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M. G. de Viedma
Department of Entomology, College of Forestry, University of Madrid, Spain
The history of pure entomology in Spain begins during the Eighteenth Century and
continues until today with emphasis upon systematics. The reasons for this are several,
but chief among them must be mentioned the extraordinary richness and diversity of the
Iberian entomological fauna. This peninsula was a landbridge that in earlier geological
times linked Europe and Africa. It is highly zoned and stratified, and supports a variety
of faunal elements including European, Mediterranean, African, Atlantic and indigenous.
This rich fauna, together with a paucity of skilled entomologists, has resulted in
insufficient study of Iberian insects. Except for t h e Orthoptera, and possibly one or two
other groups, our insect fauna is still in the alpha taxonomic status, with the consequence
that it is generally not feasible to carry o u t the comparative anatomical, ecological,
physiological, or behavioral studies that can be accomplished in countries with either a
better-known fauna or with a poorer one.
As early as the Nineteenth Century, there were some distinguished entomologists in
Spain. Notable among them was Mariano d e la Paz Graells (1809-1898), who was
Professor of Zoology at the University of Madrid. In 1847 he was one of the founders of
the Royal Academy of Sciences of Spain. He described numerous species of beetles, and
studied with skill and profundity the larvae of some species of Cerambycidae. flis papers
o n t h e plant louse Phylloxera vastatrix remain t o this day a masterpiece.
Other Nineteenth Century names t o be remembered are those of Laureano PCrez
Arcas (1824-1894) and Francisco de Paula Martinez Sdez (1835-1908). Arcas was
Professor of Zoology a t the University of Madrid. By interest and training he was a
coleopterist, and he collected his beetles throughout all of Spain. Many European
scientists were, even then, interested in the Iberian fauna, and came to Spain t o study
and collect. Almost invariably they turned t o the well-known PBrez Arcas, who proved t o
be a perfect guide and host as they undertook their investigations through the country.
Martinez Sdez was the founder o f t h e Spanish Society of Natural Sciences in 1871. He
took part in the famous Spanish expedition to South America, which in 1862-1865,
traversed the South American continent and collected numerous specimens of many
zoological groups. Martinez Sdez alone collected more than 30,000 specimens, mainly in
the region of Rio Napo. Unfortunately, most of these hardgained insects were lost in
transport to Spain, and because of lack of support by the disinterested Spanish
government of that time.
The first part of the Twentieth Century was a period of notable entomological
activity in Spain. Here the name of Ignacio Bolivar (1850-1944) deserves especial
attention. Bolivar, who can b e considered the father of modern Spanish entomology,
occupied the Chair of Entomology in the Department of Biology of t h e University of
Madrid, founded t h e Laboratory of Entomology of the Natural History Museuni of
Madrid, and was a member of the Royal Academy of Sciences of Spain. He was a man of
warm, engaging personality and of exceptional learning and culture. His mastery of
languages, for example, included a thorough command of Latin, Greek, French and
English. He studied and cataloged the orthopterous fauna of the Iberian Peninsula (1900)
and North Africa, and in his innumerable writings left an indelible impression o n the
records of Spanish and European entomology. Although he was most widely known for
his scholarly activities, he was also a great teacher, and occupied his chair in the
University until retirement enabled him to undertake full-time research o n the Orthoptera.
'contribution No. 240 from the Department of Biology, Wayne State University,
Detroit, Michigan 48202, U.S.A.
' ~ r o m an address presented May 16, 1969 in De Roy Auditorium, Wayne State
University.
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Ignacio Bolivar's son, Ca'ndido Bolivar, is an internationally recognized authority on
the Orthoptera. C. Bolivar was also Professor of Entomology at Madrid, succeeding his
father to that high post. His most famous publication deals with the group Eumastacidae
(1930), and is still a basic reference in that field. Though primarily an orthopterist,
Ca'ndido also has done considerable work on beetles. Unfortunately, he was forced to
leave Spain after the Spanish Revolutionary War. He is presently in Mexico, where he is
still professionally active.
F . Bonet, the collembolist, is .also an internationally known authority. He, too, was
forced to quit Spain at the end of the Civil War.
The fourth name that must be mentioned, that of Father L. Nava's (1858-1938),
represents a different kind of entomologist than the preceding. Father Nava's was a Jesuit
who taught natural sciences in a high school of that Order. He specialized in dragonflies,
mayflies, and caddisflies, and described large numbers of species from South America,
based mostly on collections made by other Jesuits assigned to missions in that part of the
world. The Nava's collection presently is located in the Zoological Museum of Barcelona
and in the high school in Zaragoza where he formerly taught. It is very rich in types, and
is still frequently visited by specialists working with these orders of insects. Father Nava's,
as a man, was a person of peculiar character. He kept cordial relations with many
entomologists of his time, but was, to say the least, somewhat less friendly with others.
Almost all other entomologists of the fiist thud of the Twentieth Century were
amateurs. This situation was quite common in Europe at that time, and is still common
in Spain today. Most of these amateurs were well-todo people, or else they were persons
who, because of the nature of their career, had time to spare. Not surprisingly, numbered
among them are many military men and priests. We shall note first R. G. Mercet
(1860-1933), a soldier, whose interest in entomology arose late in Life, when he was
approximately 50 years of age. Mercet was an indefatigable worker and an exceptional
collector. Among his many works is his profound monograph on the encyrtid chalcidoids
(1921), which, even today, is a standard reference used by all hymenopterists of the
world. There was also M. M. de la Escalera (1871-1949), an extraordinary collector and
traveler who described hundreds of species of beetles from Spain and North Africa and
cataloged the beetles of Morocco. He was particularly known for his collecting trips
through North Africa and the Middle East, especially Iran. These trips, patronized by the
Oberthur brothers, brought to European museums thousands of species of those faunae,
which at that time were very imperfectly known. Finally, in tlie fiist thud of the
century, there was Father J. M. de la Fuente (1855-1932), a priest who collected
intensively in a small area of the province of Ciudad Real and described from there
numerous new species of beetles. His catalog of Spanish Coleoptera, unfortunately
unfinished, is still of great value.
The Civil War of 1936-1939 has already been alluded to with respect to its impact on
entomological activities in Spain. It is deserving of more direct mention. Undoubtedly it
caused tlie loss of many museum specimens, and forced the cancellation or postponement
of much needed research, but, more important, it posed a distinct threat to the very lives
of the entomologists themselves. Most biologists of that time tended to be politically
liberal and sometimes left-winged, and were sympathetic to the Republican side; they
were forced to quit Spain when the war was over. Among them were C. Bolivar, F.
Bonet, D. Peldez, and others, all of whom established themselves in Mexico, where they
are still active. (Pelaez was a competent hemipterist and an outstanding illustrator of
insects.) Other entomologists were with the opposing forces, or were not directly involved
in the war, and were able to resume their research in Spain when hostilities ceased. All,
however, were deeply affected by the conflict, with the result that virtually all scientific
activity stopped for a time.
During the second third of the Twentieth Century, there arose a figure who made
possible the renaissance of Spanish entomological systematics from the ruins of the
disastrous war. That person was Gonzalo Ceballos (1895-1967), Professor of Entomology
of the College of Forestry of the University of Madrid, a member of the Academy of
Sciences of Spain, and a prestigious hymenopterist. His entomological activities actually
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began in 1921, but aU of his important contributions date after the Civil War. His most
significant treatise is his monumental "Tribes of Hymenoptera of Spain" (1943), but
much of his research was more specialized, being concentrated on the ichneumonflies, on
which he was a world authority.
Ceballos' extensive teaching program and ambitious research, though so important to
Spanish entomology, were perhaps dwarfed by the contribution he made to the Instituto
Espafiol de Entornologfa, an organization which, to recent times, remains the single most
important force in pure entomology in Spain. Once the war was over, Ceballos grouped
the few entomologists left in the country, and he personally founded the Instituto, and
became its first director. This organization was, at first, dedicated exclusively to
systematics. It soon became a powerful international force by virtue of its extensive
collections, excellent library, competent staff, and because of the numerous publications
they produced. The Instituto is now a necessary stop for study and consultation for
every foreign entomologist with an interest in the Palearctic Fauna. However, the
Instituto's future, once so bright, has recently become clouded. In the last few years
since the death of Ceballos in March, 1967, it has undergone a complete change of
leadership, has lost several key staff members through resignation, and now faces an
unpredictable future.
Perhaps a brief digression is in order to enable a few words about the Instituto and its
collections. Its collections are very well curated and of great richness and diversity. In the
case of some groups they are of the very first order. The collection of Orthoptera (sens.
lat.), for example, is composed of over 150,000 specimens representative of the western
Palearctic Region, and is indispensible to anyone studying this order in the Iberian
Peninsula, North Africa, 01 the Canary Islands. It is also rich in Central American, South
American, and Malagasian forms.
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The Instituto's library has a rather complete collection of entomological journals,
especially those dealing with systematics. It possesses most of the journals edited in
Europe and a considerable number from the other continents. A recent estimate indicates
that there are in excess of 10,000 volumes in the library.
The journals published by the Instituto are two, Eos and Graellsia. Eos accepts
original articles dealing with any aspect of entomology but specialized in systematics. It
publishes in English, French, German, Italian, Portuguese, and, of course, Spanish, and is
open to those entomologists throughout the world who wish to publish in it. Graellsia,
named after the renowned entomologist, is concerned with the Iberian insectan fauna,
and is published only in Spanish and Portuguese.
Now let us return to the entomologists of the mid-Twentieth Century. Among others
must be mentioned Eugenio Morales Agacino, a student of I. Bolivar and a close associate
and collaborator of Ceballos. In his capacity as Executive-Secretary of the Instituto
Espaflol de Entomologia, Morales organized the institution, ran it skillfully, and was one
of its pillars of prestige abroad. Like the two Bolivars, Morales is an orthopterist of
international reputation. He served for many years as an entomological expert of the
F. A. 0. (Food and Agricultural Organization of the United Nations) in places as different
as Central America and Iran. He is today the recognized expert on the Iberian
orthopterous fauna, and is also known for his important researches on the fauna of North
Africa, especially that of the Sahara Desert.
Apart from Ceballos and Morales, I will record among the names of the prominent
modern entomologists of Spain only Francisco Espaflol, who specialized on beetles,
especially the Tenebrionidae of the Mediterranean Region and the Anobiidae of the
world; Joaquin Mateu, Carabidae of the Palearctic region; Luis Ba'guena, Aderidae of the
world and Scarabaeidae of Spain; Jose Maria Dusmet (1869-1960), aphids of Spain;
Ignacio Docavo, Braconidae of Spain; F. J. Sua'rez, mutillid wasps of the world; J. Gdmez
Menor, Iberian Homoptera; J. Gil Collado and S. V. Peris, Spanish Diptera; D. Selga,
Collembola of Spain; and myself. My principal interest lies in the systematics of certain
lignicolous beetle larvae, especially those of the families Curculionidae, Melandryidae, and
Anobiidae.
The aforementioned modern entomologists of Spain are all professional scientists.
However, there are also some noted Spanish entomologists who, without having undergone any special training in biology, have become recognized authorities in their
respective fields. They include A. Cobos, who works with the Buprestidae of the world;
R. Agenjo, Lepidoptera of Spain; J. Junco, pompilids of Spain; and C. G. de Aizpurlia,
biological cycles of certain butterflies and moths in northern Spain.
Even a cursory review of the preceding pages indicates that systematic research in
Spain, though far from complete, has been considerable, and has resulted in important
contributions. However, for reasons mentioned earlier, the results in non-systematic
research are very different. Unfortunately, I can record here only the name of J.
Templado, the author of some papers dealing with the distribution and ecology of certain
species of beetles and moths of economic importance.
THE TEACHING OF ENTOMOLOGY
Even a few years ago all entomology in Spain was taught in the Departments of
Biology of the Universities of Madrid and Barcelona and in the Agricultural and Forestry
Colleges of the University of Madrid. Today there are formal courses in entomology
taught at the following universities: Barcelona, La Laguna, Madrid, Oviedo, Pamplona,
Salamanca, and Sevilla. Moreover, the number of colleges listed above has grown by one,
the Agricultural College of Valencia. This would indicate that the field is growmg rapidly,
which is true. However, staffing of the new programs is lagging badly. Many of the
professorships are still vacant, so recently have they been instituted, and so scarce the
supply of trained personnel (mostly because it does not pay to be an entomologist in
Spain). Thus, it may be some time before certain of the above programs exist in more
than name only. Allow me to cite an example, a personal one. The Biology Department
of the University of Navarre (Pamplona) experienced such difficulty finding a Chairman
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for their program in entomology that they enlisted my services on a part-time basis. The
result was that last year I traveled weekends from Madrid (in whose College of Forestry
I hold the Chairmanship of Entomology) t o Pamplona, a distance of 800 km. round trip,
to help organize and implement their course until they can find a suitable replacement.
Unfortunately, this kind of arrangement is not uncommon.
Information relative t o the teaching of biological sciences, entomology, and the
general Spanish university system is t o be found in Gangwere, 1967 (Grad. Comment
1 0 : 1 0 2 - I l l ) , and in Viedma (Grad. Comment, in press). The reader may turn there for
whatever additional detail h e wishes.
APPLIED ENTOMOLOGY
In Spain, there are two large centers of applied entomology, both dependent o n the
Ministry of Agriculture. They are the Phytopathology Section of the Instituto de
Investigaciones Agrondmicas and the Servicio d e Plagas Forestales, both located in
Madrid, though the former also operates several field stations elsewhere in the country.
The Instituto d e Investigaciones Agrondmicas is interested in research dealing with
both biological and integrated control, and works closely with two international agencies:
0. I. L. B. (Organisation International d e Lutte Biologique) of the I. U. B. S. (International Union of Biological Sciences) and I. A. E. A. (International Atomic Energy
Agency) of the United Nations.
Among the significant works undertaken by the Instituto, we should record the
researches of Manuel Arroyo. This prominent scientist and his associates have developed
new methods for the laboratory rearing of the fruit fly Ceratitis capitata, and are able t o
use this insect as a host for parasites of the olive fruit fly, Dacus oleae. They have
published o n these rearing methods, as well as on the results of irradiating pupae of the
former species as a means of control through release of sterilized males. Their main
campaigns have been waged in Tenerife, the Canary Islands, and in Murcia, in the
southeast of Spain, both places that are geographically isolated. Results in both instances
have been good. These are promising research lines, and Spain has been at the forefront
in their continuing development. Indeed, research involving laboratory rearing and
irradiation of insects that are pests of the orange tree and other fruit trees, programs
patronized by the two previously mentioned international agencies, has recently been
centralized in Madrid, with the result that much of the future international work along
these lines is destined to bear a strong Spanish imprint.
The Instituto is spearheading a number of other kinds of programs. It is involved in
controI of the locusts of the Iberian Peninsula, particularly Dociostaurus maroccanus and
Calliptamus italicus, and carries on an active cooperation with F. A. 0. and with the
agricultural defense organizations of our former colonies in North Africa, now independent countries. Also, the Instituto has recently established a program for the control of
wheat pest Heteroptera. The above is perhaps sufficient t o indicate in a general way the
scope and direction of the organization's researches.
The Servicio de Plagas Forestales, o r Forest Pest Service, the second great center of
applied entomology in Spain, has an origin that extends back t o the beginning of the
Twentieth Century. It was founded by Manuel Aulld, then Professor of EntomoIogy in
the College of Forestry of the University of Madrid.
The principal lines of research of the Semicio deal, at the present moment, with
chemical control of the pests of oaks, especially Quercus ilex (chiefly involving the insect
pests Tortrix viridana and Lyman tria dispar); of pines (the pests Thaumethopoea
pityocampa and Pissodes notatus); and of Populus.
The Servicio has been working (financed in part by Public Law 480 of the United
States of America!) o n two broad programs especially deserving of comment. The first of
them deals with Lymantria dispar, the Gypsy Moth, a species imported into the United
States from Europe, and today an important pest in the oak forests of your country. It is
divided into two parts, both involving biological control of the insect, one through
parasitization by other insects and the other by parasitization b y viruses and bacteria.
The names of Nestor Romanyk and Adolfo Rupdrez are noted here as the respective
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principal investigators. Under the fist part of the first program (that of Romanyk), the
biological cycle and mode of action of the parasites were studied, parasites were released
for possible control, and extracts were taken from the abdomens of virgin females and
used to attract males with the object of reducing the rate of reproduction of the species.
This research, carried out in close association with the U. S. Department of Agriculture,
has given satisfactory preliminary results. The second part of the first program (that of
Rupdrez) on Lymantria dispar involves the several viruses and bacteria that attack the
insect. As the second researches are still in an early stage, the results are not yet
available.
The Second Public Law 480-financed program at the Servicio involved Populus
research recently finished under the direction of Carlos Dafauce and Domingo Cadahia.
These investigators were concerned with Saperda carcharias, S. populnea, Paranthrene
tabaniformis, Aegeria apiformis, and certain other pest species, and with the resistance of
the different strains of Populus to attack by these insects.
Finally, I would like to record the program carried out by the Servicio on the
complicated, generally misunderstood life cycle of the cone parasites of Pinus pinae. This
species of pine once grew abundantly in the forests that covered major parts of the
central plateau of Spain, particularly in the Provinces of Segovia and Valladolid. The
plant's production then declined alarmingly under the attacks of a weevil, Pissodes
validirostris, and a moth, Dioryctria mendacella. However, as a result of extensive
researches by Pedro Bachiller and his associates, the pests' biological cycles and behavior
became perfectly known, and their chemical control then proved simple and inexpensive.
Upon implementation of the recommended control measures, the pests were reduced, and
the region again became the top producer in the world of pinion, or pine kernel, with
exports in great quantity to the most distant parts of the world where it is used as an
item of delicatessens.
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INSECTS TAKEN A T JAPANESE BEETLE TRAPS BAITED WITH
ANETHOLE-EUGENOL IN SOUTHERN MICHIGAN I N 1968'
Stanley G. wellso2 and Roland L. ~ i s c h e r ~
A survey of the populations of Jap.anese beetles, Popillia japonica Newman, is made
each year in southern Michigan t o determine the abundance and distribution of this pest
insect. Since little information is available about the insects that are attracted by
Japanese beetle attractants in Michigan or anywhere in the United States, a study was
made of the insects captured in Japanese beetle traps.
Insects recovered from Japanese beetle traps baited with a geraniol-eugenol solution in
New Jersey were tabulated by Richmond and Metzger (1929) who reported that 200
specimens of Chauliognathus marginatus -F. (Cantharidae) were recovered from two traps
in the summer of 1926. In addition, in 1925, 17 specimens of Ophistomis luteicornis F.
and 15 Typocerus velutinus (Olivier) (Cerambycidae) were recovered. Additional information on insects of the Order Coleoptera recovered from 400 similarly baited traps
sampled for five days in late June near Woodstown, New Jersey was published by
Metzger and Sim (1933). This list included identified species from the following families:
Cantharidae (1 species), Carabidae (3), Chrysomelidae (4), Curculionidae (I), Elateridae
(I), Hydrophilidae (2), Scarabaeidae (23) and Silphidae (1). The species of Hymenoptera
taken at ~ l l i s ~ otraps
@ baited with lures to attract Japanese beetles o n Nantucket Island,
Mass. from mid-June to mid-October 196547 were reported by Hamilton et al. (1970).
They noted that 80% of the bumble bees taken in 1965 were identified as Bombus
bimaculatus Cresson, B. impatiens Cresson, and B. terricola Kirby. In addition, Hamilton
et al. (1971) list the orders of arthropods taken in 1965. They note that 45% of the
captures other than Japanese beetles and bumble bees were Hymenoptera, about 30%
were Coleoptera, and more than 17% were Lepidoptera. In addition, 28 species of
Scarabeidae were taken and identified during the three year study.
The insects recovered from standard Japanese beetle traps baited with anetholeeugenol in southern Michigan in 1968 are listed here. In addition, information is
presented about the occurrence, sex ratio, and number of Japanese beetles taken in the
1968 Michigan survey.
METHODS AND MATERIALS
In 1968, ca. 17,500 Japanese beetle survey traps (Fleming 1969) were used by the
Michigan Department of Agriculture in cooperation with the Plant Protection Division,
Agr. Res. Serv., U. S. Department of Agriculture to survey for the Japanese beetle in
Michigan. About 2,000 of these traps were baited with phenyl ethyl butyrateeugenol
(9:l) and located in rural Monroe, Lenawee, and Berrien Counties. These traps were not
surveyed for insects other than the Japanese beetle. The other 15,500 traps were baited
with anethole-eugenol (9:l) and located in or near the cities of Detroit, Ypsilanti,
Lansing, Battle Creek, Grand Rapids, and Kalamazoo and in rural Cass County in
southern Michigan. These traps were tended by 18 trap tenders each instructed to collect
insects daily from late June t o early September from ten traps that had representative
good catches. These collections were placed in 70% alcohol, and the species were
subsequently identified if more than ten specimens were collected. In addition, all
Japanese beetles collected during the 1968 survey program in Michigan were sexed and
counted by the date of capture.
'3. article 5014 Mich. Agr. Expt. Sta. Part of a cooperative project between the
Entomology Department of Michigan State University, Michigan Agricultural Experiment
Station, Michigan Department of Agriculture and the Entomology Research Division, Agr.
Res. Serv., USDA, East Lansing, Mich. 48823.
2~ntomologist,Entomology Research Division, Agr. Res. Serv., USDA, East Lansing,
Mich. 48823.
3~rofessorof Entomology, Michigan State University, East Lansing, Mich. 48823.
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RESULTS AND DISCUSSION
JAPANESE BEETLE IN MICHIGAN.-During 1968, 1256 Japanese beetles, 644 males
and 612 females, nearly a 1 : l sex ratio, were collected from all Japanese beetle traps
(Table 1). The sex ratio was similar for beetles from traps baited with anetholeeugenol
or with phenyl ethyl butyrateeugenol. Collections were made from 30 June to 7
September, but the largest number, nearly one-thud of the trapped beetles, was collected
between 28 July and 3 August.
Table 1.-Numbers of Japanese beetles taken in Japanese beetle traps in southern Michigan
baited with either anethole-eugenol or phenyl ethyl butyrateeugenol. 1968.
Dates

Males

Females

644

612

June 30--July 6
July 7-13
July 14-20
July 21-27
July 28-August 3
August 4-10
August 11-17
August 18-24
August 25-31
September 1-7
No date
Total

OTHER INSECTS.-The species of insects represented by more than 10 specimens
taken in traps baited with anetholeeugenol from late June to early September 1968 are
presented in Table 2. Insects occurring in fewer numbers than ten specimens were not
identified. We do not want to imply in this paper which species are attracted to the traps
and/or the bait, or which species were accidently trapped. A detailed study of insect
populations in the trapped area, as well as control traps of various colors and without
baits, would have to be compared to determine attractiveness. The insects identified from
the traps were from six Orders with insects from the Orders Coleoptera and Hymenoptera
representing 58.7 and 29.4% of the species, respectively. Five of the 23 species of
Coleoptera were previously reported by Metzger and Sim (1933) (Table 2). In addition to
being an attractant for the Japanese beetle (Fleming 1969), anethole-eugenol in Japanese
beetle traps appears to attract the corn leaf aphid, Rhopalosiphum maidis (Fitch); a
soldier beetle, Chauliognathus pennsylvanicus De Geer; the rose chafer, Macrodactylus
subspinosus (F.); and, unfortunately, the honey bee, Apis mellifera L. The four species
listed accounted for nearly 90% of all of the insects other than the Japanese beetle taken
at the Japanese traps surveyed.
It is impossible from our data to separate those species which were attracted to the
yellow color of the trap from those attracted by the odor of the attractant. Our data
indicates that about 26 honey bees were captured per trap (Table 2). Hamilton et al.
(1970) also noted that large numbers of bumble bees, Bornbus spp. were captured in
yellow traps baited with anetholeeugenol. The attractant phenyl ethyl butyrateeugenol
now used by Plant Protection Division, ARS, USDA in their survey and detection
programs (McGovern et al., 1970) is much less attractive to honey bees and bumble bees
than anethole-eugenol (Hamilton et al., 1970).
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Table 2.-Species of insects represented by more than ten specimens in samples of insects
taken in Japanese beetle traps baited with anethole-eugenol from late June to early
September 1968 in southern Michigan.
Order
Dermaptera
Hemiptera
Homoptera
Coleoptera

Family
Forficulidae
Phymatidae
Aphididae
Cicadidae
Carabidae
Cantharidae
Meloidae
Elateridae
Coccinellidae
Scarabaeidae

Chry somelidae
Ceramby cidae
Hymenoptera

Tiphiidae
Vespidae
Halictidae
Apidae

Species

No.

Forficula auricularia L.
Phymata erosa (L.)
Rhopalosiphum maidis (Fitch)
Tibicen canalicularis (Harris)
Harpalus compar LeConte
*Harpalus pennsylvanicus De Geer
Chauliognathus pennsylvanicus De Geer
Epicauta pennsylvanica (De Geer)
Hemicrepidius memnonius (Herbst)
Adalia bipunctata (L.)
Anatis quindecimpunctata (Olivier)
$*Macrodactylus subspinosus (F.)
*Pelidnota punctata (L.)
8 ~ h y l l o p h a g anxia
a
(LeConte)
8Phyllophaga crenulata (Froelich)
$Phyllophaga gracilis (Burmeister)
Phyllophaga rugosa (Melsheimer)
Popillia japonica Newmant
Serica iricolor (Say)
*Chrysochus auratus (F.)
*Leptinotarsa decemlineata (Say)
Megacyllene robiniae (Forster)
Parandra brunnea (F.)
Tetraopes tetrophthalmus (Forster)
Myzinum quinquecinctum (F.)
Polistes fuscatus (F.)
* ~ g a p o s t e m o nvirescens (F.)
t ~ p i mellifera
s
L.
SBombus impatiens Cresson
SBombus birnaculatus Cresson
$Bombus fervidus (F.)
Melissodes bimaculata bimaculata (Lepeletier)
Melissodes desponsa Smith
Melissodes illata Love11 & Cockerel1

11
22
1276
15
11
12
577
14
54
16
14
980
104
11
11
23
26
646
10
10
10
13
18
40
58
13
27
447 2
38
47
43
53
12
44

'Previously reported b y Metzger and Sim (1933).
t ~ h enumber of Japanese beetles is the total caught in all traps in the 1968 survey
program that were baited with anethole-eugenol.
8~reviouslyreported b y Hamilton et al. (1970, 1971).
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ECTOPARASITES OF ISLE ROYALE, MICHIGAN
Nixon wilsonl and Wendel J. Johnson2
Isle Royale National Park is a rocky archipelago of approximately 200 islands and
islets in northwestern Lake Superior. Politically it belongs t o the State of Michigan
situated 50 miles t o the southeast. The main island lies parallel t o the Canadian shore,
which is from 12 t o 15 miles to the northwest. It is 45 miles long, and 9 miles wide at
its broadest point. A review of the climatological, vegetational, and geological features of
the island is given by Mech (1966).
Most of the material included in this paper was collected incidently by Johnson
during a three-year study (1966-68) of the food habits of the red fox (Vulpes vulpes
(Linnaeus)), and population dynamics of three of its principal prey species--the snowshoe
rabbit (Lepus americanus), red squirrel (Tamiasciurus hudsonicus), and deer mouse
(Peromyscus maniculatus) (see Johnson, 1969). The remaining material (196061) was
collected by L. D. Mech during his studies of gray wolf (Canis lupus Linnaeus)-moose
(Alces alces) relationships (see Mech, 1966).
Previous references t o ectoparasites from Isle Royale are few. Hickie (1936) and Mech
(1966) mentioned a tick (Dermacentor albipictus) occurring on moose, Sillman (1955)
published a photograph of Cuterebra larvae collected from deer mouse, and RupeS et al.
(1971) recently described a new species of Dermacarus from a red squirrel. Lawrence et
al. (1965) studied the ectoparasites of northern Michigan mammals and recorded seven
species from the island, including the sucking louse, Neohaematopinus sciurinus Mjoberg
(= semifasciatus Ferris ?), which we d o not list.
In the present paper 20 species of ectoparasites are listed from Isle Royale, 12 for the
first time. Four are new records for the State of Michigan and several are range
extensions for species. The ectoparasite fauna is diverse for such a small, isolated area
with a limited number of vertebrate species. The island appears to occupy a critical
position in the distribution and speciation of some Siphonaptera.
In the following list, the collector is listed with the records only if someone other
than Johnson. The majority of specimens are in the collection of the senior author; a few
are in the B. P. Bishop Museum, Honolulu, Hawaii, Field Museum of Natural History,
Chicago, Illinois, and Entomological Research Collection, Purdue University, Lafayette,
Indiana.
LIST OF ECTOPARASITES
Class ACARI
Order METASTIGMATA
Family IXODIDAE
Dermacentor albipictus (Packard).-2 8 , 8 99,ex Alces alces (Linnaeus), Siskiwit Bay,
17.111.1960, L. D. Mech; 2 d , 1 9 , 28 NN, ex A. alces, 31.1.1961, LDM; 7 dd, 5 99,
5 NN, ex A. alces, 13.111.1961, LDM; 1 9 , 11.1968. This is the common winter tick of
cervids in North America and no doubt is the species referred t o by Hickie (1936) as
abundant on moose during the winter, on Isle Royale. Mech (1966) discusses its
relationship to moose on the island and adequately summarizes the findings of other
workers on the subject. Mech's notes with the material collected in January 1961,
state that the specimens were found in a ten cm diameter area, on the left shoulder of
the moose.
The adults cited above are typical albipictus and not the form nigrolineatus.

'

~ e ~ a r t m e of
n t Biology, University of Northern Iowa, Cedar Falls, Iowa 506 13.
2~cosystemsAnalysis, University of Wisconsin-Green Bay, Marinette County Camplis,
Marinette, Wisconsin 54143. Supported in part by National Science Foundation Grant
GB-5124 and the National Park Service. Journal Paper No. 4156 of the Purdue
Agricultural Experiment Station.
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Haemaphysalis leporispalustris (Packad).-All from Lepus americanus Erxleben. 2 99,
6.VI.1967; 6 dd, 11 99, 2 NN, several hosts, 7.V-26.X.1968. In North America the
rabbit tick is encountered on leporids more frequently than any other tick. These are
the first records from Isle Royale although the species is recorded from surrounding
areas.
Ixodes marxi Banks.-All from Tamiasciurus hudsonicus (Erxleben). 1 N, 16.VI.1966;
2 ??, 9.VI.1967. Tree squirrels are the favorite hosts for this tick. It was not reported
previously from the island; however, there are records from nearby localities.
Order MESOSTIGMATA
Family LAELAPIDAE
Androlaelaps fahrenholzi (Berlese).-7 99, 1 DN, ex Peromyscus maniculatus (Wagner),
VI.1966; 1 2 99, ex several P. maniculatus, VI-IX.1966; 3 ??, ex Tamiasciurus hudsonicus, 20.VII.1966; 1 9 , ex T. hudsonicus, 7.V-26.X.1968. This is a cosmopolitan
species collected most often on rodents. I t was reported from Isle Royale (Lawrence
et al., 1965).
Haemoeamasus ambulans (Thorell).-All from Perornvscus maniculatus. 1 9. VI.1966 ;. 1 9..
7 . ~ r 2 6 . x . 1 9 6 8 .H. ahbulans' is recorded from a variety of rodents and a few
insectivores with Microtus the most commonly recorded host genus. There are records
from the Upper Peninsula, but none from Isle Royale.
The specific name of this species, and the following one, is used in the sense of
Evans and Ti11 (1966 and Redington (1971), and not Keegan (1951).
Haemogamasus reidi Ewing. - 2 99, 1 DN, ex several Tamiasciurus hudsonicus,
7.V-26.X.1968. This species is listed from even a greater variety of hosts than H.
ambulans. In the eastern United States tree squirrels are reported as hosts more
frequently than any other animal. There are records from other areas.of Michigan, but
not Isle Royale.
Order PROSTIGMATA
Family TROMBICULIDAE
Trombicula (Neotrombicula) harperi Ewing and Trombicula (Neotrombicula) microti
Ewing.-Many LL, ex Peromyscus maniculatus, VIII.1967. Specimens of both species
were identified from a sample of many larvae attached near the base of the ears of
the host. T. (N.) harperi slightly outnumbered T. (N.) microti in the sample mounted.
These two species are very similar and Brennan and Jones (1959) discussed their
suspected synonymy, in which case T. (JV.) harperi has priority. Lawrence et al.
(1965) recorded both species from Iron County in the Upper PeninsuIa.
Order ASTIGMATA
Family LABIDOPHORIDAE
Dermacarus tamiasciuri RupeS, Yunker, and Wilson.-1 hypopus, ex Tamiasciurus hudsonicus, 7.V-26.X.1968. D. tamiasciuri recently was described from Isle Royale on the
basis of the above specimen (Rupei et al., 1971). This family of mites has received
little attention in North America and probably many additional species remain to be
described.
Class INSECTA
Order ANOPLURA
Family HOPLOPLEURIDAE
Polyplax auricularis Kellogg and Ferris.-1 N 2, ex Peromyscus maniculatus, VI-IX.1966.
P. auricularis is recorded mostly from different species of Peromyscus; all records are
from western states, western Canada or Mexico, except for one from New York.
Lawrence et al. (1965) did not record the genus from the Upper PeninsuIa and Cook
and Beer (1958, 1968) did not find it on over 4,000 P. maniculatus examined for lice
from Dakota and Lake Counties, Minnesota. As pointed out by Cook and Beer
(1955), some species of Polyplax appear to have distributions not coincident with that
of their hosts. This apparently is the case with P. awicularis.
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Order SIPHONAPTERA
Family HYSTRICHOPSYLLIDAE
Epitedia wenmanni wenmanni (Rothschild).-1 d, 3 99, ex Peromyscus maniculatus,
20.111.1967; 2 68, 2 99,ex several P. maniculatus, 7.V-26.X.1968; 1 d, 1 9, ex several
Tamiasciurus hudsonicus, 7 .V-26.X.1968; 1 9, ex Mustela erminea Linnaeus,
29.VIII.1968. This species is recorded from a variety of mammals with the majority
of records from mice of the genus Perornyscus. It was recorded from Isle Royale by
Lawrence et al. (1965).
Hystrichopsylla dippiei subspecies.-2 dd, 1 9, ex several Peromyscus rnaniculatus,
7.V-26.X.1968. This large flea is reported from a variety of mammals, mostly rodents
and insectivores. This is the first record from Michigan and the easternmost for the
species in the United States. H. d. dippiei Rothschild is recorded from New
Bmnswick, Canada (Brown, 1968).
There is some question as to whether the two males are the same subspecies. They
exhibit differences in the shape of sternum VIII and in the arrangement of apical
spiniform setae and number a f tubercles on the inner angle of sternum IX (Figs. 1,2).
Neither specimen appears to b e any of the species or subspecies listed by Holland
(1957). In his key they come closest to H. d. truncata Holland and H. d. spinata
Holland; however, they differ from these subspecies in the shape of sternum VIII, the
additional tuberculations, of two types, a t the inner angle of sternum IX, and the
slightly different shape of the clasper processes (Figs. 1-3). Also, both subspecies have
a western distribution. The fact the males from Isle Royale have tuberculations on the
inner angle of sternum 1X indicates they are not H. d. dippiei, the subspecies expected
on geographical grounds.
It is likely that an undescribed subspecies occurs on Isle Royale; however, a large
series of specimens needs to be studied and the limits of variation established before
this can be said for certain. A detailed study of the genus in North America is
desirable.
Rhadinopsylla difficilis Smit.-3 99, ex several Tamiasciurus hudsonicus, 7.V-26.X.1968;
1 9 , ex Mustela erminea, 29.VII1.1968. These determinations are considered tentative
inasmuch as no males were available for study. Smit (1957) described several closely
related species of Rhadinopsylla from North America and distinguished them from
Rhadinopsylla fraterna (Baker), which some specimens were confused with in the past.
All of the new species were described from a few specimens and/or from a few
localities. The genus Rhadinopsylla is in need of thorough revision in North America,
when sufficient specimens are collected.
Family CERATOPHYLLIDAE
Monopsyllus vison (Baker).-All from Tarniasciurus hudsonicus. 5 99,20.VII.1966; 1 d,
4 99,8.VIII.1967; 5 dd, 15 99,several hosts, 7.V-26.X.1968. T. hudsonicus is the true
host of this flea. It was reported from Isle Royale and other localities in the Upper
Peninsula by Lawrence et al. (1965).
Monopsyllus wagneri (Baker).-2 90, ex Perornyscus maniculatus, Conglomerate Bay,
9.VII.1966; 3 68, 4 99, ex several P. maniculatus, 7.V-26.X.1968; 1 9, ex Tamiasciurus
hudsonicus, 7.V-26.X.1968. Mice of the genus Perornyscus are the principal hosts of
this species. Lawrence et al. (1965) recorded the species from Isle Royale, but they
failed to collect it in the Upper Peninsula. The records from Isle Royale are as far
northeast as any published. Other easternmost records are from eastern and southcentral Wisconsin (Knipping et al., 1950, Haas and Dicke, 1959, Haas, 1970) and
northeastern Illinois (Layne, 1958).
The specimens from Isle Royale are closest to the form "systaltus" as illustrated
by Johnson (1961), from Minnesota, South Dakota, and Wyoming (Fig. 4).
Orchopeas caedens caedens (Jordan).-2 88, 2 99,ex Tarniasciurus hudsonicus, Windigo I.,
13.111.1960, L. D. Mech; 1 9, ex T. hudsonicus, 20.VII.1966; 16 dd, 58 99, ex several
T, hudsonicus, 7 .V-26.X.1968; 2 99,ex Mustela erminea,29.VIII.1968; 1 9 , ex Lepus
americanus, 7 .V-26.X.1968.
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Figs. 1-3. Hystrichopsylla dippiei subspecies, male. 1 , Sternum VIII and IX. 2 , Outline
of sternum VIII (setae omitted) showing variation. 3, Clasper processes (setae
omitted). Figures 1 and 3 from same specimen.
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This species has a widespread distribution in North America and is recorded most
often from T. hudsonicus.
Buckner (1964) extended the range of 0. c. caedens into southeastern Manitoba
and mentioned a record of 0. c. durus (Jordan) from western Ontario. His material
from Manitoba displayed some evidence of intergrading with 0. c. durus. The
specimens from Isle Royale appear to b e 0. c. caedens, which is an additional
extension of the range eastward (Fig. 5). Lawrence et al. (1965) recorded the same
subspecies from Isle Royale and the Upper Peninsula.
The specimens from M. erminea are probably indicative of its feeding habits and
that from L. americanus probably an accidential occurrence.
Orchopeas leucopus (Baker).-All from Peromyscus maniculatus. 4 dd, 2 #, 5 hosts,
Windigo I., 19-20.11.1960, L. D. Mech; 2 dd, 3 99, 3 hosts, Windigo I., 3.111.1960,

Fig. 4. Variation in sternum VII, spermatheca, and ductus bursae of Monopsyllus wagneri

(Baker), female.
Fig. 5. Variation in sternum VII of Orchopeas caedens caedens (Jordan), female.
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LDM; 2 99, VI.1966; 1 9, 9.VII.1966; 1 9, V111.1967; 2 &, 14 99, several hosts,
7.V-26.X.1968. The genus Peromyscus is reported most frequently as a host for this
widespread flea and there are reports from nearby areas although not from Isle
Royale.
Family LEPTOPSYLLlDAE
Peromyscopsylla hesperomys hesperomys (Baker).-1 9, ex 3 Peromyscus maniculatus,
Windigo I., 3.111.1960, L. D. Mech. Peromyscus leucopus (Rafinesque) and P. maniculatus are listed most frequently with this subspecies. The species was not recorded
from the Upper Peninsula or nearby surrounding areas and this record appears to be
the northernmost for the subspecies. Johnson and Traub (1954) reported intergrades
between this subspecies and a western one, P. h. adelpha (Rothschild), in North
Dakota, South Dakota, and Wyoming.
Family ISCHNOPSYLLIDAE
Myodopsylla insignis (Rothschild).-3 &, 2 8,ex Myotis lucifugus (Le Conte), Mott l.,
18.VIII.1967. M. insignis is widely distributed in northeastern North America with the
majority of records from bats of the genus Myotis. It was recorded from Iron County
in the Upper Peninsula (Lawrence et al., 1965).
Order DIPTERA
Family CUTEREBRIDAE
Cuterebra sp.-Several P. maniculatus carried Cuterebra larvae. They were found in deer
mice as early as 1 August and as late as 11 October; the maximum number in a deer
mouse was three.
Sillman (1955) and Lawrence et al. (1965) listed the genus from Isle Royale.
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THE MALAISE TRAP: ITS UTILITY AND POTENTIAL
FOR SAMPLING INSECT POPULATIONS
Robert W. Matthews and Janice R. Matthews
Department of Entomology, University of Georgia, Athens, Georgia 30601
Slightly over three decades have elapsed since Malaise (1937) first published plans for
the insect trap now bearing his name-a stationary mesh tent with open sides, a central
baffle, and a top-mounted collecting apparatus (Fig. 1). A non-attractant device, the
Malaise trap is based upon the observation that most flying insects hitting an obstacle
respond by flying (or crawling) upward (and thus into captivity).
In recent years, the Malaise trap has become increasingly popular among insect
taxonomists aqd collectors as a means of augmenting catch and collecting rare or
ephemeral representatives. Many variations have been developed (e.g., Townes, 1962;
Gressitt and Gressitt, 1962; Marston, 1965; Chanter, 1965; Butler, 1965), most aimed at
making the trap more portable and/or efficient for collecting a particular insect group. To
date, however, the Malaise trap has received little notice among other biologists, although
it would appear to have considerable potential in almost any field study involving flying
insects, and particularly in ecological investigations.
Total Malaise trap collections from four zoogeographic regions are recorded in the
literature (Marston, 1965; Chanter, 1965; Moczar, 1967; Geijskes, 1968; Matthews &
Matthews, 1970). When converted to a common format (Table l ) , these data are
representative of the proportionate occurrence of insect orders that can reasonably be
expected in a Malaise sample. In each collection, Diptera, Hymenoptera, Hemiptera sensu
latu and Lepidoptera comprise at least 90%. The Diptera vastly outnumber all other

Fig. 1. Malaise trap used in this study: height to top of globe, 1.7 m; base length, center
pole t o corner stake, 1.2 m; base distance between stakes, 2 m; height of side
openings, 1 m; color, gray-green. (Manufactured by Cornell Equipment Co., Inc.,
1115 N. RolIing Rd., Baltimore, Md. 21228.)
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Table 1. Total Malaise trap catch: comparison of percentage composition, by insect
orders, from one tropical and three temperate localities. Chanter's (1965) catch was only
a 24 hour sample and is not included here. Astericks represent values of less than 0.05%.

--Diptera
~leco~teral
Hymenoptera
Hemiptera
Lepidoptera
Coleoptera
Collembola
Thysanoptera
Trichoptera
Psocoptera
Neuroptera
Odonata
Mecoptera
Ephemeroptera
Orthoptera
N
Dates of Study
Source

New York

Kansas

Hungary

Surinam

44.5%
20.8
14.7
7.1
7.2
2.4
1.4
0.9
0.7
0.2
0.1

66.3%

79.8%

58.0%

12.3
6.8
4.8
5.6
3.5

10.7
5.8
3.0
0.3

19.0
2.3
14.0
4.6

*

*

0.1
0.1

*
*

0.5

*

*

0.1
0.4

0.2
0.2

*

*

1.7

*

40,348

2,927

20,7 13

90,182

2 June-31 Aug.
1967

6-13 June
1964

May-Oct.
1966

Sept. 1965Dec. 1966

Matthews & Matthews,
1970

Marston,
1965

Moczar,
1967

Geijskes,
1968

'

l ~ h abundance
e
of Plecoptera in the New York sample was aberrant, a result of the
mass emergence of Nemoura albidipennis Walker over a four week period from a small
lake in close proximity to one trap.
orders, being 2.5-7.5 times as abundant as the second place order, typically Hymenoptera.
The paucity of Coleoptera is especially notable in view of the fact that beetles
constitute the largest insect order. Their poor representation is due in part to their
tendency to drop (and thereby escape) upon encountering obstacles in flight. A series of
pans filled with detergent water and placed beneath the trap baffles would no doubt
increase the number of beetles (and certain other groups) obtained.
TRAP PLACEMENT
Since the Malaise trap samples only those insects which happen to fly through a
relatively small area, trap placement becomes a matter of utmost significance. As Gressitt
and Gressitt (1962) point out, greatest quantity results when traps are set where insect
flight tends to be concentrated by "local circumstances of topography, density or lack of
vegetation, relation to wind, water and such aspects." During the summer of 1967, we
had identical Malaise traps operating continuously for thirteen weeks in four locations
within 500 m of each other in a mesic forest habitat southwest of Albany, New York
(see Matthews & Matthews, 1970, for additional habitat details). The most productive
trap averaged 259 insects per day (range, 36-749) and obtained 59% of the entire summer
collection. Even at the ordinal level, variation between the traps' catches was striking. For
example, Diptera, the best collected group, comprised from 14.7% to 54.4% of the total
season's catch in the different traps, with even greater fluctuations over shorter time
intervals.
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At the level of the species, the basic unit in any community study, the data are even
more graphic. For example, analysis of the combined collections of sawflies (Hymenoptera: Symphyta) from three continuously operating traps reveals that 1824 individuals
belonging to 115 species were taken. A single trap obtained 95 of these species (82.5%);
only 15 species were taken by all three traps. About two-thuds of the species were
represented by five or fewer individuals, and 42 species were represented by single
individuals. Of these 42 unique species, 25 were taken in the same trap. Thus, the
addition of two more traps in the study area resulted in an increase of nearly 40% in the
number of unique species obtained, a particularly significant increment if one is
calculating species diversity indices for a given habitat. It should be clear that if one
hopes t o adequately sample the flying insect fauna of an area or wishes to minimize
catch biases reflecting trap placement, several traps should be in operation simultaneously.
RELATIVE COLLECTING EFFICIENCY
The performance of Malaise traps relative t o various other sampling methods has yet
to be rigorously investigated. To our knowledge, only one study has included Malaise
traps in comparisons with other non-attractant traps for flying insects. Juillet (1963)
found the Malaise trap to be superior to window pane and sticky traps, and only slightly
less reliable and versatile than the rotary trap. For all orders except Coleoptera, the
Malaise trap was also second only t o the rotary trap in numbers of insects captured per
cubic yard per hour. This study needs confirmation, however, as Juillet did not replicate
his samples nor make allowance for trap placement, regarding the study area as a
"uniform environment" although the single Malaise trap was situated across a path while
the other traps were placed nearby in the interior of the woodlot.
As a supplement to other sampling techniques, Evans and Owen (1965) noted that
Malaise trap collections added significantly to the number of species recorded from an
old field community. Similarly, Breeland and Pickard (1965) found that of 29 species of
mosquitoes known t o occur in their study area, Malaise traps collected 27, compared to
19, 16 and 13 species by three conventional methods. In another study (Gunstream and
Chew, 1967) which utilized both Malaise and light traps over a six week period in
California alfalfa fields, both trap methods captured the same 7 mosquito species, but in
very different proportion and reproductive condition; they concluded that the relative
representation of each species and the proportions of population classes within species
from the Malaise trap collections were likely to more nearly represent the actual
situation. Similarly, Owen (1969) noted that Malaise traps captured roughly equal
numbers of each sex of sphingid moth species, whereas light trap collections of the same
species were typically biased toward one sex or the other. In addition, the two methods
yielded quite different frequencies of the various species.
Traditionally, the most commonly used sampling technique in ecological studies has
been sweeping-a method with many shortcomings (see Southwood, 1966). To date, no
studies have directly compared sweep net samples to Malaise collections made concurrently in the same habitat. In an attempt to provide a rough indication of the relative
performance of the two methods, Table 2 compares our New York Malaise collections
with a selected subsample of one particularly comprehensive sweep sample study,
Whittaker's (1952) investigation of foliage insect communities from the Smoky Mountains
of eastern Tennessee. The two methods yielded most similar percentages in those orders
containing predominantly active fliers, such as Hymenoptera and, to a lesser extent,
Diptera. Lepidoptera appear to be more adequately sampled by the Malaise trap, perhaps
due to a more complete representation of nocturnal species. Sweep samples appear,
however, t o be more satisfactory for Coleoptera and Hemiptera, which typically exhibit
less tendency toward free flight and greater tendency to drop when disturbed.
Our preliminary analyses of concurrent Malaise and sweep samples have indicated that,
while the total ordinal percentages may be similar, within a given order the species
composition is often quite different. Gross comparison of the hymenopterous taxa in
Whittaker's and our samples (Table 2) also suggest this. For example, the proportion of
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Chalcidoidea and Proctotrupoidea was much greater in the sweep subsample, while
Symphyta and Apoidea were more abundant in the Malaise collection. While these
differences may in part be geographic and/or seasonal, they nevertheless indicate the
desirability of utilizing a variety of sampling techniques when attempting a comprehensive
sample of the insect fauna of an area, as Evans and Murdoch (1968) have done.
Table 2. Comparison of selected mesic forest Malaise trap and sweep net collections.
Malaise trap subsample obtained by omitting Plecoptera from eastern New York totals
(Matthews and Matthews, 1970). Sweep net subsample derived by summing data from
eastern Tennessee cove communities judged most similar to the above ( ~ h i t i a k e r ,1952,
localities A, B, E, L, L', M, N).
Percentage composition by order
sweep
Malaise
net
trap
Diptera
Hymenoptera
Homoptera
Coleoptera
Heteroptera
Lepidoptera
Other orders

40.1%
16.5
20.1
11.2
3.1
2.7
5.4

56.2%
18.6
8.7
3.0
0.3
9 .O
4.2

Composition of hymenopterous taxa
sweep
Malaise
net
trap
Symphyta
Ichneumonoidea
Chalcidoidea
Proctotrupoidea
Cynipoidea
Formicoidea
Apoidea
Other Aculeata

2.7%
44.9
22.8
23.7
3.3
0.2
0.9
1.5

OPERATIONAL STRENGTHS AND WEAKNESSES
Inherent in the Malaise trap design and mode of action are several advantages which
make it particularly well suited for insect community studies. It can be operated
continuously in any weather, with only occasional or a predetermined schedule of
attendance. As many replications as desired may be made simultaneously at various
locations within a study area. Because the Malaise trap functions without bait, the catch
is primarily of local origin. In addition, cost of materials needed to construct a trap is
nominal, usually less than $25, and recently at least two commercially manufactured
traps have become available.
In contrast to those obtained by sweep nets, Malaise samples are "clean"-the
collection bottle contains only whole insects, perfectly preserved, a tremendous saving on
technicians' time (and temper). Malaise samples could also be expected to contain a
higher (and no doubt more truly representative) proportion of the very small Hymenoptera and Diptera species, whereas these often either escape through the relatively
coarse mesh of the average sweep net or become lost in the crushed and sodden
vegetation which typically characterizes sweep net collections. Finally, because Malaisecaught insects generally make excellent museum specimens, taxonomists are usually more
willing to make identifications of this material.
Various physical factors may well influence the efficiency of Malaise trap operation.
Temperature, precipitation and air movement are apparently of considerable importance,
largest catches generally occurring on hot, clear, still days following rain. A more subtle,
but nevertheless real, climatic influence was noted by Townes (1962), who points out
that insects generally fly closer t o the ground in the spring because of warmer air there,
and thus are likely to enter the traps in greater numbers at this season. Height of
surrounding vegetation and location of a trap in shade or sun can also materially alter
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trap performance and efficiency. Time of year will, of course, also b e reflected in catch
composition and quantity, as many groups (e.g., sawflies, spittlebugs, see Matthews and
Matthews, 1970) have decidedly seasonal occurrence.
For comparative studies between localities or seasons, standardization of trap design
obviously becomes an important consideration, for area sampled by the trap, trap shape
and color, net mesh gauge (or replacement by plastic film, e.g., Marston, 1965), and form
and nature of collecting apparatus are but a few of the more important design variables
which have been observed to affect catch size and composition. A carefully designed
investigation into the relative importance of such parameters would be welcomed. Control
of differences due t o trap placement could be minimized by a long term study utilizing a
regular rotation schedule.
SUMMARY
The popularity of Malaise traps seems destined to grow, if for no other reason than
because they are amenable to an almost infinite variety of modifications. For example, in
an investigation of stream insect migration, Roos (1957) adapted a trap t o collect from
each side separately. DeFoliart and Morris (1967) utilized a Malaise-like trap made of
acetate sheets and baited with dry ice for seasonality studies of pest species of
hematophagous Diptera. Fresh flowers and/or honey might b e used to augment Hymenoptera, Diptera and Lepidoptera collections. Baiting traps with pheromones, as was done
recently with light traps by Howland, et al. (1969), could open a range of new
possibilities.
In conclusion, Malaise traps as non-attractant samplers of insect populations offer a
rather efficient and economical means for obtaining large quantities of data with minimal
effort. Diptera, Hymenoptera and Lepidoptera are the most adequately sampled orders,
but modifications could augment catches of various groups. With replications of
standardized traps, comparable data from different habitats or even different zoogeographic regions would be relatively easy t o obtain. Malaise traps could have additional
valuable applications in long term faunal composition and seasonality studies, species
diversity analyses, and many other ecologically oriented investigations.
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SPIDERS FROM HEADING BLUEGRASS (POA PRATENSIS L.)
I N ROSEAU COUNTY, MINNESOTA
Bruce Cutler
1747 Eustis Street
St. Paul, Minnesota 55113
Northwestern Minnesota is one of the principal producers of Kentucky bluegrass (POQ
pratensis L.) seed in the United States. Extensive areas of cropland in Roseau County are
devoted to this seed production. The natural vegetation of Roseau County is in itself
interesting, since the county straddles the ecotone between boreo-nemoral forest and
prairie. The types of plant cover include the following: prairie, jack pine forest, black
spruce-larch bog, aspen woods, spruce-fir forest, and river flood plain forest. The soil
types are consequently, quite complex. Generally, bluegrass is grown on burnt and
drained peatland, or former prairie sites. The topography of the bluegrass growing areas is
flat, and spring flooding is extensive. The climate is typically continental, with severe
winters and a three month, frost free growing season.
Du~ingthe early summer of 1966, I carried on a survey of the spiders in four fields in
northern Roseau County. These fields were surveyed from June 14 to July 7. The Foss
field was sampled five times during this period, the three other fields, four times. Samples
were taken by taking 20 sweeps while walking in the middle of each field. The same net
was used for all samples. All individual sets of 20 sweeps were non-overlapping. At no
time were the sweeps less than ten meters from an edge. During the first visits to the
fields, two to six sets of 20 sweeps per field were taken; after the first week eight sets of
20 sweeps were taken per visit to each field. Table 1 shows the distribution of specimens
per sample and species per sample of 20 sweeps.
The fields are designated by the names of the farmers who owned them at the time.
The Foss field was located seven miles north of Badger in Township 163 N., Range 42
W., Section 36. It was the only field bordering on woodland, or shelter belts, and had
trees on three sides. The Roadfeldt field was located one mile south of Badger in
Township 161 N., Range 42 W., Section 24. The field was turned over to cattle just
before the last visit, but the grazing seemed to have little effect on the spider population.
The Baumgartner field was located five miles northeast of Roseau in Township 163 N.,
Range 39 W., Section 33. The field was on burnt and drained peatland and was bordered
on one side by a drainage ditch. The Hipsher field was located three miles south of
Roseau in Township 162 N., Range 40 W., Section 36. The native vegetation of these
fields based on McMiller et 01. (1942) was:
Foss-prairie over glacial till
Roadfeldt-mixed forestgrass, aspen groves over loose sandy material
Baumgartner-spruce-tamarack bog, some white cedar over peat
Hipsher-prairie, scattered trees over Glacial Lake Agassiz deposits.
Collections were made during daylight hours from 10:30 AM to 7:30 PM. Weather
conditions at time of sampling were variable. Skies were clear to partly cloudy,
temperatures from 13°C to 32OC, winds from nearly all compass directions were from 0
to 20 miles per hour, five feet above the ground.
I t has been noted by those who have worked with bluegrass insects in Minnesota
(personal observations of Dr. A. G. Peterson, and Dr. K. C. Kim) that the fauna is varied
for a pure stand crop. This is borne out for the spider fauna also, as can be seen in Table
2. The presumed explanation for this richness is the close resemblance of the bluegrass
stands to the original prairie biome. At least 41 species are present in the bluegrass stands
(Table 2), compared to Raatikainen and Huhta's (1968) 65 species on oats, and Lowrie's
(1968) 63 species from a variety of herbaceous habitats in a montane area.

'paper No. 7668, Scientific Journal Series, Minnesota Agricultural Experiment Station, St. Paul, Minnesota 55101.
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Table 1. Frequency of number of specimens and species of spiders per 20 sweep samples.
Specimens per
20 sweep samples

Number of
samples

0
1
2
3
4
5

20
20
29

Species per
20 sweep samples

0
1
2

7
8
9
10
11

20
25
36

18

3

19

6

4
5
6
7
8
9
10
11

11
4
1
0
0
1
0
0

8
5
3
1
4
1
1

6

Number of
samples

Table 2 has been drawn so that it may be readily compared with Table 2 of
Raatikainen and Huhta (1968). Spiders were sampled in the Finnish oat fields by
sweeping three spots in the field no less than five meters from an edge, and taking 20
sweeps at each spot. The time of year almost exactly coincides with the time in this
study. They collected from June 26 t o July 15.
Table 2. Numbers of specimens of the different species of spiders caught in bluegrass fields.
Spiders
B*
Araneidae
Araneus sp.
Mangora placih (Hentz)
Neoscona arabesca (Walckenaer)
Singa variabilis Emerton
Dicty nidae
Dictyna coloradensis Chamberlin
Dictyna manitoba Ivie
Dictyna minuta Emerton
Dictyna phylax Gertsch and Ivie
Dictyna sancta Gertsch
Dictyna sp.
Linyphiidae
Erigoninae
Catabrithorax plumosus (Emerton)
Ceraticelus laetus (0.P.-Cambridge)
Ceratinops inflatus (Emerton)
Eperigone contorta (Emerton)
Erigone a tra Blackwall
Minyrioloides trifrons (0.P.-Cambridge)
Minyriolus arenarius (Emerton)
Oedothorax trilobatus (Banks)
Tmeticus ornatus (Emerton)
Erigoninae sp.

F

Fields
H

R

Total

197 1

THE MICHIGAN ENTOMOLOGIST

125

Table 2. (Continued)
Spiders
B*

F

Fields
H

R

Total

Liny phiinae
Bathyphantes canadensis (Emerton)
Bathyphantes gracilis (Blackwall)
Bathyphantes pullatus (0.P.-Cambridge)
Meioneta fabra (Key serling)
Tennesseellum n. sp.
Lycosidae
Pardosa sp.
Pirata insularis Emerton
Pirata rnaculatus Emerton
Pirata sp.
Salticidae
Marpissa grata (Gertsch)
Sitticus palustris (Peckham)
Sitticus striatus Emerton
Tetragnathidae
Tetragnatha candata Emerton
Tetragnatha laboriosu (Hentz)
male
female
immature
Theridiidae
Achearanea globosa (Hentz)
Theridion unimaculatum Emerton
Theridiidae sp.
Thomisidae
Philodromus sp.
Tiballus maritimus (Menge)
Xysticus discursans Keyserling
Xysticus sp.
Total
Male
Female
Immature
*~bbreviationsfor the fields are: B=Baumgartner, F=Foss, H=Hipsher, R=Roadfeldt.
Table 3 shows comparisons for selected groups of spiders from my Table 2, and
Raatikainen and Huhta's (1968) Table 2. The percentage of linyphiids is the major
difference being almost three times higher in Minnesota. Thornisids and theridiids are
relatively more abundant in the Finnish material, Dictyna spp. more abundant in
Minnesota material. I t is noteworthy that in both localities a species of Tetragnatha is the
dominant spider.
Lowrie (1967, 1968) comments on the ecology of Tetragnatha laboriosa and notes
that it is the most abundant spider species in drier meadow situations and wood clearings.
I t was by far the most abundant species in the bluegrass stands of this study. Even with
almost onequarter of the total number of spiders collected, it was surpassed by T.
extensa in the Finnish oat fields, comprising almost one-third of the specimens collected.
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Table 3. Comparison of families and genera between Finnish oat fields, and Minnesota
bluegrass fields in June and July. Finnish data from Raatikainen and Huhta (1968),
percentages computed by B. Cutler.
Percentage of total
spider fauna
(specimens) from
Finnish oats

Taxon

.

Percentage of total
spider fauna
(specimens) from
Minnesota bluegrass

All Tetragnatha spp.
All Araneus spp.
All Dictyna spp.
Clubionidae
Linyphiidae
Lycosidae
S'dticidae
Theridiidae
Thomisidae

In that study, 63.2% of the specimens collected were adult. Similarly I found 53% of
spiders collected in bluegrass t o be adults. On the other hand Lowrie (1968) notes that
76% of the spiders he collected were immature. Since Lowrie collected from June
through August, it would be expected that his data would show a higher percentage of
immatures. In north temperate regions, summer is the period of maturation.
Table 4 shows the number of spiders per 20 sweeps of several workers. Lowrie's
figures (1968) were originally in terms of 50 sweeps, but were converted by me to
specimens per 20 sweeps. The variability between fields is high, and I have no
explanation for this variability. The average for all fields is almost the same as that
reported for the Finnish oat fields. It is somewhat higher than Lowrie's (1968) figure for
dry meadows, and considerably lower than his figures for wet meadows.
Table 4. Average number of specimens per 20 sweeps. Lowrie's data was converted by
me from 50 sweep samples.
Baumgartner bluegrass
Foss bluegrass
Hipsher bluegrass
Roadfeldt bluegrass
All four bluegrass fields pooled
Finnish oat fields (Raatikainen and Huhta, 1968)
Dry mountain meadow, Grand Tetons (Lowrie, 1968)
Moist peat meadow, Illinois (Lowrie, 1968)
Moist mountain meadow, Grand Tetons (Lowrie, 1968)

In summary, the resemblances between my study and that of Raatikainen and Huhta
(1968) are strong, and suggestive of more than coincidence. Both dominant species
belong t o the genus Tetragnatha, both show a rich species composition, and both appear
to have a similar density of spiders. The last is perhaps, the least defensible, since net
sizes, strides, and arm lengths were surely different. Nevertheless, the similarities are
compelling, and are worthy of notice, if only t o serve as a goad to future workers.
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