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BIOLOGY OF THE JAPANESE .BEETLE 

By ',",\r:rF-1I K J<'I.g~IlXr., collaborator, 


Entoll101Qgy llesearclt Divh,inn, Agricultural Research Servic(, 


Little was known about the binlogy of the Japanese beetle (Popil­
iia japoni('a Newman) when it was found in southern New .Tersey in 
mid-All~lIst lD1G, probably oeCllllse it is a pest o·~ minor importance 
in its natiYe ,Japan. Prior to its discovery in the United States it, was 
known to OCCIlI' only on the mnin islands of the Japanese archipelago. 
The beetle is ('ammon bllt not' abundant in Kyushu, Shikoku, and 
southern Honshu. It is tIlE'. most abundnnt in northern Honshu and in 
un of Hokkaido where gras:ilands occur, but its population density 
never rea('hes th!ltin the Eflstern l"nited States. 

In New .Tersey the bectle fonnd a generally fn.vorable climate, large 
areas of permanent turf for developing the immature stages, almost 
300 species of plants to satisfy its voracious appetite, and at that 
time no important natural enemies. Fleming (1968) 1 has summarized 
the de\'elopll1ent of hiologieal control of the beetle in the United 
Stfltes. Thl' beetle !'lpn'!HI rIlpidly in its new em'ironment and it soon 
became a threat to Anwl'ican agriculture. The adult seriously dam­
aged certain small fruits, tree fruits, truck and garden crops, orna­
mental 11erb11eeoI15 garden plants, ornamental shrubs and vines, shade 
Ilnd ornamental trees, :t1HI many noneconomic plants. The grub de­
stroyed .largE' nrea~ of tud in lawns, golf conrses, and pastures and 
damngt'<l the roots of ot11('r plants. 

Some phnses of in\'eRtignting the biology of tIlE' Japanese beetle in 
the rnitecl States were conducted by the U.S. Department of Agri­
culture in eoopel'ation \\"ith other Federal agencies, State agricultuml 
experiment stations, State departments of agriculture, and universi­
ties within tllE' area infested by the insect. Reports on the progress of 
the inn~stigati()n appeared :from time to time in Federal and State 
pnblication~ and in Yariolls scientific jonrnals, but much additional 
infol:llllltion i~ fOllnd in the unpllblished progress reports by 
F. E. BakC'r, T. X. Dobhins, ,,\Y. C. Ellis, ·W. Eo Fleming, H. Fox, 
H. F. Gool1ewllnlE'ne, C. H. Ha<1lC'y, 1. ~L Ha.wle)', M. G. I;;:~ein, T. A. 
Lalld, .Tr., I)..r. ~[eC':lbe, .T. r. ~r('Guire, E. L. Plasket, L. B. Smith, 
C. A. Thomas, R. T. ,,\Yhite, H. ,r. "'\Yillarcl, and D. B. Zepp on file 

1 'l'h~ year in italic nfter th~ nuthor's 1111111(' is the key to the rf'ferenc(' in 
Liternturl:' titl:'d. 11, 117. 

1 
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at the Japanese Beetle Laboratory, )IoOl'estown, K.J. This bulletin 
summarizes the results of published and unpublished studies con­
ducted from 1917 to 1970 on the biolo~'J' of' the beetle. 

EXTERNAL ANATOMY 


The Adult Beetle 

The adult beetle (fig. 1) is fl beautiful brightly colored oval insect, 

varying in length from 8 to 11 mm. and in width from 5 to 7 mm. 
The female is usually larger than the nUlle. The body is a brilliant 
metallic green. The three pairs of legs on the thorax are a dark 
coppery green, varying slightly in hue. The coppery brown elytl'U\ 
which do not co'\'er the abdomen completely, expose a row of five 
lateral spots of white hairs on each side of the abdomen and a pair 
of these spots on the dorsal surface of the last abdominal segment. 
These white spots on the green abdomen distinguish this bootIe fro.n 
all other beetles that resemble it. (Dayis 1.9£Oa; Hadley 1922; Smith 

J-2927 
FIGURE 1.-Adult Japanese beetle. Five times natural size. 
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1925; Smith and Hadley 1926; Hadley and Hawley 1,cJ34; Fleming 
196Ja) 

The dorsal surface of the body is slightly flattened and without 
pubescence or i?c,lles. The ventral surface is coyered with short gray 
hairs. The head and thorax are thickly and :::oarsely puncta ted ; the 
striae of the elytra are double pnnctnred. The second stda is 
imperfect, terminating considerably below the apex of the e1y­
trOll. (Smith and Hlldley 1926) 

There nre Seven well-developed parts in the mouth-the labium, 
hyoopluu'ynx, left Ilnd right maxillae, left and right mandibles, and 
labrum. 'When the beetle is feeding, the labium is pushed downward 
to regulate the space required by the. grinding mouth parts. The 
maxillae and the mandibles swing laterally with a. forward-and-back 
Inotion to rasp the plant tissue. (Swill~le .l930a.) 

The sp>xes are most easily distinguished by slight c1Uferences in the 
shape of the tibia and tarsus of the first pair of legs . .As shown in 
llgure 2, the tarsus of the male is slightly shorter and stouter than 

J-2050 
FIGURE 2.-Foretlbiae unci foretnrsl of Japanese beetle. showing difference in 

structure between mille and female. Greatly enlarged. 
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the tarSW:l of the female. The tibial spur of the male termi­
nates in a sharp point, whereas this spur 011 the female is longer and 
1'01(uded. (Smith nnd I1nclll'Y lfMU; Hadley nnd Hawley 1934; 
Fleming 19u.Ja) 

The Egg 

The size, shape, and rolor of newly depositecl eggs ,-ary consider­
ably. 80111e are Sphel'l}ides about 1.3 111m. in diameter, some are 
el1ipsoid(',~ mcaslll'ing 1.5 mill. in len~>th and 1 mill. in width, and 
ol'hers tend to be slightly (·ylinchica1. They ra.ngp. from a translucent 
white to ('reamy. The external surfn('e of the p:rotecting chorion is 
marked with small hexagonal areas. ,t\s the embryo develops, the. egg 
(\lllllrges until it is almost twil'l' as large as the newly deposited egg 
lind it bN'olnes almosr sphedcal in shape (fig. 3). The developing 
embryo is then \'isibll' through the ('horion. (Dll\'i~ 1lJ20a; Smith 
and Hadley /{Wl; Hadley and Hnwley H)S4) 

The Grub 

.A completely white grub about 1.5 nUI1. long emerges from the egg. 
Its head is equipped with hiting mouth pads, enrh of the three 
thorncic segments hears n. pail' of legs, and there llre 10 abdominal 

J-722 

FIOURE 3.-~Iature eggs of Japanese beetle. Eight times natural size. 
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segments. It lies in its earthen cell curled in the general shape of It 

blunt-ended t'rest'ent in the Silme manner ns the full-grown grub 
shown in flgme 4 ...:\ fe\y hO\lrs after the grub emerges, the head and 
the spirneles ehange to n yellowish brown. After feecling, the aCCUJ11U­
lntion of fecnl mattel' in tht' hind~llt ~i\'es the posterior part of the 
abdomen n grnyish to black appearance. The sel1tellum of the met!1­
thorax bears on each Ride a smnll hard mucronate process armed with 
sharp rigid points. llossibly these processes assist the hatching grub 
.in breaking throll~h the thorion. There is one pail' of mesothorncic 
spiracles and there a re ei~ht pa irs of abdominal spimc1es. Each 
spirnde hns a L'ollnd disk-shaped respiratory plate, bnt there is no 
lmHn or l'l'spiL'Htory slit. (Ho\'in~ 1921. 1939) 

The el\~ irC' ~l'llb is l'o\-erecl with rathur long scattcl\ tl brown hairs, 
\"hid'. (tre int('rsp~rsedwith shott blunt brown spines. On the ventral 
sidlo of the lnst abdominal s('~ment many ratheL' long brown hooked 
:,pines are scattered, and there are many yellowish hairs at the sides 
Hnd till' end. ~[edially two conspicliolis rows of six or fie\'en shorter 
strnight spines are HITnnged in the forl11 of n V. This V-shaped 

J-5128 

FIGt'RE 4.-Fnl1·grown Jnl>nnese beetle grub. Six times nntural size. 
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arrangement on the rnster (fig, 5) distinguishes this grub from all 
other white gnlus.•Just prior to molting the mic1dOl'sal length of the 
body aremges 10.5 111m. Themich'entral length is slightly shorter. 
(Bodng 10;21~ 10JO; 8im 10J4) 

Dnt'illg thl' first molt the head is enhll'ged. The exteraal character­
istics of the second-instal' gl'\lb are the same liS those of the first 
instal' ",.itll the follo,,-ing exceptions: The scutellum of the meta­
thorns: is Hot armed with tl process on each side. Each spiracle has a 
conCflve, l'espirato~'Y plate surrounding a large bulla with a curved 
spil'flcleslit. The conclwity of the respiratory plates of the thoracic 
Rpil'l1cles faces posteriorly, ",hel'ells the concilyity of the respiratory 
plates of the abdomen faces Ilnteriorly. Just prior to the second molt 
t}1(\ middorsal length of the body of the second-instal' grub averages 
lH.5 m1l1, (Bodng 10;]0) 

During the seeoncl molt the head is again enlarged. The external 
('hal'flctedstics of the third-instal' grub are the same as those of the 
second instill'. When the grub is ll1lltllre, the middorsal length of the 
body n.n~l'np;es 32 mm, (Hodng 1.9JO) 

Tho eli n\~t'enc('. in body length of the second nncl thi.rd larval instars 
i:; so mnl'k(~c1 thnl' these instal'S cnn be disti.nguished by their size. The 
dUl'erence in size of the fnlly de,yelopecl first instal' and the newly 
molted second instal' is less obYlons, but the first instal' is so well 

J-30iO 
FIOURE 5,- -Armng('mellt of hairs and spinef; on underside of last bO(ly segment 

oC .Tnpnnt:>se beetle grub. Y-shnpetl arrangement oC lnst two rows of spines 
distinguishes this grub from nll other$. 
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marked by the structure of the. metnthoracic scutellar process and 
the iorm.of the spiracles that these two instal'S are easily separated. 

Since the head does not grow during a stadium, its size is a most 
convenient measurement to separate the larval instal's. The head of 
the first-instill' grub Iwerages 1.2 mm. wide and 0.7 mm. long, whereas 
the head of the second instal' is 1.9 lllm. wide and 1.2 mm. long and 
the head of the third instal' 3.1 mm. wide and 2.1 mm. long. The head 
measurements of incll dduals in each instal' are separate and distinct 
from those of another instal'. The hettd of the smallest individual in 
an instal' is distinctly larger than tha·t of the largest individual of the 
preceding instal'. Althvllgh the ratios for the increase in head width 
Il1'e different from those for the increase in length, the inCl:ease in 
width of the. head is directly proportional to its increase in length. 
(Davis 19EOaj Aberel'omhie 1[)J6; BO\·ing 19$9; Ludwig and Aher­
erombie 1940) 

The Prepupa 

The existence of an instal' between the last larYal one and the pupal 
instal' is usually not recognized, but such a form exists in the meta­
morphosis of It holomebtbolous insect such as the beetle. "Then the 
grub is mature, it ceases to feed, ejects the accumulated excrement, 
and becomes almost in!lcti,'e. T.he body becomes pale and the cuticula 
shrunken, Eventually the developing ttppendages become everted 
from their sncs Ilnd lie for the first time outside the newly developed 
pupal <,uticula, beneath the old In,ITal cuticula. Intern~.l changes also 
occur. The prepuptl responds thigmotncticnJly, but it does not feed. 

The Pupa 

During the transformation from prepupa into pupa the insect is 
inactive Ilnd helpless. The pupa (fig. 6) resembles somewllat the 
adult, except that the wings, legs, and antennae are folded closely to 
the body and functionless. The lwerage pupa is 14: mm. long and 
7 mm. wide. The movement of the developing pupa within the cast 
lan"al <,uticula splits the skin on its dorsal side to expose a white or 
pale cI'Cnm-C'olored pupa. The body gradnnJly becomes n pronounced 
tall and finally the metalliC' green of the adult. The caudal abdominal 
segment is noticeably di,"aricntecl. The tergum, pleura, and sternum 
of most of the abdomimtl segments are eleyatecl mesially into ca1'inae­
like ridges. (E1lis unpublished; Smith and Hadley 19£6; Hadley 
Ilnd Hawley J9JI;; Fleming 196Ba) 

The male pupa is distinguished from the female pupa by a three­
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A B 

J-5120 
FIOURE 6.-.Tnl>nl1(>S(> beetlC' pupn: .d, Dorsnl view; B, ventrlll view. 

Six tim(>s nnturnl size. 

lobe eruption conwing the elm'eloping genitalia on the posterior 
Yentral aGdominal segment.s (Luclclanc1 )IcCabe unpublished). 

"When the transforlllation to the adult is completed, the adult splits 
the pupal skin flllel withdraws its body anc1 ILppenc1ages. The newly 
Nnerged adult is soft and delicate. It remttins in the earthen cell 
formed by the grub until the chitin of the cuticula hardtlns, the wings 
expand to normal size, and the sexnttl orgllns mature. (Ellis unpub­
lished; Smith nnd Hndle.y 19:26) 

INTERNAL ANATOMY 

'J:'he Adult Beetle 

Alimentary Tract 

Swingle (1930a) studied the alimentary tract of the adult beetle. 
It consists of the esophagus, the ventriculus, and the hindgut. The 
esopha:.,Yus and the hindgut are illvaginations of the ectoderm and 
resemble it in struct.ure. The yentricnlus developed from the endo­
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derm of the embryo. The truct. begins as a. stra.ight tube behind the 
month in the head and thorax, and after entering the abdomen it 
coils about itself, filling the major part of l.he cavity. The llindgut 
lies on the dorsal side of the body with the ventriculus beneath it. 
The alimentary tract is Itpproximately twice as long as the body. 

Esophagus.-The mouth opens into 11 short esophagus, which lies 
almost entirely within the head of the beetle. Two chitinous plates j 

one at the base of each mandible, fit into the anterior opening of the 
esophagus and serve to hold it open and to grind passing food. The 
llnterior Pltl't is threadlike. The posterior half widens into a pear­
shaped crop. 

A.t the anterior end of the esophagus the intima is rather thick and 
forms spines extending into the truct. Beyond this the intima is thin 
IUld wlLvelike. The epithelium is uniform from the mouth to the 
eSOphllge1tl "nIve t1nd consists of pavement cells, which are about the 
same size throughout the esophagus. If u. basement membrane is 
present, it 1S extremely thin and dings very closely to the base of the 
epithelial cens. 

1.\.. thin layer of longitudinal muscles fits closely to the epithelium 
Itnd foems almost a perfect sheath about the esophagus. The circula.r 
tnuse1es are well defined but are present only in scattered strands. 

The beetle apparently has no salivary glands. No glands were 
fO\1lld in the head and thorax and no salivary enzyme was found in 
the alimentary tl'l1ct or it.s contents. 

Esophageal Valve.-The esophageal valve, a ring of epithelial 
cells tlmt forms a constriction between the esophagus and the ventric­
ulus, has no sphincter muscles. It is not efficient because the contents 
of the ventriculus ILre readily regurgitatecl into the esophagus. 

Ventriculu$.-The ventricnlus is the major part of the alimentary 
truct. It ranges in length from 2 to 21h cm. It goes back from the 
esoplmgeal vah'e into the abdomen 'where it is coiled about itself. It 
1l!UTOWS gradually toward the posterior end. The circular muscles are 
fairly well de.veloped throughout the ventriculus and serve to force 
the food through the tract. The longitudimtl muscles are thin and 
probably not impodant. 

The anterior end of the ventriculus has a ring of modified epithe­
lin.1 cells, which forms It collar around the esophageal valve. These 
cells secrete tl thin pel'itrophic membrane, which serves to protect the 
delicate epithelium from rough particles of food as they move 
through the yentriculns. 
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The epithelium of the ,'entriculus is composed of large columnar 
cells, whieh brenk and discharge It digesti,'e secretion and ure re­
placed by new cells cleY(~loped in the nidi. 

Pyloric Valve.-The postel'lor end of the ,-entriculus tapers into 
a conelike process, which enters the well-developed pyloric valve. The 
intimlt oeems in wavelike folds, whieh become thickened at the 
posterior end of the nth-c where they form large spines extending 
into the tl'llCt. The circular muscles are Ycry well elm·eloped, forming 
the major part of the \"[th'e walL A layer of longitudinal muscles 
('overs the circular muscles. 

Malpighiall Tubes.-Fonr ~lalpighinn tubes arise from the cone­
like process ns it l'Ilters the pylol'ie mh'e. Two of them open on either 
side; the other two htH'S a common opening. The tubes are simple 
and stmight as they leave the alimentary tl'llct, but slightly beyond 
this they ha \'e It fine lacelike appearanee, Two of the tubes cling 
to the wan of the tl'llct and run anteriorly to the esophageal vulve, 
wheL'e they turn llnd run posteriorly to the colon. The other two tubes 
are about one-htl1f the length of the first pair. 

Hilldgut.-Beyond the pyloric yalyc the hindgut widens and has n. 
very thick opaque yellow wall, which is usually wrinkled and pitted, 
Jn this part of the gut the lntima is ell'll W11 out into long needlelike 
spines, which extend into the tract. ,nlen the beetle feeds, the finely 
ground pal'ticles of food become lodged amo._g the spines 1111til only 
n. smnJl passage rema.ins through the center of the gut. The hindgut 
then Ilfll'l'OWS for It short disttlnce, where it is relatively thin walled 
nnd translucent, and widens aglLin tQ form u large rectum. It termi­
nates at the fil.lllS. 

The rectum, like the pyloric Yah'e, lS very muscular. The circular 
muscles tlre well den.·loped f'llroughout the hindgut; those in the 
forepart are much reduced in size, whereas those in the posterior 
pn,rt are greatly enlarged. Longitudinal muscles are present only in 
the forepart of the hindgut. 

Respiratory System 

Each of the spiracles is the opening of a trachen. The main tracheal 
trunk arising from a spiracle soon di\'ides into several branches, and 
by repeated didsions an immense number of branches are formed. 
Th(l ultimate bra.nches of the tracheal system are connected with 
small trncheoles, which penetrnte within living cells tlu:oughout the 
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body to supply oxygen and to remove carbon dioxide. '1'11e h'ache­
oles are probably the essential organs of respiration and the tracheae 
serve as conduits. 

Circulatory System 

The beetle has an open circulatory system, the blood filling the 
cadties ill the body and its appendages not occupied by the internal 
organs. The only blood vessel is a tube just beneath the dorsal body 
wall and above the alimentary tract, extel~ding from the caudal end 
of the abdomen through the tltorax into the head. The tube is divided 
into two sections-the heart, which lies in the abdomen, and the 
slender aorta, which traverses the thorax and terminates in the head. 
The heart is closed at the posterior end and is divided by constric­
tions into chambers, which are separated by valves. The nmscular 
layer of the, wall of the heart is composed chiefly of circular muscles. 
The rhythmic pulsations of the heart force the blood into the aort.a, 
from which it flows in streams into the spaces between the internal 
nt·gans. After bathing these organs, the blood returns to the heart 
and enters it through the ostin on it.s sides. 

Reproductive Organs 

b'lale.-Each of the two testes consists of six disklike divisions 
and are connected to the \'as deferens by means of the vasa efferentia. 
The paired canals of the "as deferens expand near their junction 
with the ejaculatory duct to form the seminal vesicle in which the 
spermatozoa are assembled. There. is one pair of accessory glands, 
whi.ch are about four times the length of the vas deferens. The ejacu­
latory duet is only 0.5 mm. long. The terminal section of the duct is 
enclosed in It fingel'like evagination of the ventral body wall to form 
the male intromittent organ, the aedeagus. The aedeagus enters the 
\'agina of the female during coitus. C\Yilliams 1945) 

During spermatogenesis the testicular cyst cells form envelopes 
about groups of spermatocytes and continue to surround the develop­
ing gametes until they are mature. As the spermatozoa complete their 
development they attach themselves by their acrosomes to the cyto­
plasm of a cyst cell. The cyst cells contain cytoplasmic deposits of 
ribonucleoproteins, lal'lre amonnts of glycogen, and lipid bodies. 
(Anderson 1950a) 

Th(\ secretion of the accessory glands consists of a ground mass of 
mucolldike protein polysaccharide componnd ·with large globules of 
mucus and many droplets of phospholipin and possibly other lipoidal 
Hlbstnnces. (Anderson 1950b) 
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Female.-The ovaries lie in the body cavit.y of the abdomen on 
either side of the alimentary tract. Each consists of six ovarioles, 
which open into the o\Tiduct. The two oviducts combine to form the 
ntginil. The duct of the spermatheca, the sac where the seminal fluid 
is stored, enters the vagina distad of the bursa copulatrix, or copula­
tory pouch. T"m oval glandlike bodies are situated in the tissue sur­
rounding the distal end of the lmgina. ("Williams 1945) 

The seminal fluid of the male, which is deposited in the vagina of 
the female during coitus, contains spermatozoa in cyst cells and the 
secretion of the accessory glands. The cyst cells disintegrate in the 
lower part of the ~enital tmct of the female, releasing the sperma­
tozoa and the contents of the cells. The glycogen from the cyst cells 
and the Illucopolysaccharides from the accessory glands may be an 
importnnt source of nutrition for the spermatozoa stored in the 
Rpermathecn, of the female. The egg becomes fully grown and the 
chorion is formed about it before it is fertilized. Small openings, the 
micropyle, in the chorion permit the entrance of the spermatozoa. 
(Anderson 1950b) 

The Grub 

Alimentary Tract 

Beard (1945) and RaPI> (19.',.7) studied the alimentary tract of the 
grub. ~Iany of its features are similar to those of the adult beetle. 

Esop/zayus.-The mouth opens into a very short tube, the esopha­
gus, which lies almost entirely within the head of the grub, and 
widens in its posterior half to form a simple crop. 

Ventriculus.-The ventriculus is a straight tube extending poste­
riorly from the esophageal ,"alve at the end of the esophagus. The 
well-developed muscles force the food through the tract. Three circles 
of cecal diverticula arise from the ventriculus. The first circle at the 
anterior end consists of short blunt irregularly furcated pouches. The 
ceca of the second circle, about one-third the distance between the 
first and third circles, are conical in shape. The ceca of the third 
circle arise neal' the posterior end of the ventriculus. They are conical 
in shape, directed anteriorly, and usually rather appressed to the gut. 
They are relatively short on the dorsal side and become progressively 
longer toward the ventral side. 

~lalpiyhian Tubes.-Two pairs of ~Ialpighian tubes arise in the 
anterior pnrt of the hindgut, not far back of the third circle of gas­
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tric ceca. These tubes are long, extending anteriorly to the anterior 
part of the, ,'entriculus and then posteriorly. 

Hindgut.-The hindgut, which begins at the muscular pyloric 
,'alve, consists of three parts reflected upon each other in a Z­
conllguration. The anterior part, which is uppermost, btpers poste­
riorly to the. greatly enlarged anteriorly directed rectal sac beneath 
it. The rectum beneath the rectal sac is directed posteriorly and 
terminates at the anus. The miclpart of the rectum is expanded. 

Respirai~'::'Y System 

Each of the nine pairs of spiracles is the opening of a trachea. The 
tracheal system extends to all parts of the body. 

Circulatory System 

The grub has an open circulatory system with the heart and the 
aorta on the dorsal side of the body. 

EMBRYONIC DEVELOPMENT 

Chromosomes 

The nutle hectIc has 18 somatic chromosomes-eight autosomal 
pairs and one pail' of relatively small sex chromosomes (Smith 
1958). 

Cycle of Embryogenesis 

Gese 2 studied the embryonic deyelopment of the beetle at 30° C. 
Dlll'ing the first -1: days embryogenesis consists of the formation and 
growth of the germ band and its associated strnctures, such as 
appendage buds and the rudiments of yarious internal organs. The 
~rerm hand increa~s to such an extent that it is longer than the egg 
and grows dorsally to partly enclose the yolk. Blastokinesis occnrs 
between the fourth and fifth clays. It consists of a, shortening of the 
germ band so that it is the same length as the egg and a buckling of 
the embryo so that the anterior and the posterior ends almost touch. 
Tnstead 0 f growing around the yolk dorsallYl as it did earlier, the 
{Josteriol' end twists under the middle part of the embryo and grows 

GESE, E. c. E~IBRYOGE:-iT OF THE .lA[,AXESE BEETLE, [,O[,ILLI.-!. JAFO:-iICA :-iEW­

MAN, .\:-i0 A CORRELATIO:-i OF lIORI'HOLOGIC.\L EVE:'i"TS WITH KNOWN PHYSIOLOGICAL 

CllA:'i"GES. 1933. [Ph. D. thesis. COpy on file Xew York Uni,erslty.] 

I 
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anteriody. During this process the yolk, as "ie,weclJaternlly, changes 
from an on\l to It bean shape, a typical scarabaeoid shape. Beginning 
with tht' fifth clay the formation of new structures becomes secondary 
to tIll' growth and difl'erentiation of strnctnres alrendy formed. 

Increase in '~Veight 

The. newly laid egg weighs 0.88 to 0.86 mg. During incubation it 
increases to :2.:3 to :2.+ mg. ill H clay., at :20° C. (Ludwig 19J2) , in 
ti days at :2J~ tLudwig llMJ)' and in + days nt 30" (Rothstein 1959), 
The weig~,t remains praeti('ally ('onstant clnring the remainder of 
thEe' ('lllhl'yoni(' IH.'riod. 

TIll' iJl(,l't'm;p in t'gg weight is ar::sociatec1 with the imbibition of 
water. Till' newly iltit! egg ('ontains -!n to 50 percent of water. After 
the ('gg rea('ilt's its maximum w('igllt. it contains 81.8 to 84, percent of 
water. Thl' in{'reasl' in wlIter content is more than sufficient to account 
for till' ilH'l't'asl' in weight, an indication that some lo!;:, of weight 
results frol\l the metabolism of ~oml' of til(' t'gg substances. (Ludwig 
10.M: Hothstl'in Wi,;!) 

Importance of 'Vater 

The l'gg of thl' beetle, likl' thosl' of other scarabaeid beetles, must 
absorb wnteL' ns a, prelude to and during embryonic development. 
Sinet'o it i$ adapted to cll'velop in n moist soil, it apparently has no 
mechanism for L'Ptaining wnter. If therl' is not sufficient moisture in 
tl!(\ soil, the eggs perish. (Ludwig 19.];3) 

Effect of Temperature 

Development at Constant Temperatures 

Xo t'gf!$ hatl'hed below 13) C., although Ludwig (19i28a) observed 
some embryollit· (h~\'eloplllent at 1;3° and Fox (19J9) at 12.5°. Ludwig 
(l[)J8a) found that tht' Hyeragl' incubation period was as fol1ows: 

Days .('. 

61 ____ _______ 15 ~ 

33____________17.5 
21 ____________20 
15____________22.5 
11____________25 

9____________ 27.5 
8___________-30 
9____________34 
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Only 4:2 percent of the eggs hatched at 13'" C., bnt 75 percent or 
more. hatched at temperatures from 17.5° to :34:°. The optimum for 
incubation appears to be about 30(). (Ludwig 1938a) 

Effect of Alternating Temperatures on Development 

The effect of alternating temperatures on the length of incubtltion 
ItS compared to the development at constant temperatnres depended 
on the rt:lationship of the tf'mperatures to the threshold and the 
(optim\lm temperatures for development. Eggs held at 10° C. one dllY, 
:20" the nt'xt day, 10° the following dny, and so on hatched in 31 
days, whcreng those held nt a constanttem})erature of 15° required
ul dll;YS to hatch. Eggs subjected to alternating temperatures of 15° 
ltnd 2[)O hatched in :20 days: those h('l(1 at 20') hatched in 21 dltyS. 
Eggs subjected to alternnting temperatures of 25" and 35'" hatched 
in g days; thos(' held at :m" req\lired 8 clays. These dntll show that 
embryogenesis is neeclerated when the temperature fluctuates above. 
and l)t~low t\w threshold tempe.l'lltme; it is not modified when the 
temperntm'(' fluC'tuntes between the threshold l'1nd the optimum tem­
periltul'es, and it is retnrdl'cl when tIll' temperature fluctuates above 
IUld below thl' optimum. lLudwig J9J8a) 

Cold Hardiness 
The. eggs are llot cold hilrcly. Xo eggs snrdved exposure for 

1 week to 0" C. or fot' 1 day to -~OO . .At ;)0 to 5° the Yiability 
decreased to no percent in (j days, 70 percent in l± dllYS, 50 percent 
in :'u days, and zero in ~8 days. llIn11 et al. 19(8) 

The dability of the I'gg:.-: was llecreasecl and their development 
retarc1Nl as the exposme to 10° C. was prolonged before incubating 
at an". Xinety-fl\'l~ pen'ent of the el!gs not exposed to the lower te111­
pernture hatched in tl.:3 days. Exposure to 10° for 1 week reduced the 
hatch to 3\1 percent and increased the incubation period at 30° to 8.5 
days. Two weeks' expoSUt"e reduced the hatch to 37 percent and 
increased the ineubation lleri;)d to H.·! days: three weeks' exposure 
also redueecl the hnteh to ;37 percent and increased the incubatioll 
period to 11.~ days. ::\lany of the gruhs hatching from eggs exposed 
to the lower tempet'lltul'l' for :3 weeks were ::i0 weakened that ther 
were unable to EreI' thelllselYes from the chorion. (Ludwig 19JO) 

Exposure to 111' C. fot' 1 week modiflecl the \'itality of the eggs 
during nll stilges of cll1bryonie c1('n'lopment at ;mo. XI'\"ly laid eggs 
were the most sllsc('ptiblc to the cold: only }\ percent of them hatched. 
The hateh \\'t\~ (iO percent of the eggs 1 clay old, 30 percent of those 
a days old, :l\l PClTl'Ill of those :i day:- old, alld 30 percent of those 
7 day!> old, (Ludwig- 19,J(}) 
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The egf,rs ttl'e not physiologically adapted to withstanding for long 
periods exposllres below 15° C. It is not IIncommon to find apparently 
normal eggs in the field in late fall or early spring, bllt none of them 
were viable. ,Yhen brought to (l. warm laboratory, these eggs soon 
disintegl'ilted. (Ha.wlcy 1944) 

Biochemical Changes 

pH 

The contents of the egg Hre slightly alkaline; the pH is 7.1 during 
embryon ic development (Fink 19:25). 

Nitrogen 

The total nitrogen in the egg remained constant during embryo­
genesis. It ranged from a.GO mg. (Rothstein 1959) to 8.95 mg. (Lud­
wig and Rothstein 1{)iiJ) pel' lOll eggs. There was a slight loss of ni­
trogen during eelosion, which lIIay be associated with the loss of the 
egg cltol'in. There were, however, chan:res in the distribution of 
nitrogen dming the embryonic period. 

III the newly laid egg 1~.V percent of the nitrogen was insoluble 
and 87.1 percent oJ it was soluble in water. The distribution of the 
watel·-solllble. was 1.7 percent in phospholipids, 4.0 percent in amino, 
peptide, and other nonprotein nitrogenous compollnds, and 81:4 per­
cent in meta,protein, proteose, and peptone. portio 1 of the egg. The 
lIitl'ogen in the. insoluble nitrogenous portion increased to 71.8 percent 
just before 11l1tl'iling and then decreased to GG.':!: percent in the newly 
hatched grub. (Ludwi,g and Rothstein 195;3) 

The phospholipid nitrogen increased to 11.2 percent in the 3-day­
old egg and then decreased regularly to 7.2 percent in the newly 
hatched grub. The nonprotein nitrogen increased to 9.1 percent dur­
ing the first a cla.ys of incubation, remained approximately constant 
during the remainder of the embryonic period, and increased to 15.3 
percent in the newly hatched grub. The metaprotein, proteose, and 
peptone. nitrogen decreased progressively to 10 percent just before 
hatching and then increased to 11.1 percent in the newly hatched 
grnb. The. shift of nitrogen Jrom the metaproteins, proteoses, and 
peptones to insoluble nitrogen probably indicates the synthesis of 
structllral proteins in the developing embryo. There was no e\"idence 
of the acclllllulatioll of waste nitrogen or that nitrogenous compounds 
were used ItS a source of enel'gy in the egg. (Ludwig and Rothstein 
195'2) 
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Reducing Compo\lnds 

Heduein~ compounds, expressed ns ~Iucose, increased from 0.20 mg. 
pel' 100 e~~s in thl' nl'wl)' laid egg to 0.77 m~. in till' 3-cl!l.y-old egg: 
decrea~ed to 0.50 mg. during- the fourth Ilnd fifth days, and then 
slowly inrl'eased to 1l.G1 mg. at the end of the cmbryonic period 
(Hothstein 195£). 

Glycogen 

Glycol!en decreased rapidly from 2.09 mg. pCl' 100 eggs in the 
newly hlid egg to l.~,b mg. during the first ,b cla,ys or incubation, 
remained constflilt during the next 2 days, and then decreased to 0.D3 
lilg. at the time of hatching. It is pos.qible that glycogen is the HUlin 
source of enc't'gy clul'ing the cady pnrt of embryogenesis. (Hothstein 
195~) 

Phnsphorus 

The total phosphol'lls rcmained constnnt during embryonic devel­
opment, it vemging 0.;b2~ mg. per 100 eggs, but there were chnnges 
in its distl·ibution. In the newly laid egg 28.0 pcrcent of the phos­
phorus was in tIlt' insoluble portion of the egg, 6.2 percent in the 
phospholipids, n.2 percent in the acid-soluble portion, and 24.6 
perccnt in the water-soluble portion precipitated by tungstic ncid or 
trichloroacetic acid. The phosphot'Us in the insollible portion in­
l'rcnsecl to ,b1.1 percent in 3 days, remained at this level for the next 
:3 days, and decreas",d to 38.3 percent just before hatching and to 
35.n percent in the newly hntched grub. The phosphorus in the phos­
pholipids increased steadily to 21.5 percent in the newly hatched 
gmb. The phosphorns in the acid-soluble portion increased slightly 
to ,b~.~ percent during the first 3 days and then decreased steadily to 
;)2.~ pereent in the newly hatched gl'llb. The phosphorus in the acid­
precipitated portion decreased rapidly dnring the first 4 days to 3.7 
percent and then during the last ChlyS of the embryonic period it 
increased slowly to ·1.2 percent. (Lnclwig 1958) 

The chanl!e in the acid-precipitated portion was the reciprocal of 
that .in the insoluble portion. The data indicate that the phosphorus 
in the acid-precipitated portion is transferred during embryogenesis 
to the other portions. The increase in thc phosphorus in the insoluble 
portion mil,)' show the synthesis of protein tissue since phosphorus is 
nil important t'oll:3titucnt of protein. The inC'l'ease in the phospho­
lipids may also ~how the synthesis of tissue. (Ludwig 1958) 
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Fat 

The, bound lipid remained constant thronghout the, embryonic 
pedoe!. There was no change in the free fat lether soluble) during 
the early 1'1lL"t of emuryogen~is, but beginning with the, fourth dny 
thoro WIIS It lllarked decrease, which continued to the tin1(l of hatch­
ing. The totnlloss wns Ilpproximlltcly 58 percent. The indi; ',ations are 
that free fIll is the main source of energy during the 1ast part of 
embl'Y()l\i(' d(welopment. (Hothstein 195:2) 

Respiratory Metabolism 

Corresponding to the~e ('hllngel:' in the concentration of the metab­
olites, the respirntory Clllotieu( decreased from 0.80 in the ne,wly laid 
egg to 0.73 just be·fllre hatl'hing. The rnte of oxygen consumption 
incrensed rapidly during the Hri'3t ellt)' of embryog(mesis, rcmJ,tilled 
,'onstant during the lll'xt 2 c!tl,ys, and then increased steadiiy during 
the remllindel' of the embt:0ni(' period. (Ludwig and 'Wugmeister 
195iS) 

L.tdwig and Wugmeistct· (1955) studied the activities of the, respi­
rntory enzymes, eytochrome oxidase nnd succinic dehydrogenase, in 
egg homogenates at l\, dilu! ion of 1: 1,000. The oxygen consumption 
of each of these. enzymes was high in the newly laid egg, but de­
creased rapidly dnring the first 4: da.ys of embryogenesis because of 
the dilution of the enzymes by the imbibition of water. Beginning 
with the fifth (by tilt) aetidties of the enzymes increased rapidly 
IIntil the end of the embryonic period. Llldwig and Barstl (1957) 
found that the oxygen consllmption of i)-percent egt; homogenates 
WllS enhanced dllring the emIn'yonie p.:!riod by adding sodium succi­
l1I\te 01' ('yto('hrome 0 to the homogenates. "'hen both substrates were 
added simultaneollsly, the increase in oxygen consumption was 
greater thnn with either substrate alone. 

POSTEMBRYONIC DEVELOPMENT 

Histological Changes 

Abel'crombie (I9J6) detet'mined the number and the size of the 
cells in the epithelium of the ventriculus and in the bmin during the 
chwelopment of the t;l'Ilb from hntching- to l11aturity. At the end of 
the first stadium the tlvernge weight of the grubs was 5.7:3 times that 
of the newly hntched t;l'1ll>S, wherens the increase in the number of 
COhlml1lll' ('ells in the ventricllllls was only 1.67 times and in the brain 
cells l.ID times. Dming the second stadium the average weight in­
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lm~ased 5.2.1 times, tlnd the number of cells in the ventriculus 
increnSl'd U)~ times and those in the brain l.(1) times. During the 
third stadium the. wei~ht increased a.l8 times, but there was prtlcti­
cully no inl'l'ease ill the nllmber of cells in the ventriculus or the 
brain. Then' wns no inrrellse in. the number of cells in the \rentriculus 
and tl1(' brain d\ll'in~ molting, bllt the size. of the heud capsnle 
ilH:rea~d only dnrin~ this period. There was n· close relationship 
between the im'rense in the weight of the grub anel the increase in the 
volume of the cells. The mature third-instal' grub was 96.2 times as 
hellYY as tin,' newly hnk\ted ~rub. During this period the volume of 
llH~ cells increased tW.S times. 

Lud wig and Abcn'rolllbie t19.]G) determined the time in the first 
uncl second stadin. when cell di\'isions occllt'red and the mechanism 
by ",hil'h the inl'renSl' in til(' ('olnnHHu' cells in the ventriculus was 
aaained. l>l1\'ing tIll' first ·1 dnys of each instal' at 25° C. there was 
no incrense, in the lIumber of columnar ceUs i growth wus due to the 
increa~l' in till' size of the celis already present. The number of co­
lumnar (,l'lls began to i!lel'ense on the Ii ftl' clay of each stadium and 
(,ontinued to inereaH' uutil the ~rub prepared to molt. New columnar 
('('lh; W('l'(' prodllced by di\"is101\5 of the basal or interstitial cells and 
their 5u1>seqll('nt tmllsfol'mation into columnar cells. The new cells 
becanw elongated, pushed between ncljncent columnar cells, and con­
tinued to grow IIntil they rearhed the size of the columnar cells 
already present. Cell multiplication and ditferentiation occurred 
simuHnneously nIHI most ntpitlly near the end of each stadium. 

Severnl investi~ators, inrlucling Przibram anel ~legusar (191~), 
Stzern t un.n, Eidmnnn (UJ2.~Il, J[)J4b) , and Titschnk (19£4), 
dailllt'd that molting in insects O(,C'lll'S when the wei~ht has doubled. 
This douhling in w(,ight Wl'S supposed to result from a single dh-ision 
of the body c(,lhl, 'When the weight was more than doubled before 
molting, Przibt'H1ll and )legusar tUn;!), Bodenheimer (1927), and 
Alpnto\- tm:![J) claimed that the mtio of the weight to the number 
of cell dh"isi()ns was some l'XpO\ll'nt of 2. Ludwig (19J:2) attempted 
to apply this pl'inciph' to the growth of the grubs and concluded 
that his data did not substantiate the idea of a pro~ression factor in 
theil' growth. This t'olH'lusion was qnestioned by Bodenheimer 
(l9Jd) . 
Ludwi~ (lfM~l/) madl' a, more detailed analysis of his data, using 

tht' method ac1vo('atecl by Bodenheimer (J.9};!~ 19J.1) for calcnlating 
latent ('ell di\'isions in hololl1t'tabololls inseNs. The obsen'ed llnd cal­
culatecl wei:rhts of individual grubs wert' rarely in close agreement 
and wide di;'{'r('paneies Wl'rt' common. 1Il' estimated that there were 
thl'ee probable cell didsions in the first instar, two in the second 
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instal', and three in the third instal'. The estimated number of cell 
didsions dmillg the c1erelopment of the grub was not substantiated 
by determining the nctnnl number of cell divisions. Abercrombie 
(1936) found thnt the number of co1nn1l1ar cells in the ventriculus 
incrensed 1.(i7 times cl\1l'ing the first stndium and 1.98 times during 
the second stud ium, but there WIlS 110 sih'11ilicnnt incrense in the lllun­

OCI' of cells during the third stadium. 

Variation in Weight During Metamorphosis 

Ludwig (1931) determined the weight of the different stages of 
the beetle during metamorphosis at a constant 25" C. These data are 
snmnutl'ized in tnble 1. 

Then\ were. great "ariatiom; in the weight of the individuals at 
each stage of metamorphosis. The smallest female was not as heavy 
ns the he/wiest male. The ILyernge weight of the females, however, 
was consistently more than that of the males. 

The grnl> reached its maximum weight upon maturity. The weight 
deelin('d as the gt'llb ceasecl feeding and b('gan to prepare for trans­
formation to a· pt·(,pllpll. ~on1(' gl'llbs remained near maximum weight 
for se,'el'al weeks. The decline in weight continued through the 
prepnpal stage. There was a sharp loss of weight. accompanying 
pnpation. The ('mergence of the adult was accompanied by a loss of 
more than one-third ot the pupal weight. 

During metamorphosis the nude lost 40.8 percent of its weight and 
the fel1lale 47.1 perrent. Some of the loss was due to the elimination 
of matt('r from the alimentary tract as the grub changed to a pre­
pupn, in th(' shedding of the la1'\'al skin as it changed to a pupa, and 
in the l:ihedding of th(' pnpal skin ns it changed to an adult, but most 
of the loss wns wllter. The water content was ,8 percent in the mature 
grllb, j 4 percent in the prepnpa :md pupa, and 66.6 percent in the 

TABLE 1.-T'ariation in weight of Japanese beetle during 
7netamorplwsis at 25° O. 

)ln1e FemaleStagt> of 
development ~Iuxi- )Iini- Aver- Maxi- ~Iini- Aver­

mnm mum age mum mum nge 
.I[g, )[0, .110. )[0, Mo, )[0', 

~rature grub -----­ 265 202 ??­-_I 324 235 276 
Endy llrepupn ---­ 245 190 206 310 230 254 
Pupn ------------­ 220 145 181 287 165 223 
Adult --------- ... _-­ 153 82 114 184 110 146 
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ndult. Dl1l'ing' the transformntion from grub to adult the male lost 
56.8 percent of its water and the female 5±.B percent. 

Effect of Temperature 

Range. for Development 

The ranw.' of temperatnre for the de\'elopment of the beetle is 
from 1:3 0 to a5° C., but all stages do not tolerate these extremes of 
temperature. No eggs hatched at lao or above 3-:1:°. The range of tem­
perature for embryonic de\'elopment is from 150 to 34:°. Grubs hrltch­
jng Itt these, extremes of temperature lh'ed only fL few days. Grubs 
developed ilt between 17.5° and 30°, but they did not pupate above 
27.5°. P\lpae developed Ilt temperatures from 130 to 350 :Mnny of• 

the adults emerging at these. temperntnre extremes were abnormal. 
The optimum 'for c\evelopu1l'nt was 300 for the eggs, 27.5° for the 
grubs, nnd between 300 and ;)20 for the pnpne. The beetle developed 
from egg to adult at between 17.5° and2i.5". (Ludwig 19!28a) 

)101'(\ recently Goonewnrdene (unpublished) and Ladd (unpub­
lished) renred the beetle from egg to adult nt 290 

• 

Althollgh grubs hatched nt 15° C. did not sUlTive at this tempera­
ture, those hatched at 25° and transferred immediately to 15° were 
able. to lh·e, some of them deyeloping to second instal'S (Ludwig 
J9£8a). 

Modification of Stadia at Constant Temperatures 

Ludwig (l928a. JtJJiJ) determined the effect of temperature on the 
length of the stadill c1ming the dm·elopment of the beetle from newly 
hntched grub to ad\llt nt 20° unci 25° C. The..~ tempemtnres are well 
within the mnge for the development of all stages. The results are 
S\lmmtu·ized ill tnble 2. 

TABLE 2.-EIfI'I'l of tempel'atw'e on length of stadia of immatnre 
stages of J apa:J1C8C beetle 

Third­
instar 

nture 
Temper­

(. C.) 

First-
Instar 
grub 

Second­
instar 
grub 

grub 
and 

nrepupn Pupa Total 

20 ----------
Days 

30 
Daylt 

56 
Dalls 

105 
Days 

J.7 

Days 
208 

25 ---------­ 17 18 102 7 144 
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The In'orllg(1 length of the development period from the newly 
hatt'lH,~d grub to the ndult was ~ll~ days at 20° and 1M dRYs at ~5° ('. 
Thero were, lIowe:\'('r, great \'ltriatiom; in the lal'val stadill at these 
tomp('ll'atllL'es. The \'!1\'illtions in the pupal studium wel'e not given. 
The, first IlllTal stadium ranged hom :W to :30 days nt ~OO and from 
16 to ~~ clllyS at :25° ; the second InL'ntl stadium ranged from 33 to 70 
clttys at ~OO and from lito 35 days at 25°. The length of the third­
instal' grub-prepllllltl period mngeel from 02 to 126 clays Ilt 20° and 
from IH to 106 days ut 250 

• 1'h(' length of this lust period wus modi­
fied by the pnst history of the indi"idllnl; it was l'elath'ely long when 
the prC'dolls periods were short l\nd relati\'ely short when the pre­
\'ious pet'iods \\'er(' long. 'With this ndjustment the period of develop­
ment from .first-instal' grub to acll\1t was prt\cti(,!tlly constant Itt ench 
temperature. 

Since gmbs al'l' inuetin' dming hibernation in the winter, Luclwig 
119128a) suggested thnt the de\'lllopment of some grubs at flt\'orable. 
tempernllll'('R was dll(' to a resting period cllll'ing the first-, second-, 
or thil'(l·i.nstar larnll stages. 

Modification of Stadia by Alternating Temperatures 

The elfe('t of I\lternnting temperatures on the length of the grub 
nnd pupal pl'l'iods ns ('ompared to constant temperatures depended 
on the relationship of the tempel'l1tlll'es to the threshold nnd optimum 
temperatures tLudwig 19i28a) , 

The stndilL \\"('re shortened when the temperature fluctunted daily 
nbon~ nncl below the threshold 0 f de,'elopment. First-instal' grubs 
subjeded to 10° C. one clay, an° the next, 10° the following dllY, and 
;:iO forth, 1\101 ted in ~B days; those held at It constant tempel'lltnl'e of 
20° molted in ao c1nys. Pupnc slIbjected to alternating tempel'lltures 
of 10° and ~()t' trnnsformecl to adults in :2fJ days, but those held at a 
('onstant temperalure of 1;')0 re(]uil'ed 42 days to complete their 
(hwelopment. 

The stadia were not modified significantly when the fluctuution of 
the temperature wns between the threshold and the optimum tem­
pel'lltures for deyelopment. Grubs subjected to alternating tempera­
tures or 15° and 25° C. during the entire larval period pupated in 
151) days; those held at a constant tempcrnture of 20° pupated in 
160 clays. Puplle subjected to these alternn:ting temperatllres tl'llns­
formed to ndlllts in 18 days; those helclat tl constant temperature of 
:.wo transformed in 17 clays. 

The stadia Wel'e lengthened when the temperature fluctuated abo\:e 
nnd belo\\· the optimllm temperature. First-instal' grubs subjected to 
Idtemating tempcrnturcs of 25° and 35° C. molted in 23 days j those 
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held at [t constant temperature. of 80° molted in 17 days. Pupae sub­
jected to these alternating temperatures transformed to aduHs in 
9 days, but those held at It constant temperatm'e of 30° tmHsfol'med 
in I' days. 

Modification of Growth 

Ludwig (193~) found that the temperature not only modified the 
length of the stadia but ldso affected the growth of the beetle. As 
shown in tltble 3, each stage, reared at 25° C. was approximately 20 
percent hetwier than its counterpart rearer1n.t 20°. 

This incrensein weight nt 25° C. could not be attributed to an 
increase in the numoor of cells in the body. Gl'llbs reared nt 20° had 
IlpproxinUltely the S(lIne number of cells nS those reared at 25°. Lud­
wig (193.9) counted the columnlu' ('ells in the yentriculus of the grubs 
between the second and third rings of gastric cecn. The cells in this 
nre!\ of grubs rearecl n.t ~20° totaled 8G4, in the newly hatched grub, 
561 in the freshly molted second instal', nnd 1,O£)2 in the freshly 
molted third instltr, wherens the corresponding cells in grubs reared 
at 25" were :355, 589, and 1,186, respectively. The small ditferences 
wel'e not considered signHicant because the numbers for each stage 
did no.t ditfer by mot'e than 5 percent. 

In a further study Ludwig t19J9) founel thnt except in newly 
hatched grubs the cells in the \'entriculus of grubs reared nt 20° C. 
were snutller than those in grubs reared nt 25°. The \'olume in cubic 
microns of cells in grubs reared at 20" wns 4,55 in the newly hatched 
first instal', 1,172 in the freshly molted second instal', and 1,863 in 
the freshly molted third instat.. The corresponding "olumes in grubs 

TABI,E :3.-J/odijicatio/1 of weight of Japane8e beetle during gl'Owth 
and 'lIwtam07'pl108i8 at £ temperatUl'e8 

A.\'Qrng~ weight 
Stnge of develoIllllQnt at­

20° C. 23° C. 

.lIu. .lIn. 
First·instnr grllb (newly hntched) 2.3 2.3 
Second·instllr grub (just molted) 13.1 16.;; 
Thir(l·instar grub;

Just mOlted _______________________ 60.0 RO.1 
-'Inture ___________________________ _ 223.4 270.8 

Enrly prepupll. _____________________ _ 214.2 254.;) 
Early pupa _________________________ _ 10;).3 233.6Adult ______________________________­

123.6 150A 
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reared at 25° WNO .ul, 1,58,1, and 2,404:, l'especth'ely. The yolume of 
the cells in the second-instal' grubs reared nt 25° wns a5 percent 
grenter than in those rcttl'ednt ::20°. It wns:W percent grct\ter ill third· 
instal' gl'l1bs rearcd nt 25°. The incrense in weight of Ilpproximately 
20 percent 1n grubs r~llrcd Itt the highcr tempel'llture cnn be attrib­
uted to the lllrger constituent cells. 

Thermal Death Point 

Adult Beet/e.-The thel'lnltl death point nt the higher tempera­
tures is modified by ('he c1lll'ation oE the exposlll'l'. An exposure for 
GO minutes in ail' at ,13° C. killed 54: percent of the beetles. All beetles 
wero killed by an exposllre for ao minutes ttt 50° and for 15 minutes 
at 55°. (Knipling and 8n11i\'l111 1.958) 

The beetle is not rompletl'ly wetted by immersion in water..A.ir 
trapped IllnOng the body Imirs enrloses it in 11. bubble of Itir. It with­
stood irnmcrsion for 2·1 hours in water at 20° C. All beetles weJ:e 
killed by immersion for 30 minutes at ,13°, 20 minutes nt 44°, 10 
minutes Ilt ~Hio, Ilnd 1 minute at 50°. (Fleming nnd Buker 1,93E) 

Grub.-~ewly hntched grubs sur\'i,'ed only n. few dltys in soil at 
35° C. (Ludwig lDiJ8a). Third-instnr grubs were more tolel'lll1t of 
heat bnt did not slU'\'ive in soil at 40°. 

Third-instn,r grubs sUlTived immersion for 14 dnys in water Itt, 
20° C. (Fleming .Wid6), but in It crnnbel'ry bog flooded over the win­
ter, where the wator l'Ilnged from 0° to 10°, 2a percent of the grubs 
survived for 150 days (Bn.ker unpublished). All first- and second­
instn.r gl'llbs were killed by immersion for 60 minutes in wnter at 
43°,40 minutes nt '14°, ao millutes at 45°, and 1 minute nt 51 0. Third­
instal' grubs were more resistant. Kinety-nine percent of the third 
instltrs were killed by immersion for 120 minutes at 43°, but none 
surdved immersion for 70 minutf>s at 44°, 40 minutes at 45°, lmd 
1 minute at 52°. (Fleming and Bakel' J{)3~) 

Prepupa.-All prepupne were killed by immersion in water for 
80 min\ltes at '.1:30 C., 50 minutes at 44° 1 ao minutes at 45°, nnd 1 min­
ute nt 52° (li~!eming and Baker 198£). 

Pupa.-Sinety-nine percent of the pupae were killed by immersion 
for 120 minutes in wnter at 4ao C. Sone of them SUlTh'ed immersion 
for 'iO minutes nt +~o, 40 milllites at 45°, and 1 minute at 53°. 
(Fleming and Bakel' 198£) 
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Cold Hardiness 

Grub.-Only it few first-instal' grubs have been found in the field 
in early spring. In sonthern New .Jersey and soutlleastern Pennsyl­
vania the first instal's were less than 0.1 percent of the overwintering 
population. (Hawley 1944) 

The soil temperature at a depth of 7.5 cm. in southern New Jersey 
and southeastern Pennsylvania rarely falls below _3° C. during the 
winter. Fsually during periods of cold weather the ground is covered 
with snow, which ncts as lln insulating blanket and keeps the soil at 
or neal' ()O, even when the air temperature falls to -15° (Fox 1935; 
Ha"\vley and Dobbins 1941). The average winter mortality of the 
grubs during 1927-i3{ was only 3 percent, but a reduction of 12 per­
cent occurred in the winter of 1928-29 and 13 percent in the winter 
of 1933-3-1 (Fox 1035, 19;)1). 

Grubs hatched nt 15° C. but did not survive, but grubs hatched at 
25° and transferred before feeding to 10° lived for 17 days. The .first 
instal'S became progressi\"ely more cold hardy the longer they fed at 
25°. The longeyity at 10° was 20 dn,ys after feeding 4 days, 31 dn,ys 
after feeding 8 days, and 50 days after feeding 12 days. 'Yhen the 
grubs ceased feeding after the 12th dn,y and eliminated the contents 
of the alimentary tract in preparation for molting, they became more 
susceptible to cold. Their longe' ~ty at 10° declined progressively 
with the prolongation of the time they were held at 25°. (Ludwig' 
1925o) Apparently only first-instal' grubs that have fed sufficiently 
to accumulate n, reserve of food and have not entered into the early 
stages of ecdysis are able to hibernate overwinter. 

The second- and third-instal' grubs, the overwintering stages, are 
well adapted to withstanding long periods of inactivity at tempera­
tures below the developmental threshold, except when the alimentary 
tl'llct is cleared in preparation for molting, during molting, and 
immediately after molting. Pn,yne (192S) found that the survival of 
third-instal's while inactive in moist sand at 10° C. was 88 percent 
aiter 2 months, 68 percent after 4 months, 45 percent after 6 months, 
23 percent after 12 months, and 10 percent after 2-:1: months. Goone­
wardene and Zepp (unpubHshed) found thie;: the maturity of the 
third-instal' grub was a factor in its survival at 4.5°. 

The minimum temperature withstood by grubs is dependent on the 
intensity of the cold, the duration of the exposure\ and their maturity 
and condition. The mortality of grubs held for 60 days at 0° C. was 
only 2-:1: percent (Pn,yne 19f2S) . .t\.lternating the temperature between 
0° nnd 30° every 2-:1: hours killed 70 percent of them in 60 days 
(Payne 1995). Grubs starved for 30 duys at 20° did not withstand 
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exposure to -1.To (Payne 1998). Grubs remoyed from soil did not 
slIlTi\'c exposme to -R.:3° (Fox 19J5). "Then the temperatme of the 
!:oiL was l'etlut'ed from lllo to -8.;)" in 11 hours and the soil was 
thawed gradually, the mortality was D2percent (Smith unpub­
lished), All gl'llbs were ki lied by reducing the soil from 10° to -9..1:0 

and holding it nt this temperature for ;1 or 4: hours or by reducing it 
to -11.1 0 and holding this temperature for 15 minutes (Smith un­
published). From a study of these datn Fox (10J5. 10JO) eoncluded 
thitt -\l..b0 was the highest soil tempcratmc likely to eauS(' n modal­
ity of the grubs approaching 100 percent under nntural conditions 
in the, field. 

Prepupa.-Prepupne did not withstand prolonged exposure to 
10° C. (Payne itJ;!8). A short expOSl1l'e to +.+0 killed them (Hawley 
10#). 

Pupa.-Pupae \\'ere killed by a prolonged exposure to 10° C. 
(Payne itJ;!8) Or a short expoSllre to 4:..b~ (H:lwley 1944-). 

Adult Beetle.-Adlllt beetles were not all'ected by exposure for 60 
minutes to DO C., bllt an exposme of this duration killed 42 percent 
of them at - 5'\ 1:'-1 pereent at -1\)°, and 100 percent at -15° 
(Knipling ancl 8ullin\ll 19,;/). The disappearance of beetles in the 
·fall is attributed to their IUH'ing completed their lifespan rather than 
the low temperatures. 

Effect of Relative Humidity 

The immature stnges of the beetle are adapted to living in a. moist 
soil where till\ relative humidity is high. Ludwig and Landsman 
(19J1) investigated the effect of the relative humidity of the air on 
their sun·intl and metamorphosis. 

The sun-j\"al of the immature stnges at 25° C. varied directly with 
the humidity. The sun·intl of third-instal' grubs increased progres­
shoely from -l days at 5-percent relative humidity to BO days at 9()­
percent humidity. The death of the grubs at the higher humidities 
was attributed to starmtion. The surviyal of early prepupae in­
creased progressi\Oely from i"i days at a humidity of 5 percent to 22 
days at O()-percent humidity. The sun'iml of early pnpae increased 
from 2 days at 5-percent humidity to 10 days at 96·percent humidity. 
~Ietamorpbosis from p-ruu to prepupn and from prepupa to pupa 

occurred only when the relative humidity was 110t less than 82 per­
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cent. TIlt' transformation from pl1 pu, to adult occurred when the 
humidity was llot less than i{i percent. "With th(' exeeptioll of the 
grubs where stltlTatiOll was a factol', more indi\'iduals metamo\'­
phosed at nn-pcl'cent humidity thnn at tl lower humidity. 

Fleming (lOJ.n found the sur\'iml of adult beetles held without 
food at a~() C. increased progressively with the increment in the 
humidity. Beetles subjected to 5-per('('ut humidity li\'ed 48 hours, 
whereas tho8e subjected to 35- to 4Ll-percellt humidity liyed 9G hours, 
and tho:5e subjected to no- to !15-pcl'cent humidity li\'ed 140 hours. 

The e,vnpol'!ltion of water from n 'free surface is approximately 
proportional to the satmntiOll deficiency of the atmosphere. "'ith all 
these stagl'8 apparently lacking the ability to conserve body water, 
their lon~('-\'ity \'ill'ied di\'ectly with the humidity of the air. 

Effect of Desiccation 

Ludwig 11.9.36) studied the effect of desiccation on the immature 
stu~es of the beetle. "When the immntme stafres were held at 25° C. in 
air with It relatiw' humidity of an to 35 percent, 30 percent of the 
initial w('i~ht was lost by first-instal' grubs in 20 hours, second-instal' 
gmbs in 4h hours, third-instal' ~rubs in 55 hOl1rs, pl'epupae in 95 
hours, and pupae in IGO homs. The fatal limit in the loss of weight 
by desiceation waS 5ll pen~ent by the ~rubs, 44 percent by early pre­
pupae, a4: percell( by late prepupae, and 31 percent by pupae. 

"When grubs were not desiccated to the fatal limit, the lost water 
was restored before de\'elopment proceeded. The time required for 
reco\"eI'Y depended on the extent and the rate of desiccation. Third­
instnr ~L'lIbs required U days to regain u 30-percent loss of weight, 
15 days to regain a :33-pel'cent loss, 19 dn,ys to regain a 4:0-percent 
loss, and 2:3 days to regain a 45-percent loss. Reco\·ery was attained 
in 14 days Itfrer desiccation ror less than i~ hours, 15 days aiter 
desiccation for ,~ to tOO houl's,:H days a iter desiccation for 100 to 
150 hours, and 2G days after desiccation for more than 150 hours. 

"lu:!1l prepupae were not desiccated to the fatal limit, the lost 
water was only partially recovered. Practically no lost water was 
recO\rered in the pupal stnge. Desiccation of prepupae or early pupae 
tended to prolollfr the pupal period. The emergence of adults was 
normal when the loss of water by desiccation was no more than one­
half of that normally lost dl1ring metamorphosis, but adults did not 
emerge when more Wtlter was lost. The desiccation of prepupae or 
pupae did not modify the water content of the adult beetle. 
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Biochemical Changes During Metamorphosis 

In the Insect 

No food iB ingested during the transformation from grub to adult. 
The energy required during metamorphosis must be obtained from 
the substances stored in the grub before transformation into a 
prepupa. 

Nitrogenous Substances.-Anderson (l9~8) found no significant 
loss of nitrogen, but its distribution changed during metamorphosis. 
The nitrogen in the water-soluble compounds increased sharply at 
pupation, followed by a gradual increase cluring the remainder of the 
pupal p<.'riO(l. The amino acid nih·of.,ren increased at pupation and 
then decreased during the remainder of the pupal period. The nitro­
gen in soluble protein-proteose and peptone-decreased sharply 
between the grub and the early prepupal stages, rose to a high level 
on the second 01' third clay of the pupal period, Ilnd then returned to 
its fOt'lMr low level by the sixth or seventh day of the pupal period. 

Thest' complementary shifts in the distribution of nitrogen were 
believed to indicate the destruction of the larval tissues in the early 
pUpil. followed by the gradual construction of the adult structures 
during the remainder of the pnpal stage. The breakdown of insoluble 
proteins did not coincide with the increase in oxygen consnmption or 
the increase in the acidity of the blood but occurred later in 
Inetnmol'phosis. 

Carbohydrates.-The glucose content of the third-instal' grub was 
0.52 percent. It clecreased to 0.42 percent in the, carly prepupa nnd 
then increasecl to 0.70 percent in the newly molted pupa. The glucose 
dropped to 0.68 percent in the 1- and 2-day-old pupae and then in­
creased slowly, reaching 0.86 percent on the last day of the pupal 
period. The emergence of the lidult was accompanied by a loss of 
glucose. (Ludwig Ilnd Rothstein 1949) 

The glycogen increased from 1.43 percent in the third-instal' grub 
to 2.07 percent in the early pupa. Glycogen was lost rapidly during 
the first 4 dRyS of the pupal period, increased on the fifth day, and 
then steadily decreased to 0.96 percent on the last day. There was no 
change in the glycogen upon emergence of the adult. (Ludwig and 
Rothstein 1949) 

The increase in glucose and glycogen at the time of pupation might 
be the result of the breakdown or insoluble proteins in the larval 
tissue and of the degradation products being stored temporarily as 
carbohyd111tes. The decline of glycogen during the pupal period prob­



29 BIOLOGY OF THE JAPANESE BEETLE 

ably indicates the utilization of glycogen as a source of energy by 
the pupa. (Ludwig !lnd Rothstein 1949) 

Fats.-The fat content of the third-instar grub was 3.16 percent. 
It increased to 3.76 percent in the prepup!t and remained at approxi­
mntely thh; level until the fourth day of the pupal period. It 
decreased 011 the fifth and sixth days to 3.23 percent and remained 
relatively constant during the remainder of the pupal period. A loss 
of fat oecllned on the emergence of the adult. (Ludwig and Roth­
stein 1949) 

Respiratory Metabolism.--':'The respiratory metabolism of the 
third-instal' grub varied directly with the temperature. The oxygen 
consumption increased from 1.53 cubic 111m. per minute. per gram of 
body weight at 10° C. to 13.53 cubic mm. at 34:°. The carbon dioxide 
produced incrensed from 1.07 cubic mm. at 100 to 11.92 cubic mm. at 
34:°. The respiratory quotient, the ratio of the carbon dioxide pro­
duced to the oxygen consumed, varied from 0.68 at 100 to O.SR at 340 

• 

(Kleinman 1984) 
The rllte of oxygen consumption at 25 0 C. remained high during 

the grub stage, ranging from 7 to 10 cubic nun. per minute per grn111 
of body weight. A slight decrease in the rnte of consumption occurred 
a few days before the external chnracteristics of the prepupa 
appeared. The mte of consnmption decreased rapidly during the 
prepupnl stage and the first :2 or 3 days of the pupal period, reaching 
a low of :.} cubic mm. per minute. The consumption then increased 
rapidly until at the end of the pupal period it was 10 cubic mm. per 
minute. This high rate of oxygen consumption continued in the 
adult. (Luchtig19SJ) 

The respiratory quotient of the grub at 25 0 C. varied from 0.70 to 
0.97. During metamorphosis it gradually decreased until it varied 
from O.{O to n.il) in the pl1pa. The emergence of the adult was fol­
lowed by 1m increase in the. respiratory quotient to 0.70 and 0.80. 
(Ludwig 1931) 

The actidty of the respiratory enzymes, succinic dehydrogenase 
and cytochrome oxidase, dropped rapidly OIl the transformation of 
the, grub to 11 prepuptt and continued to fall until it was at its lowest 
lenl :2 days after pupation. Then the acth'ity of the enzymes 
increased during the remainder of the pupal period. Ko sex differ­
ences were obselTed in the actiyity of succinic dehydrogenase, but 
the a{·ti \'ity of cytochrome oxidase was higher in the mal£; than in 
the female. (Ludwig 195.7: Ludwig and Barsa 1955) 

The decrease in respiratory metabolism during the prepupal and 
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early pupal stHfres wns indicative of the destrllction or larval tissue 
lltlt'in~ this period, whereas tlte increase ill metabolism in the last 
pupal sttlfre wm; indicatiyc or the gro,,·th of adult structures (Ludwig 
19.iJ) . 

In the Blood 

The blood of a normal grub contains 91.2 percent of water. It has 
a freezin~ point of -1.0ao C. and an osmotie pressure at 0° of 12.± 
atmospheres. (Lllclwi~l[}Sl) 

Thl' oxy~en dissoh'ed in the blood of the grub at 25° C. wus equim­
lent to aa.·~ to -12.0 percent of the oxygen saturation of 0.25 molar 
potassiulll !'lllol'idl'. There WtlS O.07t{ to 0.100 microlllole of dissolved 
oxygen in a milliliter of hemolymph. (,Yeincr 1966; ""einer et a1. 
If)tj(j ) 

One hundred ml. of the blood contained 4G.5 mg. of sodium, 3,.2 
mg. of potassium, ;n.ti mg. of cakiulll, ·1:7.1 mfr. of mag-nesium, 6,.5 
mg. of illOl'franie l'hIOl'ides, nlHI 15.2 mg-. of inorganiC' phosphates. The 
~oclitl11l ilHIl'x t2·L(1) and the potassium index (11.3) were low, 
't"hercas the mnfr1H.·si lim index (4G.O) waS very high. This amount of 
blood also ('onmined ~4;.. mg. of reducing- compounds, of 'tyhich 179 
Illl!. wen' not fermentable. and 1,aoO mg. of nitrogen, of which 
1'00 mI!. were in protein:;, :inn mg. in nonpJ.'oteins, and 240 mg. in 
amino neich::. These obscrmtions Hre in agreement with the generali­
zation thatin:;eet blood is cilamnerized by high concentmtions of 
amino acid::; and llollfermentable reducing compounds and by a high 
magnesium index. tLuclwig 1951) 

nlutllmine, arginine, histidine, proline,frlycine, alanine, and valine 
were the principal amino acid:; occllrring free in the hemolymph of 
the grub. Lysine, n:;1>a1'tic Heid, threonine, serine, glutamic' acid, 
isoleucine, lellcine, tyrosine, ueta-alanine, tryptophan, and asparagine 
were also cleteeted. Sixteen a1l1ino aeids were identified in the insolu­
ble, proteim\ceolls material in the blood. These were lysine, histidine, 
arginine, aspartic acid, threonine, :::erine, proline, gilltamic acid, gly­
cine, nlnnine, "aline, methionine, isoleucine, leucine, tyrosine, and 
phenylalanine. (Shot\\-ell et tll. 1[)(JJ) 

Stubblefield et al. (Wa(n found ,'olatile and nOlH"olatile organic 
Ilcich; in the blood of the grub. Of the "olntile acids, 100 m1. of hemo­
lymph contained a~.~ mg. of ncetic acid, a.s mg. of propionic acid, 
3.6 mg. of butyric acid, and 2.a kg. of formic acid. This volume of 
blood contained the following millifrl'tuns of the IlOlH"olatile acids: 
Lactic aciel 37. sltceinie acid 50, citric acid 48, glycolic acid 35, ma1ic 
acid 2-1, tarturic acid W, glyoxylie acid 17.7, prym-ic acid 15.7, alpha­
ketoglutnric acid ,1,.6, !llld traces of the oxaloacetic acids. 
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pH.-Pttyne (1.9,,]8) fonnd that the pH of the blood of the thil'd­
instl1l' g-l'lIh ranged from n.:3."i to '.lII. Lud wig- (1rM.~b) cletennined 
that the pH l'nl\g-edholll G.llG to '1.a,"} in the third-instal' g-rub, 6.4:2 
to ,.~;) in the early pl'C'pupa, (j.a;~ tOl.l;~ in the .IatC' prepupa, and 6.2;) 
to I.2a in tIlt' pupa nnd adult. The mnge of pH with each stnge was 
greater thun th(' (litl'(.ll'ences between th('nL The avernge pH of the 
blood wos I.nj ill the grub, ,.00 in th(' eady pl'l~Jlupa, n.'f> in the .late 
prepupa, and n.Il·1: in the pupa and adult. The increase in acidity in 
the late pt·('lJlIPn. was probably tb(' result or autolysis of the 1a1'\ra I 
tissue. 

Nitrogell.-Ludwig (19!).n studied th(' changes in the distribution 
of nitl'ogen in th('. blood dming gl'owth and metamorphosis. The pro­
tein nitrogen was low in the enrly se('ond-instlll' grub, but it in­
('reased stl'(Hlily cllll'ing the st!lllium. Som(' protein nitrogen was lost 
dlll'ing ecdysis. It remained len," dtll'ing thl' first 2 weeks of the third­
instlu' grub and Own ilH'r('!l;,:ed progrE:'s:.;i,·('ly. The inrrease continued 
throng-It tIl(' pn'lHlpal stag(' and for the fh~t 5 days of the puplll 
stage, and then tIll' protC'in nitl'Ogen decreased rapidly to ttl' end of 
thl' pUPltl period. ThC' emergence of the adult was accompanied by 
t:he 1m;:.; of n Inrgl' alllount of wntC'r and the blood became more con­
('elltl'lltecL ThC' decren!'l' in fillidity wlU-~ assoeiatNl with the higher 
protein nitrogen in tIll' blood of thE:' Ill'wly emerg-ec1 adnlt. 

The nonprotein nitrogen inrreasecl in the blood of the second­
instill' g-rub nntil p(,(lysis. Thei-e was :t slight loss cllll'ing molting. It 
inrreased steadily in the third-instal' grub until the approach of 
metamorphosis. The ('hnnge to th(' prepnptt was accompanied by a 
81u1r[) c1erl'ea;:;e in nonprotein nitrogen. The prot('in nitrogen in­
('['ensed dlll'ing t1H' early pad of the pupal period and then decreased 
rapidly dlll'ing- t11(' remainder of the period. The emergence of the 
ndnl!" Wl\5 IH'('ompanied by an increase in nonprotein nitrogen, which 
was llss()('iated with the loss of water that occlU'recl at this time. 

The· nmino acids remained relati"ely constant throughout the 
lan'al, prepupill, Hnd pupnl periods. Cric acid was 10,," in the third­
instal' ~rubs, but it inrrrnsed qniekly in the prepnpae. This increase 
was n&;orillted with the IIri(' lH:id gt'nnules in the blood. rrea, de­
('reased d\lring the prepupal stage, but it increased during pupation. 
It then def'reased to 1\ h'Yel where it remained during the last half 
of thl' pl1pal period. 

In the Alimentary Tract 

Grllb.-The ttlimentnry traer of the ~r\lb is distinctly alkaline. The 
pH wns l'.ll to ~.4 in the forel!ut, !U to !Lj in th~' ...·entdcnlus, and 
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7.5 to 7.6 in the hindgut. The acidity of the soil had little effect on 
the pH of the alimentary tract. The alkalinity of the trnct of grubs 
feeding ill soil with It pH or 8.17 waS the same as those feeding in 
soil with It pH of 6.45, showing that there was It strong buffering 
action ill the digestive secretions. A qualitive analysis of the digestive 
secretions showed the presence of aluminum, ferrous iron, calcium, 
magnesium, potassium, sodium, and ammonium salts. The acidic 10ns 
wero caL'bonate, chloride, nitrite, ancl phosphate. The enzymes in the 
tract were not determined. (Swingle 1930b, 19S1a, 1931b) 

Adult.-'1'he alimentary trtlct of the adult was less nllmline than 
that of the grub. The pH of the foregut was 7.20, the ventriculus 
1.:36 to 7.ila, and the hindgut 1.10 to 7.60. Digestion was by secretions 
of the cells in the epithelial Iltyer. There were no specialized secretory 
cells. )[altose and sucrose were broken down to monosaccharides by 
the enzymes m\tltase lllld invertase, respectively, in the foregut and 
the ventriculus. Fn.ts were broken down to fatty acids by the enzyme 
lipase in the ventriculus. Proteins were broken down to proteoses, 
peptones, peptides, and amino acids by the enzyme tryptase (prob­
ably trypsin) in the ventriculus. :No starch digestion could be demon­
st1'1lted. (Swingle 19JOa, 1981a) 

Biochemical Changes During Starvation of the Grub 

In the Insect 

Xe.wton (1[);J4·) determined the \'arious metabolic products in nor­
IIllll third-instul' grubs and in grubs that had been starved for 4 
weeks at :WO C. ilnd It high relati\'e humidity. During starvation the 
grubs lost 80 percent of their glycogen, 71 percent of their fat, and 
25 percent of their reducing substances. There was only a slight loss 
of nitrogen during stan'lltion, bllt there was a change in the distri­
bution of nitrogen llmong the Yl\rious nitrogenous substances. The 
insoluble protein nitrogen decreased from 68.4 to 56.7 percent, and 
there was a corresponding increase in the lipid nitrogen and the 
nonp!'otein nitrogen. 

The :'('l,piratory metabolism of the gl'llbs decreased rapidly during 
the first 2 days of starvation [mcl then decreased slowly until death. 
The oxygen consumption decreased during the first 2 days from 6.55 
cubic mm. per minute per gram of body weight to 3.18 cubic mm. 
and then decreased slowly to 1.92 cubic mm. just before death. The 
respiratory quotient decreased from 0.82 to 0.70. The rapid decrease 
in the metabolic rate to a low point, barely sustaining life, probably 
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is tho factor that cnnuled the grnbs to live ns long ns a. month at 
:25° C. and It relative humidity or !)() percent. (B(,'l1ucci 1939) 

In the Blood 

The wat~r content Ilnd the osmotie pressure of the blood remained 
constant throughout stnrmtion. Thl' hlood did not appear to be 1\, 

rooervoir of materials to be nsed us It source of energy dnring stal"\Ta­
tion. Tho ehauges in its composition probably reflect metabolic 
changes orcurt"ing (~ls(\where in the grub. The amino nitrogen and 
the nonprotein nitrogen incrensed steadily. rrea. nitrogen increased 
during the first week and then remnined relatively constant at the 
higher len:!l. r ric acid nitrogen decreased during the, first week and 
then remnined approximately constant. Allnntoin nitrogen did not 
change during inanition. Free fat inrrensed dllt"ing the first 2 weeks 
Ilnd then det'rensed during th(,' thud 2 weeks to about the normal 
hwel. The redudng compounds inereased steadily during starvation. 
(Ludwigand Wllgmeistl'l" 195,./; Ludwig and Cullen 1956) 

SEASON AL LIFE HISTORY 

The de\"elopment of thl' beetle £t·om egg to adult, shown diagram­
matically in fignre 7, is eompleted in 1 year in most of the areas 
where the insect is established. In certain northern areas some ill(l1­
\'iduals require :2 yelu·s to complete their development. 

Japan 

Clausen et al. U927) studied the life history of the beetle in its 
native Japan. There is one generation a year ill most. of Japan, but 
in the. northorn part of the nrehipelago the beetle usually has a. 
2-year life· <'ycle, with 75 percent of the adults emerging in alternate 
years. 

Beetles appetlr the last week of ~I!ty at Yokohama. (lat. 35.5° N.), 
about the same latitude as Raleigh, N.C., reach maximum abundance 
about the third week of ,Tune, and then decline gradually until only 
a few stragglers are found the last week of July. 

Beetles begin to emerge the first week of .Tuly at Koiwai near 
~rorioka (lat. 39.5° :s., altitude 1,500 feet), about the· same latitude 
as Philadelphia, Pa., reach maximum nbundance the fourth week of 
July, and then decline until by the second week of September only 
It few nre found in the field. 

Beetles appear the tlrst week of .Tuly at Sapporo (Iat. 43° N.), 
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about the St1111~' latitude as Keene, N.H., and reach Illaximum abun­
dance the last week of July. In the years when 25 percent of the 
beetle fatllll\, ;tppear, only It few beetles are found by the first 
week of Atlgl\st, but in other years beetles are found until early 
September. 

United States 

The heetle hns one gel1l'mtioll n year in the nreas where, it is estab­
lished in thl' (-nitl'd Statl'S. At Keene, X.H., the most northern are[\, 
studied hy nflwle)' (l[).i.n, abollt 1 pl'rcent of the soil population 
just bdore hibernation {'ol1:4i:;ted of third-instar grubs of the pre,-ions 
annual hrood. indienting thnt n frw of the eggs deposited latt:' in 
August might requir(' ~ yelu's to complete their development to 
ndults. l'~ggs laid in Sl'ptembl'l" usually did not hatch because the soil 
tempN11ture is too low for emln'yol1ie c1en'llopn1ent. 

Emergence and Persistence of Adult Beetles 

Along the Atlantic seaboard beetles begin to emerge from the soil 
tht:' thil"d wel'k of ~[ay in centrnl Xorth Carolina, reach maximum 
nbllnclal1l'l' the second wel'k of .T une, and then decline until only It 

fl'W arl' found aftl'l" the middle or .Tuly. In the mountainous western 
part of the Stute beetles appeal' the last week of June, the peak of 
abundance occur:; abollt the middle of August, and beetles are still 
numero\1S in Sl'ptemher. (Fleming and IIttwley 1950; Fleming 
I9{jJa) 

In monntninolls eastern Tennessee beet Ie:; appear the fU'st week of 
,TUlH.' Hnd l'l'ach maximum abundance the third week of June. Only 
a few hl'etl('s nn' fOllnd early in Septelui>er. tLadd unpublished} 

In cl!ntrnl Yirginia beetles appear the last week of ~ray or the 
first week of .Tnne, retl('h maximnm abundance the second week of 
,Tilly, and then decline until only n few arc found in August (French 
lit a1. UJ4[); Fle111 ing 1i)(]Ja) . 

In central ~Inryland and in Dt"ln ware emergence begins the middle 
of ,Tune. The population peak is reached about the middle of .July. 
The population then declines. A few beetles are found late in Sep­
tember, tCory and Langforc11944; Fleming 196Ja) 

In southern Xe,," .Tersl'Y anel southeastern Pennsylnmia beetles 
appear the third week of ,TUlle and reach the peak of abundance the 
last week of July. The popnlation nsnally remains nt a high level 
for about ~ weeks and then declines. A few beetles are fonnd during 
Sl'ptemuer. The l'111el'gel\t'E' is 1 or :2 ,,'eeks later in the mountainous 
parts of PennsylnU1ia and Xe\\' .IN·sey and along the coast of Xcw 
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Jersey. (Hndley 19~4; Smith and Hndle.y 1.926; Guyton 1929 ; 
Hawley 1944; Fleming 1968a) 

In southeastern New York, Connecticut, Rhode Island, Ilnd south­
ern Mussachusetts emergence begins the last week of June and the 
population peak is renched the last week of July. The population 
usually remains at a high level for 1 Ot· 2 weeks and then declines . .A 
few beetles are found in September. (Stene 1929; Britton and 
.Tohnson 19;)8; .Johnson 198,c): Hawley 1944; Carruth et 11.1. 1946; 
Schreacl 1947, 1958; Adams and i\Iattltysse 1949; Fleming 1963a) 

In southem New Hampshire and southern Yermont beetles begin 
to ('merge the first week of .July I\nd the population peak is reached 
the last week of .Tuly or the first week of August. Some years the 
population declines gradually until lnte in September, but in other 
years a second emergence oe(,IIt'S eady in September and the popula­
tion continues at Il high le,vel during the month. (Hawley 1944) 

In the )[idwestcl'll States between latitude 39° N. and latitude 
-10.5° N. the emergence and buildup of the beetle populntion are 
similar to those in southern New Jersey. Farther north along the 
shOt'es of the Grent Lakes the emergence of the beetle is 1 or 2 weeks 
latet'. (Denning !md GotI' 1944; Hawley 1941,; Polivka 1950, 1959, 
Gould 1968) 

In centl'lll California, the only area on the west coast where the 
beetles became established, they bej,.rin to emerge the first week of 
,Tune and reach their maximum abundance about the first week of 
July (Gammon 1961). 

Development of the Soil PopUlation 

During 1926-36 Fox (in Hawley 1944) made systematic surveys 
at about weekly intermls in southern Xew Jersey and southeastern 
Pennsylvania to determine the different stages of the beetle in the 
soil throughout the year. Some S\\1Teys were made when the beetle 
was emerging; adults found in the soil were considered to be a part 
of the soil population. Surveys usrmlly extending over fewer years 
and not always throughout the year were made by 'V. E. Fleming, 
C. H. Hadley, I. :'I[ Hawley, and R. T. ,'11ite in North Carolina, 
Virginia, "~est Yit'ginia, W'ashington, D.C., Maryland, Delaware, 
northern Xew Jersey, northeastern, central, and western Pennsyl­
",mia, New York, Connecticut, Rhode Island, )Iassachusetts, New 
Hampshire, and ,.,..ermont, and by Gould (.t96S) in northwestern 
Indiana. The results of these sUlTeys are summarized in table 4, 
commencing ill July Ilnd ending the, following .June to coincide ap­
proximately with the deyelopment of the beetle fl'bm egg to adult. 
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T,,\BhE 4.-Del'el~nnent of soil populations of .rapallese beetle in 
ditfM'ent al'eas ,in Eastern United States 

First- Second- Thlrd-
Instar Instar instar Pre_ 

~onth Eggs grubs grubs grubs pupas Pupas Adults 

Percellt Percent Percent Percent Percent Percent Percent 

WESTERN NORTH CABOLINA 

July 25 25 22 28 
10 40 (')August -------- 20 21 

October ________ 1 3 47 49 
May (') 1 57 34 8 
June 44 12 44---------- (') 

EASTERN VIRGINIA 

July 14 53 33 
(') 66August -------- 34

May ___________ 
34 60 6 
17 59 24June -------.... --

NORTHERN VIRGINIA 
August ________ 4 62 34 
June __________ 89 11 

NORTH-CENTRAL WEST VIRGINIA 
June __________ 60 2 38 

WASHINGTON, D.C. 

July 14 85 1. 
August ________ 4 75 21 

Septp.mber _____ 3 33 64 


October ------- 14 86
May ___________ C) 71 24 5 
June __________ 51 29 20 

EASTERN MARYLAND 
_ .... ;0- _______July 34 66, 


August ________ 
 4 49 43 4 

September _____ (') 22 46 32 

October _------- 17 83 

April 10 90 

May ___________ (') 80 20 

June __________ 
 58 8 34 

NORTHWESTERN ~I.~,RYLAND 

September _____ 1 41 58 

CENTRAL DELA W ABE 
June __________ 50 19 31 

Sec footnote at end of table. 
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TABI:'}J ,1.-Del'elopment of soil populations of Japanese beetle in 
dit!el'l~nt aJ'ea8 in EaBtel'n Cnlted States-Continued 

First_ Second- Third-

Month Eggs 
instar 
grubs 

instllr 
grubs 

instar 
grubs 

Pre_ 
pupas Pupas Adults 

Percellt Percellt Percent Percent Percent Percent Percent 
SOU'l'HEItX XEW JEItSEY A:-i() SOe'l'lIEASTERX l'E:"i:-iSYI,\'A:-iIA

July ---------- 55 15 1 3 2 9 15AU!,'11St -------- 8 31 55 6 (') (')September (')----- 2 29 61l 
~tober ________ (') (') 7 113 
}Iay - ...-------- (') 5 115 
June ---------- 1 (') 40 25 28 6 

XORTfIEA!:lTER:"i NEW JERSEY 
July ---------- 43August ________ 23 26 8

III 75 6 
September (')----- 10 31 51l 
June ---------- (') 5 74 8 10 3 

XORTll WESTERX XEW JERSEY 
July ---------­ 17 15 41l 11lAugust -------- 38 10 43 (')
September _____ 1 14 42 43 
May ---------- 2 4.4 54 
,June ---------- (') 51l 30 11 

XORTllE,\STER:'i' l'EXXSYL\"ANIA August ________ 
25 27 47 1September _____ 13 .53 21 13 

October ------- 7 11l 66 8 
May ---------- 1 16 60 18 5June ---------- (') 53 37 10 

CENTRAL PENNSYLVA:'i'IA 
June ---------- 36 54 10 

WESTERN PE:'i'XSYLVA:'i'IA 
June ---------- (') 739 42 12 

SOUTHEASTERX :'i'EW YORK 
September ----- 6 4, 43 47 
June 34 28 38 (') 

NORTH-CE:'i'TRAI, :'i'EW YORK 
September _____ 55 25 16 4 
June ---------- 10 85 5 

SOUTH-CEXTRAL :'i'EW YORKAugust ________ 
27 42 20 2 

June ---------- 3 1868 11 

See footnote nt end ot' tnble. 
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TABLE 4.-Development of soil populations of Japanese beetle in 
ditfel'ent areas 'in 8a.steJ'n Unlted States-Continued 

First- Second- Third­
instar instar instar Pre. 

grubs pupas Pupas AdultsMonth Eggs grubs grubs 

Percent Percent Percent Perce1tt Percent Percent Percent 

SOUTHERN CONNECTICUT 

11 (')July 1 48 40 
August -------- 16 56 22 6 
September _____ 8 23 36 33 
May 7 53 40 
June 1 70 15 14 

CENTRAL CONNECTICUT 

September _____ 40 20 34 6 
October ________ 528 40 
June 87 13 

RHODE ISLAND 

October ________ 5 33 62 
May 29 71 

EASTERN MASSACHUSETTS 

May 14 86 

CENTRAL MASSACHUSETTS 

October ________ 34 66 
June 99 1 

CON:s'ECTICUT RIVER VALLEY IN )[ASSACHUSETTS 

7 53 37 
September ----- (') 1 19 80 
October ________ 12 88 
June 3 38 5 51 3 

August -------- 3 

WESTER=-< MASSACHUSETTS 

August -------- 21 36 43 

May 9 91 


95 5
June ----------
SOUTHERN NEW If..UfPSHIRE 

July 58 36 5 1 
August ________ 66 423 7 

September ----- 19 20 50 11 

October ________ 13 15 58 14 


April 7 18 59 16 

May (') 8 59 33 


June 3 88 9 


See .footllote at end of table. 
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'!'ABr;E ·l.-lJet'elopment Of soil population8 of J(LJ}(lItMe beetle lin 
dijferent 01'ea8 ill EasteJ'l! ['Ilited State8-Continned 

First_ Second- Third­
iustar iustar instar Pre_ 

l\Ionth Eggs gruIJs grubs grubs pupas Pupas Adults 

Pel'cent Percent Percent Percent Pen'ent Percent Percent 

SOUTHERN VERMONT
SeptemIJer _____ 15 20 37 28 
May ---------- 1 34 05 

NORTll WESTERN INDIANA
August ________ 59 41 
SepteruIJer _____ !) 82 9
octolJer ________ ')~ 45 28(') ~, 

NovemlJer ----- 12 58 30 
April --------- 4 47 49 
May ---------- 44 50 
June ----.------ U ,12 39 13 (') 

'Few individuals found; nllmIJel' less than 1 peret'nt of population aud not
considered ill computing percell tagt.'$. 

Development of the beetle clitl'ered greatly throughout the area 
covered by these surveys as shown by the following data; 

Pl'Oporti01~ Of population 
Area. metamorphosing in JUlie 

(percent) 
Coastal plain: 

Ea5tern Virginia _____________ _ 83
Washington, D.C ______________ 49 
Eastern Maryland ___________ _ 42
Central Delaware _____________ _ 50 
Southern New Jersey __________ 59 

Virginia:
Eastern _______________________ 

83Northern ______________________ 
11 

New Jersey:
Southern ______________________ 

59
Northeastern __________________ 21 
Northwestern ______________ .~- 41 

Pennsyh'ania: 
Southeasterll _________________ _ 59Northeastern _________________ _ 

47Central _______________________ 
64 

"'estern _____________________ _ 61 
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ProportiOIl ot poplllation 
<lrc/J metamorphosillg itt Jllne 

(percent) 

New York: 
Southeastern __________________ 66 

North central ________________ 5 

South central _________________ 29 


Connecticut: 
Southenl ______________________ 29
Central _______________________ 13 


Massachusetts:

Central _______________________ 1 

1Vestern ______________________ 
 5 
Connecticut .Rlver Valley .______ 59 

The development of thE' beetle was the most retarded in cen­
tral and western ~Iassnchusetts and in southern New Hampshire and 
Vermont. 

The development of the beetle in western North Carolina, was 
similar to its development in southern New Jersey and in the Con­
necticut HiveI' Yalley, whereas its development in north-central ",Vest 
Virginin was similar to that in eastern ~faryland, and its develop­
ment in northwestern Indiana. similar to that in central Delaware. 

HABITS OF ADULTS 

Emergence 

Ellis (unpublished) studied the habits of the adult beetle during 
its emergence frOln the pup1\1 skin and its movement to the surface 
of the. ground. 'When the beetle is fully transformed, it ruptures the 
delicnte pupal skin surrounding it and withdraws its body. The dis­
carded pupal skin is pussed posteriorly over the body. The adult at 
this time is practically help1ess and very vulnerab1e in its earthen 
cell. The body wall is flexible and soft. The true wings are smoke­
colored sacs filled with fluid. The sexual organs are not fully matured. 

The adult remains in its earthen cell from :2 to 14 days depending 
on the temperature and other environmental conditions. During this 
time the chitin of the cuticula hnrdells and the body becomes fully 
pigmented. The fluid in the wings is absorbed, the wings expand to 
normal size, and they are neatly folded beneath the abbreviated 
elytrn. The maturation of the sexual organs is complet~d. The adult 
.is now ready to len ve its subterranean home. 
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The beetle USes its mandibles and the tibiae of its forelegs, which 
are adapted for fossorial work, to dig to the surface of the ground. 
As it ad nlllCf'S upward, the soil is pushed posteriorly, filling the 
earthen ~'ell and the tunnel behind it. A beetle may work for 1 or 
more dll.ys to complete the tunnel depending on the nature of the 
soil. Thl\ exit hole is spherical in shape. In it he:tyily infested field 
tho sudaet' of til(' gl'Ound is riddled by tllOllS:1nds of these holes, 
which remain \'lsible u~ltil obliterated by wind and rain. 

~Iost of the beetles lean~ their tunnels in the morning of clear 
days wlten the air be('Olll~S warm, but some mit)' delity until the itfter­
noon. AfteL' emet'ging from the ground they usually climb on variollS 
low-growing plants and rest before flying. The beetles remain in theil' 
tunnels on ('001 rainy clays. 

Length of Life 

The length of life of the indi.ddual beetle varies considerably 
depending on its endronment. lts life is relati\.ely short at high 
tempemtnres and relati\'ely long at low temperatures. In captiyity 
rna Ie beetles liyed from n to 74: days llnd female beetles fr01H 17 to 
105 days; th(> Il\'erage was an clays for the males and 52 days for the 
females. (Ellis unpublished) Dads (W20a) reported that beetles 
lh'ed from i toiO days. Smith and Hadley (1926) found that the 
a.vera~re life of male beetles supplied daily with fresh sassafras leaves 
WIlS at days Ilnd the female beetles a~ days. 'When the beetles were 
not fed, the ayernge sun-j\-ul of the males was i days and the females 
!) days. It is generally a{'cepted that the normal life of the beetle is 
Ilsutdly from 30 to 43 days (Hadley and Hawley 1984; Fleming 
1963a.). 

Protective Reactions 

Extension of Legs 

In ('ommon with other S('arabaeiclae the adult beetle has the pecu­
liar habit of extending its metnthomcic legs obliquely from the body 
at the approach of It p(Jtential enemy. This reaction is not induced 
by the normal mo\-ement of plants in the wind. 

'Yhen beetles are feeding on a row of plants at between 21" and 
29° C., tlie lel-TS ure extended upward and forwal;d not only in the 
immediate vicinity of but for 8 to 10 feet down the row frotH the 
potentia) enemy. The stimulus created by potential danger is appaL'­
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ently relayed fL'om b~etll,' to beetle, The males and feeding females 
extend thpjr Ic~s at the $lighll>st threat, but mating fcmnles rcact 
only WI1l'1l COlttillUOllstJ' thrC;ltl'ne<1. The le~rs remain tallt nntil the 
thrcnt of dang('t' pnsses, If an attcmpt is made to capturc an alerted 
bc£!th.\, it will fly 01' (ll'OP to till' ~l'()lInd, 

,,'l1l'l\ till' templ'ratl1L"e is ubO\'(' ~\lO C. and the relnth'c humidity 
is low, thl' Ill'dll'S an' \'CL'Y nen'ous nnd fly at tit£! slil!htest threat of 
<lllngel' in liell of extl'lHling thl'ir le/-.rs, 

Feigning Death 

"'!ll'n bl'l'tl('s on plants are threatened at temp(~ratl1res below 
~l ,\ C,' 1'1\('." elmw thcir Il·gs ('ompal'tiy to the body and drop to the· 
gl'Ollnd !'t,jgning dellth, L.t is \\'eli know11 that predatory insects, birds, 
and mhl'L' anilllais ran'ly ntta('k apparently IUell'ss bcetles, In falling, 
the beetll's usually land on their backs, ,Yhen the nil' .is cool, they 
may l'l'l1Iain in this position for several minutes. It is a struggle for 
tl lll'etll' to t'ight itsl'l L This is :H'('omplis\ted by using the mesotho­
rtH'ic I(';...rs as till' ('ukra alld pushing with the metathol'tl('i(' legs and 
th£' el,\'! L'H. \rhl'll it is Oil its fl'l't, it usually makes n frantic l'fl'ort to 
('olwen1 itsl'tr IIllli(>L' HttPL' Ot' in the gronnd, 

Mating 

:\fatil\g Ilstu1l1y tak(>~ place on plants, but it may be on the grollr.d, 
It O(,l'lll'S most fre([tIl'lltl.r in the early morning Ot' in the evening, but 
it !lillY tnkl' plal'l' at lilly till\(' during the day. Coitus may be brief or 
IH'o\onge(1 for 8('\'1,'1'[\1 hOllrs, It is rl'peHted at fl'l'Cltl('nt illtet'\'als dur­
ing thl' lit'l· of thl' indi\'idnnl. Elli:; (unpublished) obselTec1a male. 
mating with s('\'en femnles during an e\'t:,nillg: another male mated 
\\\'i('(\ in the e\'('nin~ on J c'onscl'lItin' days, Other males mated 
only two to nilll' rinH's dming n l;~-day period, TIll' female usually 
matt's bt't \\'een el1rh o\"iposition period. There is no apparent lllli­
fonnity in thl' l\l1111hel' of ti1l1t':; n beetll:' may mate, lIo\\'c\-er, it is 
('onHHOll fOl' a 111(1](' to mount a female or en~n another male and 
remain in tili;.; position for s('\'ernl honrs withont l1Ia(in~. The male 
dO('f> not ('at while L'jaing a f('nUlle, but the female innn'iably ('on­
timl(,s to .f('ed Oil plants l'egardlef-s of thl:' actions of its mate, 
freqlJ(>ntly fl'edin~ dUL'ing ('OitllS, 

Th(' promi::('\lollsn('ss of till:' bCl,tle Ilncioubt('{lly is of importance in 
mainttiining th(' rtwial l'lwl·:\('tet'istirs, D\ll'in~ her life n femal(' may 
mute with nut\t'S that are nbnol'mally InL'~(' and t1illlillllti\"e, excellent 
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and poor fliers, and with It long and !l short span of life. Ladd 
(1966) in studying chemosterilants demonstrated that the sperms 
introduced in the last mating before oyiposition are those most likely 
to fertilize the O\'U. 

Yirgin felllales emerging from the soil are very aUraetive to males, 
particularly early in the snmmer, Smith (1923) and Smith and Had­
ley (19[2{]) observed milny male beetles flying low over turf in the 
enrly m01'l1ing of Clen L' warm days, searching for emerging females. 
.As It "i:'gin female emerged from the gronnd many males alighted 
4 to 6 inches on her leeward side and crawled towlud her, They 
alwll.ys approached a female against the wind. .As the direction of 
the wind shifted the tl'llil of beetles shifted accordingly, indicating 
tJlIlt. the llnmlltedfcmalc has a powerful volatile sex pheromone, The 
('ongl'cgatecl mllSS of Illales about It :fell1!lle resembled an animated 
ball; eaeh mass WilS composed or a single female and from 25 to 200 
malt'. ueetles. \Yithin an area of 25 square yards i8 "balls" of beetles 
were St~en at one time. Coitus rarely occurred when so many males 
were ('ompeting for a female. In examining several hundred "bulls" 
only olle female was found ('oplllating. The "bulling" usually ceased 
nbout midday nnd did not OC('ur again until another favorable morn­
ing, It l'Ilrely oeelH'L'('(l Intel' than 2 or 3 weeks after the initial 
emergencc of the beetle. 

Ladd (1.970) demonstrated that newly emerged unmated females 
removed from "balls" or beetles were more attractive to males than 
the best chemienl lure, an: 1 mixture of phenylethyl but.yrate and 
eugenol. .A trn p un ited wHh nine freshly collected yirgin females 
caught within 1 hour 2,\)i3 males and 2:3 females, whereas a trap 
with nine ~lllmntedfemales ('ollected the pl'e\·ious day captured 2,498 
mules IWcl an females and the chemically baited trap 4:)7 males und 
Sil) fe III(ties. Traps baited with muted females or with males caught 
only a few beetles. 

(fooncwnrcIene et al. (JD?()) found that virgin females reared in 
the lnboratory were attracti\'e to males as long as they remained 
:di\"(~ and unmated. In the laboratory at 28° C. the females emerged 
from the soil fl clays after transforming to adults. Virgin females 
G to 15 days old Wel'e the most attracti,'e as ]lIres in traps. Their 
attrllcth'eness then tended to decline with the increment in their age. 

Ludd tlfl'tO) exposed isolated abdomens and heads pIllS thoraces 
of unmated femal(>s and found that the attracti\'c substance was pro­
duced in the abdomen. The attempts by Richmond (19J1), Fleming 

http:alwll.ys
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(1969), and Ladcl (19iO) to extrllct the sex pheromone with various 
solvents wcr(' not successful. 

Oviposition 

Selection of Oviposition Site 

~[ltny factors infiuem'e the femnle beetle in selecting a site for 
o\-iposition. The most otH'ious at"t~ the proximity of It suitable site to 
the plant upon which she is fet'cling, the nature of the g-ronncl coveC, 
llnd th('. ("onciition of the :,oil. However, when beetles nre flying in all 
directiolls on warm S1l1l1lTIeL' days, the females ma,y select all kinds 
of Ji.eld~ to deposit theil' (>g~s, 

P"oximity to Favored Plallts.-The female beetle tends to de­
posit her e~1:!S in a snitnhle site in the vicinity of the plant npon 
which ~he is fee(lin~, Bl'l'tles feedin~ in a cornfield nsnaHy deposit 
their e/,rgs in the field. In snburban areas wIH~r!:' turf is abundant, most. 
beetles feeding on tre!:'s, Sl11'uh~, and ':'nes tend to deposit thei:: eggs 
in nearby ~!'I\S:';. The efred of f!t\-ored plants on the local distribution 
of til\.' l.wetle population InlS clen'tOl1strated by "Yhittington et al. 
(JD4i). Traps;) to 10 ft;'et ~rom preferted plants cllught from 2 to 
212 times as many beet1!:'s as traps 100 feet away. Schwartz (1968) 
nlso foul'td that the Illllnl~l' of beetles ('~i')tnred by trups decreased 
with thl} iner(>tnent in the distant'e from afasored 'fo~d plant. 

Effect of Grou1ld Cover.-('Iall~en et al. p9E?') found that the 
beeth> was the rnost abun<1ant in parts of Japan where grasslands 
o('('\Il'. Dtt\·is (J[};2(}(t) found that in southetn ~ew .Tersey most of the 
e~~ wen' laid in pastures and other gl'llssy areas. Smith and Hadley 
(10d6) found that although most of the e~brs were deposited in pas­
tures, lawns, !lnd golf courses, the beetle laid eggs in fields of rye, 
\'!<n"er, corn, heans, tomatoes, and nursery stock 

Lan~ford et 11.1. (1tJ!,u, 19JJ) made extensh'e surveys in ~Iaryland 
and Hllwley tlD.i.n in southel'l1 ~e\\' .Tersey to determine the soil 
population in land gl'owin~ crops common to thl:.'e areas. The soil 
popUlations refleeted the preferences of the female beetle in selecting 
sites for o\-iposition in ruml arens. From these data the following 
estimates Were made: 
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.soil /IQ[Jlllation (/IBI'cellt) 

10.5 -----_________________ Pustures. 

11.7 --------______________ A;;pn rngust1elds. 

11.2 ----------__________._ Fiplds of timothy und CI()I'er. 
10.0 ______________________ ,,\lfulfutleld::;. 
10.3 	-----_________________ t·ol'lltleilis. 

6,0 ------________________ Fn lin\\" lund. 

0.5 -----------------_____ l'otntotlelds, 
5.0 -----------___________ PCIlperlielcis. 
5.S -------_______________ ~(I~'I)el\lItleldll, 
4,0 -----_________________ TUlllu totit'lcls. 
·1.2 ----__________________ (lrt'lIH I'lls. 

1.2 --------------________ I<'ldd;; of wlll'at or ryl'. 
1,0 -----_________________ UII rl(')'tieids. 

•8 ------________________ Xouugriculturnl lund, 
.3 -----_________________ Woo(lIot;;. 

FOL' eaeh tim(' tt female beNI(' ::iclec'ted nonagricllltllral land or It 

woodlot I'm' (wipositiolt, she ::icledcd the following sites: 

:\'/1 III ber of ti./IIe,~ 
ol'i/io.~ition "itf' 	 lJeiecterl 

llnrleytlelds -----______________ 3 
J!'ielcls of \\"hent or ryt' ________ ,j 

Orcilllrcls --------______________ 12 
'l'ollllltolielcis ---________________ 10 

Soybenlltields ---____ --_________ 10 
Pepllertlelds ------____________ 20 
Potlltotlelds -----_______________ 21 
Fnll()\\' IUllcl --________________ 22 

Corntleills -------______________ 34 
Alfnlfntlelds --___._____________ 35 

FJelds of timothy IInli clon~r __ 3; 
ASPllrugllstlelds ---_____________ 30 
Pl\$tures ----__________________ 05 

The aimndanc'(' of th(' soil population ,'aries widely throughout It 

Ii~ld and in different t1?lds with the !'ame crop. The population is 
IIsuaUy higlH'1' l1('tll' the edge than at the center of a croppedlield. 

The (/t>velopment of th(' ('I'OP abo nlOdiii('s the number of eggs 
deposit('d. :\fo1'(, eggs are deposited in a comfield in silk when beetles 
are abundant than in l1e1<11; where silking is past or delayed. Beetles 
lay 11101'(' egJ..,TS in nspal'!lI-'1.lsfiel(\s with an abundance of tall brush 
than in fields with low 1>l'lIsh, When feeding on the flowers and foli­
age of n I fal fa 01' e!O\'cr, they lay few eggs in the field, but after the 
<'rop is han'este<1, th(',\' may clepm;it many eggs in the field. Beetles 
feedillg 011 soybeans with a dense gl'owth lay few eggs in the field. 
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The presence of sHch favored weeds as slllllrtweed (Polygollltln 
peIMyl"wtit'um) throllghollt a Held tends to increase the 11l1mbe1' of 

eggs deposited in til(' field. 

Effect of Drollglrt.-Dnrln!r snmmers of cleJieil'nt rainfall when 
pnstmlts be{'ome hard nnd (\t'Y, tht' beptll' seeks more snitable sites for 
OI'lpositioll. ~he usunlly seleds low poorly drained ~rollnd, fields and 
lurf tlndel' it'ri~atl()n. and ('ultinlted and fal1o", fields whl't'e the soil 
hi JOOSl' and l\1oist. ender tltes!.' ('onditions more !.'g!rS may be de­
Insited in II tomatofield than in a pastme. 

.Egg Laying 

Tlu' female bel,tll' IIS11ll1ly lean's the plant upon which she is feed­
ing in til(' aftl'l't100n amI digs into til(' Roil at a s!.'lected sile to deposit 
egf:.,''S....\.tter burrowing to n depth of :2 to -:I: iIwlH:'s she deposits an 
('gg in !t depre::sion in the soil made by her o\'lpositor. This depres­
sion bl'{,OJlles a sllltlll {'('II S\\tTO\t1Hlin~ thl' t'g:! when the beetle digs 
laterally, plIshing tht' I{)(lsened soil behind her. Thert' nppnrently is 
no eX(,I'('tion to strel1gthl'1l till.' Willis of this cell. She may deposit. an 
r~g at tht'el.' or mon' places in tll(' deinity. The beetle may emerge 
from till' goil in the 11\0ming. or slH' may remain there for 3 or -:I: 
days. .A fler emerging and spe!1(ling 1 or more days feedin~ and 
mating, thl.' femall.' returns to tlH'soil to deposit another complement 
of eggs. During hl'r lifl' a f('mall' ma.\' enter the soil Hi or more times, 
c1l'positing IIp to la:~ eggs. rsunUy shl' lays ·..W to 60 eggs dtu'in~ her 
life. l r';llis nnpnblished; ~mith and Hndley },9;20: Hadley and 

Hnwle.\' ItM.,) 
In southern Sew .fl't'st'y 27 pelTl'llt of thl' e::rgs are dep<r.;ited ill 

.July. :>2 pl'r(,l.'nt in August, 20 pl'rcent in September, and 1 percent 
in Octob('r (Ellis unpublished). The pt'ak of the odposition period 
(X'l'ur8 in ,Tnly in c(intral '·irginin llnd late ill August in southern 

Xew Hnmpshirl'. 

Flight 

Fadors Affecting Flight 

Early ill till' tn()rnin~ beetles nr!.' usually r('stin::r quietly on plants. 
On ('lear sumnwt' days when rht' tt'mperature reaches about 21

0 
('. 

und the rl'lntire humidity is below (ill pl'reent. beetles be!rin to fly 
in nil (\ir('('(ion5. Tht'y lean' the plnnts with it stron::r bllzzing, which 
beconll's a hi::rher piH'h and more refined in tone as fill! flight is 
attained. Thel't' is no Hudible SOllnc1 when a beetle reaches full fli~ht 



or is hovering nbout It plant before alighting. The flight is swaying 
uncI undulating. The speed o/' flight increases with the temperature 
up to about ;\;)0. Flight IIsnally eeasl'S above this temperature and 
beetles often seek Rhade by el"llwling to the underside of leltves or 
bUlTowing into the groulld. Flight is also retarded when the relative 
humidity rises nb(we GO percent. Late in the aftemooll flying slackens 
and the beetles tend to remain on the plants. There is little flying on 
('001 windy days or on dOIl(l}, days nnd no flying on rainy cIa,ys. The 
beetll' is very responsin' to n change in t}\(' weather; It> passing cloud 
ell uses It> beetle in /light to seek a suitable resting place immediately. 
(Fleming lfUi; Hnwh'y and ,;\fetzger lfJ40) 

Smith and lIndl('y (lfJJ6') nsscLted thtlt beetles normally lIy against 
thl' wind. It is nn ill\pr('ssive phenomenon to see swarms of beetles 
flying against the w.in<1 to nil Ol'chnrc1 with ripening fruit. Fox 
(lfJ;27) qu('stioned the a(,l'\Il"aey of thl'ir stntement becausc in the ab­
sence of ('henlOtropi' stimuli the night of th(' beetle is ('ssentially 
aimles." and tht' insed tends to drift \\'ith the wind. 

Distance of Flight 

~rost of tilt' flights of the beetlp nrc for short distances. It is a 
n~stless in:;c('t. Beetles fly l'onstnntly from one spot to nnother on It 

lal"gc plant and. from plant to plnnt. Ylln Leeltwen (19Jf3) estimated 
that nhOllt on('-thinl of tlte oel'tlcs alighting on It tree left the tree 
during th(' <lilY. :'Ifar-keel beetles Itan' been recO\'crecl 1 to 2%, miles 
feom wlH're they wt'n' rl'lt·tlsecl. l ~mith and Hadley HHJ6; ~Ietzger 
and ~railH's unpuhlished) 

Hmith and IIndll'Y (UUf/) e,;tilllated that" the average outward 
spl"('nd of the b(,l,tlp from the point or introduction in New .Jersey 
WllS at tlt,\ rate of 10 t() 1;; miles per year, indic'ating that in short 
flights tIlt' heetll' WIlS ("llllable of flying this distance during the sum­
mer. Fox (![M;!), howlwer, estimated the outward mo\'ement of the 
pcripltel'Y of the inft'station \"Ilried from 2 to 10 miles per year, 
gelll.'rnlly Itvl'raging ;; .miles iUlIlually. 

The beetle is eapnble of flying ,i miles in sllstained flight. With an 
ofrshot·p \\·incl millions of beetles fl('w in 10:33 fl"Om Xew .Tersey ovm' 
tlw Atlantic Ocean lind 1-'ome of them alighted on fishing boats Ii 
miles ofl' thE' {'on:-t (Ifl('ming l,f)58). B('etles alighted on ships plying 
between X('w Yo!,k City lind Bermuda while pt'oceecling down the 
X('w .Tel"S(,Y l'on:;! (\'~l\tel'stoll 19J8). 

Massive Ji'lights 

Beginning in W:2a and ('ontinlling for seveml years massive fligMs 
of millions of beetles developed in the hendly infested areas in Xew 
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Jersey. The stimulus that indllced the::;e /tights is not known. Prob­
nbly thl' defoliation of ftl\"ored plants :ltimnlated the beetles to seek 
ne.\\" itrens. 

Beginning in 1$)~3 and continuing for 10 years millions of beetles 
flew during lnte .TlIly and early Allgust feom the rural areas in New 
Jersey un'oss the Delaware Hi,"el' tabont it mile wiele) into the down­
town shopping nml marketing districts of Philadelphia, PH. (Fox 
19;21: Hoyt JOJI,: I"lel1ling JOS8). Swarms of beetles flew from. New 
.TerSE\), n('rOS8 tipper J)elaware Bay into Delaware in 1033. )lany of 
them dropped into the bay and were \ynshec1 up dend and alive on 
the. Dela,wllre. shore (Fox 1[)J4). With nn offshore. wind millions of 
beetles flew from New .Jersey O\"C1' the Atlantic Ocenn nnd later were 
wnshed up dcad and alive in windrows on the benches of New Jersey 
lind Long Island lFox ltJJ4: Fleming 1958). 

Feeding 

The beetle is a polyphytophngolls insect. It is pnrtiClllarly attracted 
to certain spl'cil's of Acel'acelle, Anncardiuceae, Betulaceae, Clethm­
(~ene, Erkncene, Fagaceae, (rt"amincae, Hippocastanucene, .Jngltmda­
ccne, La IWH'l'IlC, Le~ul11 inosal', Lit iaceae, Lythraceae, )1alvncene, 
Onngraeene, Plntnnncl'ae, Polygonaceae, Hosncene, Salicaceae, Tilia­
(~ene, rlmncene, and Yitncene. 

Attraction to Plants 

Odor is probably the most important factor in the beetle's selection 
of n plant, hut little information is amilnble on the odoriferous con­
stituents of Yllrious plnnt8. Smith (ll};2~) nnd Smith and Hadley 
(1!JJ(n reported that It series of plants preferred by the beetle had 
been analyzed lind all of them contained g-eraniol in yurying quanti ­
ties. Langford et al. 11[}~,J) reported thut the following odoriferous 
\'hemit'als, which most often OCl'ur in l'o1l1bination with each other and 
with othel' plant constituents, had been isolated from the ripe fruits 
of apple and peach, the foliage of ::assafl"ils, and the flowers of rose: 

Chemical Iso/ateeL trom-

Acetic /lcid APIlle', pea('h, rose, sassafras. 
Benzaldehyde' __________ _ Apple, f)eIlCh. 
Caproi<.' aciel ___________ Avple.
Citrnl __________________ .\llPll', rose. 

Citronellol _____________ 
 Rose. 
Eugenol ________________ Host'. snssnfras. 
Gernniol _______________ Apll\e, rose, snssufrns. 
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r/lCIII ica l Jojola leel /"0111-
Llunlool _______________ l'l'nch. rOi;('. sftssnfras, 
Pheuyl t.'thyl nlcohol ____ Hos(', 
Ynlerle ncld ___________ Applt.', pencil, snssnfrns, 

Eugenol lind geraniol were espeeinlly attractive to the beetle, Mix­
tures of odol'if(,l'olls ('helllit'l1\:l were almost innn'inbly more attractive 
than would bl' l'xpel'ted. from the attractiveness of their components 
(Fleming W(J9) , 

In nIt ('fl'ort to ('xpillin thl' beetl("s pl'('fel'enc~ :for certain plants, 
~'(etzg('(' (It til. {If)J.n c1Nel'min<:d th(' Od01' of the clarified alcoholic 
I.'xtril(!ts and the re«lll'ing sllgtll' lUi ghlt'OO(, in the foliage and some­
tinll's til(> entit of 1)7 :-;p('('ies lind "Itl'ieties ot pJ;\nts that ditfered in 
their Slls('pptibility to attack by th(' beetl!.', Thirty-nine of the extracts 
hud nil ethl'l'l'nl 01' (mity odor, ~~ were fmgrant, flve aromatic, l\Jld 
threl' ('1\1 PYI'l'ulllnt i(' ; 10 h!l(l ml'iolls odors lind 1~ no distilH:tive Od01:' 
Of tIll' plants with l'xtl'ft('ts Illwing (l fl'llity odor, the feeding was 
l11odl'rntl' to ~\'t't'l' on ·G peee'en! ot: tho!';£' with a sugar content up to 
15 mg, pl'l' gl'i\1ll of' [llnnt matl'rinl and on71 percent of those with It 
sugar ('ontent of 1;) to ao mg, Of till' plants witilout the fruity odor 
the ~'ol'l'espol\ding peL'('entnges w('rl' 1~ und ~!2, respectively, Unfor­
tunately till' slIbstlUH'eS rllusing the fL'uity odor were not identified, 
The plants at(neked by the be~,tle ranged :from H) percent of those 
hlwing less than 5 mg, of sugar to !{;) percent of those hil.dng 25 to 
an mg, of SligHI', It appeaL'S thnt the odor of a plant modifies its 
nttracth'ene&> to the beetle l\nd tIle SligHI' content the extent of 
feeding, 

~Iaj()(' nnd Tietz (1.9(1',2) demonstmtecl the importance of odor in 
the beetll"s preferenre for reL'tain plants, ~III idenhair tree (Ginkgo 
biloba.) i;:; rarely !lttlll'ked by the beetle, When the leaves were conted 
with jui('(' pressed from ('helTY leH\'es (Pl'ltIw.,~ sp,), a preferred plant, 
the beetles nte the {'oated Oilth'[/o letwcs readily without any harmful 
effl'ct. Cherry lean.'s coated with jllice from (i.tJlkgo leaves were eaten 
about as readily as uncoated {'heny leit\'es, It was exident that Ginkgo 
is not repellent Ol' poisonoll!" to the beetles but lacked odoriferous sub­
stances attracti,'e to them, 

Development of Infestation on Plants 

Either Sl'X may rlil1lb 01' alight on nn IIninfested plant and begin to 
feed, The males fly in thl' l'arTy morning bdore most of the females 
elllN/.,TC .El'om till' soil. Thl' J1lllles feed crl'lltically for short periods on 
se,"era1 plants or mny continlle to feed on the first plant selected, 
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EIl.l'ly in till' 11100'ning two-thlrtls of thl:' initial infl,'stations of plants 
Ill'\.' by llHlll'~;' Lnll'L' in tll~' day when ahout tit!' SI1\111:' 11l1\l1be1' of each 
s('x is tlying, "itllt'L' Sl'X is likl'ly to uegill an infl,'stntioll on a plant. 
(Smith aU.J; Sinith and Had]p,\' ltJ.]U) 

'I'll(' bel'tll' is a gl'('gariOlls insl'd. \Yhen onl:' 01' more l)l~etles I1re 
fl'eding 011 tI plant, otllt'\' ue('tl('s ill thl:' yieinity tt'nd to alight on the. 
plant. A f('lIlHle nltl'nds 1ll11ll." mall'S to 1\ plant t~IHith I1n<1 Hadley 
/f),!(j). Fi ft." t>l'l'!'pnt nlO1'(' beetles nlight on 11 plant on ",1\ieh heetles 
ilL'(' feeding than Oil an llninf('~t('d plant of till:' same speeies in the 
Yi('init~· (\'lIn Ll'l'lI\\'('n I:'t nl. lfU8; Yan Let'11w(,1l W,JJ). Enormous 
popUlations IIllly bllild liP on ('Ntain plants, wht'l'eas other plants of 
thl:' same spl'('il,'$ in tbl:' \·il'init~· :t1'l' only lightly populated. 

Tl\!' nll\111ll'1' of bel'l'Il's Oil a plant USlIally in(,l'easl's in the morning 
IIIHI dpl'lim's in tIll' artl'l·no()n. Smith (f[JJ.]) fQtlnd that the proportion 
of th~' :-;poxl'~ on It plnnt yttl'ie(\ thr(jl1~h()l1t the <lilY. Till' popnlation on 
nppll' tTl'l';; 1.llllhiN '~lI"·/'.'d,.i.~) wa;; abol1t 13-pel,(,l:'nt female until 
~ a,lll, ;;tnn(\IlL'(\ t inH'. J)1ll'ing the ron'noon the proportion of females 
il\l'\"l'nSI'd Pl'ogT('ssin'ly to ·17 pl'(,('pnt at 1 p.m. Itnc1 then declined 
Pl'O~L'l:'ssi\·t'ly to :W pel'cent hy ·1· p.11I. an(\ to 10 !Jerel'nt by {i p.m. The 
I'hnnl-[l' in thl' S(,OX rat in on ('O'rll I Zr (l Illll!/s), .gl'tlpe!:' (riti,~ 1';lli!cra) , 
HIl(l ;;hl'l1b-altlH.'1l (lfibi.~'·II." '''!ll'irll'lIs) l'ollow('(l thi;; patt('l'I1. The 
[lopllla t ion Oll ;;11IH rt Wl'Nt (f'(ll !I!10l1ll1ll JlI'IIN!lII'ClII it'll III ) , 1I1n rsh111a1l0"" 
(.:lIthwll ot/ll'illlllix), nn<ll'\,pning-prillll'o:,e U)l'IlOthCI'£l bil'liIIi,q) was 
nhollt :2;l-pp\'('ent ['pmall' lllltil:-- a.nl. 'rill' pL'Opol'tion of females gmd­
lULU,\" ilwl'l'nsl'<l to ,10 }ll'n'PHt hy l p.llI. and grndl1nlly decreased to 
~3 pl'I'Cl'nt by :-; p.m. 

Factors Affecting Feeding 

Bl'ptll's Pl'Pi'l'l' to ft't'd on plant!' l'SllOsed to the dieect l'flyS of the 
slIn. Plant:-;. in "hnth, Hl'e l\\'\'l'l' fNl on as hetwily ns tllOSl' in the S11n, 
Plants. in (\t'n~l' wood!' tH'P ran'ly attacked. r"11111ly b(>et'1('s be~ill to 
feed 011 folingl' at till' top or n plnnt, 1'1'gnrc11e::;::; of it~ height, and 
work dow\1wnl'<l. 1t is lm\Hntl'l'ial whl'lhl'l' thl' plant is a tree ilO feet. 
high or n slI('('\lI\'1\t plnnt (\ itwlll';; high. By tIll' tim(' one-hn1f to 
two-thirds of t1ll' fn\i,1ge Oil n trel' has been ('on~l\me(l, the beetles mny 
I~'a\'e tIll' trel' and atwl'k othl:'\' !lhnts in the yieinity, or they may 
('ontimll' fl'('(ling \1I\til tIlt' tTN' is (,OIll11letely <ll'folinte<1. (Smith 
W,!.1: FIl'lIling l't a1. UUj: I1awley lind ~[('tzgl'r J[J40) 

:\[00[,(' and Coil' I ].lUI) dl'IlHlnstrnte(l in the lnbol'l1tol'Y thl1t the 
he('tl(' is. positin'jy phototropic. In 1I11t', bdol'l:' IHIH'h iJlf()l'l~lnti()n was 
amilnhll' on tbl' habits of till' 1ns('('(, it WlIS as.";llnled that light teap,:; 
might b(' of \nhll' in I'nl('hing bt,('tlps. (ioodwin (lfJJ[)) cl1l1ght only 
nn O\.'t'nsionnl ht'Nll' 1n light trap~ opl'1'nted nt night d\1l'ing the 
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summer; these beetles were probably captured at dawn or at dusk. 
This result would be expected with an insect that does not fly at 
night. 

Beetlet:i are most acth:e Ilnd feed most extensively on clear summer 
dlLYS between \) n.m. and 3 p.m. standard time when the temperature 
is between 2n° and a5° C. llnd the relative humidity is nbove 60 per­
eent. Thore is little feeding below :21° or above 35°. A relative 
humidity below GO p~rcent inhibits feeding and induces the beetle to 
fly. Late in the Itfternoon feeding slackens. There is little feeding on 
cool windy days 0[' on elondy dlLyS and no feeding on miny dn.ys. 
(Fleming 19J4; Hawley and 'Metzger 1940) 

Diseased plants and those injured by othel' insects are more sus­
ceptible to nttne\( by the beetle than healthy plants. Elm trees 
( C llnll8 (tJ)wl'il'aI!(t, 'C. l'l'oceta) injured by the elm leaf beetle 
(pYI'I'/wlla lllteola prul1er)) or infected by Dutch elm disen.se (Oem­
tostomcll(t 1I1mi B\\is.) were usually attacked before healthy trees. 
Norway Illtlpl('s (Ace)' v>Zatalloid(8) heavily infested by the Norway 
maple aphid (Pel'iphylhl8 1.IJI'opirtlis (Kessler)) were more attractive 
to the beetle than uninfested trees. )hnn (l94f2) observed that peach 
trees (Pl'UlIIl8 Ji(~}'8ira) infected by the peach yellows virus (Ohlol'o­
genus pel'Si('a(> Holmes) or the liUle pench \'irus (0. 1)(3}'8ioae val'. 
m.ie}'opeJ'8 i('a Holmes) were almost defoliated, whereas adjacent 
henlthy t~'ees were hardly touched by the beetle. 

The fl'llits of late-ripening varieties of apples (i1Ialus sylvest1is), 
peaches, nnd gmpcs triti8 l'inijcJ'a) are nsually not injured by the 
beeUI:'. HOWlWel', immntl1l'e ILpples infested by the codling moth 
~La'~J}('!II'('.sia pomonella (Linnaeus) nnd infected by black rot 
(EotJ'!/osphael'ia I'ibis Gross &: Dug.), immnture peaches infected by 
brown rot (Jlol1ilinia jl'uclleola ("Wint.)), nnd immature grapes in­
'fested by the gl'itpe berry moth (PuJ'({Zobcsia viteana (Olemens)) and 
infected by blnck rot (Gllignal'dia bidweZlii (Ell.) Viala & Ravaz) 
were attacked readily by the beetle. 'When this fruit was consumed, 
the beetles fed on the healthy immntnre fruit. (Smith and Hnd­
ley 19E6; Fleming and }retzger 19S6; Fleming nnd )Iaines 1947) 

Seasonal Changes in Preferred Plants 

Hawley and )letzger (UJ40) studied the change in the beetle~s 
choice of plants dnring the summer. During the first week or 10 
days n.fter beetles begin to emerge from the ground, feeding is con­
fined largely to low-growing plants such as smartweed (Polygonmn 
OI'ielltale. P. pen.W1l'C17I iculIl), eyening-primrose (OenotheJ'a bienni8) , 
l'hubnrb (N11I>1l1ll I'hapollti('um), and rose (Rosa. spp,), There is also 
feeding on grnpe (riti8 ae8til'alis, r. Zabl'llBca) , sweet cherry (P}'ltnus 
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avillm), and sassafras (.Sa.9safl·as albidwn). Feeding on the favored 
plants often continues until the plants are defoliated. 

Early in July in southern New .Jersey the beetles move from the 
low-growing plants to fruit and shade trees. Feeding on the trees 
may continue for several weeks. During this period in densely popu­
lated areas such favored trees as apple (.Ifalus sylt'cstJ'is), cherry 
(Prwnu8 admn, P. ccm.nts, P. serotina), plum (Pl'WWS domcstica) , 
elm «(lZmu8 americana, '[7. ~)1'ocem), horsechestnut (Aescllllls hipl)O­
c([,ytanll7n) , linden (TWa clnlel'icana) , poplar (Pozwlu.9 nigl'a italica) , 
(md willow (Salix discolOl') may lose most of their foliage . 

.As the leaves on the trees become older, tougher, and less attractive 
to the beetles, there is a movement from the trees to lower growing 
plants. Beetles become abundant on flowers then in bloom, such as 
roses (Ro8a spp.), marshmallow (Althaea. of/z·cinaJ.is) , hollyhock (A. 
l'osea) , shrub-althel\ (Hibi8CU8 8YJ'iaclts) , and mallow (Malt'a 1'0­
tttndifolic£) , and they move into fields of corn (Zea. mays), asparagus 
(Aspamg1l8 offici1!ali,~), soybeans (Glycine ma.l'), clover (T1'ifolill7n 
hybl·idum. T. pra.ten,se), andalfal:fa (JIedicarlo 8ati1.·('[,), Feeding is 
more extensivc on poison-i\'}' (RhuB toxicoden{b'on) , ragweed (Am­
b1'08ic ~'demi8iifolia, .11. trijida), and other weeds. 

Types of Feeding 

The beetles feed on the upper surface of the foliage of most plants, 
chewing out the tisslle between the veins and leaving a lacelike 
skeleton (figs. 8 and 0, a-d). The skeletonized foliage is the most 
conll10n type of feeding by the beetlc. The injured leayes eventually 
turn brown and most of them fall frol11 the plants. Thi~ injury is 
conspicllolls, particularly when the. foliage of orchard ftnd shade trees 
is skeletonized. (Smith 1923; Smith and Hadley 1926; Hawley a11(l 
~[etzger 194-0; Fleming 196Ja) 

Other types of feeding occur on certain plants. Beetles consume 
large il'l'egulllrly shnped parts of rose petals (fig. 0, e) and other 
flowers where the delicate '-eills are not unpalatable to them. Plants 
with thi.ck tough lea,-es are usually not attacked by the beetle, but 
when such leaves are eaten, the feeding is restricted to nibbling on 
the upper surface and does not penetmte to the lower Stu·face. The 
freshly eaten leaYes have nn une'-cn pitted appearance. (Hawley 
and ~[etzger 194-0) 

The beetles do much damage to the young leaflets and to the epi­
dermis of the branches and stalks of asparagus. Several hundred 
beetles sometimes collect on a single plant and bend it over by their 
weight (fig. 9, f). Extensi,-e feeding weakens a plant and reduces the 
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J-l103b 
FIGtTRE S.-Lean.·;; of Xorway maple destroyed by feeding of Japanese beetle. 

Soft tissue has been eaten, leaving network of .eins. 

yield the following spring. (Hawley and )Ietzger 19-'10; Fleming 
196J(1.) 

)Iasses of beetles collect on the maturing silk of corn and cui. it off 
as it grom:; tlig. D, g). This prevents the pollination of many embry­
onic kernels aile} results in malformed kernels and reduced yield. They 
also burrow into the tip of pollinated ears and feed on the developing 
kernel:>. (Smith and Hadley 19:26) 

The beetles rarely attack peach leaves borne on new wood. They 
feed on the underside of mature leaves on old wood, making many 
smull holes, but the leaves nre rarely skeletonized (Smith and Hadley 
19£6). Beetles often gather in large numbers on the fruit of early 
ripening varieties of apples and peaches (fig. 10) and continue to 
feed until only the core or stone remains. As many as 2D6 beetles 
have, been found on a sillf!le apple, although only a few of those in 
the inner layer were aetua lly feedillg 011 the fruit. ,Yhen beetles are 
abundant, "balling" nU1Y occur 011 every fruit on a tree. (Hawley 
and )fetzger ]940; Fleming 1963a) 



B 

~r- 3il~. J !l4..J:)..1··:1721. J·-2SnC. J-2i26 t J-2S:22..r-728 
FIGt"RE n.--.Tnpnnp,S\' bPN\P's f,>pdin~ on (A) I'oslwnns. (II) grnneyinl'. (0) 

smnrt\H'l'tl. (1)1 rhuharh. (El 1'O:'l' bu~h. IF) a:'llllrngus ll\ants. aud (G) 
('om Silk. 
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FIGCR" 9.-Continued. 
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F 
FIGURE 9.-Continued. 
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FIGURE D.-Continued. 

Rate of Feeding 

The beetle feeds intermittently. The time spent in feeding on vari­
OllS plants and the rate of food ('ons\lll1ption are afi'ected by the 
weather. It "'ilS estimated from the data of Smith (19i3) that cllll'ing 
It G-hoUl' period the male bee:tle fed for 48 minutes on apple foliage 
and :34, minutes on grape foliage, whereas the female fed for 9:3 
minutes on apple and G4 minutes on grape foliage. 

For each hour of feeding the male consumed ·lD.!:! square 111m. of 
apple foliage anel ao.o square mm. of smartweed foliage and the 
female 4:3.5 square mm. of llpple and 40.5 square mm. of smnrtweecl 
foliage (Smith 19'!.J) . .i\ltholll!h the quantity consumed by the indi­
yielual beetle is smati, the feeding is yery destructiye when several 
thousand beetles Iv:e 011 a tree. Smith and :Hndley (l9[2(J) collected 
2,i45,()On beetles from Li() lO-year-old peach trees, an average of 
li,600 beetles per tree, early in the morning ,,,hile it was cool and the 
beetles WHe inlH'ti\'e, but 24- hOllrs later the pOPlllation on the trees 
was about the sHme as it had been the preyiOllS day. 
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A 

J-7601, J-3049 


Fmt:SE 10.-Jnprrnese beetles feeding on fruit nnd folinge of (A) apple and 

(8) peach. 

8 
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Plants Toxic to the Beetle 

)[UllY plants have been reported from time to time by the p~lblic 
to be toxic to the beetle. The usual edclence was the presence of It 

large number of dead beetles on the ground beneath the canopy of 
It plant Oil whieh th<'y had been feeding. These reports almost invari­
ably CUllll~ after the peak of the beetle population, when mallY beetles 
had completed their normal lifl'Spall. It is commOil to find dead 
beetles beneath the ('anopy of all kinds of plants late in the snmmer. 
rSllally it was not po:z"ible to demonstrate experimentally that these 
plants ('outained ('ol1stituents toxic to the beetle, but some of them 
contained liubstunces that cansed paralysis and even death of the 
beetles, 

The gernniulll l Pelal'g(miwll domestil'llJlt) WlI$ reported frequently 
He being toxic to the beetle. Dayis (l,920a) found that beetles lying 
npparently dead on the g-t'ountl beneath geraniums almost invariably 
becaml\ a('tin~ within ~+ homs. Ballou (1929) studied the efl'ect of 
geraniUlllt-l on the beetle more extensively. He. found that beetles 
feeding on the foliage nnd flowel's of this plant often became par­
alyzed and dropped from the plants. The flowers were more toxic 
than the foliage. The etl'ect was enhanced when the feeding was on 
plants ('X posed to sunlight. The paralysis began with the meta­
thQrach' legs and progressed cephalad. )Iost of the beetles recovered 
within ~+ homs after becoming paralyzed, but 35 percent of them 
died within ·1 days. The nntri('ulU::i of beetles dying .from eating ge­
raniumt-l disintegrntecl within :2+ hOUl'S and the muscles lind soft 
contents of the hody cavity within +8 hours. The disintegration was 
ne~'ompanied by !l stron~ fetid odor. The toxic substance in geranium 
hus not been identified. 

On se\'eml occnsions it WHS reported that beetles had been killed 
by feeding (Hi the silwl'bell (Hahwia cal'olilla). Hawley and )fetzger 
(194(1), howe"er, were not able to demonstrate that- the foliage or 
seed capsules had any toxic net ion on the beetle. 

The beetles feed readily on the flowers of the bottlebrush buckeye 
(:iescIlI1l8 pal'l·ijlora), and if feeding continues long enough, they 
become pamlyzed and e,'entually die. The first symptom of poisoning 
is pnrnly~is of the legs. The foliage is much less toxic than the flow­
ers. (Hawley nnd J[etzger 1940) This plant is in bloom when the 
beetle population is at its peak, whereas the horsechestnut (Aesclllll,~ 
It ippoC'Mtall II III ) produces flowers before beetles appear. The toxic 
substnnce in the bottlebrush buckeye has not been identified. 

Landreth 1l.9J:2a. 19J2b) reported that large numbers of beetles 
were killed by feeding on ellstorLean (Ricinus communis). The use of 
this plant as a killing nf,rent for the beetle was ad,'ertised widely, 
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und muny people grew it for this purpose. ~retzger (1938) fmmd that 
the beetle fed lightly on the "IHieties sallguilleUB and za1lzibarel!8is 
but scnl'cel.y tOlt('hed the yarieties (·ambodgel18i.s. gibsoni, panOl'rnitan8, 
and Red Spire. ~rost of the feeding occurred aiter the seed pods had 
developed and llfter more fa "ored food plants had been severely in­
jured. The ioliage of these nU'ieties was nontoxic to the beetle. The 
Cl1storbeall had no "!llue us lL trl\p crop for the beetle. Since a toxic 
snbstalll'C ill tastorbeun wns not demonstrated, the high mortality 
reported late in the summer was probubly due to old age rather than 
to toxicity. 

Food Plants in Japan 

Japanese entomologists had little information OIl the food plants 
of the beetle, probably beetluse it is not !l seriolls pest in .Japan. 
Clausen et al. (19,27) found the beetle feeding on seyeral trees, shrubs, 
I\nd hedm~'eous plants, The following plants marked with an asterisk 
(*) are pt'eferrecl by the beetle.: 

Sclelltific /lame Gommon 1Wnw 

A.lIIIlS japollica --_______________ Japnnese alder 
·A./Ilpelop8ia jupollica ____________ Japanese ampelopsis 
·.t.lsparaglls odlcillalis - __________ Garden asparagus 
Hercllemia raCfmlOsa ----________ ,Tnpnl1pse supplejack 

·Ca8talle(£ crellafa ______________ Japnnesc chestnut 
D/oscoreia. esculenta ___________ Chincsc yam 
Filipellcllila. ('alllisc/talic(t ______.Kamchlltkn meadowsweet 
Glycine/lwx ------_____________ Soybean 
lllbisCllS syriaclls --____________ Shrub-althen 
lIypericllm japoniClll1t __________ Jnpanese St. Johnswort 

·Melia azedaruch - _______________ Chlnaberry 
OellOthera biellllis ______________ Evening-primrose 
P/laseOius l'u/garis - ____________ Gnrden bean 
Plata/illS oriell/alis - ____________ Orielltal plalletree 
POlygO/IIWI com:olt'lIlus _________ Corn bindweed 
Polygollll/l~ cuspidatllll/. _________ Jnpallese fieecetlower 
POly{IQ/llIllt /iodosllln - ___________ Oinutade 

-Polygollliln rel/llolltria. -------___ Itndorl 
Popllius lIIaxilllolciczii __________ .TapnIlPse poplar 

·POp,I/IIS ~Iigra italica ---________ Lombardy poplar 
Prrllllls japOllica. ----___________ C'hillese bush cherry 
PrlllltlS serrlliata ------------___ Orlental cherry 

-P/criclillllt aqllililllim ___________ Brnckell 

Qlrerclls aClltissima -----------__ Snwtooth oak 
Quercus l'ariabilia ______________ Orlelltal oak 
{folJa IIIllltifioru ________________ ;rnpnlle:::c rose 

-Rubl/.'j crataegifolil18 ____________ Hnwthorn raspberry 
RlltI/c./' sp. ____________________ Dock 
Sali.r t:imillalis ________________ BnskctwllJow 
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.Scientific lIal/le ('oml/Wlt name 

Smilax cllilla _________ ..________ ('hinaroot greenllrler 
'filla· jupolliC(l ~ ________________ .lapflll('SI.'- liuden 
'I'llia. mi1lllelialla _____________._ Lin<it'll 
Tri/olium pra tl?lIil(" _____________ H('{l clO\'er 
(,llllll.~ pard/olia. _______________ l'hln£'sl.' elm 

·l'i/is I/llIIrbCl"gii ________________ Thunberg grape 
•nus l'illi/em __________________ European wine gral)(> 
• Jri.'1tul"i(l 	JfOtib'l/Ii[U ____________ Japnnes(' wisteria 
Ze[kol'a serra/a· ________________ JnpnIl"'>'(' zelkO\'n 

('Iaus('n et Ill. (It)J7) obselTed that the density of the beetle popula­
tion throughout .Japan nerer retH'hes that in the rnited States, 
prolmbly hel'ause of the agri!'nltllt'al conditions in cednin areas find 
thl' pn'seIH'l' of its natmal enemies, \\'1I11..'h ket·p it under ('ontl'ol."'ith 
these lightll\' populations plant injury is sporadie tlnd less extensi"e, 

The preferem'l' of the beetle for eertnin weeds, particularly lor 
P01!l!lOlutnl I't'!ll/ollt,.ia. growing along the. roadsides usually pre­
\'entecl set·ious injury to ('ro[ls and to ot'Illlmental plants. Clausen et al. 
(l,9:Jf) .fouud this w('~d almost skeletonized nt Koiwtli, whereas only 
Ilil ot'ea:-;ional beetlp \\':\$ found in It large adjueent field of soybeans, 
In addition, plants In'pfened by the beetle ill some districts were 
hurdly tOll!'ill'tl ill other (listriets. 

Food Plants in the United States 

In ('ontrnst to ,Japan, the beetle has a wide range of food plants 
in the t Tnited Stutes, It attacks ('el'tain small ltnits, tree fruits, truck 
nnd gar(\Pll ('rops, field erol1s, ornamental herbl1('eOllS garden plants, 
ornanwutal shrubs lind \"ines, shadt> I1nd 0l'l1ament111 trees, and many 
nonel'onomil' ]llnnts, Plan!s attn<'kecl or immune to injury by the beetle. 
Ill'(> listed by D\wis UfUfia), ~mith and Hadley (l9Z6') , Sairo (19fJ8a, 
UU8b. IfJJ8c') , ~Ietzger and Grant (19,JZ) , Hadley and Hawley 
(ifJJ.I) , ~[ptzger et Ill. 11.9,].n, Hawley anel ~[etzger (19.~O), Hadley 
(U)4.O) , and Fleming tl.955, ll}()o. 1M·Jil. 196Jb), Hawley and ~[etz­
gel' V9'TO) madE.> the most complete listing of the food plants of the. 
beetle. 

There are som€' diS<'rep,lllt'ies in these lists, come plants listed prior 
to H),iO as being immune to injmy were attacked in more recent years 
in helwily infe:3ted areas, Other plants listed in the earlier publica­
tions as being injured by the beetle were eliminated in the later publi­
cations bet'lluse the early repods of injury were not substantiated. 

Plants Injure.d Most Severely.-The following plants are always 
attacked by the beetle and in areas of dense population may be 
defoliated: 
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Sciclltific IIaIllC 

Accr paillla/Illn ______________ 

<lccl' Illa/alloilies _____________ 

.1(',')elllus /ti[lpOC(1stanlltn ______ 
A1tlwcll olJicillali8 ____________ 

~lltll(lca rosc(/. ___• ____________ 
Asparagus all/cil/alis __________ 
Betula, populi/olia ____________ 
('as/all('a ({clI/a/a _____ ~ ______ 

(,Ictllm allli/olia _____________ 
Olydll(' lIIa.r _________________ 

II ibiscU8 p(!lll.;1tr[.~ ____________ 

HIbiscl/s syri(!(,lIs ____________ 
Jug/Iln.~ /I {gra, ________________ 

KcrrTa ja/lOIl;cll ______________ 

£agCr.;1/rO(,III;(I illtliea _________ 
J[II/fIS bllcea /0 ________________ 

J[alll,~ Jlfll'ibl/lldll _____________ 
.1/11111s .~yll'('/j/ris ___•. __________ 

.I(a["(/, rOll/lllli/olill, ___ •. _______ 
Or/loiller/! biell/li.v ____________ 

('OllllllOl£lIalll(, 

JII[lIlneSe III II pie 
Xorwll~· maple 
lIllrs('ehestuut 
:\rnrshlllullow 
Iiollyhock 

.\s!)lIrngus 
Orlly IJlrch 
,\llIerknn chestnut 
l::'weN lX'pperlJnsh 
~(lyIJl'nl1 

('0111111011 rOSl'mnllow 

~hrllh·llltiH.'ll 

Blllrk \\"nlnut 
UlolJ~·fl()wt·r 

(',np~'!lIyrtl(' 

('rnuilllple 
.Tllpnnesl' flowering crnunppll~ 

.\[lllll' 

:\lnllow 
En.·ning-llriUlros(' 

Pllrth('I/()I·I.;1,~II,~ 1/1I;1lf[1I1'/o!ia __ . Yirginin-creeper 
PlII/III1U,~ u('crijo!ia __________ Londoll pl:lIwtre(' 
l'ollf{IOIIIIII!, oI'iCII/a/(' __________ 
polygoll 11m pellsylt'lwiclI III ____ 
POilU/lilt lIig/'a, i/u/ica _________ 
Prlll!IIS ar/llClliacu ____________ 
i'rlll!llS (It"ium ________________ 
PrUIl1l8 cerasus ______________ 

l'ril!('espiulI1(· SUllirtweed 
L'l'nn);yh-unill ~lIlartweed 
LomlJnr<ly I>oplllr 
.\pri(·()t 
~\\'eN cherry 
~our ciwrry 

Pi'll II us ({olllcs/it'a ____________ nnrden plum 
PrImus J1rt'sit'a _______________ Peuch 


PnllWs Jlfl'sicu I!ce/a rl,W _____ X~·('tn rill(' 

Pi'll/illS llulid,W ______________ ,hlpan(·se plum 

l'nll/f/8 ittTCI/illu ______________ Blllek cherry 

Rlacllllt r/lllpollticlim __________ (:1\ nl('n rhubu rb 

Rhus to:ci('O!iellllrol~ __________ l'nii;'on-iyy 

Rosa SI>P, __• _________________ Hos(' 

S(lli.r cl iscolor ________________ l'lIssy willow 

Saslla/nz,,~ albi(lulI~ ____________ Sns,,"frns 
/:.'orblls al/lCriclllHl ____________ .\J1l('riellll Illountnill-Ilsh 
Tilill al/l('rica/lll _.-- __________ .\m("irun linc1('ll 
["I/IIII,~ (I IIIcrit'(l/I II ____________ ,\nl('rirun elm 

(-(/111M proccrn· _______________ r;n~Ii"h ('tm 


\'IICdl! irlln c(Jrl/mbOSUIII _______ 1I ighllllsh blueu('rry 
l"iti,t (It·lttil"a/i.~ _______________ ~IIUllll('r grnp(' 
ntis /abrflllC'a. ________________ Fnxgrapl' 
nti,~ dlll/a(l, ________________ ElIrnpNlIl wine grnpe 
Zr(l mal/s __________ _________ l·orn~ 

Susceptibility of Various Plants to Attack.-Hecorc1s are 11\'ni!­
nbit' Oil tllp sllst'l'pUhility of -t.a:; species of plants in D3 families to 
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nttack by the beetle. '1'h(' beetle has not been observed feeding on 140 
sp('dl's, but this is nil illl'omplcte listing of the plants npPllrently 
immlllll' to nttnl'k. It occasionully feeds lightly on l~~ species only in 
ureas where it is "ery abundant. It generally feeds lightly on 67 
speeies, modet'l\tel~' on 3D species, and extensiyely on .fi species, but 
under ('(~t"tnin conditions more tlum the lIsunl amount of feeding may 
occur. Light feeding genel'lllly causes little injury to It plant; mod­
erilte feeding is sltfli('ient to ('!lllse damage of economi(' impOl'tnnce. 

TIle, pl'(lf:erellt'l' of till' beetle for ,'nriollS plants, grouped in families, 
is SllllHlHtl'ized in table 3. 

T"BI,f: i>.-·-l~"l.'tel/t of leedbtfl 611 Japune,w' beetle 011 I'm-iOliS plants 
ill ('niled Statt'.'! 

-----,-""",""'=
Extent of Part 
feeding I Jj'lIlllily aud species Common nlHllC nttncked--_._..........._._-_._--------------------


ACERACEAE 

x _____ ~<lrcl' IICUlllltiO ------------____Boxelder _____________ll'oliage. 
xxxx ___ ," __ Accl' pallllatllln --~----~--_____ Jnpanese maple _________Do. 
xxxx ______AeC/' plalalloicicil ----_________ Xorwny mnple __________ Do. 

xx ______.1('1'1' psclI(loplatallllll --------_Sycamore maple ________ Do. 
o______ A('cl' I'llbrtlm --------------___Red maple ___________ Xone. 

o______~lcer 8a('c//(/rinll/l~ -----_______ Silver mnple ---________ Do. 


xx ______<lr<.'1' sarr/wl'op/tOrt/1II- ---_____ Sugur maple - _________Foliage . 


•\LlSMACE.-I.E 

xx ______ Sauitlal·;a. Taii/olia --_________ COllllllOIl arrowhead - ____ Do. 

• -I.MARA:;THACE..-I.E 

x ______<ll11al'U/llllltll rolro/lCJJlls ------Rough pigweed ---______Do. 
o______ CcIOs{a· al'uclltea crislala ----__COCkSCOlllU ---________Xone. 

ANAOARDIACEAE 

X ______ OOtiIl1l8 COflUYUl'i(l. ------------Common smoketree ___Foliage. 
xx ______ RItIL8 copalTilla --------------_ll'lnllle-leuf SUIllIIC _______Do. 

xxxx ______ RhIl8 lo.cicocicnciron --------__Polson·il'y -----_________ Do. 
x ______ RlLllil tY[Jhil/(~ ---------------_Stnghorn SUIllUC - _______Do. 

AJ.>OCYNACEAE 

xx ------ApocJIIIII/n alldl'OIJl/CIII;/oliulII __ Spreuding doguane ______Do. 

0 ______ rillctl m;/lfl/' ----------------_Groulld.myrtie ________ ~·oDe. 


See footllotl' at end of tuule. 
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T.\BLE fi.-f~',l'lellf ()/ /el'dill{1 b!l J apWll"8t' beetle on l'a/'ious plants 
in ('nited ~I\'tatt'.~-Continued 

Extent ot: Pnrt 
feeding 1 1<'n mily nll!l species Common nnme nttllcked 

o~_____ I/(';r CI/luijolillln ______________1<inglish holly ___________Do. 
o___ -__ I/('OC ('01"11 II III _________________ Chilll'se holly __________Do. 
o______ l[(';r c're/l(/ /(1 __________________ Jllpllues(> holly __________Do. 
o______ lIr;r 01)(/('(1 ___________________ Am(>I:icllU hOlly _________ Do. 
x ______Ih'J.· l'crticill/lICl ______________Willterberry __________ 'b'olinge. 

AR.ACEAE 

xxx ______ I't'ltcll/(/nt t'iruilli('CI, __________ Yirginill nrrow-nrllm ____Do. 

AlU.LL\CEAE 

xxx ______lll't1lia 1ri'~J!i(/CI ________________ Bristly snrsnpnrllln ______Do. 

x ______ llcc[('ra lIeli.r ________________ ElIglish b'y _____________Do. 


ASCLEPLl.DACEAE 

x ______ ;IIC(lrll(lla __________ Swllmp milkweed _____Folinge,~l8('[e[liCls 

flower. 
x __ ____.ls('[r/l;(/8 IJlll'/JllrClilCClIs _______Purple milkweed ________Do. 
x ______.lsdfJlia,~ IIYI';a('(I, _____________ l'OIUIllOll milkweed ______Do. 

BALS.UUNACEAE 

o______ llll/llltiCII-s bals(l/llilla _________Gnrden balsnm _______ Nolle. 

xx ______ ]mpaticll-s billorCl _____________ Spotted snallweed _____Folinge. 


BEGONLl.CEAE 

0 ______ Bef/oll;a re.r·(,lIl1orlllll ________Begonill ______________ Nolle. 

:L'\":, ______ 8cl'bcri.~ tllllllbrl'uii __________ .Tnllllllese bnrberry ____ Folinge. 
:L,\": ______ lJc;rberis l'U1p(l/,;8 _____________ European barberry ______ Do. 

xx..'C ______ A 1111111 giutilloSCI ______________Enropean blnck alder ____Do. 
x.xx ______Betllia pe/l(/II/a ______________ European white birdl ____Do. 

xxxx __ •__ • 8e111/11 popllli/oli(l, ____________Grny birCh _____________Do. 
X ______ rOI'//l1l1l (I/IIel';('(I/I(I ___________ Americlln hazelnut ______Do. 

See footnote a tend ()f table. 
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'f,\I\f,E 5.-Extent of jeedillg by J apallC8t! beetle 011 l'a1'iolt8 plant.s 
ill Cnited Statc.s-Continned 

Ext.ent of Part 
fl'('d!lIg' Fnllll1y and species Common name attacked 

DIGNONL\CEAE 

xx ______ 01lIll/l8;S radicalls ____________Trumpetcreeper _________Do. 
xxx ______ 011111//111 bl{/~IO/lioicies _________ Southern catalllu _______ Do. 

BORAGINACE.\E 

o______ Myosotis ,YlIlvatica ___________ Forget·llIe·not _________ None. 

HUXACEAE 

o______ Bllxu,Y S6111/1ervirells --________Box ____________________Do. 
o______ i'achysall(lra lermilllliis ______ Japallese spurge ________ Do. 

CALYCANTHACEAE 

o______ Ca IIIC(IIIIII 1111 floriellis ___ ._______ en rolilln n lispice ________ Do. 

OANNACEAE 

x,'OC ______ Callllll gelleralis ______________ Gardell Clllll1a ________ E·oliage, 

flower. 
x,'{x _____-Oalilla ill/liea ________________ India canna ____________ Do. 

C.U'RIFOLIACEAE 

o______ Lolliccra ,ragrantiSllima ______ Winter honeysuckle ___ None. 
x --____ Lollicera ja/lollica ____________ Jupunese honeysuckle __ FoUuge. 
x ______.')ulllbIlCIlS calwtiellsis ________ Alllericun elder _________ Do. 
o______ $/llIIpllOr/('ar/l08 alblts ________ Snowberry ____________ None. 
o______ Sym/lhoricClrpos orbiculatlts - __ Coralberry _____________Do. 

xxx ______ \' ib II rllllln tIC/I la t It //I __________ Arrowwooo ___________Foliage. 

x ______ \'ib/(rIlUIn ollllius ____________European cranberry 


bush ---------------__Do. 
xx ______ Weigela floricia ______________Weigela ----____________ Do. 

CARYOPH YLL.\CEAE 

::ex ______ Agroslemma gilllago __________ Cornc~kle _____________Do. 
o______ Dicwth.ll8 barbatlls ___________ Sweet·wIlUam ________ None. 
o______Diallthus caryopllyll1l8 _______Curnation _______________ Do. 
0 ______ GY/l80pll ila pa lIicula la ________ Bubybrea th _____________ Do. 
o______Gy/l80/lhila repcms __---------_Creepillg gypsophila ____ Do. 
o______ Slellal'ia, metiia ______ --------Colllillon chickweed ______ Do. 

See footnote a t end of tuble. 
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1'.\III,F. 5.-/f,dent of feeding by JapaJIt'81' beetle 011 l'w'iO'lIS plants 
in {'lIited8tatl'8-Continlied 

Extellt of Part 
fe('ding' Falllily and species Common nume attacked 

CELASTR..I.CEAE 

0 ______ ('('[as! rllS 8C(I/I(/C1I8 ___________ American bittersweet ____Do. 
o______ 1~1I01l1l1ll1(1! lila tll8 _____________ Winged euonymus _______Do. 
o______ }<..'/l0II/l1ll1l8 tortullei ___________ Climblng euouymus ______Do. 

CIIENOPODIACEAE 

xx ______ U('/(I, 'I'ulparis ________________Beet __________________ l!'oliage. 
x - _____Cllenoporlililn album __________ LUlllil$quarters _________ Do. 
x - _____Chellopolllllllt alllbrosioilies 

alltllelmi/llicliln ____________ Alllericllll wormseed _____Do. 
x ------CII ellOllodi/lm [Hlg(l It II III· _______ Pigweed ________________ Do. 
o______ Iilpillaci(l. olerllcw ____________ Spillach ______________ Nolle. 

CLETlIRACE.-I.E 

xxxx ______ C[ellll'(/ alnitolia. _____________ Sweet pepllcrbush _____ Foliage, 

flower. 

CO~D.(ELINACEAE 

x - _____ COIllIllCIiIlIl ·ril'gillic(l. _________ Yirgillia c1ayflower ____ Foliage. 
o______Tra(/cseulliia. jl.lll11illCl!sis _____ 'Yundel'ing-.Tew _______ Xolle, 
x ______ ']'I'II11CSC(llllis 'ril'gin iu 11(1· ______ Spiderwort ___________ Foliage. 

CO~[POSITAE 

x ______tlclrillcu milletolill/n __________ ('01l1mOIl yarrow ______ Foliage, 
flower. 

o______ tlilcratuln cOIIl/zoi(/es _________Ageratulll _____________ Nolle. 
xxx ______ .!lInbl'osia (ll'lemisiitolia ______COllllllon ragweed _____ Foliage, 
xxx ______ tllllbrosia. Irifilla _____________Giant ragweed __________1)0, 

x ______.4.stCI' not'ae-clltgliae __________ Xew Englund aster ______Do. 

x _____..:ls/cr pa/el/s _________________ Skydrop aster __________Do. 

x __ ..___~.l8tel·/Illcllllatlls ______________""aye aster ____________Do. 

x ______"lsU"r dmilleus _______________ Small white aster _______ Do. 

x ______Ua('charis lIalimitolia. ________ Groundsel-bush _________ Do. 

o______ C'alatliuln bicolor _____________Calacliulll _____________ None. 


xx ______ Calcntlllia offictnalis __________ l'ot l11arigold __________ Foliage. 

0 ______ Ccltta III'('a cilleral'ia. __________Dusty-llliller __________ Xolle. 
0 ______ Cen/a urca eya nils ____________ Cornflower _____________Do, 
o______ C'entallrea. 'IIIOlltalla __________ l\Iountaill-bluet _________ Do. 
x ______ Chrysull/hcmum. coccillerlln ____Pyrethrum ___________Foliage. 

Sl'e foot.notE' lit ('Ild of tllble. 
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TABLE 5.-E:l.'tent of feeding by J apallC'se beetle on ra7'iOll8 plant8 
in ['uited States-Continued 

Extent of 
feeding' Family and specIes Common name 

Part 
Ilttacked 

x ---­__ Ohrysanthemllm 
leliCaltthelllllm 

CO~ll'OSrrAl;;

-------­___

-{'on tinu('{l 

__ Oxeye daisy ______ Do.______ 
x - _____Oichori/lln elldi-via ------______ Endlye _________________Do. 

xx ______Ciclwrililn intybus -------_____ Chicory ________________ Do. 
x - _____Ci,.silltn a,.ve'llse ---------_____ Canllda thIstle ________ Flower. 
0 ______ Coreopsis lallceolal(~ -----_____ Lance coreopsis ______ None. 
x ______COStllOS bipinnatlls -------_____ Common cosmos ______ I<'ollage. 
x -----_('I/lla/'{/, 8eoll/tItllS --------_____ Artichoke ______________ Do. 

xxx ______ Dahlia. va";abilis --__________Dahlia ---____________Follage, 

flower. 
x ---___ErilJl?ron annlllll! ----------___ Daisy fleabane ________Foliage. 
x ---___EriUeron canadensis ----------Horseweed -----_________Do. 
x ---___Et'iflC'ron SI";UOIlIIS ____________White-top _______________Do. 

xx --____Ellpato,.illtn alblll/~ ___________"'hite throughwort ______Do. 
x ---___Eltpatorilltn pllrplI,.ellm -------Joe-pye-weed ____________Do. 
x ----__Gaillal·dia. aristala ---------__ GailJardlll ---___________Do. 
x ------Galillsoua, par'L'i/lora --------__QuickwE.'ed - _____________Do. 

xx ______ Helianthlls anltllliS --------___ Common sunflower ____ Foliage, 

flower. 
x ------Helichrysllln bracteatlHII ----_Stra\yflower __________ 1!'oliage. 
o-_____Lactllca. sativa --------------Lettuce ---____________ None. 
o--____ Rltrtbeckia h irta, - ____________ Brown-eyed-susan _______Do. 
o--____ Rllrtbeckia. laciniata ----------Coneflower _________,__ -_Do. 
o---___Ru(lbcckia laciniata hortensis__ Goldellglow _____________Do. 

xx ---___Solidauo j1111 cea, ------------__ Plume goldenrod ______ FOliage. 
~x - _____ 1'auete8 c,.ecta -------------__ Aztec marigold ________ -_Do. 

xxx ------ Taue/cs patula _______________ French marigold ________Do. 
o--____1'ara;caclllll offici.ltalc _________ Common dandelion ____ None. 
x ------.Trauopouon porrifolillS _______ SalSify ----___________1!'oliage. 

xx ------Vt'rltollia 1l0L'eboracellsis ______ Common ironweed _______ Do. 
xxx ______ Zinnia eleuana _______________ Common zInnia _______ Foliage, 

flower. 

CONVOLVULACEAE 

x -----_lpomoea batatas -------------Sweetpotato --________ Foliage. 
xx ______Ipomoea, pu,.purea ------------Collllllon mornlng-glory___Do. 

CORNACEAE 

O ______ COrltIl8 /lorida ----------------Flowering dogwood ____ None. 
xx ______ Nyssa sylvatica ------------__ Black tupelo -----_____ Follage. 

See footnote at end of table. 
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TABLE 5.-E;:dent oj feeding by Japanesl' beetle on 1'm·ious lJZants 
in f'lIited Stall'8-Continued 

Part 

feeding I Family and species Common name attacked 
]lxtent or 

CIUSSULAC£.AE 

o______ SedIHn spectabile ____________ Showy sedum _________ Nonc. 

CRUCIFE1l.-\.E 

o______BrG.'/sica campc8triJ __________ Bird rape _______________ Do. 

:.t:.."t ______Brasltica hirta· _______________ White mustnrd ________ Foliage. 

o______Brassica napobrassica ________Rutabaga _____________None. 

:xx.'C ______ Brassica o/cracca bolrytis ____Broccoli ______________ l!'oliage. 
o______ Bru.~8ica o/cracea bolrytis ____ Cuullflower ___________None. 
x ______ Brassica olcracea capitata. ____Cabbage _________ , _____Foliage. 
x ______ Bras8icll olcracca gemlllitera __ Brussels sprouts ________Do. 
o______ Brassica olerucea t'iridis ______ Kale _________________ None. 
x ______ B ra.~ It iea ra pa ________________ Tn rnip _______________ Foliage. 

o______ lberis sempervirens __________ Eyergreen candytuft ___None. 
o______Ra plla ,ws sa t i cus ____________ Gn rden radish __________Do. 

CUCURBITAC£.AE 

x ______Cilrullus 'Cillgari<! ____________ 'Vatermelon __________ Foliage. 
x ______ CIICllllli8 melo ________________ )Iuskmelon ___________ --Do. 
x ______ Cuollmis me/o ret.icu/atll,~ _____ Cuntaloup ____________ --Do. 
x ______ CIIt'umis salivus ______________ Cuoumber ______________Do. 
x ______ Cllcurbita pepo ______________Pumpkin _______________ Do. 
x ______Cllcllrbita pepo melopepo _____ Summer squash _________ Do. 
:x __--__ i'!I('V(),~ allflillatus _____________ Bar-cucumber _________ -_Do. 

CUl'RESSACEAE 

o______ Chanwecyparis lawsolliana ____ Lawson white-cedar ___None. 
o______ Clla/llaccypari8 obtu8a _______Hinoki-cypress __________ Do. 
o______ Clwlllaccyparis pisitera. _______Sawara-cypress _________Do. 
0. __• __ Clwlllaccyparis . thyoicl.cs ______ Atlantic white-cedar ____Do. 
x ______JuniperIl8 cllinc1I8is __________ Chinese juniper _______ Foliage. 
x --____JII II ipcrll8 conlllilmis __________ Common juniper ________ Do. 
:x: ______Tlluja occidelltalis ___________ American arborvitae ____Do. 
x ___ ~__Thllja odell talis _____________ Oriental arborvitae _____Do. 

OTPEIUCEAE 

x ______ C'yperus cscillentus ___________ Chufa _______________~__Do. 

DIPSACEAE 

o______Scabiolla atropllrpllrea _______ Sweet &cabious ________ None. 

See footnott' Itt end of table. 

http:thyoicl.cs
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T.\l\U; 5.-H,d!'lI! Of feeding by JaparU'N(' beetlr~ 011 ,'w'iolls plants 
ill ['lIited Slates-Continued 

Extent of Part 
ft'Nlin!;" t Falllily and spec'ies Commoll IIllllle attacked 

EBEN.-\CEAE 

x ---- __Di().~Jlllro8 riryill ia II a, ----_____ C'ollllllon per;;imUlOII ___ I!'oliage. 

EBIO.-\OEAE 

x _____ Jlayllillsacia barra/a, ---_______Bla~>k hUckleberry ____ }j~oliage, 

fruit. o______ l(allll;n iali/Olia ------_______:\fountain.lnurel _______ Nolle. 

x -". _-_NhodQdc/ldron ralll!cbiensc ___ catawua rhododeudron_Ii'olinge. 
X ---___ l,'ltu(/odcltdron ma,dlll/IIII ______Ho,;euny rhodOdeIHlrOll___Do. 
x - ___ ••Ullot/orlclldron //IoUC __________ ChiIwse nZlll('a __________Do. 
o__. ___ I{fl/idodclllironlllldi/lorll In ____ PilLxterbloOlll Ilznlelt ___None. 

XXX ______ Nlwdodf'lItlrou obtlllwm 
jnPOll ;c'lIm __..______________ Kurulll(' aZlllNl ________ Foliage. 

X _____ .I?IIol/0(/ell(/rrllL flbt 1181Wt 

IwclII/I/cri _________________Torrh azalea ____________Do. 
x _____ .RllOl/fJdclldron riBCOllllllt ______ HWallljl azalea - _________ Do. 


xx ______ '·ac'c;llillllt all{jllsli/olill/lt - ____ Lo\\'busil ulu('uerry ____ ll~oliage, 


fruit. 
xxxx ___ -.. l"aC('jllill/n corymlio811/1t --____lIit;hbu~h blueuerr~' ______Do. 

X --- ___ rUCdlll'll/It /ItaCToc'aJ'po/l ______ Alllerican cranberry ___Foliage. 

ECl'HORBIACEAE 

XX - __ • __d('alllplw rirgillica ___________ Yirginia copnerleaf ______Do. 
xx ______RidIlIlS ('Olll/llllilis -----------_Castoruellu _____________Do. 

'FAGACEAE 

XX ______ ('(l8Ia1l('a. crenata. ------------,Tapnuese chestnut _______Do. 
xxxx ______ ('(I$/IIII('a. (lcn/a/a -----_______ .\mcricall Chestllut ______Do. 

xx --___ _Ptll/U.t gron(li/oUa, ____________ AIlll'ricnn b!'cch _________Do. 
x..x ______Pa{jllil Ill/It'a lien ______________ Europl'an beech _________Do. 

X ______ Qllercll.~ al,b(~ ________________ White oak _____________ Do. 

x -_____Qllel'('U8 oorealis ----------___ Xorthern red oak _______Do. 

x ------QII(''/'''118 coccill('a -_------_____ Scurlet ouk _______.-----Do. 

x ------QII('I'('IIII /alcat(l - _____________ Southern reel oak ________Do. 


xxx ______ Qllcrcull Wei/alia --------__---Scruu oak ----____.-----Do. 

xx -----_QII('I'('1I8 'Illolltana, ----------__ Che:;tnut oak ___________Do. 


xxx --__._ Quercus palllstriB --------_____ Pin oak ---_____________Do. 

x ______ (.'II(·r('1(8 stella/a. --------------Post ouk _______________Do. 

x ------Q U(;'T('US t'Clll tilla ___• _________ Blaek oak -----_________Do. 


See fooblOte nt end of tuble. 
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TABLE 5.-E;dent of feeding by Japalll'81' beet/(~ 011 I'([I'iOil8 plant,~ 
'in Cnited 8tatl'B-Continlled 

PllrtExtent ot 
feeding 1 Fllmlly lind species Common name attacked 

FUMAIUAOEAE 

o ______Diec1ttra formosa, ,____________ Pacific bleedingbeart __ None. 

OER.\NIACE.-\E 

xx ______Pel(/I·goniu'n domestiel/II! ______ Lndy WlIsblngton 

gt:r!lniulll ___________ ll'olillge, 


flower. 

OlNKOOACEAE 

x ______Glllh·go biloba _______________ )Inidenhllir tree ______Follage. 

OR.-I.MINEAE 

o______At'ella salit-a, ________________ Olltg _________________None. 
o______ BrwlbwlU L'ulgaris ____________ Common bamboo ________Do. 
x ______Cortarleria selloalla ___________ Pnmpasgrnss _________Foliage. 
o______Daetyli8 glomera/It ___________ Orcbardgrnss _________None. 

xx ______Diyilaria, SClItIJ1/i,wli8 ________ Hlliry crabgrass ______ Fo!iage. 
o______IIorclellm ""IIIYClre ____________ llnrley _______________ None. 
x ______P/t/elll/t pratellse _____________Tlmothy ______________Fo!iagp. 
o ______8eeale cerea/e __________- ____ Rye __________________ None. 
x ______Set(lri(l italic(l. _______________:\lillet ________________Fo!iage. 
Q______Tritil'um a«!stit~II/1~ ___________"'hent ________________ None. 

xxxx ______ Zea mays ____________________ Corn _________________ Foliage, ear, 

tllssel. 

HAMA],{ ELIDACEAE 

x ______IIamamelis ""iryillialla, ________ "-itch-hllzel ___________Fo!iage. 
x ______LiQuirlambar stllracift,ua _____ .Americall sweetgum _____Do. 

UIPPOO.\ST.\:-\.\CEAE 

xxxx ______ ~.J.eseIIl1l8 /r ippoeas/a1tll m ______ Horsechestnut __________Do. 
xxx ______ A('8CII/I18 parL'ift,ora ___________ llottle\)rush buckeye ___ Foliage, 

flower. 

H YPERIOACEAE 

xxx ______IIypericll/ll, perforaillm _______St.-Johns-wort __________Do. 

.SN footnote nt eud of tuble. 
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T.\lILr) 5.-E,dent ()f feeding by J apall(>,~(' bertle 011 l'w'ioU8 plants 
ill CnitedStates-Continllcd 

PartExtent oe 
feeding 1 lftllllily and species Common nallle attacl{ed 

rUIDACEAE 

xx ______ Ola(lioluil /torilt/anuB _________Gladlolus _______________Do. 
x ______ [ri8 gerlllallic(/. _______________Bearlled iris _______ - ____ Do. 
x ______1ri8 japoniC(L ________________ Fringed Iris ____________ Do. 
X ______1r;s kClClllp/eri _______________Japllnese Iris __________--Do. 

J UGLANDACEAE 

X ______ ('arya. glabr(l. ________________Plgnut hickory ________ Follage. 
x ______ C'a/'ya. oell/(I, _________________ Shagllllrk hickory _------Do. 

xx ______ ('arya lomclltosa _____________ :\Jockernut hickory ______Do. 

x ______JlIglans cillcrea ______________Butternut ______________ Do. 


xxxx ______Jl/.g/(lII,~ lIigrct ________________ Black walnut ___________ Do. 

xx ______J IIglalis sicbolclUllln __________ 8Iellold walnut __________ Do. 


LADL\TAE 

o______ Iled('Ol/la IlIlle(l'ioir/e8 _________L\ml'ricnn pennyroyal __ None. 
o______ JIy1l80J}IIS offici/talis __________Hyssop _________________ Do. 
x ______LCOIIIII'I/S c(lrtiiac(I. ___________ :\[otherwort __________Foliuge. 
o______.11('1I1/t(l. 8pieatn ______________Spenrmint ____________Noue. 
x ______ .1[Olla I"([a. didYIIIIL ____________ O;;\\'ego·tea ___________l!'oliage. 
x ______ .1[o/(ur(/(/ /isllllosa ____________ 'Wildllergamot __________Do. 
x ______Scpelu. ~·alari(L ______________Cutnip _________________Do. 
o______P/tysOiJtegin t'irgillialw. _______ Ealse·drllgonhelld _____ Nolle. 


xx ______Sall'ia sf//cl/dells _____________ Scarlet sage __________lfoliage. 

x ______ '1'l.'lIt'l"l,o/l. C(lI/(I(i(?/l8C __________ Amcrican germander ____Do. 


LAURACE.\E 

,L"Cx ______Lill(lcra benzoin ______________ C0ll11l1011 spicebush ____ lfoliage, 

flower. 
xxx,x ______ Sa.!lwfrns (llb/rll/Ilt ___________ l'ommon sassnfras _____lJ'oliage. 

LEOe.IINOSAE 

o______ AI/liZ'zi(l jll{ibrissin ___________~IllllOSIl _______________Xolle. 
o_____-Arllchis hypogac(I. ____________ Peallut -----_---------__Do. 
o______Baptisia IIlIlltra/is ____________ Blue false·indigo ________Do. 


xx ______ ('IIS8i(1 /asci('lIlata> ____________ Pnrtridgepell ----------lfoliuge. 

o______Cf?!'('i-s ('hillclI$i.!! ______________ Chinese redllud _______Xolle. 

x ______ DC8/11odfll1n C(lIIC8CCIIS ________ Hoary tickclover ------lfoliage. 
xxxx - _____ CJ.lyC'ilic 1/1.(1,,' --------_________ 8oylleall --------------__Do. 

o______ Latllyrus loti/olilill --_________ Perel111ial pea --------XOIlI'. 

See footnotc nt end of tllllle, 



73 IlLOLOGY OF THE JAPANESE BEETLE 

TABLE 5.~Exlent of feeding by J(£palll?9t' beetle on I'w'io'lls plants 
in CnUed Statl's-Colltinned 

PartExtent of 
feeding 1 .FamIly and specles Common name attacked 

o______LClfltyrIl8 o(Zorat"s ___________ Sweetpea _______________Do. 
xx _---__Lespeclez(l, striata, ____________ Lespt!(leza ____________ Foliage. 

xxx ______ Meclicugo Bath'(l· ______________ Alfalfa _______________ Foliage, 
flower. 

xx ______Phaseolus lillle/l.~iB ___________ Lima bean ____________l!'oliage. 
xxx ______ Plwseo[lts 'L'ltlgaris ___________ Garden bean ____________Do. 

x ______P;SIIlIl- 811tiVlltn ______________ Gardell pea _____________Do. 
xx ______Pi81I1n SCIti-r:llIn al"lJCIISC _______ Field pea ______________Do. 


x ______Hobinin pselldoa(,lIda, ________Black locust ____________Do. 

x ______ SOpllo/'ll. jllpollicCl ____________ Japallese pagoda tree ____Do. 


XL,,\: ______ 'l.'ri/OU,lln hybri(/llll~ __________ Alsike clm'er __________ Folinge, 
flower. 

x-"Cx ______ TI'1/olillln lll'a/e-nsc ___________Red cloyer ______________Do. 

xx ______Tri/oliloll- l'epclIs _____________"'hite cloyer ____________Do. 


x ______Fi('i(/. sa/iea _________________ COIllIllon vetch __________Do. 

xxx ______ Wisteria sinensis _____________ Chinese wisLeria ______Foliage. 

LILLl.CEAE 

o______Amlll/~ cella _________________ COillillon onion ________:\one. 
o______Alliull/, J!orrlll/~ _______________Leek ___________________Do. 

xxxx ______ AsJ!araglls o.t/lci1lalis _________ Asparagus ____________Foliage. 
o______ C'olll'al/aria Tltlljalis __________Lily-of-the-yaUey ______:\ol1e. 
o______ErytilrOlliIlTlt albicllllll _________Dogtooth violet _________Do. 
x ______JTemcro('allis Il1h·a. ___________Tawlly day lily ________Foliage. 
o______Lililll/l. IO/lgil/orum ___________ Enster lily ____________None. 
o______Lilill In .vpedosll/It _____________ Showy lily ______________Do. 
o______LiliIIlIL tigrillllm _____________ Tiger lily _______________ Do. 
x ______ I:i mila.r rolllllll.i/oli(/. __________ Horse brier ___________Foliuge. 
o______ l"IICCll filll 111 cntoslI, ____________ Adam's needle yucca __None. 

LOBELIACEAE 

:!;x ______,Lobeli(l. ('arclinaUs ____________ Cardinalflower ________Folinge. 

LOOA~IACEAE 

xxx ______ B II dclleill· dadcIii _____________ Orange-eye 
butterflybush _______ Foliage, 

flower. 

LYTIIllAOEAE 

xxxx ______ Lagentl-O('lIIia i/ldi('(l. _________ Crnpemyrtle ____________Do. 

x ______ I,/ltllrulJl. sa[i('ari(l. ____________ Purple loosestrife _____Foliuge. 


S~~footllote Itt ecd of tuble. 



74: 'l'1~CH:-I'ICAL Rl'LLE'l'IN 1·!40. e.s m;PT. OF AGRlCUTJTURE 

TAIIIJE 5.-"-E,dfllt oj feeding by Japanl'sl' beetle 01/ 1'(l1'loIiS plants 
ill Clli/ell .8Ia/I's-Conlinued 

Extent of 
feeding' J.'lIlllity IInel species COlllmon nUlllC 

Purt 
uttucked 

M..I.ONOl.IACEAE 

o___~__ Liriolie/lliron tlilipiJem -----_'ruliptree ------_______ None. 
o-_~~__.Ilag/loli(/ grlll/ciillo/'(/. ------___ Southern lllllgnolin _____ .Do. 
o______ .\{agllolill sOIl/allfleeilla. -------_Suul'er lUUf,'llOlin ______.__Do. 
o______Ma{IIIO/i(l t'i1'{lil/iIlIllL ------____ Laurel lUUf,'llOIiIl --______Do. 

MALV.-\CEAE 

;:cx:x ______ .t.lbllll(on tlleophrastii __• ______Yelvetleuf ------______ Folillge. 
xxxx - __ .,-4,llthll/,'(t. o1/lciu(I/i.s ------------~lllrshlUullow -----____ Flower. 
xxxx --- ___ 'llI(wen rOsca ----------------HOllyhock --------____ Folluge, 

flower. 
xx --____ Gosilypllllli hirslltllln - ________l'plund cotton ------_____ Do. 

x: ______ Il ibiscII.y esclIlell t II.~ __________ Okra --:--------_____.Foliuge. 
xxxx - _____ lli/)ilJ(·,I.~ pa/usiri.s -----------_COIl1mon rosemullow __ Fluw('r. 
xXxx ---. __ llibi,vCIII! ,yyriaclts ----------__ Shrub-ulthen ----________ Do. 
xxx - _____ IIibis(,lt8 triol/lltn ------------J.'lower-of-Iln-hour ----_J)'oliuge, 

flower. 
XXXX ______ .J[a[V(I. rolltllciijoliu -------____~Illllow _______________ }j'lower. 

~(ELASTOlIACEAE 

xxx - _____ Rlle.:cia viruinica -----------__ Common 

rneudowbeuuty ---___ Folluge, 
flower. 

MOIUCEAE 

o---___ Ficus carica ---------------__ Fig ------------______ None. 
x --____Ficllll elastica --------------__ India rubber tree ---___Foliage. 
x ------Hllmulus luprdus ____________ Common hop ----________Do. 
o______J/ortlll rllbra -----_--_________ Hed ruuluerrJ' ----_____None. 

MUS..I.CEAE 

x -_-___.1[/18/1, paradisiaca sapiellill1n --Common bununu ----__Foliuge. 

MYRIO..I.CEAE 

xx ______J[yrica I/CII8Y/t'CI7riC(l ----------Xorthern bayberry ______ DQ. 

See footnote Ilt end of tubl ..... 



1Il0['OGY OF Tim JAP.\~ES8 HmmTI,y.; 

T.\HI,.e ;),0 --E,den! of feedillg by '/UPUIlI'N/' beetle Oil /'w'iolls plaidS 
ill {'niter/Slalcs-Continued 

.-------~~------ Purt
Extent of 

COllllllon nl! me II ttuckedf,,;:dlng 1 Falllll~' tUH\ species 
~.---'-'--"'- -,_ ......_--------------­

xxx _____• .11 irabilis jalapa, ___- __________{'Ollllllon four-o'clock -- b'ollllge, 
flower. 

XYM1'IIAE.-\CEAE 

xxx ______ Sell/lllbo IlIlei/, _______________ Al1IE:'riCllll lotus __________ Do. 
xxx •• ___SUt>J1II1' odt'ella ______________ C'OIllIllOll spatterdock __lJ'oliuge, 

o______ .\·ylll/llwCli odoraia. ___________ Allleri{'1I1l wnterlily ____None. 

OLE.-\CEAE 

o_____.. Fors/lihia illicrlll{'c/la. .".______Border forsythin ________Do. 
o__ ' __ _PorRutllia 8u8pCII~a __• ________ W~'E:'Iling forsythia _______ Do. 
() ______ Fra.riIlIIS al//erieu/I/l __________ WhitE:' ash ______________DO. 
() ___ .. _.Frcuill u.~ J)(·/lII.~/Jll'u" iea. ______ Red lI::h ________________Do. 

xx._ ._U{J)I,.~tnllll ol'ali/oliu/ll _______ ('Itliforllin priret ______Folillge, 
x ______ Li!IUlJtrllm 'I'lliflare ___________ COllllllon privet ________--Do, 
o ______ ~/1611{J(t /H" ... icli. ______________ Persinn lilllc __________Xone, 
() ______Nllrill!I(I flliflad,. _____________ ('Ollllllon lillie ___________Do, 

O~AGRACEAE 

xxxx ______ OCllof lIe/'a binI/I is ____________ Common evening­
llrimrose ____________ Foliage. 

flower. 

OS){CXDACE_-\E 

xxx ______ O,H/III/Ir/n C;1I11O ',/olIIea. ________ CinllllUlonfern ________Foliage, 

QX.-\.LlDACE.-\E 

xx ______ O.rn/i1J /iiricia ________________ Common yellow oxalis____Do. 

l'AI'A YERACE.-\E 

o______l'lI/larfl' 1111(1icau/c ___________ I<.'elnnd poppy _________Xone. 
o______1'aparcl' orielliale ____________ Orielltlll poppy __________Do. 

1'H1;TQL..-\CCACE.-\E 

o______1'1l1/1OIa('('1I, a III er;e(llw· ________ COllllllQII pokelJerry ______Do, 

8~ footllotl' at ('!lei of tllblE:'. 
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TABLE 5.-E.l'lent Of feeding by Japane.Yt' beetle on l'al'iolls plants 
in ('IIi1ed Rtatlw-Continuecl 

Extent of 
Partfeeulng I l<'ulllily und specie>; COlllmon nnllle IIttncked 

PINACEAE 

o--____Abies COli CO lor ------------ ___Bulsnm fir ----------____Do. 
x ------CrypIOlllcria. jllponic(t --------Cryptomerlu -------___Folinge. 

xxx ______Luriil: decidua --------..-------Europenll larch ---______Do. 
o----__ Pi(·eo· llliie,q ---..--------------::-.·orwny spruce - ______None. 
o-_____Picca orielltqlis -------------.Orlentnl spruce -----____Do. 
o______PiIlU,~ sylL'e8trj,~ ------------__ Scotrh pine -------_____Do. 
x - _____ pillll,~ !'irUinialla _____________ Ylrglnin pinE' ------___Folluge. 
o------P8(',l(lotSIIUU taxi/alia. ------__ Douglns fir ---________::\on(>. 

xxx ______1'(l.!'oliiulJ! lIi8tit~hlli/~ ________ • Baldcypn'ss ------____}folinge. 
0 ______ 'J'slIua t'll/Iadells;"t ------------lIellllock -------_______Xl)ue. 

PLANTAGINACEAE 

x ------Plalllauo [IIIIC('olalll. ----------Buckhorn -----------__Folinge. 
x ----__1'llIlIlapo major --------------l'llllltnin -------------___Do. 

PLATANACE.~ 

xxxx ----__Platullus ueeri/olia -----------London plnnetree -----__Do. 
xxx: ______Pla filII 118 Occidell tuli,~ ---------AllI(lricnn plnnetree ______Do. 

POLEMONIACEAE 

x ----__1'1110.1' palliculafa -------------Perelinlnl phlox -------__Do. 

POLYGOXACEAE 

x ------Pupopvrl/m c/lel/len/I/m -----__Buckwhent ---------- ___Do. 

xxx ----__1'Olll!1OlIll1/1. uri/olil/Ill ---------Brolldlenf tenrthumb ____Do. 

xxx ------1'oIIIUOllllm COllt'olL'IIIIIS -------C'orn bindweed ---_______Do. 

XXx: ------Polll{IOIIIIII~ ('/lspidafulII -------Jnpllnese fleeceflower ____Do. 

xxx ------polyuolluin /ilil/leforum -----__Hedge knotweed ________DQ. 

xxx ------PoI/IfJOllllm lIydropipcr -------Common smnrtweed _____Do. 


xxxx ------pol/IUOIlIIIll orienfale --------_l'rince;;;plume 

smnrtwee<1 ---_______Foliage, 

flower. 
XXlI:X ------pO{YUonu/n PCllilylL'OIl;cum ----PEmnsyl"nnln 

smnrtweed ----______ Folinge. 

xxx ------l'Olyflolllll/l. pel'llicaria _________ Ladysthumb 


smartweed --------____Do. 

XlI:X ------PO{IIUO/llllll scandens ----------Clilllbing false­

buckwheat ------______Do. 

See footnote nt end of table, 

http:apane.Yt
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T.\Bl..E 5.-/(,l.'lell{ oj Jeeding by ,/apw/f'&' beetle 011 l'(ll'iOUB plant8 
ilL l'llited8Ialcw-Continued 

Part 
feedh)g I li'nrnlly IIlId species Common nnme nttacked 

Extent of 

-.----.-~- ..-~--- -------~-------

xxxx _~____ Hh('l/m rlll/pollticlon __________ Gllrden rbubarb ________ Do. 
xx ______Rul/lt'J· crillplts _______________Yellow dock ____________ Do. 
xx ______U/lIIIC.r oblusi/oliits __________Bitter dock _____________Do. 

POLYPODllCE...I.E 

x ______.I (lillll t rOI~ ca pill1l8-Velleri.'l ____ Southern rnnidenbuir
fern ____- _____________ Do. 

xx _--- __ Ollol'lca ,vel/slu!lis ____________ Scnsitive 'fern __________ Do. 

xxx ______ E'tcrillilllll [alillsclllllllt ________Eastern bracken ________ Do. 


POXTEDERL\CEAE 

XL,\: ______Poll/ccieria ('orel(l/a ___________PicJ.erelwee<1 ____________Do. 

1'0RTUL.\CACEAE 

o___ •__ l'orlll/(I('a. {lra/llliJ/ora _________ Cornmon portulaca ____:-lone. 

liAXUXCUUCEAE 

o______.iqlli/cyi(l. ('allaclellsis _________ Arncrfcun columbine _____Do. 
o______dqllilcuia l'UIUClri,'! ___________European columbine _____Do. 
o______ ('/{'1I1ll till II cr/I('[('aCjolia. ______Tubedemutis ___________Do. 
X ______ Clcmaiis [l(1l1iCllla/a ________.._Sweet autumn Clematis_Foliage. 
o______DrIJlhillil/ll~ lormoSlon _______ Hnrdr Jarkl>Imr ______Xonl!'. 
o__ ._~_Jl('lIeboru,~ /li[lel' _____________ Christmns-rose __________Do . 

.xx __ ____Pocon;a (J1li.(,itl(l/i.~ ____________ Common peony ________lfoliuge. 
0 _____ • il'rlJlII1/('11 IllS Ilcrill ____________ )[endow buttercup ____None. 
o______ UClllIIllculus sccTerulus _______Bltter buttercup ________Do. 

RESEDACEAE 

o______R('8C(1(1 utiorll/u ______________ Collllllon mignonette _____Do. 

ltOSACEAE 

xxx ______ ('1Wl:llOlllel('8 lugel/arirt _______.Tnpunese flowering 
quince ______________Folinge . 

.xx ______ Cnr (aeyu8 1I1011OU1111(1· _________Singlcseed bn wthonl ____Do . 

.xx ______ CI'll/m::UIl8 O.rYlletlllllw ________ English hawtborn ______Do. 
xxx ______ CIltlO/lia oblo)lUu _____________ ('(lllllllon quince _______ Foliage, 

fruit• 
.xx ____ __E.1'o('llOrl1£1 ,'a(,I?/I108a _________ Peurlbush ____________Foliugc. 
xx _____J'raUar/1l ehilocl,,~i,~ __________Chllone strawberry ______Do. 

Sl~ fOOllH)te lit end of tublc. 
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T.\BLE 5.-R.dent Of feeding by Japanese beetle 0/1 l'a1'ioll,~ plants 

ill Cuited Statlw-Continued 

-Extent of Part 
feeding' I ~'nllllly aud species Common name attncked 

..---.~-----.----~.--------
HOSAC~::.,~g-l'on tin ned 

:x...~ ______PI"aglll"ill chi(ocII-IJiIJ alla/lassa· __ Garden strawberry ______DO. 
o----__ OCll/JI. chilocII-sc -------_______ ('hill' a\'ens ___________None. 

xxxx ______ Kcrri(l japolli('a -------_______ Globeflower ___________Foliage. 
xxxx ______JIallls ul/ccaln - ______________ Crnbnpplt' ____________ Folinge, 

fruit. 
xxxx ______.l[a//ls ]lol";bll/l([a -----------__Jnpnnpse flowering 

crabapple --__________Do. 
xxxx ___ .. _.J[l/lll.~ flVit'c.1tris ---__________Apple --- _______________Do. 
xxxx ___ . .. P}'WIII.~ armClliaca ____••.______ Apricot ----____________ Do. 
xxxx _____ .1'rllllllS al'illw --. _____________ Sweet cherry - ____- ______Do. 
XXxx -_ . ..1'I"II/I1I,q ce/"(l.WS ______________ ~()ur cherry __________ 1!'olinge. 
xxxx -.. .Prllllll,q til/lllewtierl ---_________ Gnrc1en plum __________Foliage, 

fruit. 
xxxx - - -._ .. Pnlllll.~ PCl'flirll· -----__________ Pea<.'!1 ----------------__Do. 
xxx x - -. - __ 1'1'111111'1 Jlel..~i(·a. IICI'/atilla. _____Xectn rine -_------_______ Do. 
xxxx -.-.--_pl'lI/III.~ 8a/ieillll - _____________ .TnpnnE'se plum --________ Do. 
xxxx ..•P/·U/llhi IlCl'otil/a --____________Black cht'rry ------____Foliage. 
x.'Cx - _____1'1"1111118 I!Crnllafa ----________ OrIentnl cherry - ________Do. 
xx --- ___PI'/1I1118 l'ir{lill ill IIa ____________Commoll chokeberry _____Do. 

x ------PII/'acallt!za coecillclI _________ Firethorn - ______________Do. 
:x ------1'/11'/18 COl/PlUm;,,! ---__________Pear ------_____________Do. 

xxxx ---___ Ros!/. sJlP ---------_____ ~_____Rose -----------______Foliage, 

flower. 
x.'C --____Rllblls argutllS --_____________Highbush blackberry __]!'oliage. 
xx - _____RllbIl8 Clllleifo1l1l8 ---_________ Snlld blackberry ________ Do. 

x ----__ Rllb/l,~ ]lagellarill ----_________ Xortbern dewberry ______Do. 
x.'C.x ---__.Tlubll-Il ;l1aclI8 ________________Red raspberry ----____ Foliage, 

fruit. 
xxx ______ Ill/bus oceidelltaUfi --_•._______BIII'\:kcap raspberry _____Do. 

xxxx. ----__S()I"bll,~ IImcrica/la --__________.Americall mounmin. 

asb --------------___FoUage. 
xx - _____Spiraea. fomelltos(l· --_________ Hardhack spirea ________Do. 
xx ______::>pil'a£'a fri/oba/a. ____________Three·lObe spirea ________ Do. 
xx ______8pil"u£'11 L'a/lllOlltfei ___________ YanhO!ltte spirea _______ Do. 

RUBUCE.U: 

xxx - _____ ('ep"alalltlw,~ oc:ciclellta1is --__Buttonbush ----_______ Foliage, 

flower. 
xx ______ (Jaliul/l /lilo,~llm --------______ lIairy bedstraw _______Foliage. 
xx - _____ (}a/illll~ tri]lol'llll~ _____________ Sweet.scented 

bedstraw -------______Do. 
x - _____ Gardell;a, ja.~I/I;lIoidc8 --______Gardenia -------________Do. 

Set' footnote lit end of tllbl(>. 
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T.\IH.E f).-~l~·J:tl'nt Of jCt'dill[l by ,/apCl111'8t beetle 011 /'(LriOU8 plants 
in r/liled Statl,,v-Continucd 

Exte'n--t-o-f-----"~~~-­ Part 

fee<ling 1 

XXX ______ 

o______ 
o______ 

xxx:\. __ ____ 
xxx ______ 

xxx ______ 
xxxx ______ 

xx ______ 

o______ 
o______ 
o______ 

xx ______ 

attacked~'IIIl111r IIIHI specieR Common nllme 

IIUT.\CEAE 

('ill'lI.~ 8ill(,II<l;8 _______________ Hweet orange _________ Folillge, 
flower. 

SAUQ.\CEAE 

PO/lI//II<l albll _________________ '''hlte poplar __________ Noue. 
1'1I1l/l/l"~ (111m JlY/'(IIII;(/ali<l ____ Bollellull. poplar ________Do, 
I'/}/I/l/II.~ /I;ura jllllic(l ________ LOll1uardy poplar _____Folinge. 
.'Ia!i.l· /mbjJ/o/lic/I- _____________Babylon weeping 

w\llow ________________ Do, 

.;;1111.1' ('or/La /11 ________________ lIen rtleaf willow ________ Do. 

.'III/I;r discolor ________________ l'us:'y wll10w ___________Do, 

SAXIFIUOACE.\E 

DI'III;,;(/ u/'al/(lijlo/'(/ __________ 

o______ llellf'III'nt SIII/Dlli/l('a __________ 

o______ Illlt1rml!Jca, IIrbOl'cscc/lS ______ 

o______ l£J/llrclli!J('(f /I{/I/ iellla t(1 ________ 

x ______ lIlItll'CIl/{lCa I)cliol(/ri,~ _________ 
o______ 1'11 illlfl ('{/lh liS eo,eHl/l ri /IS ______ 

o______ Ribc<l !JrCJS.lIll(/r;a ____________ 

o______ Rilic.~ O.rll(l('(llllhoi(/cs ________ 
:L'\:X ______ /~ilit'.~ .w tit'll/lI- _______________ 

o_----_l'abIlM'um t/wp.ws __________ 
o______ l'f/'eJllic(1 oDici/t(lUs ___________ 

Deutzitt ______________Foliage, 
flower, 

Cornluells ____________None. 
Smooth hydrnngell. ______ Do, 
Panicle hydrangell ______Do. 
Climbing hydrllngea __Foliage. 
~Io('kornnge __________ X one. 
Enropean gooseberry ____Do. 
Xortheru gooseberry ____ Do. 
(inrdell red currant ____Foliage. 

SCROPUl:LARIACE.\E 

.llltirrhillulII /11111u.~ __________ 
('liclollc g/abra ______________ 
Diflil(/li.~ pUl'/w/,ca ___________ 

Lillilrin 1'1(/Ullri.~ _____________ 

SnapdragOll __________Xone, 
White turtIehead _______Do. 
Foxglm·e _______________Do, 
Butter·and·eggs 

toadtlax ____________ Fo!iage, 
)fllllein ______________Xone. 
Hp(>(>(lwell ______________ Do. 

SD{AROCBACE.\E 

;x ______,:lilanthu.~ a/tissima _________. Allanthns ____________Fo\lage. 

S(>(' footnvtt' nt euclo! tnblt'. 
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'{',\1I1.E 5.--E.!'f/!lIf ()I feedill[J by J apm!('8/' beetle 011 l'Ul'i01l8 plants 
ill f'lIited Statlw-Continned 

Extent of 
Pnrt

feedillj; , Fumily and. species COlllmon name nttnckecl 

o----__ Capiliruln JrutCSCCM ---------_Red pepper -----______:\'0111'. 

x ---___Ly('/Ilin /w/illlijolillllf. ---------)Iatrimony-yirw _______l:'ollllj;r. 
o_____.Lyco/Jcrl/;('on csclIlelltllln _____Tomato -----------___ :\'011('. 
o-__ ..__ Xicotiat/a. lIa II ricI'CI(' __________ FiOlyering tobacco --_____Do. 

x _____ .Xicotill//a labocllIJ/. -----------Coll1mon tobll('cO ______ l!~o\luge. 
x _____ .]>rlllllia hybr;c1a. -----------__ Gnrdell petuuill --_______Do. 
o--____ I'Ii/llJtlli.v alkckc/lUi --------___ t'hluese Illnterupiant __ :\'011('. 

x - ___..N()I/III1tI/~ !IIe/o II l/CII a· __________ Eggplaut -------------FQlluge. 
x - _____ So/allum IlIberosllIn --------__ i'otnto ------------_____Do. 

BTAPlIYLEACEAE 

o-- ____Slaphylca lri/o!ia -----------_Allleri<'nn blnddernut -_:\'olle. 

BTYRACACEAE 

xxx ------ [[alclJill ('arolilla ----__________ ~Ilyerbell --------_____Foliage, 

fruit. 

o----__ Ta.rt/s barrata ------------___English yew ------____ :\'0111'. 
o-_____ 'l'aJtIl8 brCt'i/olia _____________,,'est(>rn .H'W ------_____Do. 
0 ______ 'l'a.ru.v ('(I II (I c[c"8i" ___• ________ ('lInadn ~~ew -----_______Do. 

o-_____TaJ!1/1/ cl/.1piliclta -----------__.Tapllnese yew -----______Do. 

TILUCEAE 

x.xx.'t --~-__Tilia a mericalla. --------------Alllericnn IIncIen ----__Folillge. 
X:XX ______'1'ilia cordata ---------------_Enropenn linden --______Do. 

x::L't - _____'1'ilia IJetiolal'is --____________ ~i1n~rpetlcIellt linden ____Do. 


xx ______1'i/ia tomelllOS(I ------------__ Silver linden -------____Do. 

TROP.AEOLACEAE 

o----__1'ropaeolum majllS ---------__ Garden Iln!!turtillm - ___None. 

'rYPHACEAE 

xxx ------Typha Tati/olia -------------_Cnttnil -----------____Folinge. 

See f()Qtllote nt end of bible, 
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TABr..}~ 5.-l!:,dent of feeding by Japane8(~ beetle on l'al'iOU8 plants 
'in Cl1ited ;Stati'8-C'ontinuecl 

PartExtent of 
attackedfeeding 1 ~'!lll1ily and species Common name 

xxxx ______Ulmus a,mericana ____________American elm ___________Do. 
xxxx ______ f.:lllw8 /Irocera. _______________ Ellglish elm ________..____Do. 

~.-x ______ r."11lt1l8 rl/.bra _________________ Slippery elm ____________Do. 

UMBELLIFEIUJ,; 

x ______.l/lium grat'colells art/cf? ______ Celery __________________ Do. 
x ______DfJIICIl8 carota _______________ 'Wild carrot _____________Do. 
x ______ Da'/('II,~ carola safi.r:a. _________ Gnrden carrot __________ Do. 
x ______1'oslillac(1. 8ativc~ _____________ Pllrsnip ______________ --Do. 
o______Petro.~elinlllll. cris/luln ________ Parslcy ______________ None. 
o______1'impillcllct (/,lIi81/.1/1. ___________Anise __________________Do. 

\"ERBENACEAE 

o______ Callicar/la rlichofollla ________:Beautyberry ____________ Do. 
o______Lcol taltel C(1l11a ra ______________ Lantana ________________ Do. 
x ______ Verbe/la hybrida, _____________ Gnrdell verbena _______Foliage. 

YIOLACEAE 

o ______nola, odorafa ________________ Sweet violet __________None. 
0 ______ Viola, pa,/Iilionacca, ___________ Bntterfly violet _________ Do. 
0 ______Fiola. tricolor ________. _______ Pnnsy __________________ Do. 

VITACEAE 

xxxx ______1'arthclloci.~.~lIs quinquctolia ___Yirginia·creeper _______Foliage. 

x.'C ______1'arthcllo'Ci88I1s iriClis/liclata. ___ Boston ivy ______________ Do. 


xxxx ______riti.~ acstiralis ______________ Snmmer grape ________ Foliage, 

fruit. 


xx.'Cx ______1'ilis labru8Ccl. ________________ Foxgrape _______________ Do. 

xxxx ______ riti,~ "'illitenl, ________________ European wine grape ____Do. 


10=no record of beetle feeding on plant; x=occnsional light feeding; 
xx=generally light feeding; xxx=moderute feeding; x."xx=extensiye feeding. 
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HABITS OF GRUBS 

Earthen Cell 
'Yhen a grub hatches, it makes a cell in the soil slightly larger 

than its body. The cell is formed by the movements or the grub 
compressing the surrounding particles of soil. The grub lies in this 
cell curled in the general shape of It blunt-ended crescent. It feeds on 
the line rootlets projecting into the cell. 'Vhen these are consumed, 
the grub follows the course of a rootlet by enlarging the cell in that 
direction. This is accomplished by digging with its mandibles, rotat­
ing the body, and depositing the particles of soil behind it. 'Vhen a 
rootlet has been consumed, the grub burrow.:; horizontally through the 
soil in search of another rootlet. The grubs are positively thigmotactic 
to living roots and to stones and other objects in the soil if the roots 
are not Iwailable. The cell is enlarged as the grub grows to permit 
free movement of the body. "When 11 grub is mature, it ceases to feed 
and enlarges its cell in preplll'~tion for metamorphosis. (Smith 
191313) 

Vertical Movement 
The vertical movement of grubs is in response to changes in the 

moisture and temperature of the soil. Grubs are always somewhat 
deeper in dry than in moist soil, but the temperature is the dominant 
factor regulating the seasonal vertical movement. Fox (in Hawley 
1944) determined the depth of the immature stages in permanent 
turf each month of the year during an ll-year period at eight sites 
in souH/ern New Jersey and southeastern Pennsylvania. The depths 
at which 213,037 individuals were found in turf are summarized 
in table 6. 

During the summer practically all the eggs and grubs are within 
the upper -± inches of soil in turf i most of them are not more than 2 
inches below the surface. As the surface layer of soil cools to about 
15

0 
C. in September, the grubs begin to move downward. The down­

ward movement continues until the soil reaches 100, when the grubs 
btlcome inactive. ~rost of them hibernate 2 to 6 inches below the sur­
face, but an occasional gmb ma:i7 be 8 to 10 inches deep. During the 
ll-year period only 0.10 percent of the grubs were a5 deep as 8 to 10 
inches during the winter. In March when the soil goes above 100, 
the grubs begin to migrate toward the surface. By Ma.y practically 
all of them are within the upper 2 inches of soil. During .Tune some of 
the grubs go a little deeper iato the soil to prepare for pupation, but 
they rarely go more than 4: inches. 
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T.\BLE 5.-ImmatuJ'e '/CLpClIl~8e beetles fOlllld at 'l'(l)'i01l8 depl!t8 in 
!w'f in .~Oll thern ,v(-'/{I J etwey and sOllthell.stem Penllsyll'ania d /lJ'ill{j 
yem' 

Population nt indicated depths (inches) 

:\Ionth 
0-2 2-1 ·1-6 0-8 8-10 

Pl'rcent Percent Percellt Percent Percent 
.July ______________ M 16 (') 

August -_ ... _-------
September _­______ 

{)'1 
{)3 

6 
7 

(') 

t'l 
October ---------­ 03 30 7 (') (') 

NOYl~!UlJl'r -------­ 10 65 24 1 (' ) 

DecemlJer·FelJrulI ry 
"larch ---- ...------April _____________ 

5 
11 
03 

62 
64 
28 

31 
23 

{) 

2 
2 

(') 

(') 
(') 
(') 

~lay ______________ 
05 5 (') 

June ------------­ 76 24 (') 

Less thull 1 percent of population found ut this depth. 

The depths at "'hich frrnbs hibernate in tud in the northern and 
southel'll l'ung-es 0 f t lu.' insect are not substantially different front 
those in sonthcl'll Xe\\' .TPl'sey and southeastern Pennsyh'ania (Haw­
ley 19.44). 

Hartzell and ~IcKellna (1rM!Jl ~tudiec1 the yertical migration of 
grubs of mixed populations of Popillia japollic{{ Xewman and .1Iala­
del'CL ('((,,~tanea (Ano\\'), but they did not differentiate between the 
speeies in recording the data. Ci-rnbs were found 2 to 12 inches below 
the sn rfu ('e· of turf in .January. Possibly most of the grubs found 
deeper than (i in('hes were tho::;e of JIa/adCi'a. Hallock (J9J3) found 
that tllis species Horlllally hibel'llates 8 to 17 inches below the soil 
Slll'fRce. 

Grubs are usually somewhat deeper in cultimted soil than in turf, 
probably because the soil is looser and easier to dig through and the 
roots of plants penetrH te deeper into the soil. ~Iost of the grubs in 
eultivated soil hibernate within the upper 8 inches, but occasionally 
a grub m;~y hibernate 10 to 1~? inc1H~s below the surface. (Fleming 
et al. 18';8) 

Horizontal lUovement 

It was known for sel'ernl yea 1'5 that p:rnbs mo\'e horizontally in soil 
during- the artiH' feeding period, but no information was anlilable 
on tIw distance a grub ('ould tranl. Grubs are often present in large 
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nlUnbers among the roots of plants in cultivated fields and are 
s~'ar('e in the fallow f,rl'ouncl between the rows of plants. ,Vhen the 
grass in a part of It headly infested hl\m is killed by the gmbs feed­
ing 011 th~· roots, the /!l'llbs b(>('ol11e less abundant there and increase 
in lllllllhl'l'S beyond the ed/!e of the killed-out area. 

In a preliminary study of the movement of third-instal' gl'llbs 
through soil, /!rubs were introduced into fallow soil and into soil 
in whh·h whellt 1)1' gt'llSS was growing ill glass-sided cages, % inch 
wiele and 1i lncht's long, and wert' held in the clark at 20° C. In mov­
ing through this ~.t-illCh mags of soil a grub so modified the structure 
of tIl(' soil that its trail was always dsible. (-nelor these conditions the 
gl'ubs mO\'Nl both "ertk-ally Hnd horizontally and frequently changed 
their tlit'l'C'tion, partit'ularly in the fallow soil. During It 29-day 
period they tl'tt\'eled an a \'erage distance of 105 inches in fanow 
soil, lll!) inebes in soil with growin~ wheat, and 30 inches in soil with 
growing grass. TIll' grubs ill fallow soil 111m-eel continuously in search 
of food, whel'l'<ls tho::,(, in turf often diclnot change their position for 
se\'(~ral day:,;, and then tllt'y Il1m'ed only fl short distance. 

Hawh·y (lIMff) introduced thircl-instfll' grubs in September I.nto a 
circular area :~ feet in diameter in the ('enter of turf and fallm'> plots, 
l'I,Ch 2·1 feet squat'C, and in October, ~Iay, and .June determined the 
distan('€' th€' grubs had 111o\'ed laterally beyond this area. Most of the 
grub,,, remained in the ('ireular area, The a\'eragc distance grubs were 
found bC'yolld th(> ein'ular area in turf wns 1.2 inches by mid-October, 
11.0 indH's h.\' );fay, and 11.,1 iuches by .June, whereas in fallow land 
these distanees werc 12,0, ::lo.t, and 31.0 inches, respectively. However, 
each grub beeHu:::e of its zigzag mo\'ement actually trlweled much 
farther through the solI. 

Feeding 

Grubs feed on the roots of a wide variety of garden and truck 
(,[,OP8, ornamental plants, and grasses, but they do not thrive in 
plantings of red elm'er (TI'ifolium p)'{tte1l80) , white clover (T. 1'e­
pe-l18), sweetclo\-er (J/eli/otu8 il/dira) , alsike dover (T1'ijoZiu1lL 
Itybridulll)' soybeans ((ill/cille ma.t), buckwheat (FagopyJ'lm~ el3c/t­
lell/llm) , 01' orchardgrass (J)actl/lis glomerata). The feeding of the 
grubs on the underground stems and roots Illay not be suspected until 
the plants are badly damaged (FJeming J96Ja). Davis (19f80a) con­
sidered the grub to be of little economic importance, probably be­
cause at that time the grubs were not sufficiently numerous to 
sedously injure the roots of plants, 
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Analyses of the material eaten by the ~rubs showed that 67 percent 
of it was fresh Ilnd partially decomposed plant tissue and 33 percent 
soil particles. All the pat-ticles in the gut were fairly uniform in 
Slze. (Smith 192:1; Smith and Hadley 19J(J) 

Injury to well-kept turf usnally is not apparent when there are 
less than 10 grubs per square foot. "'hen the grubs are· more numer­
OllS nnd the grass is retarded by low fertility or lack of adequate 
moisture, there may be several areas of dead grass in the sward by 
September or early October (fig. 11). There are many records where 
the aerial part of the ~rass was completely severed from the roots 
so that the turf O\'e1' l!lr~e areas could be rolled back with the lingers 
(fig. 1~). (Smith and Hadley 19:J(J; Flelllin~ and Osburn 1932 j 
Fleming 19(30) 

The grubs feed on the roots of I;!c.rden and truck c~·ops. Extensive 
feeding on the roots of corn, beans, tOl1latoes, and other crops reduces 
their yitality lind sometimes kills the plants. (Smith and Hadley 
19B(J; Fleming 19(J.3Ct) 

Grubs have destroyed many plants in nursery seedbeds and young 
plants in the field (1i~. 13) and have killed 50 pet·cent of the phl.nts 
in strawberry beds. Csunlly the plants were ldllecl by girdling the 
main roots at depths of 12 to 11,2 inches below the surface of the 
ground. (Flemin~ et al. l{)Jr; Fleming JD(]']«) 

J-2392 

FIGUltE n.-Lawn dUlliugl'd by feeding of Jupunese beetle grubs on grass roots. 
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J-2010 
FIGURE 12.-,Japanese beetle grubs exposed when injured turf is rolled back. 

J-341 
FIGt-"'RE 13.-Plants killed by feeding- of Japanese beetle grubs on their roots. 
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REARING BEETLES 

~ran.r thousand adult beetleR and third-instal' grubs hn.ve been col­
lected Imnually in areas where aounclllnt for laboratory e,xpel'irnentn­
tion. There \yaS no problem in capturing beetles 11 .. well-aerated traps 
or in shaking them while inaeth'e at dawn from headly infested 
trees. However, each year it was necessary to tt·n.vel further from 
the lILbo1':ttory to obtain an adequate supply of gl'tlbs :free of infection 
by entomogenous pathogens until by the 1\)50's it was necessary to go 
more than ~oo miles. This insert material was not entirely satisfac­
tory be('i\lIst' both the grubs and the adults were of unknown age 
tlnd v!tried in their vigor and longevity. 

Field Plots 

Attempts were, made tlS p.arly as H)~~ to rear the grubs in field 
plots. \Yhen tIll' agt' of the grubs was not important, large numbers 
of beetles were attrat'tecl thl'Oughollt tIll' summer to the pl(,~s by 
chemil'al Imes. C snaIly It substantia I number of egtrS was deposited 
in the, soil. 'Yhen gl'lll>s of known age were needed, beetles were 
caged O\'el' plots for a definite perio(1 and then excluded from the 
plots during the remainder of the summel'. Caging beetles in the field 
was a failure because regardless of the size of the cage the beetles 
clung to the sides aIHl the top trying to escape and only occasionally 
fed On the plants in the eage or dug into tl1C soil to deposit eggs. 

Although the summer sUlTeys in the open field plots usually indi­
cated n. popUlation of at least 10 to 25 eggs and young grubs per 
square foot, most of this population had disappeared by October, 
when the plots were dllg to han-est the third-instal' grubs. A third­
instal' population averaging only one or two per square foot was 
not economically practical to harYest. Since these plots were within 
the n.rea where both Bacillu8 popilliae Dutky and B. lenti7n01'b1l8 
Dutky, important pathogens of the grub, were established, the find­
ing of infected grubs in the fall was not unexpected. Xo doubt these 
pathogens decimated the grub population. It was evident that this 
method of obtaining a supply of grubs could be used only in an area 
where the adult beetle was abundant and the pathogens 1,ad not be­
come established. Such an area was not found within a practical 
distance frol11 the. laboratory, 

Laboratory Rearing 

A laboratory method for rearing the insect was needed so that all 
stnges of known age and history could be ayailable throughout the 

Jacket 444-771­
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yeal'. Since Ludwig (1928a) rent-ed the insect in small numbers from 
egg to adult in about 170 clays at 25° C., there was a possibility of 
two overlapping generations a year in the laboratory. 

The essential requirements for embryogenesis and metamorphosis 
are a moist soil or other suitable medium and a tpmperature within 
the range at which the illsect cleyelops normally; for the development 
of grubs, adequate food is also required. 

Production of Eggs 

Egf,rs were obtained at any time of the year by confining beetles 
in open-bottom cages oYer moist sterile. siEwed soil at between 25 0 and 
30° C. in a lighted chamber and feeding them slices of apple or foli­
age of a fltyored plant, snch as Penllsyh-ania smnrtweed (Polygonum, 
pensylz'anicum) 0[' sassafras (Sa.s8af1'a,~ albidu7il). Goollewardene 
and ~rcKay (l9(JO) developed an artificial diet for feeding adult 
beetles. It consisted of applesauce, alpacel, sugar sirup, wheat germ, 
pectin, protein, ascorbic add and other yitamins, water, and preserv­
atives. The eggs were harvested by passing the soil through a l:~-mesh 
sereen to rClllo\'e beetles nnd then thL'ough a :W-mesh screen to sepa­
rate tht' t'ggs from tIlt' :soil. Eggs wert' also hal'\"ested by spreading 
the soil in a thin lnyt'r antI picking np the eggs 'with a moist camel's 
hair brush. 

Rearing Grubs 

Fox and Ludwig (19J7) and Lndwig and Fox (1937, 1941) used 
It modification of the method described by Davis (1915) for rearing 
~I'Hrnbaeidat'. Thf.'Y pltwed each llt'",ly hatched grub in a sterile moist 
medium in a l-011nce metal box and incubated it at 25 0 C. The de­
velopment and metamol'phosis of the grubs varied greatly in the 
different media. All the grubs in soil died before molting, showing 
that soil alone does not contain sufficient food for the development of 
the grubs. Sixty percent of the grubs pupated in a mixture of soil 
and Ancb'opogon mold. 'l'l11en wheat was growing in the medium, the 
pupation was 42 percent in soil, 86 percent in a mixture of soil and 
Andropogon mold, and 44 percent in a mixture of soil and Oal'ex 
mold, The Anrll'opogoll mold was collectt'd beneath the tussocks of 
Andropogon glomeratus and A. scoparius, and the Oa1'ex mold be­
neath the tussocks of Cared! stricta. 

In h~sts with other substrata they found that 34 percent of the 
gmbs pupated in And7'opogon mold, but only 12 percent of them 
completed their development to the second molt in Cw'err mold before 
dying. .All the grubs died before their first molt in peat and in 
sphngnum moss. 1Yhen wheat was growing in the medium, 12 per­
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cent of the grubs pupated in Andropogon mold and 8 percent in 
Carex mold. 

In the Pl'opaf!!ltion or the lllilky disease bacteria (Bad1l1l8 popilliJ{, 
Dutky and B. lentimOl'bus Dutky), Dutky (i9¥!) incubated inocu­
lated third-instal' grubs in cross sectional trays iLt 30° C. in soil con­
taining sprouting seeds or redtop (Agl'ostis alba) and white clover 
(Tl'ifolilttll I'('})('IIS) until nU1C'ros('opie symptom~ of infection devel­
oped. The incubation period was usually 10 to 12 df\,YS. Schwartz 
et al. (1970) using this medium to rea.1' the beetle from egg to adult 
in 3-oul1ce cans at 27° had no emergence of adults in soil heated for 
'18 hours at I:Ho before mixing it with the seed, and only 4-percent 
emel'genee in unheated soil. 

Schwartz et al. (1970) added redtop and white. clover seed to dry 
SRUel, vBl'lniculite, sphagnum pent. and ~[iC'higan pent, alone and 
mixed with soil, and after moistening with water determined the 
development of the. insect from egg to adult in the· substrata in 3­
ounce cans at 27° C. The soil, sphagnum peat, and ~Iichigan peat 
wer~ dried for ·1,$ hours at 9.10 

; the sand and vermiculite were dry. 
So ('g::..rs hutehed in sand, vermiclIllte, or in ~: 1 mixtlll'e~ of sand 
and soil and of vermiculite and soil. The hatch ranged frOHt 6 to 50 
percent in the. other substrata. The adult emerf!ence was 12 percent 
in It ~: 1 l1lixtl\r~ of Rphngllum peat and soil and 2 to 6 percent in 
sphagnum pt"nt, ~Ii('hif!nn pent, a 1: 1 mixture of sphagnum peat 
and soil, nlltl 2: 1 to 1: 2 mixtmes of ~1it'higan peat and soil, but no 
adults cnwrged in tl\t" 1: 1 ancl 1: ~ mixtures of sand an,l soil and of 
vermiculite and soil or in the 1: 2 mixtme of sphagnum peat and 
soil. 

The gl1lbs seem to require. some organic matter for growth. 
Schwartz et ill. t1970) introduced third-instal' grubs into sand and 
mixtures of sand and ~[ichigall peat, whi('h were seeded wHh redtop 
and white Dutch elm'H, and determined their survl\'al and transfor­
mation into adults. E\'en though the supply of roots in the sand was 
ample. only 1 percent of the grubs SlllT.lYed in this medium for 4:3 
df\,Ys; these grubs -were stitl' and slllgf!ish. Thirty-five to 49 percent 
of the grubs, apparently normnl, survived itt this time in the mixtures 
of sand and peat. and also in peat. So adults emerged in the sand. 
The emergence in mixtures containing 10 percent or more of peat 
ranged from 10 to ~3 percent. Siuce the emergence in sand-peat 
mixtures was better than in the soil-peat mixtures discussed in the 
previous puragmph, sand can be substitllted for the soil in the 
mixtures and thus avoid the possibility of using soil contaminated 
with the milky diseilse. uaeteria, which in the laborntOtT can bui1d 
up to high le'tels nnd decimate the grub population. 
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GooneW!mlene and Zepp (1tHJ9. 19j()) improved the rearing toch­
lliqU6 by rearing the grubs flt 21l" C. in plastic pans containing 3 kg. 
of substratum . .A mixture of equal parts of soil and JUchigan pmlt, 
seeded with redtop (Atll'osliN a17)U). was used to hnt('h the eggs. 
Sixty-six to 70 percent of the eggs hatched. The first-instal' grubs 
were transferred to it substl'lltnm composed of equal parts of soil, 
sand, peat, anel vermiculite. in which redtop was growing; lon grubs 
were put in each Pllll. Twenty clays a fter introducing the first -instal' 
grubs, when 59 to 6G percent of the grubs survived, the second-instnr 
grubs were trnIlsferred to this slIbstratum in which redtop and rY6­
grass (Loliwn pel'enne) were growing; 50 grubs were. placed in ench 
pim. After another 20 days, when the sun'i \'al was 32 to GO percent, 
the. third-instal' grnbs Were trnnsferrell to a fresh batch of the me­
dium lIsed rOt· the ::;t'concl instal's; an gl'\I\)S were put in each pan. The 
transfer of third-instal' grubs at 20-day inten'als was repeated until 
pupation. The trunsfer or grubs to fresh medium was facilitated by 
growing the grnss in the medium bn a plastic screen to form a food 
pad, and a,Her the grubs had been transferrecl, the. food pan was 
placed over the medium. The. roots soon penetrated through the 
screen into the. medium containing tl1e grubs. 

In small-seale tests including a few hundred newly hatched 
gnlbs, about 22 percent of them completed their development and 
emerged as adults, but ill large-scale tests including 1,000 or more 
newly hatched grubs. the emel'gence was only 6 to 8 percent. 

Schwartz and ,Turimas (19'/0) determined the effect of adding 
\'ariOllS foods to n ~: 1 mixture of soil and :\Jichigall peat on the 
development of third-instal' grubs at 300 C. No adult.s emerged in 
the substratum to which no food was added. The emergence was 15 
percent in the substratum containing sprouts of redtop and whitr 
clover, 12 percent by adding 1 gram of chopped raw carrots to 100 
grams of substl1ltum, and 3 percent by adding 1 gram of wheat germ. 
No adults emerged in the substratum containing 1 gmm of skim 
milk, soybean protein, or brewer's yeast, or 0.1 gram of wheat germ. 

Goonewarclene et a1. (unpublished) investigated the possibility 
of rearing the gl'nbs Oil an artificial diet. A grass-c1over powder '.vas 
prepared by macerating seedlings of ryegrnss (Loliwn pel'enne) , 
redtop (Agrvshs aiba): and white clover (Trifolium, 1'epe1l8) , ex­
tracting with acetone, drying, and pulverizing. The pmnler was 
spread evenly over moist filter paper, which was inverted and placed 
on the :;urflle(' of it 1: 1 mixtlll'e of ::;phngnum peat anel soil contain­
ing third-instal' grubs, and then the filter paper was covered with the 
sphagnum pe.at-soil mixture. The filter paper and the peat-soil mix­
tnre were replaeed at i-day intervals . .At 25° C. no grubs fed the 



gl'l\S$-rlo\'l'l' 1'0\\<1l'1' l'llll'l'gl,d liS adult::-, but ",hell linoleiC' Hcid, 
linolenie aeid, ilnd t'lio1ine ehlm'ide wore ndded to the grnss-('loYl~l' 
pOWdN', the ell1ergene(' ranged h'olll :~:3 to 45 percent. Adding 
vitamin:> and "'esson's snIts to the fortified powder did not incl'ense 
the emergence. 

ABUNDANCE OF BEETLES 

Methods of Estimating Populations 

Extent of Feeding 

For mnny yeat's the density of beetle populations oyer large areas 
W!l::; estimntl'd l'lllpirienlly hy c1etel'll1inillg the extent of feeding 
Oil tl\(' most favored food plants in midsuillmer, when the, beetles 
nrl' the most nUll1el'OtlS tlud tIll' injury to foliage the most eonspi('u­
ons. Till' boulldary of dl'llsely pO]lulull'd HreMi anel the spread of 
thl' i>el'tll'wl'l'l' deterlllinl'tl by this nH'thod eaell year until lH5:2, 
The six ('nteJrories H"il'd in this l'nthmtion are nS follows: 

E8/imolc- oj 
POll ula tion 

dellsity E.rfl!lIt of feedillU 

Yery del1!'(, ~______ Oypr 50 Ix'r('ent of fnYor('<l trees with brown or no 
follng(' nlld nl! jow-gr()",ing Ulll1118 find Yin!:'>! defolinted, 

DensE' __ • __ •• _.... 2;) to ;)0 l~rcent of fn\'oreu trties with brown or no 
folinge lind lwnrly nl! 1o\\,-growing plants und vines 
<iefolin ted, 

)Ioc1('rtUl' _" 10 to !.!;) pE'rCellt of fnvored tret'S with l)rowll folinge and 
l'xleIlSiYl' feeding on low'growing plants nnll vines, 

Light _.__________ Les~ than 10 IX'rcent of fnvored trepi; with brown 
folinge nml lUodl't'ntl' feeding 011 low-growing plnnts 
Hnc! "ines. 

Yery light ________ Flwot'etl tr('p:; 1I0t 1,1'0\\'11. although there mllr bp some 
Ught feeding, ntHI llght feeding on low-growing nlnnts 
lInc! vines, 

Trll,'c _______ .____ :'\0 fcNling on fan)l'l'(l trL'eS /lnd only occnsion/ll feeding 
Oil low-growing plHutt" t1l1d Yiue:>, 

Soil Survey 

~\. more l\t'('tll'tI t(' e~t imate of thl' nllulHltlllee of the beetle is obta ined 
by dl'tel'll\inill~ the density of rhe soil populntion before the emel'­
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gence of the insed. :Since the density of the soil population \'aries 
with the niltme of the <:o\'er crop, it is necessary w determine the 
population ill turf, uncultinlted fields, fields with "urious crops, 
orchards, flnd S0 forth, to estimute the Leetle populntion on fi, fnrm 
or in u to'wnship or county, rsunlly the average density of the soil 
population wns determined for eaeh type of ground cover by sur­
veying a representative section of euch one. "With informution on 
the il\'ernge soil population and the acrenge of each type of ground 
cover, un estimnte is mad(> of the. beetle population expected in the 
summer in the urea being sury~yed. 

Fleming and Baker (19.36) developed n survey method by deter­
mining the nntural grub population in each square foot of four 
~,500-squnre foot plots, t;wo of 'Which 'Were in pastures und the other 
t.wo in cornfields, and then calculating the size und number of 
samples needed to adequately estimate the meun density or the heter­
ogeneous populntions. It was concluded that 1 sqlllue foot was the 
most sntisfactory sampling unit. ,'~hen 10 I-square foot samples 
were taken at random over !l. 1,OOO-squure foot area. seleded for 
survey, the standard error of the mean population density was esti­
mated at B percent with un average population of 19 per square 
foot, 13 p(,l'cent with an~l'age populations of fiye or nine per 
squllre. f(x)t, and l~ pf'1'cent with an Iwernge population of three 
per squllrE' foot. ,Yhen the l111l1lber of samples 'Iva" increased to 20, 
thE' standard Cl'rorf' were ti, 11, 11, and 13 percent, respectively. 

Polivka, (951)) used a sampler cutting a J'3-square foot plug in 
the. random sampling of soil. 

The timing of n. Sllryey is important because of the natural deci­
mation of the soil population. Fox (19.37) determined the abundance 
of the soil pOl)ulation throughout the year in Slll'Yeys made during a 
i-year period in southern Sew ,Tersey and southeastern Pennsylvania. 
The penk of the grub population occurred during the first half of 
September. ,Yhen the grubs began hibernation in Xovember, the 
population hnd decreased 21 percent. An additional 3 percent wus 
lost dming hibernation in the winter. ,Yhen metamorphosis began 
late in ~Ill.y, the population hud decreased 32 percent. By mid-June, 
when 13;) percent of the grubs had transformed to prepupae and 
pupae, the populution had decreased 43 percent. It was estimuted 
that for each 1,000 grubs thnt completed their development to adult 
beetles, It SUl'yey during the first half of June would indicate the 
emergence of about 1,000 beetles, whereas the expected emergence 
would be about 1,~OO beetles with a survey in the last half of :\IilY, 
and nbout 1,300 with a surYeY in :\Iarch, April, or the first half of 
~Iny, The survey should not be made in the fall because one in 
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&ptemheL' would indicate the emergence of about. 1,700 beetles and 
in Oc'tober nbout 1.500 beetles. The most accurate estimate of the 
emerging beetle population is by a soil survey just before the pupae 
begin to transform to nclult-s. 

This method of estimating the beetle population was lIsed by 
Lal1gf0rd et al. t1IW),1941) and the .Tapanese Beetle Laboratory. 

Traps 

Fleming: et til. t1940) estimated that a, properly constructed knp 
with a good lUl'c caught about 75 percent of the beetles attracted to 
it. The zone of attrnl,tion by a trap vtll'i('s with the endronment. It 
may b(\. small in subllrban areas wlll}}:e trees, houses, and other st~·lIe­
ll\l~S defied and impede ail· Il10Yelllent. In l"mnl nreas with open 
fiolds the limit of the zone or Ilttmction I11tL'y be 1,a~O feet (~Iehl'hor 

llnd Yfln Leetlw('n ltJJO) or 000 to 1,500 feet ()Ietzger 1984, 1986), 
but. most of the beetles are attmcted from the general vicinity of It 

trap. PoliYlm (1949) caught 58 percent of the Il1clrked beetles in 
trtlps within :lOO feet of the liberation point, 28 percent in traps 
from ~(lO to 300 feet· away, 1:3 percent in traps fl'om 300 to 400 
feet away, and 1 percent in trap:; ·HlO Teet away. 

Trllp::l WN·l' 1l::;ed for mnny years to determine the relative abun­
dunc(\. of the beetle throllghout the summer and from summer to 
summer. The same type of trap with the same lure was placed at the 
same sites elt('h year to avoid varifltions ill the. captnre introduced by 
these factors, Only the, relatiY(~ abnndnnce of the insect was deter­
mined because, the relationship between the number of beetles 
ellptllrecl find the populntion in an a,rea had not been established. 

LungJord et nl. (1tl.)O) determined the relationship between the 
Hnl11u('t' of beetles capttll'ccl by traps and the populntion in an area 
by mnking !L soil Sl\l'yey before. the emergence of the beetle to estimate 
till' density of the beetle popnlfltion. The 5,aaS traps on 6,750 acres 
of :fnnnlund in CedI County, ~[d" eaught ao percent of the estimated 
population, but on inclh·ichml farms the capture ranged from 24 to 
over 100 percent. The high captures on certain farms were llttribllted 
to the migratioIl of beetles to these farms h·om fldjacent untrapped 
arens. 

Langford et al. (1941) continued the study, using 1,941 traps on 
3,:!:n neres of farmland, The captures were high on 261 acres where 
migration of beetles occllrred nndusually low on 1,679 acres where 
Jess than one trap was used per acre. On the 1,291 acres where traps 
Were plaeed at approximately one per acre, the traps caught 32 per­
cent of the e.stimHted population, bllt on the individual farms the 
captme tang-ed from Bto 1)7 percent. 



94 T,ECIINICAL B'i7LLETIN 1440, 1:'.S. DEPT. OF AGRICULTURl'l 

Lndd (unpublished) released marked beetles in open rn~'al coun­
try in eastern Tenness~. Two thousand traps on 188 acres caught. 3D 
percent of the mn,rked beetles in 1969 and 740 traps on 55 acres 
caught 30 percent of them in l!JiO. "'hether the populution wus esti­
mated by soil surveyor 11 population of marked beetles was used, 
traps over a large area caught approximately one-third of the popu­
lation. The marked beetle method is the more practic-al for establish­
ing the relationship between the number of beetles captured by traps 
and the total population. Further tests with marked beetles nrc 
l,eeded to determine this relationship in other rural areas with clif­
ferant. f10m and in snbnrban a,rens. 

Pattern of Distribution 
During 11):20-29 the area occupied by the beetle was almost spheri­

cal in shape with It very densely populated core sUl'L'ouncied by a 
zone where the population decreased progrcssiyely until it was very 
light nt the periphery. The size of the infested urea increased each 
year. Beginning in 1930 the popnlation in the central core began 
to dect'case and by 1931 the \'ery dense population occlH'l'ed in a 
slightly broken band slU'l'Ounding the core. As the beetle continued 
to move outward, this hand disappeared and dense populations de­
veloped at the most fiworahle sites. The outline of the area occupied 
by the beetle became slightly arcuate in 1935, and by 1941 it was 
very irregular with prominent arl,1S extending up the river valleys. 
(Fox 19i27, 198~, 1984; Hadley 198E; Hawley i.nd Dobbins 1945) 

A study was made of the rise and the decline of the beetle popUla­
tion within a mdins of 5 mile's of the site in New .Jersey where the 
insect was discovered in 1916. Based on the soil surveys of Davis 
(19EOb), Smith (1,9':5, 19E8), Smith and Hadley (19E6) , and Haw­
ley (1944, 1949), the average density of the beetle population in this 
areD. from 19:20 through 19·15 was estimated as follows: 

Popu­ Popu­
lation lation 
per per 

Year acre Year acre 

1920________ 90,500 193L_______ 300,600 
192L_______ 186,800 1933 ________ 339,900 
1922 ________ 302,000 1934 ________ 257,000 
192-L _______ 747,000 1935 ________ 383,000 
1927________622,900 1936 ________ 122,000 
1928 ________ 405,100 1937 ________ 74,000 
1929________ 744,900 1945___----- 43,000 
1930 ________ 87,120 
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The rise and decline of the beetle population in this area, have been 
repea,ted with modifications as the beetle ilwaded ne,\\' areas and 
became weH established at favorable sites. 

Only about It dozen beetles were found in this area in the summer 
of 1916 (Dickerson and "\Yeiss 1918; Smith and Hadley 1926). From 
a few beet1es the population increased rapidly, reaching 90,500 per 
acre in 1920 and 747,000 per a,cre in 1924-. Smith (1925) reported 
that in 1924 populations up to 3,4-70,000 per acre occurred in pastures 
and up to 7,4-10,000 pel' acre in the turf on golf courses. Hawley 
(1949) suggested that the population might ha,ve increased more 
mpidly if the rainfall during the snmmers of 1916 and 1918 had not, 
been somewhat deficient.. The population remained high through the 
summer of 1929. The ma,rked decline in the summer of 1930 was 
attributed to the drought during the preyious summer (Fox 1939; 
Ibwley 1949). 'With adequate rainfall during the summer of 1930 
the beetle partially overcame, this setback and reached about one­
half of its peak density in 1931. It remained at approximately this 
leyel of density until 19a6, when there was another abrnpt drop in 
population. This decline was attributed to the unusually high mor­
tality of the hibernating grubs during the winter of 1935-;36 (Haw­
ley and Dobbins 19.iJ). Since 1937 the population has remained at a 
relath'ely low 1e"e1, with some increase and decrease following 
summers of adequate and inadequate rainfall, respectively. 

During the 1920's and early 1930's the summer rainfall was the 
most important factor modifying the density of the beetle popula­
tion. The insect-feeding birds, small terrestrial mammals, and the 
few predaceous and parasitic insects indigenous to the area were 
unable to cope with the reproducti,'e potential of the beetle. Diseased 
grubs were found only occasionally in the field. In the 1930~s the 
imported jnsect parasites, particularly Tt'pltia '/-'emalis Rohwer, were 
becoming established in the area and the incidence of disease among 
the grubs greatly increased, caused mostly by the milky disease 
bacteria Bacillus popiZ7iae Dutky and B. lentimol'bu8 Dutky. The 
establishment and buildup of the imported insect parasites and the 
entomogenous diseases were facilitated by the dense beetle popula­
tions. These biotic factors are principally responsible for keeping 
the beetle population nt It re]atiYely low ]8\'e1. 

NATURAL SPREAD 

Factors Affecting Spread 

"'"hen. fln'ored food plants and suitable sites for oyiposition are 
I\vailable, the natural spread of the beetle is affected largely by the 
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topography of the land, the direction of the wind, und thc tcmpera­
ture and rainfall. 

Topography 

The effect of topography on the sr••-ead of the bcctle is discussed 
by Fox (1927, 19J9, 1934) and Hawley and Dobbins (194/j). The 
spread of the beetle is facilitated in a farming area where there are 
l'xtcnsi \·e tracts 0 f nearly level or gently rolling country. These fea­
tures are found in the coastal plain section of the lowel: Debware 
River Valley and other parts of southern Xcw Jersey. 

There was no physiographic feature to impede the southcrn 1110ye­
ment of the beetle on the coastal plain until it reached Dela~ware Bay. 
"'hen the poPUln,tiOll became. "ery der<;;e on th~ Xew Jersey side of 
the bay, the beetles flew across the bay .nto Delaware. 

The heavily wooded urea. east of the Deln.ware Hi,-er Y,lIley, 
known as the X ew Jersey Pine Baneue, had little food and few 
fuvorable oyiposition sites, factors that tended to tetard the eastward 
movement, but it was not a formidable barrier. The easterly mo"e­
ment of the beetle was stopped by the Atlantic Ocean. 

The Delaware River was not a barrier in the westerly nHwement 
of the beetle from Xew ,Tersey into Pennsyl vania. ,Yestward in 
Peunsylnmia and northward in Xew ,Tersey the beetle had only a 
few miles to trayel to reach the fall line, marking the boundai'y be­
tween the coastal plain anel the Piedmont plateau, where the topog­
raphy is more rugged. Ths eastern foothills of the Appalachian 
)Iountains extend in a· northeaster 'y-southwesterly direction across 
Pelll1syh-ania, northwestern Xew Je.rsey, and southeastern Xew York. 
The lllountains impeded the westerly 1l10,-ement of the beetle, but 
by 1943 the ach-nnce guard of the beetle had begun to penetrate 
into the mountains in all three States. 

The spread of the beetle was facilitated by the ri\'e1' "alleys. The 
lllo\'ement into the mountains was largely in the yalleys of the 
Potomac', 8usquehanna, Delftware, and Hudson Ri,-ers. Its spread 
northward in Connecticut and )[assachusetts was 111 the Connecticut 
River Valley and along the coast. Its ~westward spread in Xew York 
was in the )Iohawk RiYer Valley. 

Soils 

There was little difference in the density of grub populations de­
veloping in the sands. sandy loams, and loams. In field Slll'yeys 
Smith and Hadley (19£6) found 30 percent of the grubs in sands, 
35 perc.ent in sandy loams, and 35 percent in loams. The pupation 
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ancl the. emergence. of the. adults, howe1'er, "'ere 10 to 1:~ clays later 
in the sanels than in the sanely loams and 10ams. 

The density of the grub population decreased progressi\'l~ly with 
the increment in the pH of the soil. The number of egf.,rs deposited 
and the number of grubs de\'eloping in soils ~\\'ith a pH abont 4.0 
were two ,to 10 times greater than in soils with :t pH about7.n. The 
range. in the pH tolerated by the grubs was not established. The 
populations built up faster nnd dense populations persisted longer 
in soi1s with a low pH than in the other soils. (\Yessel and Polidm 
19:;2; Polidm JOflOa. 1000b) 

Wind 

The direction of the. wind during the snmmer affects the spread 
of the beetle. The flight of the beetle i!:l essentially aimless anclusnally 
of short cluration. In the absence of chemotropic stimulus, the. beetles 
tend to drift witb ~ \18 wind. The. preT!l iling wincls are westerly dllt'­
ing the. summer in southern Xl'\\' ,Jersey. Fox (1D27) found that in 
the 10 years following the disroyery of the beetle, it had spread 
eastward about 42 miles through the Xe\\' ,Jersey Pine Barrens, e\'en 
though this area was not itworahle for it, but it had spread only 28 
miles 'westward in more fl\\'o1'able country. The massiye flights of 
the beetle OYN' the Atlantic Ocean occurred with westerly "'inds, 
whereas the massh'e flights westward across the Delaware RiYer 
and Delaware. Bay usn ally coincided with the periods the wind hRd 
shifted to the east. 

Temperature and Rainfall 

Although the temperature and moisture. of the soil do not affect 
the flight or the beetle, these factors are important in the surviml 
of tIle insect. The beetle is adapted to a country where (1) the mean 
soil temperature during the summer is between 17.5° and 27.5° C., 
(2) the soil temperature during the winte.r is abm'e -9.4,°, and (3) 
the precipitation is adequate and rather uniformly distributed 
throughout the year, a.\'eraging not less than 250 mm. (10 inches) 
during the summer. 

Soil temperatures in the summer iayorable for the hatching of the 
eggs and the development of the newly hatched grubs occnr oyer 
much of the eastern part of the rnited StRtes. 

There is usually an insignificant mortality of the hibernating 
grubs during the winter in sonthern New .Tersey and southeastern 
Pennsylvunia. The aTerage winter mortality during 1927-:34: waS 
only 3 percent (Fox 1937'). The soil temperature at a depth of 7.5 
mm. (3 ~nches) during 1925-38 did not fall below 0° C., except dnr­
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ing the "winters of 1926, 1927, 1934:, and 1936. "With a snow cover 
during the winters of 1926, 1927, and 1934:, the soil temperature did 
not go much below 0°, e\'en when the air temperature was far below 
freezing, and the winter mortality these years was about the same 
as during milder wint~rs (Fox 19J5; Hp,wley and Dobbins 1941). In 
1934 a mortality of 33 to 100 percent occurred in those areas where 
there was a freezing rain instead of snow e\'en though the soil tem­
perature did not fall below - 3.10. (Hawley and Dobbins 1941) 

The ",intet mortality in Connecticut ranged from 17 to 42 percent 
in the absence of n snow coyer, but it was only about 1 percent when 
snow was on the ground (Schl'eacl 1944. 1945). The winter mortality 
was high during some years in Indiana (Gould 1983). 

The normal slimmer rainfnll is about 300 nUll, in southern New 
England, sonthenstel'll Xew York, the eastern half of Pennsylvania, 
Xew .Tersey, DelRware, ancl )Iarylancl and about 250 mm. in the Cen­
tral States (Ua\\'ley 191,9). Summer droughts at irregular though 
rather freqllent intelTals are characteristic of these areas. In southern 
Xew tTer<;ey there were 11 years during 1916-46 when the summer 
rainfall was less than 250 mm. Years with less than 250 mm. of sum­
mer rainfall occllr more frequently in the Central States. As noted 
previously, a marked deficiency of rainfall during the summer 
reduced the beetle population the following summer. 

Progressive Spread in Square Miles 

Almost each year during the period 1916-52 the limits of the natu­
ral spread of the beetle was determined, maps were prepared, and the 
:;;quare miles oceupied by the beetle were estimated. "Thile the insect 
~,as spreading naturally, it was also becoming established at points 
beyond the periphery of the generally infested area where it had 
been carried ina(h'ertently by man. In determining the area over 
whieh the beetle had spread, the colonies beyond the periphery were 
not inclucled until the vanguard of beetles advancing from the gen­
erally infested area met and merged with them. The absorption of 
these colonies sometimes resulted in a large increase in the generally 
infested area, such as the addition in 1952 of 2,562 square miles in 
X orth Carolina and 1,170 square miles in Ohio. 

The progressh-e increase in the generally infested area during this 
period is summarized in table 7. The data are based on the published 
reports of Hadley (1922, 192.J,19~4), Smith (19124,1925), Smith and 
Hadley (19;26), FOK (19~7~ 19J£, 1934.), Hawley and Dobbins (1945 ), 
und Hawley (1950) and the nnpublished reports of T. N. Dobbins, 
H. Fox, 1. JL Hawley, R. T. ''''hite, and H. J. Willard. 
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The area ot'l'llpiecl by the beetle inereased from not more than 0.5 
!:lqllill'(' mile in l!H(i to 7li,fiO·l sqwlre miles in H)52, when the beetle 
hnd i:ipl'l,tlll O\'Pl' all or parts of H ~tates and the District of Colum­
bia. The \welle had !:lpn'flll on'r all of Xl'\\' .Tersey by 1£)-1:3, all of 
Ikbl\nll'(> by InJ~, all of the Distril't of Columbia by 10-11, and aU 
of HhOlle bland by H)31. Fleming (lD(].Ja) estimated that by 1962 
(he. beetle hall i:iprew,l O\'er lOll,OOO sqnare miles in the eastern part of 
the Cnitt'£! ~tatl's. It probably o('C'upi(>(1150,OOO square miles in 1970, 
whell it had ilwaded all or part!:i of III ::)trtes and the District of 
Colulllbia and part of one Pro\'inl'e iT!. Canada. 

Progressivt: Invasion of States 

New Jersey 

The beetle extelllled its range eastward in Xew .Tersey to the Atlan­
tic Oeean in 1!l~(i. It re:whed 1)t'lawart' Bay to the sonth in ID30 and 
px\'ept \'Ot' Caill' ~Ia.r County, \\'\tprl' thp hp:\\'ily forested conntry 
impeded its progn'ss, all of tht' ~tatp south of lntitude -lOO~O' X. was 
{)('l'upil'd by tht' bl'l'tle ..\.ll of Cape ~la'y County was infested in 
lD;~~. By Ul;~:i all of Xpw .Terspy l'Xt'Ppt the mOllntainous northwest 
part ,\'as o{'('upied by the beetle. This part of the State was infested 
in lH-.I::1. (Fox ItU7. it).]':. m.I.I: Hawley and Dobbins 1941)) 

Pennsylvania 

The beetle fll'w across the Del:nYilre Hi\'er from Xew .Tersey and 
f>stablished itself in Pl'nl1sylnl11ia dnring the Sll111mer of 111:20. The 
main lim's of adnlllCe westward were in the Schuylkill Rinr Y.~llley 
and through the tl'OlIghlikl' Cht'ster Ya1ley, which extends diagonally 
neross Chester Connty into Laneaster County. By 11');3:2 the beetle had 
spread O\'er nil of Bueks, ::'Ilontgolllery, Philadelphia, and Delaware 
COllntil's and had 1ll'l1etrHted into Chester, Xorthantpton, Lehigh, 
aIHl Herks COllnties. In l\);~J its l'illlge included most of the open 
rollinp: farming ('ountry Iyin!! east of the lo,,,er reaches of the Snsqlle­
hanna Hi\'pr and sonthl'nst of the ~\.ppa1achian ::'Ilonntains, 

Tht' beetle 11100'ed lip the ~lIsqnl'hanna RiYer Yalley and reached 
llal'risblll'g in 11);37, \\'herp it joined the isolated colony in this area. 
By IflH there had bel'll l'on:;idernble dispersion throngh the open 
('onntry we;it of tIl(' ~us<luehanna Hi\'er and a slight mO\'ement west­
ward in lllost of thl' ~\.ppllla('hiHn ::'Ilountain region. In 1D-.I:~ the 
heNle continued 1110ying westward in the open farming country of 
southern Pl>nni:iyh'nnin and bt'g,\Il to penetrate into the mountains. 
Its mO\'l'ment np the ~l1sq\1ehnllnn Hi\'er reached SlInbury. By 19-16 
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it had monel t hl'ough seyernl gllpS in the Appalachian ~Iountains 
and was e:-l<lbli);;IH'\l to the west of the mountains. 

By 1!1.3~ till' i:;olatl'd ('oloni('s in "'ashington) Belwer, Lawrence, 
.:\[ercel', Butler, .\llegll('ny, 'Yl'stmol'elantl, Armstrong, Indiana, 
Cambria, and ~Ollll'!"sl't ('oul1til':; in. western Pennsyl\·ania had con­
soli(latl'tl an(1 lwd united with the yang-nard of beetles moving up 
the Ohio Hint' Yalll'Y from \\'e:;t ,rirginia. The mo\'ement westward 
nlono' the PC'nnsylnUlin-.Jfal'\'I!lnd bonlel' had aJmost reached 80mer­

~ . . 
set County. In tIll' IlQrth'>l'n part of the ~tate the mO\'ement up the 
north hrandl of the ~llS(lll('lll'tllnn Hin'l' hall passed the Pennsyh'ania­
~ ew York bOt'del', and the mO\'pment along the 'west branch of. the 
rin'l' had ]lPnl'tl'nte(1 into Clinton County, The beetle had not reached 
the nortlwl'll tiel' or ('oullties we:it nt' Bl'lldford ('ounty or the central 
and the l'xtn'lll(' southw(':-h'l'n parts of the ~tate, (lIndley 192:2. 
J.fJJ.~: Fox [fJ.l4: lIn\\'I('~' nnd Dohbin:; !l/.~i): Hawley 1950; ,Yhite 
and 'Wil1<mlllnpublishell) 

Delaware 

TIl(' hl'l'tl(' 11101'('(\ sOllthwnnl from Delaware Connty, Pa" in 1926 
and. oCl'llpie(lll :;1l1nll IH\l't of Xl'W Castle County north of ,Yilming­
ton. By W:H it hlHl 1'(':tej1l'd tIl(' \\'estt'rll suburbs of ,"ilmington and 
had pE;'netmted along the Delawar(' HiyC'!' to below Xl'\\' Castle. Dur­
illg 1!l:3:3 .large swarlllS or beetles flew from the densely populated 
tIn'a in Xew .)erspy Heros;; the Delaware Hi\'el' alid upper Delaware 
Bay into Dl'laware, inC'reasing tIl(' poplllation already in Xe\\' Castle 
('ounty lmd l'xtending their rnngl' :;olltltward to Do\-er in Kent 
County, By 1P;ri the bl'l'fle had spread O\'er milch of the northern 
two-thirds of th(' ~tnt('. TllI~ ('ntlre ~tate except the extreme southern 
Ilftrt of ~USSl'x County was infested in 11).11. The innlsion of De1a­
\\'[11'1.' was completed in lU-t:2. (Fox 19J,v, 19,]2, 19J.~; Hawley and 
Dobbins 1D4ii) 

New York 

The beetle had no diffieulty hl flying acrOSs the narrow Arthur Kill, 
separating Staten Island, X,Y., from Xl'\\' Jersey, and establishing 
itself in the southwestern pl1.rt of the island in U132. It spread over 
all the island in 1£):3:,. 

In 1£)i3;3 large swarms of beetles flew o\'er the Atlantic Ocean from 
l'Ionmouth County, X,.L, and \\'('re washed up dead and ali\-e on the 
::outhern shore of Long IsTnml and on the beaches of Xew ,Jersey, By 
19:33 the beetle had established itself in the western one-fourth of 
Long Island and in the metropolitan area of X ew York City and had 
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penetrated up tile Iludson Bin'I' "alley into ,,'('slchl'stet' COllnty. It 
in\,ps(('(1 tIll' Wl'stPl'n l1!llf of LOl1g Island in l!lH and till' ('neire islal1(l 
l'x(,l'pt the nOl'tlt'l'pntl'Hl Plu't in WIL 

By 1llH thl' bl'etle O('('upil'd 11 II () f \\Testl'!ll'sfl'r, HockIn 11<1, and 
Putnam Counties HIlll the l',IStPI'11 part of OL'allgl' COlIIItyin thl' 
Hudson Hin'l' Ynlll'Y, Dllring thl' Ill'xt :~ .wars it l'Xtl'IHiPd its rnlltre 
westward ill OrnllO'(, County ,tlltl alollg both :;i(\('s of thl' ITnc1son 
Hh"pr illto 1'1S((,1" ~ln(1 Dnt;'Ill'ss ('ollnti('s. Bv. 1\1,1\) it had llloyed, ' 

westward fl'Ol11 Ornngl' COllnty into ~nllinm Connty and northward 
in the 1I11<lson Hi,"el' \Talll',\' into (in'PIIl', Colulllbia, .\l1mJ1Y, and 
Rensselaer Counties. It had Hlso IHO\"l'l1 w('stwllnl in the ~[oha\Yk 
Hh-er Yalley from .\ Ibnny ('ounty i1110 S('hl'neda(ly ('ounty. By 
Hl;")2 the bl'l,tl(' had gone fal'thl'l' north in till' Hndson nil"l'r \~nlley 
into ~1Il"llt()IY,l ana \\'nshinotoll Countil's and fnrthl'l' W('st in t11l'r- r 

j[ol1ilwk Hil'l'r Yalle,l' into ~IonttrOllH'ry County, 
TIll' heetle:; mol"in:,! liP the north \ll'!llH'h of tIll' Susquehanna niH'r 

hud PllSSpd I ill' Pl'nns~·I\'anin·Xl'\\· York uOl'(ll'r by Wid and had 
het'on1l' (lstahlisl1ed in (,Ill'lllung and Tio).!'a Counties in :;oulh'{,l'ntral 
Xl'\\" York. (Fox If).j~: llawlpy llIHI Dobbins l[).~.j: Hawley l[):jO; 

White and'Yi.llHl'llunpubli:;hd) 

Maryland 

Isolated ('olonies of bel't Ie>; hall been fOllnd in ~ [n ryland as early 
ns 1\'l:2G, bu t most 0 r t1H'1ll hall \)(,('11 eli 111 i nated or retn r(led in de,-e lop· 
l11ent by the use of trap:; and in:,ecti('idl:'s (Cory and Lnn:,!fordl[)44. 
ltJ!).j) . 

The b(lptll' innlded )[arylnncl from Chester County, Pa., and Xew 
Castle COllnty, Del., inU):\:l and l'stnblishetl itself in thl:' northeastern 
part of Cecil Coullty at the hend of Chesapeake Bay, By 11);3.) it had 
occupied practically all of (\l('il COllnty and had 11101-Nl IH'stw:lrd 
into Harford COllnty on til(> ~rarylalld-Pennsylnlnin bordl'l" and 
sOllthwanl into Kent County on tl1l' PlIstC'rn "iele of the lmy, D1ll'ing 
the next ." yC'nrs it o('('upietl nil of ('ecll '1ml lIarford Connties. It 
mOl'eel from II:U"forcl County throlltrh the sOllthel'1l part of Baltimore 
Connty into the };:Jl'thel'l1 p:lrt of ~\nl1(' ~\rllnclel County, and it 
extended its runge >;ollthwarcl through Kent COllnty into Queen 
~\nnes and CnrolilH' ('0\111til':'. By 10+:} the beetle occupied all of 
Queen .Annes, Caroline, Talbot. ~"ol'('e:'tel', lind Somerset Counties 
and all but a small part of Dorchester and ~ricomico Counties on the 
east side of Che:;apeake Bny, lind on the west side of the bay it oc­
cupied all of Baltimore, Howard, Anne Arundel, and Prince (ieorges 
Countil's and IIwst of ~Iol1t:,!ol11ery ('o\lnt~' lIlHI !tad penetrated into 
Chnrles C0l11lty. It had mOI'ed westll"lHcl from Baltimore County 
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and ocpupied tlll of Carroll County. It had a.lso moved from ~lont­
gomery County up the Potomac Rh-e.!· Yaney into Frederick and 
,'~ashing-ton Counties in the Blue Ridge Mountains. 

By 1\)40 the beetle had spread over all of Maryland, except Gar­
rett and Allegany Counties in the extreme northwest. and the southern 
part of St. )[llrys County on Chesapetllm Bay. Three years later only 
Garrett County had not been invaded by the beetle. (Haw.ley and 
Dobbins 19.45; Hawley 1950; ,Yhite and Willa.rd unpublished) 

Connecticut 

Several isolated colonies were found in Connectkllt as early as 
1£)26. In 1937 the beetle moved eastward from ,Yestchester County, 
N.Y., in~l) the sOllthwestern part. of Fairfield County. By 1941 the 
beetle occupied the western half of Fairfield Count.y and had spread 
along tlH~ coast into Xew Ha,-en County. Two years later the beetle 
occupied all of Fairfield and New Hln-en Counties. It. had moved 
northward from Fairfield and Xew HaYen Counties into Litchfield 
County, eastward fro111 Xew HIl\'en County into Middlesex Connty, 
anel east \Yard from Hartford County into Tolland County. It occu­
pied all of the Connecticut River Yalley from the coast to the 
Connecticut-~Iassachusetts border. 

By HHD the beetle had spread over all of Connecticut except ptlrts 
of Litchfield, ,Yindhanl, and N"ew London Counties. In 1952 only a 
small part of Litchfield County in northwestern Connecticut had not 
been inradecl. (Britton and Johnson 1928; Hawley and Dobbins 
1945; Hawley 1.950; White and ,'"'illard unpuhlished) 

District of Columbia 

There was a· vigorous isolated colony of beetles in ,Yashington, 
D.C., in 19:27. The advance guard of beetles moving throug-h Prince 
Georges Coullty,;\Id., merged with this colony in 1941. (Hawley 
and Dobbins 1945) 

Virginia 

The beetle was first found in Virginia in 1928 in the Potomac 
Railroad yards south of \\""llshington, D.C. Several important. isolated 
colonies clenloped ill Virginia during the next few years. In 1939 
the beetle begnn to 1110\'6 from the District of Columbia, into Fairfax 
County. 

During the next 3 years the beetlespl'ead over all of Fairfax 
uncI Loudoun Counties and most of the adjacent Prince ,Villiam 
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C()tmty. By UH9 it occupied all of Prince ,Yllliam Connty and had 
spread southward and occupied all of Stafford and King George 
County and parts of Spotsyh'ania, Caroline, and ,Yestmorehnd 
Connties. It had spread westward from Prince ,Yillinm County 
through a part of Fauquier County into Culpeper and Hnppahannock 
Counties and from LOlldoun COllnty through Clndn' County into 
Frederick: County. By 195:2 the. beetle. o('('upiecl most or the ('onnt1es 
in enstem Virginia, and it had mon'd southwesterly from Culpeper 
County throngh Ornnge and Albermarle Counties into Xelson COlln­
ty. (Hawley and Dobbins 1tJ!,5; French et a1. 1949; Hawley 1950; 
White and Willard unpublished) 

Massachusetts 

The nmguard of beetles moving up the Connecticut Hi\'er Valley 
crossed the Connecticnt-~lassachllsetts border and merged 'with the 
colony in Hampden County in 19-1::2. The beetle continned to moYe 
northward in the yalley, passing through I-bmpshire County into 
Franklin County in ID-1:G and renching the border between ~lnssn('hn­
setts and Xcw IInmpshirc and Vermont in 19-1:9. 

In eastern ~1nssn('husetts the beetle Il1m'ecl from Rhode Islnnd into 
the. northwestern pnrt of Bristol County in 19-1:6. Dnring the next :1 
yenrs it occupied n11 of Bristol County and penetrntecl into K odolk 
Connty to the north and Plymouth County to the east. By 1951 it 
occupied about one-half of Xodolk and Plymouth Connties and it. 
hncl spread from Xori'olk County into the southenstern pnrt. of 
,Yor('('ster ('ollnty nnd the sOllthe~'n part of Suirolk County. In 1952 
it o('('upied nil of ~lIn'olk County and spread northward into ::\1id­
elleRt-x and Essex COllnties. (IInwle~' l[);j(}: 'White nnc1 ,Villnrd 
unpnulishec1 ) 

West Virginia 

fiome isolated ('olonies had been ill 'Yest Yirginia since 1932. In 
11)·1-1: the beetle mon'll from Cia rke and LOll(loull Counties in \,"ir­
ginin into ,Jefferson County. During: the next 5 yerl's it o('cupied nIl 
of JeU'erson and Berkeley Counties and penetrnted into ~[org:nn 
County. By 1951 it h:ld 111m'ed westward in the "alley of the north 
branch of the Potomac Hinr into Hampshire, JIineral, and Grnnt 
Connties. Isolated colonies had been in northern ,Yes! Yirginia for 
mnny years. In H15:2 the Y:1l1guard of beetles mo\'ing westward from 
Ornnt COUJlty met and merged with these colonies and thus extended 
the nntural distribution of the beetle to and lip the Ohio RiYer Yal­
ley. (Craig J[J45: Hawley If).jO: White and Willard unpublished) 
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Rhode Island 

In HHG the beetle mo,'ecl from Xew London County, Conn., 
through "'ushington County and merged with the· eolony in Xl'\\'­
port County. By 1£)50 all the State was ort'upied by the beetle except 
u, few areas on the Hhode Islnnd-Conneetirut border. The entire 
State wus occupied by the beetle in 1H51. {Hawley 1950; ,Yhite and 
,Y.illard un pu blisheel) 

New Hampshire and Vermont 

The lll'('tlt" lllo\'ing lip the Conneeti{'llt Ri,-er Ynlley rearheel the 
border between ~[il~~aehllseth, and xC'\\' I lampshil'e and Yermont in 
l!l·Hl and i>." lD:il 11tHl llwt and Illt'I'gl'd with thl' ('olonies in Cheshire 
County, X.H., and in "'indham County, Yt. It extended its range 
in lllJ~ thl'ollgh CIH'shil'p and Sullinl1l Counties into (irafton COllnty 
in Xl'W Hnmpshit'l' and tht'ollgh"-inc1hum County into 'Yinc1sol' 
County in Yermont. (White and "-illnrd unpublished) 

North Carolina 

Then1l1gllard of beetles mm :ng southward from Xorfolk County 
in Yirginin. in 1!l5~ met and mel'gecl with the colonies in northeastern 
Xorth Carolina. By tile, end of the summer it occupied much of 
Cnrrlturk, Camden, Pasqnotnnk, Gates, Perqllimans, Chowan, Bertie, 
l'IIurtin, 'Yashington, Tyrrell, Beanfort, and Hyde Counties. C\Yhite 
and Willard unpublished) 

Ohio 

By the end of the slimmer of 19.,\,0 one or more isolated colonies 
of beetles had bC'en found in .J! of the !-is eonnties ill Ohio (Po1i,-kn, 
j[)(jO). In H)3~ the "!lngnard of beetles mo,-ing up the Ohio RiYel' 
Yalley from 'Yest Yirginin Illet and merged with the colonies in 
eastern Ohio. It also spread arross the yalley from PennsylY:lIlia 
und merged with the eolonies in Trumbull and ~Iahoning Counties. 
t,Yhite and ,Yillnrd unpublished) 

ARTIFICIAL SPREAD 

United States 

The adult beetle is more likely to be rarried from the infested area 
by fruit and ,·egetabh.'s und the immnture stages in soil about the 
roots of plants than by any other commodity. Federal Quarantine 
·Hi was promulgated in 19:20 to reg-ubte the interstate movement of 
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all agricultural products. The States occupied by the beetle es­
tablished qunrnntines to supplement the Federal quarantine and 
regulate the, intrastate mlwement of these products. The quarantines 
were wry efl'eeth-e in pre\-enting the artiflcial spread of the beetle 
by agricultural products, but they did not regulate the 1110\-e111ent of 
other articles of commerce. 

There was always the hazard of heetles hitdlhiking in prh'ate 
cars, trucks, railroad cars, ships, and ail'plnnes and esca.ping when 
their COI1\'eYlll1Ce reflchec1 its destination, TI'11C1\:S and railroad cars 
carrying agricultural prOduct8 were fumigated or treated with an 
insecticide dust dming the flight of the adult bl'etle, but treatment 
was not used in trucks and railroad cars carrying other procluets, 
Insecticides were applied to airpll1l1l's lell\'ing infested airports when 
ndult beetll's were present. Althollgh the opportunity for the Ill'ti­
fieinl spread of the beetle in this mnnner at times seemed to be great, 
the establishment of isolated colonie" at remote places did not 
seem to be. in proportion to this hazard, 

The CS, DepRrtment of Agriculture in cooperation with State 
agencies has operated traps for many years in the vicinity of freight 
YIlt'(ls, tl'lIC'k dl'pots, lIirlichls. lind othel' plnees throughout the country 
",here tJl'etles might he carried ncrickl1tally. 

In 1030 when the beetle had spread nntl1l'a.lly oyer 5,700 sqnare 
miles in Xcw .Tersey, Pcnnsylnl11in, and Dela"ware, it was found at 
61 localities beyond this area-nine in Connecticut, five in ~rassa­
ehusetts, three in Rhode Island, foUl' in Xcw York. 15 in Pennsyl­
vania, two in Delaware, 10 iu ~Iaryland, 1:2 in \~irginin, and one in 
the District of Columbia, The most remote of these discO\'eries was 
at Xc,,, Cnstle, Pa" an airline distal1ee. of approximately 285 miles, 
(Hadley and StocbYe1l1931) 

The more remote points at ",hieh the beetle was discovered in 1931 
included Boston, ~Jnss. (:270 miles), Buffalo, x.y, (290 miles), 
Columbus, Ohlo (...1:30 miles). Riehmoncl, Ya, (250 mill'S), and 
Charleston, S,C, t575 miles) (Fox 1932), 

In 1933 when the beetle had spread natmany oyer 8,800 square 
miles in Xl'''' ,Tersey, Pennsylnlllia, Delaware, Xew York, and 
~rarylanc1, there were 3;30 loealities beyond this area where beetles 
had been diseo\'et'cd prior to and dming that summer, including two 
localities in :\[aine, fom in Xew Hampshire, {h'e in Yermont, 30 in 
~Iassachusetts, fom in Rhode Island. ~;-i in Connecticut, 56 in Xew 
York, 17 in Xew ,Tersey, 7R in Pennsyln1llin, six in Ohio, one in 
~Iichigan, six in ,Yest Yirginin, 57 in ~[arylnnd, seven in Delaware, 
16 in Yirginia, 1{ in Xorth Cnrolina, and two in South Carolina, 
(Fox 1934) 
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In 1943 when the beetle had spread naturally over 29,200 square 
miles in New Jersey, Pennsylvania. Delaware, New York, Maryland, 
Connecticut, the District of Columbia, Virginia, and Massachusetts, 
there were 581 localities beyond this area where beetles had been 
discovered prior to and during that summer, including 17 localities 
in Maine, seven in New Hampshire, 10 in Vermont, 45 in Massa­
chusetts, 19 in Connecticut, nine in Rhode Island, 72 in New York, 85 
in Pennsylvania, 76 in Ohio, 10 in :Michigan, 17 in Indiana, nine in 
Illinois, one in Iowa, one in Missouri, two in Kentucky, three in 
Tennessee, 28 in Maryland, is in Virginia, 40 in ",Vest Virginia, 36 
in North Carolina, eight in South Carolina, nine in Georgia, three in 
Florida, and one in Louisiana. (Hawley and Dobbins 1945) 

In 1949 when the beetle had spread naturally oyer 47,910 square 
miles in New Jersey, Pennsylvania, Delaware, New York, l\faryland, 
Conneetieut, District of Colnmbia, Yirginia, :Massnchusetts, ",Vest 
Virginia, and Uhode Island, there were 5iO localities beyond this area 
where beetles hnd been d isconred prior to and during that summer, 
including 1 i in )[aine, Se\'en in New Hampshire, 11 in Vermont, 29 in 
)Iassaehllsetts, scnn in Conneeticut, 73 in New York, 74 in Pennsyl­
vania, 76 in Ohio, 15 in )Iichigan, 17 in Indiana, 10 in Illinois, one 
in Iowa, ont> in Kansas, one in ::'\Iissonri, three in Kentucky, five in 
Tennessee, nine inl\Iaryland, 85 in Virginia, 45 in ",Vest Virginia, 58 
in North Carolina, eight in S{)uth Carolina, 12 in Georgia, five in 
Florida, and one in Louisiana. (Hawley 1950) 

The beetle was found at one locality in California in 1961 (Gam­
mon1961) . 

Even with the quara .. tine restrictions it was not possible to pre­
yent all the artificial dispersion of the beetle. At many isolated locali­
ties whers one or a few beetles were discovered, no beetles were 
fOl1nd in subsequent. years or the increase in the population was so 
slow that the insect was of little economic importance. The applica­
tion of insecticides to the soil and to foliage eliminated many newly 
established colonies or greatly retarded the normal increase in the 
population. At other isolated localities dgorous colonies developed. 
Some of these colonies spread O\'er 1arge areas and beetles became 
numerous enough to seriously damage foliage by their feeding. 
(Hawley 1950) 

In 1958 a suryey south and west of the area then regulated by 
Federal and State quarantines showed that isolated colonies of beetles 
occurred in 13 States-Georgia, Illinoi'1, Indiana, Iowa, Kentucky, 
Michigan, ~Iissouri, North Carolina, Ohio, South Carolina, Tennes­
~e, "Virginia, and ",Y"est "Virginia; no beetles were found this year 
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in 'Visconsin. The colonies in North Carolina, Virginia, and 'Vest 
Virginia were too extensive and complex to determine their bound­
aries. It was estimated that colonies of beetles occupied 1,338,000 
acres in South Carolina, Georgia, Kentucky', Ohio, Illinois, and 
Indiana. A relatively small infested acreage was found in Iowa, 
Michigan, Missouri, and Tennessee. (Gentry 1959) 

Canada 

B~t1es were found in large numbers in 1944 in a rose garden in 
Halifltx , Novia Scotia, adjacent to the ship terminal. The colony 
was a.pparently started by beetles hitchhiking on ships from the 
United States. Although not reported pre\'ionsly, the beetles appar­
ently had been there for several years. Thr application of insecticides 
to turf and the use of foliar sprays were etrecti ve in eliminating them. 
No beetles have been found since 1953. 

Bermuda 

In July and August 1938 many beetles invaded ships plying be­
tween New York City and Bermuda, while the ships were in dock 
at New York, Ilnd when they proceeded down the New Jersey coast. 
~rany dead but no living beetles were found on the ships on arriyal 
at Bermuda after a voyage of 2 days. CWaterston 1938) During the 
summer of 1939 two liYing beetles were found in aircra.ft and six 
near the docks; one dead beetle was found in a trap CWaterston 
19.40). In 1940 one beetle was caught in a garden near the docks and 
two living beetles were found on a ship from New York City ('Vater­
ston 1941). In 19H two liying beetles were found on a ship from 
New York City and another on a ship from Philadelphia, Pa., but 
no beetles were cllught in traps set throughout Bermuda ('Vaterston 
1942). 

N a further interceptions of beetles were made until 1946, when 
living beetles were found in aircraft from New York City and 
Baltimore, Md., and on a ship from New York <,Vaterston 1943, 
1947). During 1948 and 1949 living beetles were found in ships and 
in aircraft arriving from the United States, but none were captured 
in traps set up throughout the, island (Bedford 1949, 1950). 

Although living beetles were intercepted on ships and in aircraft, 
there is little possibility of the insect becoming established in 
Bermuda because of its yery dry summers. 

http:aircra.ft
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Europe 

BOlleke VOll!) reported that o('casionally large numbers of lidng 
beetles weL'e remOI'ed from ('il'il and military airel'll!t arri\'ing in 
Europe from the rnited Stat{'s, The, possibility of the insect being 
introduced inl'o Europe has inc-reasecl with the· volume, speed, and 
range of international ayiation, but so far no permanent ('olonies of 
the beetle iuwc been cliseoverecl in Europe. 

Bused on moistUrL' and temperntnre rcclldrements for the de\'eloll­
111('l1t and :>ul'ri,':d of the beptil' (:>('l' p. Oi), Bomke (li}{l!) conclllded 
thnt there is little possibility of the insect becoming estnbl ished in 
the :\Iecliterrunean region because of the lack of summer rainfall 0i' 

in the rnitecl King-dom. Ireland, and continental Europe north of 
about latitude 5;3 0 N. because the summers are too cool. In central 
Europe south of this latitude the normally light precipitation during 
the summer, except in the. fertile "alleys of the mountaInous areas, 
would inhibit the establishment of the. insect. The climate most 
suitable .for the estnblishment of the beetle occurs in centml France, 
<;ollthern Germany, and parts of Switzerland, Austria, Czechoslo­
valda, Hungary, Poland, and Romania, where summer rainfall is 
abundant and temperature is fa \'orable, 

PROBABLE ULTIMATE SPREAD 

IN NORTH AMERICA 


The establishment of the beetle at many points in the eastem one­
third of the Cnited States demoll5trntes that. the insect is generally 
adapted to the ellvironmental conditions of this region, The climate 
hero more nearly duplicates that of the insect's native Japan 
than in other regions, There is mucl; interest in how much farther 
the heetle mig-ht spread in the Xorth American Continent. 

The most obdolls elwironmental factors modifying the spread of 
the beetle, a subterranean insect for most of its life, are the tempera­
ture and rainfall. The predictions of Fox (1989) 011 the ultimate 
spread of the beetle. were based on the temperature and moisture 
requirements of the inReet (~ee p. Hi) and on a comparison of the 
climate of Japan with the climatic conditions of the 'United States 
and CanlHIa, The ult imate. spread of the beetle. in this continent is 
discussed further by Hawley (195fJ) and Fleming (J968a) , 
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Eastward 

The Atlantic Ocean is an insurmountable barrier to the eastward 
spread of the beetle, 

Northward 

It waS predicted that the northern limits of the beetle's spread in 
the eastern half of the rnitecl States would probably be in the 
more elevated sections of northern Xew England and Xcw York and 
in extreme northern :Michigan. In these areas where precipitation is 
normally adequate throughout the year the northward spread is less 
likely to be inhibited by the se\'erity of the winters than by the cool 
summers, The normal protecti\'e ";)\'e1'ing or snow in the winter tends 
to keep the subterranean habitat of the grub well within the limits 
of its cold tolerance. The low temperatures of late spring and early 
summer so l'etard the development of the beetle that emergence and 
egg deposition can hardly occur before AU~'1lst 1. Although the eggs 
might hatch, it is unlikely the young grubs eonld SUlTiYe. Xo beetles 
have been ronnd in these aretlS, but beetles have been found in the 
upper Connecticut Ri\'er Yalley in Xew Hampshire and Yermont, 
along the shores of Lake Champlain in '''er1110nt and Xew York, and 
along the, St. Lawrence Ri\'er in Xew York. The beetle has some 
difficulty in sUl'\'idng in this northel'l1 area. Although the popula­
tions were light, beetles could be round easily some years but were 
,'ery scarce or absent other years. 

Elsewhere in the East it was predicted that the beetle was likely 
to extend its range across the border intCl the southern parts of the 
Canadian Prodnces of Ontario and Quebec. Xo beetles were fonnd 
in Canada in 1934: (Sheppa rd 19.]5). During the 1040's the beetle 
spread from western Xew York and southern )Iichigan into the 
Niagara peninsula in southern Ontario pIcLaine 10.'12; Sheppard 
1943). The beetles were eliminated by the use of traps and insecti­
cides. Since, then beetles hll"e been ronnd occasionally in the penin­
sula and along the, St. Lawrence Ri,-el' west of )[ontreal in Quebec. 

It was predicted that the beetle could not become established in the 
region lying west of and in the snme I!eneral latitude of the Great 
Lakes and extending to the )Iissollri Riwr. This region includes 
much of ,"i:;eonsin and the nOl'th!;'l'll half of Iowa, )[innesota, Xorth 
Dakota, and South Dakota. In the winter the precipitation is lil!ht 
and there are prolonged periods or "ery low temperature. During a 
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prolonged period of subfreezing temperature coinciding with the 
absence of snow, the soil would progressively freeze und the temper­
utures would be lowered to the limit of cold tolernnce of the grubs, 
resulting in practical, if not complete, extermination of the insect. 
The beetle has not become estnblished in this region. 

'Vestward 
It was predicted that the beetlC'. would llkely extend its range 

westward from the Appalnchinn J[ountllins into Kansas and N'ebras­
1m to about the lOOth meridian. Since the slimmer ra infall in this 
region is less than 011 the ~\tlal1tie seaboard and droughts tend to be 
more :frequent Itnd seYt're, the beetle may }1t\\-e. some difliculty in 
becoming established and the populations are likely to increase 
slowly. It has become established in Kentucky, Tennessee, Ohio. 
southern ~Iichig:m, Indiana, Illinois, southern Iowa, and eastern 
Missouri, and it. has been found in southern 'Yisconsin and eastern 
Kansas. 

The semiarid rC'gion w('sl of the lOnth meridin!'t to the high 
mountain ranges, including westc l'Il Kansas, westem Nebraska, enst­
ern Colorado, and eastel'D '\~yollling. is practirlllly an insurmountable 
baLTier to the westward spread o:f the beetle. The. country is so dry 
during the snnuner that. the beetle· could not sUl'\-in~ except in irri­
gllted areas. The, beetle hns not been found in this region. ""'ith this 
barrier it can reach the more westl'rly parts of the conntry only by 
being carried thC'\'e by man. 

The rainfall in summer in the higher m01lntain ranges, such as 
the Rocky ~[onntains and thl' Cllsrac1e Range. would be sutHrient for 
the de,'elopment of eggs and young grubs, but the ]ow slimmer 
temperatures at slle'h altitudes w01lld probabJ~ p~'eclnde the beetle's 
establishment. 

The Great Basin, bounded by the Sierra N'eyada Mountains on 
the west, the Columbia Plateau on the north, and the Rocky )Ioun­
tains on the east, includes the western part. of rtah, almost all of 
N'eynda, and contiguons parts of Idaho, Oregon, and California. The 
drainage from the high mountains on the east and west flows into 
various basins to form lakes, which llre saline because of the concen­
tration of minerals, In the slimmer this region is warm to hot and 
there is no precipitation. It is a desert except the irrigated areas 
along the streams and at the base· of the mOllntains. Its eastet'll border 
is one of the. principal irrigated districts in the rnited States. 
Wfiere the SUl11ml'r temperature is f:n-orable, the irrigated areas of 
the Great Basin appeal' to be desirable for the establishment of the 
beetle. 
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It was predicted that the scanty rainfall on the 1'<icific coast in 
the summer would make the beetle's establishment difli.cult. The cool 
summers of northern California, western Oregon, and western ,Yash­
ington are also unfavorable. In central and southern California, 
where temperatures are more favorable, e..~tensive irrigation makes 
large areas suitable for the beetle. The beetle was ca,rried to und be­
came established in Sacramento, un oasis in an arid land, but the 
use of traps and insecticides eliminated the colony. 

Southward 

It was predicted that there was no climatic barrier to the spread 
of the beetle southward along the Atlantic coast into Florida, and 
along the gulf coast into .Alabama, Mississippi, Louisiana, and 
eastern Texas. Since the beetle cn.n pass through its complete life 
cycle at 27.5° C., the mean summer temperature of southern Florida 
would be no obstacle to its establishment. ,Yith copious ra,infall, 
especially in the warmer half of the year, and temperatures rarely 
falling below 10° in the winter, the beetle not only would be able to 
survive. but probably would ha\'e two generations a year. 

Although beetles were found at se\'eral 10ca1ities in South Caro­
lina, Georgia, Florida, and Louisiana. yigorous colonies l1[tve de­
\'elo!Jed only in the mountainous areas of western Sonth Carolina and 
western Georgia. The mean summer temperature near the southern 
extremity of .Tapan is 25° C. In the Southern States the dgorous 
colonies are neal' or north of this isotherm; south of the isotherm 
the beetle failed to become established or the colonies are. relatively 
weak. The summer isotherm of 25° is about the southern limit of the 
beetle's spread. 

SUMMARY 

Little was known about the biology of the Ja,panese beetle (Popil­
lia japonica Xewman) when it was discovered in southern New 
Jersey in 1916, probably because it is t"L pest of minor importance in 
its native Japan. In the L'nited States the adult seriously damaged 
orchard crops, small fruits, certain field crops, and ornamental trees 
and shrubs. The grub destroyed large areas of turf in ]a,wns, golf 
courses, and pastures and injured the roots of other plants. 

The adult beetle is metallic green with coppery brown elytra, which 
do not cover the abdomen completely and expose a row of five spots 
of white hairs on each side of the abdomen and a pair of white spots 
on the dorsal side of the last abdominal segment. These white spots 
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distinguish the beetle from all other beetles that resemble it. The 
sexes are separated by slight difrerences in the shape of the tibilt 
and tarsus of the prothoracic legs. The mature grub is creamy white 
with a yellowish-brown head. Aft('r feeding, the !1.ccllmlllation of 
fecall11atter in the hindgut gi\'es the posterior part of the abdomen 
a grayish to black appearance. The grub is distil1~uished from other 
scarabaeoid grubs by It V-shaped arrangement of spines on the rast('r. 
The three larval iristnrs nrc separated most, readily by the size of 
their heads. The digesti\'e, respiratory, circulatory, nnd reproducth'e 
systems of the insect are discussed. 

The cycle of embryogenesis nnd the biochemical changes during 
embryonic development are d('scribed. The egg must absOl'b moisture 
ns a prelude to und durillg embryonic development. Ko eggs hatched 
below 15

0 
, and 34° C. wns neal' the upper limit for deYelopment. 

The range of temperature :fol' the (h~\'elopmellt of the beetle from 
egg to adult is betw('en 1i.5° nnd n.5° C. The average weight during 
postembryonic development at 250 illcreased from 2.8 mg. with the 
newly hatched grub to 2iO.k mg. with the mature third-instal' grub, 
and then it decreased to 25{.5 mg. with the prepupa, 231).6 mg. with 
the pupa, and 150.{ mg. with the adult. A close relationship exists 
between the weight of the grub and the ,"olume of its cells but not 
with the number of cells in the body. 

Only first-instal' grubs that have fed sufficiently to accumulate n. 
reserve of food are able to hib('rnate oyerwinter. Sccond- and third­
instal' grubs, the o\'erwintering stages, are adn.pted to withstanding 
long periods of inactivity at temperatlll'es below the c1eyelopment 
threShold, except ",11('n the alimentary tract is cleared for molting. 
Hibernating grubs are. killed by prolonged exposure to -9.4:° C. 

The immature stages nrc adapted to li\'ing in moist soil and ap­
panmtly lack the ability to CO!1sen'e body moisture. The fatal limit 
in the loss of weight by desiccation is 50 percent by the grubs, 44 
pereent by eady prepupne, a·l p('r('ent by late prepnpae, Ilnd 31 per­
cent by pupae. 

The life cycle of the beetle is eompleted in 1 year in most. areas 
where it is established. Beetle emergen('e is retn.l'Clec1 progressh-ely 
from the southern to the northern part. of the infested area. Beetles 
begin to emerge from the gr(,lInd the third week of ::\Iny in cCntl'!tl 
Korth Carolina but not until the first week of July in sonthern New 
Hampshire and southern Vermont. 

Most of the beetles emerge from the ground in the morning of 
clE-Alr warm days and usually climb on low-growing plants Ilnd l:est 
before flying. The length of life depends 011 the em'ironment, but 
the 110rmal .lifesplln is 30 to 45 clays. 
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Mating usually takes place 111 the early morning- or eyenin~ on 
plants, but it may occur 011 the ground. The female usually mate.;; 
between t!l('h oYiposition period. Coitus nmy be brief 01' prolong-eel 
10), seyera] hours. The promiscuousu'.'s,; of the beetle undoubtedly is 
of importanee in maintaining the l'lIl'inll'l1l1rtleteristies. 

The. female beetle tench, to depo:,;it her eggs in a suitable site in 
the proximity of the plant upon whieh :-he is feeding. The type of 
~rouncl eoYer nlfeets the e\\oiee of tilt' site. ~he burrows into the 
gt'ound in the afternoon and clpposit,; an egf,! at three or more sites. 
She may emerge from thl' soil in the mOl'l1ing or prolon~ her stay 
in the, soil Jor :') OL' -1- clays. After emerging- and spenc1inf,! 1 or morc 
dnys feeding- nnd matinf,!, she l'etl1l'ns t(\ the soil to (h'posil: another 
eomplement of egg'S. rSllally :L female lnys -to to GO eg-gs durin~ her 

life. 
On clear Sllmmer days when the tempemtlll'e reaches about 21 c:. C. 

[lnd the 1'elati\'e humidity is below no percent, heetles beg-in to fly in 
all directions. The flif,!ht is s\\,Hyinf,!, undnlating, and aimless, exeept 
in response to C'l1emieal stimuli 01' fooll plants, and there is a tendency 
to drift with the win(1. ~[ost of tllt' flight::. nrc [or Hhort c1istanee~, 
but the beetle iH eapabk of flyinf,! 5 miles with the wind. 

The be('th' is n polyphytophngoll::' insect. 1t i::. pHrticularly nttmetNl 
to eertn i n SP('C ips 0 t' .\('(,nlcen(', .\n:\(·a nli [1 (,(,:I£>. Betl1lac('ae, C'lethra· 
cene, EricaC'ene, Fnf,!Hceae. Grnmineae, llippocnstanaceae, .Tngland­
aceae, Lanraeeat', Leg-nminosne, Lilinct'ae, Lythrnceae, ~rnIYnceae, 
Onagmce~e, Plntnnaeene, Polygonflceae. Ros:le-eae, S!llicae-ene, Tili­
ne-eae, rlmaet'ne, and Yitnl" ,Ie. Odor is probnbly the most important 
factor in tllp beetle's Hl'lpction 01' It plant, but lwing- :t g-l'egarions 
insect, it t('nt1s nlso to :dig-hl Oil pbnts upon whieh other beetles art'. 

feelling. 
Of the .1:')3 species or plants classified nC'corcling- to their susceptibil­

ity to attnck hy the beetle, the beelle has not been obselTed feeding­
on 1400 species. It oe('nsionnlly injures 1:2:2 species lightly, particularly 
in areas of dellsP population. It genernl1)' injl\l'es (ii' species 
lig-lltly. :in Hpel'ieH llloderately, nn(1 -1-1 species seYl'rely, often cansing 

defollation. 
,Japanese beetles prefer to feed on plants exposed to the direet 

rays of the sun, beginning- to feed f.:' die top of a p1nnt, reg-Heelless 
of its height. and working downward. Feeding- is most extensiye on 
clear summer clays when the tempel':ltl1l'e i::; between 210 and 35° C. 
and the relath'e humidity is abo\'e GO percent. There is little feNling 
on cloudy or windy clnys and no feedillg- on rainy days. 

Beetles feed on rhe upper sudn('e of the foliag-e of most plants, 
ehewing out the tissne between the \'eins and leaying a lacelike 
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skeleton. They (,lit the ll1attn'ing silk of corn as it grows and feed 
on the developing kernels. They feed on ripening fruit until all that 
is edible is consumed. 

During the first week or 10 days afte!' beetles begin to emerge 
from the ground, feeding is confined to [ow-growing plants. Then 
they mo\'e from low-growing plants to fruit and shade trees. As the 
leay~s on the trees become less at ~ractiye, the beetles lea,'e the trees 
and become abundant on flowers then in bloom and in fields of corn, 
Rsparal:,ll.lS, and clo\'er. 

During the summer practically all the grubs in (Uri are within 4: 
inches of the soil surface. As the surface layer cools to 15° C" the 
grubs begin to 1110,'C downward, .1foyement ceases when the tempera­
!tn'c reaches 10°. 3Iost of the grubs hibernate 2 to 8 inches below the 
surface. As the gl'Olllld warms in the spring, the grubs begin to move 
toward the surface. During ::\1ay and June. practically all of them 
are within 4 inches of the surface, The ~rrubs go deeper in cultivated 
land than in turf. 

Cl'11bs feed on the roots of a wide variety of plants. The feeding 
may not be suspected until the plants are. badly damaged. 

During 1920-:W the area occupied by the beetle was almost spheri­
cal in shape with a ,ery densely populated central core surrounded 
by It zone where the. population decreased progressively until it 
was \'ery light at the periphery. The size of the area increrlsed each 
year. ""hen the population in the central core began to decrease, (1, 

dense popu latlOn developed in It slightly broken band surrounding 
the core. These densely populated spots moyed ontward and continued 
to denlop at the more fa,'ored sites. As the beetle spread, the out~ 
line of tIle inf.ested area becl1me slightly arcuate and finally very 
irregular with prominel1'~ arms extending up the riYer yulleys. 

The natural spread of the beetle is affected lIn'gely by the topog­
raphy of the land, the direction of the wind, and the temperature 
and rainfall. The spread is facilitated in nearly 1e,'el or gently roll­
ing country, such as on the coastal plain and in the riYer valleys, 

The beetle is adapted to a country where (1) the mean soil 
temperature during the summer is between 17.5° and 2i.5° C., (2) 
ih~ soil temperature dming winter is abon~ -9.4:°, and (3) the pre­
cipitation is adequate and rather uniformly distributed throughout 
the year, a ,-eraging not less than 250 mm. during the summer, 

The area occupied by the beetle increased from not more than 0.5 
square. mile in 1916 to 76,604 square miles in 1952, and probably 
150,000 square miles in 1970. The beetle has spread largely by its 
own efforts O\'er all or parts of 19 States, the District of Columbia, 
and part of one Canadian Prodnce. 

http:Rsparal:,ll.lS
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It was carried also to more distant points by man. Although the 
Federal and State qunrantines were yery effective in preventing the 
artificial spread of the beetle by agricultural products, they did not 
regulate the movement of other articles of conunerce. In 1949 when 
the beetle had spread natumlly over Ji ,9l0 square miles, there were 
570 isolated localities beyond this area, where beetles had been dis­
covered. It did not become established at many of these localities, 
but at some places yigorOlls colonies developed. 

The 1939 prediction on the probable ultimate spread of the beetle 
in North America has been largely confirmed. The northem limits 
appear to be in the elevated sections of northern N'ew York and 
New England, in extreme northern Jfichignn, and in the region lying 
west of and in the same geneml latitude of the, Great Lakes and 
extending to the Missouri Rh·er. The western limit appears to be 
about the 100th meridian. Beyond this meridian the semiarid region 
is practically an insurmountable barrier. The beetle can reach the 
Pacific coast only by being carried there by man. It has not become 
established in Florida l'nc1 along the gulf coast as predicted, because 
the summer isotherm of 25° C. appears to be about the limit of its 
southern spread. 
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