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INTRODUCTION 

The spindle worm or eld~r borer (Ao7w,todes zeae Barr.) is pri g:s marily a pest of the elder shrub (Sambucus [Tourn.] L.) but has 
en been recorded (7, p. 318/4, p. '{"91)4 as injurious to corn plants. The 
;:. first report of this insect as injuring corn was made by T. W. Barris 
-:-I of Massachusetts in 1841 (7, p. 318). Be referred to the species 
. " known to our farmers as the spindle worm" and said thfLt "the in
O:::sect receives its common name from its destroying the spindle [tassel] 
~of the Indian corn" just before it becomes visible above the envelop

. 	 ing tuft of leaves at the top of the plant. The writer has searched 
for A. zeae in various plants growing in close proximity to infested 
elder clumps but has failed to find it in any plant other than elder. 

The investigations reported in this bulletin were conducted from 
the European corn borer laboratory at Toledo, Ohio, most of the 
field observations b!:ling made in the district immediately surround

'AohatodcR zooe (Flarr.) ; order Lepidoptera, family Noctuldac. 

'Mr. Silver was transferred to the Bureau of Plant Quarantine on Apr. 16, 1931. 

• The wrJter Is greatly Indebted to D . .T. CaJrrey, of the Bureau of Entomology for his 

Interest, enthusiasm.:.. helpful suggestions, and Instructive erltlcl!lm, and to Carl Helnrlcl),
W. R. Walton, and rhllip Luginbill, of the same bureau, for their corrections and sugges
tions. Acknowledgment of assistance from others Is made at various placeB throughout
the bulletin. 


, italic numbers In parentheses refer to Literature Cited, P. 18. 

150932°-33--1 	 1 
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ing that point. The study of this insect was made because vf re
ports that it attacked corn ancl because the larva is sometimes mis
taken for the European corn bvrer (Pyrausta nubilalis Hbn.). 

CHARACTER AND EXTENT OF INJURY TO CORN 

The following quotation is taken from a description by Harris 
(7, p. 318-319) of the injury caused by this insect to corn: 

This insect receives its Coml'1on name from its destroying the spindle of 
Indian corn; but its ravages genernllr begin while the corn-stnlk is younl!. 
nnd before the spindle rises much above the tuft of leaves in which it is elll
bosomed. The mischief if; dh;eovered b~' the withering of the lea yes, anll, when 
these ar'a taken holll of, they may often be drawn out with the included 
:<pindle. On examining the corn, a small hole mny bl:' seen in the sWe of the 
lenfy stnlk, nenr the groul1d, penetrnting Into the ROft CI.'Iltl'C of the stnlk. 
which, when cut 'open, will he found to he perfomteli, both upwards and 
do, .. nwm·ds, by n slent1er worm-like caterpillar, whose excL'emclltitiolLS ca>it
ings surround the orifice of the hole. 

A. similar description of the character of injury by A.. zeae to corn 
\vas made by W. O. En':,! {4, p. 790. 

Spindle-worm attack on young corn causes the plant to wither 
and fall oveJ:, thus rendering its presence more noticenble in corn 
tlu>,n in elder. In tecords of attacks on corn, it is usually men
tioned that such corn was grown near elder bushes IWcl that the 
infestation in the corn plants was apparently occasioned by migra
tion from the elder. However, in the instance cited by Harris the 
proximity of the injured corn to infested elder is not indicated. 
Ellis (4, p. 791) mentions that elder was growing closely adjacent 
t.o the corn found infested by A.. zeae. 

According to Harris (7, p. 918-31.'), corn plants that are at
tackecl usually wither and die. However, as this insect rarely at
tacks corn, .and even then attacks only a few plants, the speCIes is 
not considered to be of great economie importance to corn. 

HISTORICAL 

Harris's original article on the spindle worm (7, 7)' 3,18-3'20) in
cluded n brief description of the insect and its hablts. Since this 
description has caused some discussion it seems desirable to quote it 
from the article. It is as follows: 

TheRe insects are fntnl to the plants attncked, tile greatt'r part of which how· 
ever, are without value to the farmer. Indinn corn must be excepted; for it 
often suffers severely from the d('predations of one of these Nonagrians, knowlI 
to our farmers by the nume of spindle-worm. The Rev. L. W. Leonard hns 
favored me with a specimen of this insect, its chrysulis, and its moth, together 
with some remnrks upon its habits; and the latter have also been described to 
me by an intelligent friend conversant with agriculture. '" '" '" This cater
pillar grows to the length of an inch, or morc, nnd to the thickness of u goose
quill. It is smooth, and apparently naked, yellowish, with the head, the top 
of the first and of the last rings blnck, and with II band across each of the other 
rings, conSisting of small, smooth, slightly elevated, shining black dots, nrranged 
in a double row. With a magnifying glass a few short hairs enn be seen on its 
body, arising singly from the black dots. This mischievous caterpiUur is not 
confined to Indian corn, it attacks also the stems of the Dahlia, as I am in
formed, both b~' Mr. Leonard, and by the Rev. J. L. Russell, both of whom have 
observed its ramges in the stems of this fllvorite flower. The chrysalis, which 
is lodged in the bnrrow formecl by the spindle-worm, is siende.r, but not quite 
::;0 long in proportion to its thickness as those of most Nonagr!ons. It is shining 
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mahogany-brown, with the anterior edges of four of the rings of the back roughened with little points, and .four short spines or hooks, turned upwards, on thehinder extremity of the body. The moth produc'i!d from this insect differs fromthn"other Nonagrians somewhat in form, its fore-wings being shorter~ and morerOunded at the tip. It may be called GOrliJr,a,' Zero, the corn Gortyna; Zeabeing the botanical name of Indian corn. The fore-wings are rust-red; they aremottled with gray, almost in bands, uniting, the ordinary spots, which v,re also,gray and indistinct; there is an irregular tawny spot near the tip, and on theYeins there are a few black dots. The hind-willgs are ~'ellowish gray, with acentral dusky spot, behind which are two faint, dusky bands. The head and'thorax are rust-red, with an elevated tawny tuft on each. The abdomen is palebrown, with a row of tawny tufts on the back., The,wings expand nearly oneinch and a half.

In order to check the ravages of these insects they must be destroyed wbilein the caterpilIu.r state. As soon as our corn-fields begin to show, by the withering of the leaves, the usual signs that the enemy is at work in the stalks, thespindle-worms should be sought for and killed; for, if allowed to remain undisturbed until they turn to moths, they will make their ,escape, and we shall notbe able to preyellt them from laying their eggs for another brood of th~sepestilent insects. 
Ellis (4, p. 791) wrote an article in 1925 comparing A. zeae withthe European corn borer. Forbes (5, p. 85) includes an account ofits activities because it had been reported as a pest of corn by Harris.Balduf (1, p. fJ18) has discussed the parasites attacking A. zeae, butBreakey (fJ, p. 175) gives a record of parasites and life-history dataand mentions in his article that he was unable to find A. zeae attacking the red-berried elder (SmnDucws 1'lZCem08a L.). 

DISTRIBUTION 

The spindle worm was found rather abundantly in elder along theroadsides in the vicinity of Toledo, Ohio, and in southern MichIgan.Ellis (4, p. 791) reports it as occurring rather abundantly ill Massachusetts and at~acking corn in that State. Dyar (3, p. 174) givesits distribution as in the North Atlantic States. Forbes (5, p. 85)reports it as being common in Illinois. Balduf (1, p. '218) recordedit as bein~ present in Illinois and Ohio and stated that it has beenfound in Michigan. Breakey (8, p. 175) found this insect ratherabundant in'Visconsin. The National Museum at WashinO'ton hasspecimens that were collected in the :following States: Florida,'Louisiana, Tennessee, Alabama, North Carolina, Maryland, Maine,:Missouri, Illinois, New York, Pennsylvania, Connecticut, Iowa, andin the District of Columbia. C. E. Smith,O of the United StatesBureau o:f Entomology, reports that he made several collections inthe vicinity of Baton Rouge, La. 'Without doubt, A. zeae has agreater range of distribution than that already listed, as elder is:found in nearly all"the States of the lTnioll. :Mathews (8, p. 400)says that the American elder (Sam.bucus ca:nademis L.) is commonin rich moist lowlands, mostly in thickets, and is distributed fromNova Scotia to Florida, and westward to :Manitoba, eastern Kansas,Arizona, and Texas and that it ascends to an, altitude of 3,500 feetin the Allegheny Mountains. S. 1'acemosa L., a similar shrub, isdistributed from Newfoundland to Nova Scotia, west to BritishColumbia, ]\tIichigan, Iowa, Colofarlo, and south to Georgia. 
r, Gortynll, in ancient geogrllphy, wns the name or :t city in Ci'cte, 80 called from'ltsfonnder. 
II Letter to .T. C. Silver, dnled Murch 14, 1930. 

.,', 
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The writer has records of A.. zeae attacking S. 1'(Wemosa in Morgan 
Township, Ashtabula County, and Vermilkm Township, Erie 
County, Ohio, and in Oxford Township, Oakland County, Mich. 

Seven damage by this pest to the golden American elder (S. 
canadensis aurea) and the cutleaf American elder (S. canadensis 
acutiloba) was apparent at Toledo, Ohio, where these two varieties 
were planted for ornamental purposes on the grounds of the Toledo 
Zoological Park. R. T. Everly, of the United States Bureau of 
Entomology, found the spindle worm attacking S. canadensis aurea 
in Conneaut Township. Erie County, Ohio. 

FOOD PLANTS 

Elder (S. canadensis, S. ruee11wsa, S. canaden~is aU1'ea, and S. 
c([fnadensis acutiloba) is its most common host. Corn and dahlia·r 
have been recorded as rare hosts. 

In an experiment conducted at Bono, Ohio, the writer confined 
several larvae of Achatodes zeae in a small cage containing elder 
and young corn plants, to determine whether the larvae would mi
gl'ate from the elder to the corn. In this test the elder was severely 
damaged, all the young shoots becoming badly withered, but the 
larvae failed to migrate to the corn planted among the elder plants. 
In. another test the A.. zeae larvae failed to migrate to corn that was 
planted out of doors near a large group of infested elder bushes. 

CHARACTER AND EXTENT OF INJURY TO ELDER 

Characteristic injury by this insect to elder is not so noticeable 
as is that of many other insects, as the work is confined principally to 
the pithy portion inside the annual shoots; but the heap or mound of 
nass at the base of the injured stalk and the castings at the entrance 
hole (fig. 1) can be detected by the trained observer. With the con
tinued reeding and boring of the larvl}. this frass increases in bulk and 
accumulates around the base of the infested stalk. 

The activity of the larva in the dead, dry branches before pupa
. tion results in the accumulation of a thin layer of fine sawdustlike 
material nellr the point of attack. Its early feeding on the new 
foliage in the spring is not superficially noticeable, as this feeding 
is slight and occurs within the unfolding leaf curls. The larva feeds 
for a few days within the curl before it bores into the neW shoots. 
Usually it remains within its originally selected shoot until the food 
supply is exhausted, then it migrates to quarters where more suc
culent food is afforded. The entrance to the lateral stems, or shoots, 
is usually made on the upper side and near the base of the shoot. 

Regarding the actual damage to elder, the writer has not observecl 
any loss that could be considered of economic importance, with the 
exception of the damage caused to the ornamental varieties of Sam

. bUtJU8 canadensis L., lIsted ho:.,:ticulturally as S. aU1'ea and S. acut·i
loba. Although the young ground shoots of elder suffered great 
damage, only a few of them were injure1 to th~ extent of causing 
their death. However, the seriously injured shoots failed to pro

7 There has been doubt ns to Whether the lan'ae found In dahlia were A. zeae but, liS 
there Is no way of disproving this record, Hnrrls's .stntement should be accepted. 
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duce new shoots the following spring. Had· these ground shoots 
been under commercial cultivl~tion, the injury caused by this insect 
eoulc1 have beeil· considered t-.f economic importance. .In 1929 and 

I?IGU!IE l.-Entrunce holes of the Hplndle wonn (Acl/ato(ies zeac) In ground shoots of 
elder. Note truHH nt base of holes on Hortlous of stalks. 

1930 the ground shoots and several of the lateml shoots of the orna
mental varieties located at Walbridge Park, Toledo, Ohio, were 
destroyed and the shrubs badly disfigured. 
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DESCRIPT~ON OF ACHATODES ZEAE 

THE EGG 

The egg (fig. 2) is round, flattened uorso-ventrally, and about 0.61 mm in 
diamei:er by· 0.28·mm in thickness.,; \rhllyare depo.sited usually in clusters 01' 
masses, but, the. :lpdividual eggs ,(10 not overlap. 'Each egg ma!:!s or clustel' 
contains from 2, to 41:) or more eggs, averaging 18. ' Occasionally Lor 2 'eggs 
were' found separated by a short distance from the main egg mass. The 
egg masses vary1n shape as wel!as size. sometimes exceeding 7.5 mm in length 
and. 2.5 mm in \width. When the' eggs are deposited they are light yellow 
b,ut s,hortl;y develQP .~. sllade oft.an: The surface of the egg is rough or petble
lIke, the, cente~ or p~lar ,are!1'having a less roughened and more glos,<;y ap
pearance Ulan Its pel'lphery, Shortly before hatching, the egg becomes much 
uarker~ q)ving,'to t,he appearance of the blacl;: head .of the larva within. 

" THE LARVA 

Larva (fig. 3) when full grown 
about 17'2 inches long by about 
one-eighth inch wide. Head, tho
racic and anal shiellls, pinacula, 
spiracles, and thoracic legs are 
glossy black; body otherwise yel
lowish white; the markings very 
prominent. 

No secondary hairs. Legs aJl(l 
prolegs normal. Crochets u1'

ranged in mesoseries, uniordinal. 
Anal shield strongly chitinized, 
very rugose, bearing thrpe pairs 
or a row of prominent spines. 
Prothoracic shield broad, with a 
defined median line or band. 
Mesothoraeic and metalliorucic 
shields without setae, located 
near cephalic border and neal' 
meson, cephalad to setae 1" and lb. 
Spiracles elongate oyal; protho
racic spiracles larger than spir
acles on abdominal segments 1-7 ; 
spiracles on abdominal segment 8 

FIGUilFl 2.-EggR of .AcltatollcR zcne on untlcrRitlc about the same size as spiracle on 
of outer hark of cider, The eggs nrc coverell prothorax.with the mnterlal used by the female for gluing 
th~m to the hnrk. X 8. Photo. by Philip .Body setae (fig. 4) moderatebr 

Luginbill loilg; tubercles very pronounced, 
broadly chitiuized ; IV on abuomi

nal segments 1-7 caultad of spiracle, caudo-yentrad on segment 8; pl'cspiracular 
shield of prothorax nearly twice as large as spiracle and broadly ovate, betlring 
only'two setae (IV-V), sihmted some'Nhat cellhalo-ventrad of the Rpiracles: 
IlIon prothorax absent; group VI bisetose on prothorax but .unisetose on mpSQ
tllorll,x and metathorax; IV-V united on abdominal segment 9, not approxinmte 
to III; III cephalo-mesad 6f spiracle on abdominal segments 2-7, mesad on 
abdominal segment 1, and somewhat cephalo-dorsad on abdominal segment 8: 
Illn present on abdominal sel,'1llents 1-8, before the spiracle on abdominal seg
ments 2-7, more cephalo-dorsad of spiracle on abdominal segment I, and cephalo
ventrad on abdominal segment 8; group VII trisetose on abdominal segments 
2-6, unisetose on 7, 8, and 9, bisetose on abdominal segment 1; abdominal 
segment 9 bel\ring 6 prominent setae and 1 small one; II equidistant from I 
and III; II longer on segment 9 than on 1-8; setae on prothoraclc shield as 
follows; I' and lb along frontal m'lrgin of the shield; r on ventral margin with 
n e ; distance separating lit and Ie ,much lcss than (listance separating lIb amI 
II"; r and lIe appt'oximate; ninth abdominal segment bearing setae II, I, aud 
~II on a single pinaculum which fOlrms a moderately broad shield extending to 
and almost touching the pinaculum of seta IV. . 

Head capsule spherical, slightly trapezoidal or broadly ovate in outline when 
viewed from above, a trifle wider than long; greatest width back of middle of 
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head, incision of dorsal hind mal'g,in pronounced but not Ileal deep. Frons 
much longer than wide, not quite reaching to middle of head; adfrontal ridge's 
parallel from lower limit· of epistoirilll area to point of juncture of. tentorial 
arms, thence c~nverging to slightly cuned lines to· the longitudinnl ridge; 

FWUItE S.-Lnrvne of Aclultot/c8 :I:cac: a, Entrnuce hole In n grounu shoot of cIder; 
b, c, (I, hlrvuc in tUIIllcls. Note size of tuullels 

longitudinal ridge slightly longer than frons; adfrontulsutures meeting longi
tU(}inul rWge slightly behind the mifl<1le of the head. .. 

Ocelli six, normal; IV, V, and VI arl'Uuged in the form of Ii ti'iilngle;' I, n, 
III, and IV equidistant from cnch other, but V and VI farther npart. 
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Epicrllnium with the normal number of primary setae and punctures and 
with three ultraposterior setae and one or two ultraposterior punctures. 
Anterior setae (A', A', A') in a right-angle triangle; A' smallest of the three; 
anterior puncture A" ventrad of und slightly posterior to A'. Posterior seta 
(Pi) slightly nearer to the longitudinal ridge than P', p' being posterior to und 
somewhat laterad of pI; pI nearly on level with beginning of longitudinal ridge; 
p~sterior puncture (ph) out of line with pI und p', slightly mesad, nearer to 
p- than to pi; p' untero-Iaterad of pI, lying between P' and A'. Lateral seta 
(V) postero-Iaterad of N, remote; latera~ puncture (L") po;;tero-dorsad of 
V, rather remote. Ocellar setae (O" 0', 0') well separated; 0 ' npproximate 
nnd slightly ventrad of ocellus IV, posterior to and slightly ventrnd of ocellus 
I; 0' remote from and posterior to ocellus VI; puncture 0" posterior aud 
approximnte to ocellus VI. Subocellar setae (SO" SO', SO') triangularly 
IJluced; SO' approximate to nnd postero-vcntl.'ad of ocellus V; puncture SO" 
anterior to SO'; SO' longest. Genal seta (G') postero-ventrad of 0'; puncture 
G' dorsad of G1 

• 

Labrum normal, with usual number of setae and punctures; mec1ian incision 
moderately concave; setne (U" l\'I', lU') triangularly plnced; lU' nearer ~[2 
than 1\1' is to M'; JI.l' posterior to 1\1"; punctuh. jI,[' approximate to and slight1~· 
laterad of 1\11 

; .~:e longest of the three; L"I and L";! closely approximate; 
L"3 remote from L"2. 

FIGun» 4.-St'tnl mny of uody s('gml'nts of the spindle worm (Achatodcs ::eae) 

Epipharyngeal shield not sharply defined, merging ill a chitinized area on 
the central forward part of the labrum. Epiphnryngeal sl'tae slightly triangu
larly grouped behind anterior margin of epipharynx, moderately long, narrow, 
and equidistant. 

Full-grown larva 20....34 mm long. 

THE PUPA 

After completing its growth the lana· enters the pupal stage, or 
quiescent period. The pupa at first is a, creamy white but soon 
changes to tan and later to a, mahogany brown. (Fig. 6.) It meas
ures 17 to 21 mm in length. 

Pupa is moderately robust; abdominal segments gradually tapering; smooth 
except for some rugosity on cephalad margin on dorsum; wings extending to or 
nearly to ~he ventro-cau<llli IIlargin of the fOUl·th alJdominal. sCI-,'1lJent; cephaliC 
end bluntl~ rounded, with two prominent knobs somewhat separated and dorsad 
of a prominent produced clypeus; epicranial suture Ill"escut, re[Jreseuted by a 
curved line; vertex not distinct; labrum well developed, maxillary palpi absent; 
labial palpi moderately lurge; pro thoracic legs extending three-fourths the 
length of the wings; prothoracic femora exposed; mesothoracic legs not extend
ing to end of wings; maxillae extending to tips and the antennae nearly to tips 
of mesothoraeic legs; metatboracic legs extending nearly to tips of wings; ab
dominal spiracles visible and pronounced; anal and genitul openings s1itIike ill 
both sexes,. ninth abdominal segment with four small stout dorsal spines; 
cremaster short, trullcate, much broader in female than in male, and armed with 
four short heavy spines. 

THE ADULT 

The fore wings of the adult (fig, 5) Ill'l:! rust red, mottled with 
gray, wjth an irregular tawny spot neal' the tip. The hind wings are 
yellowish-gray with a faint discal marIe The hend and thorax are 
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rust red, with raised tufts. The abdomen is pale brown, with a row 
of rust-red tufts on the dorsum. The adult varies in size, a.verage 
specimens measuring about 1% inches ,across the wings. 

1l'IGUUE 5.-Avl/Uiotlc8 ze(lc: A, i\lale moth; ll, fCllllllc Illoth. X 3 

Hampson (6, 'V. 9, p. 31) clescribe~ the moth as follows: 
Head anti thorax fiery rCll mixed with pale yellow; nalpi aml sides of frons 

dark brown; tcgulae with brown patches at sides; patagia with brown upper 
edges; pectus and legs dark brown, the tarsi ringcd with whitc; abdomen 
dorsally fiery rcd, ventrally dark brown. Fore wing with the costal Imlf grey
brown suffuscd with fiery red at base, in end of cell and at apex, the inuer 

1-50932°-33--2 
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half grey with some red suffusiou. at the base, middle, and termen, the veins 
with dark streaks; subbasal line indistinct, double, from costa to median 
ner,'ure; antemediai line indistinct, double, wan!d, with black point on its 
inner edge. at vein 1, neatly erect; elaviform small, defined by brown; orbicular 
small, narrow, oblique, with brown center and grey annulus; reniform grey, 
its center defined by brown, rather oblique; an indistinct oblique waved reel 
line from lower angle of cell to inner margin; postmedial line brown defined 
by grey on outer side, slightly bent outwards below costa, oblique to vein 6, 
then dentate and produced to a double series of black pOints on the veins, 
oblique below vein 4, some grey pOints beyond it on costa; subterminal line 
yellow, from costa to vein 6 and bent outwards at vein 7, then represented 
by a serie!? of slight yellow spots on red streaks in the interspaces, somewhat 
excurvedat middle; a terminal series of slight dark spot.s; cilia brown with 
series of slight whitish spots. Hind wing white suffused with grey-brown, 
especially on costal area, the terminal urea rather whiter; an indistinct dis
coidal spot, curved postmedial line, and diffused subterminal line; a brown 
terminal line; cilia white tinged with brown toward apex; the underside white, 
the costal area tinged with red and irrornted with brown, a dark discoidal 
spot and rather diffused curved postmedial line. 

Hab. Canada; U. S. A., Northern, Middle, Central, and. Southern States, 
New York, Trenton Falls (lJollblcdall) 5 ~ type 8(1ndim, Evans Center (Orate). 
2 ~, 1 Cj?, Florida (DoubTeday), 1 ~, Colorado. . 

Exp. 28-34 mm. 
EXPERIMENTAL METHODS 

Experiments with the spindle worm were conducted in the field, 
and also in It wire cage 3 feet square and 3 feet high. Elder clumps 
were transplanted in the cage and developed satisfactorily. Two 
complete generations of the insect, or one each year, were reared 
uncleI' these conditions during the seasons of 1929 ancl1930. Several 
infested thickets of elder, located within 25 yards of this cage, gave 
a fine comparison and an adequate check on cage conditions. Also, 
individual larvae were reared in green elder shoots kept in fresh 
water. Records of oviposition and longevity of adults were made 
under lubor,atory conditions. 

LIFE HISTORY AND HABITS 

THE MOTH 

E~IERGENCE 

The moth (fig. 5) forces its way out of its pupa.! cell through a 
slightly protected exit, made for its escape by the larva, before 
pupation. The pupa, may be located :in the green stalk in which it 
has fed as It larva, or as It free pupa on the surface of the ground, 
but; more commonly in the clead, dry elder branches ot' stalks that 
are standing or lying on the ground under clumps of elder. At the 
time of emergence the wings are un expanded, but within a short 
time they expand and become dry. 

'1'he moth is seldom observed, us it flies at dusk and during the 
night and hides among the weeds alld at the base of the elder clumps 
during the day. Its rusty-gray color, blending well with that of the 
surrounding vegetation, probably aids in protecting it from its 
natural enemies. 

MATING 

Two pairs of moths in a wire-screen cage were mating at 7.30 p. m. 
on July 18. One pair remained thus 28 minut~s and the other pair 
only 6 minutes. AU these moths had emerged during the previous 
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night. No mating was noted during daylight hOUl'S, although several 
males and females were confinecl in a cage, and close observations 
were made to determine possible mating under daylight conditions. 

OVIPOSITION 

Oviposition was not actually observed. The eggs are placed and 
held in position with the aid of a sticky substance, between the outer 
and inner hark (fig..6, a), or between the iniler bark and the wood. 
In some instances the outer bark is loose and the inner bark is tightly 
attached to the wood, and under such conditions the moth deposits 
her eggs between the outer and inner barks. The greater part of 
the bark is tightly glued back to its original position-in fact, so 
tightly that the imprint of the eggs may be seen through the thin 
papery outer bark. Since eggs were repeatedly found at 9 p. m. 
on dead branches known to be free of eggs just prior to that hour, 
it was concluded that .oviposition usually begins at dusk, although 
the actual deposition of such eggs was not observed. 

The maximum number of eggs deposited by anyone moth was 
505, the minimum was 184

2 
and the average for 10 moths was 309, 

J'he daily average ovipositIOll for 10 moths was 76 eggs. 
Hatching usually occurs during the morning hours. The peaks 

of the hatching period for 1929 and 1930 were April 20 and April 19, 
respectively. The larva emerges from the egg by chewing Its way 
through the chorion. Most of the larvae emerge from the side of 
the eggs, rather than from the polar areas. The empty eggshell is 
transparent. 

The duration of the egg stage is 01 great interest, as the insect 
spends nearly 10 months of the year in this stage. The eggs are 
deposited in July and hatch the following April. 

THE LARVA 

FEEDING HABITS 

As soon as the larvae emerge, they -immediately begin searching for 
food. They migrate from the egg masses to the new leaves that are 
just breaking forth from the new lateral shoots, or to the new shoots 
sprouting directly from the ground. As SOOll as the larvae reach 
these, they begin feeding in the leaf curls, where they are protected 
to a great extent from adverse weather conditions and from their 
natm'ul enemies. Very little feeding occurs ill colcl weather, but 
during the warm portion of the day the larvae move about and feed, 
After feeding in the leaf curls for a few days they bore into the 
stems, where they continue to feed. They usually remain in the lat
eral shoots until the third or fourth stage is reached, when they mi
grate to the larger and 11I0re succulent ground shoots. However, if 
they first attack a ground shoot, they usually remain therein until 
their full larval deTelopmellt is completed. The ground shoots that 
sprout from the soil are large and grow very rapidly. 

The larvae (fig, 3) feed up and down the interior of the shoots
usually up from the point of entrance-eventually producing a· tun
nel or burrow that extends from a point an inch or two above the 
ground to the apex of the shoot. The tunnel is rnther small at first, 
but as the larva increases it1 size, it is enlarged until the pithy portion 
of the stem is entirely consumed. Two and threr; laryue have been 
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found in one shoot. The frass is ejected through the entrance hole, 
and an accumulation of this material appears at the base of the 
shoot. Small quantities of frass may be found in the tunnel near 
the· base of the shoot, and usually some of the frass adheres to the 

FwulI.m G.-The spindle WOI'n! (Aa/UJ.t()t1l).' zelle) ; II, Eggs Jllld nndel' loow bUI'I' of 
elder; b, PUPil in cell. X 3 

outside of the entrance hole, particularly during the earlier part 
of the season. 

No cannibalism was observed by the writer. Several' third-stage 
and fourth-stage larvae were confined together overnight ill a small 
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wire container, but. no cannibalistic action was observed under these 
conditions or during the progress of numerous field observations. 

}[oLTS 

The larvae cease feeding just prior to molting and appear inactive, 
or lethargic, for several hours. The skin ruptui.·es dIrectly back of 
the head, and as a result of a series of wriggles, contractions, and 
expansions the molted skin is worked back over the body. The head 
capsule may be cast before the skin or afterwards but is usually cast 
during the process of molting. Certain of the larvae were seen 
scratching their heads back and forth against some object, attempting 
to free themselves of the old head capsules. Under cage and field 
conditions a larva. occasionally fails in this attempt and dies from 
starvation. 

The newly lilOlted larvae are white. The head and chitinous mark
jngs are at first white but tUrn grayish and finally black. The entire 
process of ecdysis requires from 10 to 30 seconds. Within a few 
hours the larvae are again feeding and very active. 

Ordinarily five molts occur, but certain individual larvae developed 
only four. 

LARVAL INSTARS 

Firlft 'instar.-Segments mO'ttled with reddish, sutures yellO'wish white. 
Cervical and anal shields brO'wnish black. Setae mO'derately IO'ng. Spines O'n 
anal shield absent. Seta lIla absent. Length O'f larva 1.95 mm ; width O'f head 
0.29 mm; length O'f cervical shield 0.310 mm; width O'f cervical shield 0.087 mJp ; 
length O'f anal shield 0.174 mll1; }Vidth O'f anal shield 0.116 mm. Spiracles 
circular. 

Second instclQ".-Tubercles mO're prO'minent, brO'wnish black; body greenish 
white. Head and cervical and anal shields black. Spines O'n anal shield shO'w
ing slightly. Spiracles circular. Length O'f larva 3.59 mm; width O'f head 0.522 
mm. III' present. 

Third instar.-BO'dy greenish white, tubercles' black. III" mO're prominent. 
Spines more prominent. Spiracles slightly O'vate. L;mgth of larva 9.48 mtit; 
width of head 1.14 mm. 

Fourth 'in~tar.-B()dy white, tubercles black. Spiracles O'vate. Length of 
larva 17.59 mm; width of head 1.68 mm. 

Fiftlb itnstal'.-BO'dy yellowish white, very much like the sixth-stage larva. 
Length of larva 25.50 mm; width of head 2.28 mm. 

SilIJth instar.-Body yellowish to' dirty white. Tubercles prominent, anal 
shielc1 dull black, cervical shield and head shiny black, as are the O'ther tuber
cles. Length O'f larva 34.75 mm. Width O'f larva 4.1 mm: width O'f head 
2.55 mm. 

DURATIO'N O'F LARVAL PERIOD 

The duration of the larval period, as in other insects, is pro
nouncedIy influenced by the prevailing meteorological conditions and 
the food supply. The first molt occurs from 4 to 7 days after the 
larva hatches from the egg. At this time the larva is from 2 to 4 mm 
in length. From 3 to 7 days are spent in the second stadium, and 
during this period the larva attains a length of from 5 to 9 mm. The 
third stadium occupies from 3 to 8 days, the length of the larva of 
this instar ranging from 10 to 17 mm. The fourth stadium is from 
4 to 8 days in duration, the larva attaining a length of 18 to 24 mm. 
From 7 to 16 days are spent in the fifth stadium, the larva attaining 
a length of 25 to 30 mm; while the sixth and final stadium lasts from 
14 to 22 days, the larva attaining a length of 30 to 35 mm. 
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PUPAL CELl,S 

The full-grown larva constructs a cavity or cell in preparation for 
pupation. This cell (fig. 6, b) is made infrequently in a green stalk 
but.more commonly in old, dry elder branches possessing soft pithy 
centers. The cell is usually composed of frass and silk, and the ori
fice for the exit of the moth is filled lightly with the same material. 
Even though this material functions as a protection against natural 
enemies, the nature of its construction is such that the emerging moth 
can escape. 
~n a collection of 100 pupae, 93 were found in old dead branches 

and stalks, 5 were found in green shoots that had been severely 
attadmd by the larvae, and 2 were on the ground "'ithout any 
protection 

PREPUPA 

After the cell is completed, the larva becomes quiet and shrinks 
in size, gradually becoming inactive and helpless. After a few 
days in this condition the lanaI skin is cast, and the pupa is formed. 

PUPA 

When first exposed the pupa (fig. 6, b) is creamy white, very 
aelicate~ and easily injured. It gradually hardens and assumes a 
mahogany-brown coloration, which in tUrn becomes darker just 
prior to the emergence of the moth. Except for spasmodic wrig
gling movements when disturbed, the pupa is inactive. In the 10 
speCImens under observation the duration of the pupal period ranged 
from 14 to 26 days, with an average of 18.3 days. 

LOlllGEVITY OF ADULTS 

Adults were. observed to live from 2 to 11 days under cage condi
tions, with an average of 5 days for the 10 specimens under observa
tion. Various flowers, and also a sugar-water solution, were placed 
in the cage for food. ~ . 

SEASONAL DEVELOPMENT 

The spindle worm passes nearly 10 months of the year (from 
July to April) in the egg stage. (Fig. 1.) The duration of the 
larval stage is approximately 58. days, and that of the pupal stage 
approximately 18 days. The adult stage, under cage conditions, 
lasts approximately five days. 

On April 18, 1929, newly hatched larvae were found in the leaf 
curls. On April 11, 1930, the first ergs hatched. The first sixth
stage larva was found on May 22, 1929, and the first full-grown 
larva on June 1, 1929. In 1930 the first sixth-stage la~~,~as ob
served on May 21, and the first full-grown larva on ~.'t. In 
1929 pupae were first observed on June 15, and in 1930 on·June 13. 
In 1929 moths appeared under cage conditions on July 5, and ill 
1930 on June 22. . . 

C. E. Smith sent the writer a collection of larvae of A. zeae 
which he had collected in elder at Baton Rouge, La., on March 12, 
1931, and upon arrival at Toledo, Ohio, on March 15, they: were ill 
the second and third stadia. This collection shows that the date of 
hatching in Louisiana' is approximately a month and a half earlier 
than in northern Ohio. 
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AR'l'IFICIAL .DISSEMINATION 

Dissemination of the spindle worm, at least in important numbers, 
by th€o aid of man seems rather questionable, as the eluer growth 
on which the eggs are deposited or jD. which the pupae are imbedded 
has no al?preciable economic value. At the time of year when the 
clderb~rI'leS are h~rvested, the insect has deserted the green ste~s, 
on which the berrIes are borne. The only possible avenue of artt-j 
ficial dissem.ination woulu appear to be in the shipping of ornn-' 
mental varieties of elder from nurseries. However, plants intende<l. 
for shipment from nurseries are carefully pruned and the old, deacr 
wood ordinarily bearing the eggs is removed before shipment. 

FIGURE 7,-Seusonul history of AcllCltodes ZCUC 

NATURAL DISSEMINATION 

As the moths of the spiuclle worm are active only after dusk, it is 
difficult to determine the details of their flight habits, and, particu
larly, their powers of flight. . 

It has been observed that several isolated patches of elder were 
infested, even though several miles. away from other elder, thus indi
cating that the moths are able to fly for some distance. The robust 
structure of the moth also supports 'this theory. 

NATURAL CONTROL 

PARASITES 


Several species of hymenopterous and dipterous parasites were 
found attacking Aahatodcs ;'t:,ue. A small hymenopterous parasite, 
M-i..cropUtis gm·tynae Riley (fig. 8), has been found to be the most 
numerous of this group. Pamsitism by this species attained It maxi
mum of 11 per cent, according to Balduf (1), who determined this 
parasite species for the writer, and who records it as being numerous 
in other localities. He found the first mass of cocoons of M, gortynae 
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of the season of 1929 on June 20, at Monroe, Mich. On June 20,1929, 
D. J. Caffrey found a mass of these cocoons at Mentor, Ohio. The 
writer observed the first mass of these cocoons at Bono, Ohio, on 
July 1, 1929. On June 14, 1930, masses of cocoons of this parasite 

,vere found at Bono. 
M. gortynae issues 

from the full-grown 
larva of Acltatodes 

zeae and rem a ins 
closely a d j ace n t 
thereto. The para
site pupates andover
winters within its co
coon, emerging the 
following s p r i n g . 
The cocoonsarefluted 
and dirty white. The 
numLer of individual 
parasites iss u i n g 
from each host larva 
ranges from 10 to 38. 

Another hymen
opterous parasite, 
Micl'obmcon l'!lt t'!lt s 
(Prov.), was record
ed by the writer as 
parasitizing 3 per 
cent of the spindle
worm larvae during 
1929 ill the Bono, 
Ohio, district. This 
species was d e t e r 
mined by Baldut, 
who found it present 
June 20, 1929, at 
Monroe, Mich. M. 
Zntus was first ob
served at Bono by 
the writer on June 1, 
1929. This parasite 
is gregarious and the 
masses of cocoonsFIGURE S.-Cocoons of jlie/'ol/litis nO/·tl/flOC In tunnel In 

cIder. Note host remlllu8 (.tic/wtrdeN zcoe) In front of are found closely ad
cocoons. X3 jacent to the host re

mains. The cocoons are chocolate brown and are glued closely 
together. The number of individuals issuing from one host larva 
ranges from 4 to 12. This pllrasite overwinters in the cocoon stage, 
in a similar manner to.Microplitis g01·tynae. 

Two specimens of the large ichneumonid A'lnblyteles 8clestus 
(Cress.}8 were reared from a collection of 100 pupae of Achatodcs 
zeae. They issued on .July 11 und 17, 1929 . 

• Determined by C. F. 1\'. )luCHebeck, uf the lJ. S. Durellu of Entomolugy. 
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,Several specimens of 
Miotropis cl!i8'tocampae 
Ashm. issued from one 
pupa of Achatodes zeae. 
The specimens were de
termined by Muesebeck, 
who stated in a memo
randum at the time that 
"this species occasional
ly acts as a primary 
parasite of various lepi
dopterous larvae, but un
der c e r t a i n conditions 
may also become a sec
ondary parasite." The 
writer also found this 
;;pecies attacking cocoons 
of Miel'oplitu gortynae. 

On July 19, 1929, one 
specimen of Ph.ytO(Uet7('8 
pulclw1'1'/;mfus Cress.8 was 
found by Caffrey and the 
writer near the remains 
of Ii larva of A. zeae in 
an elder shoot. It was 
in the pupal stage and 
failed to issue. 

One cocoon of Epiu1''1.l.'i 
pte1'oplwri (Ashm.) 9 was 
found on May 28, 1930, 
at Bono, Ohio. The 
adult issued on June 12. 
1930. ' 

One. cocoon of Sagal'
itis oxylus Cress.9 ~wa!:i 
found on May 28: 1930. 
from which the adult is
sued on the afternoon of 
the same day. 

W. V. Balduf found It 

tachinid puparium, de
termined as Ma.rneera sp. 
(p rob a b I Y 'nt yo idea 
Desv.)1° as a coparasite 
with M. gortynae at 
Monroe, Mich. Bot h 
species developed from ),'IGUIIE Ii.-Eld<'r shoots, showlug' punctures made lJy 
one larva of A. zeae. birds to ohtnln lnrvuc of Aclultodcs zelle 

• Determined hy C. F. W. Mueseheck. of the U. S. Bureau of Entomology.
• Determined hy It. A. Cushman, ot the U. S. Burl~uu oC Entomalogy. 
10 Determlne!l by U. T. Webber, of the U. S. Bureuu of Entomology. 
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Anothertachinid, Ncmorilla jlm'alis Fall.,J° was reared from a larva 
of A. zeae at Baton Rouge, La., by C. E. Smith. 

No egg parasites were reared. 

BIRDS AND RODENTS 

The northern downy woodpecker (Dl'yobates pubescens m.edianus 
(Swains.)) was observed attacking young elder shoots in search of 
spindle-worm larvae. A.n examination of these green shoots dis
closed that the bird had removed the larvae. Several clumps of 
eld~r in various localities showed distinct signs of attack by birds. 
(FIg. 9.) 

Several clumps of elder in widely separated localities exhibited 
signs of attack by rodents that apparently removed the spindle
worm larvae from the green shoots. 

ARTIFICIAL CONTROL 

As the spindle worm spends such a large proportion of its life 
in the egg stage, and as the eggs are deposited uncleI' thE: bltrk of 
old, dead elder branches anel stalks, its control is relatively eagy to 
accomplish. None of the moths overwinter to cleposit eggs for a new 
generation, therefore the species can be controlled by removing from 
and about the elder clumps all dead wood on which the overwinter
ing eggshwe been deposited, raking it into a pile, and burning it 
during the fall, winter, or early spring to clestroy the eggs. Actual 
field tests have demonstrated the efficiency of this method of control, 
and it has proved to be so practical that no other methods were tried. 

SUMMARY 

The spinclle worm, or elder borer (Aclwtodes zeae Harr.) some
tlmes seriously injure~ elcler and very rarely. injures corn, but this 
insect can not be consIdered of much economlC Importance. 

The larval, or injurious stage of the insect, is short in cluration 
and is usually confined to uneconomic plants. 

Natural control by several species of parasites and by birds and 
rodents usually holds this insect in check. 

The eggs are easily destroyed during the fall and winter months by 
burning the old, dead elder wood to which they are attached. 
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