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THE GREAT LAKES ENTOMOLOGIST 

A REVISED LIST OF THE PENTATOMOIDEA OF 
ILLINOIS (HEMIPTERA) 

J. E. ~ c ~ h e r s o n l  

ABSTRACT 

A revision of Hart's 1919 list of the Pentatomoidea of Illinois is presented. 

C. A. Hart's excellent monograph on the Pentatomoidea of Illinois was published in 
1919. However, since its publication, several North American pentatomoid groups have 
been revised, new taxa described, and names changed. Also, several Illinois state records 
have recently been published. Thus, Hart's list is out-of-date and, consequently, unreliable. 
Presented here is an updated list of Illinois Pentatomoidea. Included are the names of taxa as 
they were listed in Hart's monograph, the currently accepted names, additions to the list and 
references, presently known state distribution for each taxon (Table I), and a list of those 

Table 1. A revision of Hart's 1919 list of the Pentatomoidea of Illinois. 

Revised Lista Hart 1919~ 
State 

DistributionC 

Scutelleridae 
Pachycorinae 
Acantholomidea Sailer Acantholoma S& 
A. denriculata (S&) A. denticulata St2  

Sterhaular Bergroth Sterhaular Bergroth 
S. mannorata (Say) S .  marmoratus Say 

Homaernus Dallas Homaemus Dallas 
H.  aeneifiom (Say) H. aeneifrons Say 
H. bijugis Uhler H. bijugis Uhler 
H .  pmulus (Germar) H. parvulus Germar 

Eurygasninae 
Eutygaster Laporte Eurygaster Laporte 
E. alrenata (Say) E. alternutus Say 
E. amerinda  liven^ - 

Phimodera Germar Phimodera Germar 
P. binotata (Say) P.  binotata Say 

V a n d u z e e i ~  schoutedenf - 
V.  borealis Van & - 

Corimelaenidae 
Galgupha Amyot & Serville Galgupha Amyot & Serville 
subg. Galgupha Amyot & Serville - 
G.  (G.) arerrima Malloch G.  aterrima, sp. n. (in pa@ 
G.  (G.) atra Amyot & Serville G.  atra Amyot & Serville 
G. (G.) c a r i ~ t a  McAtee & ~ a l l o c h ~  - 

4 
Cent. Ill. 

'~e~artment of Zoology, Southern Illinois University, Carbondale, IL 62901. 
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Table 1. Continued 

State 
Revised Lista Hart 19 1 9 ~  DistributionC 

G. (G.) denudata ( ~ h l e r ) ~  - 1 
G. (G.) loboprostethiq saileri - 2 
G. (G.) ovalis HusseyJ - 5 

subg. Nothocoris McAtee & Malloch - 
G. (N.) n. nitiduloides (Wolff) G. nitiduloides Wolff 5 

Corimelaena White Corimelaena White 
subg. Corimelaena White - 
C. (C.) agrella M c ~ t e e ~  - 2 
C. (C.) alpina (McAtee & ~ a l l o c h ) ~  - 4 
C. (C.) hartiMalloch C. harti, sp. n. 1 
C. (C.) I. lateralis (Fabricius) C. lateralis Fabricius 5 
C. (C.) obscura Mc~herson & sailer1 - 5 
C. (C.)pulicaria (Germar) C. pulicaria Germar 5 

Cydnoides Malloch Cydnoides, gen. n. 
subg. Cydnoides Malloch - 
C. (C.) ciliatus orientis McAtee & 
Malloch C. ciliatus (Uhler) 3 

C. (C.) renormatus (Uhler) C. renormatus (Uhler) 4 
Cydnidae 
C y dninae 
Cyrtomenus Amyot & Serville Cyrtomenus Amyot & Serville 
subg. Cyrtomenus Amyot & Serville - 
C. (C.) ciliatus (Palisot 
de Beauvois) C. mirabilis Perty 1 

Microporus Uhler Aethus Dallas 
M. obliquus Uhler A. obliquus Uhler 3 

Pangaeus S t 3  Pangaeus Stu 
subg. Homaloporus Uhler - 
P. (H.) bilineatus (Say) P. bilineatus Say 5 

Melanaethus Uhler Geotomus Mulsant & Rey (Melanaethus 
Uhler) 

M. pensylvanicus (Signoret) G. pennsylvanicus Signoret 2 
M. robustus UhleP  - 2-5 

Amnestinae 
Amnestus Dallas Amnestus Dallas 
A. pallidus Zimmer A. pallidus Zirnmer 5 
A. pusillus Uhler A. pusillus Uhler 5 
A. spinijrons (Say) A. spinijrons Say 3 

Se hirinae 
Sehirus Amyot & Serville Sehirus Amyot & Serville 

(Canthophorus Mulsant & Rey) 
S.  cinctus (Palisot de Beauvois) S. cinctus Palisot de Beauvois 
S.  c. albonotatus Dallasm - 3 
S. c. cinctus (Palisot de Beauvois)"' - 2 

Pentatomidae 
Podopinae 
Amaurochrous Stil Amaurochrous S& (Podops Laporte) 
A. brevitylus Barber & Sailer A. paruulus Van Duzee 3 
A. cinctipes (Say) A. cintipes Say 5 

Pentatominae 
Hal y ini 
Brochymena Amyot & ServiUe Brochyrnena Amyot & ServiUe 
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Table 1. Continued 
- - 

Revised Lista Hart 1 9 1 9 ~  
State 

DistributionC 

B. arborea (Say) 
B. cariosa St%l 
B. p. punctata Van Duzeen 
B. quadripustulata (Fabricius) 

Pentatomini 
Holcostethus Fieber 
H. limbolarius (Stil) 
H. piceus (Dallas) 

Trichopepla St%l 
T. atricornis StAl 
T. semivittara (Say) 

Rhytidolomia S& 
R. belfragii St%l 

Chlorochroa S d  
C. persimilis Horvath 

Mormidea Amyot & Serville 
subg. Melanochila S t a  
M. (M.) lugens (Fabricius) 

Oebalus S& 
0. p. pugnax (Fabricius) 

Euschistus Dallas 
subg. Euschisfus Dallas 
E. (E.) ictericus (Linnaeus) 
E. (E.) politus Uhler 
E. (E.) seruus (Say) 
(intergrade population) 

E. (E.) s. euschistoides 
(Vollenhoven) 

E. (E.) tristigmus luridus Dallas 
E. (E.) t. fristigmus (Say) 

E. (E.) variolarius (Palisot 
de Beauvois) 

Proxys Spinola 
P. punctularus (Palisot de Beawois] 

Coenus Dallas 
C. delius (Say) 

Hymenarcys Amyot & Serville 
H. aequalis (Say) 
H. neruosa (Say) 

Aelia FabriciusO 
A. americana Dallas0 

Neottiglossa Kirby 
N. cavifrons SPA 
N. sulcifrons St%l 
N. undata (Say) 

Cosmopepla St%l 
C. bimaculata (Thomas) 

Menecles S& 
M. insertus (Say) 

Prionosorna UhlerP 

B. arborea Say 
B. cariosa Stk  

B. quadripustulata Fabricius 

Peribalus Mulsant & Rey 
P. limbolarius Stk  
P. piceus Dallas 

Trichopepla S%1 
T. atricornis Sta  
7. semivitfata Say 

Rhytidolomia S t 3  
R. belfragii Stil 

Chlorochroa (no author given) 
C. uhleri S t a  

Mormidae Amyot & Serville 
- 

M. lugens Fabricius 
Solubea Bergroth 
S. pugnax Fabricius 

Euschistus Dallas 
- 

E. ictericus Linnaeus 
E. politus Uhler 

E. seruus sayd 

E. euschistoides vollenhovend 
E. luridus Dallas 
E. fristigmus Say + E. 
pyrrhocerus Hemch-Schaeffer 

E. cariolarius Palisot de Beauvois 
Proxys Spinola 

I P. punctulatus Palisot de Beauvois 
Coenus Dallas 
C. delius Say 

Hymenarcys Amyot & Serville 
H. aequalis Say 
H. nemosa Say 

- 
Neottiglossa Kirby 
N. cavifrons S t 3  
N. sulcifrons St%l 
N .  undata Say 

Cosmopepla S&l 
C. birnaculata Thomas 

Menecles St%l 
M. insenus Say 
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Table 1. Continued 

Revised Lista 
State 

Hart 1919~ DistributionC 

P. podop'oides UhlerP - 5 
Thyanta St% Thyanta Stil 
T. accerra McAtee T. custator Fabricius 5 
T. calceata (Say) T. calceata .Pay 2 

Murgantia St%l Murgantia Stal 
M. histrionica (Hahn) M. histrionics Hahn 2 

Nezara Amyot & Servilleq - 
N. viridula (Linnaeus)q - le 

Acrosternum Fieber Acrosternum Fieber 
A. hilare (Say) A. hilare Say 5 
A. pennsylvanicum (De Geer) A. pennsylvanicum De Geer 4 

Banasa St%1 Banasa St%l 
B. calua (Say) B. calva Say 5 
B. dimidiata (Say) B. dimidiata Say 5 
B. euchlora (St%l) B. euchlora Stil 1-2 
B. sordida (Uhler) B. sordida Uhler 1-2 

Dendrocoris Bergroth Dendrocoris Bergroth 
D. humeralis (Uhler) D. humeralis Uhler 5 

Asopinae 
Stiretrus Laporte Stiretrus Laporte 
S .  anchoragofimbriatus (Say) S .  anchorago, var.fimbriatus Say 2-5 

Perillus S t 3  Perillus Stil 
P. bioculatus (Fabricius) P. bioculatus Fabricius 3 
P. circumcinctus St%l P. circumcincrus S& 3 4  
P. exaptus (Say) P. exaptus Say 4 

Rhacognathus Fieber Rhacognathus Fieber 
R. americanus S t a  R. americanus S t 3  4 

Mineus S&l Mineus S t 3  
M. strigipes (Hemch-Schaeffer) M. strigipes Hemch-Schaeffer 5 

Apateticus Dallas Apareticus Dallas 
A. bracteatus (Fitch) A. (Apoecilus) crocarus Uhler 4 
A. cynicus (Say) A. (Apoecilus) cynicus Say 5 

Podisus Hemch-Schaeffer Listed as subgenus of Apateticus 
P. maculiventris (Say) A. (P.) maculiventris Say 5 
P. modestus (Dallas) A. (P.) modestus Dallas 3 
P. placidus Uhler' - 5 
P. serieventris Uhler A. (P.) serieventris Uhler 3 

Acanthosomatidae 
Elasmucha - 

E. lateralis - Mason Co., 
Ill. 

Elasmostethus Fieber Genus not listed separately 
E. atricornis (Van ~ u z e e ) ~  - 4 
E. cruciatus (Say) Elasmostethus cruciatus Say 4 

aSequence of generafollows, where possible, that of Van Duzee (1917). 
b~art ' s  list was supplemented and edited by J. R. Malloch. 
'State distribution coded as follows: 1 = southern Illinois only, 2 = primarily southern half of state, 
3 = primarily northern half of state, 4 = northern Illinois only, 5 = statewide distribution. Those ditficult 

place into one category are listed as intermediate between the two closest categories (e.g., 1-2). 
'E. s. euschistoides occurs north of about the middle of the state and intergrades with the nominate 
subspecies in the southern half of Illinois. Hart reported E. seruus as occumng primarily from Urbana 
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southward and thus was referring to the intergrade population. E. euschistoides was reported as generally 
distcibuted in Illinois which indicates that he combined E. s .  euschistoides with some members of the 
intergrade population. 
e r n r e  is also a questionable record from Urbana housed in the Eastern Illinois Univenity Collection, 
Charleston. 
References in which species or subspecies have been added to Hart's list (coded as letters above) are as 
follows: f = Lattin 1964, g = McPherson 1978a, h .- McPherson 1974a, i = Sailer 1941, j = McPherson 
1978b, k = McPherson 1977.1 = McPherson and Sailer 1978, m = Froeschner 1%0, n = McPherson 1976, 
o = McPherson 1974b, p = McPherson and Cuda 1975, q = McPherson and Cuda 1974, r = McPherson 
and Mohlenbrock 1976. 

Table 2. Pentatornoid species deleted from Hart's 1919 Illinois list. 

Reason for 
Hart 1919 Present Status Deletion 

Thy reocoridae 
Galgupha nigra Corimelaena nigra 
Dallas (p. 210) Dallas 

Pentatomidae 
Euschistus sub- 
punctatus, n. sp. Variant of E. 
(Mabch) @. 191-192) servus (Say) 

Loxa sp.? (p. 181) Mayrinia variegafa 
(Di~ tan t )~  

Misidentified 

- 
Adventive or in- 

correct locality data 
- - - - - - - 

aIdentified by L. H. Rolston, Louisiana State University. 

deleted from his list (Table 2). Also, a list of species which may occur in Illinois is given 
(Table 3). It is hoped that thisworkwill be particularlyuseful to investigators in nearby states 
currently working on similar lists, or will serve as a stimulus for such lists. 

Illinois extends from just above the 42nd parallel of latitude southward to the 37th. Thus, 
the potential for high species diversity is evident, and the 92 pentatomoid species and 
subspecies now known to occur in Illinois show that high diversity is a reality in this 
superfamily . 
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Table 3. Pentatomoid species of possible occurrence in Illinois. 

Species Records from nearby States and References 

Scutelleridae 
Pach ycorinae 
Acantholomideaporosa (Germar) Arkansas (Lattin 1964); Missouri (Froeschner 

1941; Lattin 1964) 
Tetyra bipunctata (Henich-Schaeffer) Indiana (Blatchley 1926); Michigan (Lattin 

1964; McPherson 1970); Wisconsin 
(Gilbert et al. 1%7); Minnesota, Tennessee 
(Lattin 1964) 

Thyreocoridae 
Corimelaena (C.) marginella Dallas Indiana (Blatchley 1926) 
C.  (C.) nigra Dallas Michigan (McAtee and Malloch 1933; 

McPherson 1970, 1979) 

Cydnidae 
Cydninae 

Tominotus communis (Uhler)a Indiana (Blatchley 1926); Tennessee 
(Froeschner 1960) 

Amnestinae 
Amnestus basidentatus Froeschner Arkansas, Missouri, Tennessee (Froeschner 1%0) 

Pentatomidae 
Pentatominae 
Banasa packardi S d l  Ohio? (Osborn and Drake 1915) 
Brochymena carolinensis (Westwood) Indiana, Michigan?, Ohio (Furth 1974) 
Holcostethus abbreviatus Uhler Iowa (Osborn 1898); Kansas (McDonald 1974) 
H .  fulvipes (Ruckes) Michigan (McPherson 1979) 
Mecidea major Sailer Arkansas (Sailer 1952); Missouri (Froeschner 

1941; Sailer 1952) 
M .  minor Ruckes Missouri (Sailer 1952); Iowa? (Osborn 1898, 1899; . . 

Sailer 1952) 
Neottiglossa trilineata Kirby Michigan (Blatchley 1926; McPherson 1970) 
Sciocoris microohthalmus Flor Iowa (Hendrickson 1930); Michigan (Stoner 1920; 

~ u s s e y  1921; ~ c ~ h e r s o n  1976); Minnesota 
(Hart 1919) 

Thyanta custator (Fabricius) Ohio (Ruckes 1957) 
Asopinae 
Euthyrhynchus floridanus (Linnaeus) Tennessee (Van Duzee 1904, 191 7); Missouri 

(Oetting and Yonke 1975) 
Podisus fretus Olsen Indiana (Blatchley 1926); Michigan (Blatchley 

1926; McPherson 1979) 
Zicrona caerulea (Linnaeus) Michigan (Blatchley 1926; McPherson 1970) 

? = questionable identification or locality. 
aAn Illinois specimen of Pangaeus bilineatus housed in the Eastern Illinois University Collection, Charles- 
ton, was incorrectly identified (probably only mislabeled) by Froeschner (1960) as T. communis and 
reported from Grant City State Park. The collection site printed on the labelis Giant City State Park which is 
in southern Illinois. 
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NEW RECORDS OF LEAFHOPPERS (HOMOPTERA: CICADELLIDAE) 
FOR MICHIGAN, INCLUDING A VECTOR OF X-DISEASE 

Oscar ~aboada l  

These 19 new records of leafhoppers are based on incidental collecting in Michigan and 
collecting associated with research projects by the author since 1964. This report adds to the 
list of Taboada (1964) and brings the total number of species of leafhoppers recorded from 
Michigan to 227. Fieberiellaflorii (Sta) is a new record for the state of a vector of X-disease 
of peach and cherry trees and updates the list of plant disease leafhopper vectors in 
Michigan of Taboada and Burger (1%). 

This report follows the systematic order of Taboada (1%4). Only broad areas where the 
species were collected are given. These conform with the Michigan Department of Natural 
Resources three biotic areas of the state: the Upper Peninsula (UP), Northern Lower 
Peninsula (NLP) and Southern Lower Peninsula (SLP); the latter two areas are divided by a 
line running from east to west along the northern borders of Saginaw, Gratiot, Montcalm, 
Kent, and Ottawa counties. Unless otherwise stated, the months given is the period in which 
the species is commonly found. AU species determinations, based on adults, were made by 
the author. 

Family CICADELLIDAE 
Subfamily TE'ITIGELLINAE 

Oncornetopia undata (Fallen). Rare. SLP: September. Found in pastures and weedy areas. 

Subfamily TYPHLOCYBINAE 

Dikraneura rnali (Provancher). SLP: June to August. Commonly found in grassland areas. 
Erythroneura spala (Ross and Delong). SLP: May. Found on apple and peach, and may 

possibly be found on other fruit trees. 
Ossiannilssonola berenice (McAtee). Only one specimen (male), collected in insect trap in 

peach tree, Bemen County, 21 June 1973. 
0. phryne (McAtee). SLP: July. Found on Oaks. 
Ribautiana foliosa (Knull). Only one specimen (male) collected in insect trap in cherry tree, 

Van Buren County, 28 June 1973. 
Typhlocyba persephone (McAtee). Only one specimen (male) collected in insect trap in 

cherry tree, Van Buren County, 14 June 1973. 
Ernpoasca convergens (Delong and Davison). Only one specimen (male) collected in insect 

trap in peach tree, Bemen County, 26 July 1974. 
Scaphytopius rnagdalensis (Provancher). Rare. SLP: August. In Michigan it is found on 

bluebenies. 
Prescottia lobata (Van Duzee). Rare. SLP: August. Found on herbaceous vegetation. 
Scaphoideus rnerus (Delong and Berry). Only one specimen (male), collected in St. Joseph 

County, 7 July 1974. 
S.  atlantus (Ball). Rare. SLP: July. Found on cherry, peach, and possibly other fruit trees. 
S. diutius (Delong and Mohr.). Rare. SLP: July. Found on cherry, peach, and possibly other 

fruit trees. 

'~e~artments of Natural Science and Entomology, Michigan State University, East Lansing, MI48824. 
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S .  intricatus (Uhler). SLP: August to September. Found on dogwood. 
Colladonus flavocapitis (Van Duzee). SLP: June to September. Found on herbaceous 

vegetation. 
Aligia jucunda (Uhler). SLP: July to October. Found on oaks and other hardwoods. 
Fieberiella florii (Sta). SLP: August. This is a vector of California aster yellows and 

X-disease of peach and cherry. May be found on spiraea, privet, plum, peach, and cherry. 
Streptanus confinis (Reuther). SLP: July. Grasses and sedges. 
Graminellafitchii (Van Duzee). Only one specimen (male) collected in insect trap in peach 

tree, Bemen County, 3 October 1974. 

LITERATURE CITED 

Taboada, 0. 1964. An annotated list of the Cicadellidae of Michigan. Quart. Bul. Mich. Agr. 
Expt. Sta. 47:113-122. 

Taboada, 0. and T. L. Burger. 1%6. A new record of Scaptrylopius rnagdulensis: Another 
plant disease vector in Michigan (Homoptera: Cicadellidae). Mich. Entomol. 1:253. 



THE GREAT LAKES ENTOMOLOGIST 

OLFACTORY DETECTION OF ALFALFA AND MOISTURE BY THE 
ALFALFA WEEVIL (COLEOPTERA: CURCULIONIDAE)' 

R. G.  land^ 

ABSTRACT 

Alfalfa weevils, Hypera postica, starved for 24 hr detected an alfalfa leaf, stem, or a piece 
of moist filter paper in a petri dish from a distance of 40 mm or less. Removal of an antemal 
club prevented weevils from locating the alfalfa or moisture source held next to the clubless 
side of the body. Blinded weevils could locate alfalfa or moisture 13 mm away 50% of the 
time even though their general activity level was reduced. Olfactory responses to moisture 
predominated over visual cues when the attractant was less than 40 rnm away. Alfalfa 
volatiles may play a subordinate role to moisture as an olfactory attractant until weevils are 
within a few mm of alfalfa. 

The alfalfa weevil, Hypera postica (Gyllenhal), is able to locate alfalfa for feeding by 
responding to visual cues (Meyer 1975, 1977; Meyer and Raffensperger 1974~). Humidity 
gradients surrounding the plant and humidified volatiles released by alfalfa also may produce 
positive responses (Byrne and Steinhauer 1966; Byrne et al. 1966; Meyer and Raffensperger 
1974a,b) but these olfactory cues seem to predominate only at very short distances of 
perhaps 5 mm or less (Pienkowski and Golik 1%9). Byme and Steinhauer (1966) also 
reported that removing the antennal club from either of the alfalfa weevil's antennae reduced 
the feeding level of the insect as well as its ability to orient toward the alfalfa. They 
attributed this reduction to a loss of olfactory sites on the club. 

This study deals with the behavior of individual alfalfa weevils attracted to alfalfa and 
water vapor at short distances of 40 mm or less. Fresh or dried alfalfa and moist filter paper 
were used as the surfaces for water evaporation in most cases. Weevils with their antemal 
clubs removed or with their eyes blinded were compared to those with intact antennae and 
unaltered vision to determine their ability to respond to alfalfa or wet filter paper. 

METHODS AND MATERIALS 

Adults were collected from an alfalfa field in late May and starved for 24 hr prior to each 
test. Water was available from a saturated wick during the pretest period. Ten males and 10 
females were tested using two repetitions per insect. A single weevil was placed in a petri 
dish lined with filter paper and allowed to feed on an alfalfa leaf for 20 sec just prior to a test 
to stimulate food-searching behavior. A fresh alfalfa leaf or leatless stem was held by forceps 
at the weevil's height and presented from various positions. If the weevil moved toward or 
followed the alfalfa with vigorous antennal waving when the leaf was held at the 
predetermined distance from the insect, this movement was recorded as a positive tactic 
response. 

RESULTS 

AIIte~al club intact. An alfalfa leaf or stem positioned 3540 mm from the weevil 
evoked a positive tactic response 16% (SD = 2) of the time and when about 13 mrn away 
alfalfa produced a positive response 95% (SD = 2) of the time. When the leaf was quickly 

l~esearch supported by Central Michigan University Achievement Increase Award #4-21304. 
2~epartment of Biology, Central Michigan University, Mt. Pleasant, MI 48859. 
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moved behind the weevil and again held about 13 mm away, the individual reversed 
direction after trial and error motions and rapidly located the leaf. Moistening the entire 
filter paper lining the dish did not deter the weevil from locating the leaf. If a weevil begah to 
climb the side of a tall container, its negative geotactic behavior was so intense that the 
alfalfa had50 be held within a few mrn to the side of the weevil to cause it to stop and turn 
toward the plant. 

The time needed to locate the alfalfa was determined first by placing the alfalfa about 
13 mm behind a stationary weevil and then recording the time between the initiation of rapid 
antennal movement and alfalfa contact. The average time was 12 sec (SD = 8) and the range 
was 2-30 sec. Females averaged 9 sec and males 14 sec. Four females immediately made a 
180" turn and located the alfalfa in 5-7 sec. Individuals requiring longer periods typically 
made a short motion away from the alfalfa followed by two or three circular, pivotal 
klinotactic movements bringing them slightly closer to the alfalfa until its general direction 
was determined. Finally a more direct zigzag klinotactic motion was made toward the alfalfa 
and when the weevil was within about 13 mm it straightened its path and moved to the plant. 
The insect usually increased its forward speed when within about 5 mm. 

Right or left antennal club removed. The changes in feeding behavior were similar whether 
the right or left antennal club was removed. Weevils showed a marked reduction in general 
food searching and feeding activity. Removal of a club greatly reduced the movement of the 
remaining portion of the antenna but the other antenna showed only a slight reduction in 
normal movement when stimulated by alfalfa or moisture. 

Weevils did not exhibit any consistent feeding behavior. An individual that 'located the 
alfalfa from a distance of 13 mm would not necessarily be able to repeat the feat. When the 
alfalfa was contacted, the individual moved on and off it in typical orientation circles. It 
constantly palpitated the surface with its remaining antennal club. The adults usually did not 
move far from the alfalfa through some left the vicinity and never returned. A few weevils 
fed for 10-20 sec after several minutes but most did not feed which was contrary to the 
behavior of weevils with intact antennae. Rather than feed on the first unbroken surface it 
contacted, a weevil sometimes located a close, freshly cut end of a leaf petiole or stem for 
feeding. In this case the remaining club was used to palpitate the alfalfa surface and when 
within a few mm of-the cut end the proboscis was usually extended to touch the surface. 
Once the proboscis contacted the cut the weevil quickly began feeding. 

When an alfalfa leaf or piece of moist filter paper was held about 13 mm from the side of 
the body with the abscised antennal club the weevil did not turn toward it. When the leaf or 
moist paper was placed next to the side with the intact antenna, the weevil turned and 
moved toward the attractive source. However 30% of the time the insects veered too far to 
the side just before antennal contact was made (e.g., too far to the left if the left club was 
intact) and were unable to relocate the attractive source. When the clubless antenna was 
touched with the moist filter paper, the weevil did not turn toward or follow the paper. 

Both antennal clubs removed. Weevils became subdued and tended to seek shelter when 
available. They showed no interest in alfalfa leaves or stems even when a weevil was placed 
on the alfalfa. The antennae were held close to the proboscis much of the time and when 
extended did not wave even when a leaf or piece of moist filter paper was held next to them. 
Leg grooming was common (front leg against front leg; front leg against middle leg; middle 
leg against hind leg; hind leg against hind leg) and a weevil was sometimes observed 
attempting to groom an antenna using a front leg. The leg usually passed in front of the 
antenna where the club normally would be. 

Moisture as an attractant. Weevils were placed in a CaC12 dessicator with food for 24 hr 
and then transferred to a petri dish and exposed to a fresh alfalfa leaf and a wet piece of filter 
paper cut to the size of the leaf. The leaf was held by forceps about 13 mm to one side of the 
head and the wet paper an equal distance on the other side. The weevil turned and moved 
toward the wet paper 95% of the time. 

In a second test, weevils starved for 24 hr in a CaC12 dessicator were given about 20 sec of 
pretest feeding on fresh alfalfa. A fresh alfalfa leaf or a dry or saturated piece of filter paper 
approximately the size of the alfalfa leaf was touched to the antennal club of the feeding 
weevil for 5 sec. The fresh alfalfa leaf and dry filter paper did not deter the weevil's feeding. 
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However the wet piece of filter paper caused the insect to cease feeding and follow the paper 
35% (SD = 3) of the time. The percentage increased to nearly 40% (SD = 3) if the paper 
touched the antennae for 10 sec. The wet paper had to touch the club to deter feeding; 
holding it next to the antennae did not evoke a response. 

In a third test alfalfa leaves were submerged for 24 hr in cold acetone, alcohol, 
chloroform, or water, and air dried between pieces of filter paper. Control leaves received 
no solvent treatment and were only dried between pieces of filter paper. Weevils had been 
placed in a CaC12 dessicator without food for 24 hr and then allowed 20 sec of pretest 
feeding. When placed on a leaf the insect explored and palpitated it but left after 10-30 sec 
without biting or feeding. Weevils remained slightly longer on the water-extracted and 
control leaves when compared to the other treatments but the difference was not significant 
at the 95% confidence level. Soaking all leaves in water elicited drinking of standing water 
drops, but biting was rarely observed and then only on the water-extracted and control 
leaves. 

Wet filter paper cut to the size of an alfalfa leaf and wet, solvent-treated or control leaves 
could be detected by a weevil from a distance of 40 mm. This distance is essentially the same 
as that for detecting a fresh alfalfa leaf. When the wet leaves or fdter paper were placed 
about 13 mm behind a weevil, it rapidly waved its antennae, made a 180" turn, and moved in 
the usual zigzag fashion toward the moisture source. Weevils located these moisture sources 
as efficiently as fresh alfalfa. The insects did not respond to dry filter paper controls cut to 
the size of an alfalfa leaf. 

Dry alfalfa weevil feces places on filter paper were not attractive and the weevils walked 
across them without stopping. Moistened feces or freshly excreted feces smeared on 
nonporous paper attracted weevils but no biting or feeding occurred although any standing 
liquid was usually imbibed. 

Fresh quackgrass and dandelion leaves from an alfalfa field were smeared equally with the 
liquid and pulp from alfalfa leaves. Control leaves had no alfalfa coating. Weevils were 
attracted to both the control and test leaves, explored and palpitated the surfaces, and 
usually left but returned to the leaves several times before permanently leaving each leaf. 
The insects imbibed any moisture present but did not bite the leaves. Weevils remained the 
least amount of time on the quackgrass control probably because the surface had less 
moisture evaporating to retain the weevil. 

Vision and olfaction. Weevils were starved for 24 hr and then blinded by coating their eyes 
with a shellac-lampblack mixture. The head capsule was not coated thereby allowing the 
insect to respond to any far-red or near-infrared light from alfalfa (Meyer 1977). The weevils 
became subdued, frequently fell from the sides of a petri dish, and had more difficulty 
righting themselves when upside down. Slightly less than 5OYi were successful in locating a 
fresh alfalfa leaf or wet filter paper from a distance of about 13 mm as compared to 95% 
success for weevils that were not blind. Less than 10% located the alfalfa at a distance of 
35-40 mm. The low degree of success was probably due to the general reduction in activity. 
The treated insects had more difficulty climbing onto a leaf and some went under the leaf 
first if the edge curled up to the weevil's height. 

When a water-soaked piece of filter paper was held next to but not touching the antennae 
of an actively feeding, blinded weevil, the weevil continued to feed. But if either antennal 
club was touched momentarily by the wet paper the weevil ceased feeding 77% of the time, 
began waving its antennae rapidly, and then followed the filter paper (held about 13 mm 
away) off the leaf and around the dish at a normal level of activity. The weevil turned to 
follow the paper as it was shifted from one side of the body to another. When a dry piece of 
filter paper was substituted for the wet paper,. the weevil continued to feed without 
interruption. 

DISCUSSION 

Meyer and RaEensperger (1974b,c) suggested that alfalfa weevils orient to alfalfa at 
distances of about 5-100 mm by using visual cues rather than olfactory cues. In my study 
weevils responded in similar numbers to moist, white filter paper or a fresh alfalfa leaf or 
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stem from distances up to 35-40 mm. Since one could not be sure if they responded to 
olfactory or visual cues, the filter paper or alfalfa was placed next to a clubless antenna and 
kept only in the visual field of the eye next to this antenna. The insect did not move toward 
the stimulus. Further, a blinded weevil could locate the alfalfa leaf about 50% of the time 
when within 13 mm of the leaf even though the insect's general activity level was reduced. 
These results indicate that olfactory cues rather than visual cues predominate at distances 
less than 40 mm and the sensilla on the antemal club are the major receptors. 

Water vapor, in the form of humidity gradients surrounding a plant, rather than alfalfa 
volatiles may be the most likely attractant at very short distances (Meyer and RafFensperger 
1974a). Alfalfa weevils are able to distinguish humidity differences as small as 5% (Springer 
and Pienkowsky 1969). When given a choice between wet filter paper or fresh alfalfa in my 
tests, the weevils chose the wet paper. They were always attracted to moisture on filter 
paper, extracted alfalfa leaves, and fresh dandelion and grass leaves, but there rarely was 
biting behavior. Weevils located these moisture sources as efficiently as fresh alfalfa. Only 
the alfalfa leaf, stem, or especially a fresh cut on the alfalfa elicited biting and feeding. The 
increase in activity a few mm before the weevil contacted the attractant was apparent with 
alfalfa but less so with wet filter paper, indicating that alfalfa volatiles may stimulate the 
weevil at this extremely close range. This increased activity is probably the "directed taxis 
response" reported by Pienkowsky and Golik (1969). The potency of water in the 
stimulation of antenna1 contact chemoreceptors was demonstrated when the club of an 
actively feeding weevil with normal or no vision was touched with wet filter paper which 
caused the weevil to terminate feeding. The olfactory sensilla then acted as receptors and 
the weevil followed the paper held just out of its reach. 

Byrne and Steinhauer (1966) noted that removing the right antemal club of alfalfa weevils 
produced a sigmticantly lower feeding level than removal of the left club. My results 
indicated that the removal of the right or the left club allowed the weevil to track the moving 
alfalfa or wet filter paper with about equal ability. These trials involved only olfactory 
receptors whereas Byme and Steinhauer would have recorded both olfactory and contact 
responses together since weevils approached and touched the alfalfa in order to feed. 

LITERATURE CITED 

Byrne, H. D., and A. L. Steinhauer. 1966. The attraction of the alfalfa weevil, Hypera 
postica (Coleoptera: Curculionidae), to alfalfa. Ann. Entomol. Soc. h e r .  59:303-309. 

Byme, H. D. and A. L. Steinhauer, and R. E. Menzer. 1%6. Attractiveness of alfalfa 
extracts to the alfalfa weevil, Hypera postica, in relation to water. AM. Entomol. Soc. 
Amer. 59:1013-1014. 

Meyer, J. R. 1975. Effective range and species specificity of host recognition in adult alfalfa 
weevils, Hypera postica. Ann. Entomol. Soc. Amer. 68:l-3. 

. 1977. Head capsule transmission of long-wavelength light in the Cur- 
culionidae. Science 1%:524525. 

Meyer, J. R., and E. M. Raffensperger. 1974a. "Indirect-choice" olfactometer experiments 
on adult alfalfa weevils. Ann. Entomol. Soc. Amer. 67:135-136. 

. 1974b. Kinetic orientation experiments on adult alfalfa weevils. Ann. 
Entomol. Soc. h e r .  67: 143-144. 

. 1974c. The role of vision and olfaction in host plant recognition by the alfalfa 
weevil, Hypera postica. Am. Entomol. Soc. h e r .  67:187-190. 

Pienkowski, R. L., and Z. Golik. 1969. Kinetic orientation behavior of the alfalfa weevil to 
its host plant. Ann. Entomol. Soc. h e r .  62:1241-1245. 

Springer, S. D., and R. L. Pienkowski. 1969. Humidity preference of the alfalfa weevil, 
Hypera postica, as affected by microenvironmental and physiological conditions. AM. 
Entomol. Soc. Amer. 62:%909. 



THE GREAT LAKES ENTOMOLOGIST 

FOOD PARTICLE SIZES CONSUMED BY LARVAL GLOSSOSOMA 
NlGRlOR (TRICHOPTERA: GLOSSOSOMATIDAE) 

Marshall J. Tindall and William P. ~ova lak l  

ABSTRACT 

Sizes of diatoms consumed by larval instars 11-V of Glossosoma nigrior Banks were 
compared. There were no significant diierences in size distributions consumed by instars 
11-V and in only three of 20 cases were diierences in size distributions between guts of 
larvae and stones where they fed significant (P < 0.05). Nonselective feeding was attributed 
to unspecialized feeding apparatus, abundant food supply, and the exigencies of die1 and 
seasonal changes in microdistribution. 

Where two or more species exhibit high spatial overlap, differential food particle size 
selection often mediated through differences in body size has been shown to reduce 
interspecific competition (Roughgarden 1972). It was hypothesized that where differentially 
sized instars of stream insects exhibit high spatial overlap, differential food particle size 
selection may be used to reduce intraspecific competition. To test this hypothesis, the sizes 
of diatoms consumed by larval instars of the caddisfly Glossosoma nigrior Banks were 
compared in relation to size distributions on stones where they feed. 

METHODS 

Glossosoma nigrior was selected for study because it has five easily recognized larval 
instars which overlap considerably in spatial distribution (Kovalak 1978, in press). More- 
over, Glossosoma ssp. derive the bulk of their diet from epilithic diatoms (Badcock 1949; 
Jones 1950; Chapman and Demory 1%3) which facilitates particle size analysis. 

Twenty nigrior, 3,5,5 and 7 of instars 11, EI, IV and V, respectively, were collected 
randomly in Kelly Run, Crawford County, Pennsylvania, in early March 1978. Larvae were 
collected at 0900 EST as an earlier study (R. M. Bedrosian, unpublished) indicated a peak of 
gut loading at this time of day. Sampling consisted of lifting a stone from the stream, marking 
and numbering a circular area (= 2.5 cm d.) around a larva and then removing the larva from 
the stone for preservation in the field. 

In the laboratory the encircled areas were coated with collodion to remove the attached 
diatoms (SladeTekovi 1%2). Separately, the larvae and the diatomcontaining collodion 
patches were digested with nitric acid and potassium perrnanganate. Diatom fmstules were 
sedimented by centrifugation and then washed with distilled water and resediiented two 
times. 

Aliquots of each diatom sample were pipetted into a haemocytometer and the length of 
200 randomly selected fiustuIes measured to the nearest 0.001 mm using an ocular 
micrometer. Sample size was held to 200 to increase the efficiency of the Kolmogorov- 
Smirnov t (K-S t) (Conover 1972) in making statistical comparisons of diatom size 
distributions among instars and between larvae and substrate. 

'~e~artment of Natural Sciences, University of Michigan-Dearborn, Dearborn, MI 48128. 
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Diatom Length ( ~ ~ ~ m m )  
Fig. 1 .  Mean size distribution of diatoms consumed by instar 11-V larvae of Glossosoma 

nigrior where total sample was 200 cells/individual. Vertical lines indicate + 1 SD and 
number of larvae examined also is indicated. 
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RESULTS 

There were no signif~cant differences in size distributions of diatoms consumed by instars 
11-V (Fig. 1). However, larger instars consumed a slightly larger size range of diatoms and 
there was greater variability of particle sizes consumed by instar 111. 

Comparisons of size distributions of diatoms in guts and on stones showed that in only 
three of the 20 cases analyzed were differences significant (K-S t, P < 0.005). The three 
signif~cant differences were distributed among instars 111, IV and V showing that the 
occurrence of these differences was not size related. 

DISCUSSION 

Similarity of diatom sizes consumed by instars 11-V and similarity of size distributions in 
guts and on stones showed that nigrior larvae are nonselective feeders. This nonselectivity 
probably is attributable to the unspecialized feeding apparatus of the larvae, abundant food 
supply, and the exigencies of diel and seasonal changes in microdistribution. 

Unlike some insects which have anatomical (e.g., cephalic fans of black flies) or 
behavioral (e.g., nets of net-spinning caddisflies) adaptations which determine the size of 
particles consumed, nigrior has no adaptations for selective feeding. Other glossosomatids 
have been reported to feed by scraping algae from rock surfaces using the mandibles 
(Nielson 1942). With such an indiscriminate feeding mode, only the size of the mouth 
opening may limit the size of particles consumed. Because the smallest mouth diameter 
measured here was 0.180 mm (instar 11) and the largest diatom was 0.135 mm in length, the 
size of the mouth opening had no effect on the size of particles consumed. 

Nonselective feeding by herbivorous insects may be a consequence of an abundant, 
nonlirniting supply of algae. Although Cummins (1975) hypothesized that food is the most 
important limiting factor in streams and others (e.g., Douglas 1958; Hynes 1x3) have 
suggested the supply of algae is limiting, this question has never been adequately addressed 
by either field or laboratory study. Certainly the large numbers of diatoms in the drift of 
small streams (Miiller-Haeckel 1966) suggest the available supply is not being fully 
exploited. Where algae are not limiting there would be little advantage to selective feeding. 

Alternatively, nonselective feeding may be the optimal strategy for species which show 
large changes in microdistribution controlled by other factors. Kovalak (1976) reported diel 
and seasonal changes in the microdistribution of nigrior which appeared to be related to the 
respiratory requirements of the larvae. Where microdistribution changes temporally and 
where the composition and perhaps the size distribution of the epilithic algae change 
spatially (Blum 1957; Jones 1978) there would be little advantage to particle size specializa- 
tion. To optimize use of available food, nonspecialization would be a better strategy. 
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A PRELIMINARY REPORT ON THE PLECOPTERA AND 
TRICHOPTERA OF NORTHEASTERN MINNESOTA1 

Thomas M. ~ a ~ e r ~ ,  Mark D. ~ o h n s o n ~ ,  Steven N. williams4, and Jeffery L. ~ c ~ u l l o c h ~  

ABSTRACT 

Stonefly and caddisfly larvae were sampled in St. Louis and Lake counties of north- 
eastern Minnesota. A total of 30 stonefly and 54 caddisfly species were collected; 7 stonefly 
and 13 caddisfly species represent new state records. 

Plecoptera and Trichoptera larvae were sampled from 41 locations in St. Louis and Lake 
counties of northeastern Minnesota in 1976 and 1977. The intensive sampling of lotic and 
lentic habitats during all seasons of the year resulted in the collection of 30 stonefly and 54 
caddisfly species; 7 and 13 species, respectively, were new state records. Past studies of 
stoneflies and caddisflies in Minnesota were concentrated in central and southern areas of 
the state. As a consequence many species distributions were recorded in the literature as 
restricted to these areas. 

Minnesota Plecoptera were surveyed last in the early 1950's. Needham and Claassen 
(1925) and Frison (1935) reported some of the earliest records. Harden and Mickel (1952) 
conducted the most extensive study and Hitchcock (1974) summarized distribution data for 
northeastern North America, including Minnesota. 

Trichoptera in Minnesota were surveyed more intensively. Etnier (1965, 1%8) reported 
the most extensive information. Ross (1944) included Minnesota distributions for Tri- 
choptera species found in Illinois. Elkins (1936) and Denning (1937, 1943) provided earlier 
distribution data. Additional records were contained in systematic accounts of caddisfly 
genera and families by Haddock (1977), Flint (1%0), Morse (1972), Resh (1976), Yamamoto 
and Wiggins (1%4), and Wiggins (1956). 

It is reasonable to assume that many species from northeastern Minnesota have 
distributions which extend north into Canada. The sampling area is about 15 km from the 
Canadian Province of Ontario. The glacial history and geology of both areas are similar 
(Sims and Morey 1972). Both areas are also in the deciduousconiferous ecotone; regions 
farther north in Ontario are coniferous (Smith 1966). Some stonefly species inhabiting 
northeastern Minnesota were reported from western Ontario by Stark and Gaufin (1976) and 
Hitchcock (1974), and Wiggins (1977) reported similar kinds of records for caddisflies. 

Stoneflies and caddisflies are listed systematically by family and alphabetically by genus 
and species within each family. New state records are indicated with an asterisk. Collection 
locations are presented following each species name by site numbers which refer to 
numbered locations in Figure 1 and site descriptions listed below. Representative specimens 
of each species are deposited in the University of M i ~ e s o t a  collection, St. Paul, Minnesota, 
except for Zronoquia punctatissima (Walker) and Anabolia consocia (Walker) which are in 
Thomas M. Lager's collection. 

'part of the Minnesota Regional Copper-Nickel Study, Environmental Quality Board, Minneapolis, MN 
55413. . . 

Aquat~c B~ology Group, The Institute of Paper Chemistry, P.O. Box 1039, Appleton, WI 54912. 
3~.0.  Box 368, Teton Village, WY 83025. 
4~epartment of Biological Sciences, St. Cloud State University, St. Cloud, MN 56301. 
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Fig. 1 .  Study area in St. Louis and Lake counties of northeastern Minnesota with site numbers plotted. 

COLLECTION SITE LOCATIONS 

Site No. 
1-4 Kawishiwi R.,  Lake Co. 1: T.63N.,R.llW.,S.3; 2: T.62N.,R.llW.,S.31; 3: 

T.62N.,R.llW.,S.23; 4: T.62N.,R.IOW.,S.6. 



5 Shagawa R., St. Louis Co.: T.63N.,R.12W.,S.26. 
6 White Iron I., Lake Co.: T.63N.,R.llW.,S.31. 
7 Filson Cr., Lake Co. : T .62N. ,R. 1 1 W. ,S .24. 
8 Isabella R., Lake Co.: T.61N.,R.9W.,S.6. 
9-10 Snake R., Lake Co. 9: T.61N.,R.lOW., S.12; 10: T.61N.,R.9W.,S.19. 
11 SnakeCr.,LakeCo.:T.6IN.,R.9W.,S.30. 
12 Sphagnum Cr., Lake Co.: T.61N.,R.9W.,S.29. 
13-15 Little Isabella R., Lake Co. 13: T.61N.,R.9W.,S.29; 14: T.59N.,R.8W.,S.5; 15: 

T.59N.,R.8W.,S.9. 
16 Bear Island R., St. Louis Co.: T.62N.,R.12W.,S.23. 
17 An unnamed str., Lake Co.: T.62N.,R.llW.,S.33. 
18 KeeleyCr.,LakeCo.:T.61N.,R.llW.,S.17. 
19-22 Stony R., Lake Co. 19: T.61N.,R.llW.,S.30; 20: T.60N.,R.llW.,S.8; 21: 

T.60N.,R.llW.,S.28; 22: T.60N.,R.9W.,S.31. 
23 Birch L., St. Louis Co.: T.61N.,R.13W.,S.25. 
24 BirchL.,LakeCo.:T.61N.,R.llW.,S.30. 
25 An unnamed str., St. Louis Co.: T.61N.,R.12W.,S.36. 
26-27 Dunka R., St. Louis Co. 26: T.60N.,R.12W.,S.9; 27: T.59N.,R.12W.,S.16. 
28-29 Embarrass R., St. Louis Co. 28: T.60N.,R.15W.,S.25; 29: T.60N.,R.14W.,S.15. 
30-32 Partridge R., St. Louis Co. 30: T.59N.,R.12W.,S.6; 31: T.58N.,R.14W.,S.9; 32: 

T.58N.,R.15W.,S.13. 
33 Colby L., St. Louis Co.: T.58N.,R.14W.,S.7. 
34 Colvin Cr., St. Louis Co.: T.58N.,R.13W.,S.9. 
35-37 St. Louis R., St. Louis Co. 35: T.58N.,R.15W.,S.22; 36: T.58N.,R.13W.,S.30; 37: 

T.58N.,R.12W.,S.22. 
38-39 Seven Beaver L., St. Louis Co. 38: T.58N.,R. 12W.,S.23; 39: T.58N. ,R. 12W. ,S.24. 
40 Murphy Cr., Lake Co.: T.57N.,R.12W.,S.27. 
41 Shiver Cr., St. Louis Co.: T.64N.,R.13W.,S.l. 

Order PLECOFTERA 

Family NEMOURIDAE 

*Amphinernura delosa (Ricker): 26 Prostoia completa (Walker): 21 
* A .  linda (Ricker): 12, 25, 40 Shipsa rotunda (Claassen): 28 
*Podmosta macdunnoughi (Ricker): 11 

Family TAENIOFTERYGIDAE 

Strophopteryx fasciata (Burmeister): 35 T. nivalis (Fitch): 32 
*Taeniopteryx burski Ricker and Ross: 28 

Family CAPNIIDAE 

Allocapnia minima (Newport): 32 *Capnia manitoba Claassen: 9 
A .  pygmaea (Burmeister): 32 *Paracapnia angulata Hanson: 32 

Family LEUCTRIDAE 

Leuctra ferruginea (Walker): 18 

Family PTERONARCYIDAE 

Pteronarcys pictetii Hagen: 35 
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Family PERLODIDAE 

Isoperla dicala Frison: 19, 28 I. signata (Banks): 32 
*I. frisoni Illies: 19, 26, 28 I. slossonae (Banks): 11 

. I. lata Frison: 41 I. transmarina (Newman): 2 
I. orata Frison: 35 

Family CHLOROPERLIDAE 

Hastaperla brevis (Banks): 19, 26 

Family PERLIDAE 

Acroneuria abnormis (Newman): 32 Perlesta placida (Hagen): 3, 21, 28, 35 
A. internata (Walker): 32 Perlinella drymo (Newman): 24 
A. lycorias (Newman): 2, 3, 14, 19-22, Phasganophora capitata (Pictet): 20 

28, 32, 35, 36, 41 Neoperla clymene (Newman): 2, 3, 13, 
Paragnetina media (Walker): 1, 3, 4, 8, 19-21 

19-22, 26, 27, 30, 32, 35, 36 

Order TRICHOFTERA 

Family PHILOPOTAMIDAE 

Dolophilodes distinctus (Walker): 9, 12, 13 C. obscura (Walker): 3, 8, 1!%22, 28, 
Chimarra feria Ross: 18, 35 3G32, 34, 41 

C. socia Hagen: 11, 13, 14, 20, 28, 30, 35 

Family PSYCHOMYIIDAE 

*Lype diversa (Banks): 29 Psychomyia j7avida Hagen: 4, 21, 28 

Family POLYCENTROPODIDAE 

Nyctiophylax celta Denning: 35 Polycentropus centralis Banks: 4 
N .  moestus Banks: 20, 26, 28, 32 P. cinereus Hagen: 19, 28 
Phylocentropus placidus (Banks): 15, 20, P. interruptus (Banks): 5 

21, 26, 28 P. remotus Banks: 19, 28, 35 

Family HYDROPS YCHIDAE 

Hydropsyche betteni Ross: 1 ,  3, 11, 14, 21, H. simulans Ross: 3, 19 
25, 30, 32, 34, 35, 41 Macronema zebratum Hagen: 20, 32 

*H. cuanis Ross: 28, 37 Symphitopsyche slossonae (Banks): 4, 10, 
H. orris Ross: 1, 3, 4 11, 13, 14, 25, 30, 32, 41 

Family RHYACOPHILIDAE 

*Rhyacophila vibox Milne: 12 

Family HYDROFTILIDAE 

Mayatrichia ayama Mosely: 26, 28 

Family PHRYGANEIDAE 

Agrypnia improba (Hagen): 38 Phryganea cinerea Walker: 7 
Banksiola crotchi Banks: 38 
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Family BRACHYCENTRIDAE 

*Brachycentrus arnericanus (Banks): 14 B. nurnerosus (Say): 13, 14, 35 

Family LIMNEPHILIDAE 

Anabolia bimaculata (Walker): 1 1 ,  12, 19. Nernotaulius hostilis (Hagen): 6, 26, 34 
26 

A .  consocia (Walker): 17 *Neophylax nacatus Denning: 1 1  
*Glyphopsyche irrorata (Fabricius): 40 Pycnopsyche guttifer (Walker): 19, 26, 28, 
Hydatophylax argus (Hams): 30 39 
Ironoquia punctatissirna (Walker): 17 *P. scabripennis (Rambur): 41 

Family SERICOSTOMATIDAE 

Agarodes distincturn Ulmer: 8, 12, 13 

Family MOLANNIDAE 

Molanna blenda Sibley: 23, 28 M. tryphena Betten: 38 

Family HELICOPSYCHIDAE 

Helicopsyche borealis Hagen: 35, 41 

Family LEPTOCERIDAE 

Ceraclea ancylus (Vorhies): 1,  28 
*C.  annulicornis (Stephens): 3 
C .  diluta (Hagen): 2 

*C.  rnaculata (Banks): 26 
C .  misca (Ross): 30 

*C.  ne f l  (Resh): 34, 39 
C .  resurgens (Walker): 7, 37 

*C.  sp. (Moira River, of Resh): 3 

Mystacides sepulchralis (Walker): 26, 28 
*Nectopsyche candida (Hagen): 1 

Trianodes injusta (Hagen): 16, 20, 27, 32, 
35, 41 

T.  rnarginata Sibley: 19 
T.  tarda Milne: 20, 33 
Oecetis avara (Banks): 5 
0 .  cinerascens (Hagen): 26, 28, 35 
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IDENTITY CORRECTIONS FOR TWO NORTH AMERICAN APOTOMIS 
MOTHS (TORTRICIDAE: OLETHREUTINAE) 

William E. ~ i l l e r l  

ABSTRACT 

Apotomis Hiibner is preferred to Aphania Hiibner as the generic name of the species 
treated. Apotomis salicaceana (Freeman) is a junior synonym of A.  deceptana (Kearfott) 
which in turn has been misapplied in part to A. dextrana (McDunnough). The forewing of A. 
deceptana is brownish with little variation among individuals while that of A .  dextrana is 
grayish with much variation. The variation in A.  dextrana is encompassed by at least four 
forms, which could represent wing color polymorphs or points along a continuum. 

Comparing Apotomis specimens from the Great Lakes region with pertinent type 
specimens to confirm identifications, I discovered a new synonymy and a misapplied name. 
Two species are involved. The forewing of one is brownish with markings that vary little 
among individuals. The forewing of the other is grayish with markings that vary greatly 
among individuals without obscuring the underlying pattern. Unlike another segment of the 
genus, these species lack extensive white areas in their forewings. 

The name Aphania Hiibner (1825:386) has been used for the genus in North America in 
accordance with Heinrich's (1926) revision. However, Apotomis Hiibner (1825:380) has 
page precedence over Aphania and was used earlier by Pierce and Metcalfe (1922). 

The letter n in parentheses following a statement refers to "Material examined" and 
denotes number of sample observations or specimens; such numbers are conservative 
because more specimens than are recounted in "Material examined" sections were actually 
seen. 

Institutional abbreviations are AM-American Museum of Natural History, CN-Canadian 
National Collection, UC-University of California (Berkeley), UMi-University of Michigan, 
UMn-University of Minnesota (Twin Cities), NM-U.S. National Museum of Natural 
History, UW-University of Wisconsin (Madison), and V-collection of E. G. Voss, Ann 
Arbor, Michigan. I thank curators of a l l  these collections; also J. A. Powell, UC, for 
assistance with nomenclature. 

Apotomis deceptana (Kearfott), new combination 
(Figs. 1-3) 

Olethreutes deceptana Kearfott (1905:41) (lectotype male selected by Heinrich [1926], 
designated by Klots [1942]: Aweme, Manitoba, 8 August 1904, in AM); Heinrich (1926: 120 
[part]). 

Aphania salicaceana Freeman (1957:27) (holotype male: Red Deer, Alberta, 17 July 1951, in 
CN). New synonymy. 

'principal Insect Ecologist, USDA Forest Service, North Central Forest Experiment Station, 1992 
Folwell Ave., St. Paul, MN 55108. 
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Fig. 1 .  Aporomis deceprana wings. 2. deceprana sterigma and associated female genitalic structures. 
3. deceprana valva and associated male genitalic structures. 47 .  A. dexrrana wings in descending order 
of pattern frequency. 8. dexrrana sterigma and associated female genitalic structures. 9. dexrrana valva 
and associated male genitalic structures. For more information about illustrated specimens, consult 
"Material examined" sections. 
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Forewing brownish with medial band most distinct in costal area, markings varying little 
(6 n, Fig. 1). Forewing length in males 8.5 to 9.0 mm (2 n), in females 9.0 mm (3 n). Female 
sterigma lightly sclerotized, semicircular in outline (3 n, Fig. 2). Male valval neck of medium 
length, vesica with one large spine (2 n, Fig. 3). 

Geographic distribution. Alberta E to Ontario and S to Minnesota and Michigan. 
Biology. Larvae feed on leaves of Salix and Populus (Freeman 1957). Adult capture dates 

range from 24 July to 25 August (5 n). 
Comments. In his revision, Heinrich (1926) mixed two species under Apotomis deceptana. 

He illustrated female genitalia of A. deceptana but misapplied the name to males and some 
females of A. dextrana (McDunnough). 

Material examined. MANITOBA: lectotype of A. deceptana including male genit. prep.; 
ALBERTA: holotype of A. salicaceana; ONTARIO: paratype ofA. salicaceana, Ottawa, 5 
August 1905 (Fig. 1) female genit. prep. CH 1, 5 June 1924 (Fig. 2) (CN); MICHIGAN: 
Dickinson Co. female genit. prep. CH 37, 19 January 1923 (NM); Mackinaw City, 31 July 

- and 13 August, male and female genit. preps. (V); MINNESOTA: Cass Lake, 25 August 
1936, male genit. prep. PB 16 (Fig. 3) (UMn). 

Apotomis dextrana (McDunnough), new combination 
(Figs. 4-9) 

Argyroploce dextrana McDunnough (1923:165) (holotype male: Ottawa, Ontario, 28 July, in 
CN). 

Aphania dextrana; Heinrich (1926:121), Rentice (1%5:595). 
Aphania deceptana (not Kearfott [1905:41-part]); Heinrich (1926:120), Rentice (1965594). 

Forewing grayish with black to gray medial band equally distinct in costal and dorsal 
areas, different shades of scaling on either side of medial band, a longitudinal black streak 
sometimes in dorsal area, at least four color forms occumng (29 n, Figs. 4-7). Forewing 
length in males 7.5 to 10.0 mm (19 n), in females 9.0 to 11.0 mm (8 n). Female sterigma 
lightly sclerotized, V-shaped in outline (6 n, Fig. 8). Male valval neck long, vesica with a 
medium sized spine (I5 n, Fig. 9). 

Geographic disribution. Transcontinentally distributed in Canada (Prentice 1%5) and 
northern United States, extending S to New York, Michigan, and Arizona. 

Biology. Larvae feed mainly in rolled leaves of Populus tremuloides Michx. (Prentice 
1%5). Adult capture dates range from 4 July to 15 August (25 n). 

Comments. Four color forms (Figs. 4-7) encompass forewing variation in the specimens I 
assembled (29 n). These are shown in descending order from most frequent (Fig. 4,59%) to 
least frequent (Fig. 7, 10%). Each sex has all four forms. More than one form may occur at 
the same locality; all four occurred in specimens captured 23-25 July 1%3 at Black Sturgeon 
Lake, Ontario. Whether the forms represent wing color polymorphs or points on a 
continuum of variation is not clear, but genitalia were not visibly different among specimens 
of different color form. Similar degrees of forewing color variation and polymorphism 
without genitalic differences are known in several other olethreutine genera (Miller 1977, 
1979). The A. dextrana holotype specimen is nearest Figure 4. 

Representatives of this species were assigned by Heinrich (1926) to the two names 
indicated above, and I found the same situation in collections (also reflected in Rentice 
1%5). 

Material examined. ONTARIO: holotype including male genit. prep.; Bells Comers, For. 
Ins. SUN. 098-100F, 1948 male; Waskerin L., For. Ins. Surv. 6645, trembling aspen, 1939 
(Fig. 7) female genit. prep. MAM 128782; Black Sturgeon L., 2 males and 2 females, 23-25 
July 1%3 (Figs. 5,6); MANITOBA: Burton L., For. Ins. Surv. W-0355A, W. poplar, male 
genit. prep. MAM 128781 (CN); MINNESOTA: Ely, 16-24 July 1957 male genit. preps. 
WEM 97783,97784, Acc 31781,31782, female genit. prep. ACC 31784; St. Louis Co., 27 July 
1941 female genit. prep. AC 31787 (UMn); ARIZONA: Flagstaff, 8 August 1%1 female 
genit. prep. MAM 1122783 (Fig. 8); WYOMING: Moran, 21 July 1938 male genit. prep. 
MAM 1122781; SOUTH DAKOTA: T3N-RIE-Sec. 30, 18 July 1%5 male genit. prep. MAM 
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1122782; MONTANA: Sweet Grass Co., 9 July 1%9 (Fig. 4) male genit. prep. MAM 1122784 
(Fig. 9) (NM); WISCONSIN: Hiles, 18-19 July male genit. preps. WEM 1675, RT 1-3, 9, 
ACC 221781 (UW); NEW YORK: Six Mile Creek, Ithaca, 14-15 August 1953 male and 
female (NM); MICHIGAN: Livingston Co., 15 August 1936 female genit. prep. JAB 98; 
Mackinac Co., 1 August 1926 female genit. prep. JAB 99 (UMi), CALIFORNIA: Mono Co., 
4 July 1%8 male genit. prep. JAP 2499 (UC). 
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PREDIAPAUSE HATCHING OF THE FOREST TENT CATERPILLAR 
(LEPIDOPTERA: LASIOCAMPIDAE) IN THE LABORATORY 

Nancy Lorimer and William J. Mattson, Jr.' 

ABSTRACT 

Forest tent caterpillar (Malacosoma disstria Hiibner) eggs collected from Minnesota in July 
hatched in August and the larvae survived to the third instar. Many eggs from the same 
collection did not complete embryogenesis. Unusually high temperatures were probably 
responsible for both phenomena. 

Forest tent caterpillar (Malacosoma disstria Hiibner) females normally oviposit in July in 
the Lake States and Canada. Embryonation is completed after several weeks, and first instar 
larvae stay within the eggs until the following spring. Diapause, a period of low tempera- 
tures, and the accumulation of a number of degree-days were thought to be necessary for 
hatching in this and congeneric species (Hodson and Weinman 1945; Mattson and Erickson 
1978). However, we report here an instance of prediapause hatching. 

Egg masses were collected near Cloquet, Minnesota, on 26 and 27 July 1978, from three 
aspen (Populus tremuloides Michx.) stands with 9-, 18-, and 36-year-old trees, re- 
spectively, about 1% mi apart. Trees were 33-50% defoliated in the 36-year-old stand and 
less than 20% defoiated in the other stands. We obtained eggs by sampling two whole 
branches from the midcrowns of each of 10 randomly chosen trees in each stand. 
Immediately after collecting, the eggs were placed in plastic petri dishes. The 2 1 egg masses 
from the 9- and 18-year-old stands were pooled because there were so few masses from each 
(collection A). Only a portion, 43, of the many masses from the 36-year-old stand were 
retained (collection B) (Table I). 

After returning to the laboratory (28 July) eggs were kept at room temperature and natural 
photophase. Hatching of larvae from collection B was first observed on 16 August but may 
have taken place a day or two earlier because extensive silking was already obvious. A total 
of 418 larvae were removed from this dish and placed on diet used to rear this species in our 
laboratory (McMorran 1%5). An additional 43 larvae hatched within the next few days for a 
combined total of 461. No larvae emerged from collection A (Table 1). 

The day after hatching was first observed, 50 larvae were transferred to freshly collected 
aspen leaves to see if late season foliage was a suitable diet. These larvae died in less than a 
week. The larvae on prepared diet lived until the second week in September. Virus did not 
appear to be present. Most had reached the third instar. 

Inspection revealed empty eggs in more than half (23143) of the egg masses from collection 
B. Not all produced caterpillars, though, because the petri dish also contained adult 
hymenopterous parasites. An average of 13% of the eggs were hatched, ranging from less 
than 1 to 44%. Although no larvae emerged from the collection A egg masses, parasites did. 
In this group, less than half of the masses (8121) showed evidence of parasite emergence and 
an average of only 5% of the eggslmass were parasitized. 

On 24 August, one week after laboratory hatch, we returned to the 36-year-old stand to 
determine if hatching had also occurred in the field. No larvae were found, and none of the 

'Principal Insect Geneticist and Principal Insect Ecologist, respectively, North Central Forest Experi- 
ment Station, USDA Forest Service, 1992 Folwell Avenue, St. Paul, MN 55108. 
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Table 1. Stand and treatment characteristics of three collections of forest tent caterpillar egg 
masses. 

Collection 

Date 
Egg masses (No.) 
Age of aspen (years) 
Temperature post 
collection 

Storage container 
Hatched larvae (No.) 
Undeveloped 
eggs (percent) 

Defoliation of 
stand (percent) 

Meaneggs per 
mass (No.) 

27 July 
2 1 

9 &  18 

ambient 
plastic dish 

0 

26 July 
43 
36 

elevated 
plastic dish 

461 

24 August 
101 
36 

ambient 
paper carton 

0 

aCollections B and C were from the same stand. 
b~epresents 15 of 101 masses collected. 

101 egg masses collected and stored in a paper carton showed evidence of larval hatching. 
No hatching from this group (C) occurred later in the laboratory flable I). 

Next we dissected all unhatched eggs to ascertain the state of embryogenesis in each 
collection. In collections A and C 92-94% of the eggs had completed embryogenesis and 
contained larvae; the remainder contained only yolk-like material. Eggs from collection B 
were markedly different. These masses could be divided into two groups, those with little 
embryogenesis and no hatch, and those with some embryogenesis and evidence of hatch; 
i.e. empty eggs: 

N Yolk Only Embryogenesis Empty 
20 97% 3% 0% 
23 55% 31% 14% 

Apparently some treatment during the collection and storage of the collection B egg 
masses arrested the development of some eggs and stimulated prediapause hatching of larvae 
in other eggs. J. A. ~ i t t e r 2  also noted prediapause hatching from eggs collected in July 1967 
near International Falls, MN. Both Witter's collections of eggs and ours were stored in 
plastic containers, his in bags and ours in petri dishes, suggesting that the plastic containers 
may be responsible. However, eggs from collection A, also in plastic, developed normally. 

Treatment differences between collection A and collection B masses were restricted to a 
single day between their collections. During that day collection B eggs were kept in an 
unventilated car so perhaps exposure to abnormally high temperatures was responsible for 
the unusual development. Hodson (1941) reported that as many as 93% of the forest tent 
caterpillar eggs in parts of Minnesota in 1936 failed to complete embryogenesis following 
several days of record high temperatures (I> 100' F). 

Differences in response among the eggs of collection B could reflect differences in 
susceptibility to heat shock or slight differences in stage of development when subjected to 

'personal communication, J. A. Witter, School of Natural Resources, University of Michigan, Ann 
Arbor, MI 48109. 
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unusually high temperatures. At this time we cannot propose a mechanism by which heat 
shock affects normal development, but the mechanism must explain both the disruption of 
embryogenesis and the "breaking" of diapause. The mechanism may act in the endocrine 
system and/or have some cytogenetic effect. 

Other than the differences noted above, collections from the two stands differed in 
another important way, one not related to handling. The average number of eggs per mass 
from the younger stands (160 eggs) was significantly less (P < 0.001) than the average 
number from the older and more heavily defoliated stand (201 eggs) (Table 1). Differences in 
egg mass size suggest genetic differences among insect populations, or differences in foliage 
chemistry among stands, or both. 

In summary, egg masses of the forest tent caterpillar collected from aspen near Cloquet, 
MN, produced larvae that hatched without diapause. Most of the eggs from this group were 
also nonembryonated. We propose that heat shock during development was responsible for 
these phenomena. 
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PROTEIN VARIATION AMONG SPECIES OF THE GENUS CATOCALA 
(LEPIDOPTERA: NOCTUIDAE) 

N. C. Elliott and W. E. ~ohnsonl 

ABSTRACT 

Electrophoretic variation in 13 proteins was examined in five species of Catocala. 
Estimates of heterozygosity range from .I2 to .I7 for three of the species studied. The 
effective number of alleles per locus for the same three species range from 1.18 to 1.30. 
Determinations of genetic similarities among the five species range from .31 to .55. These 
simiarities are considerably lower than those obtained for species of the genus Speyeria 
(Nymphalidae) (Brittnacher et al. 1978). The low levels of similarity obtained for supposedly 
closely related species of Catocala would suggest that electrophoretic data will be most 
useful in determining relationships within group relationships. 

The genus Catocala consists of nearly 200 species distributed primarily over Nearctic 
regions. The moths of this genus are characterized by cryptically colored forewings and 
brightly colored hindwings as well as by extensive color and pattern polymorphism, the 
presence of many morphologically similar species, and extensive sympatry. Barnes and 
McDunnough (1918) divided the 104 North American species of Catocala into three sections 
based on patterns of tibial spination. These three sections were further subdivided into a 
total of 20 groups on the basis of the morphology of egg, larvae, and male clasping organs, 
and on larval food plant type. 

The phyletic relationships of the species within groups are unclear and the evolutionary 
relationships among the groups and among sections are even more uncertain. The failure of 
the traditional morphological and ecological methodologies to discern anything but the 
crudest evolutionaw and systematic relationships among the species of this group would 
suggest that the application of some of the newer mol~cular techniques is appropriate. 

The value of multi-orotein electro~horetic studies in svstematics is well substantiated 
(Hubby and ~hrockrndrton 1968;  ohi is on and Selander 19fl; Webster et al. 1972; Avise and 
Smith 1974). In general these studies indicate that the levels of genetic similarity among 
conspecific populations are usually quite high. Generally one or two electrophoretically 
distinct forms (electromorphs) predominates for each protein system throughout the range 
of the species. As a consequence, as much as 85-90% of the total variation in a species may 
be present in a single population. Thus it is theoretically possible ro obtain a reasonable 
appraisal of the genetic composition of an entire species with only a single population sample 
(Nei 1978). Comparisons among closely related congeneric species yield phenetic groupings 
which correspond closely with those previously derived by classical methods (Avise 1974). 

The purpose of this paper is to describe patterns of electrophoretic variation in five 
species of Catocala, to compare these patterns with those described for other organisms, 
and to assess the potential value of electrophoretic data as a taxonomic tool within the 
genus. 

l~epartrnent of Biology, Western Michigan University, Kalamazoo, MI 49008. 
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MATERIALS AND METHODS 

A total of 276 specimens representing five species of Catocala were collected in 
Tennessee and Michigan between July and September 1975. Catocala ilia Cramer, a 
common species found throughout the eastern United States, was represented by 182 
specimens collected from four locations: 1 mi W of Dale Hollow Dam, Clay County, 
Tennessee, 1/4 lllj S on Purgatory Rd. in the Three Rivers State Game Area, St. Joseph 
County, Michigan, 2 mi SE of Petersburg in the Petersburg State Game Area, Monroe 
County, Michigan, and 4 mi E of Cheboygan in the Black Lake State Forest, Cheboygan 
County, Michigan. Samples of C .  unijuga Walker, C .  semirelicta Grote, and C.  concumbens 
Walker, were collected at the Cheboygan County, Michigan, location. C .  cara Guenee was 
sampled from the St. Joseph County, Michigan, location. Specimens were collected at bait 
within an area of approximately !4 mi2. 

After collection the moths were returned to the laboratory alive or stored on dry ice. No 
differences resulting from these alternate methods were detected in the electrophoretic 
results. Specimens were prepared for electrophoresis by removing legs, wings, and body 
hair, and homogenizing the whole body in 1 ml of 0.2M Tris HCL, pH 7.8. The 
homogenate was centrifuged at 12,000 rpm for 45 rnin at 0°C. The supernatant was removed 
and stored at -70°C. 

Horizontal starch gel electrophoresis (Electrostarch, Otto Hiller, Madison, Wisconsin, 
lots 301 and 317) and histochemical staining were performed as described by Selander et al. 
(1971) and Brewer (1970). Thirteen proteins were scored including a-glycerophosphate 
dehydrogenase ( a  -GPD), two isocitrate dehydrogenases (IDH-I, IDH-2), malic enzyme 
(ME), glutamate oxaloacetate transarninase (GOT), phosphoglucose isomerase (PGI), 
phosphoglucomutase (PGM-2), hexokinase (HK-I), two glycine-leucine peptidases (PEP-2, 
PEP-3), alcohol dehydrogenase (ADH), a general protein (FT-I), an an esterase (EST-5). 
Only ADH migrated cathodally with the buffer systems used. Systematic relationships were 
based on only 11 of these proteins since homologies for PEP-2 and ESTJ could not be 
ascertained with certainty among species. To optimize our ability to distinguish among 
electromorphs, individuals were electrophoresed on three distinct buffer systems with pHs 
ranging from 6.7 to 8.7 (see Buffer Systems Nos. 3, 4, and 5 in Selander et al. [1971]). The 
identity of electromorphs was based on juxtaposition or near juxtaposition on the same gel 
using these different buffers. 

Progeny studies were not undertaken because most Catocala are difficult to breed in 
captivity (Sargent 1972). Therefore, the genetic basis of the observed electrophoretic 
variability is inferential. Our genetic interpretation is supported by the general agreement of 
the observed versus expected electromorph frequencies with those expected under con- 
ditions of Hardy-Weinberg equilibrium and the patterns of electrophoretic variation found in 
other animal species. The few significant departures from Hardy-Weinberg equilibrium that 
occurred probably resulted from sampling error associated with small sample sizes. 

Overall genetic similarities among populations were estimated with Rogers' coefficient 
(Rogers 1972). Cluster analysis of the data in the matrix of Rogers' coeficients was 
performed by the unweighted pair-group method using arithmetic means (Sneath and Sokal 
1973). 

RESULTS 

Table 1 shows electromorph frequencies at 11 variable proteins in the five species of 
Catocala. Two proteins, a -GPD and ET-1 were invariant and appeared to be electro- 
phoretically identical in all five species. In ilia, for each protein system the same 
electromorph predominated in all populations with the exception of IDH-2, at which two 
major electromorphs were present in varying frequencies in each population. The maximum 
number of electromorphs occumng in any one species was five at EST-5 in the ilia (1) 
population. The average number of electromorphs occuning at variable proteins in ilia was 
2.6. The maximum number of electromorphs occumng across species at any protein was 
seven for PGM-2, IDH-I, IDH-2, ME, and GOT. There was a great deal of sharing of 
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Table 1. Sample sizes (n), electrornorph frequencies, and frequency of heterozygous indi- 
viduals (h) for 1 1 variable proteins in eight populations representing five species of Catocala. 

~o~ulat ions '  
Protein 

Electrornorphs 1 2 3 4 5 6 7 8 

PGM-2 n 
pgm-2a 
pgm-2'J 
Pgm-2C 
~gm-2" 
Pgm-2e 
~grn-2f 
pgm-2g 

h 

PGI n 
Pgi" 
P*" 
PgiC 
pgid 
pgie 

h 

ADH n 
Adha 
Adh 'J 
AdhC 
Adhd 

h 

IDH-2 n 
Idh-2" 
1dh-2b 
Idh-2c 
1dh-2d 
Idh-2e 
1dh-2f 
Idh-2g 

h 

HK- 1 n 
Hk-la 
~ k -  l b  
Hk-lC 
~ k - l d  

h 

ME n 
Mea 
~e 
MeC 
~ e *  
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Table 1. Continued. 

~ o ~ u l a t i o n s '  
Protein 

Electrornorphs 1 2 3 4 5 6 7 8 

P E P 3  n 63 43 13 53 22 6 39 9 
P e ~ - 3 ~  - - - - - - .76 1.00 
pep-3b - - - - .48 1.00 - - 
P e ~ - 3 ~  - - - - .52 - .24 - 
pep-3d .96 .85 .77 .85 - - - - 

P e ~ - 3 ~  .04 .15 .23 .I5 - - - - 
h .08 .26 .35 .26 .50 - .36 - 

IDH- I n 65 45 13 57 35 6 4 1 9 
Idh-la - - - .02 - - - - 
1dh-lb 1.00 1.00 1.00 .% - - - - 
Idh-lC - - - - - 1.00 1.00 - 
1dh- ld - - - - - - - 1.00 
Idh-le - - - .02 - - - - 
1dh-lf - - - - .99 - - - 

Idh- lg - - - .01 - - - - 
h - - - .08 .02 - - - 

PEP-2 n 62 44 13 53 34 6 - - 

P e ~ - 2 ~  .97 .99 1.00 1.00 - - ns** ns 
pep-2b .03 .O1 - - - - ns ns 
P e ~ - 2 ~  - - - - .02 .17 ns ns 
pep -9  - - - - .% .83 ns ns 
P e ~ - 2 ~  - - - - .02 - ns ns 

h .06 .02 - - .08 .28 

EST-5 n 60 41 11 54 
Est-Sa .02 .17 .20 .05 ns ns ns ns 
 st-9 .23 .19 .20 .27 ns ns ns ns 
Est-5' .02 - - - ns ns ns ns 
 st-5d .65 .58 .55 .64 ns ns ns ns 
Est-Se .08 .06 .05 .04 ns ns ns ns 

h .52 .59 .61 .5 1 

GOT n 65 44 9 59 33 6 22 7 
Gota - - - - .03 - - - 

~ o t ~  - - - - - .83 - - 
GotC - - - - .94 - - - 

~ o t ~  - - - - - .17 - - 
Gote - - - .03 - - - - 

~ o t f  1.00 1.00 1.00 1.00 - - 1.00 - 
Gotg - - - - - - - 1.00 

h - - - - . l l  .28 - - 

' ~ e y  to Populations: 1 = ilia, Clay Co., T N ;  2 = ilia, St. Joseph Co., MI; 3 = ilia, Monroe Co., MI; 
4 = ilia, Cheboygan Co., MI; 5 = uniiuga, Cheboygan Co., MI; 6 = semirelicla, Cheboygan Co., MI; 
7 = concumbens, Cheboygan Co., MI; 8 = cara, St. Joseph Co., MI. 
*Deviation from Hardy-Weinberg expectation significant at .05 level. 
**ns indicates not scored. 
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electromorphs among species, i.e. AdhC and were found in all five species, ~ g i b  was 
found in four of five species, and pgm-2d and ~ k - l b  were found in three of five species. 

Two methods were used to summarize the level of genic variability occurring in 
populations (Crow and Kimura 1970). First, the frequency of heteroz gous individuals per X locus (h), is defined as l - p ? ,  where Xi is the frequency of the it allele at that locus. 

I 

Values of h (the frequency of heterozygotes per locus averaged over all populations) for ilia 
ranged from 0 to .56 with a mean across loci (H) of .I4 For unijuga and concumbens 
estimates of H were .I2 and .17 respectively. The sample sizes for the remaining two 
species were too small to provide meaningfhl estimates. Second, the effective number of 
alleles per locus (ne) is estimated by 1/L ( z  ( I / ~ X ? ) ) ,  where L is the number of loci studied 

r .  
L 1 

and Xi is the frequency of the ith allele at the L ' ~  locus. If estimates of the effective 
population sizes (Ne), migration rates between local populations, and population sizes in the 
geologic past are known for the species in question, ne can be compared with theoretical 
expectations under the hypothesis of selective neutrality of alleles. The estimated values of 
ne for ilia, concumbens, and unijuga were 1.24, 1.30, and 1.18 respectively. 

PATTERNS OF VARIATION IN CATOCAZA 

Intraspecific Differentiation. The geographic pattern of electromorph frequencies in ilia 
shows a high degree of uniformity at all proteins. This pattern is similar to that found in 
vagde organisms such as species of Drosophila (Prakash et al. 1%9; O'Brien and MacIntyre 
1%9; Ayala et al. 1972) and the Lepidopteran species Hemiargus isola Reakirt (Bums and 
Johnson 1971) and Phyciodes tharos Drury (Vawter and Bmssard 1975). Species with low 
dispersal rates such as the land snail Helix aspersa Miiller (Selander and Kaufman 1975) and 
the colonial butterfly species Euphydryas editha Boisduval (McKechnie et al. 1975), 
generally show somewhat higher levels of regional differentiation. 

Very little research has been done on the rates of dispersal of species of Catocala, 
however, most species do not appear to exhibit the sedentary behavior documented in some 
Lepidoptera (Ford and Ford 1930; Ehrlich 1%5; Gilbert and Singer 1975). In a mark-and- 
release experiment employing various species of Catocala, Brower (1930) found evidence of 
considerable mobility over short periods of time. In addition some Catocala species show 
asynchronous fluctuations in population size, with high levels of dispersal correlating with 
periods of peak population density (Sargent 1976). The discontinuous nature of suitable 
habitat probably does not form barriers to movement of individuals in most Catocala species 
as it does in some Lepidopteran species (Gilbert and Singer 1975) and hgh levels of 
migration probably occur between local populations. While local adaptation in morphology, 
particularly in coloration patterns of the forewings occurs in some Catocala species (Owen 
and Adams 1%3; Sargent 1976) very few of these morphological variants are restricted to 
one geographic location; most occur in varying frequencies throughout much of the species' 
range. Since Catocala species rely on cryptic coloration of the forewings for protection 
against predators, it is probable that the genes controlling forewing morphology are subject 
to reasonably strong selection. Thus, we might expect local differentiation in these 
morphological traits in spite of considerable gene flow (Endler 1973). The geographic 
uniformity in electromorph frequencies in ilia is consistent with the view that high levels of 
migration occur between local populations of this species. 

Levels of Genetic Variability. The levels of heterozygosity obtained from electrophoretic 
data are related to effective population size, although not_ to the extent predicted under the 
neutralist hypothesis (Soule 1976). Heterozygosities (H values) obtained from electro- 
phoretic data in various groups of animals range from .037 to .151_(Selander 1976). The high 
levels of heterozygosity observed in the three Catocala species (H = .12-. 17) may, at least 
in part, be a reflection of the large population sizes of the species. 

The effective number of alleles per locus (ne) for the Catocala species studied (ne = 1.24 
averaged over the three species) is similar to that obtained for the butterfly species 
Euph~dryas phaeton Dmry (ne = 1.30) (Brussard and Vawter 1975) and E. editha 
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(ne = 1.33) (McKechnie et al. 1975) and for five species of the Drosophila willistoni group 
(ne = 1.22) (Ayala et al. 1974). The effective population sizes of E. phaeton and E. editha 
populations were estimated to be between 20 and 2000 individuals whereas Ne was 
estimated to be lo9 or greater for each of the Drosophila species studied. While it is not 
possible to estimate past sizes of natural populations, it appears that many populations of 
extremely different sizes possess similar values of ne. This implies that a large portion of the 
allelic variation observed by electrophoresis is subject to some form of selection or that 
there is a considerable non-random sampling error in the choice of protein systems 
examined. Values of Ne for the three species of Catocala are probably intermediate between 
those of Euphydryas and Drosophila. 

SYSTEMATIC RELATIONSHIPS 

A matrix of similasy coefficients (S values) based on 11 proteins for the five species of 
Ca:ocala is shown in Table 2. Unifonnly large S values (.95-.98) were obtained for the four 
conspecific populations of ilia reflecting the geographic uniformity in electromorph fre- 
quencies for the species. This is consistent with the fact that similarity coefficients obtained 
from allozyme variation for conspecific populations of most species are generally greater 
than .85 (Avise 1974). Thus for the purposes of interspecific comparisons a slngle sample 
may provide a reasonable representation of a species. The mean similarity among the five 
Catocala species (S = .41) is considerably lower than that obtained for congeneric species 
of Speyeria (Nymphalidae) (S = .83) (Brittnacher et al. 1978). Brittnacher noted that the high 
levels of similarity among Speyeria species may be due to the tendency of lepidopterists to 
recognize races or even local populations as formal taxa because of the abundance of 
visually discernible morphological characters. In spite of the abundance of obvious 
morphological characters in Carocala species, values of S are comparable to estimates of 
genetic similarity found among congeneric species of Drosophila (Ayala et al. 1975; Johnson 
et al. 1975) where obvious visual characters are rare and species are based primarily on the 
existence of reproductive isolation. Our data indicate that splitting of taxa may not have been 
a common practice among Catocala taxonomists, even though reproductive isolation has 
not been established as the major criterion to delineate most species. 

Johnson (1977) has shown that the presence of electrophoretically undetected variation in 
allozymes serves to lessen the utility of values of S for comparisons involving dissimilar 
taxonomic groups. The frequency distribution of "hidden" alleles is skewed; very few 
common alleles and numerous rare alleles occur at a locus. Since S values are frequency 
weighted (differences in common alleles have a disproportionately greater effect on S than 
differences in rare alleles) low values of S (S less than .30) based on similarities at few loci 
may be of limited taxonomic significance. The error in S values may be particularly great if, 

Table 2. Coeficients of genetic similarity (Rogers' between eight populations representing 
five species of Catocala). 

- 

aSee Table 1 for key to populations. 
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as Sarich (1972) hypothesized, allozymes identified electrophoretically actually consist of 
many molecular varieties limited by functional constraints on net charge. 

Barnes and McDunnough (1918) classified North American Catocala on the morphology 
of the egg, larvae, tibiae, and male clasping organs and on larval food plant type. AU forms 
examined in this study were placed by Barnes and McDumough in section I1 of the genus. 
C. cara and concurnbens along with one other species (arnatrix which was not studied) are 
placed within one species group and unijuga and semirelicta, two morphologically similar 
species, are grouped with 26 other species in another species group. C. ilia is placed in a 
third group with zoe a western form that is very similar to ilia. The phyletic relationships of 
the species within each group are not known though the groups are considered to be 
composed of closely allied species. The relationship of the groups to one another is largely 
unknown. 

Clustering of the similarity coefficients (Fig. 1) shows two groupings of species, one 
containing concurnbens, cara, and ilia and another containing unijuga and sernirelicta. The 

Genet ic  S i m i l a r i t y  

eophenetic r =.98 

7 

L semirelicta 

Fig. 1. Similarity dendrogram among five species from Section 11 of the North American Catocala (Barnes 
and McDunnough 1918) derived from a matrix of Rogers' coefficients by the unweighted pair-group 
method using arithmetic means. 

relationships represented in the dendrogram are generally agreeable with those proposed by 
Barnes and McDunnough; however, considering the low S values (S = .47-55) between 
supposedly closely related species of Catocala, and the expansive size of the genus, it is 
doubtful if electrophoretic data will be useful in elucidating phyletic relationships above the 
section level and probably the technique will be most helpful in determining within group 
relationships. 
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THE FUNCTION OF ENLARGED HIND LEGS IN OVlPOSlTlON AND 
AGGRESSION BY CHALCIS CANADENSIS 

(HYMENOPTERA: CHALCIDIDAE) 

David P. cowan' 

ABSTRACT 

Females of Chalcis canadensis locate egg masses of stratiomyid flies on emergent aquatic 
vegetation, and systematically oviposit into each fly egg. Interactions between Chalcis and 
other parasit& of stratiomyids may allow some flies to escape parasitism. During ovi- 
position, the wasp supports her body only with her rear legs, thus freeing her other limbs to 
manipulate fly eggs. Employing the hind legs as weapons, females of canadensis also fight 
back-to-back for control of fly egg masses. Enlarged and toothed hind legs serve parallel 
functions in other species of parasitic Hymenoptera. 

One morphological character that unites parasitic wasps belonging to the Family 
Chalcididae is their distinctively enlarged and modified rear leg; but the habits and host 
preferences of various species differ greatly, and insects belonging to at least six different 
orders serve as hosts. The few available records indicate that members of the Genus Chalcis 
are parasitic on aquatic Stratiomyidae (Diptera) belonging to the genera Odontomyia or 
Stratiomyia (Hart 1894;Burks 1940). The wasp oviposits into a fly egg or newly hatched 
larva, but the parasite does not complete development and emerge unil the host has reached 
the pupal stage: one parasite per host. The specific host-parasite relationships have not been 
carefully worked out, and at some places in southern Michigan several species of each of 
these genera occur together. Chalcis flebilis (Cresson), C .  microgaster Say, and C .  
canadensis (Cresson) were all present at some of my study areas; but canadensis was by far 
the most abundant. 

METHODS 

I studied these insects at several marshy habitats in Washtenaw and Livingston counties, 
Michigan, where the dominant vegetation is cat-tail, arrowhead, and duck-weed. The 
bottom of the marshes is a deep organic muck, the water depth seldom exceeds 4 ft, and 
some of the marshes may dry up during late summer. I made most of my observations in the 
field during the summers of 1975 to 1978, but I observed the details of ovipositional behavior 
in the laboratory with a dissecting microscope using wasps and fly eggs collected in the field. 

OBSERVATIONS AND DISCUSSION 

These stratiomyids deposit masses of 50 to several hundred eggs on emergent aquatic 
vegetation, depending on the species and size of the individual. The eggs are green when 
deposited but darken with age and hatch after about five days. The hatching larvae wriggle 
free of the chorion and fall into the water where they feed amongst the rotting organic matter 
(Kuster 1934). Larvae float to the surface or crawl into moist debris slightly above water 
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level when ready to pupate. It seems that fly larvae of any age can pass the winter and that 
individuals in all stages of the life cycle are present throughout the summer. The length of 
the developmental period is unknown for all of these stratiomyids. 

Adults of canadensis are active throughout the summer months when host eggs are 
available; and on warm sunny days, females fly about emergent vegetation apparently 
searching for hosts. It seems likely that the initial search is visual, but upon locating an egg 
mass the wasp lands on it and palpates the eggs with her antennae. The wasp may begin to 
oviposit immediately after landing, but sometimes they seem to find the eggs unsuitable. The 
eggs may not be an appropriate species of host, or they may have been attacked previously 
bv another seecies of earasitic wase. In addition to the several s~ecies of Chalcis mentioned 
earlier, an ichneumonid and a platygasterid (apparently polyembryonic) are associated with 
stratiomyid larvae; but the most important parasite of the stratiomyids affecting c a d e n s i s  
is a trichogrammatid that completes its development within stratiomyid eggs. These minute 
wasps attack the fly eggs soon after they are deposited, and females of camdensis seem to 
have no interest in egg masses that trichogrammatids have parasitized. The trichogram- 
matids have short ovipositors and only oviposit into eggs at the outer surface of the mass; 
eggs below the surface develop normally and hatch. Since canadensis may attack every egg 
in a mass, but seem uninterested in masses attacked by trichogrammatids, the trichogram- 
matids may actually protect some of the flies. 

It also seems that the fly eggs must be almost ready to hatch before canadensis will 
oviposit. Perhaps fly eggs that are attacked too soon fail to develop or suppress hatchmg of 
the chalcid eggs. Wasps confined with fly eggs sometimes completed oviposition 10 hr 
before the fly larvae hatched, but on other occasions the activity of a wasp attacking an egg 
mass appeared to stimulate almost immediate hatching of the fly larvae. At times, after the 
wasp had attacked several eggs, large numbers of fly larvae began to wriggle from their eggs 
and drop away. Depending on the size of the egg mass and the synchrony of hatching, all the 
fly larvae may issue and drop into the water within 10 min to 2 hrs. Occasionally the wasp 
eats a few fly eggs. I have also seen canadensis eating honey-dew that aphids had dropped 
on leaves, but I have never seen them visiting flowers. 

C .  canadensis exhibits two styles of oviposition; one seems adequate for attacking eggs; 
the other seems to be an adaptation facilitating oviposition into fly larvae that have just 
hatched. When using the first method a wasp walks about on the egg mass, stands on a]] 
six legs, lowers the abdomen, and inserts the ovipositor into an egg. This technique 
seems relatively unsystematic, and many fly eggs may be missed. When ovipositing by the 
second method, a wasp either uses only the hind pair of legs for support (Fig. I), or 
sometimes forms a tripod with the wings or one of the middle legs. Then the wasp pries up a 
single fly egg with her legs and disentangles it from threads of a sticky substance which hold 
it in the mass. Both front and middle tarsi may be used for this task, and the dexterity with 
which the tarsi manipulate the egg is astonishing. Once the wasp has £red  the egg, she 
cradles it with her front and middle tarsi, swings her gaster forward underneath the thorax, 
and inserts her ovipositor into the side of the egg. The tarsi then release the egg, and it 
remains attached to the ovipositor. The wasp then swings her gaster backward and gently 
touches the egg to the substrate at her rear. The egg sticks to the substrate, and she swings 
her gaster forward again ready to oviposit into another egg. 

Repeating this process, a female of canadensis moves through an egg mass piling up 
parasitized fly eggs behind herself; virtually every egg in a mass of hundreds may be 
parasitized in this manner. A wasp may go through a mass of 50 eggs in 20 mins, but 2 or 3 
hrs may be required to attack all eggs in a large mass. The strength of the enlarged hind 
femora may be important in supporting the body for long periods during this method of 
oviposition. On several occasions, however, wasps had trouble maintaining a grip on the 
substrate with only the hind tarsi, and their efficiency ovipositing by this second method 
then was greatly reduced. If fly eggs are hatching during this process the wasp simply picks 
up a larva, steadies it, and oviposits into it as if it were an egg. I have never seen a wasp 
successfully oviposit into a tiny wriggling larva by simply stabbng it with the ovipositor. 

Females of canadensis fight for possession of stratiomyid egg masses under some 
conditions, and this happened most often when both wasps and fly egg masses were present 
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Fig. 1. A female of Chalcis canadensis ovi- Fig. 2 .  A female of Chalcis canadensis in 
ositing into a stratiomyid egg. aggressive posture. 

in relatively low density. Apparently, at low densities wasps gain by guarding an immature 
egg mass until the flies have reached a stage suitable for attack rather than continuing to 
search for mature eggs; but at higher densities, defending an egg mass means more fighting, 
and a wasp is more likely to locate mature eggs by continued searching. On several 
occasions, I observed wasps simply standing (resident) on an egg mass when a second wasp 
(intruder) arrived. The intruding wasp sometimes pounced on the resident directly. But 
when the resident detected the intruder she assumed an aggressive-defensive posture with 
her abdomen held up over the thorax and her hind legs raised and extended toward the 
intruder (Fig. 2); the enlarged toothed hind femora form rather formidable weapons. The two 
fighting wasps came together and fell, grappling; but they dropped only a few inches before 
separating. One returned directly to the stratiomyid eggs as the victor, or the encounter 
resumed until one was driven away. I watched one fight in which the intruding wasp landed 
on the leaf near the egg mass and the two wasps approached and engaged each other rear to 
rear. After a brief scuffle the larger wasp, using her hind legs, immobilized her opponent by 
grasping her antennae and hind leg firmly. Then she proceeded to eat some fly eggs. I 
disturbed the wasps at that time so I could not determine the final outcome of the fight; but 
judging from the structure of the rear leg, it seems possible that one wasp might seriously 
damage another. When fly eggs have reached the appropriate stage of development for 
attack by canadensis, the wasps do not fight but rather devote their efforts to efficient 
oviposition. This is particularly critical if the fly eggs are hatching, and [ have seen two 
females side by side, peacefully ovipositing into eggs from a single mass. 

The modified hind leg with enlarged coxa and femur and a tibia that fits snugly against the 
teeth of the fumur is characteristic of the Chalcididae, and this structure may serve a dual 
function for the females of many species. Females of Brachymeria fonscolombei (Dufour) 
use their hind legs to tight for blowfly larvae, and when ovipositing they grasp the maggot 
with the hind legs (Roberts 1933). Females of B. compsilurae (Crawford) also fight with the 
hind legs, and females of B. intermedia (Nees) use them to grasp the host (Dowden 1935). 
The female of Lasiochalcidia igiliensis Ms. literally jumps into the jaws of ant lions and 
holds the mandibles agape with her hind legs while ovipositing (Steffan 1%1). However, for 
the species of Chalcididae that attack the larvae of wood boring Coleoptera, or other 
sheltered hosts, the hind legs cannot be used to grasp prey. Males might use this structure to 
grasp females during mating, but Arthur (1958) reported that males of Spilochalcis side 
(Walker) do not even mount females for copulation. Apparently, they remain standing on the 
substrate behind the female. 

Both sexes in parasitic Hymenoptera of the families Leucospidae and Podagrionidae have 
similar modifications of the hind Limb. In the Leucospidae, the abdomen is heavily 
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sclerotized and the ovipositor is recurved dorsally over the abdomen where it fits into a 
groove. This unusual modification probably serves as protection to the ovipositor during 
back-to-back fights similar to those of chalcidids; but the Podagrionidae have long exserted 
ovipositors that would seem to be vulnerable during back-to-back fights. Apparently females 
of Podagrionidae are phoretic and cling to the wings of mantids with their toothed hind 
femora (Habu 1962). 

Because of the abundance of species with structures such as horns on the head that are 
used for fighting, weapons at the rear of the body may seem surprising; but in parasitic 
Hymenoptera it could be said that the rear end is the "business end." For ovipositing 
females, strength in the hind legs would be important for restraining active hosts while 
inserting the ovipositor; and males of many insects must fend off rivals that approach from 
the rear or above during copulation. In addition, by engaging an enemy with the rear, 
delicate sense organs such as antennae and eyes may be kept out of harm's way. 

LITERATURE CITED 

Arthur, A. P. 1958. Development, behavior, and descriptions of immature stages of 
Spilochalcis side (Walk.) (Hymenoptera: Chalcididae). Can. Entomol. 90:59&595. 

Burks, B. D. 1940. Revision of the Chalcid-flies of the Tribe Chalcidini in America north of 
Mexico. Proc. U.S. Nat. Mus. 88:237-354. 

Dowden, P. B. 1935. Brachymeria intermedia (Nees), a primary parasite, and B. c o m p  
silurae (Cwfd.) a secondary parasite, of the gypsy moth. J. Agricul. Res. 50:49S-523. 

Habu, A. 1962. Fauna Japonica: Chalcididae, Leucospidae, and Podagrionidae (Insects: 
Hymenoptera). Biogeog. Soc. of Japan. 

Hart, C. A. 1894. On the entomology of the Illinois River and adjacent waters. Ill. State Lab. 
Nat. Hist. Bull. 4:149-284. 

Kuster, K. C., 1934. A study of the general biology, morphology of the respiratory system, 
and respiration of certain aquatic Strafiomyia and Odontomyia larvae (Diptera). Papers 
of the Michigan. Acad. Sci. Arts and Letters. 19:605458. 

Roberts, R. A. 1933. Biology of Brachymeria fonscolombei (Dufour), a hymenopterous 
parasite of b lo~f ly  larvae. U.S. Dept. Agr. Tech. Bull. 365. 

Steffan, J. R. 1961. Comportment de Lasiochalcidia igiliensis MS., Chalcidide parasite de 
fourmilions. Comptes Rendus. 253:2401-2403. 



THE GREAT LAKES ENTOMOLOGIST 

THE OCCURRENCE OF BLOW FLY LARVAE (DIPTERA: 
CALLIPHORIDAE) ON SALMON CARCASSES AND THEIR 

U'rILIZA'rlON AS FOOD BY JUVENILE SALMON AND TROUT 

James H. Johnson1 and Neil H. Ringleg 

The release of nutrients from decomposing salmon carcasses has caused increases in 
primary production of lakes in western North America (Narver 1%7; Mathisen 1971; 
Hartman and Burgner 1972; Stockner and Shortreed 1975). This phenomenon was also 
exhibited in a California stream, where primary production, periphyton biomass, hetero- 
trophic activity and nutrient concentrations were greater downstream from sockeye salmon 
carcasses and highest during the period of maximum carcass decomposition (Richey et al. 
1975). Although Pacific salmon have been established in the Great Lakes for over a decade 
(Parsons 1973), no published reports deal with carcass decomposition and its effect on 
stream ecosystems in this region. This note documents the occurrence of blow fly larvae 
(Calliphoridae) in coho and chinook salmon carcasses deposited along a Lake Ontario 
tributary, and further reports the consumption of these larvae by young salmon and trout. 

MATERIALS AND METHODS 

The study site was Orwell Brook, Oswego County, New York (Fig. 1). This stream is a 
tributary of the Salmon River, which enters the lake near Port Ontario. Specific conductance 
of this stream ranges from 54-109 umhos, pH ranges from 7.4-7.8, and dissolved oxygen 
levels are near saturation. Summer discharge averages 0.35 m31sec (Haggerty 1977). Orwell 
Brook has an annual spawning run of coho salmon (Oncorhynchus kisutch [Walbaum]), 
chinook salmon (0. tshawytscha [Walbaum]), and steelhead trout (Salmo gairdneri 
Richardson), which produce substantial numbers of juveniles (Johnson 1978). 

We did not estimate the total number of salmon carcasses along Orwell Brook. In April of 
1977, however, 97 carcasses were found within a single 2-hectare area. During the Fall run of 
1978 approximately 12 carcasses were checked (the original objective was to determine 
whether they were coho or chinook salmon) and all contained blowfly larvae. 

For stomach analysis samples of age-0 coho salmon and steelhead trout were electrofished 
and placed in 10% formalin within 30 min of collection. In the laboratory, preserved fish were 
weighed and total length was measured. Correction factors were used to account for weight 
gain and shrinkage caused by preservation (Parker 1%3; Stauffer 1971). Stomach contents 
were examined under a stereo-microscope (7MX). The taxonomic keys used to identify 
dietary components were those of Peterson (1951) and Edmundson (1959). Dry weights of 
major invertebrate taxa were used to determine the relative contribution of food organisms 
to the salmonid diets. 

RESULTS AND DISCUSSION 

During early November 1977 stomachs of 22 age4 coho and 50 age4 steelhead were 
examined. Calliphorid larvae contributed 17.88% and 8.50% to the diets of coho and 
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Fig. 1. Location of study site in Oswego County, New York 

steelhead, respectively (Tables I and 2). Examination of stomach contents of 11 age-1 
steelhead in November revealed no utilization of calliphorids. 

It seems clear that blow fly larvae were washed into the stream as a result of freshets. In 
late October the larvae were visible on salmon carcasses along the banks of h e l l  Brook. 
Blow fly larvae removed from carcasses remaining after heavy rains in November appeared 
identical to those found in stomachs of juvenile coho and steelhead. The larvae apparently 

Table 1. Dry weight dietary composition of 22 age-0 coho salmon (77-1 14 mm, t = % mm: 
3.8-15.6 g, 2 = 8.2 g) from Onvell Brook, Oswego County, N.Y., November 1977. 

Aquatic Terrestrial 

Taxon 

Hydracarina 
Plecoptera 
Ephemeroptera 
Trichoptera 
Hemiptera 
Diptera 
Salmon (eggs) 
(Oncorhynchus spp.) 

-- 

Oligocheata 
Arachnids 
Coleoptera 
Dermaptera 
Diptera 
Calliphoridae 
Hemiptera 
Hymenoptera 
Gastropods 
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Table 2. Dry weight dietary composition of 50 age-0 steelhead trout (54-108 mm, 
% = 77 mm; 1.3-12.3 g, t = 4.5 g) from Orwell Brook, Oswego County, N.Y., November 
1977. 

Aquatic Terrestrial 

Taxon % Taxon % 
- - - 

Oligocheata 
Hydracarina 
Collembola 
Plecoptera 
Ephemeroptera 
Trichoptera 
Coleoptera 
Diptera 
Gastropoda 
Salmon (eggs) 
(Oncorhynchus spp.) 

Brown trout (eggs) 
(Salrno trutta) 

Oligocheata 
Arachnida 
Isopoda 
Coleoptera 
Dermaptera 
Diptera 
Calliphoridae 
Hemiptera 
Homoptera 
Hymenoptera 
Lepidoptera 
Gastropoda 

remain active during the winter, as they were found in four carcasses excavated from 
beneath 0.5-1.0 m of snow along Orwell Brook. It seems reasonable to suggest that these 
may again become available to salmonids during the spring thaw. 

The magnitude of predation on blow fly larvae cannot currently be evaluated. Our study 
appears, however, to document an energy pathway of interest in future studies of Great 
Lakes fisheries and ecosystems. 
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