 

2484. P. marginidens GuenCe. Cheboygan: 23 August 1937 (UMMZ, taken at light by Peet 
at Burt Lake). 

2490. P .  furcata Smith. Cheboygan: 7 September 1936 (UMMZ, taken at light by Peet at 
Burt Lake). 

2507. P .  purpurifascia Grote and Robinson (columbine borer). Cheboygan: 29 August-] l 
September (UMMZ, MSU). 

2533. Euplexia benesimilis McDunnough. Emmet: l l July 1946. Captured at incandescent 
light a t  Mackinaw City. 

2535. Phlogophora iris Guenee. Emmet, Cheboygan: 23 June-22 July. 
2536. P .  periculosa Guenee. Cheboygan: 20 July-18 August. 
2539. Haploolophus mollissima Guenee. Cheboygan: 6 July 1940 (UMMZ, taken by Peet at 

Burt Lake, at  light). 
2540. Euherrichia monetifera Guenee. Emmet, Cheboygan: 16 June-14 August. This com- 

mon little moth is readily noticed, the orange forewings each bedecked with two larger 
"silver coins" and smaller silver spots and crescents. It is one of the few moths whose 
larvae feed on ferns, and in view of its abundance in our area, bracken (Pteridium 
aquilinum [L.] Kuhn) may be suspected as the foodplant (as in Nova Scotia, but appar- 
ently not Ontario, where sensitive fern [Onoclea sensibilis L.] is cited by Rockburne and 
Lafontaine 1976). 

2547. Trachea delicata Grote. Cheboygan: 12 July 1937 (UMMZ, collected at light at Burt 
Lake by Peet). This is evidently the northern edge of the range of this species in the state. 

2554. Chytonix palliatricula GuenCe. Emmet, Cheboygan: 24 June-12 July. A rather com- 
mon moth in our area. 

2555. C .  sensilis Grote. Cheboygan: 31 July 1957 (MSU, collected by Nielsen near Elliott 
Creek east of Cheboygan). Moore (1955) listed the species for the county, only citing 
Welch (1915), but no specimens have been found in support of these earlier reports. 

2559. Cerma Cora Hiibner. Cheboygan: 28 May-24 June. An unusually attractive little moth 
for this family, but generally considered a rare species although the larva is supposed to 
feed on the common pin cheny (Prunus pensylvanica L. f.). Moore (1955) cited only Luce 
County and the only collections at MSU are from Alcona, Crawford, and Kalkaska 
counties. My single specimen was taken in 1%9 at mercury vapor light at the Biological 
Station. Nielsen took a specimen 28 May 1980 on a brick wall at a highway rest area about 
5 mi. southeast of the Station. 

2576. Leuconycta diphreroides Guenee. Emmet, Cheboygan: 16 June-10 July. 
2578. Agriopodes fallax Herrich-Schaeffer. Cheboygan: 2-14 July. Two specimens, both 

taken at  the Biological Station. I have one collected by R. E. Beer in 1966, and there is one 
in the UMBS collection taken in 1951 by A. A. Wagner. This is a striking moth for a 
noctuid, with mottled green and black forewings. 

2584. Amphipyra pyramidoides GuenCe. Cheboygan: 1 July-14 August. 
2586. A .  glabella Morrison. Emmet: 25 August 1951. My specimen was collected at in- 

candescent light at Mackinaw City. 
2589. Nedra ramosula Guenee. Cheboygan: 21 August4 September (UMMZ, MCN). 
2607. Hyppa xylinoides GuenCe. Emmet, Cheboygan: 30 June-30 September. 
2647. Elaphria festivoides GuenCe. Emmet, Cheboygan: 20 June-15 July. Quite a common 

moth at  light. 
2651. Anorthodes tarda Guenee. Cheboygan: 22 July 1%5. Two specimens taken at mer- 

cury vapor light at the Biological Station, and retained by Newman. Evidently the north- 

5 ~ o t h  species of  Apamea are placed by some recent authors in Amphipoea, the former name being 
applied to Septis (see previous note). 
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e m  edge of the range, as Moore (1955) cited, only Ottawa County and the species is 
represented at  MSU only from Bemen and Kalamazoo counties, also southern. It is not 
known in Ontario (Rockburne and Lafontaine 1976). 

2655. Platyperigea multifera Walker. Cheboygan: 24 August 1937 (UMMZ, taken at light at 
Burt Lake by Peet). 

2657. P .  meralis Morrison. Emmet, Cheboygan: 8 August-7 September. 
2662. Proxenus miranda Grote. Emmet, Cheboygan: 24 June-28 July. 
2666. Galgula partita Guneee. Cheboygan: 24 June 1937 (UMMZ, taken at light at Burt 

Lake by Peet). 
2669. Balsa malana Fitch. Cheboygan: 19-24 August (UMMZ, only two specimens, one 

taken by Moore at Cheboygan in 1921 [at light, fide Moore 19221 and the other by Peet at 
light at Burt Lake in 1937). 

2678. Prodenia ornithogalli Guenee. (yellow-striped armyworm; cotton cutworm). 
Cheboygan: 21 August (MCN). In our area, a migrant from farther south. 

2685. Enargia decolor Walker. Emmet, Cheboygan: 2 July-26 August. 
2685.1. E. infumata Grote. Emmet, Cheboygan: 13-31 August. 
2687. Cosmia calami Harvey. Emmet, Cheboygan: 7-14 August. 
2703. Arzama obliqua Walker. Cheboygan: 24 June-20 July (UMMZ, UMBS). 
2710. Bellura diffusa Grote. Cheboygan (UMMZ). Not listed for the region by Moore 

(1955), although included by Welch (1915) (as B. melanopyga Grote). Welch (1914) had 
earlier provided detailed observations (made while he was at the Biological Station 191 1- 
1913) on the behavior of the larvae, which feed on leaves and burrow lengthwise in the 
petioles of Nuphar, the yellow pond-lily or spatterdock. No other host was noted in the 
field by Welch, although the white water-lily (Nymphaea) was accepted in the laboratory 
in the absence of Nuphar. McGaha (1954) reported the larvae as abundant on Nuphar, 
never on other plants, especially at  Nigger Creek, Black Lake, and Black River. The only 
specimens I have located are two larvae in alcohol, dated 22 August 1912, in the Welch 
material at  UMMZ. 

2715. Pyrrhia umbra Hufnagel. Cheboygan: 24 June-9 August. One of my specimens was 
taken during the day at flowers of Stachys palustris L. Other collections were all noc- 
turnal, at  light. 

2715.1. P. e.rprimens Walker. Cheboygan: 3 July 1937 (UMMZ, taken at light at Burt Lake 
by Peet). This species is now recognized as distinct from the preceding (see Hardwick 
1970, p. 28). 

2858. Euthisanotia grata Fabricius. Cheboygan: 14 July 1944 (UMBS, collected by Wm. B. 
Owsley). Not previously reported from so far north in the state. This brightly colored 
species was common at light in Oceana County in 1944, when I collected a series, and 
perhaps that was an unusually good year for it. 

2932. Helicocerpa zea Boddie (corn earworm; tobacco budworm). (Cheboygan. Moore 
1955). Long known as  Heliothis obsoleta Fabricius; see Hardwick (1965, p. 107). 

2933.1. Heliothis subflexus Guenee. Cheboygan: 15 July 1968. Taken at mercury vapor light 
at  the Biological Station. According to Steyskal (1971) the generic name is masculine. 

2941. Schiniaflorida Guenee. Emmet, Cheboygan: 19-3 1 July. Long known as Rhodophora 
florida, but included in Schinia by Hardwick (1958, p. 15; 1970, p. 33). The attractive 
moths, with forewings pink basally and yellow apically, are attracted to light and may also 
be found well camouflaged in (or on) the flowers of evening-primrose (Oenothera), as 
described by Hardwick (1958, p. 10-1 1). 

3007. S.  marginata Haworth. Cheboygan: 8 August 1950. Taken at carbon arc light at the 
Biological Station. 

3 106. Exyra rolandiana Grote. Cheboygan: (MSU [larvae], MCN). Adults and larvae have 
been found on pitcher plants (Sarracenia purpurea L.) by Nielsen (1%7, p. I I), along the 
Lake Huron shore east of Cheboygan. 

3 117. Erastria bellicula ~ u b n e r . 6  Emmet, cheboygan; 17 June-18 July. Of my two speci- 
mens, one was taken at  Mud Lake bog, Inverness Township, and the other at Galloway 
Lake bog north of Levering. 

'%he generic name Lithacodia is sometimes used instead of Erastria. 
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3118. E. muscosula Guene'e. Emmet: 29 June 1946. Collected at incandescent light at 
Mackinaw City. 

31 19. E. albidula Guenee. Emmet, Cheboygan: 12 J u n e 4  August. A common but rather 
nondescript moth at light. 

3120. E. synochitis Grote and Robinson. Emmet: 28 June12 August. 
3124. E. carneola Guente. Emmet, Cheboygan: 30 June26 August. 
3129. Capis curvata Grote. Cheboygan (UMMZ, a specimen without date or collector, 

apparently old, labeled "Douglas Lake"; probably the basis of the listing by Welch 1915). 
3131. Chamyris cerintha Treitschke. Emmet, Cheboygan: 12 June-22 July. A rather pretty 

and common species. 
3172. Tarachidia erastrioides Guenee. Cheboygan: 28 July 1949. Collected at light at the 

Biological Station. 
3223. Marathyssa inficita Walker. Emmet, Cheboygan: 28 June-1 August. A very common 

and distinctive moth, the wings at rest more or less plicate or rolled, resembling a twig or 
even a bird dropping. The larvae are reported to feed on sumac (Rhus). 

3235. Sarrothripus revayana Scopoli. (Cheboygan. Moore 1955, only citing Welch 1915). 
3238. Baileya doubledayi GuenCe. Cheboygan: 26 J u n e 7  August. 
3239. B. ophthalmica Guende. Cheboygan: 4 July 1%9. Taken at mercury vapor light at the 

Biological Station. 
3252. Syngrapha falcifera Kirby7 (celery looper). Emmet, Cheboygan: 26 May-5 Septem- 

ber. A common moth at light and also diurnal. While it is often flushed from grass, it 
sometimes actively visits flowers. On 5 September 1947, I was collecting butterflies at a 
favorite site, the old Mackinaw City golf course just south of town, abandoned a number 
of years previously and overgrown with weeds and native plants. Early on a warm, sunny 
afternoon several individuals of S. falcifera were busy at  flower heads of large-leaved 
aster (Aster macrophyllus L.), evidently obtaining nectar. Their flight was extremely rapid 
and jerky, thus hard to follow, and not unlike that of a skipper. Generally, although not 
invariably, the moths avoided the topmost heads on a plant in favor of those closer to the 
ground. When captured in the net, a specimen would flutter and beat its wings as actively 
as  any skipper. Some moths hovered briefly at heads of goldenrod (Solidago), but did not 
stay at  them. I have one specimen that emerged 12 August 1949 from a cocoon found on a 
plant of wood-sage (Teucrium canadense L.). 

3254. S. rectangula Kirby. Cheboygan: 1 July-13 August. 
3257.2. S .  cryptica Eichlin and Cunningham. Cheboygan: 17 Ju ly4  August.This species 

was recently segregated from S. alias Ottolengui, under which name Moore (1955) listed it 
for Cheboygan County (UMMZ, at light, Burt Lake, taken by Peet 8 Aug. 1938). It is not 
previously reported for the state, but Nielsen has taken it in Schoolcraft and Otsego 
counties. My two specimens were collected in 1966 at mecury vapor light at the Biological 
Station, and one of them has pollinia of milkweed (Asclepias) on its legs, indicating flower 
visitation. 

3260. S. octoscripta Grote. Emmet, Cheboygan: 8-26 August. Nielsen reports one speci- 
men taken at UV light east of Cheboygan; my only one was found on a porch screen at 
Mackinaw City in 1945, presumbly attracted to light the previous night. 

3264. S. epigaea Grote. Cheboygan: 1L29 August (MSU, MCN). 
3265. Autographa ampla Walker. Emmet, Cheboygan: 30 J u n e 4  August. 
3266.1. Syngrapha viridisigma Grote. Cheboygan: 4 August (MCN). 
3269. Trichoplusia ni Hiibner [Autographa brassicae Riley] (cabbage looper). Emmet, 

Cheboygan: 27 June-30 September. 
3273. Chrysaspidia putnami Grote. Emmet, Cheboygan: 2L26 June. 
3275. C. contexta Grote. Cheboygan: 5 July 1966. Collected at mercury vapor light at the 

Biological Station. 
3279. Autographa biloba Stephens. Emmet, Cheboygan: 15 May-17 July (UMMZ, MSU). 

7~ornenclature of the Plusiinae follows Eichlin and Cunningham (1978), which is also very close to that 
of Rockburne and Lafontaine (1976); but the McDunnough numbers have been retained in sequence. 
Species 332-3286 were all included in Autographa by McDunnough (1938, but not 1944). 
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3280. Pseudoplusia includens Walker [P. oo Cramer] (soybean looper). Cheboygan: 7 
September-25 October (MSU, MCN). 

3281. Autographa precationis Guenee (plantain looper). Emmet, Cheboygan: 27 May-9 
September. 

3286. A. m a m a  Grote and Robinson. Chebovean: 30 June 1%9 (UMBS. one s~ecimen from 
Douglas iake) .  A northern species, othenvise known in ~ i ~ h i ~ a n  from thk Upper Pen- 
insula. 

3295. Allagrapha aereoides Grote [Plusia aereoides]. Cheboygan: 6 August 1938 (UMMZ, 
taken by Peet at light at  Burt Lake). 

3297. Plusia balluca Geyer. Cheboygan: 7 August 1%5. One worn specimen, taken at light 
at  the Biological Station. 

3304. Chrysaspidia venusta Walker. Cheboygan: 1 l July 1937 (UMMZ, taken at light at 
Burt Lake by Peet). 

3316. CatocaIa antinympha Hiibner (sweet-ferm underwing). Cheboygan: 18 July-15 
August (UMMZ, UMBS). Apparently an uncommon underwing, at least in the northern 
part of our region. The larval foodplant, Comptonia peregrina (L.) Coulter (Myrica 
peregrina [L.] Kuntze), is common on the jack pine plains in southern Cheboygan County 
(although it does occur farther north), and collecting there would probably produce more 
of this species. 

33 17. C. coelebs Grote. Cheboygan: 3 1 July-3 1 August (MSU, MCN). Previously reported 
for the county by Nielsen (1976). 

3342. C. ilia Cramer. Cheboygan: 14 June-29 August. Although not common, an extremely 
variable species. There is a full range on the forewing, from a conspicuous white spot (f. 
conspicua) to no white spot (f. umbrosa); one of the latter, rather worn, with almost 
entirely black hindwings was taken 22 July 1%5 at mercury vapor light at  the Biological 
Station. 

3343. C. cerogama GuenCe. (yellow-banded underwing). Emrnet, Cheboygan: 29 July-23 
August. 

3344. C. relicta Walker (white birch underwing). Emmet, Cheboygan: 2 July-5 October. 
This is one of our two commonest underwings. The common name cited is one I learned 
long ago, from the National Geographic; it is an apt one, as the forewings, though they 
vary a great deal in proportion of white, do resemble a piece of birchbark. Whether the 
moth in fact rests well camouflaged on such bark I do not know (perhaps it hides too 
well!). On Isle Royale, 12 August 1975, a specimen was resting head-up, very well camou- 
flaged on some pale lichens, on rock beneath the Blake Point lighthouse. I have also seen a 
specimen, head-up as usual for this species, on the dark trunk of a large white-cedar 
(Thuja occidentalis L.) in the Porcupine Mountains, Ontonagon County, 19 August 1971. 

3346. C. unijuga Walker. Emmet, Cheboygan: 1 J u l y 4  October. This is clearly one of our 
two commonest species in the genus, though less easily recognized at a glance than the 
preceding. The larvae of both include aspen (Populus) in their diet and hence the moths 
are not unexpectedly common in the extensive aspen forests which surround the Bio- 
logical Station. On 8 August 1950 it was a warm, still night unusually fine for underwings 
at the carbon arc light then operating on a tower at the Station. In addition to these two 
common species that night, I took C. ilia (both major forms), C, briseis, C. semirelicta. 
and C. similis. Several of the moths feigned death when a net was clapped over tham, and 
dropped into the net or fell onto the platform beneath the light (Voss 1950a). The end of 
the first week of August 1956 was also unusually good for C. unijuga, to judge from 
numerous specimens in the UMBS collection. This species was resting, with the two 
preceding, on lichen-covered rocks beneath the Blake Point light at Isle Royale on 12 
kugust 1975. 

- 

3347. C. parta Guene'e. Emmet, Cheboygan: 15 August-7 September (UMMZ, MSU). Only 
two collections have been seen from the region. One in UMMZ was taken at  Mackinaw 
City by Moore 15 August 1921; it is labeled-cheboygan County, hut was reported (1922, 
p.20) from Emrnet County. As the county line bisects the village, either is quite possible. 
The other, at MSU, was taken a t  Petoskey by Yates in 1942. 

3357. C. briseis Edwards. Cheboygan: 4-21 August. 



98 THE GREAT LAKES ENTOMOLOGIST Vol. 14, No. 2 

3361. C .  semirelicta Grote. (Emmet, 7 Sept.), Cheboygan: 30 Ju ly4  August. Although this 
species and the two preceding are also reported to feed on Populus in the larval stage, they 
are not at  all common in this region. Moore's Emmet County material was determined by 
Brower (Moore 1955). 

3362. C. meskei Grote. Emmet, Cheboygan: 24 July-17 August (UMMZ, MSU). The July 
specimen, from Cheboygan, was collected in 1939 by Frances Hubbs; both Newman and 
Nielsen have concurred in its determination. Two specimens (MSU) were collected by 
Yates at Petoskey (6 Aug. 1942 and 17 Aug. 1947) and determined by Brower. 

3372. C .  cara Guenee. (darling underwing). Emmet: 16 September 1978. One specimen, 
taken at  light at  Mackinaw City. Ordinarily more southern in range. 

3373. C .  concumbens Walker. Emmet, Cheboygan: 30 July-29 September. 
3385. C .  sordida Grote. Cheboygan: 7 August 1965. Two specimens at light at the Biological 

Station. 
3395. C .  ulfronia Hiibner. Cheboygan: 30 July-9 August. I also have a specimen from 

Porcupine Mountains State Park, Ontonagon County, 19 August 1971. 
3398. C .  grynea Cramer. Cheboygan: 13 August 1956 (UMBS, one specimen taken at 

Douglas Lake by L. Bachman). 
3401. C. blandula Hulst. Cheboygan: 22 Ju ly4  August. My specimen of 22 July 1978 was 

prematurely reported as the very similar C .  mira Grote (in Nielsen 1979, p. I]), but 
Nielsen, who has also taken the species in the county, has referred it to blandula. It bears 
pollinia of milkweed (Asclepias) on the tongue and legs, indicating visits to the flowers, 
although the specimen was captured at a lighted window at the Biological Station. 

3407. C .  similis Edwards. Cheboygan: 4 2 9  August. 
3414. Euparthenos nubilis Hiibner. Cheboygan: 29 Junes17 July. The first collection from 

the Douglas Lake region was apparently made in 1948 at the Biological Station, about the 
same time as  the larval foodplant, black locust (Robinia pseudoacacia L.), native much 
farther south, became well established, spread from cultivation at the Station. The moth is 
now common. 

3422. Parallelia bistriaris Hiibner. Emmet, Cheboygan: 12 June-3 August. In addition to 
being attracted to  light, the moths are often flushed from vegetation in both wooded and 
open areas. 

3426. Euclidina cuspidea Hubner. Emmet, Cheboygan: 8 June-7 July. Another species 
found at light as well as flushed from vegetation. 

3430. Caenurgina crassiuscula Haworth (clover looper). Emmet, Cheboygan: 1 July-28 
August. Occasionally flushed from vegetation, and also found at light. 

343 1. C. erechtea Cramer (forage looper). Cheboygan: 17-24 July (UMMZ). Also cited from 
Emmet County by Moore (1922, p. 21) but not there clearly distinguished from the pre- 
ceding, which is very similar. 

3458. Argyrostrotis anilis Drury. Emmet: 2430  June. This is rather far north for the spe- 
cies. My two specimens were taken in 1946 and I know of no others from the region. The 
distinctive moth has chocolate-brown wings, the forewing with two narrow white bands. 

3474. Zale lunata Drury. Cheboygan: 9-1 1 July; also 4 October (MCN). 
348 1. Z.  undularis Drury. Cheboygan: 12 J u n e 4  July. 
3484. Z.  minerea Guenee. Cheboygan: 30 June 1968. Taken at mercury vapor light at the 

Biological Station. 
3487. Z.  obliqua Guene'e. Cheboygan: 27 June-ll July. 
3490. Z.  duplicata Bethune. Cheboygan: 29 May-30 June. 
3493.1. Z.  metatoides McDunnough. Cheboygan: 27 June-1 July. My specimens are mostly 

somewhat worn and faded, suggesting that the flight period peaks earlier than the dates 
cited here. According to Nielsen (pers. comm.), who has determined my specimens, there 
are other localities known since the species was reported as new to the state from Arenac 
County (Newman and Nielsen 1973). 

3501. Z.  horrida Hiibner. Cheboygan: 6 July 1940 (UMMZ, taken at light at Burt Lake by 
Peet). 

3525. Erebus odora L.  (black witch). Cheboygan: 14 July-l August. Two specimens in the 
UMBS collection were reported earlier (Voss 1950b): the July one collected in 1947, in 
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fairly good condition, by Syril Appleton, and the other a worn one collected at light in 
1939 by R. E. Serfling, both at  the Biological Station, presumably at the carbon arc light 
operated at the time on a wooden tower. This is a tropical species, as large as a big 
saturnid, which occasionally strays as far north as Alaska. 

3534. Panopoda rufimargo Hiibner. Cheboygan: 25 June-13 August. A fairly frequent moth 
at  light, here at the northern edge of its range. 

3565. Synedoida grandirena Haworth. Cheboygan: 30 June-8 August. 
3578b. S.  adumbrata alleni Grote. Emmet, Cheboygan: 24 June-9 July. 
3608. Calpe canadensis Bethune. Cheboygan: 2-3 1 July (UMMZ, UMBS). 
3615. Scolioptetyx libatrix L. Emmet, Cheboygan: 10 August-13 October. The only two 

specimens I have collected myself were on plants of blackberry (Rubus) and practically 
fell into my basket while I was picking benies in September and October; the larva, 
however, is said to feed on Salicaceae (Salix and Populus). 

3650. Pangrapta decoralis Hiibner. Emmet, Cheboygan: 27 July-l l August. 
3652. Metalectra quadrisignata Walker. Cheboygan: 4 3 1  July. 
3688. Bomolocha baltimoralis Guente. Cheboygan: 12 June-20 July. 
3689. B.  bijugalis Walker. Cheboygan: 5 July-20 August (UMMZ). 
3690. B.  palparia Walker. Cheboygan: 15 July-7 August. 
3691. B.  abalienalis Walker. Cheboygan: 24 June-10 July. 
3692. B.  deceptalis Walker. Cheboygan: 24 June-12 August. Probably our commonest spe- 

cies in the genus. The larva is reported only on basswood (Tilia) in Ontario (Prentice 
1962). 

3699. B. edictalis Walker. Emmet, Cheboygan: 27 M a y 4  August. The Emmet County 
specimen (MSU) was taken by R. and K. Dreisbach in 1960. Mine was taken at light at  the 
Biological Station in 1%5. 

3703. Lomanaltes eductalis Walker. Cheboygan: 5 July 1966. Taken at mercury vapor light 
at the Biological Station. 

3705. Plathypena scabra Fabricius (green cloverworm). Cheboygan: 28 July-l September. 
3728. Hypenodes caducus Dyar. Cheboygan: 11 August 1951. Undoubtedly our smallest 

noctuid. My specimen has a wingspan of barely 12 mm, and was taken at light at the 
Biological Station. It is typical caducus and not one of the other species recognized by 
Ferguson (1954a) in his revision. 

3732. Riuula propinqualis Guenee. Emmet, Cheboygan: 17-19 July. 
3734. Camptylochila americalis ~ u e n e e . 8  Emmet, Cheboygan: 5 July-13 August. Speci- 

mens of this species and the next three in the UMBS collection indicate that they were 
taken at  sugar. 

3735. C .  aemula Hiibner (fodder worm). Emmet, Cheboygan: 24 June-7 August. Quite a 
common moth at light. The larva feeds on spruce and fir needles in Canada (Prentice 1%2) 
and has also been reported on dead foliage and debris, including corn fodder. 

3737. C .  rotundalis Walker. Emmet, Cheboygan: 17 July-14 August. 
3740. C .  diminuendis Barnes and McDunnough. Emmet, Cheboygan: 18-28 July. 
3746. C .  lubncalis Geyer. Emmet, Cheboygan: 19 Ju ly4  August. 
3752. Epizeuxis lituralis Hiibner. Cheboygan: 9 July 1940 (UMMZ, taken at light at Burt . - 

~ a k e - b ~  Peet). 
3759. E. pedipilalis GuenCe. Cheboygan: 12 July 1 x 9 .  Taken at mercury vapor light at the 

Biological Station. 
3764. E. ochreipennis Grote. Emmet, Cheboygan: 7 July-I5 August. 
3766. Chytolita morbidalis Guenee. (Cheboygan. Moore 1955) 
3767. C .  petrealis Grote. Cheboygan: 6 July 1940 (UMMZ, taken by Peet at light at Burt 

Lake). 
3770. Philometra metonalis Walker. (Cheboygan. Moore 1955) 
3771. P .  eumelusalis Walker. Cheboygan: 12-31 July (UMMZ). 
3772. P .  hanhami Smith. Cheboygan: 26 June-15 August (UMMZ). 
3773. Hormisa absorptalis Walker. Emmet, Cheboygan: 4 July-19 August. 

8 ~ h e  species of Campn.lochila are often included in Epizeuris. 
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3789. Renia flavipunctalis Geyer. Emmet, Cheboygan: 31 July-20 August. 
3794. R. larvalis Grote. (Cheboygan. Moore 1955) 
3797. Bleptina caradrinalis Guenee. Emrnet, Cheboygan: 25 June28 July. 
3807. Palthis angulalis Hiibner. (Cheboygan. Moore 1955, only citing Welch 1915) 
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Note added in proof: 

125 1.1. Euxoa manitobana McDunnough. Emmet: 4 August 1947. A specimen of a ques- 
tionable Euxoa from Mackinaw City had been retained by Newman for the MSU collec- 
tion some years ago and was recently sent by Nielsen to J .  D. Lafontaine for determina- 
tion. H e  reports that it is this species, previously known in the state from other northern 
Lower Peninsula counties (Newman and Nielsen 1973) and ranging as far east only as 
Grand Bend. Ontario (Rockburne and Lafontaine 1976). 
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GYPSY MOTH (LEPIDOPTERA: LYMANTRIIDAE) 
SURVEY IN MICHIGAN 

Murray ~ a n n a '  

ABSTRACT 

Gypsy moth, Lyrnantria dispar (L.), was first discovered in Michigan in 1954. Results of 
survey for the years 1954-1980 are presented. 

Riley (1870) documented the first occurrence of gypsy moth (Lymantria dispar [L.]) in 
North America stating, "And only a year ago the larva of a certain Owlet-moth, 
(Hypogymna dispar), which is a great pest in Europe both to fruit-trees and forest-trees, was 
accidentally introduced by a Massachusetts entomologist into New England, where it is 
spreading with great rapidity." Spears (1974) identified human activities which risked 
extending the range of gypsy moth. Dunlap (1980) traced the history of shifting relationships 
between science and public policy with regard to gypsy moth from 1889 until now. Respon- 
sibility for preventing the introduction and spread of destructive insects has been delegated 
to  the Michigan Department of Agriculture, Plant Industry Division (MDA-PID). The 
Director of Agriculture is authorized (Act 189, Public Acts 1931, as amended) to promulgate 
state quarantines regulating the movement of plants and other articles capable of canying 
destructive insects. McCubbin (1954) considered survey to determine the state distribution 
of troublesome pests an indispensable feature of plant quarantine. The United States 
Department of Agriculture, Animal and Plant Health Inspection Service, Plant Protection 
and Quarantine (USDA-APHIS-PP&Q), and MDA-PID act together in survey for gypsy 
moth in Michigan. The Department of Natural Resources, Forest Managment Division 
(DNR-FMD), and the National Campers and Hikers Association (NC&HA) have assisted in 
survey of parks and campgrounds. 

Gypsy moth was discovered in Ingham County, Michigan, when concern and curiosity 
caused a resident of Lansing to inform the City Forester on 19 May 1954, that many 
unfamiliar caterpillars were crawling on his house, garage, shrubs, and neighboring elm 
trees. Specimens which had been sent to entomologists at Michigan State University were 
recognized as  being gypsy moth larvae and of regulatory concern. The MDA-PID and 
USDA-APHIS-PP&Q were immediatlely notified and the identity of the insect was quickly 
verified. The MDA and USDA arranged to secure funding to delimit the area of infestation 
and to  intervene with insecticide. Hurried, visual, roadside scouting for defoliation or other 
signs of gypsy moth was done from vehicles from 25 May until 5 June in order to delimit the 
obviously infested area. By this method, it was determined that portions of East Lansing, 
Lansing, and adjacent Eaton County were infested. O'Dell (1955) thoroughly documented 
the cooperative gypsy moth management program of 1954. 

Gypsy moth is sexually dimorphic, and both sexes are polymorphic varying at least in 
development, behavior, size, and color. Adult females have off-white wings with dark 
markings and are flightless. Male gypsy moths have brown wings with dark markings and are 
strong fliers. The more strongly bipectinate antennae of males are provided with chemo- 
receptors which discern chemical signals emitted by females. Males are able to locate and to 
fly to adult female moths which have emitted sex pheromone. Near the turn of the century, a 
pheromone trap was invented in which virgin female gypsy moths were used to attract male 
moths. The attractant first used for gypsy moth survey in Michigan was natural sex 

I ~ i c h i ~ a n  Department of Agriculture, Lansing, MI 48913. 
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pheromone which had been extracted from adult female gypsy moths. Gyplure, a synthetic 
attractant, replaced natural pheromone in 1%3. Disparlure, an improved synthetic at- 
tractant, replaced gyplure in 1972. In 1973, traps were baited with a cotton wad containing 
0.3 mg of optically inactive disparlure in 2 mg of trioctanoin keeper. When traps were 
serviced during the moth flight season, lure lost by volatilization was replaced from a 
dropper bottle. More sophisticated methods of dispensing disparlure were subsequently 
developed and, beginning in 1974, the amount of disparlure in each trap was substantially 
reduced. Attractant enriched with the (+)-enantiomer of disparlure was first used in a few 
localities in 1978. Neary all survey traps were baited with (+)-enantiomer disparlure in 1980. 
Schwalbe (1980) summarized pheromone-based trapping methods used in gypsy moth sur- 
vey from 1896 to 1977, while Elkinton and Carde (1980) traced the history of pheromone 
trapping for gypsy moth in the United States. Systematic placement of pheromone traps 
during the male flight season has been the principal method of gypsy moth survey in Michi- 
gan. Between 1954 and 1980, frequent changes were made in trap number, distance between 
traps, and locality surveyed. The entire Lower Peninsula of Michigan was surveyed in 
stages between 1978 and 1980, with an array of one trap per three square miles (about 200 
traps per county). The entire Upper Peninsula of Michigan was surveyed in 1980, with an 
array of 35 traps per county. Descriptions of localties where traps were placed are on file 
with the Michigan Department of Agriculture. 

Figure 1 shows the 83 counties of Michigan. Figures 2 4  present results of gypsy moth 
survey for years 1954-1980. The numbers of traps used and male moths captured are given. 
Solid circles indicate for each year, the counties where L. dispar was captured in pheromone 
traps. The solid square in Figure 1, and for 1954 in Figure 2, identifies Ingham county where 
gypsy moth caterpillars were discovered in May 1954. The locality where caterpillars were 
found was treated with insecticide in June 1954. During the summer of 1954, results of 
pheromone trap survey in Ingham County were negative. Traps have not always been placed 
in every locality where gypsy moth occurred the previous season. No pheromone traps were 
placed in Gratiot County in 1979, but gypsy moth egg masses were observed in Arcada and 
Newark townships. No pheromone traps were placed in Midland County in 1980, but all 
stages of gypsy moth were observed in Mt. Haley Township. 

Table 1 presents the chronology of county records for L. dispar in Michigan. The earliest 
verified records of gypsy moth in Eaton and Ingham counties were based on caterpillars 
which had been found by visual scouting. The earliest verified records of gypsy moth in 45 
other counties were based on male moths which had been captured in pheromone traps. 

Table 1. Chronology of county records for L. dispar in Michigan. 

Year County 

1954 Eaton, Ingham, Ionia 
1955 Clinton 
1956 Shiawassee 
1959 Calhoun 
1972 Bay, Isabella, Mecosta 
1973 Arenac, Cheboygan, Clare, Crawford, Gladwin, Gratiot, Huron, Livingston, 

Midland, Montcalm, Newaygo, Oceana, Roscommon, Saginaw, Tuscola, 
Washtenaw, Wayne 

1974 Allegan, Macomb 
1975 Benien 
1976 Osceola 
1978 Barry, Kent, Oakland, Ottawa, Van Buren 
1979 Kalamazoo, Lake, Muskegon 
1980 Chippewa, Genesee, GrandTraverse, Iosco, Luce, Menominee, Ogemaw, St. 

Clair, Schoolcraft 
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Although gypsy moth has been recorded from 47 counties of Michigan, current distribution 
may be more wide-spread. Regulatory intervention with insecticide has reduced to below 
detectable levels, over several generations, previously known gypsy moth populations in 
Clinton, Eaton, Ingham, and Newaygo counties, and it is not certain whether or not the 
insect occurs in those counties now. Furthermore, Embody (1980) investigated gypsy moth 
pheromone trap catches as they relate to the populations from which they were collected, 
and he suggested that if no moths are captured, the judgment that no moths are present 
cannot be made. 

Fig. 1.  The counties of the State of Michigan. 
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For many years, numerous localities of Michigan have been subject to invasion by L. 
dispar. Pheromone traps have been used extensively for early detection, which has had high 
priority in management strategy. Over a span of 27 years, prompt regulatory intervention 
plus the unpredictable elements of nature have helped to prevent potentially destructive 
gypsy moth populations from dangerously exceeding economic thresholds. Perhaps fewer 
than 4 ha of woodlands throughout all of Michigan were known to have been defoliated by 
gypsy moth in 1980. Perhaps no more than 10 ha, woodlots and solitary trees all totaled, 
have been defoliated since gypsy moth was first introduced. Despite these relatively low 
acreages affected, the potential for wide-spread defoliation is so great that systematic 
monitoring of gypsy moth distribution and population trends should be continued. 

TRAPS 5,000 

MOTHS 47 

TRAPS 4,911 

MOTHS 0 

TRAPS 4,055 

Fig. 2.  Results of gypsy moth survey 1954-62. 
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TRAPS 3,056 

MOTHS 0 

TRAPS 5,223 

MOTHS 0 

Fig. 3. 

TRAPS 26 

MOTHS 0 

I 

Results of gypsy moth survey 1963-71. 
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Fig. 4. Results of gypsy moth survey 1972-80. 
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OVlPOSlTlON BY DENDROSOTER PROTUBERANS (HYMENOPTERA: 
BRACONIDAE) ON LARVAE OF SCOLMUS MULTISTRIATUS 
(COLEOPTERA: SCOLYTIDAE) OCCUPIED BY LARVAE OF 

ENTEDON LEUCOGRAMMA (HYMENOPTERA: EULOPHIDAE) 

Bruce H. ~ e n n e d ~ l  

Dendrosoter protuberans (Nees) was introduced into the United States from France as a 
possible addition to the existing spectrum of hymenopterous parasites of the smaller Euro- 
pean elm bark beetle, Scolytus multistriarus (Marsham). D .  protuberans is an external 
parasite; it oviposits through bark onto or next to late-instar larvae of S. multistriatus 
(Kennedy 1970) (Fig. 1). 

The biology of Entedon leucogramma Ratzeburg has been described by Beaver (1%6). E .  
leucogramma is an endoparasite of S. mulrisrriatus. The female of E.  leucogramma enters 
the egg gallery as it is being developed by the female bark beetle and oviposits in newly 
deposited bark beetle eggs. The female wasp advances into and retreats from the bark beetle 
egg gallery as the female bark beetle works in and out of the gallery. The larva of E .  
leucogramma develops internally in the larva of S. mulrisrriatus as the latter matures. As the 
larva of S.  multistriatus matures to a late instar, the parasite larva completes development, 
emerges from the remains of the bark beetle larva, and pupates. (Figs. 2 and 3.) 

The purpose of this paper was to find out if D. protuberans oviposits on late-stage larvae 
of S.  multistriatus already parasitized internally with a larva of E .  leucogramma. 

Fig. 1. Ovipositing adult female of D. protuberans. 

'USDA Northeastern Forest Experiment Station, Forestry Sciences Laboratory, Delaware, OH 43015. 
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Fig. 2. Normal larva of S. rnultistriatus (right); larval bag of S. multismriamus (left); larva of E. leuco- 
gramma (middle). Bar = 1.75 mm. 

Fig. 3. Pupa and adult of E. leucogramma. Bar - 1.0 mm. 
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METHODS 

Seventeen bolts, each approximately 25.4 cm long and 5.0 cm in diameter, were cut from 
elm wood infested with larvae of S. multistriatus under natural conditions, some of which 
were parasitized by E. leucogramma. The bolts were exposed individually to varying num- 
bers (12 to 40) of mated D. protuberans for 24 to 72 h. The bolts were dissected and larvae of 
S. multistriatus with eggs of D. protuberans (Group A) and those without eggs (Group B) 
were separated. The eggs of D. protuberans were counted and immediately removed from 
Group A. On those bolts that were not dissected until 72 h, some D. protuberans larvae 
emerged from the eggs and were present on some of the beetle larvae (Group C); these 
parasite larvae also were removed, and the beetle larvae held separately. The beetle larvae 
in the three groups were kept in petri dishes on moistened filter paper until the study was 
concluded. 

RESULTS 

A total of 1,905 S. multistriatus larvae were removed from the dissected elm bolts; 727 had 
one or more eggs of D. protuberans on or next to them. The beetle larvae in Group A yielded 
4 1 adults plus seven defective (incomplete metamorphosis) individuals of E. leucogramma. 
Group B larva (1,034) yielded 60 adults of E. leucogramma plus nine defective individuals of 
E. leucogramma. Additionally, 95 larvae of S. multistriatus from which early-instar larvae 
of D. protuberans were removed (Group C) yielded 11 adults and two defective individuals 
of E. leucogramma. 

A group of 18 larvae of S. multistriatus, each showing an internal late-stage larva of E. 
leucograrnma (Fig. 4), were oviposited on by D. protuberans. These beetle "larval bags" 

Fig. 4. Larval bag of S. multistriatus with internal larva of E. leucogramma and egg of D. protuberans. 
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yielded six adults and 12 defective individuals of Entedon. Also 22 larvae of S. multistriatus, 
each showing an internal larva of E. leucogramma but no oviposition by D. protuberans, 
yielded 19 adults and three defective individuals of E. leucogramma. 

A group of nine S. multistriarus larval bags containing E. leucogramma were removed 
from an elm bolt and observed; each bag had an attached egg of D .  protuberans. Eight of the 
nine eggs of D. protuberans hatched (one egg disappeared), and the larvae ofD. proruberans 
remained on the bags until the larvae of E .  leucogratnma emerged. After the E .  
leucogramma larvae emerged, the D .  protuberans larvae desiccated and died. From the 
original nine beetle bags, seven larvae of E .  leucogramma emerged, pupated, and yielded 
adults. One larva of E. leucogramma partially emerged and died. Another emerged from the 
larval bag, partially pupated, and died. 

Of the S. multistriatus larvae removed from the dissected logs, 53 had two D .  protuberans 
eggs, 31 had three eggs, 10 had four eggs, and five larvae had six eggs. Fouteen pupae of 
Cheiropachus colon (L.). a parasite of S.  multistriarus, were removed from the dissected 
elm bolts, as were 16 larvae and two pupae of E. leucogramma. All were free of eggs or 
larvae of D. protuberans. 

D. protuberans oviposited on 44.6% of the S. multistriatus larvae (including larval bags) 
removed from the elm bolts and 9.4% of the S. multistriatus larvae were parasitized by E .  
leucogramma. Of those beetle larvae from which E. leucogranztna emerged, 49.2% were 
oviposited on by D. protuberans. 

E. leucogramma larvae emerged from the remains of the S. rnultistriatus larvae in 2 to 7 
days. Pupation occurred in 2 to 13 days and adults emerged in 10 to 17 days. 

Incomplete development of larvae of E .  leucogramma might be attributed to the probing 
of the ovipositor of D .  protuberans during oviposition, even if no egg is deposited. Larvae of 
S .  multisrriarus on which oviposition by D .  proruberans has occurred usually are quiescent, 
as  if stung and paralyzed. Incomplete development of larvae and pupae of E .  leucogramma 
could be due to activity of early-instar larval feeding by D .  protuberans, even though the 
larvae of E. leucogramma eventually emerge from the larval bag. 

In this study, D. protuberans oviposited on beetle larvae previously parasitized by E. 
leucogramma. The survival of an E .  leucogramma larva when oviposition by another para- 
site occurs on its host may depend on its stage of development within the host. When the E .  
leucogramma larva has reached the larval bag stage, its chances for survival may be greater 
than if oviposition by another parasite occurs at an earlier stage of development. 

Under natural conditions, parasitism of S. multistriatus by E .  leucogramma might be 
obscured by subsequent oviposition by D .  protuberans or, for that matter, by C. colon or by 
Spathius benefactor Matthews. another parasite of S.  multistriatus. The latter two parasites 
are well established in S. nzultistriatus populations, but their relationship with E. 
leucogramma was not investigated in this study. It is also possible that parasitism by the 
aforementioned parasites might be obscured by the survival of E .  leucogranznza following 
oviposition by the secondary parasite. 
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OBSERVATIONS ON THE BIOLOGY OF PHASGONOPHORA 
SULCATA (HYMENOPTERA: CHALCIDIDAE), A LARVAL 
PARASlTOlD OF THE TWOLINED CHESTNUT BORER, 

AGRILUS BIUNEATUS (COLEOPTERA: 
BUPRESTIDAE), IN  WISCONSIN^ 

R. A. Haack, D. M. Benjamin, and B. A. ~ c h u h 2  

ABSTRACT 

Phasgorzophora sulcata Westwood was the principal larval parasitoid of Agrilus 
bilineat~is (Weber) during a study conducted in a natural oak-hardwood forest in the Kettle 
Moraine State Forest, Jefferson County, Wisconsin. Mean percent larval parasitism was 
10.5%. Mean A .  bilineatus and P .  sulcata densities were, respectively, 53.0 and 6.1 adults 
per square meter of bark. The theoretical developmental threshold temperatures for over- 
wintering A.  bilineatus and P .  sulcata larvae were 17.8" and 19.l0C, respectively. The peak 
flight period of P .  sulcata (9 July 1980) occurred ca. 3 weeks after the A.  bilineatus peak 
flight (18 June 1980) at about the time of peak A.  bilineatus egg eclosion. The P.  sulcata sex 
ratios (malexfemales) for laboratory-reared and field-captured adults were 1:1.35 and 
1:3.22, respectively. 

Phasgonophora sulcata Westwood (Fig. 1 )  is the principal larval parasitoid of the two- 
lined chestnut borer, Agrilus bilineatus (Weber), in New York and Pennsylvania (Cote and 
Allen 1980). P .  sulcata also is the principal larval parasitoid of the bronze birch borer, 
Agrillrs anxius Gory (Barter 1957), and the bronze poplar borer, Agrilus liragus Barter & 
Brown (Barter 1965), and it accounted for 1 4 %  and 2-20% parasitism, respectively, in New 
Bmnswick. We present here observations on the biology of P.  s~ilcata recorded during a 
life-history study of A. bilineatus in a natural oak-hardwood forest in the Kettle Moraine 
State Forest, Jefferson County, Wisconsin, in 1980. 

MATERIALS AND METHODS 

Percent larval parasitism, borer density, and parasitoid density were determined by rear- 
ing A .  bilineatus and P.  sulcata adults from naturally infested bark. Approximately 10 m2 of 
bark were collected from the lower boles (1-5 m) of three northern red oaks, Quercus rubra 
L. ,  and two black oaks, Quercus vel~itina Lam., in April and May. The bark was divided 
equally into 10 emergence cages, maintained at room temperature, and checked daily for 
adults. The number of reared adults per sample was recorded by species. All P.  sulcata exit 
holes were traced back into the bark by splitting with hammer and chisel to determine if they 
had originated from an A.  bilineatus pupal chamber. 

The theoretical developmental threshold temperatures for overwintering A.  bilineatus and 
P .  sulcata larvae were determined. Approximately 3 m2 of infested bark were collected on 1 
January from the lower boles of two northern red oaks and returned to the laboratory. The 
bark was placed into four emergence cages and each was maintained separately in environ- 

l ~ e s e a r c h  supported by the School of Natural Resources of the College of Agricultural and Life 
Sciences, University of Wisconsin-Madison, and the Wisconsin Department of Natural Resources. 

Zcollege of Agricultural and Life Sciences, University of Wisconsin, Madison, WI 53706. 
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Fig. 1 .  Pliusgonophoru si~lcuru adults ( X 6 . 3 ) :  female (top), male (bottom). 

mental chambers at 20°, 24", 28", and 30°C. Adults were removed daily and the number of 
days to emergence was recorded. Mean developmental time in days was calculated by 
species for each temperature. The developmental threshold temperatures and their re- 
spective linear equations were determined from the 24" and 28°C data. 

The adult flight period was investigated by trapping adults on Tree TanglefooP-coated. 
20-cm-wide polyethylene bands, stapled at breast height (1.3 m) around the trunks of six 
northern red oaks, four black oaks, and seven white oaks, Quercus alba L.,  beginning on 30 
May. All trees were stressed to increase their attractiveness to A. bilineatus adults by basal 
girdling with a chain saw on 4 June. A. bilinvatus and P. sulcata adults were removed and 
counted weekly from 4 June through 17 September. 

The sex ratio and sex factor for all laboratory-reared and field-captured P. sulcata adults 
were calculated. Reared adults were those recovered from the developmental-rate and per- 
cent-parasitism studies; field-captured adults were those recovered from the flight-period 
study. 

RESULTS AND DISCUSSION 

A total of 530 A. bilineatus and 61 P. sulcata adults were reared from10 m2 of bark. Mean 
percent larval parasitism (i 2 SE;  range) was 10.5% 2 2.1; 2.1-25.070. A. bilineatus and P. 
sulcata mean overwintering densities (%/m2 ? SE; range) were 53.0 ? 6.9; 27-101 and 
6.1 2 1.4; 1-16, respectively. Also reared were three unidentified braconids (Hymenoptera); 
one Tenebroidrs corticalis (Melsheimer). (Coleoptera: Trogositidae); and one Cymatodera 
bicolor (Say), (Coleoptera: Cleridae). 

The theoretical developmental threshold temperatures for overwintering A. bilineatus and 
P. sulcata larvae were 17.8" and 19. l a c ,  respectively. Their respective linear equations were 
Y=0.00475X-0.0845 for A. bilineatus and Y=0.0036025X-0.06892 for P. sulcata; Y repre- 
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Fig. 2 .  The 1980 adult flight periods for Agrilns bilineatus (n= 12,987) and Phusgonophoru sulcutu (n=76) 
in the Kettle Moraine State Forest, Jefferson County, Wisconsin. 

Table 1. Mean developmental time in days for overwintering Agrilus bilineatus and 
Phasgonophora sulcata larvae to complete development in overwintering sites in oak bark 
and emerge as adults at 20°, 24", 28", and 30°C. 

Mean Developmental Time in Days 
Agrilus bilineatus Phasgonophora sulcata 

Temperature 
CC) x ? SE 11% (n) ic -t SE 11% (n) 

sents I/(mean developmental time in days) and X represents temperature (Co). Mean devel- 
opmental times for overwintering A. bilineatus and P.  sulcata larvae are shown in Table 1. 
A. bilineatus consistently completed development and emerged before P. sulcata. A.  
bilineatus overwintered in pupal chambers in the outer bark as mature fourth instar larvae. 
P .  sulcata overwintered within its host; however, the overwintering parasitoid life stage was 
not determined. Parasitized A.  bilineatus larvae constructed normal pupal chambers and 
positioned themselves normally within the chamber. P .  sulcata probably overwintered as 
early instar larvae since no host disfigurement or discoloration was observed until late April 
in field-collected specimens; then parasitized larvae turned from milky white to golden 
yellow and failed to pupate. A. bilineatus larvae constructed a passage for subsequent adult 
emergence from their pupal chamber to within 1-2 mm of the bark surface and packed it 
with frass before overwintering. P.  sulcata adults exited via those passages; they con- 
structed a circular exit hole that is distinct from the larger D-shaped A.  bilineatus exit hole. 

The peak flight period of P .  sulcata (9 July 1980) occurred ca. 3 weeks after A.  bilineatus 
peak flight (18 June 1980) (Fig. 2). A similar flight pattern was observed from sticky-trap 
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catches on oaks that were girdled on 17 April 1980 in the same area (J. 0. Haanstad, pers. 
comm.). The delayed peak flight of P. sulcara with respect to A. bilineatus may be a result of 
differences in their developmental threshold temperatures. The P. sulcata peak flight period 
occurred at about the time of peak A. bilineatus egg eclosion. A.  bilineatus females ovi- 
posited in bark cracks and crevices on the bark surface; P. sulcata females were observed 
entering bark cracks and ovipositing near A. bilineatus eggs. 

The P .  sulcara sex ratio (ma1es:females) and sex factor (females/males+females) were, 
respectively, 1:1.30 and 0.57 (n=92) for laboratory-reared adults and 1:3.22 and 0.76 (n=76) 
for field-captured adults. P. sulcata females were more active than males on the bark 
surface; this probably explains in part the relatively high proportion of captured females. 

P. sulcata was the principal larval parasitoid of A.  bilineatus in this study. The behavior 
and biology of P. sulcata allow it to be an effective parasitoid of A. bilineatus. 
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DESCRIPTIONS OF THREE NEW SPECIES OF NEARCTIC 
CTENOPELMATINAE (HYMENOPTERA: ICHNEUMONIDAE)~ ,~  

John C. ~ u h m a n ~  

ABSTRACT 

Three new species of Ctenopelmatinae are described from series obtained from rearings of 
yellowheaded spruce sawfly larvae, Pikonema alaskensis (Rohwer). 

This paper is largely the result of continuing studies ofpikonema alaskensis (Rohwer), the 
yellowheaded spruce sawfly (YHSS) (Hymenoptera: Tenthredinidae), in Itasca County, 
Minnesota, in the white spruce plantations of the Blandin Paper Company, Grand Rapids, 
Minnesota. Among the 12 ichneumonid parasites recorded emerging from YHSS cocoons 
were three undescribed species of Ichneumonidae in the subfamily Ctenopelmatinae 
(Scolobatinae of Townes [I9511 and others). These species were determined in 1974 and 
1977 by R. W. Carlson at the Systematic Entomology Laboratory, Agricultural Research 
Center, USDA, Beltsville, Maryland, as follows: Rhorus # I  (Rhorus barrelri of author), 
Rhorus #2 (Rhorus gaspesianulus of author), and Hyperbutus n. sp. (Hyperbatus 
martnoratus of author). These three species were among those listed as parasites of YHSS 
by Houseweart and Kulman (1976), Thompson and Kulman (1980), and Rau (1976). the 
latter including biological notes. Large numbers of all three species were obtained from 
massive rearings of the sawfly larvae in Minnesota 1977 and 1978. 

P. alaskensis sawfly larvae were gathered for pheromone research on adult males. Nearly 
a million 4th to 6th instar larvae of YHSS from the white spruce plantations of the Blandin 
Paper Company were collected in Itasca County. The collecting was done from late June to 
early July. Though parasites presumably attack larval stages, the act was rarely observed. In 
normal summers, virtually all the YHSS have formed cocoons in the soil by midJuly. Thus 
it appears that P. alaskensis is an early summer host for the parasites in question. 

The cocoons of reared YHSS, about a third of a million, were stored at 0°C in September. 
They were warmed in successive batches at 15°C after 4 to 9 months at 10°C. The YHSS 
emerged after 5 to 6 weeks at 15'; the parasites after 7 to 9 weeks. The order of abundance of 
the three parasites from two years of emergences is as follows (after Syndipnus rubiginosus 
Walley and S. gaspesianus [Provancher]): R. bartelti, H. marmorutus, R. gaspesianulus. 

Rhorus bartelti new species 
Figure I 

General: Moderately stout abdomen, black with femginous abdomen and testaceous 
legs; males with black-tipped abdomen (Fig. ID). More specific generic description as 
follows: body moderately proportioned, abdomen longer than head and thorax together: 
abdominal tergite 1 stout, tergites 1 and 2, and basally 3 rugulose; male subgenital plate with 
nearly hemispherical emarginationr; (Fig. LC). 

l~uppor t ed  by the Charles K. Blandin Foundation of Grand Rapids, Minnesota, in the form of a 
research grant to H. M. Kulman of the University of Minnesota. 

2 ~ a p e r  No. 11240 Scientific Journal Series, Minnesota Agricultural Experiment Station, St. Paul. MN 
55108. 

3Departrnent of Entomology, University of California, Riverside, CA 92521. 
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Etymology: Through painstaking collection and rearing of YHSS larvae by Robert 
Bartelt, large series of the three undescribed ctenopelmatines were obtained enabling ac- 
curate descriptions of them to be written. 

Female and Male: Nearly identical size and coloration except males with apical fourth of 
abdomen and clypeus usually black; front wing 3.9 to 6.0 mm, usually between 4.7 to 
5.7 mm long; body generally shiny, face and mesopleurum (except speculum and area 
around fovea) with dense, moderately coarse punctations, those on head and mesoscutum 
finer; propodeum rugulose between carinae; metapleurum with lower half rugulose; apical 
portion of tergite 3 and tergites 4 to 7 subpolished with very fine punctations. 

Brown. Flagellum except darker dorsally; apex of scape; tegula. 
Black. Head, often entire clypeus in males, usually only medial part in females; usually 

basal portion of mandible; thorax and propodeum; petiole except apical and mesal portion, 
often two black spots on tergite 2. rarely (males) with black rectangular area; apical and 
lateral portions of tergite 4 (rarely 3 also) and all of tergites 5 to 7 except sometimes 
ferruginous patch medially on base of tergite 5; lateral sternal plates of males; coxae except 
usually anterior portion of coxae 1 and 2 and sometimes apical portion of coxa 3; trochanters 
often infuscate basally. 

Testaceous. Often lateral third of clypeus in males, sometimes in females; sometimes 
mandible; legs I and 2, leg 3 rufotestaceous; trochanters 1 and 2 except basally infuscate, 
and trochanter 3 rufotestaceous with infuscation. 

Yellow. Usually clypeus in females (rarely in males) except for medial part; usually 
mandible except basally and teeth. 

White. Anteror and mesal part of coxae 1 and 2. except varying amount of infuscation 
and sometimes apical part of coxa 3. 

Fig. 1 .  Rhorus bartclti n.sp.: (A)  side view, female; (8 )  face, female; (C) parameres and subgenital plate, 
male; (D) abdomen, male. 
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Fig. 2. Rhorids gaspesianulrds n.sp.: ( A )  side view, female; (B) face, female; (C) parameres and subgenital 
plate, male. 

Fermginous. Apical portion of petiole; female abdominal tergites 2 to 7, except some- 
times two spots on tergite 2, and tergites 6 and 7 almost orange: male tergites 2 to 4 except 
margin of tergite 4, rarely of tergite 3, and sometimes tergite 2 with two spots, or rarely with 
rectangular black area; rarely, fermginous areas nearly orange. 

Variations. Clypeus from all yellow to all black; in males, coxae I and 2 from nearly all 
white to black; trochanters from testaceous to nearly black; mandible from yellow to 
testaceous; tergite 2 from all fermginous to having two black spots or (males) rarely with 
rectangular black patch; rarely males with apical margin of tergite 3 black, and rarely males 
with no black on apical portion of tergite 4. 

Holotype: Female, near Grand Rapids, Itasca Co., Minnesota, reared from a Pikonema 
alaskensis larva collected June 1978; Adult emerged in incubator by spring 1979: R. Bartelt, 
collector. Type deposited in the insect collection of the Department of Entomololgy, Fisher- 
ies and Wildlife, University of Minnesota, St. Paul. 

Allotype: Male, same data as holotype. 
Paratypes: 97 females and 99 males from Minnesota (Itasca Co.) also reared from YHSS 

larvae collected June 1977 and 1978; 18 females and 16 males from Maine from YHSS 
collected July 1976. 

Rhorus gaspesianulus new species 
Figure 2 

General: Stout abdomen, shiny black with a yellowish, bilobed (truncate heart-shaped) 
patch on face (Fig. 2B), and with testaceous legs. More specific generic characters as 
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follows: notaulus short and broad, nervellus distinctly inclivious, tergite 1 stout, tergites 1 
and 2. and tergite 3 basally, rugulose; male subgenital plate weakly emarginate (Fig. 2C). 

Etymology: Resembles Syndipnus gaspesianus (Provancher), a larger more elongate 
ichneumonid commonly reared from YHSS larvae. 

Female and Male: Nearly identical size and coloration; front wing 4.0 to 5.8 rnm, most 
between 4.6 and 5.4 mm; face and clypeus with coarse, dense punctations, finer and sparser 
ones on remainder of head and mesoscutum except dorsal portion of latter in front of 
prescutellar groove coarser, almost rugulose; mesoscutum polished; pleural sclerites evenly 
and moderately densely, coarsely punctate except the speculum and below fovea along 
mesopleural suture; tergites 3 to 6 polished with very fine, moderately dense punctations; 
abdomen about as long as head and thorax together; propodeum as figured with distinct 
rugulosity in pleural and petiolar areas. 

Black. Flagellum but more brownish especially anteriorly, scape except usually anterior 
tip whitish. pedicel, head except biblobed patch on face often extending into clypeus and 
into facial orbit; thorax except tip of pronotum and mesopleurum at tegula; propodeum, 
petiole, abdomen except truncate apical portion of female whitish, and sometimes apico- 
lateral portion of tergite 2 and more rarely basal part of tergite 3 darkly fenuginous, 
epipleura except 2nd and 3rd light, sternal plates except first medial 4 lighter; coxae 2 and 3 
except often increasingly testaceous toward apex. 

Darkly Femginous. Rarely (females) apical margin of petiole, rarely (males and fe- 
males) most of tergites 2 and 3, and tergite 4 basally; more often (males and females) 
apicolateral portion of tergite 2. 

Yellow. Medial, bilobed patch on face ranging from heart-shaped to moderately 
notched, sometimes straminous; sometimes clypeus, more often with suffusion and only 
between its fovea; mandible except at tip and base. 

Testaceous. Coxa 1, rarely coxae 2 and 3 rufotestaceous except basally infuscate; 
trochanters except 3rd often darker; legs except leg 3 rufotestaceous and tarsus 3 and apex 
of tibia 3 infuscate. 

White. Usually anterior tip of scape; tip of pronotum and mesopleurum at tegula; tegula; 
truncate apical portion of female abdomen, ovipositor sheath. 

Variations. Areolet rarely incomplete or absent; rarely large portions of tergites 2 and 3 
darkly, unevenly femginous; coxae 2 and 3 rufotestaceous; yellowish bilobed patch filling 
most of face to  eyes, but not outside of clypeal fovea. 

Holotype: Female, near Grand Rapids, Itasca Co.. Minnesota, reared from Pikonema 
alaskensis larvae collected June 1978; adult emergence indoors by spring 1979; R. Bartelt, 
collector. Type deposited in the insect collection of the Department of Entomology, Fisher- 
ies, and Wildlife, University of Minnesota, St. Paul. 

Notype: Male, same data as holotype. 
Paratypes: 38 females and 33 males from Minnesota (Itasca Co.) reared from YHSS; 10 

females and 4 males from Nova Scotia YHSS: 5 females and 1 male from Maine YHSS. 

Hyperbatus marmoratus new species 
Figure 3 

General: Elongate abdomen, black above, side view with marbled appearance of distinct 
zones of black, rufous, and white on the mesopleurum; legs 1 and 2 testaceous, leg 3 black; 
coxae 1 and 2 white, coxa 3 fulvous. Differs from generic description as follows: front wing 
4.7 to  6.8 mm, nervulus barely its width distad of basal vein, nervellus intercepted near 
lower fourth, mesopleurum polished with punctations moderately coarse and dense, more 
densely distributed on lower half and anterior part. 

Etymology: From the marbled coloration of the mesopleurum. 
Female and Male: Front wing usually between 5.4 and 6.4 mm but male 5.8 mm; face 

and frons mat, clypeus polished, mesoscutum subpolished with short, moderately dense 
hairs, punctations very fine and sparse; abdominal tergites mat with moderately dense hairs. 

Black. Antenna except sometimes anterior portion of scape; frons, medial portion of 
face between and below antennae to or near clypeus, vertex, temple, occiput, apical seg- 
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Fig. 3 .  Hyperburus marmorurus n.sp.: (A)  side view. female; (B) face, female. 

ment of labial and maxillary palpi (blackish); pronotum except anterior and posterior tips, 
mesoscutum except anterolateral band extending from notaulus to tegula, scutellum medi- 
ally, anterior half of preceptus, upper third of mesepisterum except near tegula; propodeum 
except along pleural canna, though sometimes this area and metapleurum infuscate or black; 
petiole, abdominal tergites 2 to 8 except epipleura and apical edges, mid to upper portion of 
abdominal sternites (side view) extending about three-fourths the distance to apex of each 
sternite ovipositor except very tip; first trochanter 3 except distal tip, leg 3 except basal tip 
of femur; wing veins above except at basal tip of stigma, and sometimes metacarpus. 

White. Sometimes anterior portion of scape (whitish), mandible (except teeth), palps 
except apical segments, face except medial portion to near clypeus; clypeus except some- 
times apical margin testaceous; anterior half of propleurum touching coxa 1; anterior and 
posterior tips of pronotum; anterior band on mesoscutum from dorsum along notaulus to 
margin continuing to tegula, dorsolateral edge of mesoscutellum, tegula, axillary sclerites, 
edge of mesopleurum near tegula, about posterior half of prepectus, mesepimeron, lower 
third of mesepisternum in form of broad "Y" around indentation marking approximate area 
of sternaulusbith stem of "Y" ending at  or near coxa 2, mesosternum midially along suture 
and at edges; epipleura of abdominal tergites 2 to 8 and apical edge of each, abdominal 
sternites except for elongate black markings along mid to upper portion of sternites as seen 
from side; very tip of ovipositor sheath whitish; coxae 1 and 2, first and second trochanters 1 
and 2, second trochanter 3 and apical edge of first trochanter 3, basal tip of femora 1 and 2. 

Rufous. Mesopleural band beginning from upper end of prepectal carina expanding 
posteriorly over about mid third of mesepisternum below foveal groove, in and above 
sternaulus indentation and mesosternum except at suture and edges; above and along pleural 
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canna though sometimes infuscate to black, metapleurum though sometimes infuscate or 
black. 

Fulvous. Coxa 3.  
Testaceous. Legs I and 2 except dorsally infuscate basal tip of tibiae 1 and 2 and light 

area near basal fourth of tibia I and 2 with grayish patch beneath distal end, tarsi infuscate; 
sometimes apical margin of clypeus. 

Holotype: Female, near Grand Rapids, Itasca County, Minnesota, reared from 
Pikonema alaskensis larva collected June 1978; adult emergence indoors by spring 1979; R. 
Bartelt, collector. Type deposited in the insect collection of the Department of Entomology, 
Fisheries, and Wildlife, University of Minnesota, St. Paul. 

Allotype: Male, same as holotype data. 
Paratypes: 155 females from Minnesota (Itasca Co.) reared form YHSS larvae; ? females 

from Maine YHSS. Males are apparently rare. Only one male was obtained out of 159 H. 
marmoratus emerging over three years from YHSS cocoons from two states. 
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AN INVESTIGATION ON THE LARVAL HABITAT OF FIVE SPECIES 
OF TREE-HOLE BREEDING MOSQUITOES (DIPTERA: CULICIDAE) 

Lee ~ i t c h e l l l  and C. Lee ~ o c k e t t ~  

ABSTRACT 

A two-year study on the larval habitat of five species of tree-hole breeding mosquitoes 
was conducted in the vicinity of Bowling Green, Wood County, Ohio. Ninety-eight tree 
holes containing mosquito larvae were studied. Larval collections (27,741 specimens) were 
comprised of Aedes rriseriarus (90.8%), Orrhopodomyia signifera (3.3%), Aedes hendersoni 
(3.2%), Anopheles barberi (2.7%) and Orrhopodomyia alba (< 0.1%). Chemical parameters 
(BOD, tannin-lignin, pH, and conductivity) of different tree holes were evaluated. Although 
different tree-hole species were commonly found in association with one another at breeding 
sites, ecological differences between species were found in spatial, trophic, and temporal 
niche dimensions. 

Mosquitoes are often grouped as to the type of habitat occupied and given such names as 
floodwater, salt marsh, permanent water, or container-breeding mosquitoes. Defining a 
characteristic niche for each species is often difficult owing to frequent interspecific associ- 
ations at breeding sites. Several ecologists have focused their attention on mosquitoes 
breeding in containers because these "microhabitats" are relatively simple communities. 
Maguire et  al. (1968) studied the control of community structure by mosquito larvae in the 
bracts of wild banana flowers. Istock et  al. (1975) examined the ecology and evolution of the 
pitcher-plant mosquito. Wyeomyia smirhii (Coquillett). The isolation of La  Crosse virus 
(California encephalitis group) by Thompson et al. (1972) from a tree-hole breeding mos- 
quitoe, Aedes rriseriarus (Say), has created a renewed interest in the inhabitants and micro- 
habitat of tree holes. 

Tree holes are dynamic habitats of a temporary nature; wood decay may perforate the 
bottom of the cavity and subsequently drain it, the water may evaporate during drought, or 
the hole may become filled with wind-blown debris (twigs, leaves, and dirt) (Hanson and 
Hanson 1970). Numerous studies have been published on the biology and ecology of mos- 
quitoes that breed in tree holes. Jenkins and Carpenter (1946) reviewed the biology, distribu- 
tion and importance of the Nearctic tree-hole mosquitoes in relation to disease transmission. 
Lunt and Peters (1976) and Nielsen et al. (1968) reported on the distribution and bionomics 
of tree-hole mosquitoes in the Great Plains states and in the western United States, respec- 
tively. Several authors have focused their attention on the bionomics of specific tree-hole 
breeding mosquitoes (Hemmerlein and Crans 1968, Loor and DeFoliart 1970, Garcia and 
Ponting 1972). 

Some specific objectives of our study were to determine: qualitative and quantitative 
species analysis of periodic tree hole samplings on a seasonal basis; associations of different 
tree-hole species; selected chemical analysis of the larval habitat; and criteria for the selec- 
tion of oviposition sites by gravid females. 

 oledo do Area Sanitary District, 5015 Stickney Avenue, Toledo, OH 43612. 
2~epartrnent of Biological Sciences, Bowling Green State University, Bowling Green, OH 43403. 
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MATERIALS AND METHODS 

Three primary collecting sites (designated as A, B, and C) were selected in Wood County, 
Ohio, for this study; specific geographical locations were given in Mitchell (1978). The 
vegetational composition of each site was distinct. Site A (2.6 ha) is characterized as an 
oak-hickory forest throughout, with shellbark hickory (Carya laciniosa), pignut hickory (C. 
glabra) and white oak (Quercus alba) as the most important canopy species. Site B (26.9 ha) 
is represented by two community types: swamp-forest, characterized by pin oak (Q. 
palustris) and swamp white oak (Q. bicolor); and sand-ridge, characterized by red oak (Q. 
rubm) and white oak (Q. alba). White oak, red oak and common locust (Robinia pseudo- 
acacia) are abundant at site C (6.1 ha). Three tree holes located in the City of Bowling Green 
(Wood County) were also examined during the study. 

From 16 May through 14 November 1976, and 10 April through 26 November 1977, 
tree-hole breeding mosquitoes were collected at the study sites. Individual tree holes were 
examined approximately once every three weeks throughout the investigation. A 25 ml pipet 
(1.3 cm diam) with a mbber bulb was used to remove standing water (with immature mos- 
quitoes) from the tree holes. All tree holes were filled with aged tap water after the collection 
process had been completed. Dry tree holes were occasionally flooded with aged tap water 
and rechecked at  a later date in order to determine their mosquiteproducing potential. Field 
samples were returned to the laboratory for qualitative and quantitative analysis. 

The water chemistry of selected tree holes was also investigated. Specitic conductance 
and tannin-lignin content were analyzed with a HachE DR-ELI2 water test kit. A Hachm 
colorimeter was used for field pH tests. Biochemical oxygen demand (BOD) was analyzed 
with a Hacha BOD manometer apparatus. 

RESULTS 

Mosquito larvae were collected from 98 different tree holes (434 total samples) during the 
two-year study. Most of these trees were oaks (Quercus spp.) (57G). hickories (Carya spp.) 
(30%) and red maples (Acer rubrum) (7%). Tree holes containing lanrae at site A were 
primarily hickories, whereas oaks were the common breeding sites at locations B and C. 

The following species were identified from the 27,741 collected larval specimens: Aedes 
triseriatus (90.8%), Orthopodomyia signifera (Coquillett) (3.3%). Aedes hendersoni 
Cockerell (3.2%), Anopheles barberi Coquillett (2.7%) and Ortl~opodom~ia alba Baker 
(< 0.1%) (Table 1). The collection of A, hendersoni (May 1976) and 0. alba (August 1977) 
represented new distributional records for Wood County. Occasionally Cu1e.x pipiens L. 
and/or Culex restuans Theobald larvae were also present in the tree hole collections. 

The tree-hole mosquitoes collected in this study showed a marked variation in terms of 
their seasonal abundance (Table 1). Aedes triseriatus was abundant from May through 
August (1976) and from April through August (1977). Other species followed in an orderly 
fashion: A. hendersoni, July-August (1976) and June-August (1977): A. barberi, July- 
October (1976 and 1977); and 0. signifera, July4ctober (1976) and September-October 
(1977). Although few data were available for 0. alba, this species seemed to follow the 
pattern of 0. signifera. Orthopodomyia signifera and A. barberi were collected as late as 
November in both years. 

Tree-hole mosquitoes were commonly found in association with one another at breeding 
sites. The data presented in Table 3 show that the most common species associations were 
A.  triseriatus/A. barberi (54X) and A. triseriatuslA. i~endersoni (52X). The A. barberilA. 
hendersoni (20X) and A. barberilo. signifera (19X) associations occurred less frequently. 

This study provided no evidence for exclusive selection of a particular tree species by any 
of the tree-hole breeding mosquitoes. Tree-hole mosquitoes were collected most often from 
oaks and hickories, which were simply the most abundant trees with water-filled holes at the 
study sites (Table 4). 

A summary of ecological data for the five species of tree-hole breeding mosquitoes is 
given in Table 2. Owing to its rare occurrence, the ecological data presented in Table 2 for 0. 
alba are very limited and may not be an accurate representation of its habitat preference. 



Table I. Larval collections from all locations. 

1976 1977 Totals 

Species May June July Aug. Sep. Oct. Nov. Apr. May June July Aug. Sep. Oct. Nov. 1976 1977 

Aedes hendersoni 1 0 5 5 2 1 3  0 0  26 0 75 533 144 14 4 0 80 796 
Aedes triseriatus 1408 1245 2580 1306 47 24 3 4005 7544 2930 2752 759 586 0 0 6613 18576 
Anopheles barberi 0 1 37 81 40 63 20 5 0 19 123 101 98 150 19 242 515 
Orrhopodornyia alba 0 0 0 0 0 0 0  0 0 0 0 2 8 3 0  0 13 
Orthopodornyia signifera 0 0 58 229 65 115 19 0 0 0 0 0 167 238 15 486 420 

Totals 1409 1246 2730 1637 155 202 42 4036 7544 3024 3408 1006 873 395 34 7421 20320 

Table 2. Summary of ecological data for the five species of tree-hole breeding mosquitoes. 

Total for 
A. hendersoni A. triseriatus A. barberi 0. alba 0.  signifera all species 

Relative frequency at tree holes 

Diameter of tree hole opening 
(cm) 

Height of tree hole above 
ground level (cm) 

Location of tree hole 

pH values 

Specific conductance 
(micromhos/cm) 

BOD (mgllitre) 

27/98 = 28% 

3.8 - 38.1 
X = 13.5 

0 - 147.3 
X = 28.2 

top = 67% 
side = 33% 

5.0 - 8.0 
X = 6.6 

210 - 5,500 
X = 1,485 

6.0 - 450.0 
X = 177.0 
58.0 - 248.0 
X = 125.8 

96/98 = 98% 

2.5 - 40.6 
ic = 11.7 

0 - 147.3 
ic = 18.8 

top = 78% 
side = 22% 

5:O - 8.0 
ic = 6.6 

120 - 5,500 
x = 993 

6.0 - 450.0 
X = 128.0 
10.5 - 248.0 
x = 94.7 

27/98 = 28% 

5.1 - 33.0 
ic = 13.0 

0 - 106.7 
ft = 21.8 

top = 67% 
side = 33% 

5.0 - 8.0 
X = 6.5 

I20 - 5,500 
ic = 993 

6.0 - 450.0 
ic = 128.0 
10.5 - 248.0 
X = 97.0 

1/98 = 1% 

20.3 
ic = 20.3 

6.4 
X = 6.4 

top = 0 
side = 100% 

7.0 - 8.0 
k = 7.6 

5,500 
ic = 5,500 

450.0 
ic = 450.0 
248.0 
X = 248.0 

7/98 = 7% 

6.4 - 27.9 
X = 15.5 

0 - 50.8 
ic = 17.8 

top = 43% 
side = 57% 

6.0 - 8.0 
X = 6.7 

320 - 5,500 
X = 1,273 

43.8 - 450.0 
X = 140.0 
58.0 - 248.0 
X = 125.8 

2.5 - 40.6 
X = 11.7 

0 - 147.3 
X = 19.6 

top = 78% 
side = 22% 

5.0 - 8.0 
X = 6.6 

120 - 5,500 
X = 993 

6.0 - 450.0 
X = 128.0 
10.5-248.0 
X = 94.7 
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Table 3. Frequency of larval associations at tree hole breeding sites.a 

A. hendersoni A.  triseriatus A. barberi 0. alba 

Aedes triseriatus 52 - 54 1 
Anopheles barber; 20 54 - 4 
Orthopodomyia alba 2 1 4 
Orthopodotnyia signifera 8 12 19 3 

aEach figure represents the number of times that one species was found with another. 

Table 4. Tree species serving as breeding sites for tree-hole m0squitoes.a 

Aedes hendersoni 

Shellbark hickory (8) Pignut hickory (3) Cottonwood ( 1 )  
(Carya laciniosa) (Carya glabra) (Populus deltoides) 

Red oak (5) Red maple (2) Black gum ( 1 )  
(Quercus rubra) (Acer rubrum) (Kxssa J?.~L-atica) 

White oak (4) Stumps (2) Boxdder  ( I )  
(Quercus alba) (ricer negundo) 

Aedes triseriatus 

Red oak (33) 
(Quercus rubra) 

White oak (19) 
(Quercus alba) 

Red maple (7) 
(Acer rubrutn) 

Common lucust ( 1 )  
(Robinia pseudoacacia) 

Swamp white oak (4) Cononwood ( 1 )  
(Quercus bicolor) (Populus deltoides) 

Shellbark hickory (14) Stumps (2) 
(Carya laciniosa) 

Pignut hickory (12) Yellowbud hickory (2) 
(Carya glabra) (Carya cordiformis) 

Anopheles barberi 

Red oak (1 1) 
(Quercus rubra) 

White oak (6) 
(Quercus alba) 

Red maple (3) 
(Acer rubrum) 

Swamp white oak (1) 
(Quercus bicolor) 

Shellbark hickory ( 1 )  
(Carya laciniosa) 

Pignut hickory (1) 
(Catya glabra) 

Black 'um ( 1 ) 
(.V~ssa s\-lcatica) 

Black gum ( I )  
(,V!ssa J?.lcarica) 

Common locust ( 1 )  
(Robinia pseudoacacia) 

Box-elder ( 1 )  
(Acer negundo) 

Orthopodomyia alba 

White oak (1) 
(Quercus alba) 

Orthopodomyia signifera 

White oak (3) Red oak (3) Red maple ( 1 )  
(Quercus nlba) (Quercus rubra) (Acer rubrum) 

aNumber of trees of each species which contained mosquito larvae is given in parentheses 
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Aedes triseriatus was found to be the most widely distributed tree-hole mosquito in this 
study; 96 of the 98 different tree holes which periodically yielded larvae contained this 
species. The relative frequency for the various species found breeding in tree holes were as 
follows: A.  triseriatus (98%). A. hendersoni (28%). A. barberi (28%), 0. signifera (7%), and 
0.  alba (1%). 

The mean values for the diameter of the tree hole openings and the height above ground 
level were 11.7 cm and 19.6 cm, respectively. Distinct ovipositional preferences pertaining 
to the physical characteristics of tree holes were not noted for A.  triseriatus owing to its high 
relative frequency. Aedes hendersoni and A. barberi were frequently collected from tree 
holes located higher than the mean height, whereas most of the 0. signifera and all of the 0. 
alba larvae were found in basal tree holes located less than 10.2 cm above ground level. 
None of the tree-hole species showed a preference for tree holes of a particular diameter. All 
five species were collected on occasion from side-opening tree holes; however, most tree 
hole openings in the study areas were exposed at the top (78%) rather than at the side (22%). 

The pH range for all of the tree holes in this study was 5 . M . 0  (% = 6.6). The mean values 
for other chemical parameters were determind from selected tree holes and were as follows: 
993 pmhos/cm (conductivity), 128.0 mgllitre (tannin-lignin) and 94.7 mgllitre (BOD). 
Orthopodomyia signifera, 0 .  albu and A. hendersoni larvae were typically collected from 
tree holes having relatively high values for conductivity, BOD, and tannin-lignin content. 
Tree holes containing A.  barberi and A. triseriatus were usually near the mean values 
calculated for all of the chemical parameters. 

DISCUSSION 

The frequent interspecific associations at tree holes is interesting because the possible role 
of competing species has figured prominently in speculations regarding discontinuities in the 
distribution of certain mosquitoes (Spielman and Feinsod 1979). Eventual exclusion of a 
species from its ecological niche by a competitively superior species with nearly identical 
requirements is a firmly established principle in ecology (Mayr 1963). Competitive displace- 
ment of one mosquito species by another has been shown to occur (Service 1966). Tree hole 
environments are far more heterogeneous than may appear at first sight and this no doubt 
helps to lessen interspecific competition between sympatric tree-hole breeding mosquitoes. 
As suggested by Pianka (1975), ecological differences in three niche "dimensions" (spatial, 
trophic, and temporal) should reduce competition and facilitate coexistence of a variety of 
species. 

Physical differences in tree-hole breeding sites (size, elevation, and location of the open- 
ing) offer opportunities for niche segregation. Side-opening tree holes may often be selected 
by those species which are strongly photonegative, such as 0. signifera. Conversely, the 
selection of a top-opening tree hole may be advantageous for greater net productivity since 
this type readily collects rain water and leaf debris, an important nutrient source (D. Fish, 
University of Notre Dame, pers. comm.). Some tree holes produce many more mosquitoes 
than others and this is due at least in part to the length of time and amount of water that may 
be retained. Conductivity, BOD, and tannin-lignin content seem to be more important than 
pH for site selection by oviposition females; only a slight variation from the mean pH value 
(6.6) was noted for all species. 

Preferences for each tree-hole species became evident during the course of this study. 
Aedes triseriatus females oviposited at almost all of the available tree holes, the majority of 
which were located close to ground level. Although arboreal (canopy) tree holes do not seem 
to be common in our area, A. hendersoni larvae were collected from tree holes located 
higher than the mean height (19.6 cm). Studies conducted in Indiana (Sinsko and Grimstad 
1977) and Wisconsin (Scholl and DeFoliart 1977) have indicated that A. hendersoni prefers 
ovipositional sites located 3-9 m above ground level, whereas A. triseriatus is much more 
prevalent at ground level. The occupation of a different spatial niche dimension by A. 
hendersoni may facilitate a lessening of interspecific competition with the more abundant 
sibling species, A. triseriatus. Breeding sites for both species of Orthopodomyia were usu- 
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ally basal tree holes which had high conductivity, BOD, and tannin-lignin content. Speci- 
mens of 0. signifera were rarely present in the tree hole collections. except for the frequent 
occurrence of this species with A. barberi at two very productive tree holes with a high 
organic content. Anopheles barbrri females oviposited at a variety of tree holes. 

On the basis of personal observations. A. barberi larvae compete v e n  %-ell for food 
resources with other larval species for at least two reasons: larvae of A. barberi fed on or 
just below the water surface, while other species in this study fed on bottom sediments or 
farther below the water surface; also fourth instar larvae are facultative1)- predaceous on 
early instar mosquito larvae of other species. Predation by A .  burberi on mosquito Ian-ae 
confirms the availability of an alternative trophic niche dimension. 

All of the tree-hole mosquitoes showed a marked variation in terms of their seasonal 
abundance. An early population peak for A .  triseriatus and late peaks for .4. burberi. 0. 
signijeru, and 0. alba were apparent. Aedes hendersoni were most abundant during mid- 
summer. Seasonal population variations should facilitate a division of niche resources and 
would represent differences between species in a temporal niche dimension. 

Because A. triseriatus has been recognized as the principal vector of La Crosx virus. this 
species is of particular interest to many public health and vector control agencies in the 
midwest. The control of A .  triseriatus is difficult owing to the time and expense required to 
locate the breeding sites. The application of insecticides or the filling-in of tree holes with 
sand or other materials have questionable effectiveness. The use of residual iwxticides 
may be unacceptable from an environmental perspective. The use of predacmus. non- 
anthropophilic tree-hole mosquitoes, such as To.rorhynchites. might be considered as a 
component in an integrated pest management program for A. triseriatus. 
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ENTOMOLOGICAL NOTES 

THE FIRST RECORD OF PHRICTOPYGA OCCIDENTALIS IN THE 
UNITED STATES (HOMOPTERA: FULGOROIDEA: DELPHACIDAE) 

Phrictopyga occidentalis (Muir) has been reported from Puerto Rico, Mexico, and 
Ecuador (Caldwell and Martorell, J. Agric. Univ. P. R. 34:133-269, 1950). 

I recently found one male and one female specimen of this species among unidentified 
delphacids in the Iowa State University insect collection, Ames; the specimens are housed 
in the ISU collection. The label information, to which I have added the county name, is as 
follows: Texas: Cameron Co., Harlingen, coll. D. E. Hardy, 12 August 1945, one male, 2 
August 1945, one female. 
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