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A NEW SPECIES OF LASPEYRESIA FROM MICHIGAN 
(LEPIDOPTERA: OLETHREUTIDAE) 

William E. ~ i l l e r l  

ABSTRACT 

Laspeyresia lacusm'na is described from four specimens, all female, captured in flight 
at two locations in Lower Michigan. On the exterior, the moth most resembles L. 
populana Busck and several other eastern species; its genitalia most resemble the western 
L. lautiuscula Heinrich. With wing length 8.4 to 9.4 mm, L. 1acusm.na is among the 
largest North American members of the genus. 

Identification of Michigan State University olethreutids obtained in faunal surveys 
revealed four specimens of an apparently undescribed Laspeyresia from two Lower 
Michigan localities. The moth is named and described as follows: 

Laspeyresia lacustrina, new species 

FEMALE: Head. Length of labial palpus segment 2 approximately 0.9 eye diameter, 
segment 3 approximately 0.3 length of segment 2; scaling spreading, obscuring part of 
segment 3; scaling of palpus, front, and crown light brown. Thorax. Dorsal scaling brown, 
darker than head, most scales white-tipped; venter shining white, femora varying from 
pure white to light brown, tibiae and tarsi light brown banded with white. Tegula white 
anteriorly and posteriorly, brown medially. Forewing. Length 8.4 to 9.4 mm, 2.7 to 3.1 
times width at geatest dimensions; pattern as in Figure 1, costal area marked by 
approximately 10 apically angled white fasciae tinged with brown, dorsal area with fewer 
but wider white fasciae forming conspicuous markings near middle and tomus, one or 
two metallic fasciae in medial area of apical thud; fringe white to brown, a black line 
extending around termen; underside of forewing brown, paler than upper side. Veins Cul,  
M3, and M2 approximate at termen. Hindwing. Broader than forewing; apex acute, 
termen round; ground color brown, fringe white; underside of hindwing brown, paler 
than upper side. Veins Cul and Ma short stalked. Abdomen. Dorsal scaling shining brown, 
venter paler brown; genitalia as in Figure 3, sterigma rectangular in outline, caudal margin 
of ostium with a V-shaped indentation from sterigma, ductus bursae short, asymmetrical, 
with sleeve sclerotized % of its length; anterior apophyses longer than posterior 
apophyses; two thom-shaped subequal signa as in L. gallaesaliciana (Riley). 

MALE: Unknown. It will probably resemble the female exteriorly as sexual dimor- 
phism is not pronounced in Laspeyresia. Like the female, genitalia may resemble those of 
L. lautiuscula Heinrich. 

HOLOTYPE FEMALE: Michigan, Ingham Co., T. 4 N., R. 2 W., Sec. 35, 12 June 
1966 (Julian P. Donahue), genitalia preparation 404 (J. T. Eschle), in collection of 
Michigan State University, East Lansing. 

PARATYPES: Two females. Michigan, Berrien Co., T. 5 S., R. 19 W., Sec. 29, Grand 
Mere Dunes, 6 June 1968 (D. Cosper), genitalia preparation 66 (K. Lindstrom), wing slide 
XII.29.75 W. E. Miller), in collection of Michigan State University; same data as 
holotype, genitalia preparation 29 (K. A. Kohn) (NMNH 1685 l) ,  in National Museum of 
Natural History. One specimen not a paratype, same data as preceding except 15 June 
1968, on indefinite loan to the North Central Forest Experiment Station. 

Laspeyresia lacusm.na is similar exteriorly to L. populam Busck, L. flexiloqua 
Heinrich, L. garacana (Kearfott), and L. multilineata (Kearfott), but differs from all of 

lprincipal Insect Ecologist, United States Department of Agriculture, Forest Service, 
North Central Forest Experiment Station, St. Paul, Minnesota 55108. 
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these in female genitalia. In female genitalia, L. lacustrina resembles the western L. 
lautiuscula and the eastern L. gallaesaliciana, but differs from both these strikingly 
patterned species by its subdued forewing pattern (Figs. 1-2) and larger size. The above 
comparisons are based on types or on specimens I compared and judged to be conspecific 
with types, as well as on information in Heinrich (1926). 

The known fight period for L. lacustrim is June 6-15. The food plant is unknown, 
available specimens having been captured in flight. Typically, Laspeyresia are seed and 
inner b a ~ k  feeders on woody plants. In wing length, L. lacustrina is among the largest 
North American members of the genus. 

I thank Roland L. Fischer, Michigan State University, Julian P. Donahue, then of the 
same institution, and Richard L. Brown, Comell University, for generously providing 
specimens and assistance. 

Fig. 1. Laspeyresia lacustrina holotype female. Forewing length 9.4 mm. 
Fig. 2 .  L. lautiuscula male reared from Salix sp., Seattle, Wash. Forewing length 6.1 mm. 

Fig. 3. L. lacustrina female genitalia: sterigma and neighboring structures. 

LITERATURE CITED 

Heinrich, C. 1926. Revision of the North American moths of the subfamilies Laspeyre- 
siinae and Olethreutinae. U.S. Natl. Mus. Bull. 132, 216 p. 
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PUPA OF PHALERIA ROTUNDATA LECONTE 
(COLEOPTERA: TENEBRIONIDAE) 

Ian ~ o o r e '  

I t  is not necessary to apologize for making known fragments of the insect fauna of 
the seabeach of Pacific North America. This fauna commands attention. Among its 
several aspects are (1) it is linear, extending several thousand kilometers from north to 
south, but being only a few hundred meters wide, (2) its species are all confined within 
the seabeach limits, and (3) it is a threatened fauna particularly in southern California 
where the habitat is being rapidly altered by man for purposes of industry, housing and 
recreation. P~eservation of specimens from this fauna and recording of observations on its 
ecology at this time seems of paramount importance. 

Description of the larva and ecological notes on Phalerh rotundato LeConte have been 
made (Moore, 1975), but no opportunity to attempt to rear specimens presented itself at 
that time. Since then, pupae have become available and are described below. 

Pupa of Phaleria rotundata LeConte 

Exarate, elongate. Length 11 mm. Thorax and abdomen pale, mottled grayish pink; 
head, appendages and apex of abdomen dark grey with a pinkish cast. Head reflexed so 
that it is not visible from above; without ocelli or eye spots; on each side with a single 
long seta above the antenna, one basal and two anterior to the antenna, each placed well 
in from the side margin but not discal, setae not placed on tubercles; a few f i e  hairs 
along the side margins; disc of head smooth, labrum with a single long seta each side; 
mandible with a single seta on outer margin; maxilla with a single seta on outer margin; 
antenna without setae or pubescence. Pronoturn with a pair of tuberculate setae on the 
disc near the base, disc otherwise smooth; lateral margin with four or five small 
membraneous protrusions each of which is with a single seta at apex, interspersed with 
minute setae which continue along the anterior margin but not the basal margin; anterior 
and lateral margin forming a single gentle arc becoming sinuate before the acute hind 
angles; base nearly straight but gently sinuate near the basal angles. 

Elytra about three times as long as wide, bluntly pointed at  apices, without setae or 
pubescence. Wings much narrower and less than half as long as elytra, without setae or 
pubescence. Femora with scattered sparse minute tuberculate pubescence; legs otherwise 
without setae or pubescence. Tergites and all but last three stemites without pubescence; 
last three sternites with sparse scattered pubescence. Metathorax and fust six abdominal 
segments with an elaborate membraneous protrusion at each lateral margin. The 
protrusions are similar but not identical even on the same segment. Protrusions centrally 
located on each segment, about half the length of the segment, toothed at anterior and 
posterior outer comers with the area between gently arcuately emarginate, the anterior 
margin with several small teeth; protrusion of sixth segment smaller and simpler than 
those of preceding segments. Apex of abdomen with two small spine-like cerci. 

Two specimens, one small and deformed, reared from larvae collected from wrack on 
the beach at LaConchita, Ventura County, California, by Ian Moore. 

The two larvae were collected August 18, 1975. They were confined in a one-quart 
plastic container with a wire screened lid in which was about a 2" layer of damp beach 
sand and several pieces of fresh seaweed. It had been assumed (Moore, 1975) that the 
larvae fed on wrack but there was no evidence of such feeding and the larvae did not 
grow larger in a full month of confinement before pupation took place in the sand at the 

l ~ e ~ a r t m e n t  of Entomology, University of California, Riverside 92502. 
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bottom of the container. I t  occurred on September 18, 1975, the small larvae becoming a 
small, badly deformed, asymmetrical pupa, the large one apparently normal. On 
September 22, 1975, the active pupae were killed and preserved in 70 percent alcohol. 

Pupa of Phaleria rotundata LeConte. (1) Dorsal aspect, (2) lateral aspect, (3) ventral 
aspect, (4) protrusion of second abdominal segment, not to same scale. 

LITERATURE CITED 

Moore, Ian. 1975. Notes on Phaleria rotundata LeConte with description of the larva 
(Coleoptera: Tenebrionidae). The Great Lakes Entomol. 7:99-102, 8 figs. 
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FEEDING HABITS O F  WISCONSIN'S PREDOMINANT LOTlC 
PLECOPTERA, EPHEMEROPTERA, A N D  T R I C H O P T E R A ~  

Theodore J. Shapas and William L. ~ i l s e n h o f f ~  

ABSTRACT 

Feeding habits of nymphs or larvae of 101 species of Plecoptera, Ephemeroptera, 
and Trichoptera collected from Wisconsin's streams were determined by examining 
foregut contents. The percent by volume of animal, live vascular plant, filamentous algae, 
diatom, and detrital material recovered is reported. Plecoptera in the suborder Filipalpia 
were herbivoredetritivores, and most in the suborder Setipalpia were carnivores. Excep- 
tions were Isoperla bilineata (Say), an omnivore, and Isoperla signata (Banks) and I. 
slossonae (Banks), both detritivore-herbivores. Except for omnivore Ephemerella cornuta 
Morgan, Ephemeroptera were detritivore-herbivores. Feeding habits of Trichoptera larvae 
were diverse. Species of Rhyacophilidae, Polycentropodidae, and Phyrganeidae were a l l  
carnivores, while Hydropsychidae, Leptoceridae, and Brachycentridae were generally 
omnivores. Species of Glossomatidae, Philopotamidae, Psychomyiidae, Hydroptilidae, 
Limnephilidae, Lepidostomatidae, Sericostomatidae, and Helicopsychidae were primarily 
detritivoreherbivores. 

INTRODUCTION 

To assess their roles in the aquatic ecosystem, feeding habits of 101 species of 
Wisconsin's most common Plecoptera, Ephemeroptera, and Trichoptera were studied. 
More than 1,500 specimens from 33 streams (Fig. 1) were dissected and percentages by 
volume of major food items were determined. Feeding habits for 70 species are reported 
for the first time. 

MATERIALS AND METHODS 

When possible, at least five specimens of each species were collected in early spring, 
late spring, summer, and fall, killed in 70 percent ethanol, and transferred to 3 percent 
formalin for preservation. Two solutions were necessary because preservation in ethanol 
resulted in plasmolysis of plant cells, while some insects regurgitated when placed directly 
into formalin. After head capsule widths were measured, specimens were dissected under 
water or 3 percent formalin. The intact foregut was removed and dissected further on a 
glass slide. A simple two-step sucrose medium (Dawson, 1956) was used to mount and 
preserve the gut contents. 

A modification of techniques described by Mecom and Cummins (1964), Thut (1969), 
and Coffman et al. (1971), was used to characterize feeding habits. Five randomly- 
selected fields across the central portion of each mount were viewed with a compound 
microscope at 25, 100, or 250 magnifications. The lowest magnification that permitted 
the least prevalent food items to appear in every random field was chosen. 

Approximate percent by volume of food items (animal, live vascular plant, fila- 
mentous algae, diatoms, and detritus) was recorded for each field. Since each coverslip 
was compressed to provide food items with roughly similar thicknesses, volumes were 
translated from area values although the authors realize that inaccuracies will occur in 
such extrapolations. Estimates were always made from least to most prevalent food items, 
with each value estimated to the nearest 10 percent. A preliminary scan was always 

l~esea rch  supported in part by the Research Division, College of Agricultural and 
Life Sciences, University of Wisconsin, Madison, and by a grant from the Wisconsin 
Department of Natural Resources. 

2~epa r tmen t  of Entomology, University of Wisconsin, Madison 53706. 
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Fig. 1.  Collection sites throughout Wisconsin. 

1. Pine Cr. 12. Newood R. 
2 .  E. Fk. Cranberry R. 12.  N. Br. Levitt Cr. 
3. Whittlesey Cr. 14. Peshtigo R. 
4 .  White R. 1 5 .  Sidney Cr. 
5. 18  Mile Cr. 16. Armstrong Cr. 
6. Namekagon R. 17. Pine R. 
7.  Clam R. 18.  Popple R. 
8 .  St. Croix R. 19. Eau Galle R. 
9. McKenzie Cr. 20. Rock Cr. 

10. Lit. Somo R. 2 1. Spring Cr. 
1 1. Lit. Jump R. 22.  Lawrence Cr. 

23. Big Roche Cri R. 
24.  Mecan R. #1 
25. Mecan R. #2 
26. Otter Cr. 
27 .  Parfrey's Glen 
28.  Mullet R. 
29.  Wisconsin R. 
30. Milancthon Cr. 
31. Jericho Cr. 
32. Bluff Cr. 
33. Sugar R. 



1976 THE GREAT LAKES ENTOMOLOGIST 177 

judicious to detect monophagous habits. Estimates of animal matter were sometimes 
categorized as percent by volume Plecoptera, Ephemeroptera, Trichoptera, Chironomidae, 
or other Diptera. 

RESULTS 

General feeding habits are summarized in Table 1. Where significant, seasonal 
differences and differences between streams are mentioned in the summaries below. 
Details of these differences and information on genera of algae consumed and streams 
sampled are reported by Shapas (1973). 

PLECOF'TERA 

This relatively small order is roughly divided between herbivorous-detritivorous 
Filipalpia, and predatory Setipalpia. Early studies of feeding habits include those by 
Muttkowski and Smith (1921), Claassen (1931), Frison (1935), and Hynes (1941). More 
recently, food habits of Plecoptera have been studied by Minshall and Minshall (1966) in 
Kentucky, by Thut (1969) in Washington, and by Richardson and Gaufin (1971) in Utah 
and Colorado. We studied 21 species in seven families, and have summarized results in 
Tables 1 and 2. 

PTERONARCIDAE-Both Pteronarcys dorsata (Say) and Pteronarcys pictetii Hagen 
are common in Wisconsin, but only mature male nymphs can be separated. Namekagon 
River nymphs that could be identified were pictetii, which fed primarily on detritus and 
diatoms as reported by Frison (1935). The small animal component (Chironomidae) may 
have been consumed inadvertently while feeding on allochthonous leaves. 

TAENIOPTERYGIDAE-Taeniopteryx nivalis (Fitch) and T. parvula Banks were all 
detritivores. Both were classed as herbivores by Frison (1935), but some or all of Frison's 
nivalis could be T. burksi Ricker (Ricker, 1952; Harper and Hynes, 1971). Taeniopteryx 
maura (Pictet), however, was found by Coffman e t  al. (1971) to be mostly carnivorous in 
Pennsylvania 

NEMOURIDAE-Three species were examined and all were detritivore-herbivores. 
Amphinemura delosa (Ricker) was strictly a detrivore, while Shipsa rotunda (Claassen) 
and Prostoia similis (Hagen) also consumed some diatoms. 

LEUCTRIDAE-Only Leuctra ferruginae (Walker) was studied. I t  was a detrivore with 
as much as half of the detritus composed of sand grains. 

PERLIDAE-The four species studied were carnivores, which agrees with findings of 
Frison (1935), Coffman e t  al. (1971), and Tarter and Krumholz (1971). Acroneuria 
lycorias from the Popple River relied heavily on Trichoptera in the fall, Chironomidae 
and Plecoptera in early spring, and Ephemeroptera in late spring. Paragnetina media 
consumed mostly Chironomidae during fall and early spring, and Plecoptera during late 
spring. 

PERLODIDAE-Nine of the 14 Wisconsin species of Isogenoides and Isoperla (Hilsen- 
hoff and Billmyer, 1973) were studied. Six were carnivores, two herbivores, and one an 
omnivore. Carnivorous habits of Isoperla clio (Newman) as reported by Frison (1935) 
under I. confusa and Minshall and Minshall (1966) were confirmed, but our findings that 
Isoperla bilineata (Say) was omnivorous disagrees with Frison's (1935) statement that this 
species is a herbivore. 

CHLOROPERLIDAE-Alloperla nymphs cannot yet be identified at the species level. 
Several that were near emergence were collected from Bayfield County streams, but only 
one contained food (larvae of Chironomidae) in its gut. Hastaperla brevis (Banks) was 
carnivorous, feeding on Chironomidae larvae. This sharply disagrees with Frison's 
statement (1935) that "the nymphs are herbivorous." 

EPHEMEROPTERA 

With few exceptions worldwide, mayfly nymphs must be considered as consumers of 
plant material in the form of diatoms, other algae and detritus. Most are either 
"collectors" or "scrapers" in Cummins' (1973) general feeding mechanism categories. 



Table 1. Major dietary components of Wisconsin's noncarnivorous Plecoptera 

Species 

Pteronarcidae 
Pteronarcys pictettii Hagen 

Nemouridae 
Amphinemura delosa (Ricker) 
Shipsa rotunda (Claasscn) 
Prostoia similis (Hagen) 

Leuctridae 
Leuctra ferruginea (Walker) 

Taeniopterygidae 
Taeniopteryx nivalis (Fitch) 
Taeniopteryx parvula Banks 

Perlodidae 
Isoperla bilineata (Say) 
Isoperla signata (Banks) 
Isoperla slossonae (Banks) 

Percent by Volume 

Filamentous Head Capsule Streams 
Animal Algae Diatoms Detritus No. Widths (mm) (Fig. 1) Seasons* T3 E 

0 
5 2 45 4 8 6 2.8-5.4 mm 6 Es,F 

T3 
100 6 0.7-0.9 3 

21 79 12 1.0-1.2 4 4 8  ES 
27 73 20 0.8-1.1 13,18 ES m 

Ls E 
Lo 

m 
100 10 0.7-0.9 3 LS 3 

0 

11 8 9 7 1.0-1.5 31 F 8 
1 9 9 14 0.7-1.0 12,14,17 F g 

B 
V1 

84 12 4 12 1.6-1.8 29 LS H 

1 1 7 0 28 29 0.9-2.5 17,20 ES,F 
61 39 7 1.0-1.9 22 F 

*ES = early spring; LS = late spring; S = summer; and F = fall. 



Table 2. Major dietary components of Wisconsin's carnivorous Plecoptera 

Percent by Volume 

Ephemer- Trich- Other Head Capsule Streams 
Species Plecoptera optera optera Chironomidae Diptera No. Widths (mm) (Fig. 1) Seasons* 

Perlodidae 
Isogenoides frontalis (Newman) 5 0 5 0 8 1.6-2.6 17 F 

42 7 38 13 8 3.44.0 17 ES 
Isoperla clio (Newman) 2 4 68 26 17 2.0-3.2 13,27 ES 
Isoperla cotta Frison 11 67 9 0.7-1.7 13 LS 
Isoperla dicala Frison 35 65 14 1.0-1.8 24,26 ES, LS 
Isoperla frisoni (Illies) 2 9 8 9 1.4-1.9 1 LS 
Isoperla transmarina Newman 75 25 9 1.0-2.5 10 ES 

Perlidae 
Acroneuria lycorias (Newman) 9 16 6 7 8 10 1.7-5.5 18 F 

36 12 11 4 1 14 1.24.8 18 ES 
8 8 12 4 1.3-3.2 18 LS 

Paragnetina media (Walker) 25 5 0 25 4 1.5-5.0 28 F 
20 80 10 3.3-5.4 28 ES 

5 0 15 10 25 4 2.0-3.4 28 LS 
Perlesta placida (Hagen) 3 22 12 60 3 10 1.6-1.9 28 LS 
Phasganophora capitata (Pictet) 29 54 17 8 2.2-3.3 17 ES,LS,F 

Chloroperlidae 
Hastaperla brevis (Banks) 100 14 0.7-1.0 10,24 LS 

*ES = early spring; LS = late spring; S = summer; and F = fall. 



Table 3. Major dietary components of Wisconsin's lotic-water Ephemeroptera 

Percent by Volume 

Filamentous 
Species Animal Algae Diatoms Detritus 

Siphlonuridae 
Isonychia spp. 3 9 7 
Siphlonurus alternatus (Say) 13 8 7 
Siphlonurus quebecensis (Provancher) 5 95 

Heptageniidae 
Epeorus vitrea (Walker) 13 9 7 8 
Heptagenia diabasia Burks 100 
Heptagenia hebe McDunnough 3 35 62 
Heptagenia lucidipennis (Clemens) 100 
Heptagenia pulla (Clemens) 4 96 
Rithrogena impersonata (McDunnough) 26 74 
Rithrogena jejuna Eaton 16 84 
Rithrogena sanguinea lde 25 75 
Stenonema exiguum Traver 9 91 
Stenonema fuscum Clemens 17 83 
Stenonema luteum Clemens 100 
Stenonema mediopunctatum (McDunnough) 15 85 
Stenonema rubrum (McDunnough) 17 83 
Stenonema terminatum (Walsh) 3 97 

Baetidae 
Baetis brunneicolor McDunnough 33 67 
Baetis intercalaris McDunnough 54 46 
Baetis pygmaeus (Hagen) 12 8 8 
Baetis spinosis McDunnough 14 86 
Baetis vagans McDunnough 18 8 2 
Pseudocloeon anoka Daggy 40 60 

No. 
Head Capsule 
Widths (mm) 

Streams 
(Fig. 1) Seasons* 



Pseudocloeon carolina Banks 
Pseudocloeon dubium (Walsh) 
Pseudocloeon parvulum McDunnough 
Pseudocloeon punctiventris McDunnough 

Leptophlebiidae 
Leptophlebia sp. 
Paraleptophlebia mollis (Eaton) 

Ephemerellidae 
Ephemerella aurivillii Bengtsson 

Ephemerella catawba Traver 
Ephemerella cornuta Morgan 40 
Ephemerella needhami McDunnough 
Ephemerella rotunda Morgan 
Ephemerella subvaria McDunnough 

1 
Tricory thodes 

Tricorythodes sp. 

Potomanthidae 
Potomanthus sp. 

Ephemeridae 
Ephemera simulans Walker 
Hexagenia limbata (Sewille) 

Polymitarcidae 
Ephoron leukon Williamson 

Baetiscidae 
Baetisca obesa (Say) 

*ES = early spring; LS = late spring; S = summer; and F = fall. 
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The specific works detailing feeding habits of Ephemeroptera include studies by 
Morgan (1913) and Traver (1925) in New York, Muttkowski and Smith (1929) in 
YeUowstone Park area streams, Jones (1949, 1950) in Wales, Douglas (1958) in England, 
Gilpin and Brusven (1970) in Idaho and Coffman et  al. (1971) in Pennsylvania. 

Forty-two Wisconsin species are discussed here, with their general feeding habits 
summarized below and in Table 3. 

SIPHLONURIDAE-Zsonychia spp. and two species of Siphlonurus were analyzed. 
Isonychia spp., common in northern Wisconsin, were detritivores. Reports by Clemens 
(1917), Minckley (1963), and Coffman et al. (1971) have suggested omnivorous habits 
for this filter-feeding genus. Both Siphlonurus alternutus (Say) and S. quebecensis 
(Provancher) were highly detritivorous. 

HEPTAGENIIDAE-Fifteen of the 21 species known to occur in Wisconsin were 
analyzed. All conformed to  the herbivorous-detritivorous habits that have been general- 
ized for the family. 

BAETIDAE-Although primarily detritivores, a few species consumed large quantities 
of algae. This agrees well with work by Minckley (1963), Gilpin and Brusven (1970) and 
Coffman e t  al. (1971). 

LEPTOPHLEBIIDAE-Nymphs of Leptophlebia sp. and Paraleptophlebia mollis 
(Eaton) were herbivore-detritivores, substantiating work of Morgan (1913), Traver (1925), 
and Coffman et  al. (1971). 

EPHEMERELLIDAE-Feeding habits of six Wisconsin species ranged from almost 
complete detritivory to omnivory. Ephemerella catawba Traver, E. aurivillii Bengtsson, 
and E. rotunda Morgan were mainly detritivores, while E. needhami McDunnough, and E. 
subvaria McDunnough also consumed significant numbers of diatoms. E. aurivillii 
substituted some detritus for diatoms and filamentous algae during spring. E. subvaria 
increased diatom intake four-fold from faU to spring, at the expense of detritus. E. 
cornuta Morgan was omnivorous, consuming about 40 percent by volume animal matter 
composed of Chironomidae and Ephemeroptera. Nymphs of E. invaria (Walker) and 
rotunda could not be separated (Allen and Edmunds, 1965) and are reported only as 
rotunda. 

TRICORYTHIDAE-Tricorythodes nymphs cannot be identified to species. Nymphs 
from McKenzie Creek were entirely detritivorous. 

POTOMANTHIDAE-Potomanthus sp. nymphs occur uncommonly in certain larger 
streams across the state, but cannot be identified to species. AU were highly detritivorous, 
with a small porportion of ingested diatoms. 

EPHEMERIDAE-Ephemera simulans Walker, an inhabitant of gravel riffles in north- 
ern Wisconsin, was primarily a detritivore. This observation disagrees with Coffman et al. 
(19711, who reported considerable feeding on animal material in Pennsylvania. The 
mud-inhabiting Hexagenia limbata (Servilte) was also detritivorous. 

POLYMITARCIDAE-Ephoron leukon Williamson was found uncommonly in Wiscon- 
sin's larger streams where nymphs were herbivoredetritivores. 

BAETlSCIDAE-Baetisca obesa (Say) ate mostly detritus, but occasionally high 
proportions of diatoms. 

TRlCHOPTERA 
Since most Trichoptera larvae cannot presently be identified to  species, it is no 

surprise that feeding habit data for this order are generally lacking. Studies to date indicate 
a diversity of feeding habits, with shredders, collectors, and predators all being found 
(Cummins, 1973). Lloyd (1921) described general feeding habits of many species of 
North American caddisfly larvae; Slack (1936) revealed similar information for caddisflies 
of England; Ross (1944) spoke in general terms for a few Illinois species; Jones (1950) 
detailed feeding habits of many species from Wales; Scott (1958) performed gut 
dissections on species from England; and Coffman et  al. (1971) reported on inhabitants 
of Linesville Creek, Pennsylvania. 

Of approximately 275 species of Trichoptera in Wisconsin, 38 were dissected for 
feeding habit analysis. Results are listed below and in Table 4. 
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RHYACOPHILIDAE-Although most species are apparently carnivorous, Thut (1969) 
reported an omnivore and a herbivore from Washington. Both Rhyacophila acropedes 
Banks and R. vibox Milne were carnivorous in Wisconsin. 

GLOSSOSOMATIDAE-Larvae of Glossosoma spp. and Protoptila spp. were scrapers, 
consuming subequal portions of diatoms and detritus. This agrees in general with work 
presented by Cummins (1973). 

PHILOPOTAMIDAE-These net-spinning, filter-feeding larvae appear to select against 
animals and large particles. Chimarra aterrima Hagen and Dolophiloides distinctus 
(Walker) behaved similarly, consuming roughly twice as much detritus as diatoms. With 
aterrima, a slight increase in ingested diatoms at the expense of detritus occurred between 
spring and summer. Apparently, atemhza ingests a diet that mirrors stream suspended 
matter (Williams and Hynes, 1973). 

PSYCHOMYIIDAE-Like the Philopotamidae, larvae of this family are net-spinning, 
small particle filter-feeders. Only Psychomyia flavida Hagen was examined, and it 
consumed subequal amounts of detritus and diatoms. Coffman et al. (1971) reported 
almost exclusive algal feeding for this species in Pennsylvania. 

POLYCENTROPIDAE-The net-spinning larvae were almost exclusively carnivorous in 
Wisconsin, agreeing with work by Coffman et al. (1971), Winterbourn (1971), and Hynes 
(1972). 

HYDROPSYCHIDAE-Because larvae of several species remain unknown, identifica- 
tions at  the species level must be considered tentative. Most are filter-feeding net-spinners, 
although grazing and prey-stalking may occur. Wisconsin species were generally omnivo- 
rous. The variability of feeding habits is illustrated by Hydropsyche betteni Ross, which 
was reported as primarily carnivorous by Coffman et al. (1971), a diatom feeder by 
Minckley (1963), and an omnivore in this paper. H. slossonae consumed subequal 
quantities of diatoms from fall through late spring, although amounts of other materials 
were variable. 

HYDROPTILIDAE-Larvae are probably scrapers, although their feeding habits have 
received little attention. Two Wisconsin species Agraylea multipunctata Curtis and 
Leucotrichia pictipes (Banks) were herbivorous, consuming diatoms, fdamentous algae, 
and detritus. Minckley (1963) reported similar data for A. multipunctata. 

PHRYGANEIDAE-Larvae of most species are shredding herbivores (Cummins, 1973), 
although carnivores are known (Winterbourn, 1971). Ptilostomis spp. from the Mecan 
River No. 2 were exclusively carnivorous. 

LIMNIPHILIDAE-Shredding and scraping are apparently the major modes of food 
gathering in this family (Cummins, 1973). Most Wisconsin species examined relied heavily 
on detritus for food, with scrapers (Hesperophylax and Neophylax) consuming larger 
proportions of diatoms. The diatom component in S. designatus was shifted during 
spring in favor of increased fdamentous algae intake. 

LEPTOCERIDAE-Larvae have been classified as shredders, scrapers, and prey- 
swallowing predators (Cummins, 1973). Ceraclea ancylus (Vorhies), Nectopsyche candida 
(Hagen), and N. sp. a Ross were all omnivorous in Wisconsin, while Oecetis avara (Banks) 
was decidedly carnivorous. 

LEPIDOSTOMATIDAE-Cummins (1973) classifies the larvae as shredders. Lepido- 
stoma sp. consumed primarily detrital plant tissue in Wisconsin. 

BRACHYCENTRIDAE-The omnivorous larvae alternate between grazing and fdter- 
feeding with their legs (Gallepp, 1974). Brachycentrus americanus (Banks) and B. 
occidentalis Banks, which often occur together in Wisconsin, are apparently opportunistic 
omnivores. Micrasema rusticum (Hagen) and M. wataga Ross probably spend more time 
graz'ing, as more fdarnentous algae and diatoms were found in their guts than in 
Brachycentrus spp. 

SERICOSTOMATIDAE-Based only on three dissections, Agarodes distinctum (Ulmer) 
larvae appeared to be shredder-detritivores in Wisconsin. 

HELICOPSYCHIDAE-Dissections of Helicopsyche borealis (Hagen) larvae revealed a 
diet of diatoms and detritus, substantiating reports by Coffman et al. (1971). 



Table 4. Major dietary components of Wisconsin's lotic-water Trichoptera 

Percent by Volume 

Live Vascu- Filamentous Head Capsule Streams 
Species Animal lar Plant Algae Diatoms Detritus No. Widths (mm) (Fig. I )  Seasons* 

Rhyacophilidae 
Rhyacophila acropedes Banks 100 9 1.0-1.4 1,2,3 LS 
Rhyacophila vibox Milne 100 8 1.0 27 ES 

Glossosomatidae 
Glossosoma spp. 46 54 8 0.6-0.7 26 ES 
Protoprlla spp. 62 38 10 0.3 24 LS 

Philopotamidae 
Chimarra aterrima Hagen 31 69 8 1.0-1.3 3 1 F 

28 7 2 8 1.0-1.1 3 1 ES 
46 5 4 4 1.0-1.3 3 1 S 

Dolophiloides distinctus (Walker) 28 72 8 1.0-1.3 13 LS 

Psychomyiidae 
Psychomyia flavida Hagen 4 7 5 3 6 0.7-1.0 (5 streams) LS 

Polycentropidae 
Neureclipsis sp. 2 4 16 1.0-1.2 7 ES,F 
Polycentropus cinereus Hagen 9 1.1-1.4 8,29 LS 

Hydropsychidae 
Diplectrona modesta Banks 4 52 8 1.4-1.5 27 ES 
Hydropsyche betteni Ross 

- 

66 20 8 0.8-1.4 28 F 
36 32 6 0.8-1.5 28 ES 

Hydropsyche orris Ross 2 41 45 8 1.1-1.6 29 LS 
Hydropsyche simulans Ross 29 41 8 1.4-2.1 8 LS 
Hydropsyche slossonae Banks 23 5 7 8 1.2-1.4 22 F 

23 70 8 1.3-0.5 22 ES 
19 27 4 1 8 1.2-1.5 22 LS 

Parapsyche apicalis (Banks) 2 1 8 1.7-1.9 15 ES 
Potamyia flava (Hagen) 43 5 7 8 1.2-1.4 29 LS 

Hydroptilidae 
Agraylea multipunctata Curtis 6 40 54 7 0.2-0.3 31 LS 
Leucotrichia pictipes (Banks) 80 20 5 0.2 24 ES 



Phryganeidae 
Piilostomis spp. 

Lirnnephiiidae 
Hesperophylax designatus (Walker) 

Hydatophylax argus (Harris) 
Limnephilus sp. 
Nemotaulius hostilis (Stevens) 
Neophylax concinnis McLachlan 
Neophylax fuscus Banks 
Neophylax oligius Ross 
Pycnopsyche sp. 

Leptoceridae 
Ceraclea ancylus (Vorhies) 
Nectopsyche candida (Hagen) 
Nectopsyche sp. a. Ross 
Oecetis avara (Banks) 

Lepidostomatidae 
Lepidostoma sp. 

Brachycentridae 
Brachycentrus americanus (Banks) 

Brachycentrus occidentalis Banks 

Micrasema rusticum 
Micrasema wataga Ross 

Sericostomatidae 
Agarodes distinctum (Ulmer) 

Helicopsychidae 
Helicopsyche borealis (Hagen) 

*ES = early spring; LS = late spring; S = summer; and F = fall. 
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DISCUSSION 

The gut analysis technique used is a departure from the recent vogue in Millipore 
filtration as pioneered by Mecom and Cummins (1964). While use of Millipore filters in 
detailed nutritional studies is without question advantageous, their use for general feeding 
habit determination can generate misinformation. Dispersal of gut contents through 
shaking or sonication prior to filtration can result in disruption of prey gut walls allowing 
plant matter to be mistaken for carnivore food items (Coffman et al., 1971). Oil clearing 
and permanent mounting of the filter can also have drastic morphological effects on 
algae. 

In both types of gut analysis, many items are undoubtedly missed due to differential 
digestion rates, and some are simply listed in incorrect categories. Cummins (1973) 
logically assumes that items digested most rapidly, and hence seldom observed in gut 
contents, may actually have high nutritional significance for the consumer. Such items 
probably include certain soft-bodied Diptera, Oligochaeta, and fragile Ephemeroptera. 
Improper categorization often occurs with live vascular plants, which can rarely be 
distinguished from detrital plant tissue, and with prey gut contents which may not be 
associated with the prey and thus are mistaken for the predator's ingesta. 

Cummins (1973) describes five major feeding mechanisms (shredding, collecting, 
scraping, sucking, and prey-swallowing), which adequately cover all North American 
aquatic insect taxa. Food items used by Wisconsin's lotic-water inhabitants can be 
conveniently partitioned into animal material, live vascular plants, diatoms, other algae 
(mostly filamentous forms), and detritus. 

The category of detritus is in urgent need of further definition, for its constitution 
varies considerably from season to season and stream to stream. Detritus, as used in this 
paper and others, encompasses a conglomeration of mostly unrecognizable material, 
including allochthonous and autochthonous decaying plant debris, dead animals, insect 
exuviae, consumer fecal matter, aquatic fungi, mineral matter, and associated microflora. 
We clearly need to know more about a material which is eaten by such a large proportion 
of insect species. 

The significance of sand grains in aquatic insect guts remains conjectural. Some 
detritivores were found with guts almost exclusively filled with sand grains, a material 
with no nutritional value alone. With some insects, mineral particles may serve as a gastric 
mill for food abrasion. Richardson and G a u f i  (1971) found sand only in foreguts of 
Pteronarcys californica nymphs, and believe that it is used for grinding food, after which 
i t  is regurgitated. On the other hand, ingestion could be incidental and regurgitation 
necessary to prevent injury to soft mid- and hindgut tissues. Cummins (1973) suggested 
value of mineral material to aquatic insects by virtue of its adsorbed organic material and 
associated bacteria 

Describing feeding habits of aquatic insects is complicated by their generalized feeding 
capabilities. Indeed, food may never become the factor limiting kinds of insects present 
in a stream, since within certain broad limitations, most species can use a variety of 
material for nutrition (Hynes, 1972). This ability to use a range of materials probably 
encourages exploitation of the aquatic environment and reduces effects of conditions that 
may limit the availability of certain food items, but it also confounds efforts to pin 
distinct trophic labels on customers. 

Since significant feeding niche variations may occur among even the most closely 
allied species, feeding studies must be performed at the species level. As emphasized by 
Hynes (1972) and Cummins (1973), however, the most important factor in feeding 
habitat determinations may be local conditions, for they do indeed beget local results. 
This realization must be clear in our minds when we interpret feeding habit data from a 
variety of sources. 
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LETHAL TEMPERATURES O F  DIAPAUSING BATHYPLECTES 
CURCULlONlS (HYMENOPTERA: ICHNEUMONIDAE) A PARASITE 
OF THE ALFALFA W E E V I L  (COLEOPTERA: C U R C U L I O N I D A E ) ~  

Ronald H. Cherry, Edward J. Armbrust, and William G. ~ u e s i n k ~  

ABSTRACT 

Seasonally acclimatized diapausing larvae of Bathyplectes curculionis (Thomson) were 
exposed to extreme hxgh and low temperatu~es to determine lethal temperatures for this 
stage of the parasite. The possible effects of relative humidity on high temperature 
mortality, mortality induced by repetitive exposures to sublethal temperatures, and 
differential survival between sexes, were also measured. 

The upper lethal temperature for summer larvae was 60°C (LDSo from 2 to 4 h), and 
the lower lethal temperature for winter larvae was -25°C (LDSo from 0 to % h). Summer 
larvae showed significantly increased mortality with repetitive exposures to sublethal 
temperatures (55OC) whereas winter larval mortality did not increase significantly with 
repetitive exposures to sublethal temperatures (-20°C). In winter experiments in which 
the sex of the emerging adult could be measured, no significant difference in survival was 
found between the sexes. 

Our results, in conjunction with published field data, strongly suggest that heat kill in 
the summer may be a significant mortality factor in warmer areas of the parasite's range. 

INTRODUCTION 

Bathyplectes curculionis (Thomson), an important parasite of the alfalfa weevil, 
Hypera postica (Gyllenhal), was fust introduced into the United States in 1911 
(Chamberlin, 1924). In the Great Lakes Area, the spread of the alfalfa weevil was 
followed by that of the parasite. More specifically the parasite was first reported in 
Michigan in 1969, Wisconsin in 1968, Minnesota in 1972, and in Quebec and Ontario in 
1969 (Richard Dysart, personal communique). B. curculionis is currently established in a l l  
48 contiguous states. Since curculionis occupies such a large geographic range and 
diapauses during the summer, fall, and winter as larvae in cocoons (Fig. 1) found in 
alfalfa litter, we thought temperature extremes may be an important mortality factor on 
this seemingly susceptible stage of the parasite. Van den Bosch and Messenger (1973) give 
examples of temperature as a factor limiting the success of introduced natural enemies, 
and Hamlin e t  al. (1949), van den Bosch and Dietrich (1959), and Cherry and Armbrust 
(1975) have suggested the possibility of heat extremes killing curculwnis diapausing larvae 
under field conditions. Our study was undertaken to examine more specifically the effect 
of extreme temperature on survival of diapausing curculwnis in order to compare these 
results with existing field data. 

l ~ h i s  publication was supported in part by the National Science Foundation and the 
Environmental Protection Agency, through a grant (NSF GB-34718) to the University of 
California. The findings, opinions and recommendations expressed herein are those of the 
authors and not necessarily those of the University of California, the National Science 
Foundation or the Environmental Protection Agency. These data submitted to Graduate 
School, University of Illinois by senior author as part of a Ph.D. thesis. 

2~esea rch  Assistant, Associate Entomologist and Professor, and Assistant Professor, 
respectively, Illinois Natural History Survey and Illinois Agricultural Experiment Station, 
Urbana, Illinois 6 180 1. 
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MATERIALS AND METHODS 

B. curculionis cocoons were obtained from parasitized alfalfa weevil larvae collected 
from Mason County, central Illinois, during May and June, 1974 and 1975. Alfalfa weevil 
larvae were fed alfalfa and held at room temperature until curculionis cocoon develop- 
ment was completed, and subsequently the cocoons were hand collected from the litter. 
To insure seasonal acclimatization to temperature, cocoons were stored in pint cartoons 
throughout the year in an outside insectary at Urbana, central Illinois. Prior to each 
temperature test, viability of diapausing larvae within the cocoons were determined via 
"candling" (Cherry and Armbrust, 1975). 

Parasite larvae in cocoons were exposed to different temperatures for different time 
periods in constant (21°F) temperature cabinets. High temperature experiments were 
made on summer acclimatized larvae during August-September, 1974-1975 and low 
temperature experiments on winter acclimatized larvae during January-February, 
1975-1976. After each temperature exposure, larvae were held 6-7 days at room 
temperatures, and then the cocoons dissected to determine larval s u ~ v a l .  

The high lethal temperature (100% mortality) was determined by exposing 40 larvae 
per temperature at 5OC increments from 40°C to 80DC for 6 h, a time chosen to 
approximate duration to  extreme temperature during one day. At each temperature, 20 
larvae were held at  high humidity (9525%) and 20 larvae at  low humidity (20?5%) since 
humidity has been shown in some insects to affect survival at high temperatures 
(Wigglesworth, 1972). Humidity was controlled by KOH solutions (Solomon, 1951). The 
low lethal temperature (100% mortality) was determined by exposing 20 cocoons per 
temperature at  S°C increments from 0°C to -40°C for 6 h periods, humidity being 
disregarded. 

LDS0 values (mean lethal dose) a t  temperature extremes were determined by exposing 
20 larvae per time interval at %, 1, 2, 3, 4, and 5 h intervals at the high and low lethal 

Fig. 1. B. curculionis adult and cocoon containing diapausing larva. Cocoon length is 
approximately 4 mm. 
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Fig. 2. B. curculionis survival (P+SE) of summer and winter larvae at lethal temperature 
exposures ( 6 0 ' ~  and - 2 s 0 c ,  respectively) for different time durations. 

temperatures. Humidity at both high and low temperatures was disregarded since our 
previous tests showed that humidity did not affect survival at high lethal temperatures at 
6 h periods. 

The possibility of sublethal temperatures causing mortality via repetitive exposures 
was also tested. Twenty larvae were exposed to either 1, 2, 3, 4, or 5 repetitive 6 h 
exposures at temperatures 5°C less than the high lethal temperature, or S°C more than 
the low lethal temperature. Larvae were insectary stored for 18 h between each 6 h 
repetitive exposure. 

In order to determine the sex of the emerging adults, during the 1976 low 
temperature experiments, larvae which had broken diapause were allowed to complete 
development at room temperature. Low temperature experiments were also replicated on 
an additional 500 larvae. These adults versus the expected sex ratio determined from 
emergent adults of 100 randomly chosen cocoons were compared to determine if sex 
affected temperature tolerance. 

RESULTS AND DISCUSSION 

During a single 6 h exposure, sunival of summer acclimatized larvae remained high 
(a 85%) from 40" to 5S°C, and then 100% mortality occurred at 60°C at  both high and 
low humidities. The effect of humidity on heat death in insects appears to be highly 
variable, changing with insect size and time duration of temperature exposures (Wiggles- 
worth, 1972). 

Results of high temperature exposures on summer larvae are shown in Figures 2 and 
3. Standard errors computed were based on the binomial distribution. Summer larvae 
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IVUIYBER OF EXPOSURES 
Fig. 3.  B. curculionis survival (P+SE) of summer and winter larvae exposed repetitively to 

sublethal temperatures (55' and -20°c, respectively). Duration of each exposure is 
6 h with 18 h insectary storage between exposures. 

showed gradually decreased survival with increased time exposure at the upper lethal 
temperature (6OoC), the LDS0 at 60°C being from 2 to 4 h (Fig. 2). There was also a 
significantly decreased sumival of summer larvae (Fig. 3) with repetitive exposures to 
sublethal temperatures (5S°C). For comparative purposes, it should be noted that for 
short exposures of about 1 h in duration, the upper lethal temperature limit for most 
insects lies between 40' and 50°C (Bursell, 1974), temperatures more moderate than our 
determined upper lethal temperature (60°C). 

Survival of winter acclimatized larvae remained high (> 85%) from 0 to -20°C for a 
single 6 h exposure, and then 100% mortality occurred at -2S°C. Winter larvae showed 
sharply decreased sunival with increased time exposure at the lower lethal temperature 
(-2S°C), the LDS0 at -25°C being from 0 to % h (Fig. 2). In contrast to summer larvae, 
winter larvae did not show significantly decreased survival (Fig. 3) with repetitive 
exposures to sublethal temperatures (-20°C). Although the mechanisms of curculionis 
cold tolerance are not shown, it is very interesting to note that in many overwintering 
insects, even in those which possess no glycerol or other protective substances, the 
supercooling point very frequently occurs in the vicinity of -20°C (Asahina, 1966). 

Chi-square analysis of low temperature experiments in which 301 adult survivors were 
sexed showed no significant difference in survival between sexes. In contrast, greater 
tolerance to temperature has been noted in females of two species of Drosophila 
(Tantawy and Mallah, 1961). 

Temperature induced mortality on diapausing curculionis larvae under field conditions 
has been suggested by earlier investigators. Hamlin et  al. (1949) in Utah, and van den 
Bosch and Dietrick (1959) in California, have stated that summer heat may kill 
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diapausing curculionis larvae. Cherry and Armbrust (1975), using curculionis larvae 
planted in alfalfa fields in Illinois, found that the lowest monthly survival in recovered 
larvae was in July, which has the highest monthly temperature in Illinois, and that the 
average monthly survival was significantly lower in summer than in fall or winter. Pinter 
et  al. (1975), in freshly cut alfalfa fields in Arizona, have recorded ground surface 
temperatures of 63°C which exceeds our determined upper lethal temperature limit for 
curculionis larvae. Conversely, the lowest ground surface temperature recorded in alfalfa 
fields near Lexington, Kentucky, during 1966-67 winter months was -lO°C (Pass, 
unpubl.), a temperature well above the lower lethal temperature of curculionis larvae. 
Hence, from the above field observations, in conjunction with our lethal temperature 
determinations, we conclude that curculionis larvae appear to be more susceptible to 
summer heat kill than winter cold mortality, and that summer heat may be a significant 
mortality factor in warmer areas of the parasite's range. 
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LICE, MITES, AND TICKS OF SOUTHEASTERN WISCONSIN MAMMALS 

Omar M. ~ m i n l  

ABSTRACT 

Seventeen species of southeastern Wisconsin mammals were found to 6e infected with 
arthropod ectoparasites other than fleas. One host species was infested with one species 
of biting lice (Mallophaga), five with five species of sucking lice (Anoplura), ten with at 
least 16 species of mites (Acari) and nine with six species of hard ticks (Ixodidae). Many 
new state and/or host records are reported. Host specificity was very pronounced in lice 
but less marked in ticks and mites particularly in the more common species, ex. 
Androlaelaps fahrenholzi (Berlese) and Ixodes cookei Packard, respectively. 

INTRODUCTION 

The present report is the last in a series of investigations dealing with the ecological 
role played by southeastern Wisconsin arthropods and wild mammals in the maintenance 
and dissemination of vector-borne diseases of man and animals. A preliminary survey of 
arthropod ectoparasites was made during the autumn of 1971 in the Parkside study area, 
Kenosha County (Amin, 1973). The complete 1972 survey yielded information on host 
distribution and ecology (Amin, 1974), its arboviral antibody distribution (Amin and 
Thompson, 1974), mosquito and tabanid populations (Amin and Hageman, 1974) and 
fleas (Amin, 1976). The present report deals with host distribution of lice, mites and 
ticks. 

MATERIALS AND METHODS 

All materials and methods applied are the same as those described by Amin (1976). 
Maps, weather conditions during the study period (1972) and details of the botanical 
composition are included in Amin and Thompson (1974) and Amin and Hageman (1974). 

Most hosts were trapped in the Parkside study area, Kenosha County, between April 
and October, 1972. Information from the pilot study (September-November, 1971) are 
herein included only when absent or scarce in the 1972 collections. The only material 
otherwise reported herein is that collected by F. V. Dunkel from one meadow vole, one 
short-tailed shrew and three masked shrews in another Kenosha County study area during 
late 1974. 

RESULTS AND DISCUSSION 

The 17 mammal species from which the reported material was recovered were Eastern 
Chipmunk, Tamias striatus ohionensis Moulthrop; Eastern Gray Squirrel, Sciurus carolin- 
ensis Merriam; Fox Squirrel, S. niger rufiventpr Geoffroy Saint-Hillaire; Virginia Opossum, 
Didelphis virginiana Kerr; Raccoon, krocyon loior hirtus Nelson and Goldman; Dog, Canis 
familiaris Linnaeus; Thirteen-lined Ground Squirrel, Spermophilus t. tridecemlineatus 
(Mitchill); Franklin's Ground Squirrel, Citellus franklinii (Sabine); Meadow Vole, Microtus 
p. pennsylvanicus (Ord); Prairie Vole, M. o. ochrogaster (Wagner); White-footed Mouse, 
Peromycus leucopus noveboracensis (Fischer); Meadow Jumping Mouse, Zapus hudsonius 
intermedius Krutzsch; Masked Shrew, Sorex cinereus Kerr; Short-tailed Shrew, Blarina 
brevicauda (Say); Long-tailed Weasel, Mustella frenata noveboracensis (Emmons); Mink, 
M. vison letifera Hollister; Muskrat, Ondatra z. zibethicus (Linnaeus). 

A parasite-host list follows. Host names are followed by the number examined; 
number of parasites recovered/number of hosts infested; date infestation occurred and 
annotations. 

IScience Division, University of Wisconsin-Parkside, Kenosha, Wisconsin 53140. 
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BITING LICE (MALLOPHAGA) 

Trichodectes octomaculatus Paine 
Raccoon; 15, 1M/1; IV. 72. New species record for Wisconsin. 

SUCKING LICE (ANOPLURA) 

Species of sucking lice reported herein were all host specific with each species 
typically infesting one host species. 

Neohaematopinus sciuri JanckB 
Gray squirrel; 60; 15 M, 22 F, 22 N/19; IV-X, 72. Infestation was scarce until July 
but became heavier subsequently; max. of 18/host in September. Nymphs were absent 
until June, 2 of 6 specimens were nymphs then, and progressively became more 
abundant subsequently; max. of 10 of 19 specimens in September. Harkema (1936) 
and Wilson (1961), however, found that North Carolina and Indiana Gray Squirrels 
were more heavily and frequently infested with sciuri during the winter. All but five 
of the infested hosts were males which harbored 33 of the 59 collected specimens. 
Cook and Beer (1958) also found that infestation of meadow voles with Holopleura 
acanthopus was lower in females than in males but not so in deer mice infested with 
H. hesperomydis. No variations in first antennal segment or its setae (which might 
bring some N. scirui closer to N. sciurinum Mjoberg) as reported by Ferris (1951) 
were observed in local specimens. 

Holopleura erratica (Osborn) 
Chipmunk; 30; 4 M, 14 F, 2 N/4 (ma. .  of 7/host); X, 71 and 164; 1 M, 2 F, 9 N/4 
(max. of 5/host) only in VIII, 72. More nymphs were collected in the summer than in 
autumn. 

Hoplopleura hesperomydis (Osborn) 
White-footed Mouse; 22; 11 (including 3 F)/1; X, 71. 

Hoplopleura sciuricola Ferris 
Fox Squirrel; 2; 10 N/1; VIII, 72. New species record for Wisconsin. 

Hoplopleura acanthopus (Burmeister) 
Meadow Vole; 1;  1 M/1; X, 74. New species record for Wisconsin. 

MITES (ACARI) 

Androlaelaps fahrenholzi (Berlese) [= Haemolaelaps glasgowi (Ewing) as reported by 
Amin, 19731 

Specimens of Haemolaelaps sp. also reported by Amin (1973) were found to belong 
to  this species. The number of dorsal posterior setae and shape of female sternal plate 
were variable. This species appears to be common in this area on a relatively large 
number of host species. 

Chipmunk; 164; 26 F, 7 N/9; V-IX, 72. Heavier infestation in July (max. of 20/host). 
Twice as many female than male hosts were infested. 
Meadow Vole; 15; 3 M, 31 F, 1 N/6 (max. of 15/host); X, 71. 
Prairie Vole; 2, 3 F/1; X, 7 1. 
Virginia Opossum; 24, 4 F/1; IV, 72. New host record in Wisconsin. 
White-footed Mouse; 22; 1 M, 3 F/2; X, 71 and 20; 1 F/1  only in VII, 72. A. 
fahrenholzi was observed to have a positive association with nesting of this host 
elsewhere in Wisconsin particularly during the summer and autumn (Jackson and 
DeFoliart, 1975). 

Dermacarus hylandi Fain 
Chipmunk, 164; 71 DN/1; VI, 72. New species record for Wisconsin. 

Eulaelaps stabularis (Koch) 
Chipmunk; 164; 2 F/2; VI, VIII, 72. New host record in Wisconsin. 
Masked Shrew; 9; 1 M/1; XII, 74. New host record in Wisconsin. 
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Euryparasitus sp. 
Meadow Jumping Mouse; 73; 1 DN/1; VII, 72. New host record in Wisconsin. 
Virginia Opossum; 24; 1 DN/1; VI, 72. New host record in Wisconsin. 

Euschoengastia sp. 
Chipmunk; 164; 1 F/1; V, 72. New host record in Wisconsin. 

H Q ~ ~ O ~ Q ~ Q S U S  liponyssoides Ewing 
Masked Shrew; 9; 1 M/1; XII, 74. New host record in Wisconsin. 

Haemog~maSUS reidi Ewing 
Gray Squirrel; 42; 1 F/1; V, 72. New species record for Wisconsin. 

H~emog~maSUS Sp. 
Short-tailed Shrew; 1; 1 DN/1; X, 74. New host record in Wisconsin. 

Hirstionyssus utahensis Allred & Beck 
White-footed Mouse; 22; 13 F, 1 N/2; X, 71. H. utahensis was observed to have a 
positive association with nesting of this host elsewhere in Wisconsin particularly during 
the summer and autumn (Jackson and DeFoliart, 1975). 

Hirstionyssus sp. 
Meadow Vole; 15; 1 M/1; X, 71. New host record in Wisconsin. 

~ y p e r l ~ e l ~ p s m i c r o t i  (Ewing). [= Laelaps kochi Oudemans as reported by Amin, 19731 
Meadow Vole; 15, 1 M/1; X, 71. 

Laelaps alaskensis Grant 
Meadow Vole; 15; 1 F/ 1' X, 7 1. 
White-footed Mouse; 22; 1 F/1; X, 71. 

Laelaps rnultispinosus Banks 
Muskrat; 1; 4 M, 15 F, 6 N/1; XI, 71. 

Macrocheles sp. A 
Gray Squirrel; 60; 1 F/1; VII, 72 
Virginia Opossum; 24; 1 F/1; IV, 72 

Macrocheles sp. B 
Chipmunk; 164; 1 F/1; IX, 72 

Pergamasus longicornis grp. 
Chipmunk; 164; 1 F; IX, 72. New host and state records. 

Trombicula (Leptotrombidium) myotis Ewing 
Chipmunk; 164; 1 F/1, VI, 72. New host record in Wisconsin. 

HARD TICKS (IXODIDAE) 

Dermacentor variabilis (Say) 
This tick species is scarcely found in the previously glaciated southeastern corner of 

Wisconsin but is more common elsewhere in the state. 
Dog; 20; 1 F/1; X, 71. 

Ixodes cookei Packard 
This tick species appears to be common on a relatively large number of host species in 

this area as well as elsewhere in Wisconsin. 
Virginia Opossum; 26; 2 F, 5 N, 5 L/2; IV, V, 72. 
Franklin's Ground Squirrel; 1; 1 N, 8 L/1; IX, 72. New host record in Wisconsin. 
Raccoon; 15; 2 F,  2 N/3; VI, VIII, 72. New host record in Wisconsin. 
Long-tailed Weasel; 3; 1 F/1; VIII, 72. New host record in Wisconsin. 
Mink; 1;  1 F ,  18 N, 36 L/ l ;XI ,  71. 

Ixodes muris Bishopp and Smith 
Masked Shrew; 9; 3 L/2; X, 74. New species record for Wisconsin. 



198 THE GREAT LAKES ENTOMOLOGIST Vol. 9, No. 4 

Ixodes scapularis Say 
This tick species was only previously reported in northern Wisconsin from dog and 

deer by Jackson and DeFoliart (1970). 
Dog; 20; 1 F/1; X, 71. 

Ixodes sculptus Neumann 
Thirteen-lined Ground Squirrel; 5; 1 F, 1 N, 2 L/2; VIII, IX, 72. 

Ixodes texanus Banks 
This tick species was reported only once in northern-most Bayfield County, Wisconsin, 

from a "weasel" by Knipping et al. (1950). 
Raccoon; 15; 5 F,  7 N/5; IV-VI, VIII, 72. New host record for Wisconsin. Male 
Ixodes spp. also appear to be rare in collections of other investigators. 

Rhipicephalus sanguineus (Latreille) 
Dog; 20; 2 F/1; X, 71. 
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A N  ALTERNATIVE T O  USING FRESH ALFALFA FOR 
CULTURING COLIAS PHILODICE EURYTHEME 

BOISDUVAL (LEPIDOPTERA: P I E R I D A E ) ~  

L. J. Crain, S. J. Roberts, and E. J. ~ r m b r u s t ~ ' ~  

ABSTRACT 

Various artificial materials were implemented at each life stage of the alfalfa 
caterpillar, Colias philodice eurytheme Boisduval, to provide effective and economical 
replacements for alfalfa. Alfalfa substitutes were used for oviposition and feeding. We also 
developed a favorable laboratory mating environment. Also, the development of a method 
for removing disease organisms from eggs without increasing egg mortality was an 
essential facet of this work. The performance of individuals on artificial surfaces was 
compared with similar individuals reared on greenhouse alfalfa. 

Green tape oriented at the top of oviposition cages or near some object which could 
be held on to while ovipositing was the most successful surface. Egg yields on green tape 
were comparable to those on alfalfa. A dilute bleach wash followed by two water washes 
required little time, yet provided adequate disease control, and all larval instars thrived on 
artificial diet. Methods for handling pupae and new adults and the favorable mating 
environment reduced colony maintenance time yet sumival rates insured propagation of 
the colony. 

INTRODUCTION 

Conventional laboratory rearing methods for the alfalfa caterpillar, Colias philodice 
eurytheme Boisduval, require the use of fresh alfalfa (Floyd, 1940; Stern, 1960; and 
Martignoni, 1961), and this has several drawbacks: (1) alfalfa must be frequently added 
to rearing containers and this time consuming process makes large colonies impractical, 
(2) alfalfa must be available throughout the winter, necessitating substantial greenhouse 
space, and (3) larvae crowded on a few plants increase the chance of disease epizootics 
mentioned by Martignoni (1961). 

Previous methods used in our lab involved rearing larvae on alfalfa until third instar, 
then transferring them to individual 1 oz medicine cups containing the alfalfa powder 
diet recommended by Henneberg (1966). Tanada (1969) raised all instars on a pinto bean 
diet which decomposed too quickly for our purposes. 

This research was designed to find an effective, economical, and disease-free alterna- 
tive to alfalfa for rearing the alfalfa caterpillar. The requirements of this system were as 
follows: (1) a surface which will induce significant levels of oviposition, (2) an egg 
retrieval process which is not overly time consuming and removes disease organisms from 
the eggs, (3) an artificial diet which permits 1st and 2nd instar survival, and (4) an 
environment which is conducive to mating. 

l ~ h i s  publication was supported by the Illinois Natural History Survey, the Illinois 
Agricultural Experiment Station, the National Science Foundation, and the U.S. Environ- 
mental Protection Agency, through a grant (NSF GB-34718)  to the University of 
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author(s) and not necessarily those of the University of California, the National Science 
Foundation or the Environmental Protection Agency. 
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Professor, respectively, Illinois National History Survey, Urbana, Illinois 61 801. 
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Fig. 1 .  Pupal emergence cylinder. For purposes o f  illustration artificial pupae were used. 



1976 THE GREAT LAKES ENTOMOLOGIST 201 

METHODS 

Oviposition cages were 1 p t  cardboard FondaQ cartons which included a wire mesh 
top, filter paper on the bottom, and a hole cut in the side to fit a rubber stopper for 
controlled access. A sucrose solution (33gm/100mlH20) was placed in a plastic nectar 
cup pushed through another hole in the side of the carton. Each of four cages (replicated 
two times) contained a different artificial ovi osition surface. The following surfaces were 
used: wax paper, paper towel, green t a p e F a n d  microscope slides covered with green 
tape. The wax paper and paper towel were cut into strips ca 1.5 cm wide and 8 cm long. 
The strips were fitted securely into small vials, then were folded into branching shapes 
resembling alfalfa. The green tape was placed on the wall of the cage along the rim. The 
tape-bearing microscope slides rested against the inside wall of the cage. 

The surfaces were selected to provide variety in texture, color, and configuration. 
Many of these criteria were used by Pedigo (1971) for oviposition studies with the green 
cloverworm, Plathypena scabra (Fabricius). As a control, eight additional cages contained 
fresh bouquets of three to five stems of alfalfa in vials of water. Five mated females were 
placed in each cage. All cages were placed in constant temperature cabinets and 
maintained at  27 ? 5°C with a 12 hr photophase and 65 + 10% relative humidity. Dead 
females were removed and eggs were counted daily. 

After we determined that green tape provided the most successful surface, all eggs for 
larval rearing were obtained from this surface. Egg-bearing tape was peeled from the cages 
and washed in a solution of Chlorox @ bleach and Triton X-100 @ (Leppla, 1974) to 
minimize the presence of disease. Following the bleach wash, the eggs were rinsed twice 
for 15-30 seconds in small bottles of water. The tape strips were then stuck to the inside 
wall of a % pt Fonda carton for hatching. A moistened dental wick was added to prevent 
dessication during incubation. The cartons were checked daily for new larvae. Larvae 
were placed in individual 1 oz plastic cups containing artificial diet. 

After about 18 days, larvae usually attached themselves to the underside of the 
cardboard diet cup lids and pupated. Lids were then stuck to  long strips of tape and 
hung in clear plastic emergence cylinders (Fig. 1). Those pupae not attached to lids were 
placed directly on tape strips. Fine cloth mesh was placed over each end of the cylinders 
to prevent escape of newly emerged adults. 

Adults began to emerge in three to  five days and were held in a 10°C constant 
temperature cabinet until large numbers were obtained. Individuals with normal wing 
development were placed in a large mating cage (122 cm X 122 cm x 183 cm) equipped 
with a fan and a combination of 'black' and fluorescent lights on a 12 hr photophase 
(Fig. 2). The adults were also provided with a sucrose solution in a petri dish covered 
with wire mesh as a food source (Stern and Smith, 1960), and a bouquet of alfalfa which 
was periodically checked to  determine when viable eggs were being laid. Viability was 
determined by Michelbacher's and Smith's (1943) observation that pink eggs are viable. 
In our experiments the eggs turned pink 48 hr after being laid. 

DISCUSSION AND RESULTS 

Of all the artificial surfaces, the females preferred green tape oriented at the top of 
the cage or near some object which they could hold on to while ovipositing. Tape strips 
placed along the top of the cage enabled the females to grasp the wire mesh top while 
touching the tape with their abdomens. In cases where eggs were not laid on tape, they 
were laid near other projections in the cage, such as around the nectar cups. 

Average egg yields were 30.88 per female on alfalfa and 28.74 on green tape. These 
results show that green tape is an effective substitute for alfalfa, since the tape yielded 93 
percent as many eggs as the alfalfa. Microscope slides covered with green tape, although 
designed to  conveniently handle eggs as a unit, were hard to  manipulate and only fairly 
effective in stimulating oviposition. Paper towelling folded in the shape of a fan was also 

4~rofessional Tape Co., 144 Town Road, Bum Ridge, IL. Item No. 25421 
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effective, but was not as easy to handle. The brown color of the towels impeded egg 
counts, and possibly enhanced female mortality by limiting mobility for feeding and/or 
oviposition. Wax paper did not stimulate oviposition. 

The use of green tape as an oviposition surface facilitates transfer of eggs from 
oviposition cage through the washing process and then to the hatching container. One 
merely grasps the tape with forceps, dips the eggs into the bleach wash, then into two 
water washes, blots them on paper towel and places them in the hatching container. 
Setting tape pieces on alfalfa diet on the floor of the container caused high levels of 
mortality when larvae crawled to the sticky underside of the tape. I t  proved impossible 
to dislodge them intact. A better arrangement would be to  stick egg-bearing strips of tape 
to the walls of a hatching container. Little feeding took place when first instars were 
promptly transferred to individual diet cups, so diet could be eliminated from the 
hatching container. The moistened dental wick was necessary to  provide adequate 
moisture. On occasions when the diet dried out and became unacceptable to the larvae 
they were transferred to new diet to avoid starvation. This problem could be avoided by 
providing more diet initially. 

Table 1. Survival of larvae, pupae and adults* of Colias philodice eurytheme Boisduval. 

Life Stage Sample Size 
Percent Survival 

+ 95% Confidence Limits 

Larvae 
alfalfa 
artificial diet 

Pupae 
tape 
lids 

Adults 32 3 33 < 38 < 42 

*Normal wing development was the criterion used for adult survival. 

First to third instar survival on the artificial surfaces (Table 1) was 89.0 percent 
compared to 54.5 percent on alfalfa. Seventy-one percent of the pupae survived. Those 
that had to be placed on tape suffered a slightly lower survival rate than those that 
attached themselves to cardboard lids, 39 and 22 percent respectively. Use of cardboard 
lids as a pupation site enhanced survival by minimizing handling of pupae. In the adult 
stage 38 percent had normal wing development. The low yield of adults with normal 
wings would not hinder the continuation of the colony since each female lays an ample 
number of eggs. Sample size for survival rates was tested at the 95 percent confidence 
level using the formula found in Bliss (1967): 

where n = total sample size, y = amount alive, and FL and FU are taken from a table of 
the 'F' distribution. 

These data show that alfalfa caterpillar females will lay eggs on green tape as 
effectively as they will on alfalfa. When this is used as the oviposition site, and is 
combined with diluted bleach and water washes, a convenient, efficient, and low 
mortality system for egg handling is achieved. In addition, f i s t  instar larvae did well on 
artificial diet, thereby enabling the total elimination of fresh alfalfa from the rearing 
system. 
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ENTOMOLOGICAL NOTES 

A POSSIBLE CASE OF SPATIAL ISOLATION IN  BRINE 
FLIES OF THE GENUS EPHYDRA (DIPTERA: EPHYDRIDAE) 

During the summer of 1975, adults and larvae of Ephydra riparia Fallen and E. 
cinerea Jones were encountered in the many brine pools occurring on the property of the 
Morton Salt Company at Rittman, Wayne County, Ohio (Scheiring and Foote, 1973). 
Larvae of both species have been reported to be salt tolerant (Bayly, 1972). E. ripariu 
larvae can survive in salinities up to 80°/oo (Sutcliffe, 1960), and the larvae of cinerea 
have been encountered by Nemenz (1960) in the Great Salt Lake of Utah at a salinity of 
300°/oo. 

At the Rittman site, brine pools of differing salinity are found. In pools which are 
formcd from lcakagc from underground pipes, the salinity ranged from 12-18'/oo. In 
addition to these small pools there is one large pool into which sludge from the salt plant 
is pumped. The salinity of this pool' ranged from 32-35'/00. Although the salinity 
tolerance range of nparia seemingly would include the water of the large sludge pool, 
larvae and adults of this species were rarely found in or around this pool. At the same 
time, larvae and adults of cinerea were rarely found in the numerous small pools having 
lower salinities, although they were extremely abundant in the sludge pool. This spatial 
isolation was found even though the distance, about 100 meters, between the pools of 
differing salinities, could have been easily traversed by adults of either species. Thus, by 
restricting itself to pools of lower salinity, riparia may be ecologically isolated from the 
more salt-tolerant cinerea. 
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ANAPHES (HYMENOPTERA: MYMARIDAE) REARED FROM THE 
EGGS OF A SHORE FLY (DIPTERA: EPHYDRIDAE) 

Members of the family Mymaridae are obligate parasitoids of insect eggs, and some 
species attack the eggs of aquatic insects. Only one account of egg parasitism by the 
mymarid genus Anaphes on Diptera has been disclosed in the literature. Bakkendorf 
(1971) bred Anaphes autumnalis Foerster from an egg of Tipula autumnalis Loew. 
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From late August through September, 1975, adults of a species of Anaphes were 
repeatedly reared from eggs of Parydra sp., probably I? quadrituberculata Loew (Diptera: 
Ephydridae). Observations were made from eggs collected along a drainage ditch in 
Portage Co., Ohio. 

The ephydrid eggs had been deposited on reeds, stones, and other objects which 
protruded above the mud shores bordering the ditch The eggs were covered with a white 
to  slightly green granulose coating composed of diatoms. The female applied this 
protective coating by defecating over the eggs following oviposition. The eggs measured 
approximately 0.84 mm by 0.24 mm and were deposited conterminously in clutches of 1 
to 15, with 4 to 5 being the mean clutch size. Eggs normally hatched in 2 to 3 days with 
Parydra larvae escaping the egg chorion via a small apical opening. Adult wasps emerged 
from parasitized eggs through an enlarged circular opening made in the dorsal surface of 
the egg apex. 

Adult wasps emerged on five separate dates from Parydra sp. eggs collected 22 August 
1975 and 12 September 1975. Assuming that the eggs had been parasitized shortly before 
we collected them, the larval-pupal development of Anaphes sp. required 7 to 15 days, 
with 11.4 days being the mean development period. 

These rearings represent the second record of the genus Anaphes parasitizing the eggs 
of Diptera. The rearings also represent a subordinal host extension from Nematocera, 
family Tipulidae, to Cyclorrhapha, family Ephydridae. 
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A NEW PREY RECORD FOR CERCERIS FUMIPENNIS SAY 
(HYMENOPTERA: SPHECIDAE: CERCERINI) 

The sphecid wasp tribe Cercerini is comprised of the genera Cerceris and Eucerceris, 
the former being widely distributed and the latter restricted to North America All 
species of Eucerceris for which prey records have been determined utilize snout beetles or 
weevils (Curculionidae) to feed the young. In North America, known prey records for 
Cerceris include members of the beetle families Buprestidae, Tenebrionidae, Chrysome- 
lidae, Bruchidae, and Curculionidae. Some European members of the genus have been 
reported to provision the nests with other hymenopterans (e.g. solitary bees of the 
families Halictidae and Andrenidae) in addition to beetles. 

An adult female of the solitary wasp, Cerceris furnipennis Say was collected in the 
Rose Lake Wildlife Experiment Station area in Clinton County, Michigan on 15 July 
1973, as she flew along a sandy road. At the time of collection she was carrying an adult 
male of the buprestid, Buprestis rnaculativenfris Say. To the author's knowledge, this is 
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the first record of C. fumipennis utilizing this particular species of buprestid, presumably 
to provision the nest. Previously recorded prey records for this and other species of the 
Cercerini have been synthesized by Scullen and Wolf (1969, Ann. Entomol. S o c  Amer. 
62:209-214). The prey records for fumipennis include seven genera of Buprestidae 
representing 25 species, as well as single records of a chtysomelid (Chlamisus sp.) and 
curculionid (Conotrachelus sp.). 

Daniel K. Young 
Department of Entomology 
Michigan State University 
East Lansing, Michigan 48824 

ERYNNIS FUNERALIS (LEPIDOPTERA: HESPERIIDAE) AND 
POL YGONIA ZEPHYRUS (LEPIDOPTERA: NYMPHALIDAE) 

IN INDIANA: NEW STATE RECORDS 

On July 1, 1975, while collecting 18 Pieris napi oleraceal (Harris) in the famous 
tamarack bog near Mongo, LaGrange Co., Indiana, I collected a somewhat worn male 
Erynnis funeralis Scudder & Burgess when it was resting on the ground in an area 
between the bog and a woods. This essentially western species was identified by Dr. John 
M. Burns, Associate Curator of Entomology, National Museum of Natural History, 
Smithsonian Institution, Washington, D.C., where the specimen has been deposited. 
Erynnis funeralis is the only Indiana species having distinct white fringes on the borders 
of its hind wings. 

A female in perfect condition of an even rarer western species, Polygonia zephyrus 
Edwards, was netted by me on September 1, 1975, 3% miles east of Silver Lake, Indiana, 
off Road 14 and the County Farm Road, in a wooded area of southern Kosciusko Co. 
The specimen was identified by Dr. Cyril F. dos Passos of the American Museum of 
Natural History, New York. In the United States the normal range of zephyrus is west of 
the Great Plains. 

Ernest M. Shull 
402 N. Wayne St., 
North Manchester, Indiana 46962 

BOOK REVIEWS 

LES CARABIDAE DU QUEBEC ET DU LABRADOR. Andre Larochelle, Dept. de 
Biologie du Collbge Bourget, Rigaud, Qukbec. Bull. 1: 1-255. 1975. $15.00 Canadian. 

This work is advertised as a catalog of the Carabidae of Quebec, with annotations 
concerning distribution and bionomics of the various Quebec species. Mr. Larochelle's 
long range plan is aimed at a complete study of "the ecology, the biology, and the 
dynamics of those marvelous insects." This, therefore, appears to  be the first part of a set 
of papers similar to  Carl Lindroth's studies of Newfoundland carabids (Lindroth, 1955, 
1963). 

As exemplified by Larochelle's previous articles, the present work contains thorough 
bibliographic and museum based research with respect to  the cataloging of capture 
localities within Quebec. Beyond the information concerning specific localities, little 
concerning overwintering stages and habitat preferences is included here that could not be 
found in other standard papers on nearctic carabids. 

The species names are first listed phylogenetically without annotations, followed by 
an annotated alphabetical list. The alphabetical format separates closely related genera, 
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and splits up species groups within each genus. This is irritating, in that information 
concerning related species is more difficult to extract. Staying with the phylogenetic 
format throughout would have been easily accomplished, and would have added to the 
value of the work. 

The distributional maps are likewise in the alphabetical format, and they are 
numbered as in the annotated list making them easy to to refer to. In actuality, even 
though distributional maps are inadequate for describing population limits, the maps here 
aid outsiders to Quebec in determining the rough limits of species distributions. The maps 
could have been even more useful if a short geographic summary had been included, thus 
allowing interpretation of the various species distributions. 

Mr. Larochelle states in his preface that the carabid fauna of Quebec is well known. 
However, the lists of species doubtfully recorded for Quebec, and species which could be 
found in Quebec, contain 139 and 99 entries respectively. Thus it would appear that 
much basic work on the Quebec carabid fauna remains to be done. 

The follow-up to this catalog containing more extensive ecological observations should 
be a fine contribution. However, I feel the information in this work could have been 
incorporated into such a study without the necessity of a separate volume. As it stands, 
at the $15.00 selling price, this work will satisfy only those people specifically interested 
in the ground beetles of Quebec. 
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MITES OF MOTHS AND BUTTERFLIES, Asher Treat. Cornell University Press, 1975. 
$35.00. 

Don't let the price tag frighten you. This is a book you will turn to again and again, 
in fact every time you pick up a moth or butterfly and wonder if it is one of those on 
which Asher Treat found mites. 

The quotation on the fly leaf gives an insight into the enthusiasm and curiosity, as 
well as the thoroughness of Asher Treat. "Whether in the field, at  home, or in a museum 
collection, the search for mites on insect hosts is an adventure as exciting as any treasure 
hunt. Every insect, looked at closely enough to  reveal a mite, is an exotic island whose 
bays and coves may harbor a lurking pirate or the telltale traces of some hidden thief." 

A major asset of this book is the depth of treatment of moth-mite associations. Dr. 
Treat has been focusing on these associations for more than 20 years; Professional 
scholars and naturalists should be stimulated by the challenge of Dr. Treat to study 
specific aspects of mite-moth associations. The book contains all the information a 
budding moth-mite biologist needs to get started. This includes a thorough discussion of 
techniques, an excellent reference section and an extensive index. The keys are within the 
capability of most biologists who are familiar with mites, although a phase contrast 
microscope would be necessary in my opinion. Non-acarologists will find the illustrations 
particularly helpful in preliminary identification of the mites of moths. Dr. Treat tells 
how to go about getting confirmation of identifications. 

The book should not be considered exclusively of interest to lepidopterists. Many of 
the mites described by Dr. Treat are found on bumblebees, Orthoptera, beetles and other 
insects. Many more mites await discovery, description and study. For example, mites of 
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the family Podapolipidae should be found on Lepidoptera. Dr. Treat and I have discussed 
this possibility but none have been found so far. Mites of Moths and Butterflies comes at 
an appropriate time to aid new workers in the study of insect mites. The literature cited 
and historical survey alone should be worth the price of the book. I recommend this 
book to anyone interested in the little creatures carried by insects. 

Robert W. Husband 
Department of Biology 
Adrian College 
Adrian, Michigan 4922 1 

THE WORLD OF MOTHS. Michael Dickens and Eric Storey. Macmillan Publishing Co., 
Inc., New York, 1974. 128 p., 103 plates. $6.95. 

This little book will undoubtedly please the amateur collector and rearer of the 
exotically and exquisitely colored species such as found in the Saturniidae and Sphing- 
idae. Of the 103 colored photographic plates, 69 illustrate species from these two popular 
families. Each species is figured on a white background in sharp and vivid color. One 
species is figured on a page, except for Epicopeia polydora, which includes a figure of its 
mimetic model Papilio rhetenor. There is a brief text for each species citing the scientific 
name, family, common name, wingspan, range, habits and habitat, larval foodplants, 
sexual dimorphism, variations, and similar species. The differences in the size of moths 
figured, and lack of any scale, detracts from the book and may confuse its users. For 
example, the Spanish Moon Moth, Graellsia isabellae (10-12 cm) is shown as large on 
plate 39 as the Golden Plusia, Polychiysia rnoneta (3 .54 cm) on plate 94. 

After a preface stressing conservation and education in the study of moths, and brief 
acknowledgments, the introduction includes sections on life-history, rearing moths, 
structure and senses, light traps and lamps, education and conservation, classification, 
regions of the world, and explanation of text notes. The authors admit they have 
borrowed information from many well-known sources in preparing the book. Yet, there 
are no specific literature citations anywhere in the text, nor is there any bibliography. 
The authors consistently omit the author's name after each species which tends to  detract 
from the book as a scientific reference. Following the British custom, there is an index to 
the common names used with each plate. 

While there is little new information here to offer the scientist, the book will 
undoubtedly enjoy some appeal to the many amateurs who avidly collect and rear moths, 
especially those from exotic regions. In addition, this book will match the authors' earlier 
publication The World o f  Butterflies, which was completed in this same format. 

M. C. Nielsen 
3415 Overlea Drive 
Lansing, Michigan 48917 

THE MAYFLIES, OR EPHEMEROPTERA, OF ILLINOIS. B. D. Burks, 1975 reprint of 
Bulletin of the Illinois Natural History Survey, Vol. 26, 1953. Entomological Reprint 
Specialists, Los Angeles, California, viii + 216 p., 395 figs. $15.00. 

The continuing demand for general references and aids to identification of Ephemer- 
optera has undoubtedly prompted the recent reprinting of The Mayflies. . . of  IZlinois. A 
two-page preface by George F. Edmunds, Jr. dealing with taxonomic and nomenclatural 
changes since the original 1953 publication has been added and will serve as an adequate 
aid to those unfamiliar with changing concepts in mayfly systematics. The reprinting is of 
high quality with the large number of figures having been excellently reproduced in this 
hard-bound edition. 

Although over 20 years old, this treatise remains as one of the most cited works 
dealing with North American mayflies, primarily because it is one of the few works 
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attempting a comprehensive treatment at the species level. Another factor contributing to 
its broad usage is the fact that although it is oriented to the Illinois fauna, it is of much 
broader geographic applicability, and on a species level is of use for most of the eastern 
United States and Canada. 

The multifaceted introduction serves as a very good, short introduction to the study 
of mayflies in general, keeping in mind recent classificatory changes and recent advances 
in collecting, rearing, and study techniques. Keys to  adult male mayflies are helpful but 
must be used with caution for areas outside Illinois and, especially, the Midwest. Without 
prior knowledge it is difficult to  determine how comprehensively any genus is covered, 
e.g., in some genera, all of the species are treated, while in others, some of the species 
outside Illinois are not treated. Also, in most cases, descriptions are apparently based 
only on Illinois material (and type material when studied) with little attention given to 
variability. To the large number of aquatic biologists who deal with benthic insects and 
are forever searching for keys to identify species of mayflies in the immature stage, this 
work will not satisfy their needs in many cases. Little emphasis is given to larvae (there 
presently remains a dearth of information on this stage), and often it cannot be 
determined if the larvae are even described for a particular species. Keys to the larvae of 
species of genera such as Stenonema, Heptagenia, and Baetis are of only limited 
usefulness and determination may not always be reliable. 

I can recommend this work to  all students of Nearctic Ephemeroptera; and entomole 
gists and aquatic biologists in general will find many aspects of it worthwhile, especially 
until such time that more complete data have been compiled on the larvae a t  the species 
level. 

W. P. McCafferty 
Department of Entomology 
Purdue University 
West Lafayette, Indiana 47907 

1973 EVALUATIONS OF SOME PESTICIDE RESIDUES IN FOOD: THE MONO- 
GRAPHS. Food and Agriculture Organization of the United Nations, Rome, 1975. 491 
p. Available from Unipub, Box 433, Murray Hill Station, New York, NY 10016. $15.00. 

The evaluations of residues on foodstuffs contained in these monographs were 
prepared by a joint meeting of an F A 0  expert committee and a WHO expert committee 
on pesticide residues that met in Geneva and produced its report "Pesticide Residues in 
Food" published as WHO Technical Report Series No. 545 and F A 0  Agricultural Studies 
No. 92 in 1974. The monographs give the relevant data obtained from feeding tests with 
laboratory animals to make a decision as to the Acceptable Daily Intake of each 
pesticide, and thence to make recommendations as to the Residue Limits (Tolerances for 
residual contamination in ppm), from which member states of the UN can decide on 
their own Tolerance, and state the Pre-Harvest Interval from the last application to ensure 
that the residue will be below that tolerance. 

The monographs cover 23 pesticides, of which 8 are fungicides and 2 are used as 
acaricides; of the 13 insecticides, 3 are organochlorines, 8 are organophosphorus 
compounds, and 2 are carbamates. Besides the data on mammalian toxicity, they contain 
information on metabolites of the pesticide, on the dosages used and residues found 
under field conditions, and on analytical methods The pesticides that are of particular 
interest to growers in the Great Lakes region are benomyl and captan among the 
fungicides and lindane, toxaphene, malathion, azinphosmethyl and carbaryl among the 
insecticides. 

A. W. A. Brown 
Department of Entomology 
Michigan State University 
East Lansing, MI 48824 
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