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ABSTRACT

The Vittata Group of the genus Epicauta contains
31 species. Seven of these are confined to North
America; one ranges from Central America to central
South America; the rest are confined to South Amer-
ica. All the species from North America (Epicauta
vittata, E. occidentalis, E. temexa, E. abadona, E.
tamara, E. vitticollis, and E. unilineata) and three of
those from southern South America (Epicauta mon-
achica, E. luteolineata, and E. leopardina) are com-
pared in detail with respect to ecology, behavior,
and reproductive biology (courtship, copulation,
oviposition, and development and hatching of eggs).
Field and laboratory studies establish a high degree
of uniformity among the species of the group in all

characters except those of male courtship behavior.
Differences in courtship behavior are especially
marked between sympatric species. Little of the vari-
ation among taxa in biological characters is explica-
ble on the basis of variation in the physical
environment of the taxa. The group is formally de-
fined and a diagnostic key to the species occurring in
North America is presented. Species accounts giving
synonymy, locality records, and (for the North
American species) analyses of geographic variation
are presented. New species in the group are Epicauta
temexa, E. tamara, E. aragua, and E. apure. Epi-
cauta kraussi var. purpureiceps is given species sta-
tus as Epicauta purpureiceps.

INTRODUCTION

The Vittata Group of the meloid genus Epi-
cauta Dejean is a previously unrecognized New
World taxon containing 31 species. Included
among these are the familiar striped blister
beetles of the eastern and central United States
and northern Argentina, several of which have
long been known as pests of potatoes, alfalfa,
and numerous other crops. Seven of the species
are confined to the North American continent;
one ranges from Central America to central
South America; the rest are confined to the
South American continent.

In the present paper the seven species en-
demic to North America and three species from
southern South America are considered in detail
with respect to ecology, behavior, and re-
productive biology. The approach to these sub-
jects is highly comparative, since two of the
principal objectives of our study are to eluci-
date the ecological and behavioral differences
involved in coexistence of species of the group
in a given geographical region and to obtain an
extensive and sound set of measurements of
specific characteristics on which to base sys-
tematic and phylogenetic analyses. We attempt
to determine the factors that determine the par-
ticular pattern of geographic variation exhibited
by the species of the Vittata Group and, in
particular, the degree of geographic overlap or
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sympatry of the species. Whether differences
between sympatric species are lacking or are
less marked in allopatric species and whether
ecological correlations of biological characters
help explain distributional differences between
species are questions that prompted us to un-
dertake this study. The systematic portion of
the work includes a formal definition of the
group, a diagnostic key to the species occurring
on the North American continent, and species
accounts providing synonymy, locality records,
and (for the North American species) analyses
of geographic variation. For the North Ameri-
can species this treatment amounts to a tax-
onomic revision in the traditional sense. Of
necessity, the treatment of the South American
representatives of the group is, from the sys-
tematic viewpoint, limited and highly prelim-
inary.

Sequels to this work now in preparation con-
sider the postembryonic ontogeny of the 10 spe-
cies given detailed treatment here and the
comparative anatomy and identification of the
larvae of these and several other species of the
Vittata Group. Additional studies of ecology,
behavior, and systematics of the group in South
America are in progress or in the planning
stage. At the completion of the project informa-
tion from all studies will be incorporated in a
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numerical taxonomic analysis of considerable
proportion that we hope will permit us to draw
reliable conclusions regarding the evolutionary
history of the group and the contemporary fac-
tors determining its form and distribution.
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MATERIALS AND METHODS

SPECIES STUDIED: The species of the Vittata
Group treated in detail in this study are Epi-
cauta vittata, E. occidentalis, E. temexa, E.
abadona, E. tamara, E. vitticollis, E. uni-
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lineata, E. monachica, E. luteolineata, and E.
leopardina. The last three of these are South
American in distribution, the others are North
American. Within E. vittata we have recog-
nized and studied two subspecies or geographi-
cal races (the typical and lemniscate races),
bringing the total number of taxa treated to 11.
In addition, we have studied several other spe-
cies of the group in greater or lesser detail;
however, the results of these additional studies
came too late for inclusion in the present work.

SOURCE OF MATERIAL: The treatment of in-
traspecific and interspecific anatomical variation
in the adult stage and the distributional relation-
ships of the taxa is based on examination of
preserved material from a large number of in-
stitutional and private collections, as acknowl-
edged in the introduction to this work,
supplemented by large collections of each of
the taxa from one or more localities made by
us in the course of the study.

For behavioral studies we used both adults
collected in the field and adults reared in the
laboratory. Fieldwork in support of the study
involved numerous trips in Illinois and neigh-
boring states, as well as major trips to the
southern United States (South Carolina, Flor-
ida, Mississippi, Tennessee, and Texas), Mex-
ico (Sinaloa and Veracruz), and Argentina
(primarily in the state of Santiago del Estero).
Information regarding the source of field-
caught, live material and its use in the study is
summarized in table 1. The number of indi-
viduals obtained from a locality varied consid-
erably. From most of the localities we obtained
a minimum of 100 individuals, although rarely
did we maintain such numbers for an extended
period of time.

As outlined below, extensive use was made
in quantitative behavioral studies of adults of
the various taxa reared in the laboratory from
eggs produced by field-caught females. Infor-
mation on the source of the field-caught paren-
tal stocks involved in these rearings is also
included in table 1. Several hundred adults
were reared in the course of the study.

USE OF FIELD-CAUGHT MATERIAL: Adults
from the field were our primary source of
qualitative information on behavior. Some of
this information was obtained in the field, but

the bulk came from the observation of the be-
havior in groups of caged, field-caught indi-
viduals. On first encountering.a species in the
field we invariably made detailed descriptions
of feeding, sexual, and other behavior, and
took several hundred feet of motion pictures of
these activities. As it turned out, we never
experienced a failure of transporting samples to
the laboratory, and our preliminary studies
were generally supplemented by extensive peri-
ods of observations and filming in the labora-
tory. In addition, field-caught adults were used
in tests of feeding preferences, tests of homo-
specific and heterospecific sexual interactions,
and, in the case of E. vittata, a hybridization
experiment involving the two races. Samples of
field-caught females were also used for ovariole
counts. Finally, as mentioned above, eggs used
in rearings were provided by field-caught fe-
males. Most of the field-caught material was
preserved, after death, for anatomical study.

As a general rule, both in the field and
laboratory, - field-caught adults were maintained
in sexually mixed groups of five to 20 indi-
viduals per cage. Commonly we used type B
cages (see below) for this purpose. Once in the
laboratory, field-caught adults were maintained
in the manner described below for reared
adults, except that the former were generally
caged in groups.

USE OF REARED ADULTS: Measurements of
longevity in the adult stage and all quantitative
records of reproductive behavior were made on
the basis of systematic, daily recordings of
reared adults maintained in what we refer to as
the paired situation. Aspects of reproductive
behavior studied in this manner include court-
ship and copulatory behavior, the ontogeny and
patterning of courtship behavior and copulation
during adult life, the patterning of oviposition
and its relationship to courtship and copulation,
fecundity, hatching time of eggs, and the rela-
tionship of number and size of eggs to female
body size. Note that reference to age or lon-
gevity of individuals in these studies is always
to the number of days in the adult stage.

On emerging as an adult, a reared individual
destined for assignment to the paired situation
was isolated in a type C cage (see below),
where it was kept throughout its adult life ex-
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TABLE 1
Source of Field-caught Adults and Their Use in the Study

Usage
Note Feeding Sexual Behavior Rearing Ovariole

Species, locality, date number Obs.  Tests Obs. Films  Tests number counts
E. vittata (typical race)

Buncombe and West Vienna,

Johnson Co., Illinois, Sept. 1,

1970 10/11-70 — — X — — 24 —

Natchez Trace State Park,

Henderson Co., Tennessee,

Sept. 2, 1970 — — — X — — — —

Dorsey, Itawamba Co.,

Mississippi, Sept. 3, 1970 e — — X — — — —

Skyline, Lee Co., Mississippi,

Sept. 3, 1970 15-70 — - X — — 24 —

Omega, Marion Co., Illinois,
Sept. 11, 1970 30-70 — — X — — — —

Henderson Co., Tennessee,
June 27-30, 1971 1-71 X X — — — — X

Ferne Clyffe State Park and
Goreville, Johnson Co., Illinois,

June 8-9, 1972 126-72 X — — — — — -
7 mi. W. Golconda, Pope Co.,
Illinois, July 9, 1972 127-72 X X — — — — —

Cowling, Wabash Co., Illinois,
Aug. 27, 1972 — X — — _ — — —

Sidney, Champaign Co.,
Illinois, Sept. 16, 1972 — X — — — — — —

Johnson, Pope, and Saline
counties, Illinois, July 21-23,
1973 1-73 X X — —_ — 44 —

Mason State Forest, Mason Co.,
Mlinois, Aug. 3-5, 1973 — X — — — — — —

E. vittata (lemniscate race)
4 mi. SW Jacksonboro, Colleton
Co., South Carolina, Sept.
14-17, 1973 — X —_ — — — — —

Walterboro, Colleton Co., South
Carolina, Sept. 14-17, 1973 3.73 X — X X X 46 —

E. occidentalis
Ferne Clyffe State Park,
Johnson Co., and Jonesboro,
Union Co., Illinois, July 1-3,
1970 1-70 X —_ — — — Pre —
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TABLE | — (Continued)

Usage
Note Feeding Sexual Behavior Rearing Ovariole

Species, locality, date number Obs.  Tests Obs. Films  Tests number counts

Buncombe and West Vienna,

Johnson Co., Illinois, Sept. 1,

1970 13/18-70 — — X —_ — 23 —_

Natchez Trace State Park,

Henderson Co., Tennessee,

Sept. 2, 1970 — — —_ X — — — —

Dorsey, Itawamba Co.,

Mississippi, Sept. 3, 1970 19-70 — — — — — 23 —

Skyline, Lee Co., Mississippi,

Sept. 3, 1970 14-70 - — — — — 23 —

Omega, Marion Co., Illinois,

Sept. 11, 1970 31-70 X — X — — — —

Henderson Co., Tennessee,

June 27-30, 1971 2-71 X X —_ — — — X

Ferne Clyffe State Park,

Johnson Co., Illinois, July 8-9,

1972 125-72 X X — — — — —

7 mi. W Golconda, Pope Co.,

Illinois, July 9, 1972 128-72 X X — — —_— — —

Johnson, Pope and Saline

counties, Illinois, July 21-23,

1973 2-73 X X — — — 45 —_
E. temexa

Apodaca, Nuevo Ledn, Mexico,

Aug. 21, 1962 — — — X —_ — — X

Pearsall, Frio Co., Texas, Oct.

7-8, 1971 43-71 X — X X X —_ —

Dilley, Frio Co., Texas, Oct.

7-8, 1971 44-71 X — X X — 254 —

Beeville, Bee Co., and Berclair-

Goliad, Goliad Co., Texas, Oct.

9-10, 1971 45-71 X — X X — 25 X
E. abadona

Culiacén, Sinaloa, Mexico,

Sept. 26-27, 1972 300-72 X — X X — 40 X
E. tamara

Culiacédn, Sinaloa, Mexico,

Sept. 26-27, 1972 301-72 X — X X — 41 —

E. vitticollis
Cotaxtla Agr. Exp. Sta.,
Veracruz, Mexico, Sept. 30,
1972

302-72 X — X X — 42 —
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TABLE | — (Continued)

VOL. 162

Usage

Note

Feeding

Sexual Behavior Ovariole

Species, locality, date

E. unilineata
Cotaxtla Agr. Exp. Sta.,
Veracruz, Mexico, Sept. 30,
1972 303-72 X

E. monachica
Amaicha del Valle, Tucumdn,
Argentina, Dec. 25, 1964 20-64 X

Santiago del Estero, Santiago
del Estero, Argentina, Dec.

20-28, 1972 100-72 X

E. luteolineata
Santiago del Estero, Santiago
del Estero, Argentina, Dec.

23-27, 1972 103-72 X

E. leopardina
Santiago del Estero, Santiago
del Estero, Argentina, Dec.

20-27, 1972 101-72 X

Villa Marfa, Cérdoba,
Argentina, Dec. 30, 1972 — X

number Obs.  Tests Obs. Films  Tests

Rearing

number counts

“Also Exp. 27.

cept for daily exposure for a period of one hour
to an individual of the opposite sex. Pairings of
beetles to be exposed to each other were estab-
lished as soon as possible after emergence of
adults and were maintained until the death of
the female of the pair.

For the daily period of exposure to each
other the two adults of an established pair were
placed in a clean type C cage with white blotter
paper on the floor and with a small piece of
food plant at the center of the cage, on the
paper. Temperature was monitored during the
exposure period by means of a thermistor probe
placed in a dummy cage. For all species and
races each pair was observed continuously for
at least the first 15 minutes. During the first 15
minutes we recorded whether courtship oc-
curred and made descriptive notes of the behav-
ior. Occasionally certain activities were timed
by means of stop watches. In addition, we
recorded whether copulation was initiated dur-

ing the hour period, and in many cases we
recorded the total duration of the copulatory
behavior.

In addition to providing data on the on-
togeny and patterning of reproductive behavior
during adult life, the study of reared adults in
the paired situation yielded detailed information
on oviposition behavior of the females. Egg
masses laid by females were collected daily and
incubated. Subsequently, the number of eggs in
each mass, the number developing to a recog-
nizable embryo, and the number hatching were
determined.

In the case of paired adults of E. vittata
(typical race), E. occidentalis, E. temexa, E.
monachica, and E. luteolineata detailed daily
records of male courtship activity were made
by using an Esterline-Angus 20-pen event re-
corder. For each pair of these species behavior
was recorded continuously for 15 minutes, be-
ginning with the first appearance of courtship
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behavior in the daily period of exposure.
However, if no courtship was expressed during
the first 15 minutes of the hour, the detailed
quantitative recording was omitted for that day.

Several females each of E. virtata (typical
race), E. occidentalis, E. tamara, E. mon-
achica, and E. luteolineata were kept in total
isolation throughout their adult lives but other-
wise treated precisely in the manner of females
in the paired situation. We refer to these as
virgin females, and frequent comparison is
made between them and their counterparts in
the paired situation.

It is useful to define two data sets derived
from our studies of adults in the paired situa-
tion and virgin females. In the course of our
study we obtained quantitative data relating to
reproductive behavior for 61 pairs of adults in
the paired situation and 44 virgin females. The
data for these adults, taken together, constitute
the full reproductive data set. This data set was
used in the analysis of adult longevity and the
relation of egg size to female body size. For
the remainder of the analyses of reproductive
behavior we restricted the data set to one con-
sisting of information on 46 pairs and 15 virgin
females. Criteria for inclusion in this restricted
reproductive data set were that (1) the female
lived for at least one month and died naturally;
(2) she oviposited at least twice; (3) accurate
counts of her egg masses were obtained; and
(4), for sexual pairs, at least one of her egg
masses hatched.

MAINTENANCE OF ADULTS IN THE LABORA-
TORY: Adults were kept in a windowless room
with a light-tight door. Two fluorescent light
fixtures on the ceiling, each with two 40-watt
tubes, operated automatically to provide a 12-
hour daily photophase. Temperature averaged
about 25°C., with maximum fluctuation daily
of 3°C. Relative humidity in the room varied
from 40 to 60 percent.

Two types of cages were used for field-
caught adults in the mixed group situation.
Cage type A measured internally 21 cm. in
length, width, and height and was constructed
largely of lucite plastic with sliding sheets of
glass on the top and front. The two sides and
back were provided with screened ports 10 cm.
in diameter. Cage type B, also used for field-

caught adults, was somewhat smaller and rec-
tangular, measuring internally 18.3 cm. in
length, 13 cm. in width, and 9.5 cm. in height.
This cage was entirely plastic in construction;
its lid had a screened port 7 cm. in diameter.
Beetles held in cages of type A and B were
free to interact with one another except for
occasional periods when the sexes were isolated
for special purposes. Cage type C, used for
maintenance and observation of adults in the
paired situation and of virgin females, was a
smaller version of cage type B, measuring in-
ternally 12 cm. in length, 8 cm. in width, and
6 cm. in height and with the screened port in
the lid 3.8 cm. in diameter.

All cages had a floor covering of white blot-
ting paper. Food provided was simply laid on
the floor of the cage. Cages containing one or
more females had a circular plastic dish 5.1
cm. in diameter and 3.6 cm. in depth filled
with moistened silica sand as a medium for
oviposition. The sand was prepared by adding
de-ionized water to air-dried sand in the
amount of 10 percent of its volume.

Very early in the study we found that adults
were congregating on the moistened sand,
when available, and this and other indications
made it apparent that the humidity was below
optimum for the species. We therefore adopted
as standard procedure the covering of the cage
ports with white blotter paper, in order to in-
crease the humidity within the cages.

Daily care of the beetles in the laboratory
involved cleaning the cages, replacement of the
blotting paper on the floor, replacement of the
oviposition dishes, and the addition of fresh
food. Leaves of Solanum dulcamara and S.
tuberosum were the principal food materials.
Occasionally it was necessary to use leaves of
Amaranthus retroflexus or Lycopersicum es-
culentum as a supplement or substitute for
those of the Solanum species.

RECORDING OF BEHAVIOR: In the field, ob-
servations and filming were carried out in sun-
light or light shade. Observations, recording,
and filming in the laboratory were conducted in
a room with physical conditions like those of
the adult maintenance room except that the il-
lumination consisted of a fluorescent light fix-
ture suspended 32 cm. above the floor of the
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cage in which the beetles were confined. For
observation and recording two 40-watt tubes
were used in the fixtures. Most of the motion
pictures were taken with an Arriflex 16 mm.
Camera outfitted with a macro lens. During
filming, two additional 40-watt tubes in the
light fixture were turned on, providing suffi-
cient light for the use of an f-stop between 8
and 11 at 24 fps. with Kodak Plus-X negative
film. In addition to several hundred still photo-
graphs we took 10,000 feet of motion picture
film of behavior (primarily courtship).

FEEDING CHOICE TEsTs: These tests con-
sisted of exposing adults in individual type C
cages to inch-square leaf sections of two differ-
ent plants and recording, after a period of one
hour, the relative amount of feeding on the
sections. Adults were deprived of food for
about six hours before the beginning of a test.
Every experiment of this sort involved simul-
taneous testing with at least two species of
Epicauta. Care was taken to balance the experi-
ments with respect to the spatial arrangement of
the leaf sections within cages. Adults were as-
signed to cages randomly.

INCUBATION OF EGGs: Eggs masses were re-
covered from cages daily, placed in individual
autoclaved, cotton-stoppered 3-dram lip vials,
and incubated in darkness at 27° C. and 100
percent RH. Humidity was maintained by keep-
ing the vials in large desiccator jars having 500
ml. of distilled water in the bottom. Larvae not
used in rearings were killed and preserved in
70 percent ethyl alcohol a few days after hatch-
ing occurred.

REARINGS: Most of the reared adults used in
the study were obtained from a series of care-
fully controlled experimental rearings con-
ducted at three temperature cycles. All rearings
(and incubation) were carried out in darkness in
temperature control cabinets. The means of the
cycles were 22, 27 and 32° C., respectively.
Each cycle was restricted to a range of 7° C.,
the thermostat of the incubator being set at the
minimum of the cycle for 12 hours and at the
maximum for 12 hours daily. Temperature set-
tings were established by use of thermistor
probes inserted in dummy rearing tubes. Rela-
tive humidity was 100 percent; it was main-
tained in the manner described above. Larvae
were confined individually in glass tubes stop-
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pered at each end with cotton and containing
eggs of the acridid grasshopper Melanoplus dif-
ferentialis laid in the laboratory by females col-
lected locally in the field. Complete details and
the analysis of the results of these rearings will
be presented elsewhere.

Some additional rearings of the nature de-
scribed were carried out to obtain supplemental
adults of E. vittata (typical race), E. occiden-
talis, E. monachica, and E. luteolineata. Fur-
ther rearings of samples of each taxon were
conducted to obtain larval specimens in the
different instars. In the case of E. luteolineata,
limited rearings were attempted using larvae
hatched from eggs produced by virgin females.
A rearing of E. occidentalis was undertaken
specifically to investigate possible inheritance
of ontogenetic patterns. Finally, hybrids of the
two races of E. vittata were reared.

ANALYSIS OF DATA: Most of the statistical
analyses in this work are in the form of anal-
yses of variance of multiple regression models.
Readers not familiar with the procedures in-
volved may consult the texts of Li (1964) and
Searle (1971). In presenting test statistics we
have used one, two, three, and four asterisks to
denote significance at the 5, 1, 0.5, and 0.1
percent levels, respectively.

In the comparison of taxa, having estab-
lished overall significance among taxa in a bio-
logical character, our primary interest has been
in determining whether real differences exist
between populations occurring together and in-
teracting in nature. Differences of this nature
have special importance in suggesting possible
lines of further investigation into the general
problem of how species so generally similar in
behavior, ontogeny, anatomy, and, apparently,
ecology as the members of the Vittata Group
are able to coexist. Secondarily, we have been
interested in the extent to which the geographi-
cal races of E. vittata, recognized mainly on
the basis of anatomical characters, are differ-
entiated in behavioral characters. As a result of
these considerations, we have restricted com-
parisons of taxa to a series of orthogonal con-
trasts between sympatric species or, in the case
of E. vittata, geographical races. In particular,
we repeatedly contrast E. vittata with E. occi-
dentalis, E. occidentalis with E. temexa, E.
abadona with E. tamara, E. vitticollis with E.
unilineata, E. monachica with E. luteolineata,
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the last two species with E. leopardina, and the
typical race of E. vittata with the lemniscate
race. Selection of the two contrasts involving
the South American species is, admittedly,
rather arbitrary. From our field experience we
judged that E. monachica and E. luteolineata

were likely to resemble each other rather
closely in most biological characters and that
direct comparison of these two species would
be of greater interest than the comparison of
either one, singly, with E. leopardina.

ECOLOGY AND BEHAVIOR

This section is concerned primarily with the
geographical and ecological relationships of the
species of the group and aspects of behavior
not immediately concerned with reproduction.

The analyses of geographic and seasonal dis-
tributions incorporate data from the literature
but are based very largely on information asso-
ciated with preserved specimens in our own
collection and those of the numerous institu-
tions whose material has been so kindly made
available to us. The treatment of nonreproduc-
tive behavior includes information from the lit-
erature and from museum specimens (feeding
records, in particular) as well as extensive orig-
inal data obtained in the course of this study.
Analyses of the development of behavior and
of longevity are based on data from systematic
observation and recording of adults of the vari-
ous species reared by us in the laboratory.

GEOGRAPHIC DISTRIBUTION
GENERAL

The Vittata Group is confined to, and widely
distributed in, the New World, where it ranges
from about 45° N (in southern Quebec, near the
Vermont border) to about 40° S (in the prov-
ince of Neuquén, Argentina). On the basis of
what appear to be major disjunctions of range,
we recognize four geographic regions in which
the group occurs.

TEMPERATE EASTERN AND CENTRAL NORTH
AMERICA: The species of this region are E.
vittata, E. temexa, and E. occidentalis.

Epicauta vittata (fig. 1) has the most exten-
sive geographic distribution of any species of
the group. Its range extends, more or less con-
tinuously, from extreme southern Quebec and
Connecticut south to southern Florida, south-
west to Louisiana and Missouri, and west to
eastern Oklahoma, Kansas, and central South

Dakota. Along the coastal region of South Car-
olina and southern Georgia and in Florida, the
species is represented by a well-differentiated
population we call the lemniscate race. This
and other aspects of geographic variation in E.
vittata are discussed elsewhere (see Systema-
tics).

To the west and southwest, over roughly
one-third of its range, E. vittata is sympatric
with E. occidentalis. The latter species (fig. 2)
ranges from southern Indiana, Tennessee, and
extreme western Georgia west to the Great
Plairs of Nebraska, South Dakota, and Color-
ado and to eastern Texas, where it extends
south along the Gulf Coast at least to the Mex-
ican border. The area of sympatry with E. vir-
tata involves about half the range of E.
occidentalis .

So far as known, only the typical race of E.
vittata is overlapped geographically by E. occi-
dentalis. However, possible sympatry of the
lemniscate race and E. occidentalis is suggested
by the close approach of the limits of range of
these taxa in Georgia.

In examining records of E. occidentalis we
noted a temporal pattern strongly suggesting
that this species may be extending its geo-
graphic range east and thus encroaching more
and more on that of E. virrata. As reference to
table 2 indicates, records of E. occidentalis in
the Great Plains states, Texas, and Louisiana
extend back, in fairly good numbers, to the
turn of the century, with a few as early as the
1880s. However, there is only one record of the
species in Arkansas-Missouri region before
1920 and none in more eastern states before
1930. At the same time, there are abundant
records of E. virtata in the area of sympatry
going back well into the past century. Even
considering regional differences in entomologi-
cal interest and activity and patterns of popula-
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F1G. 1. Geographic distribution of Epicauta vittata. Typical race indicated by solid circles, lemniscate race

by open circles.

tion of the general area of concern, we believe
that the data reflect a major eastward extension
of the range of E. occidentalis during this cen-
tury or at least a marked increase in its popula-
tion density in the eastern part of its present
range. In Illinois, Tennessee, and Mississippi,
at least, E. occidentalis seems to be presently
as abundant as E. vittata, if not more so. Simi-
lar evidence of marked, relatively recent
changes in geographic range was suggested for
E. segmenta and E. valida by Selander and
Mathieu (1969).

Epicauta temexa (fig. 3) ranges over the
southern two-thirds of Texas south to San Luis
Potosi and northern Veracruz in Mexico. There
is apparently no overlap with E. virtata, al-
though at Dallas, Texas, E. temexa is recorded
within about 175 miles of the southwestern
limit of range of that species, in southwestern
Arkansas. A relatively narrow band of sym-
patry between E. temexa and E. occidentalis
extends from Dallas south to Brownsville,
Texas. Details of the distributional relationships
of E. temexa and E. occidentalis are shown in
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TABLE 2
Frequency Distribution of Records (Series) of Epicauta occidentalis by Decades
Decades (beginning year)
Region 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970
Texas, Louisiana 1 1 8 14 20 19 24 19 21 5
Oklahoma, Kansas — — 8 19 18 42 10 42 39 1
Nebraska, South Dakota 2 — 2 12 3 7 9 4 | —
Arkansas, Missouri — — — 1 5 32 22 29 29 —
Illinois, Indiana — — — — — 1 5 26 5 14
Tennessee, Kentucky — — — — — 2 9 11 4 4
Mississippi, Alabama, Georgia — — — — — — 9 20 7 2
Colorado, New Mexico — — — — 1 1 — — 2 1

F1G. 2. Geographic distribution of Epicauta occidentalis.
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F1G. 3. Geographic distribution of Epicauta temexa.

figure 4, where records of the two species in
Texas are mapped by county.

WESTERN NORTH AMERICA: Two species, E.
abadona and E. tamara, are found in the
Sonoran Desert and south along the arid, sub-
tropical coast of Mexico. To the east they are
isolated from the previous region by the Sierra
Madre Occidental and the Central Plateau of
Mexico and to the southeast from the next re-
gion by the southern Mexican highlands.

Epicauta abadona (fig. 5) is the more
widely distributed species, ranging from south-

em Arizona through Sonora to the southern
border of Sinaloa. Epicauta tamara (fig. 6) has
been recorded from southern Sonora south
through Sinaloa to Nayarit, which is apparently
the only area in which it occurs without E.
abadona.

TrorPicAL MEXico, CENTRAL AMERICA, AND
NORTHERN SOUTH AMERICA: Six species occur
in this region. Two are confined to the North
American continent, three to South America,
and one occurs on both continents.

Epicauta vitticollis and E. unilineata are



1979 ADAMS AND SELANDER: BLISTER BEETLES 153

both strictly North American in distribution and
are, on the basis of rather limited information,
largely allopatric. Epicauta vitticollis (fig. 6)
ranges from northern Oaxaca and southern Ver-
acruz east into the Yucatin Peninsula,
Guatemala, Honduras, and Nicaragua. The
range of E. unilineata (fig. 5) is, for the most
part, more southern; it extends from Puebla and
southern Veracruz to Guatemala and El Sal-
vador. Very likely there is sympatry between
E. unilineata and E. vitticollis in central
Guatemala, but at present the two species are
definitely known to occur together only at
Cotaxtla, Veracruz.

A new species, E. aragua (heretofore misi-
dentified as E. grammica), that we have studied
(but too late for detailed consideration in this
work) ranges from El Salvador, where it occurs
with E. unilineata, south through Honduras,
where it occurs with E. vitticollis, to Venezuela
and central Colombia (fig. 7). In Venezuela
and Colombia the range of E. aragua partially
overlaps that of another new species, E. apure,
which extends south to Bolivia. Additional spe-
cies of the Vittata Group in northern South
America are E. fuliginosa from Colombia and
E. subvirtata from Guyana; detailed distribu-
tional information is available for neither of
these species.

SOUTHERN SOUTH AMERICA: In the northern
half of Argentina and adjacent areas in southern

Bolivia, Paraguay, southern Brasil, and Uru- -

guay there are 17 nominal species either defi-
nitely or tentatively assigned to the Vittata
Group. Among these are E. monachica (fig. 8),
ranging from Santa Cruz, Bolivia, through
northwestern Argentina to the provinces of
Mendoza and San Juan; E. leopardina (fig. 10),
occupying much the same region of Argentina
as E. monachica but extending farther south (to
Neuquén Province), east (to Buenos Aires
Province), and northeast (to the state of Rio de
Janeiro, Brasil); and E. luteolineata (fig. 9),
presently known only from the province of
Santiago del Estero, Argentina, where it occurs
with both E. monachica and E. leopardina.
Additional species in this region are listed
below, together with an indication of their re-
corded ranges. None of these species has been

studied in detail; most probably have more ex-
tensive ranges than indicated.

Epicauta aemula—Brasil (Sdo Paulo)

Epicauta borgmeieri—Brasil (Matto Grosso)

Epicauta bosqi—Argentina (Buenos Aires,
Chaco, Formosa, Salta, Santa Fé, Buenos)

Epicauta clericalis—Argentina (Misiones,
San Juan, Santa Fé)

Epicauta  floydwerneri—Argentina (M-
siones) and Bolivia (Santa Cruz)

Epicauta franciscana—Argentina  (Buenos
Aires, La Rioja, Santa Fé) and Uruguay

Epicauta  grammica—DBrasil  (states un-
known) and Argentina (Cérdoba, Formosa,
Salta, Santa Fé)

Epicauta  purpureiceps—Argentina
doba)

Epicauta missionum—Argentina (Misiones)

Epicauta philaemata—Argentina (Misiones)
and Brasil (Rio de Janeiro, Santa Catarina, Sao
Paulo}

Epicauta rutilifrons—Argentina (Jujuy)

Epicauta xanthocephala—Brasil (Goyaz)

Epicauta yungana—Bolivia

Epicauta  zebra—Argentina

(Cor-

(Catamarca,

@ E.occidentalis
O E.temexa

F1G. 4. Sympatry of Epicauta occidentalis and E.
temexa in Texas. Each circle represents a county in
which one or both species are recorded.



154 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

VOL. 162

FiG. 5. Geographic distributions of Epicauta abadona (circles) and E. unilineata (squares).

Coérdoba, La Rioja, Mendoza, Misiones, Salta,
Santiago del Estero, Tucuman) and Paraguay

Finally, there are three South American spe-
cies recorded from unknown localities in
Brasil. These species are E. kraussi, E. nat-
tereri, and E. strigata.

HABITATS

As indicated by the information just pre-
sented, the Vittata Group is primarily temperate
and subtropical in distribution, with only poor
representation in truly tropical areas. The vari-

ety of habitats occupied by the group is, of
course, enormous. Particularly impressive in
this regard is the North American E. occiden-
talis, which, in addition to occurring through
much of the Great Plains, ranges well into the
Eastern Deciduous Forest and extends south to
the seasonally arid subtropics of southern
Texas, and the South American E. leopardina,
which ranges from the moist tropical, forested
regions of southern Brasil through the arid sub-
tropics of northern Argentina south to temper-
ate Mendoza and Neuquén.

During the present study, we have had the
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invaluable opportunity of observing and collect-
ing adults of the Vittata Group in all the major
geographic regions in which they occur.
Whether in the eastern United States, Mexico,
Venezuela, or Argentina, we have been con-
stantly impressed with the fact that the Vittata
Group coexists very successfully with man.
One of the key elements in this is the ability of
the species of the group to utilize as food many
of the crops and garden plants cultivated by
man as well as many of the weeds associated
with his agriculture. It is also reasonable to
assume that the species are especially success-

ful in parasitizing grasshoppers associated with
agriculture. Wherever we have gone, we found
the adult beetles to be decidedly most abundant
in and around cultivated fields and pastures, in
and around farming communities, and in the
outskirts of cities. Whether in Illinois, Texas,
Sinaloa, Veracruz, or Santiago del Estero, one
can almost be assured of finding adults of one
or more species by searching in cultivated
fields, pastures, and vacant lots in the day and
by looking under lights on farms, at gas sta-
tions, at store fronts, and along the roads at
night.

F1G. 6. Geographic distributions of Epicauta tamara (circles) and E. vitticollis (squares).
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F16. 7. Geographic distribution of Epicauta aragua.

We have, of course, found the species in
more natural environments, such as forested
regions in the eastern United States, open graz-
ing land in the southwestern United States, and
desert or near-desert areas in western Mexico
and again in Argentina. However, we have had
by far the greatest success in highly disturbed
areas, as described above.

So far in the study, we have found no hab-
itat differences among sympatric populations.
This holds for those of E. vittata and E. occi-
dentalis in the central and southern United
States, E. occidentalis and E. temexa in south-
ern Texas, E. abadona and E. tamara in Sin-
aloa, E. vitticollis and E. unilineata in

Veracruz, and E. monachica, E. luteolineata,
and E. leopardina in northern Argentina. Fur-
ther, as described in later sections, there is no
evidence of significant ecological isolation of
sympatric populations on the basis of seasonal
activity periods, diel periodicity, or feeding be-
havior of adults.

SEASONAL DISTRIBUTION

ADULT STAGE

In North America the pattern of seasonal
distribution of records of adults of the Vittata
Group (table 3) is similar in most respects to
that reported for the Albida Group of the genus
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Epicauta by Selander and Mathieu (1969). In
most populations adults are not found com-

F1G. 8. Geographic distribution of Epicauta mon-
achica. Open circle indicates a province record,
without precise locality information.

Fic. 9. Geographic distribution of Epicauta
luteolineata.

monly in the field before late May or early
June, and there is a rather abrupt decline in
numbers in late September or early October.
Similarly, there is evidence in several species
for progressively earlier appearance of adults
with decreasing latitude. However, in the case
of E. temexa, which ranges geographically
from Texas south to northern Veracruz, Mex-
ico, the peak of adult activity apparently occurs
later in the year in the southern portion of the
range than in the northern. The distribution of
records of this species in table 3 is based pri-
marily on material collected in Texas. In con-
trast, the frequency distribution by month of
adults of E. temexa taken by Herndndez (1960)
in a light trap at the Apodaca Agricultural Ex-
perimental Farm near Monterrey, Nuevo Le6n,
Mexico, in 1959, indicates relatively light adult
activity before August. Between May 25 and
November 5, Herndndez captured 1340 adults,
with the following percentage distribution by
month: May 2.1, June 3.2, July 9.2, August
16.8, September 33.5, October 29.4, November
5.7. The light trap was placed near irrigated
agricultural fields, and it is possible that the
distribution recorded reflects late-season move-

-4
- =

Fic. 10. Geographic distribution of Epicauta
leopardina. Open circles indicate province records,
without precise locality information.
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TABLE 3
Percentage Distribution, by Months, of Records of Adults of Species of the Vittata Group
Months N
Species Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. records
NORTH AMERICAN SPECIES

E. vittata

Northern range? — e 0.4 0.4 1.6 13.4 428 323 8.1 0.8 0.2 — 5Q7

Southern range — — — 2.1 125 250 229 185 143 4.8 — — 336

Florida — — — 245 245 18.1 11.8 8.5 8.5 43 — — 94
E. occidentalis

Northern range?  — — — 1.6 2.2 209 328 285 127 1.4 — — 369

Southern range — - — 0.3 11.6 288 27.1 202 9.2 2.7 — — 292
E. temexa — — 0.6 28 164 249 158 17.5 14.1 6.2 1.7 — 177
E. abadona® - — — — — 88 123 509 228 18 18 — 57
E. tamara — — o — — 11.9 429 238 16.7 2.4 2.4 — 42
E. vitticollis

Mexico — — e 5.6 — 16.7 11.1 444 11.1 5.6 — 5.6 18

Central America —  10.0 50 240 240 50 50 50 50 100 50 — 20
E. unilineata — — — —_ 6.7 20.0 200 40.0 6.7 — — 6.7 16

SOUTH AMERICAN SPECIES

E. monachica 16.7 33.3 1.1 — - — — — — 5.5 1.1 222 18
E. luteolineata — 50.0 — — — — — — - — — 50.0 2
E. leopardina 25.0 25.0 25.0 — — — — — — — 6.2 18.8 16

9Northern range includes all localities north of 37° N latitude, southern range all those south, except in E. virtata, where

Florida records are tabulated separately.

bIncludes 25 collections in Arizona reported by Werner, Enns, and Parker (1966).

ment of adult populations to such fields as the
natural vegetation deteriorated.

Without exception, sympatric populations
have broadly overlapping seasonal ranges in the
adult stage (table 3). This relationship and
some details regarding geographic variation in
seasonal range are discussed in the following
paragraphs.

Epicauta vittata and E. occidentalis have
surprisingly similar seasonal distributions of
records of adults, both in their northern and
southern areas of sympatry (table 3). Relatively
little geographic effect on seasonal range is
evident for E. occidentalis, but quite a marked
one is indicated for E. vittata. Thus, while
adults are decidedly most abundant in midsum-
mer in the northern part of the range of E.
vittata, the season is sufficiently advanced in

the Florida population that peak adult activity
occurs during the spring months. In this respect
the Florida population resembles the Central
American population of E. vitticollis.

Detailed analysis of the records of E. vittata
in South Carolina, Georgia, and Florida fails to
demonstrate significant seasonal differences be-
tween the typical and lemniscate races at or
near the line of demarcation that we have
drawn between these populations. The more
southern lemniscate race shows sizeable adult
activity earlier in the year than does the typical
race. At comparable latitudes, however, the
recorded seasonal distributions of the two races
in the adult stage are essentially the same.

Returning to E. temexa, the data indicate
complete seasonal overlap with sympatric E.
occidentalis in Texas. The frequency distribu-
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tion of records of E. temexa in Texas is more
dispersed than that of E. occidentalis in that
state, but the distributions are similar in other
respects, including coincidence of their modal
months.

There is apparently complete seasonal over-
lap between E. abadona and E. tamara, which
are sympatric on the west coast of Mexico.
However, the distribution of records of the lat-
ter species is strongly skewed to the right, with
the result that its peak is reached one month
earlier than that of E. abadona. Neither species
presents evidence of geographic variation in
seasonal range.

As shown in table 3, there is substantial
indication that adults of E. vitticollis tend to
emerge earlier in Central America than in Mex-
ico. The few data for E. unilineata suggest that
the seasonal range of this species is similar to
that of the Mexican population of E. vittricollis
with which it is sympatric.

The seasonal ranges of adults of the three
South American species studied are similar to
those of the North American representatives of
the Vittata Group with respect to both the sea-
sonal placement and length (table 3). The ear-
liest records are in October and November and
the latest in March.

Epicauta monachica and E. leopardina have
an extensive area of sympatry in northern Ar-
gentina. The third species, E. luteolineata, is
known only from the province of Santiago del
Estero where it occurs with both of the other
species. The rather meager amount of informa-
tion on seasonal distribution of the adult stage
presently available does not suggest any degree
of seasonal isolation among the South Ameri-
can species studied.

Although some reared individuals in our lab-
oratory lived six months or more as adults,
mean longevity in the adult stage was on the
order of three months. The fact that the sea-
sonal ranges of species of the group in nature
may extend for six to eight months may be
accounted for by staggered emergence of adults
of a single generation and the presence of addi-
tional generations.

Ingram and Douglas (1932) reported that
adults of E. occidentalis (as E. lemniscata)
usually emerged following a rain. Further, they

found that adults remained in glass rearing
tubes for five days before burrowing out. In our
experience, recounted elsewhere, adults of this
and other species of the Vittata Group reared in
the laboratory burrowed from their pupal cells
within a few hours of reaching the adult stage.
Possibly the delay in emergence mentioned by
Ingram and Douglas resulted from the soil in
the rearing tubes becoming dry and hardened.
In any event, it is not unlikely that some differ-
ences in the time of appearance of adults in the
field arises from variation in the texturc and
moisture content of the soil. This factor, to-
gether with geographical differences in temper-
ature and environmentally and genetically
determined differences in the length of the di-
apause period in over-wintering larvae, could
easily account for the fact that the recorded
seasonal range of the adult stage for most taxa
is much longer than mean adult longevity.

The incidence of multiple generations of
species of the Vittata Group in nature has not
been investigated in detail. Previously pub-
lished reports, referring exclusively to E. vit-
tata or E. occidentalis or a mixture of these
species, indicate that populations are generally
univoltine in the northern United States, have a
sizeable incomplete second generation in inter-
mediate areas, and may have a second, and
possibly third complete generation in the South
(Riley, 1877; Forbes and Hart, 1900; Ingram
and Douglas, 1932; Gilbertson and Horsfall,
1940; Horsfall, 1943).

Two mechanisms of producing multiple gen-
erations are known in the genus Epicauta (Se-
lander and Weddle, 1969). Interestingly, both
were first discovered in species of the Vittata
Group. One, in which the larva skips the nor-
mally over-wintering coarctate larval instar and
subsequent prepupal instar and pupates a few
days after completing feeding, was first re-
ported by Ingram and Douglas (1932) in E.
occidentalis (as E. lemniscata) in Louisiana.
The other, involving supression of diapause in
the coarctate larva, was first reported by
Gilbertson and Horsfall (1940) in E. ‘“‘lem-
niscata” (= E. vittata or E. occidentalis or
both) in South Dakota. Experimental rearings
in our laboratory indicate that both mechanisms
are possessed by most, if not all, species of the
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group and are expressed rather commonly. Fur-
ther, our findings are in substantial agreement
with the reports, cited above, suggesting a lati-
tudinal gradient in the incidence of multivoltin-
ism.

IMMATURE STAGES

Postembryonic ontogeny in the Vittata
Group will be treated in detail in a separate
work. In order to pursue the discussion of mul-
tivoltinism, however, it will be useful to out-
line here the life cycle, with particular attention
to the seasonal distribution of the immature
stages.

Eggs may be present in nature from shortly
after the beginning of the adult season until
shortly after its end. For example, Ingram and
Douglas (1932) found eggs of E. occidentalis in
the field from June to November in Louisiana,
and Horsfall’'s (1943) table of the seasonal dis-
tribution of life stages in E. “lemniscata’ in
Arkansas, which we reproduce in modified
form as table 4, shows the egg stage repre-
sented from June to September.

Larvae feed during the first instar of the
triungulin phase and the four (exceptionally
five) following instars, in which the larva is
grublike in appearance (first grub phase). On
completing feeding, the first grub larva pre-
pares a cell in the soil apart from the grasshop-
per egg pod on which it fed and typically
becomes, at ecdysis, a heavily sclerotized, im-
mobile coarctate larva. Unless it is to take part
in the production of a second generation during
the same season, this larva enters diapause and
passes the winter or other unfavorable period of
the year in the coarctate phase. When, near the
beginning of the next season of adult activity,
the larva undergoes ecdysis, it again becomes
grublike in form (second grub phase). This
phase, which entails only one instar, is fol-
lowed shortly by pupation and adult emer-
gence.

As indicated in table 4, Horsfall found
coarctate larvae from September to the follow-
ing May and pupae from May to June. Al-
though under summer regimes of temperature,
larvae may complete feeding and reach the
coarctate phase in a month or less, Horsfall
reported that larvae completing feeding in Oc-
tober or later over-wintered in the first grub
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TABLE 4

Normal Seasonal History of Epicauta

“lemniscata”® in Arkansas

(Adapted from Horsfall, 1943, table 19.)

Month Stage, Phase, and Instar?

January FG,, C,

February FG,, C,

March FGS, C6

April G, SG,

May C,.SG,, P

June Cs, SG,, P, AE

July C,.SG,,P,AE T.FG, ,
August SG,,P,A,E, T, FG, , C
September A,E, T, FG, , C
October A, FG, ., C,
November FG,, C,
December FG,, C,

9Epicauta vittata, E. occidentalis, or both.

bLarval phases are triungulin (T), first grub (FG), coarc-
tate (C), and second grub (SG); instars are designated by
subscripts. P, A, and E designate the pupal, adult, and egg
stages, respectively.

phase (table 4). The table does not indicate
over-wintering in instars before the fifth, but it
is known that E. pennsylvanica (DeGeer) can
over-winter in any of the first six instars
(Horsfall, 1943) and it is probable that the same
is true of species of the Vittata Group.

Adopting the symbols of phases used in
table 4, the extended life cycle just described
for the Vittata Group may be represented as T-
FG-C giapauserSG-P-A. The two alternate pat-
terns of development mentioned, leading to
completion of the first generation in a single
season, may be represented as T-FG-P-A and
T'FG'C(nondiapause)'SG'P'A ’ respective]y .

Both Ingram and Douglas (1932) and
Horsfall (1943) associated the occurrence of the
pattern T-FG-P-A with midsummer conditions,
and Horsfall specifically implicated high tem-
perature. In an experimental study of E. seg-
menta, a member of the Albida Group,
Selander and Weddle (1969) demonstrated that
high temperature in instar FG; induces this ab-
breviated pattern. Subsequent studies in our
laboratory indicate that thermal induction of the
pattern is possible in a wide variety of species
of Epicauta, including E. vintata, E. occiden-
talis, and several other members of the Vittata
Group. According to Horsfall, larvae of E.



1979 ADAMS AND SELANDER: BLISTER BEETLES 161

“lemniscata” following the abbreviated pattern
in Arkansas appear as adults in mid- and late-
August or later and give rise to an incomplete
second generation which over-winters in the FG
or C phase. Information given by Ingram and
Douglas for E. occidentalis in Louisiana sug-
gests that second generation adults may emerge
as early as July and third generation adults by
September.

The second alternate pattern of development,
in which the coarctate larva does not diapause,
was recorded by Gilbertson and Horsfall (1940)
in “a few cases” in rearings of E. ‘lem-
niscata’ in South Dakota. In these cases, ec-
dysis to the SG phase occurred in five to eight
days and presumably was followed by pupation
and adult emergence, without further delay. In
our rearings, this particular pattern was re-
corded for all taxa of the Vittata Group with
the exception of E. abadona and E. leopar-
dina. As a general rule, however, the duration
of the coarctate phase was considerably longer
than that reported by Gilbertson and Horsfall.
Further, in several of the taxa the pattern oc-
curred as commonly as, or even more com-
monly than, the pattern T-FG-P-A.

ECONOMIC IMPORTANCE
DAMAGE TO CULTIVATED PLANTS

Species of the Vittata Group have a long
_history as pests of garden and field crops in the
United States, Mexico, and Argentina. Damage
to potatoes, tomatoes, and alfalfa is most com-
monly mentioned in the literature, but soy-
beans, sugar beets, cotton, and a variety of
truck crops and garden vegetables are also at-
tacked. An inventory of food plants of species
of the group is given in the section on Feeding
Behavior.

All three of the species occurring in the
United States (E. vittata, E. occidentalis, and
E. temexa) are of economic importance. In
South America the species of primary impor-
tance as pests are Epicauta monachica and E.
leopardina (Bosq, 1934, 1943; Hayward, 1942,
1960).

In what is perhaps one of the earliest papers
on economic entomology in the United States,
Chapman (1799) reported damage to potatoes,
beets, and purslane in gardens in Pennsylvania

by adults of E. vittata. Two years later Fabri-
cius (1801), who seldom included ecological
information in his works, noted for E. vittata:
“‘Habitat in Americae Solano tuberoso folia de-
pascens, destruens.”

According to Forbes (1905) and others,
striped blister beetles were known in the United
States as ‘‘old-fashioned potato bugs” or “‘long
Johns.” Referring perhaps to E. vittata, San-
born (1916) said that “‘before the advent of the
Colorado potato beetle this bug ranked first in
the wholesale destruction of potato vines.”
Among the many other reports of damage to
economic plants by E. virtata are those of
Forbes (1886), Claypole (1880), Hamilton
(1895), Forbes and Hart (1900), Blatchley
(1910), Watson (1917), Davis (1926), Mutchler
and Weiss (1924), Brimley (1938), Milliron
(1958), and Kirk (1969, 1970). Reports of
damage by E. occidentalis are those of Ingram
and Douglas (1932), Douglas (1935), and Dil-
lon (1952). Reports by Calvino, Ramirez, and
Inda (1920) and Herndndez (1960) apply to E.
temexa. Those of Sanderson (1905), an anony-
mous author (1908), Swenk (1913), Bruner
(1916), Baerg (1925), Gilbertson and Horsfall
(1940), Fenton and Howell (1957), Smith and
Franklin (1961), Maxwell, Lefever, and Jenkins
(1965), and Murray, Verhalen, and Bryan
(1965) refer to E. vittata or E. occidentalis or
both.

A review of the economic literature gives
the distinct impression that striped blister
beetles are of less importance as pests than they
were until perhaps the 1940s. Presumably this
reflects a decline in population size from a
height reached during the dust bowl days of the
1930s in the Midwest, the advent of modern
insecticides, and decreased interest in garden-
ing. It is our experience, in Illinois, that E.
pestifera (Werner) is now a commoner and
more troublesome pest of potatoes and
tomatoes than is either E. vittata or E. occiden-
talis.

CONTROL MEASURES

In earlier, simpler times, control of striped
blister beetles involved burning them while
they are on foliage with a torch or kerosene
soaked rag (Ingram, 1927), knocking them into
buckets containing water and kerosene, or driv-
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ing them from fields or into piles of straw or
trenches where they were then burned (Chit-
tenden, 1911; Baerg, 1925; Ingram, 1927).

Among the various insecticides used or
tested against striped blister beetles are several
arsenic compounds (Baerg, 1925; Ingram,
1927), calcium cyanide and pyrocide (Smith
and Franklin, 1961), sodium and barium fluosil-
icate (Baerg, 1925; Ingram, 1927; Swingle and
Mayer, 1944), rotenone (Horsfall, 1942),
sabadilla (Dorman, 1946), and semicarbazones
(Gertler, 1946). Ingram (1927) noted that when
sodium fluosilicate was dusted on plants, “the
beetles die, not from eating poisoned foliage,
but from getting the poison on their feet and
then raking the feet through the mouth to get
the irritating stuff off.” A similar observation
was made by Horsfall (1942).

More recently, DDT has often been used in
the control of species of the Vittata Group and
other blister beetles. Currently, carbaryl, mar-
keted under the tradename Sevin, is recom-
mended for use as a dust or spray.

Finally, it is perhaps worth noting that Brett
(1946) found that an extract of indigobush
(Amorpha fruticosa) had insecticidal properties
when dusted on lettuce leaves given to striped
blister beetles as food.

PREDATION ON GRASSHOPPER EGGS

Although no formal study of the economic
importance of blister beetles as predators of
grasshopper eggs has been undertaken, one
would suppose that larvae of species of Epi-
cauta commonly attacking grasshoppers that at-
tack crops are perhaps, on the whole,
beneficial. Several authors have noted a cor-
relation between the sizes of populations of
grasshoppers and blister beetles of the Vittata
Group (Swenk, 1913; Whelen, 1939).

Riley (1877) recorded the grasshoppers
Melanoplus differentialis, M. femur-rubrum,
M. atlantis, and Oedipoda sulphurea as larval
hosts of striped blister beetles (presumably E.
vittata) in Missouri. Horsfall (1943) stated
Melanoplus differentialis and M. bivittatus are
the preferred hosts of striped blister beetles in
Arkansas.
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MEDICAL IMPORTANCE

Adults of the Vittata Group, like those of
many other meloids, may be a nuisance be-
cause, when crushed or rubbed on the skin,
they are capable of producing blisters. This
well-known property of meloids is due to the
presence of cantharidin in the hemolymph.

As early as 1799, Chapman reported on the
use of dried, powdered adults of E. vittata in
plasters for the treatment of various diseases
and suggested that beetles of this species could
serve as a replacement for the commercial
Spanish Fly [Lyrta vesicatoria (Linnaeus)].
Saunders (1976) found adults of E. vittata to be
fully equal to the Spanish Fly as a vesicant.

In South America, E. leopardina is said to
be able to kill grazing animals in pastures by
producing lesions in their throats (Bosq, 1943).

PoOSSIBLE TRANSMISSION OF PLANT DISEASES

Wolf (1916) found 27 conidia of the peanut
leaf spot [Cercospora personata (B. & C.)].
Ellis in two fecal *‘discharges” of adults of
striped blister beetles in Alabama. In green-
house tests in Mississippi, striped blister beetles
were implicated as possible vectors of bean pod
mottle virus, a disease of soybeans (Anon.,
1971).

NONREPRODUCTIVE BEHAVIOR
BEHAVIOR OF NEWLY EMERGED ADULTS

In our rearings of the species of the Vittata
Group, adults emerged from pupae that had
formed in cells excavated by last-instar larvae
in a moist mixture of sand and soil in glass
tubes. Almost invariably the cells were visible
through the sides of the tubes, and the emer-
gence of the adults and their subsequent behav-
ior were easily observed. As they reached the
adult stage, individuals were transferred, still in
their tubes, to a room used for the maintenance
of adults, as described in the section on Mate-
rials and Methods. Here the cotton plugs were
removed from the tubes and the tubes were
placed in separate cages of type C with food.

The course of events from shedding of the
pupal skin to the first expression of sexual be-
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havior closely parallels that described for spe-
cies of the Albida Group of Epicauta (Selander
and Mathieu, 1969), but adults of the Vittata
Group are more precocious. Under the same
physical conditions provided adults in the pres-
ent study, those of the Albida Group generally
rested for three or four days following emer-
gence. During this time they were capable of
walking but were reluctant to do so and seemed
ill-coordinated. Feeding began at the adult age
of four to six days. Sexual behavior first ap-
peared at a mean age of about 10 days.

In the Vittata Group there was no distinctive
resting behavior except for the first few hours
of adult life, during which time full coloration
was attained. Even without our assistance,
adults usually dug out of their cells on the day
of emergence from the pupa or on the follow-
ing day. Once out they were immediately capa-
ble of walking, grooming, and defensive
behavior. Mean age at first feeding was three
days (unweighted mean of taxa means), with an
overall range of one to seven days. One male
of E. virtata courted and copulated on the day
that it attained the adult stage, and another
male of that species did so at the age of only
two days. Otherwise, the minimum age of
males at first courtship was six days, with a
mean of taxa means of about eight days. De-
tailed analysis of data on the ontogeny of sex-
ual behavior, presented elsewhere, indicates
that males are generally capable of copulating
when courtship is first displayed.

For 230 reared adults of the Vittata Group
we recorded adult age at deposition of the
meconium and at first feeding. The two vari-
ables are very highly correlated. As a general
rule the deposition of the meconium occurs a
few hours to a day before feeding begins; ex-
ceptionally it precedes feeding by as much as
two days. In no case did we record feeding
before deposition of the meconium.

The data on age of adults at first feeding are
summarized in table 5. These data were ana-
lyzed by fitting a multiple regression model
incorporating terms for taxa, sex, and the inter-
action of taxa and sex (table 6). Relatively little
of the variation is explained by the model
(about 16%), due in part to the coarse scale of

measurement used (days). In this connection,
we recognize that the total range (one to seven
days) is somewhat smaller than a desirable
minimum for application of statistical proce-
dures involving the assumption of continuity.

There is no reliable indication of interaction
or a main effect of sex (table 6). However, the
taxa factor is highly significant. Among the
standard contrasts of taxa, that between E. vit-
tata (typical race) and E. occidentalis is highly
significant (Fy50s = 15.35%***). Reference to
table 5 shows that, on the average, adults of E.
occidentalis required about a day longer to be-
gin feeding than did those of E. vittata (typical
race). None of the other contrasts reaches the 5
percent level of significance.

TABLE 5
Age (Days) of Reared Adults at which Feeding
First Occurred

Species Mean SE N
E. vittata

Typical race 2.3 0.13 26

Lemniscate race 2.9 0.19 15
E. occidentalis 34 0.23 24
E. temexa 3.2 0.20 43
E. abadona 3.5 0.34 6
E. tamara 3.1 0.22 16
E. vitticollis 3.5 0.24 17
E. unilineata 3.0 0.42 8
E. monachica 2.7 0.15 33
E. luteolineata 24 0.14 29
E. leopardina 3.0 0.32 13
Mean (unweighted) 3.00 — —

TABLE 6

Analysis of Variance of Multiple Regression
Model for Age (Days) of Reared Adults at
which Feeding First Occurred
(Data summarized in table 5.)

Source df MS
Taxa 10 3.62%***
Sex 1 2.17
Interaction 10 0.66
Residual 208 0.99

R? = 0.156 — —
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DIEL PATTERNING OF ACTIVITY

In the laboratory, under relatively constant
conditions of temperature and humidity, we
found no evidence of diel periodicity in adult
behavior in any of the species of the group
studied with the exception of E. apure, adults
of which shunned bright lights, such as those
used in taking motion pictures of behavior, and
were definitely more active in semidarkness and
darkness than in daylight or under ‘‘normal”
levels of room illumination.

In nature a rather marked diel periodicity of
adult activity is commonly observed, presum-
ably in response largely to varying conditions
of heat and humidity.

In hot, arid areas, such as southern Texas,
western Mexico, and northern Argentina, we
found that adults tend to remain on or near the
ground, under dense foliage for the greater part
of the day. Similar observations, apparently of
mixed populations of E. vittata and E. occiden-
talis, were reported by Swenk (1913). Gilbert-
son and Horsfall (1940), and Horsfall (1942),
who stated that adults ““huddled” in the shade
in alfalfa fields during the ‘‘heat of the day,” in
very dense aggregations. In cooler, less arid
areas, such as the eastern United States, adults
appear to be equally active day and night, but
even in these areas they tend to occur most
commonly on plants that are at least partially
shaded.

In southern Texas, in particular, we had dif-
ficulty collecting adults of E. remexa and E.
occidentalis in the day, even at localities where
they swarmed at lights in large numbers at
night. Some of the most effective collecting
was done by locating patches of Amaranthus or
Solanum under street or farm lights during the
day and returning at night, at which time the
beetles crawl to the top of the vegetation to
feed and carry on other activities. It was possi-
ble, of course, to find adults in these patches
during the day, but only with difficulty, since
they remained near the ground and were rela-
tively inactive.

In Santiago del Estero, over a 