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INTRODUCTION

This thosls eonslsts of the results of a number of studies

in the life history of the Kurgantia histrionica, Rahn* This in-

seot was chosen firsts because of its great economic importance

in Tannessee and seoondly« because of a lack of knowledge of con

trol methods* It was believed that if more were known about the

life history of the insect^ better control methods could be worked

out* The experiments were all carried on* in glass cages and

vials* in room 400 Morrill Hall. The work was started in Septem

ber 1927* and ended July 25* 1928* It was originally intended

that the work cover only eight months* but on account of the poor

results obtained in the winter* it was decided to continue the

work throuf;^ June of 1928*

The experiments are not as scientific as they should be*

on account of not having any way of controlling temperature and

humidity in the room where the experiments were conducted* I had

no way of telling the daily maximum and minimum temperature* and

the humidity of the room* Neither did I have a way of recording

the hourly temperature of the room. In the winter the temperature

of the room fluctuated a great deal* Sometimes there was practi

cally no heat at all in the roomj at other times the temperature

was ninety* After the beginning of warm weather in the spring*

I used temperature and humidity data furnished me by the Khoxville

Weather Bureau*



HISTOR?

The Vopgentla hiatrlonloa was first described by a

Germany in 1834 from material collected in Mexicoy which material

at that time was in his private library in Germany* Althou^

this species was taken in Mexicoy there seems to be no doubt that

that coxintry is the original home of this insecty as it was not

at that time widely distributed in that cotmtry* Later investi-

gators found other species of this genus well distributed in

Central and South America* It was concluded by these investiga*

tors that Central America was the original hxxae of the Murgantia

histrionicay Bahn*

The second mention of this insect was by Dallasy in IBSly

in his "List of Bemiptera"y in the British Museum. He reported

four speciesy three of which were fotind in Mexico; the location

of the fourth was not given*

The year 1864 is assumed as the date of the introduction of

this insect into the United States. In this year Dr. Gideon

Lincecum, of Washington Countyy Texas* noticed this insect in hia

garden and gave an account which is produced below;

"The year before last they got into my garden* and utterly

destroyed my cabbage* radishes* mustard* seed turnips* and

every other cruciform plant. Last year I did not set out

any of that order of plants in my garden. But the present

year* thinking the bugs had probably left the premises* I

planted my garden with radishes* mustard* and a variety of

cabbage* By the first of April the mustard and radishes

were large enou^pi for use* and X discovered that the insects

had coomeneed on them* Z began picking them off by hand



and tx*aBipXlng them undex* Toot* By that meant Z have pz*e«*

served my 434 eahbagetf hut I have visited every one of

them dally now for four months« finding on them from

thlrty»flve to sixty full grown Insects every day, some

coupled and some In the aet of depositing eggs. Although

many have been hatched In the garden the present season,

Z have suffered none to come to maturltyj and the dally

supplies of the grown Insects that I have been blessed with

are Imlgrants fr<M some other garden*

"The perfect Insects live through the winter, and are

ready to deposit Its eggs as early as 15th of March, or soon«

er. If It finds any cruciform plant large enou^. They set

their eggs on the ends In two rows, cemented together, most

ly on the underside of the leaf and generally from eleven to

twelve In number* In about six days in April — four days

In July — there hatches out from these eggs a brood of

larvae resembling the perfect Insect, except In having no

perfect wings. This brood immediately begins the work of de-

stxnictlon by piercing and sucking the life-sap from the

leaves; and In twelve days they have matured* They are

timid, and will run off and hide behind the first leaf stem,

or any part of the plant that will answer the purpose. The

leaf that they puncture wilts, like the effect of poison

and soon withers* Half a dosen grown Insects will kill a

cabbage In a day* They continue throuf^ the summer, and

sufficient perfect Insects survive the winter to Insure a

full crop of them for the coming year*

"This tribe of Insects do not seem liable to the at-
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tftok or any of tho oannibal races^ olther in the egg state

or At any other stage. Our birds pay no attention to them,

neither will the domestic fowls touch them* I have as yet

found no way to get clear of them, but to pick them off by

hand."

*he above accoimt, was included by BenJ, D, Walsh, in 1866,

in an article in "The Practical Bntomoligist", This is the first

account of tho presence of this insect in the tlhited States* Rather

than let the reader be misled, I feel that I should make one cor

rection to the above account. The statement that tho insects mature

in twelve days is an erroneous one; twenty-three days is the short

est time recorded for the maturity of this insect*

Washington County, Texas, is approximately 200 miles from

the Mexican line. Judging from the spread of the cotton boll weevil

and other insects, it is supposed that under ordinary conditions

the insects spread at the rate of approximately twenty miles per

year. If the above statement is correct, then the insect had been

in this country some six or eight years before mention was made of

it.

In January, 1879, issue of "The American Entomologist",

C, V* Riley records the presence of this insect at Salisbury, W, 0,

In March, 1870, J* S. Steele, of Tennessee, in the above publica

tion records the occurrence of this insect in Georgia, Mississippi,

and Alabama,

In 1872 Riley again wrote on this insect in his "Fourth

Missouri Report", He said that a specimen of this insect had bewx

found in some of the southern counties in Missouri in 1870, and in

Kansas as far north as the latitude of St, Louis,



 

Zn X880f (k>dman and Salvan described this species rather

carefully, giving distribution, synon^^s, and life history, fheir

distribution of this insect Included Arisonia, California, Colo

rado, Delaware, Florida, Indian Territory, Louisiana and Texas;

Oaxaca, Mexico; Capetillo, Duenas, Furula, San Oeronime, Oua-
1 ^

tisiala; and Costa Iliea, In the same year Linter reported the

presence of this insect in Virginia,

DESCRIPTIOH OP SP0CIES

Adult

The adult is three-eights to seven-sixteenths of an inch

long, black or metallic blue with bright red or orange markings,

arranged more or less transversely and alternating. In shape the

insect resembles a terrapin but is more oblong. The metastemal

orifices are conspicuously located near the coxae, and without a

prolonged eanal, Juga not longer than tylus, frena long, and tibia

sulcate above. The scutellum is about three-fifths as long as the

abdomen. In each ooz*ner of the scutellimi, near the pronotum, there

is a white spot. The apex is yellow. The pronotum is yellow or

red. There is an inverted-black "u" on each side of the pronotum

of the typical female; and an "o" on each side of the pronotum of

the typical male. In the typical male there are three rows of

dots, running longitudionally on the ventral side of the abdomen.

The middle row is white, the other two white and orange. In the

typical female the first two, sometimes three z^ws of these dots

posterior of the Metathoracic legs are united, forming three solid

white transverse bands across the ventral side of the abdomen.

1,
Paddock, F. B, 1918, Studies on the Harlequin Bug, p. 10
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S«e plate tiro, Kelther of these taaM«ie eharacters oan he relied

upon for determining the sex of the specie for males have the

"u" shaped pronotum^ and white hands across the ventral side of

the abd<Haen« The head is about one-half as long as the pronotum

and one-third as wide* and carinate above the insertion of the

antennae. The head is well set into the pronotum and practically

immovable. The antennae^ which are located even with the bottcm

of the eyeSf are filiform^ and five Jointed, the first Joint being

shorter uid thicker than the rest. The compound eyes, which are

white, are dichoptic, and are located about one-third of the dis

tance down the head from the edge of the pronotum. There are no

simple eyes. The proboscis is practically as long as the first

four Joints of the antennae; when not in use it is folded in the

groove between the pro and mesothoraoio legs. The front wing

is yellow with black or red markings. About one third of the

tip end of the wings are black, tectiform, and marked with fine

furrows. When at rest, the wings cross Just behind and fit under

the apex of the scutellum. The hind wing, which is thin and

veined, is thick and yellow at the base. The subcosta vein is

yellow for nearly its entire length. There is a fold in the

wing passing from the anal angle to the base. From the anal

angle to the apex the wing is bluish black. About one-third of

the distance from the apex to the base, along the costal margin,

there is a light spot^ On the ventral side of the legs between

the tibia and femur Joints, there is a mottled-white line. The

tarsal claws are all apical, and the last tarsal segment entire.

Without looking at the genital organs it is almost impos

sible to distinguish the sexes. Usually the fmiale is the larg

er, but there are small females and large males, so siee cannot
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toe relied upon for the dlBtinction, *he wide white toands on

the ventral aide of the atodoaen and the aarklnga on the prono-

turn cannot toe used aa a guide, for there are many exeeptiona to

theae* The tip of the abdomen of the male la bH ghtHy "v"

•haped, and the penla, which la large and flattened, la clear*

ly vlalble. The first white spot on the ventral side and In

the middle of the abdomen of the female next to the genltalla.
Is, almost without exception, narrow and cut Into In the middle

by a small black line, making the one spot lotrfic as If there

were two. Looking at the genital organs la the easiest, ijulek*

est, and safest way to distinguish the aexea.

Old adulta, especially those that have passed the winter,
are smaller than young adulta, and redder In color. Mults

kept for an unusually long time In cages turn very dark, some*

times almost black. Plate two shows typical auilea and females|

plate three i^ows variation In sixe and color of old and young

adults; and plate five shows glnltatla of male and female.

Vympha

In the first and second Instars the pronotum Is solid

tolaek. Four tolaek lines extend about half way across the ven

tral side of the abdwaen* After the first Instar these black

lines all but the posterior one, become broken and the ends

point posteriorly. The posterior line Is rounded behind In all

stages. In the second Instar, truncated-black marks appear

along the edge of the abdomen. In the third Instar a yellow,

diamond-shaped spot appears In the middle of the pronotum. Along

the dextral and sinistral side of the pronotum Is a yellow max^

about one-eight Inch long. There are three, more or lees diamond'
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tbapedf iftilte spots on the osphnllc part of the pronotum# Tha
wing buds begin to appear in the third ins tar. *he fourth in-»

star is just like the thirds all markings becoming larger and
more prominent» the wing buds becoming trery noticeable. The

insects in all stages hawe black suirks on the ventral side of

the abdomen corresponding very closely to those on the dorsal

cld#» The first Instar is a glossy yellow^ subsequent instari

becoming darker and white and black markings on the abdomen

more prominent.

Then the insect molts the fifth time it becomes an adult.

Wings appear and white markings on the dorsal side disappear

save one inconspicuous white spot in each corner of the scutel-

lum.

The nymphs in all stages are semi-xerophilous and phyto*
phagus, sucking the juices from the leaves of the host plants.

Plate six shows eggs, and insect in all stages.

DISTRIBUTIQIt

As previously stated, the Murg antia histrionioa is a

native of Central America and Mexico. It was first recorded in

the Chi ted States in Washington County, Texas, in 1864. Within

four years the insect had invaded Alabama, Louisiana, Ceorgia,
South and North Carolina. The spread of the insect was most

noticeable along the Atlantic ccaboard and up the Mississippi

River Valley. Mr. f. E, Chittcnden reports the spread of this

Insect as followst

"This species has been diffused from a central point of
dispersal, Mexico, chiefly in the following directions* (I)

From Texas eastward through the gulf states and northward along



thft Atlamtlo B<MibOAX*d to Long Islandj (2) tTom Toxas northward

through the Misgloslppl Valley and thence through the Ohio

River region into Ohioj (3) from northern Mexico into neighbor

ing statee* and from Lower California into southern California
-2

and Mevada*"

In 1869| Stelle recorded the ocourranoe of thie insect, at

Humboldt and Nashville^ Tennessee* At the present time^ the in

sect is found in practically every^ if not every, county in Weft

and Middle Tennessee* The insect is well distributed in Knox

County, also in all the bordering comities* A few of the most

mountainous counties of East Tennessee are thought to be free

from this insect*

The insect made its appearance in Kevada, Arieona, Colo

rado, and Virginia in 1875} Kentucky in 1879} Indiana 1890, Penn*

aylvania 1896} and Ohio and Kew York in 1910* Sines 1920 the

insect has spread into Hebraska, South Dakota, and Iowa*

Murgantia histrionica is destructive over the entire South

to tidewater Virginia, which appears 5e be its northern limit as

a pentanent pest* Sometimes the insect does considerable damage

northward of the District of Columbia, for example. In 1908 it

did considerable damage in Kew Jersey* Eowever, the occasional

severe winters in the northern states inrevents this Insect from

becoming established in these states* Plate sev^i shows a map

of distribution of Mergantia histrionica in the Tbiited States,

June 1, 1928.

i.
Chlttenden, P. H* 1925* Harlequin Cabbage Bug* p* 6. U. S*
Dept. Agr* F, B* 1061* ""
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OLASSIPICATIOK

i^gantla Mstrionlca Is a tme bug, and belongs to the

order of Hemiptera. The name of this order Hemlptera — comes

from the Qreek, "heml", meaning half, and "pteron", a wing, on

account of the basal half of the wing being thickened. In many

species, with the terminal half transparent and membranous.

The iiiurgantla hlstrlonlca belongs to the stink bug family. Pen*

tatomldae; subfamily Pentatomlnaej and tribe Pentatomlnl,

Hahn in 183i described the Harlequin bug as Stracha his*

trionlca. Stall in 1867 erected the genum Murgantla in his

work, and placed "hlstrlonlca", Hahn, as the only division of

the genus, Xt seems that the work of Stall was received prompt*

ly in the Halted States, for Rlley in 1872 gave the scientific

name as Strachla >. (Murgantla) hlstrlonlca, Hahn, The name Hurgan*

tig hletrlonca lias been accepted by all writers since that time.

COMMQI lAJfSS

The Murgantla hlstrlonlca Is spoken of In imerlcan Liter*

ature as the Harlequin Cabbage Bug, Cokerall called this In*

sect harlequin because Its black and orange markings are arrange

ed somewhat like the pattern . on a harlequin*s clothes.

In Morth Carolina this bug has been called) "Llncolnlte",

"A-Bug", "Oollard Bug", "Terrapin Bug", "Plre Bug", and "Shei^

man Bug", This Insect made Its appearance In Morth Carolina

about the time that Lincoln was President, and Sherman's Army

Cockermll, T, D, A* Observations on Insects, B, Mem,
Sta, Bui, Mo, 36, p, 25, '
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ini0 opezwting »ost activelyi thus : the naines: "Lincoinite", and

"Sbttrman Bug"*

Boward says that this bug was called the *Aba Xiincoln

Bug" in Cteorgia for many years« and in Texas the "Third Party

Bug". This bug has also been called "Yankee Bug", "Calico Bug",

and "Calico Baok"«

In Tennessee this insect is coucaonly called by truckers

the d*bbage Bug, Terrapin Bug, and Pire Bug* Plants upon which

these bags feed soon turn white or yellowish as if scorched by

fire; hence the name "fire bug".

ECOHOMIC IMPORTAMCE

The early writers did not fail to impress on their read«

era the great destruction dene by this insect* Dr« Linceum,o

one of the first writers, mentions the "utter destruction of

cabbage, radish, mustard and turnip, finding from thirty-fiwe

to sixty full grown insects on every plant"* Riley in 1870

said that the Insect was a great pest in Korth Carolina* In

the same year, B* R« Townens, Austin, Texas, gathered, by hand,

47,000 btigs* Stelle In 1870 saidj "Last year It worked idiole-

sale destruction"# In 1881 the Insect entirely destroyed the cab*

bage crop in some sections of Tirginia* In 1898 and 1899 this

insect was a very serious pest in the cabbage fields of Delaware*

In 1908 it did considerable damage to the cabbage fields in lew

jTersey*

This insect is, more or less, a serious pest in the south*

em states every year* l^is insedt has been a pest in Tmnessee

since 1869, and is getting worse every year* On the afternoon of

^ .... V
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Ivily X6» In three and one»half hours, I collected 1964 Inseetl

in a snail rape patch* On one rape plant 1 caught fortyoserea

insects* Thirty of these were copulating* On April 23, Z

found fifty-one adults on a single cabbage plant* On jTune 7,

I found 208 eggs on a single oabbage plant*

The amoxmt of injury done to plants by these insects varies

from a small per cent to complete destruction* Young plants ax>e

damaged much more than old plants • The insect prefers the outer

gre«rx leaves of cabbagei and after the plant has begun to head,

very little damage is done by the presence of the insects*

Plants upon which the insects fe^ soon turn white as if

scorched by fire* Plate Bight A Ik B shows the nature and amount

of injtiry done by the insect*

HOST PLAHTS

Probably there is no insect, out of the 600,000 that have

been classified and named, that have a greater irange and number

of host plants than the Murgantia histrionioa* Truck crops, es

pecially vegetables, and particularly those that belong to the

cruciferous group, are the ones most likely to be attacked*

ever field crops, vineyards, flowers, and wild plants and trees

are subject to attack by this insect*

Among the more common host plants are i Brussel'c sproute,

cabbage, cauliflower, collards, kale, kohlrabi, radish, horse

radish, snistard, rape, streotanthus, and tumlp. The above named

plants, at all seasons, are the ones most likely to be attacked

and constitute the first choice of the insect* If these plants
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are not arailnblo tho Insects will feed on any of the following?

Cress (Lepidiun sativua), asparagus, bean, beet, citrus (orange,

grapefruit, and loquat), cheriry, chrysanthemum, com, cowpeas,

eggplant, grape, lambquartera, wild and cultivated lettuce, po

tatoes, t(»Batoe8, locust, okra, pigweed, (Amaranthus splnosus),

ragweed (Ambrosia artemlsllfolla), rose, squash, and sunflower*

Prof, P. B* Paddock, State Entomologist of Texas, says

that this Insect d\irlng March pmfera pepper grass to all other

vegetables. Including cabbage, grown In gardens of that state.

During the month of July In Texas, eggs are laid on the leaves

of the corn plant, and the Insect, in all stages. Is found In

great numbers on the com plant. Cotton In Texas Is attacked

during August and September, at which time, there are, usually,

few succulent vegetables.

Along the Pacific Coast citrus fruits are subject to at

tack, especially very ripe fruits If the skin Is broken*

ttr, Ollle Bean, trucker and gardener for the East Tenn

essee Hospital for the Insane at Bearden, Texmessee, told the

author that he had observed this Insect feeding on pokeweed

(phytolacca decandra). He says that this Insect almost cdsiplete-

ly strips the pokeweed plants on the hospital fam nearly every

spring.

This Insect does not attack the same host pljants In dlf-
1

femnt states) for example, there Is no record of It ever at

tacking com or cotton In Tennessee, This Is true, no doubt,

due to the fact that when the Insect would most likely attack

these plants, there are other available plants more desirable.

Paddock, P. B. Studies on the Harlequin Cabbage Bhk* Texas A/scr.
Sxp. Sta. Bui, Ho, 227, p. 17 a—a.
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In various states and at dlffarant seasons this

species feeds on the following wild host plants; Pep^^er grass

(Lepidiua sativua), rock cress (Arabis virginlca)« water cress

(Radicula Nasturtium^aquatioum)f bitter cress (Cardamina Clenui«

tis Shattlw)^ shepherd's purse (Capsella Bursa^Pastoris), Colo*

rado honey plant« ragweed (Ambrosia artenisiifolia), grape

(Vitis labrusca^ V* vulpina^ and V. rotundifolia), plumb (Prunus

hortulSf and P« americana et« al*) cherry (Prunus pennsylvanicaf

et* al«)« pokeweed (Phytolacca decandra)# and mustard (Krassica«

nigra}* With the exception of the Colorado honey plants all the

above named plants are found in Tennessee*

Sarly in the spring the emerging adults feed and breed upon

any nearby wild host plants until the more desirable cultivated

plants are available* Bggs are laid upon the leaves ef the wild

host plants^, and usually the first brood in the spring feeds en*

tlrely upon the wild plants* Sspecially is this true in Tennessee

and states farther north* In states farther south* during mild

winters* this insect suiy feed the entire winter on cabbage* col*

lards* cauliflower* radishes* and other green winter crops* This

is true in California and Florida, and in the southern part of

Texas* Ceorgia, Louisiana* Mississippi* Alabama* and South Caro*

Una*

METHOD OP STUDY

For the purpose of observing the details of the life histo

ry of this insect* specimens were Isolated in glass cages* The

types of cages used in this work are shown in plate nine. The

•ages used were made from photographic plates* The edges of the
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•«g«a were bound with edbeaiwe tape to hold thm in the desired

position end to keep the cages from coming apart* To prevent
the insects from eseapingj tops were made from window 8cx*eening
to fit tightly over the tops of the rectangular cages* These

tops have the advantage of admitting plenty of fresh air, and
under certain conditions preventing excessive moisture in the

cages; but they have the disadvantage of allowing the food ma*

terial in the cages to become dry in a few hours* On account

of the rapid dicing of the food in the wire top cages, some

were made with glass tops, adhesive tape being used for hinges.

These cages have the distinct advantage of keeping the food ma*
terial fresh longer. Fresh food was placed in the cages daily,
which usually consisted of leaves of cabbage, kale, rape, mus*

tard, and turnip, taken from the growing plants in the field when

possible. In the winter when the above plants could not be se

cured, leaves fx*om fresh lettuce were used* Two sises of cages

were used. Ihen specimens were first collected from the field,

they were placed in cages 6x7x6 inches, from one to three

dosen being placed in a cage. As fast as the insects mated,

single pairs were placed in cages Si x 5 x inches. By daily
observation it was very easy to determine the number of copula

tions and the daily egg deposition of the mature bugs. For san

itary reasons a little sand was placed in the bottaa of all

Oages, The sand was dampened with water as often as necessary

to provide mositure in the cages and help keep the food material

fresh.

For the purpose of detenalning the length of copulation,

glass-shell vials, 1x4 inches were used. The vials bore the
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tttwi number es the eage from which the copulating insects were

taken so that no mistake would be made. The insects were ob»

served every two or three hours during the day and night. If

a pair of copulating insects were observed at 2x30 A. II. and

found "tied"^ and again at 4x50 A. X. and found "separated",
the time of separation was recorded at 5x30 A, X., or half the

time between the last two observations, Xo such allowance was

made at the beginning of copulation. It is believed that the

length of time the bugs copulated before being obsez*ved would,
on the average, more than make up for any error in the allowance

made when last observed.

Small glass vials, lined inside with adhesive tape to

help prevent excessive mositure, were used for determining the

length of the instars. Covers for the vials were made of cheese

cloth and adhesive tape. This type of cover allows for ciroula*

tion of fresh air and la a further preventive against excessive

moisture in the vials.

Several field trips were made, and quite a number of ob

servations were made in the field, the results of whicdi are

given in this investigation.

LITE HXSTORI

Sggs

OSS®# which resemble "sdnature white barrels bound

with black hoops and with black spots set in for bung holes,"

are cylindrical and rounded at the ends. The eggs are deposit

ed on the end in batches, which usually consist of two straight
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apparently has to "squeoxe" out of the opening* While emerging
the insect is held in an erect position by the shell. When all

but the tip of the abdomen has emerged the insect stops for sev

eral minutes, allowing its parts to harden. This enables it to

crawl off. The batch of eggs hatches irregularly over a period

of from six to ten house, which allows freedcoi to the young in

sects in drying. From the time the shell is cut until the Insect

is dry there is a period of thirty to fifty minutes, depending
somewhat on temperature, (to dry hot days the whole process is

completed in thirty or thirty-five minutes. After hatching the

young z*emain dining to the sides of the shells from twenty-four

to forty-eight hours, depending on temperature.

Incubation Period

The period of incubation varies, even imder the same condi

tions, Sggs laid on the same date and placed in the life history

room, basement of Horrill Hall, varied from one to three days

hatching, Bggs laid on the same date and placed in an incubator,

and kept at a constant temperature of 96 degrees F,, would some

times vary two days in hatching.

At a constant tmaperature of 80 degrees F, eggs hatch in

five to eight daysj at a temperature of 90 degrees F, they hatch

in five to six days| and at a temperature ranging from 90 degrees

to 100 degrees F, the eggs hatch in three to five days, Bggs

kept in an incubator at a constant temperature of 96 degrees F,

usually hatch on the fourth day.
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supiia

Vimbftr of XoXtt

T^obi the dbservfttloae made on Kurgantla hl8trlonica« thn

nu]ift)er of molts was always tha sama^ five in number* On aocount

of the delicacy and small sise of the first and second instars*

the insects were tedious to work with* Scores of lexperiments

were started* but only six insects were reared to maturity with

complete records of all the instars* The record for the instars

is shown in the table that follows:

Table 1* Length of Instars

Batched First
molt

Second
molt

Third
molt

Fourth
molt

Fifth
molt

^tal
Days

Apr* 22
Apr* 26

Apr* 25

Apr* 28

Apr. 30

May 5*4
May 7- 8
May

May 17-20
May 51

June 3

June 8-12

June 16-18

48-51

51-54

Duration of Period of Maturity

The duration of the period of mat\u*ity depends on food

supply and climatic conditions* F. B* Paddock made a three year

study of the life of this insect in Texas* He found the period

of maturity to vary from twenty<»three to sixtysix days* He

records two insects that hatched on the same day* July 88» one

matured August 27^ the other Septmaber 10* a difference of thir**

teen days* Mr* Paddock found the insect to mature* on an aver«»

age as follows: at a mean temperature of 68 degrees F«* 52 days;
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75 d«grm y,> 41 dayii 80 d«gMM F,, 58 dayti 85 d4gi^e« F.»

S7 dtyti and 86 dagraes F,, 85 dayt*^

Bodyala

The aadyals la the most crltioaX period in ̂ a Ufa af the

Inaaat. lo reeord was kept of the fatalltiaa in aedyeisj but

from ay observational X would judge there la at leaat twenty per

cent. There is possibly ten per cent more fatalities in eool

weather than in warm weather, Kymphs are about equally apt to

die in any one of the five eedysis.

The period of duration of any single eodysia averagea ap*»

proxiaately seventeen minutes* The skin first splits transverse*

ly aeross the pronotum« then down the dorsal side of the abdanen

forming a "T", When the Insect first crawls out of the old skin

It Is solid white tinged with orange. In about one hour the in*

sect changes to its normal color and markings. Plate eleven

shows a nymph in the fourth ins tar just beforci during, and after

ecdysis.

Duration of Life

Wenerally the male dies before the female, the exception

being for the female to die first. When the male dies first,

the diffeZHmce is very little, whereas the fmnale may live forty

4.
Paddock, F. B. Studies on the Harlequin Cabbage Bug. 1918,

Texas Agr. Exp« Sta. Bui. so. ysst, pp. 50*34
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or fifty days longor than the male* Table 2 ahowa period he-

twoen death of Male and female. In a eoimt of the proportion

of aezeSf from bugs which I kept over winter In the laboratory#

there were S7«278 per cent more females than males. In a elm*

liar count made on July 9, from young adults, there were

20.624 per cent more females than males. Two other counts were

made, July 16, and JUly 20; the piropoirtlon of females In these

counts was 0.S56 and S.654 per cent, respectively, greater than

,the males. From these counts It seems that at least twenty or

twenty-five per cent more fenmles than males live thi^^ the

irinter. The period between the death of the male and female In

eight cages is s3iown in table two.

Table S* Period between death of male and female

Vale died Female died Period, days

May 6 July 11 37

June 11 June 17 6
June 1 July 19 48

June 18 July 16 28

June 9 June 11 6

June 2 July 23 62

June 4 June 11 7

May 13 May 26 13 »

Av, 23.2

Only adult Insects are able to withstand a killing frost.

October 20 is the average date for the first killing frost around

Enoxville. From my observations In the field I would Judge that

over fifty per cent of the old adults are dead by June first.

Assuming that the Inseots are forty-five days old at the first
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killing fnostf Octcbor 29ji and that the insocts that liva 0T6X*

winter are dead by June firat^ the average life of the fall

brood would be about 260 daya. It is claimed that the spring
brood dies before fall^ or during hibernation#

In a atarvation teat made with fifteen males and fifteen

f«Bialea, the females lived about two daya longeri however this

teat ia not conclusive# Table three shows the results of thia

teats

Table 3* Starvation test. Bugs taken from field and caged July 10.

Caged 4, P.M#
July 10 BaxT

Temperatureapera

■fife TIean Obsexnred
Dead

fale Pemale
Period,
days

10 91 80 77
11 90 69 80
12 91 67 79
13 81 67 74
14 83 65 74
15 86 64 25
16 90 68 79
17 88 67 78

July 18 92 70 81

9:00 A.M.
7:00 P.M.
8:00 A.M.
1:00 P.M.
5:00 P.M.
9:00 P.M.
8:00 A.M.

12:30 P.M.
7:00 P.M.

2
2
2
5
S
2
1

T5

1
3
2
1
2
2
1

w

1
2
3
4
6
6
7

■-.3:

i I

Period Betetti Oviposition and Death

The period between the last deposition of eggs and death
is short# The average for the eleven oases observed being 4.27
days. Only one of the eleven females lived over six days after
the last deposition of eggs# The observations are given in the
following table, number four:



Tftble Period between oviposition end deeth*

Last eggs laid Female died Period daye

1 May 1 May 9 8
8 July 18 July 80 8
80 July 5 July 11 6
81 June 14 JUne 17 9
88
89

July 19 July 19 6
July 10 JUly 16 6

84 •

86 July 8 July 10 8
28 June 0 June 11 8
37 July 16 July 86 10
88 June 8 June 11 9
89 May 81 May 86 6

Av# 4.27

« Pmele lost ifey 10«

Proportion of Sexee
•»

four counts were owde to detemine tbe proportion of

the eesoe* The first eount wee aede i7une 86^ on exMOlaene of

the fell broodf whieh X hed kept ellwe in the leboretory over

winter# The proportion of feneloe In this eount wee fl7«87S

per e«it groeter then the aelee* The second eount

wes oede Jlhly 9^ on young edults# many of which hed molted on

this date* These bugs were of the first to beocKne edult In the

spring* The proportion of the females in this count wes 6*648

per cent less then in the first eount# but groeter tlum in

either of the lest two* The third count wes made jTuly 16# froa

specimens oolXeeted from the field on this date* The proportion

of the fmieles in this ommt wes <mly 0«366 per eont greater then

the males* The lest eount wes made July 80# from insects eolleet*

ed In the field on this date# From the specimens collected on

this date# 410 pairs were copulating* Bad Z not collected any
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that w«re copulating, X believe the proportion of the fenunlea

would have been greater In this count. The last count waa on

forme taken from a rape field appiHJXlmately 80 feet wide and

400 feet long, on a farm about one mile southeaat of the end

of the Sevlervllle atreet oar line. The Insects In the two

previous counts were taken from a cabbage field located about

150 yards south of the rape field. In all 8804 bugs were counts

ed; of these 1473 were females and 1331 were males. The per

cent of the females for the total count was 6,064 Boz*e the

males. The results of these counts are given in the tables that

follow:

Table 5. Proportion of Sexes, Fall brood which hibernated.

Coimt made Ho, females Ho, males Per Cent Difference
Females Hales per cent

June 88 •8 56 63,636 36,364 87,278
t

Table 6, Proportion of Sexes, Fir'St spring brood.

* ft

Count made Ho. fmnales Ho* males Per Cent Difference
Females Males per cent

July 9
t

76 50
t 1

60.317 39,684 20.624

Table 7, Proportion of sexes. First and Secoijid spring broods•

Goimt auide Ho, feoutles No, males Per cent Difference
Females Hales per cent

(

July 16 281 279 60,178 49,828 0,356
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Table 8 Proportion of sexes. First three spring boards.

Count made No. females No. males Per Cent Difference
females Males per cent

July 20 1018 946 51.872 48.173 3.654

Kiaber of Generations per Year

Around Knoxville^ the average date, over a period of fifty*

six years for the first killing frost in the fall and the last in

the spring, is October 89, and April 3« The difference between and

Including these two dates is 166 days. This leaves 209 days for

the activity of the insect. Forty days under field conditions,

would be a fair average for the maturity of the bug. In mid-

suamer the insect would matuz^ a week or two sooner, but in the

spring and fall they would be a week or two longer. On the aver*

age it would take the eggs about seven days to hatch. If the fe*

males started laying eggs ei^t days after maturity, the life

cycle at the above allowance would be fifty*five days; and there

could be only four generations a year at the most. My obsexnra*

tions covered only one year: September 1927 to July 1928.

REPRODUCTIOl

Copulation

The insects are rather "long" on copulation, both in

frequency and time. While on a field trip on April 23, X col*

lected several pairs of insects copulating. Two of these pairs

copulated thirty*8ix hours after I had collected them. On
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December 14 and 15« I had a pair of bugs to copulate twenty four

hours and fifty minutes# Table nine shows a complete record of

the copulation on thirty-three pairs of insects# The insects

copulated a total of 141 times, and the average time of copula

tion was nine hours, fourteen and six tenths minutes# The av

erage for the first, second, third, etc# up to the eleventh cop

ulation is shown in the table# The average number of times cop-

tdated was 4*27# Copulation is usually started in the afternoon

or early evening# Of the 141 cases of copulation recorded, only

fourteen were begun in the morning#

In warm weather it seems that, typically, the insects cop

ulate every day or every other day; that is once or twice between

each deposition of eggs#

Copulation is begun by the male "backing-up* to the female#

Plate twelve A shows copulating position# Owing to the large

siee of the penis of the male (See plate twelve C & D), it is

with much difficulty that the "union* is made# Possibly the

large sise of the pcmis is the cause of the insects remaining

"tied" so long# Plate twelve C shows the penis of the male extend

ed# During my observations on copulation, Z found, on three oc

casions, a male "tied" to a dead fmaale# Plate twelve B shows

one of the couples; the female had been dead three hours (I do not

know how much longer) when this picture was taken# On several

occasions 1 saw a male try to copulate another male# This phe

nomena is not so very uncommon even among some of the higher ani

mals# Z cits one example;

- v.. iiliMiSlil
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'Sex dlsorlmlnatlon in frogs is not very precisft* Males

are sometimes held by other males for a long time^ and

copulation is not infrequently known to occur between

maleB of different species* Spallanaoni records a malt

toad that carried around an individual of his own sex

that had died some daya previously and was in an advanced

state of decay*

Period Between Maturity and Copulation

fhe period between maturity and copulation in the twelve

couples ef insects observed varied fi*om five to thirtyone days.

Only two couples went over ten days before copulating, and these

four insects matured March 20, when the days were cool and the

nights chilly. The other ten couples observed, that became ma*

ture in luly, copulated, on an average, 7.5 days after becOTing

mature. The average for all oases observed is 10.8 days. The

results are shown in the table number ten.

6.

Holmes, Samuel .T#, 1927 The Biology of t,he Prog, p. 323
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Ml* 10 ?*rlod b*tv**a Miturity axid oopulation*

Box Matured Mated Copulated Period daye

8 1 March 20 March 22 April 11 21
8 2 March 20 March 22 April 28 81
S 5 July 2 JUly 8 JUly 9 7
8 4 July 2 July S JUly 10 8
8 8 July 2 July 8 JUly 12 10
8 6 July 7 July 7 July 12 6
S 7 July 7 July 7 July 14 7
8 a July 7 July 7 July 16 9
8 9 July 7 JUly 8 July 18 8
8 10 July 7 July 8 July 16 9
8 11 July 19 JUly 14 July 19 6
8 12 July 14 JUly 16 July 19 6

Av* lo«8

f*rtllit7 P*x*iod

On 11*7 4f X oolleetod 297 inaoote In the field* Pelra

thet wore eopuletlng were placed In « eege to tbMieelweet and aa

Men aa eopuletlon was flniahed the ouilea wore penaanently aepa*

rated froa the fenalea* In thia way twenty»flwe eagee were pre*

pared* Xo doubt some of the feaMlea had eerulated beferei even

*e« thle would not affect the accuracy of the experiment* The

experiment ahowa that the foBuile can lay egga for at leaat two

months* One female laid aix egga on jTuly 30* 8eventy*three daya

after being separated from the male* four of the aix egga hatch*

ed} the other two were laaahed* Table eleven ahowa the oviposi*

tion period* maaber of Cfi^a laid* and the per cent hatched* The

evlpesition period averaged 86*7 daysf the everwge number of egga

laid per female was 77*8| 89*S per cent of the egga hatched*



thbl« XI Showing fwrtlXity period eli^er oorAilatlon^ number
of egge leid^ and per eent that hatch*

Cage
period

Qvilpot'ltion
daye

Mo* egga
laid

Per cent of egga
that hatoh ,

X
8
8
4.
6
0
T
8
9
XOe
XX
X8
XSe
Xi«
X8
Xd
17
X8
X9
80
8Xe
88
83
84
8Se

Hay 7
Kty 9#
May
May 7,
May 8,
May 10*
May 7*
May 10«
Itey 8,

to JUly 17
to July 80
to June 10
to July 0
to June 16
to June 81
to JUne 16
to JUne 18

May 8, to June 18
May 10* to June 84

to JUne X8
to June 18
to JUne 10

May 11*
May 9,
May 18,
May 9
May 13
May 6, to JUXy SO

May 10, to May 14
May 9, to JUne 88
May 7, to June 8

X
09
78
34
69
36
48
30
88

41
48

88
34
89
X
1
60

6
46
87

Total 714

18
107
143
48
111
61
100
49
84

148
103

68
81
36
18
13
101

84
110
107

1886

100
88*68
94*40
71,48
84*68
100
88*83
97*98
100

89,68
88*36

88*48
75,31
88*67
100
100
90 *01

100
78,18
09,00

1790,30

Average 55.7 77.8 09,00

e never laid*

Ovipoaitloa

In the field egge are laid on the under nide of the leaf,

ooeaeionally to the midrib. During my obeervations in the field 1

found oxily throe batohee of the egge that were laid on the tap of

the leaf* Xn glaoa aagea egga are usually attached to adhesive

tape* In all eaaea the eggs are deposited in s protested plaee.
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I observed several females In the act of ovlposltlon# The

period of dtiration of a deposition of eggs depends upon the num*

her of eggs in the batoh. During oviposit ion a fssiale lays an

egg every two or three minutest I observed the deposition of

three batches of eggs^ twelve eggs in each batch, the time in

each case was between twenty-seven and thirty minutes.

Ago at Beginning of Oviposition.

The age of the fssuiles when oviposition starts Varies great*

ly with the individuals, and seasons. Table ten shows that fe»

males copulate the first time from five to thirty-one days after

maturity, the average being 10.5 days. Table twelve shows that

the first deposition of eggs is two to four days after the first

copulation, the average being 5.3 days. The average age of fe-

Bules at beginning of egg deposition is 13.8 days.

Period Between First copulation and First

Deposition of Bggs,

Females begin deposition of eggs in two to four days after

the first copulation. The average for the twelve females obseirv-

ed is 3.3 days. The period betv/een the first copulation end the

first egg deposition is shown in the following tablei
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Table 18 Period between first copulation and first deposition

of eggs#.

Cage First Copulation First eggs laid Period, days

8 1 April 11 April 15 4
8 8 April 28 May 1 2
S 3 July 9 July 9 3
S 4 July 10 July 13 3
8 6 July 12 July 15 3
S 6 July 18 July 16 4
S 7 July 14 July 18 4
s a July 15 July 18 3
3 9 July 16 Jhly 30 4
8 10 July 16 July 20 4
8 11 JUly 19 July 22 3
S 12 July 19 JUly 82 3

Av. 5.8

Rate of Oriposltlon

Some females lay eggs more or lees regularly every three

days, others every four days# Typically it seems that the female

lays every three days until she Is about "spent"* S<metlmes a fe

male Just beginning to lay will lay every other day until she has

laid four or five batches of eggs. Hear the end of the oviposi-*

tion period a female may go ten or twelve days* scmetimes longer*

before laying* When females lay.over twelve batches of eggs*

there may not be over six or eight eggs In each of the last throe

or four batches laid#

^e rate of ovipositlon for two sets of eages are shown la

the two following tables t
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Tftbl# 15 Rate of OvipositIon

Cage Bggs Batches Period, days

1 70 6 16
2 184 17 78
20 195 19 64
21 150 11 46
22 216 19 76
23 169 14 72
B4 69 6 14
26 119 10 44
26 102 10 59
27 194 17 79
28 164 13 58
29 96 8 28

Total 1686 150 588

Average 140 «41 12»6 49

< f

f-

H c

•W' ' V
. ■?•• .■PJ

■ . LS v
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# lever laid
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Rate of Ovlpoeltion

Oage Eggs Batches Period, days

1 12 1 1
8 167 17 69
5 143 14 73
4 42 4 34
6 111 11 59
6 61 4 36
7 106 10 46
8 49 4 36
9 84 7 35
10 ♦
11 143 18 41
18 103 8 46
13 e
14 «
15 68 6 32
16 81 7 34
17 35 4 29
18 18 1 1
19 13 1 1
20 101 11 66
81 •
82 84 8 5
83 110 . 10 46
84 107 9 87
25 ♦

Total 1556 143 714

Average 77.8 7.15 35.7

Relation of Hinaber of Coplilations to lumber of Egga Laid

A oareful analysis of tables 16 and 16 shows that there is

very little relation between the number of copulations and the

number of eggs laid. Bspecially is this true if the female copu»

lates as many as three times after she starts laying eggs. The

females in table 15 were allowed to copulate at will» while those

in table 16 were allowed to oopulate only once after being collected

in the field May fourth. The hi^est number of eggs laid by a
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single femsle was 815| this fwoale oopulated nine times. One fe*

male copulated twelve times and laid only seventy eggsi another

female copulated ten times and laid 102 eggs; another nine times

and laid 159 eggs. Two females copulated three times each; one

laid 96 eggs; the other 193. Three females copulated seven times

each; one laid 119 eggs, another 130 eggs, and the third 184 eggs.

In table IS the three females which copulated the largest number

of times (nine, ten, and twelve) laid a total of 331 eggs. The

three females that copulated seven times each laid a total of 433

eggs. In table 15 the four females that copulated the largest

number of times laid a total of 546 eggs. The four females that

copulated the smallest number of times laid a total of 610 eggs,

or 64 eggs more than the four that copulated the largest number

of times.

The average number of eggs laid per female in table 15 is

140.41, the average in table 16 is 77«8« The five females sdiieh

laid the highest number of eggs in table 15 copulated a total of

thirty*three times, and laid a total of 945 eggs. The five fe

males in table 16 which laid the hi^est number of eggs copulated

a total of only three times and laid a total of 638 eggs. The

latter copulated one-eleventh as many times as the former and laid

over two-thirds as mSny eggs. The fmaale in table 16 that copu

lated only one time, and laid 167 eggs, laid over twice as many

eggs as the female in table 15 that copulated twelve times. • ••.

• •••
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Table 15 Relation of numbez* of copulations to number of

eggs laid, and per cent that hatch,#

Cage Ovipoaition period No. Cop, No. eggs laid Per Cent
eggs hatch.

1 April 15,
2 May 1,
20 May 2,
21 April 29,
22 April 11,
23 Anril 30,
84 . April 30,
25 April 26,
26 May 1,
27 April 28,
28 May 1,
29 April 30,

to May 1
to July 18
to July 5
to July 13
to July 15
to July 10
to May 13
to June 8
to June 9
to June 15
to June 8
to May 21

12
7
3
7
8
9
4
7

10
6
5
3

70
184
193
130
215
159
69
119
102
194
154
96

100
98.37
93.21
100

69.30
96.79
75.35
100
89,47
96.39
99.35
98.86

Total 81 1685 1117.20

Average 5.72 140.41

• Insects allowed to copulate at will.

93.10

- „ j 4

. : I"
"■
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Table 16 Relation of the number of copulations to the
number of eggs laid, and the per cent that hatch.*

Cage Oviposition Period No. Cop. No. eggs Per cent of

laid eggs that
hatch

1 Hay 7 1 12 100
2 May 9| to July 17 1 167 85.63
5 May 8, to July 17 1 143 94.40
i May 7, to June 10 1 42 71.42
8 May 8, to July 6 1 111 84,68
6 May 10, to June 16 1 51 100
7 May 7, to June 21 1 106 52.83
a May 10, to June 15 1 49 97.95

9 May 8, to June 12 1 84 100
10#e *

11 May 8, to June 18 143 89.52
12 May 10, to June 24 1 103 88.35
13»«
14»*
15 May 11, to June 12 1 62 85.48
16 May 9. to June 12 1 81 75.31
17 May 12, to June 10 1 35 88.67
18 May 9 1 12 100

19 May 13 1 13 100

20 May 8, to July 13 1 101 99.01
21**
22 May 10, to May 14 1 24 100
25 May 9, to June 23 1 110 78.18
24 May 7, to June 3 1 107 99.06

Total 1556 1790.03

Average 77.80 89,50

» Insects allowed to copulate only once after being eaged*

♦♦ Never laid*

Relation of Nunber of Oopulations to Nvnber of l^gs that Biateh*

In all eases the per cent of eggs that hatch is either high

or low, usually less than ninety or more than ninety-eight. There

seems to be a relation between the number of copulations and the

per cent of eggs that hatch. In table 16 the average per cent of

hatch is 89.5; in table 15 the average is 93.1 per cent. In
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tAble 16 th6 per cent of hatch of 6ggs of six famalos is 100|

in saeh of thess eases the noaiber of eggs laid Is less than

eightyofive* In three of the six oases« the feouile laid only

one hatch of eggs, thus making the per cent of hateh imusually

high. The hatch of eggs of over one«half of the fanales in

table 16 is less than ninety«>8lx per cent idiile three-fourths of

the fanales in oage 15 has a hatch of over ninety-six per cent*

In table 15 in each of the three eases of 100 per cent hateh, the

fisiales oopulated seven times each. This is, X think^ a mere in

cident, for one of the feiaales that copulated only throe times,

and laid ninety-six eggs, has a latch of 98.96 per cent. Another

female that copulated seven times, and laid 184 eggs, has a hatch

of 98.57 per cent. The average per cent of hatch of the five low

est cases in table 16 is 72.48; the average for the five lowest in

table 16 is 84.74 per cent, or 12*48 per cent more*
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X Average period between maturity and copulation wia X0»5 daya*

8 Average period between flret copulation and firat deposition

of eggs was 3«S days*

3 Average number of eggs deposited per female was 109.l*

4 Largest number of eggs deposited by single female was 21S,

6 ^rgest number of eggs laid in single batch was 19,

6 The eggs deposited by ten females hatched 100 per cent,

7 Average per cent of eggs that hatched was 91«3,

8 Averi|ge period of egg deposition was 42,3 days,

9 One female laid fertile eggs 79 days after being mated

with male,

10 Largest number of eggs found on single plant in field,

(June 18) was 208,

11 Date of first eggs found in the field in the spring was

May 6*

12 First adult found in the field was April 29,

13 First young adult found in the field was July 2,

14 Largest num1)er of adults found on a single plant in the

field was 61,

15 Average period of copulation was 16 days,

16 Longest length of single copulation observed mis 36 hours,

17 Average length of single copulation, 141 cases, was 9 hours,

14,6 minutes,

18 ' Average number of copulations per mated pair was 4,27,

19 On average females live abou,t 23 days longer than males,

20 There are about 5 per cent more females than males,

21 There is little relation between the number of copulations

and the number of eggs laid.
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22

23

84

26

26

27

There le more relation between the number of copulatlone

and the number of eggs that hatchf than between the number

of copulations and the number of eggs laid.

The Insect molts 5 times in becoming adult.

Duration of maturity varied from 48 to 54 days.

During deposition^ the female lays an egg every two to three

minutes.

Average duration of eedysia was about 17 minutes.

There oannot be over four generations of ̂Jlurgantia hiifltri*

onica. . .

vV.
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