Biosystematics of the
“Leucopterus Complex”
of the genus Blissus

(Heteroptera: Lygaeidae)

David E. Leonard

Bulletin 677 March 1966

The Connecticut Agricultural Experiment Station New Haven



CONTENTS

ACKN O LB P E N N T e e e s s ssbinss e tims susrevisnsosvaniins 5
HISTORICATSREY IR oS 0 i Ol 10 {0 G remmns 1o, 7

MAFERLAL; AN MEBLIRODIS ovsbsosuiogeronssomsssioss B 002 o IR P 8
Crossing Experunents B o e R SO 1Y Bt S SR
Y IORETEICS < corvu st Ao St v s R R et Ay S 9

153 L0 18, 2 sttty A et Moo B S o SO PN e e o o M i 9

SPECIBESTACEOUNTS woninis) Sl nessessn dsani N s 11
Blissus leucopterus leucopterus (Say) ... 11
EiferEiisrorysd . Mol emiiinl. T, etvs Srel § Secie ot ] 11
Hosts .. A T W R [ S D | £
Predarors and Parasstes .............................................................. 12

8 3T 110 101 IR T o IO R A A, (AP TR 3 i S 13

Y tORCHBLICS bk s N L L e, L S S 14
Blissus lencopterus birtus Montandon ..o, 14
Life M HSrotysr e enitsn. e o e s Jan i SRR 14
Para.sxtes and Predators T e L S i ol WE s Ml =)
Ditaibitiolinme. ane. . Yol o) Secie Situomed Shewesds

(O To o e g o Bl TRl ) S T S S s 1Y 16
Blissus arenarius arenarius Barber new comb. ..., 16
LifenTlisianyse, 200 20 STt SNl S et sl U2 1016
1S5 ctba e = Tl O« oy WS W R il o |y S R 17
Parasites)and  Predators s o a5t it b et e et 18

) Gy TF T e o o S T v 1 A 18

LB TE L 3 ot oo e I Sl 1 e SR s e TR Tt e e ol 18
EYtOenEticss. oo 1o ot i L O T N U T 18
Blissus arenaritds marstsmus SSP. NOV. . ....ooooiemieeuraeeiierieneeesiaisssssosens 18
1577 0 T SRR Bl e Sl R i Sk el A SRS

15 (o ot Sl M o S D SRS B e e o 19
Parasites, Predators, and Diseases ...............ccccccocvciiieice. 19

D IR ET D O =TT o T e e e e T 19

(6, ol (e e e e e e o I PR TR P 20
Blessais Ssatlants BALBET .. i o ties e sessessstisbitanesissaaskonssiinasentoneosatnosss 20
Eife TS tORy . it e T IS e e TR 20
HOSIS S s D S s L AL B e, 20

Pafasites: and. Bredasorss. Lol 0 DG, seesliime. oal,. 0 21

I ARG T s s ban s e s v g G i e e s B e
IR AR T | .t e e T e R R e A N AR
ENREIOCS, .. o o o b o e S b T et

STATUS OF THE POPULATIONS OF THE LEUCOPTERUS COMPLEX 21



Y ETIN IS AR, i ot ot e R e S e AR S A s s b b b 20
B At TS OO DO IS o oot s samsstasass vissiasacbs i e ndvso A i o 30
A TS SCIIRES . o350 h rmonanmosmnesssesmsesneanste semns bes it pmee o e e - 39
AY O IUSICINTHIBTRS o voisi oo it it i s v e e et 3D
LeRcOPETBS ICHIIUS i oot b oias e e ey S5 ke amcia e st s einel 3
(T o Tl S o L el i et e B e SN SR gt |
R S D CARTEIANIS ol i i e T e e T e e S O 33

NATHRAL Y BRID I A E N e i e et e e e 2D
IS S S N e s S S OO . . % 37
(8 10y (@1 HL R (0] o [ S et el it PR e S U B 40
BIBLIOGRAPHY



ACKNOWLEDGEMENTS

It is a pleasure to acknowledge the contributions of the following men and
women and extend to them my sincere thanks.

The Board of Control of The Connecticut Agricultural Experiment Station
provided me with a Graduate Fellowship and excellent facilities, which made
this study possible.

Living bugs were essential for this study and were provided by Dr. P. D.
Ashlock, B. P. Bishop Museum, Hawaii; Dr. R. M. Baranowski, Subtropical Exp.
Sta., Florida State Univ.; Dr. K. R. Goeden, Oregon Department of Agriculture;
Dr. C. F. Henderson, Agricultural Research Services, United States Department
of Agriculture, Stillwater, Oklahoma; Mr. J. R. Lattin, Oregon State Univ,;
Drs. L. D. Newsome and K. N. Komblas, Louisiana State Univ.; Mr, L. R. Peters,
Kansas State Univ.; Dr. R. J. Roberts, Univ. of Illinois; Dr. M. H. Sweet, Texas
A. & M. Univ,; and Dr. F. G. Werner, Arizona State Univ.

In addition to many listed above, those providing preserved material
include Dr. H. R, Burke, Texas A. & M. Univ.; Mrs. B. T. Chapin, Louisiana
State Univ.; Dr. W. G. Eden, Auburn Univ.; Drs. R. C. Froeschner and J. L.
Herring, United States National Museum; Mr. Raymond Gagne, Iowa State
Univ. (now at Univ. of Minnesota); Dr. S. H. Kerr, Univ. of Florida; Dr. M.
Kosztarab, Virginia Polytechnic Inst.; Dr. J. A. Slater, Univ. of Connecticut; and
Dr. C. A. Triplehorn, Ohio Agricultural Experiment Station.

For their hospirality and use of institutional collections, I thank Drs, R, C.
Froeschner, J. L. Herring, and C. ]J. Drake, United States National Museum;
Dr. H. J. Grant, Academy of National Sciences, Philadelphia; Dr. E. Macgillivray,
Canada Department Agriculture, Fredericton, New Brunswick; Dr. G. W.
Simpson, Univ. of Maine; Dr. M. E. Smith, Univ. of Massachusetts; and Dr. L. P.
Stannard, Illinois Natural History Survey.

I appreciated the opportunity to spend a day with Dr. S. H. Kerr to observe
and discuss B. smsularis infestations in Florida. Drs. J. A. Slater, M. H. Sweet,
and T. E. Woodward and my wife Donna assisted me collecting Blissus in
Florida. Representatives of the National Park Service gave permission to collect
within the Everglades National Park.

Dr. Norihiro Ueshima, Univ. of California, Berkeley, made a major con-
tribution to the cytogenetic work in this paper.

Mr. Benjamin McFarland of this Station took some of the photographs
used in the text and carefully prepared all of the prints.

My Graduate Committee, Drs. James A. Slater, Raimon L. Beard, and
James B. Kring were most helpful with their many useful suggestions, en-
couragements, and their ready willingness to discuss any problems encountered.
I thank Dr. Slater particulatly for suggesting this study and for nurturing my
interest in entomology. My association with all of these gentlemen has been
most stimulating.



Biosystematics of the
“Leucopterus Complex”
of the genus Blissus _
(Heteroptera: Lygaeidae)

David E. Leonard

— | mm —

Holotype male of Blissus arenarius
maritimus ssp. nov., dorsal view

' A portion of a dissertation submitted to the Department of Zoology and Entomology,
University of Connecticut, in partial fulfillment of requirements for the degree of Doctor

of Philosophy.



BIOSYSTEMATICS OF THE GENUS BLISSUS 7

HISTORICAL REVIEW

The first known North American species of Blissus was Blissus leucopserus
described by Say in 1831 from a single specimen collected on the coast of
Virginia. The first observation on this insect, however, antedated the formal
description by nearly SO years (Fitch 1856). This record was of damage to
wheat in North Carolina in or about 1783. These insects spread through the
Carolinas and Virginia for several years. In 1785 the grain fields of North
Carolina were threatened with total destruction.

Thus early in North American history, lexcopterus, commonly called the
chinch bug, posed a potential (and in many years, an acrual) threar to the
economy of the agrarian society. Because of this threat probably more has been
written about the chinch bug than any other North American insect; literature
not restricted to scientific journals and books, but also daily and weekly
newspapers.

After the initial report of damage in the 1780's chinch bug damage was
not noted again until 1809 when, in some regions of North Carolina, wheat
culture was abandoned for two years. In 1839 there was a bad infestation in
the Carolinas and Virginia. In 1840 the infestation gave indications of being
worse than in the preceding year. Albeit, Fitch (ibid.) records that the summer
was wet instead of dry, and the insect was suppressed. This is the first reference
to the effect of weather, which is of major importance in regulating the
numbers of chinch bugs.

The discovery of Blissus leuncopterus in the Midwest coincided with opening
of western prairies for agricultural crops. In 1840 it was first noted in Illinois.
Howard (1887) indicates that the first record for Missouri was 1839; Indiana,
1854; and Wisconsin, 1885. Forbes (1890) lists many eatly references in his
extensive bibliography.

The first widespread damage in the Midwest did not occur until 1864,
with losses in Illinois estimated at 73 million dollars. Since then, serious chinch
bug outbreaks have occurred in many years. Heavy infestations are usually not
continuous over wide regions, but are localized and dependent on temperature
and rainfall. Effect of climate and weather on chinch bug numbers is reviewed
by Shelford (1932).

According to Fitch (1856), chinch bugs had then been collected three times
in New York State and once in Massachusetts, but no damage was reported. The
first report of damage in the Northeast was in a timothy meadow at Hammond,
New York (Lintner 1883 ). Van Duzee (1886) reported that Blissus lexcopterus
was very abundant in Buffalo, New York, for many years, and found it also in
Lancaster, New York, and Ridgeway, Ontario. He noted these specimens as
being uniformly larger, more robust, and with longer hairs on the pronotum
than specimens collected from Kansas.

In 1893 Montandon described Blissus hirtus from a single specimen col-
lected in Hazleton, Pennsylvania. This is certainly the form referred to earlier
by Fitch, Lintner, and Van Duzee.

Blissus was unknown west of the Continental Divide until 1884 and 1885
when specimens were collected on three different occasions in California (Riley
1889). At least one of these latter records most likely refers to Blissus mixtus
Barber (described in 1937).

Riley (1870) noted that chinch bugs occurred throughout the South, but
there were no records of damage to grains south of the Carolinas.
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Barber (1918) established three varieties of Blissus leucopterus. These
were: (a) Blissus leucoprerus var. hirtus Mont. about which he states (ibid.)
"At most, this can only be considered a variety particularly common to the
highlands of northeastern United States and Canada, where it is found in
both macropterous and brachypterous condition.” (b) Blissus leucopterus var.
arenarius Barber, described from specimens collected in Sandy Hook, New
Jersey, on a species of sand grass growing back of the sand dunes along the
beach. According to Barber, this form differs from lewcopterus in being longer
and narrower, with additional differences in the antennal color patterns, villosity
of the pronotum, hemelytra, and corium. Only macropterous forms were known
to Barber. (c) Blissus lencopterus var. insularis Barber described from Punta
Gorda, Florida, is characterized as being shorter and narrower than lexcopterus,
with a shorter terminal antennal segment, pronotal color and villosity differences,
and color differences in the hemelytral veins and apical spot of the corium.

These taxa have subsequently been considered races, varieties, subspecies,
species, and synonymies by various authors, including Barber himself. This
confusion, coupled with differences in biology and the type of economic damage
led to the initiation of the present study. In all ensuing discussion, aremarius,
lencopterus, and hirtus will refer to the trinomial or subspecies.

MATERIALS AND METHODS

Rearing

In this study, two rearing methods were used. Petri dishes (9 cm or 5 cm)
were used as cages, with fresh plant material (sudan grass stem plugs) intro-
duced usually every other day. Ends of the stems were sealed in paraffin to
prevent rapid desiccation. Four-dram lip vials were also used as rearing cages.
A hole in the stopper plugged with cotton prevented condensation from
forming on the vial sides.

The biggest difficulty was rearing early instar nymphs. Rearing on live
plants was most efficient. Plants were grown in 3-inch clay pots and covered with
round plastic cages 85 mm wide by 80 mm high (figure 1). Holes cut in the
cages for ventilation were covered with Nitex nylon mesh screening (202
microns and 49 per cent open area). To prevent escape of bugs the cage was
forced into the sand. Plants were watered through the base of the plastic pot.

Culrures were maintained either in a 29.5°C temperature cabinet, at room
temperature which for the most part fluctuated between 23.4 and 24.5°C during
the winter months, or in a greenhouse which had widely varying temperatures.

Crossing Experiments

Crossing experiments were set up either in Petri dishes or live plant
cultures maintained in the greenhouse. Where overwintering adults were used,
they were first kept in a temperature cabinet ac 29.5°C for 10 to 14 days to
break diapause. Most crosses were maintained in live plant cultures and
frequently more than one pair of bugs was kept in the same culture.

Mortality in cultures was often high. Dead males were replaced whereas
female mortality, if it occurred before egg laying, terminated the cross. If
females were in contact with males for a month or more, results of the cross
were recorded.
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Figure 1. Cage used to rear specimens of Blissus. Bugs fed on plants grown in the
inner clay pot.

Cytogenetics

The squash technique for the chromosome study followed is outlined by
Ueshima (1963). Bugs were placed in modified isopropyl Carnoy's fixative
(1 part glacial acetic acid, 3 parts absolute isopropyl alcohol) for 24 hours or
more. The abdomens were removed and placed in acetocarmine stain for about
24 hours. Testes were more easily located after having been stained. Testes were
dissected out and placed in a few drops of acetocarmine stain on a clean glass
slide and covered with a coverslip which was tapped and pressed lightly.
Excess stain was blotted up and edges of the coverslip sealed with a paraffin-
balsam mixture.

Chromosomes were examined under a compound microscope using a
magnification of 1350 times and Kohler illumination. Photomicrographs were
made through the optics of the microscope on 35 mm Kodak Panatomic X film.
A green filter was used to increase contrast.

BIOLOGY

Biological information obtained from these studies may apply to all species
in the genus. This warrants including such information in a discussion of the
biology of Blissus.

So far as is known, species of Blissinae feed on sap of Gramineae and
thereby differ from most other Lygaeidae which are either seed feeders, preda-
ceous, or both. The species of Blissus feed on a wide range of grasses, including
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grains. Some species feed on a number of different grasses, whereas others are
host specific. Feeding by large numbers of bugs can kill plants.

The number of generations per year varies from one in species such as
fowensis Andre (Decker and Andre 1938) and brevimsculus Barber to con-
tinuous generations as noted in the southern limit of the range of snsularis, Many
species are bivoltine.

Diapause is important in the life cycle of some species. In lencoprerus,
hirtus, and arenarius, diapause was broken by 10 to 14 days continuous exposure
to high temperatures (29.5°C) in the absence of light. The effect of light on
diapause is poorly understood. Lexcopterus, originally from Stillwater, Okla-
homa, was maintained in a greenhouse culture in New Haven. The mean winter
temperature in the greenhouse was 27°C but the fluctuation was considerable.
During the week of December 22, 1963, daytime temperatures fluctuated mostly
between 24.5 and 35°C, although a low of 14.5°C was recorded. Nighttime
fluctuations were between 24 and 28.5°C. No eggs or nymphs were observed
in the culture. Females kept at 29.5°C for 10 to 14 days laid only infertile eggs.
Copulation and egg laying were not noted in the greenhouse until late in
January. This coincided with lengthening of daylight hours and suggests that
termination of reproductive diapause in lexcopterus (and perhaps hirtus and
arenarius as well) is influenced by daylength. However, this system can be
overridden by continuous exposure to high temperatures in the absence of light
in a temperature cabinet.

The species of Blissus have a definite courtship behavior in which antennae
are involved. When males and females approach each other, the antennae
usually establish the first contact. The female may show no additional interest
and withdraw, but the male frequently pursues the female and mounts, with
the antennae flailing the head and antennae of the female. At this point the
effort may be terminated abruptly with the male rapidly dismounting and show-
ing no further interest in the female. This is suggestive of the release of a
chemical by the female, perhaps from the well-developed scent glands, although
no odor is detected by smell.

With females, an increase in vibrations of the antennae, mostly in contact
with the antennae and head of the male, appears to signify willingness to mate.
The male mounts the female, both sexes maintain rapid vibrations of the an-
tennae. The front legs of the male clasp the female about the pronotum and the
hind legs stroke the venter of the abdomen of the female as the pairing is being
effected. Once paired, the bugs characteristically face in opposite directions.
During copulation the abdomens are ofttimes raised and vibrated for several
seconds. Copulation has been noted for periods of up to 2 hours but undoubtedly
can last for longer periods of time. During copulation bugs are often active
with females the more active, walking about and sometimes feeding,

Copulation occurs in spring after initiation of activity by warm tempera-
tures. In all species yet studied, females have a long oviposition period. Egg
laying starts several days after adult females emerge. Females not mated will lay
unfertilized eggs, but the preoviposition period is usually lengthened. Janes
(1935) noted that females of lencopterus with few exceptions died shortly
after the end of the oviposition period. This can also be recorded here for
hirtus, arenarius, and insularis.

The accounts of number of eggs per female varies with each author. Janes

(ibid.) found that egg laying in lemcopterus was influenced by temperature.
At 24.5°C the average number of eggs laid (12 females) was 532; at 29.5°C,
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598 (11 females), and at 34.5°C 502 eggs (11 females). The highest number
of eggs laid by one female was 1,091, an average of 15 per day laid at 24.5°C.

Because of the extended oviposition period of the females, all stages can
be found in the field from July through fall in bivoltine forms. Some workers
have taken appearance of eggs and early instar nymphs in fall to signify a
partial third generation. Female hirtus and arenarius adults collected in late fall
and early winter laid only infertile eggs and in males, no mature sperm was
found. This signifies two rather than three generations per year.

The number of nymphal instars is five. In more temperate regions Blissus
spp. overwinter as adults. Nymphs are known to seek winter quarters, but unless
they transform to adults before cold weather they do not survive.

Species of Blissus can occur as either macropterous (long winged) or
brachypterous (short winged). Some species are known only as brachyprters, but
this is most likely due to the small sample size from which these species are
known. The following percentages of brachyptery are noted for the following
taxa: lewcopterus 0.1% (907 specimens); hirtus 63.7% (538 specimens);
insularis 27.8% (389 specimens); arenarius 86.5% (1025 specimens); and
maritimus ssp. nov. 92.5% (320 specimens).

Southwood (1960) noted there was an increase in flight activity in Heterop-
tera from temporary habitats. Later (1962 a, b) he showed that migration in
the major taxa of terrestrial arthropods is positively correlated with imperma-
nency of habitat. Sweet (1964) in his outstanding account of the biology and
ecology of the Rhyparochrominae of New England (Lygaeidae) reviews much
of the literature on habitat, dispersal, and brachyptery, and presents data which
show a good correlation between the proportion of brachypters and permanency
of habitat. The same type of correlation is evident in some species of Blissus,
In collections of lemcopterus from grains, few brachypters are found but in
native bunch grasses the number of brachypters increases. A high percentage of
brachypters is usually found in collections of B. insularis from St. Augustine
grass lawns, but I found only macropters in isolated hammocks in the Florida
Everglades. Where migration is a factor, there is apparently strong pressure
against brachypters.

Blissus species have an X Y chromosome sex mechanism with males being
the heterogametic sex. Segregation of sex chromosomes is unusual, for both the
X and Y univalents undergo equational division at the first meiotic metaphase.
At first division the chromatids of the Y chromosome separate precociously.
Both sex chromosomes stain more lightly than autosomes. Species of Blissus
also contains a chromosome called an 2 chromosome by Ueshima (via. Ashlock
pers. comm. 1963 ). The m chromosome, like the sex chromosomes, stains lightly.

Of species of Blissus thus far surveyed, the most common diploid count
in males is ten autosomes, an X, Y, and » chromosome. One pair of autosomes
is distinctly larger.

SPECIES ACCOUNTS

Blissus lencopterus leucopterus (Say)

Life history

There are lengthy accounts of the life history of the chinch bug, including
those of Walsh and Riley (1869), Forbes (1890), and Webster (1907).
Unless cited, the following discussion of the life history is from these references.

Lencopterus overwinters as an adult; the preferred hibernating site is tufts
of little blue stem grass, Andropogon scoparins Michx., but it is also commonly
found in big blue stem, Andropogon gerardi Vitman, and in the southeastern
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part of its range, false redtop, Triplasia purpurea Walt. (Headlee and McColloch
1913). In regions that are intensively farmed, variations in hibernation can
be noted, with adults hibernating in or under available plant refuse in fields
or in plant material or debris bordering cultivated fields. Headlee and McColloch
(1913) showed that winter mortality of chinch bugs is lower in clumps of
Andropogon than in other hibernating sites. Decker and Andre (1937) found
that winter mortality of lexcopterus hibernating in blue stem and other bunch
forming grasses was highest in sparse cover; also, the lack of snow cover
increased mortality.

There are reports of flights to hibernating quarters in fall, and from
hibernating quarters to crops in early spring.

Hosts Host plants of lexcopterus are numerous but consist solely of species of
Gramineae. Among grains, spring and winter wheat, sorghum, sudan grass,
broom corn, Indian corn, field corn, millet, and rye are all fed upon. Oats appear
to be less desirable than the above grains. Resistance of wheat varieties to
lencopterus has been shown by Jones (1937) and resistance to corn varieties
by Flint (1921), Holbert et al. (1937), Dahms and Fenton (1940), and Dahms
and Sieglinger (1945).

Among cultivated and wild grasses, most notable hosts are Bermuda grass
Cynodon dactylon (L.), foxtail grass, Setaria lutescens (Weigel), timothy,
Phleum pratense L., blue grass, Poa pratensis L., crab grass, Digitaria sanguinalis
(L.) and bottle grass, Setaria viridis (L.) Beauv.

The biology of leucopterus is influenced by susceptibility of the host, for
with susceptible varieties Dahms et al. (1936) noted an increase in fecundity
and an increase in size and speed of development of nymphs. Dahms and Fenton
(1940) found that plants more susceptible to chinch bug attack are higher in
nitrogen than more resistant varieties. In field and laboratory tests using soil
treatments, resistance to chinch bug attack is consistently decreased by sodium
nitrate, and in the majority of cases, increased by superphosphate.

Migrations of large numbers of chinch bugs from early crops of grains to
later maturing grains are the most spectacular feature in the biology of
leucoprerus. Most of the literature deals with migrations and methods of cur-
tailing them. For many years, construction and maintenance of barriers con-
stituted the principal means of defense.

Predators and Parasites Among birds, only the Bobwhite devours the chinch
bug in considerable numbers, according to Webster (1909). Webster also in-
cludes Prairie Chicken, Red-winged Black-bird, Catbird, Brown Thrush or
Thrasher, Meadowlark, House Wren, Tree Swallow, Horned Lark, Western
Kingbird, Trail's Flycatcher, Seaside Sparrow, Savannah Sparrow, Tree Sparrow,
and Barn Swallow as predators.

Frogs will feed on chinch bugs. Small mammals may also be important
predators, especially on overwintering bugs, but no records of small mammal
predation can be recalled.

Among insect predators, species of coccinellids are often mentioned, but
their effectiveness is questionable, as some observers note them feeding on aphids
rather than on chinch bugs. Walsh (1861) notes Hippodamia maculata (Muls.s)
(= Ceratomegilla fuscilabris), Coccinella munda (Say) (= Cycloneda munda),
Cycloneda sanguinea (L.), and two species of Scymnus as predators. Pselliopus
cinctus (Fabr.) (Reduviidae) is noted as a predator by Howard (1887).

Ants are often mentioned as predators: Lasius flavas nearcticus Wheeler
has been seen carrying off chinch bugs. Lasius niger (L.) and Formica fusca
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subsericea Say have been observed feeding on lencopterus (Forbes 1895 and
1916 respectively). In my greenhouse culture of leuxcoprerus, Leprothorax cur-
vispinosus ambiguus Emery was very active, and in its presence the culture
declined. When the ants were eliminated the culture again increased in numbers.

A lacewing, Chrysopa plorabunda Fitch, has been noted in regions of high
chinch bug numbers. Shimer (in Fitch 1856) describes their feeding on chinch
bugs. Orius insidiosus (Say), an anthocorid, is often mentioned as a predator.
Dahms and Kagan (1938) found Collops quadrimaculatus F. where chinch bugs
were numerous. In their laboratory these beetles fed on lexcopterus eggs but
did not feed on nymphs or adults.

Only two insect parasites are known from lencoprerns: a hymenopteran
egg parasite, Enmicrosoma benefica Gahan (McColloch and Yuasa 1914, 1915)
and a tachinid, Phorantha occidentis Walker, reared from specimens collected
in South Carolina (Lugginbill 1922). Nematodes (Mermis) are also found in
chinch bugs (Webster 1909).

Diseases Six species of fungi are reported as parasitic on lexcopterus, but only
two are of significance (Steinhaus 1949). These are the gray fungus, Empusa
aphidis Hoff., and the more important, white muscardine fungus, Beawveria
bassiana (Balsamo) Vuillemin, (= Sporotrichum globuliferum, — Beanveria
globulifera). In 1954 MacLeod concluded that Beauveria globulifera (Spegaz-
zini) Pickard, along with seven other species, were strains of Beanveria bassiana.
A brief description of the characteristics of this disease organism is found in
Steinhaus (1949),

The first report of fungi attacking chinch bugs is by Shimer (1865) but
the importance of this was not generally recognized. In 1882, Forbes in Illinois
and Popenoce in Kansas published accounts of disease. Soon after their re-
discoveries, there was much interest in the possibility of artificial infection of
white muscardine fungus to check chinch bug outbreaks. Many states adopted
(and subsequently abandoned) programs to induce the disease artificially in the
field. The most ambitious attempts were those of F. H. Snow in Kansas from
1886 to 1896, Early literature on chinch bug diseases is listed in a review by
Forbes (1895).

The study of Billings and Glen (1911) showed that the white muscardine
fungus is present naturally everywhere in fields throughour infested areas of
Kansas. They concluded that artificial distributions would be too insignificant
to be of practical use. Apparent absence of fungus among chinch bugs in fields
is evidence of unfavorable climatic conditions rather than lack of spores.

Forbes (1882) found in the caecum of lexcopterus a bacterium later named
Micrococcus insectorum by Burrill (1883). Forbes considers this bacterium a
normal constituent of the caecum and not a pathogen.

Distribution

Leucoprerus extends from the east coast to the western plains. Specimens
have been examined from as far north and east as Accomac, Virginia, and as far
south as Escambia County, Alabama. Specimens of lexcopterus have been ex-
amined also from North Carolina, South Carolina, Tennessee, Mississippi, Texas,
Oklahoma, Kansas, Illinois, lowa, Indiana, Ohio, Michigan, Wisconsin, Minne-
sota, and South Dakota. The northern limits of specimens examined are Hills-
dale, Michigan; Okauchee, Wisconsin; Pine River, Minnesota; and Platte, South

Dakora.
Figure 2 indicates the distribution of lexcoprerus as it is now known. A
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Figure 2. Distribution of the species and subspecies of the lemcopterus complex.
These forms occur in the areas designated only where suitable habitats prevail.

more precise knowledge of the limits of distribution will be possible only when
extensive collecting is done in extremes of the range. Distribution maps can
be misleading, for they infer continuous distribution rather than localized
colonies, as pointed out by Mayr (1963).

Cytogenetics

The diploid chromosome complement of lexcopterus males consists of ten
autosomes, an X, Y, and 7 chromosome. Figure A of plate 1 shows first meiotic
metaphase in /Jexcopterus males. The length of the largest autosome at metaphase
is 4.5 p.

Blissus lencopterus hirtus Montandon
Life history

Hirtus overwinters as an adult, usually in tufts of meadow grasses or under
plant debris in meadows or along borders of meadows. Where woods border
fields inhabited by Airtus, adults may also be found under leaves along the
border of woods. Bugs often hibernate in plant debris around the foundations
of houses and under shingles or clapboards. Where numbers are high, they may
also hibernate in houses.

Spring activity begins with periods of warm weather. Observations made
at Storrs, Connecticut, in 1963 show that on April 25, birtus was still hibernating
but on May 9 most bugs had left hibernating quarters and some were copulating.

There seems to be no published accounts of flights of hirtxs but in mid-
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July, 1964, in Cheshire, Connecticut, specimens of hirtus were collected as
they alighted on clothes hung outside to dry. Flight may be an important means
of dispersal.

Winter mortality can be high and, as with lexcopterus, mortality is most
likely related to temperature and moisture in hibernating sites. In April 1963
mortality in a collection of 506 specimens from Mansfield, Connecticut, was
34.4 per cent. -

Hosts In meadow habitats, timothy seems to be the preferred host plant. Most
lawn grasses are also fed upon, with crab grass a notable exception (see figure
3). With lawn varieties, bent grasses are preferred. Where there are large
numbers of hirtus and climatic conditions are favorable (hot and dry), lawns
can be killed in less than one season. Most feeding takes place in sunny areas
of lawns. High soil temperatures do not appear to be deleterious. In dry soil
bugs are often found in soil cracks about the crown and roots of grass.

Parasites and Predators No parasites have been reared from hirtus. The pre-
dacious Geocoris bullatus (Say) and G. uliginosus (Say), are often found in the
same habitat with Airtus. It is not known whether these species prey on birtus
or whether they simply share a habitac preference.

Disease A fungus, presumably white muscardine fungus, Beawveria bassiana
(Balsamo) Vuillemin has been observed both in the field and in laboratory
cultures. The effect of this fungus is evident, for hirtus is abundant only in
prolonged periods of hot, dry weather unfavorable for sporulation of the fungus.
During wet seasons, hirtus is not an economic problem.

Distribution

The range of birtus extends both north and east of lexcopterns (figure 2).
Specimens were studied from Nova Scotia (locality unknown), Fredericton,
New Brunswick; Montreal, Quebec; and Muskoka, Ontario, Canada.

- 2 M ek, Y 2 R gk
Figure 3. Feeding damage of hirtus. Feeding of large numbers of bugs killed all lawn
grasses excepting crab grass, Digitaria sanguinalis (L).
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Hirtus extends to the south into northern Virginia and probably further
south along the Appalachian Mountains. To the West, hirtus extends into
Minnesota, with Page, Minnesota, the most western locality of specimens ex-
amined. Specimens were also examined from Maine, New Hampshire, Massachu-
setts, Connecticut, New York, New Jersey, Pennsylvania, Maryland, Delaware,
Virginia and Ohio.

Cytogenetics

Hirtus males have a diploid chromosome complement of ten autosomes,
X, Y, and m chromosome as shown in figure B of plate 1. In this f