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THE MICHIGAN ENTOMOLOGIST
A LIST OF THE MAYFLIES (EPHEMEROPTERA) IN THE
MICHIGAN STATE UNIVERSITY ENTOMOLOGY MUSEUM
Richard W. Koss
Department of Geography and Environmental
Engineering, Johns Hopkins University
Baltimore, Maryland 2121 8

A fairly extensive collection of Epl~emeropterarepresenting 35 genera, 1 12 determined
species and subspecies is preserved in alcohol in the Entomology Museum at Michigan State
University, East Lansing, Michigan 48823. Although most of the specimens were collected
in Michigan, the collection also contains representatives of many of the common species
found in New England and neighboring Canada. A small portion of the collection is not
Northeast in origin.
This list is designed to aid those interested in the fauna of the Northeast and Great Lakes
regions, especially if they need specimens for study. I have included the states or provinces
in which specimens were collected, as well as the numbers of individuals; more complete
collecting data may be obtained from the author or the museum. Many new state records
occur in the collection, and some of these records extend the known range significantly.
With the exception of some Heptageniidae sent to Dr. Jay R. Traver, University of
Massachusetts, and some Stenonema and the two species of Potamanthus sent to Dr. Fred P.
Ide, University of Toronto, all determinations have been made by the author. A question
mark following the scientific name means the determination of all specimens is
questionable, whereas a question mark within parentheses means the determination of only
those specimens listed within the parentheses is questionable.
The museum also possesses some pinned material determined by Nathan Banks and E. W.
Hamilton. Many of Banks' determinations are incorrect and I have not attempted t o rectify
them. Holdings of pinned material are listed separately following the list of alcoholic
specimens. The following abbreviations and symbols are used:
9 = female imago, 9s = female subimago, d = male imago, ds = male subimago, n = nymph,
* = new state record.
Family SIPHLONURIDAE

Family BAETIDAE

Isonychia bicolor (Walker). Michigan
(28, 19).
I. sadleri Traver? Massachusetts (19).
Parameletus columbiae
Alaska* (Id).

McDunnough.

Siphlonurus alternatus (Say). Michigan
(29); Ontario (258, 79).
S. mirus Eaton. Maine* (239).
S. occidentalis Eaton. New Mexico (38);
Oregon (19).
S.

quebecensis (Provancher). Maine
(many d & 9); Massachusetts* ( I d ,
39); Michigan (88, 2ds, 19).

S. rapidus McDonnough. (many d & Q),
Michigan (Ids, 19).
S. typicus (Eaton). Michigan* (approx.
1206).

Baetis bicaudatus Dodds? Oregon (1 28)

B. frondalis McDonnough. Ontario (3111.
B. harti McDonnough? Massachusetts*
(19).
B. intercalaris McDonnough. Massachusetts* ( I d , 29).
B. parvus Dodds. Oregon (Id).
Callibaetis ferrugineus (Walsh). Michigan
(Id, 19); New York (178, 15ds, 109,
149s).
C. skokianus Needham. Michigan* (58,
1n).
Pseudocloeon anoka Daggy. Michigan
(Id, 19s).
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Family HEPTAGENIIDAE

Arthroplea bipunctata (McDonnough).
Massachusetts* (20n).
Cinygmula subaequalis (Banks). Maine*
(Id, 19, 7n).
Epeorus (Iron) suffusus (McDonnough).
Maine (19, 7n).
E. (Iron) vitrea (Walker). (3n).
Heptagenia aphrodite McDonnough. Ontario (21n).
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Family HEPTAGENIIDAE (Continued)

S. nepotellum (McDonnough). Michigan
(many d & 9).
S. pulchellum (Walsh). Ontario (1 ln).
S. rubromaculatztm (Clemens). Massachusetts (many d & 9); Michigan* (Id,
19, In).
S. rubrum (McDonnough). Massachusetts* (38, 3ds, 19, 89s, I On); Michigan (228).

H. diabasia Burks. Maine* (2n); Quebec*
(In).
H. hebe McDonnough. Maine* (19);
Michigan (668, 289).

S. tripunctatum (Banks). Michigan (78,
49).

H. juno McDonnough. Ontario* (In).

S. vicarium (Walker). Maine* (1 19).

H. pulla (Clemens). Michigan (38); New
York ( 1311).
H. rosea Traver. Oregon (many d & 9).
H. simpliciodes McDonnough. Oregon
(Id).
H. solitaria McDonnough. Alaska ( 148).
Rhithrogena irnpersonata McDonnough.
Maine* (58, 19).

S. varium Traver? Massachusetts* (28,
7ds, 59s).

Family AMETROPODIDAE

Siphloplector~basale (Walker). Michigan
(Id, 29, 5n).
Family LEPTOPHLEBIIDAE

Habrophlebia vibrans Needham? (New
York (19).

R. sanguinea Ide. Maine (19).

Habrophlebiodes americana
Maine (ln); Quebec (24n).

Stenonema bipunctatum (McDonnough).
New York* (2n).

Leptophlebia cupida (Say). Michigan
(many d & 9).

S. canadense (Walker). Kansas* (Id);
Maine (? 19); Michigan (28, 39); Ohio
(?49).

L. nebulosa (Walker). Michigan (158,
49).

Banks.

S. femoratum (Say). Oklahoma* (49).

Paraleptophlebia adoptiva (McDonnough). Michigan (238, 129).

S. frontale (Banks). Michigan (388, 269);
Oklahoma* (Id, 29).

P. debilis (Walker). Michigan (228, 19);
Ohio (Ids, 29).

S. fuscum (Clemens). Michigan (138,
39); New York (28, 159).

P. memoralis (Eaton). Oregon (68).

S. gildersleevei Traver? Michigan ( 19).

P. mollis (Eaton). Maine (58, 4ds, 59,
19s); Michigan (Id, 19).

S. heterotarsale (McDonnough). Michigan (Id); New York (Ion); Ontario
(53n).

P. praepedita (Eaton). Michigan (56, Ids,
In).

S. interpunctatum (Say). Ohio (58, 4ds,
99).
S. ithaca (Clemens & Leonard). Massachusetts (5n).
S. lepton Burks. Michigan* (928, 169).
S. minnetonka ~ a ~Michigan*
~ y . (8d,29).

P. sculleni Traver. Oregon (26).
Family EPHEMERELLIDAE

Ephemerella (Attenuatella) attenuata
McDonnough. Michigan* (In).
E.

(Dannella) simplex McDonnough.
Massachusetts* (In); Michigan (In).
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Family EPHEMERELLIDAE (Continued)
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Family EPHEMERIDAE

E. (Drunella) coloradensis Dodds. Oregon (In).

Ephemera guttulata Pictet. Maine* (19).

E. (D.) cornuta Morgan. Maine (1 9n).

E. simulans Walker. Maine (19); Michigan (508, 89); Ohio ( 2 4 39); South
Dakota (1 4d, 169).

E. (D.) cornutella McDonnough. Quebec
(7n).
E. (D.)doddsi Needham. Colorado (8n).
E. (D.) grandis Eaton. Oregon (IPS, det.
R.K. Allen).
E. (s.s.) dorothea Needham. Maine (In);
Massachusetts (6n).
E. (s.s.) infreqltens McDonnough. Colorado (In).
E. (s.s.) invaria (Walker)? Maine (1 d, I 9).

E. triplex Traver. West Virginia ( 19).
E varia Eaton. Maine (39); Massachusetts (39).
Hexagenia atrocaudata
Michigan (6n).

McDonnough.

H. bilineata (Say)? Ohio (Id).
H. limbata s.1. (Sen.). Kentucky (Id,
109); Maine (I 8s); Michigan (14~3,169,
29n).

E. (Eurylophella) bicolor Clemens. Michigan (2n).

H. Iiinbata limbata (Sen.). Michigan
(Id).
H. limbata occulta (Walker). Michigan
(many d & 9); Ohio (28).

E. (E.1 funeralis McDonnough. Michigan
(In); New Hampshire (1 8n).

H. limbata venusta Eaton. Oklahoma
(19); Texas (19).

E. (E.) prudentalis McDonnough. Maine
(26, 139).

H. limbata viridescens (Walker). Michigan (128).

E. (E.) temporalis McDonnough. Massachusetts (3n); Michigan (42n).

H. munda affiliata McDonnough. Ohio
(Id).
H. munda elegans Traver. Alabama (Id);
Arkansas* (168, 29).

E. (s.s.) needhami McDonnough. Michigan ( 1n).

E. (Serratella) deficiens Morgan. Massachusetts (5n); Maine (8n); Michigan
(Ids, 19s, 2n); Ontario (4n).

E. IS.) tibialis McDonnough. Oregon
(94.
E. (Tiinpanoga) hecuba pacifica Allen &
Edmunds. Oregon (21).
Family TRICORYTHIDAE

Tricorythodes allectus (Needham). Ontario (Id).
T. atratus McDonnough. Michigan (38,
19,3n); Ontario (4d,29).
T. fallax Traver. Michigan* (?22d); Oregon (38).
Family POTAMANTHIDAE

Potamanthus myops (Walsh). Illinois
(68, 109); Kentucky* (69); Michigan
(148, 169); Pennsylvania* (19).
P. neglectus Traver. Arkansas* (28, 49).

H. munda munda Traver. Michigan* (48,
19).
13, recurvata Morgan. Michigan* (Kent
Co., middle of lower peninsula, Id).
H. rigida McDonnough. Maine* (36s);
Massachusetts* (?19); Michigan 039);
North Carolina (?29); New York (38,
19).
Family POLYMITARCIDAE

Ephoron album (Say). Michigan* (199);
Ohio (2n); Utah (28, 2 9 ) .
E.

leukon Williamson. Massachusetts
(19); Michigan* (many d & 9); Ontario (39n); West Virginia (many 9).
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Family CAENIDAE

Caenis anceps Traver. Michigan* (28,
29).
C forcipata McDonnough. Maine* (19);
Michigan (178, 139).

C. hilaris (Say). Michigan (many d).
C. jocosa McDonnough. Massachusetts
( l d , 19); Maine (18).
C. simulans McDonnough. Many d & 9
from Michigan, Ontario, New York,
Utah.
C. tardata McDonnough. Michigan (?
many d & 9).
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PINNED MATERIAL
Cloeon maizdax Walsh. Michigan (29).

Cloeon sp. Michigan (4ds, 19).
Ecdyonurus canadensis Walker. Michigan
(Id).
Heptagenia .flavescens Walsh. Minnesota
(19).
H. interpunctata Say. Michigan (46);
Minnesota (18).
H, pulchella Walsh. Michigan ( 19).
H. sp. Michigan (4ds, 29,79s).
Blasturus cupidus Say. Michigan (2d,
29).

Potamanthus rufus Michigan (26, 79).

Family BAETISCIDAE

Baetisca obesa (Say). Michigan ( I 311).

Ephemera luteola Walsh. Michigan (Id,
19).

Many undertermined specimens of Ameletus, Isonychia, Siphlonuru$ Baetis,
Callibaetis; Centroptilum, Cloeon, Pseudocloeon, Cinygmula, Epeorus (Iron), E.
(Ironodes), E (Ironopsis), Heptagenia,
Rhithrogena, Stenonema, Leptophlebia,
Paralep t o p hlebia, Ephemerella (Dmnellal, E. fs.s ), E. ~Eurylophellal, E.
(Serratella), Tricorythodes, Ephemera,
Hexagenia, Tortopus, and Caenis.

E. notata Walker. Michigan (48).

PINNED MATERIAL

H. limbata Ilenusta Eaton. Michigan
(1 69).

Siphlurus Alternata Say. Michigan (28).
Siphlurus sp. Michigan (29).

E. simulans Walker. Michigan (88).
Hexagenia bilineata (Say). Michigan (28,
19).
H. limbata limbata (Sem.) Michigan (28,
99).
H. limbata occulta (WaIker). Michigan
(22d,89).

35 undetermined d & 9 of Siphlonurus,
Leptophlebia, Ephemera, and Hexagenia.

BRIEF NOTICE

THE COLE LIBRARY OF EARLY MEDICINE AND ZOOLOGY: CATALOGUE OF
BOOKS AND PAMPHLETS. Part I: 1472 to 1800. Nellie B. Eales. Oxford: The Alden Press,
for the University of Reading Library, 1969. xvi, 425 pp. $12.60.
The University of Reading has recently issued the first part of its catalogue of the library
of the late zoologist F. J. Cole, purchased by the University after Cole's death. The small
but select collection contains about 8000 volumes, and over 2000 of the earlier titles are
described here. Many pertain to entomology and related subjects, and their bibliography is
treated in more detail than in such sources as Hagen and Horn and Schenkling. There is a
useful subject index, and this attractively produced series will undoubtedly be interesting to
those concerned with the bibliography of entomology.
R. S. Wilkinson
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Fig. 1.

An inactive cereal leaf beetle (left) maintains a lo0 angle between its antennae while an active
beetle usually displays an angle greater than 6 s 0 (right).

THE MICHIGAN ENTOMOLOGIST
STORAGE AND BEHAVIOR OF PLANT AND DIET-FED ADULT
CEREAL LEAF BEETLE, OULEMA MELANOPUS
(COLEOPTERA: CHRYSOMELIDAE)'
Stanley G. WeUso, Richard V. Connin, Robert P. Hoxie and David L. Cobb
Entomology Research Division, Agr. Res. Sew.
U.S. Department of Agriculture
E. Lansing, Michigan 48823

The univoltine life cycle of the cereal leaf beetle Oulema melanopus (L.) in Michigan
(Castro et al. 1965) is similar to that reported by Venturi (1942) in Europe. Adults emerge
from pupal cells in the soil in mid-June t o early July, feed voraciously for about three
weeks, and enter aestivation sites. For the remainder of the summer and early autumn only
a few adults can be found feeding on late-maturing native grasses. The beetles overwinter
and usually emerge in late March t o early April and resume feeding. Mating and oviposition
occur, and larval development is usually completed by late June in southern Michigan.
Techniques for rearing the cereal leaf beetle on greenhouse-grown small grain seedlings
have been developed by Connin, et al. (1968). Maintaining these cultures requires collecting
field adults, growing host material, and handling the cultures to insure that all stages will be
available for study.
In Michigan during July adults can be collected more economically and in greater
numbers in the field than by rearing in the laboratory. A summary of collection techniques,
laboratory feeding and storage conditions for large numbers of field-collected cereal leaf
beetles is presented in this paper. In addition, the mortality during storage of newly emerged
field collected beetles fed either barley seedlings or an artificial diet is compared.
MATERIALS AND METHODS

Collection and prestorage conditions. Cereal leaf beetles emerge from pupal cells in
Michigan by late June or early July. A large number of adults can be collected from fields
where larvae are abundant with a sweep net shortly after emergence, since the beetles may
remain in the field where they emerged if the crop is succulent. More often they move t o
more attractive grasses or fields of oats, wheat or corn in adjacent areas.
Immediately after emergence the adults are photopositive and move upwards on their
host. Since the beetles often drop from the plant t o the ground as a net moves toward them
or jars the plant, repeated collections in the same area at 15-minute intervals will yield
additional specimens. As many as 500,000 beetles have been collected in early July in
southwestern Michigan using 15-inch nets during 32 man-hours of sweeping.
Beetles were usually swept from oats or wheat, confined in numbers of approximately
5000 per 1 6 x 1 6 ~ 1 6inch screened cage. and transported to the laboratory for further
feeding before storage. Since cereal leaf beetles occupy an ecological niche on small grain
leaves which was not fully utilized by other American insects, collections are relatively pure,
with only a few species of other insects and spiders present.
Laboratory feeding prior to storage. During transit t o the laboratory, beetles were
provided with corn or potted barley seedlings. In the laboratory, 4 pots of greenhouse
grown barley seedlings at least 3 inches tall were provided for each cage twice daily during
the first 2 weeks of feeding. In 1966 and 1967, beetles were fed under natural daylengths in
a greenhouse with daily temperatures from 22 to 32OC and relative humidities from 40 t o
95%. The amount of food required was dependent on the age of the beetles at the time they
were collected, because some of them may have fed for a week or more by that time.
lMichigan Agricultural Experiment Station Journal Article no. 4991. Part of a cooperative project between
the Entomology Research Division and the Crops Research Division, Agricultural Research Service, U.S.
Department of Agriculture, and the Department of Entomology, Michigan State University, East Lansing,
Michigan 48823.
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RESULTS AND DISCUSSION

Behavior o f cereal leaf beetles prior t o and during storage. The feeding period averages
about 3 weeks, with the insects' behavior changing during this period. After feeding, they
become photonegative and hide under the plastic pots of grain or in folded-paper towels
tacked to the upper cage corners. Feeding beetles have their antennae spread at an angle of
approximately 65' or more, but those in hiding usually have an angle of about 10' between
their antennae (Fig. I). Beetles may maintain the latter antennal position throughout their
storage period in the laboratory at 2-7°C. If the beetles are held at 26.7'C after storage and
not given food, they become active for a day or 2 and become inactive. They may remain in
the same location with their antennae held forward in the nearly parallel position for a
month or longer or until food becomes available. In addition, inactive beetles' legs are
usually positioned near their body. Beetles removed from storage before diapause
development is completed may remain inactive even if host plants are available; inactivity is
often observed in lantern globes when population density is low, or when they enter a dark
confining area. In the field: cereaI leaf beetles seek overwintering quarters in straw, under
bark (Venturi, 1942; Castro et al.; 1968) and in the soil (Hayward, J. T., personal
communication). The advantage of the forward antennal position during overwintering is
unknown. Adult asparagus beetles, Cri0ceri.r a.~paragi(L.), also hold their antennae in a
similar parallel position when they are inactive or overwintering.
Storage, I966 and 1967. Prior to storage about 300 cereal leaf beetles and 4 paper towels
saturated with a %% sodium hypochlorite solution were placed in each of a number of
plastic pint boxes. The boxes were sealed with a tight-fitting cover and placed in a dark
refrigerator at 3.3'C. Table 1 shows the mortality of beetles field-collected and
laboratory-fed before storage. In these studies morality was determined when the boxes of
beetles were used on each date. After 112 days of storage all dead beetles were removed
from the remaining boxes, and new paper towels saturated in %% sodium hypochlorite were
added. The average survival time for the beetles was about 160 days with the maximum
survival period being about 336 days. The percentage of cereal leaf beetles overwintering in
the field is unknown, although by April 15 most of the beetles are probably active in the
field. This date is 268 days after the date insects were placed in storage, and (Table 1)
approximately 25% of the stored beetles were alive at this time.
Cereal leaf beetle adults do not become active until late March or early April; hence
storage under these conditions insures that large numbers of beetles are available in
mid-winter when they are difficult to collect in the field.
Storage, 1968. Cereal leaf beetles collected at Galien, Michigan in early July 1968 were
placed in a 6 x 1 2 ~ 6ft. screened cage in East Lansing. They were provided barley and corn
seedlings during their feeding period. On August 2 and 4 they were brought to the
laboratory and prepared for storage as previously described. 200 beetles were stored in each
box with or without a cover and under 0, 8, or 16 hour daily photophases. They were
maintained in bioclimatic cabinets programed at 5.5 2 2°C and 10 + 10% RH (DD 0:24) and
60 2 10% RH (LD 8: 16 and 16:8). The accumulative percent mortality for these beetles is
presented in Table 2. Every 30 days the dead beetles in each carton were removed, and the
papers were changed and sprayed with a %% sodium hypochlorite solution. Beetles stored in
boxes with open tops under lower relative humidity had a higher mortality than beetles
stored in closed boxes. For example, 50% of the beetles in open cartons died in about 90
days while 50% died in closed cartons in 2 10 days. Perhaps the beetles lived longer in these
experiments than the previous one, because some boxes may have lost all of their moisture
or were more contaminated in the previous experiment. There did not appear to be any
notable difference in storing beetles under the 8 hour rather than the I6 hour photophase.
Beetles stored in the dark in closed cartons at 10% RH died earlier than beetles stored under
comparable conditions at 60% RH. For example, after 150 days 98.0% of the beetles fed
barley seedlings stored under the low humidity had died while only about 31% of the
beetles in closed boxes were dead. The earlier mortality is assumed to be due to the loss of
moisture from the closed plastic cartons under the lower relative humidity, as the paper
towels were dry when they were changed every 30 days while the towels in boxes in the
60% RH cabinet remained damp.
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Storage after being fed a n artificial diet. Cereal leaf beetle adults collected at Galien,
Michigan on 5 July were provided barley seedlings and small corn plants in a 6 x 6 ~ 1 2ft
screened cage outdoors at East Lansing, Mich. On 8 July they were transferred to
bioclimatic cabinets programmed at 16 hours of light daily, 27.6OC, and 60 10% RH, and
held there throughout the remainder of their feeding period. They were confined in
screen-topped lantern globes with a Petri dish filled with artificial diet as the base. About
150 adults were confined in each of 13 lantern globes, and provided with a diet change
every 2nd or 3rd day from 8 July to 2 August.
The ingredients of the artificial diet are listed in Table 3. This is the boll weevil diet of
Sterling e t al. (1965), modified by replacing the cottonseed meal with wheat germ. In
addition, chlorophyllin, gelatin, and formaldehyde were added, and the relative amounts of
many other ingredients were changed. The diet was dispensed into Petri dishes, stored in a
refrigerator in plastic bags until used, and used within two weeks after preparation.
The beetles on the diet surface in each globe were counted prior to changing the diet. In
this way the relative numbers feeding on the diet was obtained. On 29 July corrugated
cardboard strips were placed within each globe as possible aestivation sites. Throughout the
feeding period there was a gradual decrease in the average number of beetles on the diet
surface. Thus, the average number of beetles on diet in the 13 globes was 61 beetles on 10
July, the first time the diet was changed, and 13 beetles per globe on 2 August, the date
they were placed in storage. During the diet feeding period, 14.5% of the beetles died. This
figure does not represent the entire feeding period, as all of these beetles had fed previously
in the field. Comparable data is not available on the mortality for plant-fed beetles in the
field or laboratory for this feeding period.
The diet-fed beetles were stored in closed plastic boxes in the same manner mentioned
previously. Mortality in each carton was checked every 30 days (Table 2).
Diet-fed beetles did not live as long on the average as those fed on plants and maintained
under the same conditions. By the 90th day of storage 57.8% of the diet-fed beetles were
dead while only 15% of the plant-fed beetles maintained in the same bioclimatic cabinet had
died. By the 210th day of storage 52.9% of the plant-fed beetles had died while 91.1% of
the diet-fed beetles were dead. There were beetles in both groups which lived nearly 330
days. Perhaps the few long-lived beetles in the diet-fed experiment had accumulated
sufficient food reserves in the field prior to being placed on diet, enabling them to live as
long as plant-fed beetles.

*

SUMMARY
On the basis of these experiments, it is apparent that the cereal leaf beetles can be stored
for long periods in tightly closed plastic containers containing damp paper towels. Changing
the paper towels monthly and spraying with %% sodium hypochlorite reduces contamination, ensures adequate moisture and increases the length of survival. In addition, the
duration of the survival can be used as an indirect method to determine the nutritional
adequacy of an adult artificial diet.
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Table 1. Per cent of mortality for 32,300 (1966) and 116,100(1967) adult cereal leaf
beetles stored at 3.3OC.in plastic boxes.
PER CENT MORTALITY

Days in storage

1966

28
56
84
112
140
168
196
224
280
308
336
364

1967

4

3
4
13
23
20
49
59
65
87
100

4

18
32
41
62
62
73
-

77
100

-

-

-

Table 2. Accumulative per cent mortality of adult cereaI leaf beetles fed either plants or an
under 0,8,or 16 hour
artificial diet, and stored in open and closed plastic boxes at 5.5O~
daily photophases.
ACCUMULATIVE PER CENT MORTALITY
DAYS IN STORAGE

CONDITIONS

Number
of
Beetles

30 60 90 120 150 180 210 240 270 300 300 360

Plant Fed
Open boxes

Closed boxes

Diet Fed
CIosed boxes

'LD 8:16 means 8 hours of light and 16 hours of dark daily.
DD 0.24is continuous darkness. The relative humidities within the bioclimatic cabinets
were 10 f 10% (DD 24:O) and 60f 10% (LD 8:16 and 16:8).
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Table 3. Ingredients in an adult cereal leaf beetle artificial diet.
DR Y INGREDIEIVTS IN GRAMS:
Chloroplillin Chlorophyll
Wheat Germ
Casein, Vitamin Free
D-Sucrose
Salt ~ i x t u r e - ~ 1
Brewer's Yeast
Alphacel
Egg Albumen
Cholesterol
Agar
Gelatin
LIQUID INGREDIENTS IN MILLILITERS:
Water
Wesson Oil
Wheat Germ Oil
1nhibitor2
10% Potassium Hydroxide
10% Formaldehyde
Vitamin solution1
-

'Salt mixture and Vande~zant vitamin mixture sold by Nutritional Biochemical. 26201
Miles Ave., Cleveland, Ohio.
'~nhibitor solution contained 100 ml 95% ethyl alcohol. 1 0 g. sorbic acid and 1 0 g methyl
parahydroxybenzoate.

BRIEF NOTICES
AQUATIC DIPTERA (19347). 0 . A. Johannsen; Part V by L. C. Thomsen. Los Angeles:
Entomological Reprint Specialists, 1969. [iv], 95, 74, 102, 98 pp. Hardbound, $1 1.25;
paper (1970), $5.00.
The reprinting of this still very useful work covering the North American genera of
aquatic Diptera, with its copious and excellent illustrations, is indeed welcome. The reprint
is every bit as good as the original, with original pagination maintained, the paper perhaps a
little better than the original, and in a very good buckram binding. It is unfortunate that
reprints cost so much, but then, the original edition does not even appear in recent
antiquarian catalogs.
George C. Steyskal
Systematic Entomology Laboratory, USDA
c/o U.S. National Museum
Washington, D.C. 20560
NEARCTIC WALSHIDAE: NOTES AND NEW TAXA (LEPIDOPTERA: GELECHIOIDEA). Ronald W. Hodges. Smithsonian Contributions to Zoology, 18. Washington:
Smithsonian Institution Press, 1969. [ii], 30 pp. $0.40 (from the Superintendent of
Documents, Washington, D.C. 20402).
Former Michigan microlepidopterist Hodges furnishes new information regarding distribution and food plants of the nearctic Walshiidae. 14 new species and one genus are described;
there are keys and a list of known species. Illustrations of some adults and genitalia are
included.
R. S. Wilkinson
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NORTH AMERICAN SPECIES O F THE GENUS HYDROCHOREUTES
(ACARINA:PIONIDAE)l
David R . Cook
Department of Biology, Wayne State University, Detroit, Michigan 48202

Members of the water mite genus Hydrochoreutes have a Holarctic distribution. They are
found in lakes, ponds, and sluggish streams, but usually only in small numbers and therefore
long series of specimens are difficult to obtain. Two species, ungulatus (Koch) and krameri
Piersig, have a widespread range in Europe and Siberia and the latter species is also known
from Algeria. Marshall (1937) reported ungulatus from Maine, Michigan, Wisconsin and
California. However, the present author has seen no specimens from North America which
can be assigned t o the latter species and the illustrations in Marshall's paper are definitely
not those of ungulatus. Therefore. there are no authentic records of the latter species in the
New World. Cook (1956) named a ne.w species, intermedius, from North America. Both the
description and illustrations are inadequate for the latter and it is treated along with four
new species in this paper.
The genus fiydrochoreutes is unique among the pionids in that the male possesses a well
developed petiole. The petiole consists of a central piece and two slightly shorter lateral
pieces. Each of these sclerites is made up of a plate-like portion attached to the body (Fig.
18) and an elongated posterior extension. Since the central and lateral pieces may be curved
and lie in different planes relative t o each other, a great deal of foreshortening is often
present in standard dorsal and ventral views. A lateral view is necessary in order to
understand the true proportions of the petiolar sclerites (compare figures 28 and 30). The
late Professor 0. Lundblad kindly provided the author with specimens of ungzrlatus and
kralneri from Sweden. Figures 22 and 27 illustrate lateral views of the petiole in these two
species.
111 presenting measurements, those of the holotype and allotype are given first. If a series
of specimens is available, the range of variation is given in parentheses following the
measurements of the primary types. Holotypes and allotypes will be deposited in the Field
Museum of Natural History (Chicago).
Hydrochoreutes intermedius Cook
(Figs. 1-6)
Male: Length between anterior end of capitulum and posterior end of fourth coxae
395p-456p; all coxae fused together medially but with a slight separation laterally between
the second and third coxae (Fig. 1); genital field 152p-170p in width; genital acetabula
relatively large and placed close together on their respective sides; largest acetabulum
41p-51p in width; central piece of petiole straight and extending slightly beyond the
posterior ends of the lateral pieces; lateral piece of relatively uniform height along most of
length when viewed laterally (Fig. 5).
;
133p-142p; P-111, 89p-95p; P-IV,
Dorsal lengths of the palpal segments: P-I, 3 7 p - 4 4 ~ P-11,
236p-25lp; P-V, 8lp-88p; Figure 2 illustrates the proportions and chaetotaxy of the palp in
one individual; chaetotaxy of P-IV somewhat variable with one or two of the more proximal
heavy setae absent in some individuals of the same population; dorsal lengths of the distal
segments of the f i s t leg: I-Leg-4, 274p-296p; I-Leg-5, 31911-342p; I-Leg-6, 358p-401p;
dorsal lengths of the distal segments of the third leg: 111-Leg-4, 26611-288p; 111-Leg-5,
3421.1-380~;111-Leg-6, 365p-440p; 111-Leg-4 modified as shown in Figure 4; 111-Leg-4 wit11
two heavy setae located proximal t o the heavy, curved ventral seta; dorsally-located large
heavy seta on 111-Leg-4, 140p-148p in length; all legs extremely long and provided with
swimming hairs; swimming hairs increasing in length and number on posterior legs.
Female: Length between anterior end of capitulum and posterior end of fourth coxae
6231.1-684p; all coxal groups separated; genital field 20711-251p in width; genital acetabula
large and placed relatively close to each other (Fig. 6).
l ~ h i work
s
supported in part by a grant (GB-12375) from the National Science Foundation
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Hydrochoreutes intermedius Cook. Fig. 1, ventral view, male; Fig. 2, medial view of palp,
male; Fig. 3, P-IV and V, female; Fig. 4, lateral view of 111-Leg-4, male; Fig. 5, lateral
view of petiole, male; Fig. 6, ventral view, female.
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Dorsal lengths of the palpal segments: P-I, 64p-72p; P-11, 228p-266~;P-111, 1 8 2 p - 1 9 7 ~ ;
P-IV, 502p-547p; P-V, 144p-15611; P-V only slightly curved; Figure 3 illustrates P-IV and V;
dorsal lengths of the distal segments of the first leg: I-Leg-4, 547p-585p; I-Leg-5,
562p-608p; I-Leg-6,425p-456p; all legs extremely long and provided with swimming hairs as
in male.
Material Examined: 14 males, 3 females, taken in the Polson Bay area of Flathead Lake,
Lake County, Montana, June 29, 1954 (type locality).
Hydrochoreutes minor, n. sp.
(Figs. 7- 12)
Male: Length between anterior end of capitulum and posterior end of fourth coxae
334p(312p-364p); all coxae fused medially but with a separation laterally between second
and third coxae (Fig. 7); genital field 1 2 5 ~(1 18p-138p) in width; genital acetabula placed
relatively close together (in some specimens, similar t o those illustrated in Figure 1); largest
acetabulum 29p (29p-32p) in width; central piece of petiole relatively short but slightly
longer than lateral pieces; tip of central piece slightly trifid at distal end when viewed
dorsally, and appearing notched in lateral view (Fig. 11); lateral piece of petiole curved
dorsally, distal half gradually tapering to a point.
Dorsal lengths of the palpal segments: P-I, 33p (31p-37p);P-11, 11 lp (1 11~-124p);P-111,
7811 (77~-83p);P-IV, 199p (185p-207p); P-V, 59p (59p-66p); Figure 9 illustrates the
proportions and chaetotaxy of the palp; P-IV of some specimens bears an additional heavy
seta; dorsal lengths of the distal segments of the first leg: I-Leg-4, 220p (20611-228p);
I-Leg-5, 25 lp (240p-25 lp); I-Leg-6, 3 19p (297p-3 19p); dorsal lengths of the distal segments
of the third leg: 111-Leg-4, 213p (198~-216p);111-Leg-5, 273p (25811-288p); 111-Leg-6,
334p-380~0:111-Leg-4 modified as shown in Figure 10; 111-Leg-4 with two heavy ventral
setae proximal t o the heavy, curved ventral seta; dorsally-located large heavy seta on
111-Leg-4, 104p (1 0411- 120p) in length; all legs extremely long and provided with swimming
hairs; swimming hairs increasing in number and length on posterior legs.
Female: Length between anterior end of capitulum and posterior end of fourth coxae
471p (440~-516p);all coxal groups separated; genital field 196p (177p-235p) in width;
usually with a pronounced separation between the genital acetabula on their respective sides
(Fig. 8).
Dorsal lengths of the palpal segments: P-I, 53p (45p-53p); P-11, 197p (186p-212p); P-111,
152p (148p-163p); P-IV, 395p ( 3 8 0 ~ - 4 4 0 ~P-V,
);
121p (89p-121p); Figure 12 illustrates
P-IV and V; chaetotaxy of P-IV variable, with four t o six heavy setae present on inner
surface; dorsal lengths of the distal segments of the fust leg: I-Leg-4, 395p (365~-42511);
I-Leg-5,407p (395p-42511); I-Leg-6,327~(304p-349p): swimming hairs as in male.
Holotype: Adult male, taken in the southeast end of Pontiac Lake, Oakland County,
Michigan (T3N/R8E/S 14), May 13. 1960.
Allotype: Adult female, same area as holotype on June 24, 1967.
Paratypes: 1 male, taken at the mouth of Bessey Creek (at junction with Douglas Lake),
Cheboygan County. Michigan (T37N/R3W/S18), August 6, 1949; 1 female, from Portage
Lake, Washtenaw County, Michigan (TlS/R3E/Sl), May 13, 1951; 1 male, taken in the
Hook Point area of Douglas Lake, Cheboygan County, Michigan (T37N/R3W/S22), June 18,
1952; 2 males, 2 females, same area as previous collection on July 1, 1952.
Two female specimens, apparently belonging to the present species, were collected in
North Twin Lake, Mahnomen County, Minnesota, July 8, 1969. These are similar t o the
females described above but, as it is difficult to identify species with certainty from the
female alone, they are not assigned t o the type series.
Discussion: H. minor is closely related t o intermedius but the latter is a much larger
species. Petioles differ in males of the two species. The lateral piece, when viewed laterally,
is of relatively uniform height for most of its length in intermedius (Fig. 5). In minor, this
sclerite tapers rapidly in the distal one third (Fig. 11). In addition to size, the females differ
in that the genital acetabula of intermedius are very close together (Fig. 6) while those of
minor are somewhat separated (Fig. 8). Both of these North American species are related t o
the Old World species ungulatus. However, 111-Leg-4 in males of the latter species bears three
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Hydrochoreutes minor n. sp. Fig. 7, ventral view, male; Fig. 8, ventral view, female; Fig. 9,
medial view of palp, male; Fig. 10, lateral view of 111-Leg-4, male; Fig. 11, lateral view of
petiole, male; Fig. 12, P-IV and V, female.
Hydrochoreutes michigunensis n. sp. Fig. 13, P-IV and V, female.
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or four long heavy setae proximal to the ventral curved seta. Only two heavy setae are found
proximal t o the curved ventral seta in the North American forms.

Hydrochoreutes michiganensis, n. sp.
(Figs. 1 3- 19)
Male: Length between anterior end of capitulum and posterior end of fourth coxae 365p;
posterior coxal groups fused medially but anterior groups separated (Fig. 14); genital field
137p in width; genital acetabula placed close together on their respective sides; largest
acetabulum 30p in width; central piece of petiole slightly trifid at distal end when viewed
dorsally and appearing notched in lateral view; central piece of petiole distinctly shouldered
proximally when viewed laterally (Fig. 19, arrow A); lateral piece of petiole curved and
gradually tapering to a point in distal one half.
P-V,
Dorsal lengths of the palpal segments: P-I, 29p; P-11, 126.~1;P-111, 87p; P-IV, 199.~1;
61p; Figure 16 illustrates the proportions and chaetotaxy of the palp; dorsal lengths of the
;
342p; dorsal lengths of
distal segments of the first leg: I-Leg-4, 236p; I-Leg-5, 2 6 2 ~I-Leg-6,
the distal segments of the third leg: 111-Leg-4, 213.~1;111-Leg-5, 281p; 111-Leg-6, 388p;
111-Leg-4 modified as shown in Figure 17; 111-Leg-4 with two heavy ventral setae located
proximal to the curved ventral seta; the large, dorsally-located heavy, curved seta on
111-Leg-4, 89p in length; posterior two pairs of legs with a few swimming hairs.
Female: Length between anterior end of capitulum and posterior end of fourth coxae
440p (440.~1-47Ip); all coxal groups separated; genital field 170p (1 63p- 170.~1)in width;
genital acetabula placed relatively near each other on their respective sides (Fig. 15);
acetabular plates well separated from the postgenital sclerite.
Dorsal lengths of the palpal segments: P-I, 44p-48p); P-11, 160p (160p-190p); P-111, 1 2 2 ~
(12211-145~);P-IV, 289p ( 2 8 9 ~ - 3 3 4 ~P-V,
) ; 76p (76~-78p);Figure 13 shows P-IV and V;
dorsal lengths of the distal segments of the first leg: I-Leg-4, 334p (334p-395p); I-Leg-5,
338p (338p-418p); I-Leg-6, 288p (288p-304p); swimming hairs as in male.
Holotype: Adult male, coIlected at the mouth of Bessey Creek (at junction with Douglas
Lake), Cheboygan County, Michigan (T37N/R3W/S 18), August 6, 1949.
Allotype: Adult female, same data as holotype.
Paratype: I female, from Nelson's Lake, Cheboygan County, Michigan (T38N/R3W/S22),
June 21,1951.
Discussion: The pronounced shoulder on the central piece of the petiole (Fig. 19, arrow
A) will distinguish males of michiganensis from all other species of Hydrochoreutes. Females
of the present species somewhat resemble those of intennediz~sand minor but there are
differences in the palp. P-V in michiganensis is comparatively shorter and does not gradually
taper distally (compare Fig. 13 with Figs. 3 and 12).
Hydrochoreutes microporus, n. sp.
(Figs. 20, 21, 23-26)
Male: Length between anterior end of capitulum and posterior end of fourth coxae 403p;
all coxal groups separated (Fig. 20); genital acetabula arranged in an arc or triangIe;
acetabula occupying only a small portion of the surface of the acetabular plates; genital field
137p in width;largest acetabulum 2 9 in
~ width; central piece of petiole tubular, much longer
than lateral piece, upcurved, and not tapering to a point (Fig. 26); lateral piece of petiole
only slightly curved and gradually tapering distally.
;
Dorsal lengths of the palpal segments: P-I, 33p; P-11, 120.~1;P-111, 88p; P-IV, 2 2 2 ~ P-V,
59p; P-V decidedly curved ventrally; Figure 25 shows the proportions and chaetotaxy of the
palp; dorsal lengths of the distal segments of the first leg: I-Leg4,236p; I-Leg-5,28 1p; I-Leg-6,
342.~1;dorsal lengths of the distal segments of the third leg: 111-Leg-4, 205.~1;111-Leg-5, 2 7 4 ~ ;
111-Leg-6, 380p; Figure 23 shows the modification of 111-Leg-4; ventral seta immediately
proximal to the curved ventral seta shortened and thickened; all legs very long and provided
with swimming hairs; swimming hairs longer and more numerous on posterior legs.
Female: Length between anterior end of capitulum and posterior end of fourth coxae
441p (44 1 ~ -16.~1);
5
all coxal groups separated; genital bay relatively small; genital field 192p
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Hydroehoreutes miehiganensis n . sp. Fig. 14, ventral view, male; Fig. 15, ventral view,
female; Fig. 16, medial view of palp, male; Fig. 17, lateral view of 111-Leg-4, male; Fig.
18, posterodorsal view of petiole area, male (A, genital field; B, lateral piece of petiole; C,
central piece of petiole); Fig. 19, lateral view of body, male.
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Hydrochoreutes microporus n. sp. Fig. 20, ventral view, male; Fig. 21, ventral view, female;
Fig. 23, lateral view of 111-Leg-4, male; Fig. 24, P-IV and V, female; Fig. 25, medial view
of palp, male; Fig. 26, lateral view of petiole, male.
Hydrochoreutes ungulafus (Koch). Fig. 2 2 , lateral view of petiole, male.
Hydrochoreutes krameri Piersig. Fig. 2 7 , lateral view of petiole, male.
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(19211-21411) in width; acetabular plates sickle-shaped, nearly touching postgenital sclerite
posteriorly and pregenital sclerite anteriorly (Fig. 21); genital acetabula comparatively small,
arranged in an arc, and with the anterior pair well removed from the middle pair.
) ; 16711 (16711-l90p); P-111,
Dorsal Iengths of the palpal segments: P-I, 49p ( 4 9 ~ - 5 7 ~P-11,
132p (132p-136p); P-IV, 312p (312p-364p); P-V, 74p (74p-88p); P-V curved downwards;
Figure 24 ilIustrates P-IV and V; dorsal lengths of the distal segments of the first leg:
I-Leg-4, 365p (365p-422p); I-Leg-5, 373p (373p-430p); I-Leg-6, 3 12p (3 12p-3 19p);
swimming hairs as in male.
Holotype: Adult male, collected in the southeast end of Pontiac Lake, Oakland County,
Michigan (T3N/R8E/S 14), May 13, 1960.
Allotype: Adult female, same data as holotype.
Paratype: I female, same area as holotype on May 24, 1969.
Discussion: The male of the present species differs from males of all other known species
in lacking fusion of the coxal groups. Also, the large, simple, tubular, upcurved central piece
of the petiole (Fig. 26) is unique in the genus. The presence of a small genital bay and
sickle-shaped acetabular plates with widely separated acetabula is diagnostic for the female
of micropoius.

Hydrochoreutes schizopetiolatus, n. sp.
(Figs. 28-33)
Male: Length between anterior end of capitulum and posterior end of fourth coxae 395p
(380p-395p); all coxal groups fused medially but with a separation laterally between the
second and third coxae (Fig. 28); genital field 1 1811 (1 18p-122p) in width; genital acetabula
arranged in an arc; central piece of petiole with an upturned distal portion (Fig. 30); this
upturned distal portion of central piece with a median cleft; lateral pieces of petiole only
slightly curved and gradually tapering distally.
Dorsal lengths of the palpal segments: P-I, 42p (39p-42p);P-11, 141p (133p-141p); P-111,
102p ( 1 0 2 ~ - 1 0 4 ~P-IV,
);
26111 (252p-26Ip); P-V, 67p (66p-67p); a small setal tubercle
bearing a thin seta present ventrally in proximal portion of P-IV; Figure 32 illustrates the
proportions and chaetotaxy of the palp; dorsal lengths of the distal segments of the first leg:
I-Leg-4, 274p; I-Leg-5, 304p-3 12p; I-Leg-6, 362p-365~;dorsal lengths of the distal segments
of the third leg: 111-Leg-4, 182p-190p; 111-Leg-5, 304p-309p; 111-Leg-6, 380p-410p; two
thickened, curved setae present on ventral side of 111-Leg-4 (Fig. 3 1); dorsally-located curved
seta of 111-Leg-4, 89p-96p in length; all legs long and with swimming hairs; swimming hairs
on posterior legs longer and more numerous.
Female: Length between anterior end of capitulum and posterior end of fourth coxae
471p (456p-494p); all coxal groups separated; genital field 166p (155p-178p) in width;
acetabular plates slightly sickle-shaped with the posterior ends of the acetabular plates
extending medially relatively near the postgenital sclerite (Fig. 29).
Dorsal lengths of the palpal segments: P-I, 53p (50p-61p); P-11, 197p (175p-204p); P-111,
137p (137p-152p); P-IV, 361p (342p-373p); P-V, 84p (76p-84p); a small setal tubercle
bearing a thin seta present ventrally in proximal portion of P-IV; Figure 33 shows P-IV and
V; dorsal lengths of the distal segments of the first leg: I-Leg-4, 433p (403p-499~);I-Leg-5,
456p (430~-464p);
I-Leg-6, 327p (304p-334p); swimming hairs as in male.
Holotype: Adult male, taken in a pond with deeply stained water on US 90 two miles
east of Ponce de Leon, Holmes County, Florida, November 8, 1970.
Allotype: Adult female, same data as holotype.
Paratypes: 1 male, 3 females, same data as holotype; 1 male, 2 females, from a roadside
pond with deeply stained water on US 441 near junction with highway 122, Clinch County,
Georgia, November 2 1, 1970.
Discussion: Males of the present species may be easily distinguished by their possession of
a medially-cleft upturned portion at the distal end of the central piece of the petiole (Fig.
30). 111-Leg-4 of the male is also unique in that there are two heavy, curved setae on the
ventral side (Fig. 3 1). Females of schizopetiolatus, as well as the males, have a well
developed setal tubercle on the ventral side of P-IV (Fig. 33).
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Hydrochoreutes schizopetiolatus n. sp. Fig. 2 8 , ventral view, male; Fig. 2 9 , ventral view,
female; Fig. 3 0 , lateral view of petiole, male; Fig. 31, lateral view of 111-Leg-4, male; Fig.
3 2 , medial view of palp, male; Fig. 3 3 , P-IV and V , female.
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BOOK REVIEW
A SHORT HISTORY OF THE BROWN-TAIL MOTH (1782). William Curtis. London: The
Curwen Press, 1969. [v], 18, [ii], 13 pp. $9.30. Entomological Reprint Specialists, Los
Angeles, California.
This slim volume is easily one of the most attractive entomological reprints that has
appeared t o date. Most American entomologists are familiar with the story of the
"brown-tail moth," Nygmia phaeorrhoea Donovan, the European species which was
introducted into Massachusetts in the 1890s and became a serious pest in the northeastern
United States and adjoining Canada until appropriate control measures were taken. The
Brown-tail is a defoliator of forests, orchards and hedgerows, and as D. S. Fletcher explains
in his entomological notes to this reprint, populations of the species periodically build up t o
epidemic levels and create havoc. Such an outbreak occurred near London in 1782, and
caused widespread fear of a 'plague'. Curtis' pamphlet was written t o quiet these fears and
in it he described the life history of the moth, the nature of its depradations, and a
suggested method of control: removing the webs in autumn or winter, and burning them.
Curtis' pioneer effort in economic entomology is one of the rarest of entomological
books. Less than a half-dozen copies are presently located, and the Cunven reprint will be
very welcome if for this reason alone. Yet this volume in the "Classica Entomologica" series
must be praised for another feature. Esthetic quality has too often been the last
consideration of publishers of scientific reprints, but Curwen has taken the greatest care t o
assure a physically attractive book. The introductory material is printed on a good wove
paper, utilizing a very pleasing typeface and ample margins. In the facsimile portion, an
off-white machine-made laid paper has been used for closer approximation t o the original.
Comparison with my own copy of the first edition shows that Cunven has realized superb
reproduction of the colored plate, which for technical reasons must have been a difficult
task.
There is an interesting introduction concerning Curtis by the well-known historian of
botany W. T. Stearn. Curtis is best known for his Flora Londinensis (1775-98) and Botanical
Magazine (1787- ), but his entomological publications included papers and three books. In
addition to the present one, these were Instructions for Collecting and Preserving Insects
(1771), and a volume that Steam does not mention, an important English translation of
Andrew John Bladh's Fundaments Entomologiae (I 772), from the Latin version printed in
the seventh volume of Linnaeus' Amoenitates Academicae, with the addition of plates
prepared for Curtis. The only fault that can be found with Steam's introduction is that he
gives too little space to Curtis' entomological publications, a subject which would have been
more appropriate for this reprint than an explanation (however interesting) of his botanical
contributions. For example, the Bladh translation was an excellent and somewhat popular
English introduction to Linnean entomology, with a useful bibliography of entomological
books, and the Instructions was the first separate handbook of entomological techniques in
English, if we except the printed sheets of James Petiver and Benjamin Wilkes. These points
could have been made, but the absence of a well-balanced discussion of Curtis'
entomological work detracts only slightly from the overall quality of this very appealing
book.
R. S. Wilkinson
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STUDIES O N THE FECULAE OF SELECTED
MICHIGAN ACRlDlDAE (ORTHOPTERA)'
Michael Tyrkus and S. K. Gangwere
Department of Biology,
Wayne State University, Detroit, Michigan 48202

INTRODUCTION
Feculae have been used for some years in the study of insect food-habits and biology.
Among the past authors who have used them are Frost (1928), Hodson and Brooks (1956),
and Morris (1942), who discussed the use of feculae and frass in the identification of insect
species in general; Boldyrev (1928), who figured the feculae of the bradyporine katydid
Bradyporus multituberculatus; Brown (1937), who described in detail fecular microstructure in the spine-breasted grasshopper Melanoplus bivittatus; Weiss and Boyd (1 950. 1952),
who figured the feculae of representatives of selected insect orders; Gangwere (1 962). who
described the various factors responsible for shaping and coloring feculae, and with Morales
(Gangwere and Morales, 1964) erected the first formal classification of orthopteroid feculae,
and later (Gangwere, 1969) discussed the use of feculae of museum specimens as a shortcut
method for determining food-habit; Scott (1964), who constructed a pictorial key to the
droppings of cockroaches; Simeone (1964), who described the frass of posting beetles;
Bhatia and Chandra (1967), who discussed the effect of food plants on the color, structure,
and size of feculae in the locust Schistocerca gregaria; and Sardesai (1 969) who reported on
size variation in feculae of larval Lepidoptera.
With the partial exception of Gangwere and Morales (1964) and Bhatia and Chandra
(!967), investigators have paid scant attention to variations in fecular structure within given
species. The present study fills, in part, this gap in our knowledge. It describes those
differences in fecular size and structure in selected Michigan acridids that relate to sex of
defecator and type of food. It also attempts a statistical measurement of such differences.
MATERIALS AND METHODS
During the field seasons of 1964 and 1965, individuals of several species of Acrididae
were collected at the Edwin S. George Reserve, Livingston County, Michigan, and, during
the summer of 1968, at the Proud Lake and the Pontiac Lake Recreation Areas, Oakland
County, and the Stony Creek Metropolitan Park, Macomb County, Michigan. The captured
insects were maintained both in the field and in the laboratory using the rearing cages
described in Gangwere ( 1960).
All animals from the E. S. George Reserve were caged in the field. They were isolated in
individual mantid-type cages, as described by Gangwere (1960). The cages were placed on a
table within a box-like wire window screening enclosure approximately 4 ft. x 4 ft. x 3 ft.,
and the table, in turn, was left uncovered in the field. Inasmuch as the cages were exposed
to the out-of-door conditions, all testing was necessarily restricted to periods of good
weather. Preparatory to a given test, each individual animal was starved for a period of 24
hours (emptying the gut), and then was allowed to feed on a single, known species of plant
presented in a small Erlenmeyer flask. No other food was given, though each insect had
access to water from a cotton-stoppered vial. Both animals and feculae were needed for
study and measurement; thus, at the end of the feeding period, the insects were killed and
preserved in 80% alcohol, and their feculae were harvested from the cage floors.
The animals from all stations other than the E. S. George Reserve were treated in a similar
manner, except that all tests upon them were carried out in the laboratory and in absence of
the protective screen enclosure.
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The length of all feculae was measured in the laboratory under a binocular compound
microscope using an ocular micrometer. The length of the animals was taken with the
method of Gangwere and Morales (1964); it was based on the distance between the
anteriormost extension of the head capsule and the apex of the hind femur (with the latter
placed so that its long axis is parallel t o the body). This measurement was accomplished
under a binocular dissecting microscope by placing the animal in question against a rule, and
was standardized by use of an ocular micrometer.
The species investigated include the following:
Acrididae: Oedipodinae (Band-Winged Grasshoppers)
Arphia p. pseudo~zietana(Thomas)
Spharagemon b. bolli Scudder
Spharagetnon collare (Scudder)
Acrididae: Catantopinae (Spine-Breasted Grasshoppers)
Melanoplus confusus Scudder
Melanoplus s. sa~zguinipes(Fabricius)
RESULTS
The results of the study are presented entirely in tabular form. They include Table 1
(Studies on the Feculae of Selected Acrididae: Basic Data), Table 2A (Size Variation in
Defecating Animals and their Respective Feculae), Table 2B (Size Variation in Defecating
Animals and their Feculae: By Fecular Type), and Table 3 (One-Way Analysis of Variance
for Variable Ratios Between Various Populations and Groups).

Table 1. Studies on the feculae of selected Acrididae: basic data.
Plants ingested

Ave. Length Ave. Length
Ratio of Types of
~ e e d e r s 2Sex Feculae (mm) Defecators (mm) Lengths Feculae3

Equisetaceae
Equiseturn arvense
Moss sp.
Gramineae
Aristida purpurascens

Cenchrus sp.
Danthonia spicata
Eragrostis spectabilis
Leptoloma cognatum
Panicutn depauperatum
Panicurn oligosenthes

SB
MS

THE MICHIGAN ENTOMOLOGIST
Table 1 (Continued)

Poa compressa
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>>
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Poa pratensis
>,
,>
>,
>>
>,

3,

,,

.,

Setaria glazrca
Cyperaceae
Carex muhlen bergii
Cvperus fil~culmis

Cupressaceae
Juniperus sp
Polygonaceae
Rumex acetosella

Cruciferae
Lepidium virginicum
Rosaceae
Potentilla intermedia

Rztbus flagellaris

Juglandaceae
Carya ovalis
3,

?3

Carva sp.
3,

3,

Fabaceae
Desmodium illinoense

Desmodium sessilifoliuin
Lespedeza capitata

MC
MS
AP
AP
SB
SC
MS
AP
SB
SC
SC
AP
SC

F
M
M
F
F
F
F
M
M
M
M
F
F

4.56
4.42
5.25
5.25
5.88
4.96
5.34
-3.22
3.47
4.42
4.70
5.31
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Lespedeza capita ta
Lespedesa hirta

Oxalidaceae
Oxalis stricta

Fagaceae
Quercu.~rubra
Quercus sp.
Euphorbiaceae
Euphorbia corollata

Hypericaceae
Hypericum perforatum

,>.

SB
SC
MC
AP
SC

F
F
M
F
F

5.43
4.55
2.72
3.66
5.15

27
24
17
24
25

MC
MS
AP
SC

F
F
M
M

3.66
3.56
2.18
4.11

22
20
22
20

SC
MC

F
M

4.13
2.65

22
21

AP
SB
SC

F
F
F

3.33
2.89
5.44

25
30
24

MC
MC
MS
SC
SC

M
F
M
F
F

2.72
4.21
3.27
3.47
5.74

17
21
20
23
23

2.45
3.68
3.96
2.73

17
22
26
21

3.94

23

3.57
3.31
2.90
6.1 1
2.57

19
20
20
22
20

4.19

20

4.06
2.97
3.76
4.90

21
22
21
24

3.86
4.03
2.67

20
21
18

2.87
3.17
4.16
4.26

21
18
20
19

Cistaceae
Helianthemum canadense MC
M
Lechea villosa
MS
F
F
AP
SC
M
Umbelliferae
Daucus carota
MC
F
Asclepiadaceae
Asclepias syriaca
MC
F
MC
F
MS
F
SB F(nymph)
>,,
SC
F
Verbenaceae
Verbena sp.
MC
F
Labiatae
Leonurus cardiaca
MC
F
Monarda fistulosa
MS
F
AP
M
F
SC
Solanaceae
Physalisheterophylla
MC
F
MS
F
SC
M
Plantaginaceae
Plan tago aristata
MC
F
MS
M
SC
M
SC
M
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Plantago rugelii
Compositne
Achillea millefolium
Ambrosia artemisiifolia

Antennaria fallax
Antennaria neglecra

Arctium minus
Chrysan themtrm
leucanthemum
Erigeron strigosus

Gnaphalit~m
obtusifolium
Hieracium gro~zovii
Hieracium longipilum

Hieracium sp.
Lactuca sp.
Liatris aspera

Solidago juncea

Solidago nemoralis

Solidago rigida

M

3.08

21
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Table 1 (Continued)

Taraxacum officinale
Tragopogon pratensis

Verbasculn thapsus

AP
MC
MC
MS
SC
SC

M
F
F
F
F
M

23
21
21
20
23
18

--

4.2 1
5.77
3.36
4.65
3.10

--1:4.99
1:3.64
1:6.00
1:4.95
1:5.81

1C
1C
1C
1C
1C
1C

%ceding species are denoted by t h e following code: MC = Melanoplus confusus, MS = Melanoplus s.
sanguinipes, AP = Arphia p. pseudonietana, SB = Spharagemon bolli. S C = Spharagemon collare.
3 ~ a s e do n Gangwere (1962).

Table 2A. Size variation in'defecating animals and their respective feculae.
Croups and Species Tested

Fecular
N4

Defecator
N4

Mean Fecular
Length (mm)

Mean Defecator
Lengh (~nm)

Mean Variable
Ratio5

Males, all species
Females, all species
Acrididae: Oedipodinae
Arphia p. pseudonietana
A. p. pseudonietana (males)
A. p. pseudonietana (females)
Spharagemon b. bolli
S. b. bolli (males)
S b. bolli (females)
Spharagemon colkre
S collare (males)
S. collare (females)
Acrididae: Catantopinae
Melanophrs confusus
M. corzfirs~rs(males)
M. confirs~rs(females)
Melanopl~rss. sar1fl~inipes
M s sarlguirlipes (males)
M s sarlglrirlipes (females)
4~ = number
5~ariableratio = defeeator length/feeular length

Table 2B. Size variation in defecating anirnals and their feculae: by fecular type.
Types of
Feculae6

Fecular
N7

Defecator
N7

6 ~ a s e do n Gangwere (1962).
7~ = Number
%'&able
~ a t i o= defactor length/fecular length.

Mean Fecular
Length (mm.)

Mean Defecator
Length (mln.)

Mean Variable
Rat108
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Table 3. One-way analysis of variance for variable ratios (feculae: animal)
between various populations and groups.
Populations or
Groups Tested

N 1

Type 1B: Type 1C
33
Type 1B: Type BC
33
104
Type lC: Type BC
Total d: Total 9
66
Melanoplus confusus d & 0 :
Melanoplus sanguinipes d & P 48
Melanoplus confustts d & 0 :
Arphia p. pseudonietana d & P 48
Spharagemon b. bolli d & 0 :
Spharagemon collare d & P
13
Sphuragemon b. bolli d & 0 :
Melanoplus sanguinipes d & 9 13
Spharagemon b. bolli d & 0 :
13
Arphia p. pseudonietana d & 0
Spllaragemon collare d & 0 :
Melanoplus sanguinipes d & 9 44
Spharagemon collare d & P:
Arphia p, pseudonietana d & 9 44
Melanoplus sanguinipes d & P:
Arphia p. pseudonietana d & P 25
Melanoplus confusus d:
Melanoplus confi~susP
13
Melanoplus confusus d:
Spharagemorz b. bolli d
13
Melanoplus confusus d :
Spharagemon collare d
13
Melanoplus confusus d:
Melanoplus sanguinipes d
13
Melunoplus confusus d:
Arphia p, pseudonietana d
Melanoplus confusus 0 :
Spharagemon b. boNi P
Melarzoplus confusus P:
Spl~aragemoncollure ?
Melanoplus confusus 9 :
Melanoplus sanguinipes P
Melarzoplus confusus P:
Arpliia p. pseudonietuna P
Spharagemon b. bolli d:
Spharagemon b. bolli P
Spharagemon b. bolli d :
Spharagemon collare d

Mean
Mean
Variable Variable
N 2 Ratio 1 Ratio 2
104
16
16
90

0.2918
0.2918
0.1815
0.1806

13 0.1847

- 26 0.1847
44 0.1828
25 0.1828
26 0.1828

25 0.1892
26 0.1892
26 0.1958
35 0.1525
3 0.1525
270.1525
10 0.1525

13

13 0.1525

35

10 0.1966

35

17 0.1966

35

15 0.1966

35

13 0.1 966

3

100.1463

3

27 0.1463

t Value

Probabilityg
(P)

Significance
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Table 3 (Contmued)

Spharagemorl b bolli d:
Melanoplus sanguinipes d
Spharagemon b. bolli d:
Arphia p. pseudonietaiza d
Spharagemon b. bolli 9:
Spharagemon collare P
Spharagemon b. bolli 9:
Melanoplus sanguinipes P
Spharagemon b. bolli 9 :
Arphia p. pseudonietaiza P
Spharagemon collare d:
Spharagemon collare P
Spharagemon collare d :
Melarzoplus sanguinipes d
Spharagemon collare d:
Arphia p. pseudorzierana d
Spharugemorz collare 9:
Mela~zoph~s
sanguirzipes P
Spharagemorl collare P:
Arphia p. pseudoi1ierarza P
Melarzoplln sanguinipes d:
Melanoplus sanguirzipes P
Melanopllts sanguiilipes d:
Arphia p. pseudoi~ietarzad
M e h ~ l o p l u ssanguinipes 9:
Arphia p. pseudonietana P

10 0 1463

0.2007

13 0.1463

0.1845

17 0 1 9 3 7

0.1902

15 0 1 9 3 7

0.1926

13 0.1937

0.1845

17 0 1885

0.1902

10 0.1885

0.2007

13 0.1885

0.1845

15 0.1902

0.1926

13 0.1902

0.4097

15 0.2007

0.1926

13 0.2007

0.1845

13 0.1926

0.4097

9p = the probability that a t value equal t o that observed can be obtained by chance alone

DISCUSSION
In terms of Gangwere's classification of feculae of orthopteroids (1962), the feculae of
the species of Acrididae here investigated belong t o types 1 B (Fig. 1 ), 1 C (Fig. 3 ) , and BC
(an intermediate between 1B and IC) (Fig. 2). Type 1 B feculae were described by Gangwere
as typical of the Oedipodinae and Type 1C as typical of the Catantopinae. The former
pellets, which are composed of somewhat aligned fibers, are comparatively regular and
spindle-shaped in form, while the latter are always wrinkled, irregular, and unaligned. The
occurrence of these three types is closely related t o food. It was noted during the present
study that grasses and their relatives consistently give rise t o Type IB feculae; Compositae
and other "higher" forbs to Type 1C; and herbs phylogenetically intermediate between
grasses and "higher" forbs to Type BC. These differences are interpreted as directly related
to food composition.
Type 1B feculae are generally longer in comparison with length of defecator than are
either types 1C or BC feculae. Type IB f e c ~ ~ l aaveraged
e
approximately 29% of defecator
length, Type IC 18% and the intermediate BC 20% for the total number of animals
measured (Table 28, column 6).
The collective feculae of all females measured are larger than are those of the males, and
this absolute difference in size is apparently related to the size differential between the
sexes. Males of all species studied averaged 19.5294 mm. in body length, while the females
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Fig. 1. Aligned fecula (Type IB) of a grass-fed Chortophaga viridifasciata (Orthoptera: Acrididae:
Oedipodinae).
Fig. 2. Poorly aligned f e c u h (Type BC) o f a thistle-fed Chortophaga viridifasciata.
Fig. 3. Unaiigned fecula (Type IC) of a lettuce-fed Chortophaga viridifasciara.

averaged 22.21 1 mm. Thus, the feculae produced by the males are approximately 18% of
the total body length, as opposed to those of the females, which approach 23% (Table 2A,
column 6).
The larger species tend, in general, to have a greater average fecular length (Table 2A,
column 6). However, the relative ratio of fecular length t o length of body is relatively
constant at 18 to 20% for all species, except Arphia p. pseudonietana, where the ratio is
approximately 3076, possibly in response to that species' almost complete graminivory.
The males of a given species of acridid are always smaller than are the females, and with
one exception have a correspondingly lesser ratio of fecular length to body length (Table
2A, column 6). However, this difference between the sexes is statistically insignificant
(Table 3, column 8), ruling out the possibility of a physiological sexual dimorphism of the
digestive system. Melanoplus s. sanguinipes proved to be the only exception to the rule of a
higher ratio among the female sex. In this species, females average 1.8 mm. longer than do
the males, but have a fecular length-body length ratio that is 1% lower than that of the
males (Table 2A, column 6). This disparity, too, is statistically insignificant (Table 3,
column 8).
The fecular length-body length ratio may now be considered as a function of food plant.
Scrutiny of Table 2B (column 6) indicates that Type 1B feculae (composed of grasses and
their allies) exhibit a higher ratio (29%) than do the forb-type 1C feculae (18%). Moreover,
this disparity proves statistically significant (Table 3, column 8), which confirms the validity
of the acridid fecal types proposed by Gangwere (1962).
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One-way analysis of variance tests on the ratio of fecular length to animal length between
various populations and groupings is also possible, and is here carried out. The results appear
in Table 3. Based on that tabulation, males and females-regardless of species-show no
significant differences in their ratios, and the individual species-regardless of sex
tested-also show no significant differences. Indeed, of all possible combinations of species
and sex tested, only those differences between the males ofMelarzoplus confusus and those
of M. s. sanguinipes; the males of M. confusus and those of Spharagemon collare; and the
males and the females of M. confusus prove significant (Table 3, column 8). These few
significant differences could be related to some yet unstudied biological factor, but are more
likely a result of the small sample size ofM. confusus males.
SUMMARY AND CONCLUSIONS
The length of the acridid feculae here studied is in part related to size of defecator and in
part to composition of food. The length of Type 1B feculae proves primarily a consequence
of food source (being always formed of grasses), while that of Type 1C feculae is more
closely related to size of defecator than to food. As expected, the intemlediate Type BC
feculae are intermediate in this respect. The conformation of acridid feculae (as opposed to
pure length, above) is determined by the food composition. Thus, the tendency of acridids
to select assortments of food species from only a few fundamentally different kinds of
plants (i.e., grasses, forbs, shrubs, etc.) leads inevitably to the production of a limited
number of fecal types. These types were earlier named by Gangwere (1962), based on
comparative length, alignment, and shape, and the validity of the acridid types that he
proposed is statistically confirmed by the present study. It appears that, in general, the
length and form of the feculae of grasshoppers is determined by the combined influence of
defecator length and food plant composition, with food exerting the greater effect. It is
most certainly not related to the taxonomic position of the defecator. Consequently, it is
here concluded that the feculae of grasshoppers are unsuitable objects for use in systematics,
except in those relatively few species of the world-wide fauna that are highly specialized in
their food selection.
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