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INTRODUCTION 

The sand wireworm (Hol'istonotus uhlel'ii Horn) has been known 
for nearly 25 years as a serious pest of corn;.. cotton, cowpeas, and 
other crops in the Coastal Plain of South varolina and in other 
restricted parts of the country. It is fOllnd only in porous, light, 
sandy soils that are deficient in humus. )Iost of the crops grown 
within the economic range of this insect are attacked, and on heavily 
infested land yields of corn and cotton are often reduced from 50 to 
~ percent. In addition t{) the direct loss caused by the depreda
~s of this pest, there js a serious indirect Joss due to the reduction 
iFValue of infested land and the necessity of adopting as a cultural 
carol a crop rotation that often does not give satisfactory financial 
~rns. TIns rotation involves allowing one-half of the infested 
~s to lie idle (i. e., resting) for 1 or more years. 
gt is believed that the information contained in this bulletin will 
~f considerable value to farmers confronted with the problem 
of growing crops ,),~ land infested with the sand wireworm, and 
that the bIOlogical studies reported herein will be of aid to many 
workers engaged in investigations upon other species of wireworm::;. 

1 Snbmltted for publication May 19. 1938. 
• Resigned July 31, 1933. 
"The authors wish to acknowledge the assistance ot P. K. Harrison. Ilsslstant entomologist. 

nllcl H. C. Eagerton, field assistant, during the course of these Investiglltlons. 


86099-39-1 1 




2 TECHNICAL BVLLETI~ G5!), U. S. DEPT. OF AGRICULTUHE 

The investigations upon which this bulletin is based were begLUl 
at Fall'fax, S. C., in June 1930, following some preliminary control 
experiments in that vicinity in 1928 aud 1929, ancl ,,"ere terminated 
III October 1934. 

HISTOlHCAL REVIEW 

The adult form of this -insect was .first described by Hom (3, 
7). 3(2) / in 18'71. The speeies was not lmOWll to be of any economiu 
importance, ho,vever, until about 1907, when the larya~ werE' noted 
as injuring corn and cottO]] in Colleton County, S. C. W. A. Thom~.s 
(8), in 1911, recordcd that it had occasioneLl very hen,yy losses in t1 

small area. A ]1robable 2-year life cycle was snggestE'd, and trap 
crops, liming, and heavy applications of fertiljzel's were recom
mended as control measures. 

In 1914 Conradi ftnd El\~erton (1) reported "the COl'll and cotton 
wireworm" (H01'i.st01wtu8 Jdtle7'ii) as scattered throughout the South 
Carolina Coastal Plain and r'anslllg; considerable loss, but mafle no 
statement cOnCel'l1illg tbe dul'tLtioll of the life cycle. They recom
mendrd land re;::tin~~ rotation, and other farm practices as control 
measnres. 

Gibson. in IDlG. rc('orded the "corn and cotton wirewornl" as 
destructive in scyci'al States and made the following statement (3,
P·4): 

~'be exact duration 01' ihc Dcl'iod (lr deyc']opmellt ill (he l'o:l bas not yet been 
determined, but the info1'll1l1 tiOIl IlO\\" at hand illd cates that the svecies lives 
in tIle laryal stage for two ycars lind possibly thl'G~. 

Early planting, crop rotatioll, manuring. and land restiLg wC're 
recommended. 

None of tI1cse inyesti~atorf; was yery SUCl:,'ssful in obtaining life
history data, and their control recommendatit}J1s were based on the 
theory that all wil'('wornls required at l('ast :2 years to complete 
their cleyelopmellt. 

SYSTEMATIC HISTORY AND SYNONYMY 

The first reiel'('ncc to the sanel "il'eworm, a beetle of the family 
Elat(,l'ida(', ,\'al> Horn:s (J. p. ;JO:2) origillal descript.ion 11l1c1er the name 
IiO1'i8follotus 1dd("I'zi. This llamc has been llRecl in all reports 'with 
the single exccption of those made by W. A. Thomas (8), who usell 
the 1111 mc H 01'ist0110/ J18 (,Il1'iaf:/ls Say. 

ORIGIN AND DISTRIBUTION 

In ('onnection with the original description of the adult stage of 
this insect was the statement that it occurred in Georgia and Florida, 
but tIle earliest record of the larva as a pest of culti'vai.ed crops was 
the report of W. A. Thomas (8) in 1911, who wrote of its occurrence 
in the Coastal Plain of South Carolina. 

11',1916 Gibson un noted that it was distributed over the Carolinas, 
lllinois, Missouri, Arkansas, and iVIir"sissippi. Since that time the 
senior author has found it in Georgia) ancl it haf: been reported by the 

• Itnlic numbers in pnrcn1hcsrs rcCl'r to r,iternturc Cited, p. 3S. 

http:culti'vai.ed


3 SAND WIREWORM AND ITS CONTROL IN SOUTH OAROLINA 

State entomologist of Florida, J. R. Watson, as occurring in the cen
tral portion of that State, and by the State entomologist of Texas, 
F. L. Thomas, as occurring in the Coastal Plain of Texas. It seems 
highly probable, therefore, that it now occurs in all the South At
lantic States, most of the Gulf States, and several States in the Mis
sissippi Valley (fig. 1). 

N. OAK. 

S. OA K. 

KANS. 

OKLA. 

TEX. • 

o STATE RECORDS 
• SPECIFIC LOCALITY RECORDS 

FIGUnE 1..-Kno1Vli distribution of HOI'istOllotllS lIMerii. 

In South Carolina the infested area constitutes a distinct belt ex
tending across the Stat:- ttJld roughly paralleling the coast line (fig. 2). 
Its range seems to be .1rnited entirely to a particular type of very 
porous, light, sandy soil. This soil in the Carolinas is always char
acterized as follows: A very light sandy loam top~oil 4 to 6 inches 
deep, underlaill by a stratum of almost pure sand of a l.'1edimll texture, 
this layer of sand ranging from 12 to 48 inches in thickness; under
lying the stratum of sand, a very hard compact sandy clay subsoil. 

As far as is knOW11, Ho1'istonotu,y ~thler'ii has never been recorded 
outside the United States, and, it seems hig11ly probable that it is a 
native of this country. 
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FIGURE 2.-Dlstrlbution of the sand wireworm in South Carolina and the relative density
of the infestation. 

TECHNICAL DESCRIPTIONS 

THE ADULT 

(Flg.3,D) 

The original description by Horn (3, p. 302) is as follows: 
H. UhZerii Born.-Form rather slender, rufo-testaceous, moderately shining. 

Rparsely clothed with short, yellowish hairs. Antennae slender, half the length 
of the body. Head convex, rather coarsely and closely punctured in front. 
Thorax longer than wide, apex distinctly narrower than base, sides moderately 
arcuate, hind angles not divergent, basal plicae 'small but distinct, disc convex, 
punctuation fine, not dense and inform in degree. Elytra as wide at base as 
the thorax, humeri distinct, sides grndunlly narrowing from the humeri to the 
npex, moderately deeply striate, striae coarsely punctured, intervals slightly 
convex at base, near apex costiform, the intervals 2-3-5-7-9 entire and more ele
vated, the surface sparsely punctulate with a single series on each of somewhat 
larger Dunctures. Body beneath shining, 1I0t closely punctulate, the punctures 
intermixed but IIOt conspicuously differer't. Clnws cleft at tip, the tooth being 
very near the apex. Length .24 inch; 6 mm. 

THE EGG 

(Fig. 3, A.) 

Pearly white, translucent when first laid, becoming more or less opaque after • 
a few days; ovate, the shell smooth and elastic, the membrane rathe,r easily rup
tured. Size (average of numerous measurements) : Length 0.62 mm, diameter 
0.48 mm. 
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rUE LARVA 

(Fig. 3, B) 

A detailed description of the larva by Hyslop (4, PlY. 181-182) is as 
follows: 

Elongate, slender aml membranous, twenty-seven times as 101lg as wide; color 
cream white, head ferruginous yellow, protllOrax yellow, mandibles brownish 
yellow to almost black, spines on legs brownish yellow. 

Head elongate cylindrical, length exclusiYe of mandibles, twice diameter, sides 
subparallel, very highly polished. Front yery narrow, sides almost parallel, 
diameter at middle about one
Sixt!l diameter of head, extending 
to basal sixth of head, anteriorly 
dilated to attachment of ('\ypens ; 
bears a pair of fine hairs near 
point where it is ~onstricted. 
Clypeus quadrate, a little longer 
than broad, anterior angles mem
branous, anterior margin denselr 
fringed with brush of fine hairs, 
emarginate:.d armed at middle 
with a highly chitinizecl bidentate 
prong; the dorsum bears four pair 
of short erect hairs. Antennae 

Aslightly receiYed in fossae on 
dorsa..l surface of mandibles, very 
large, almost one-third length of 
head exclusiYe of mandibles; first 
jOint clayate and but little longer 
than broad; second join t de
pressed, cylindrical, wider at dis
tal extremity which is obliquely 
truncate, truncate surface bearing 
on inner part the very slendeJ- and 
rather i::hort t11ird joint and the 
accessory appendage, which latter 
is white aml conical; tile third 
joint ill about as long as the first 
jOint, cylilllirical and three times 
as long :1S broad, it is sli~htl~' 
curved and directed at right
angles to the lOllg axis of the :;pc
ond joint. :\Ialldibles are two
thirds the length of the head, 
hiramollS, and nmltidentate; the 
outer surface ill Slightly conca\"\' 
and each ramus hears two longi
tudinal earinae; the inner llurface 
of the dorsal ramus bears thre!' 
stout acu te teeth a nd two smallel' 
teeth, the latter situated on each 
side of the lowest tooth; the Yen l·'1I(H-ltl-; ;l.--'rlw Hand wil't~wol'JII (l/oJ'i8tOIlOtliS 

IthZcrii) : ..<1, Egg. X about 20; B, larva XtraI ramus is unarmed, at the about 4; 0, II It(la, X about 4; D, adult, X
base of the mandible on the inner about, S_ 
surface is a broad oval molar area 
and a roW of bristles continue the armature of the upper ramus. The sub· 
mentullI is almost obliterated by the highly developed maxillary stipes, it Is 
broatiened at the anterior half but almost cut off from the mentum by the maxil
lary l!tipcs which suddenly conyerge anteriorly; the submentum bears four hairs 
on its ant('riOl' part and a single pair at its posterior extremity; the mentum is 
elongate and clavate, and is adorned with a pair of median hairs near its distal 
end; the hlbial palpi are about half as long as the mentum, tlJe first joint is twice 
as long as broad, the second is conical and one-third as long as broad; the 
maxIllary stipes are elongate and armed with nine stout spines on the lateral 
margins; the maxillary palpi are very stout and two-thirds as long as the stipes; 
the first joint is olle and oU(~-hnlf times IlS long as broad, slightly clavate cylin
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drical, the second joint is one-quarter longer than broad, the third as 10llg as 
broad, and the fourth twice as long as broad 0.11(1 only half as wide as the third; 
the galea are two-jointed, the first joint elongate :lllel thickly beset with brusheR 
of cOillJlex hairs, the second joint is clavate anel bears four stout spines at the 
distal end; a second brush of hairs arises below the attachment of the galea and a 
third brush is situated on the under surface of the clypeus. 

The first thoracic segment is nearly eylindriC'al anel almost as long as the heael 
exclusive of the mandibles, the second and third are subequal and about three
quarters as long as the first; the legs are very long and quite stout, the coxae 
are as long as the femora anc1 tibiae united, and serve to receive these two joints 
when in repose; inner edge of coxae bears a few long hairs; femora clavate and • 
two-thirds as long as coxae, tibia triangular, armed with three blunt stout spines 
llear anterior margin, tnrsus be~('t with one large SCOoll-shaped spine near the 
distal end, surronndec1 by fom blunt spines and bearing thrp() additional blullt 
spines along its inner si<1e. 

Abc10men wi th ten yisible >;C'gmenh;;, segmenb; two to SeYC'n are distinctly 
<livideel transYersely into three distinct areas each, the anterior area of one 
segment being truncate conical and capable of being ilwaginated into the pos
terior area of the preceding segment when contrncted. the mifl(1le arefl of each 
segment is globose, bears the ambulatory papillae and the spiracles. Each seg
ment bears two pair of ambulatory p.ll1illae, a lateral pail' anterior to the 
spiracles and a ventral pail' 1H'nr the anterior margin; each papillSls is bilobeel. 
and retractile; the spiracles are very obscure but of the typical biforian type; 
the tergite of each nbdominal segment iil marked b~' a mellian impreAsed line 
and a. pair of shullow laternl gr'ooYe", the yenl:roll of the middle flren of each 
s2gmellt is diyicled into two parts by a mediau SUICUil. The uinth abdominal 
segment is thimble-shaped and abont us long as the mid<11e section of the other 
abdominal segments; it bears at its extremity a rounded point which is armed 
with radially an-anged stout spincs. The tentb sC'gmellt is concealed from above 
by the ninth, neal' the middle of the vcntral side of which it arises, it is de
pressell C'ylindrienl and directed obliquely yentrnd; the anns is terminal and 
tl1e Illlni lobes are arranged a;; follows: 

The two laf'eral lobes are qual1ri-cJigilaJe aIH1 longer than tlre tenth ::;egment, 
the yentral lobe is short and hicligitatc, all these lobes are retractile. 

THI-J PUPA 

(Fig. 3, 0) 

Dirty white, rather >:l('uc1el'. amI differing hilt little frOlll oOwr elateritl pupne 
in apI1C:1l'ance. Size ,-arying grC'atly, the length r:1nging from 0.05 to 11.61 ll1ll1 

and the width across the mesothoracic femora from 2.32 to 3.05 nun. 

REARING TECHNIQUE 

A Jl1.uuber of mdhoc1s of rearing wil'cnvorms were tried hefore a 
satisfactory pl'ocC'c1ul'e ,ms evolved. Pill boxes 01' salve tins. which 
have been utilir.ed frequently for this ])1ll'pose, 'YeTe found to be 
unsati~fnctOlT O\ying' to the abnormal reactions 0:£ the wire, YOrIllS to 
snch n.l'tificiai. eomlitions. and their lise ,yas abandoned in 1932. Chy 
tiles and gahnllizec1-irol1 cylinderH sl1nk in the soil were tested anel 
gn,ye satistllctOl'Y l'PHUltS, but tl1C'il' use was im_practicn,l because of the 
large amOl1llt of labor inyolved in hn,l1c1ling any number of such COll
talIlers. Ungln,r.pd earthenware flowerpots "'ith the bottom hole 
plugged -with plastCl' of pn,ris, fillerl with soil, and placed in the 
ground: gaye :iust as satisfactory resnlts n,s the larger and more awk
ward clay tiles 01' metd cylinders and prove nmch more convenient to 
handle. They were therefore Plllployed for practically all of the 
rearing -work discussed in this bulletin, 

111 order to insure ugn,insl; the possible accidental introduction of 
wire"orms, the soil used hl the pots was previously sifted and then 
spread out on heavy paper in a layer less than 1 inch thick and exposed 
10 the snu for sC'yeral days. Sinee the sand wircworms cannot liYe 

http:Ungln,r.pd
http:utilir.ed
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U1 air-dry soil for even one-half hour, such treatment precluded all 
possibility of introducing undesired ·wireworms into the cages with 
the soil. . Tlus soil was then stored in tight containers in a dry build
ing until needed. Before use it ,vas carefully moistened to about 
normal water content for optimum plant r;rowtll. 

Each pot was covered with a ~ 
"ire-gauze coyer, or cn:ge, ma.de 
of 20-mesh galvamzed-,nre 
screen.~ These cages (fig. 4) 
were 18 inches high [md slightly 
tapering, the top .being appro~i
matelv one-half mch smaller ill 
diameter than the bottom and 
the bottom one-eighth inch 
larger in diameter than the top 
of the pot to "hich it was to be 
fastened. The top "as formed 
by cutting a disk of "wire screen
ili7 aboutl inch larger in diam
eter than the upper ene1 of the 
cage. forcing it down into the 
top of the cage, and securing it 
in place. All seams "ere sewn 
"ith heavy linen thread by 
means of a machine such as is 
used to sew leather. Seams ,vel'e 
all double stitched and then 
:::hellacked to protect them from 
rheweather. ..t metal band 
fitted wit11 a stove bolt was used 
to fasten the cone to the flower
pot. By tightening the bolt. an 
ab:'oilltely tight joint ,,-as se
Cllred (fig. 5). 

The 110w·erpot, plunged into 
the soil. maintailled approxi
mately the proper conditions of 
;;oil temperature ~Uld moisture 
for thE' ,,·i!·eworms. and two 01' 

t hl'N' graills of s]")routed COI'll 

(maize) planted at a depth of 
abont :2 inches fUl'll1:-:hecl HIeaI 
food. 
yiclc(I 

The screen co\'er pro
a cage that ,vas tight 

enough to preyent the escape of 
either lal'Ya 01' eID.el'[!l·Jl!!. 0, (llllt·, .>" Prr.l.'RE 4,-~,lgf> for rearing wireworms,coyer 10 pOSition 011 the flowerpot, the 

hut sufficiently open to alford 
ample yentilation. ~ncl to admit ellonght light to permi.t normal plaut 
p:rowth. In udchtlOl1. the contE'l1ts of the pot could lJe easily and 
quic'kly pxal1lincd. 

• TE~IIr.:r, .T. X. AX DIPROVED INSIW'r eMi)·; )'1111 nn: ""1m FLGWEltPQTS U S Dept Agr
Leaflet ET-H, 2 pp" ilJus. l();H. [Multigraphed.] . , . ,. ..• 
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Adult click beetles were readily collected ill cornfields late in the 
afternoon. Pairs taken in copulation were utilized for all breeding 
work. It is practically certain that the females of such mated pairs 
were in every case newly emerged individuals, since every such female 
taken was noticeably lighter in color than the males bnt darkened to 
i'.pproximately the same shade of color as the males within a day or 
so. The lighter coloring is characteristic only of newly emerged 
individuals. 

l\fated females were confined in small salye tins lined with moist, 
dark-colored blotting paper and containing a freshly cut section of 
green cornstalk just lonp: enough to lodp:e in an upright position 

BOIJY OF CAGE 

TOP OF CAGE 

IJEUILEfJ CO#STRtlCTIO;V 
OF LOCKllfG BAlflJ 

CAGE 1# tlS'E ON 
o-//vCIi FLOfl/ERPOT 

Jo'IGrm; ;;.---Jlctnils of ~(lnstl'nttion of imp"ovrrl cnJ:;e fo,' "earillg' wI ....worms. 

between tll(' top alld bottolll 01' the container (fig. (j). This section 
01' green cOL'l1stalk ~.;eryed as food supply, the beetles rasping the 
freshly cut ends. -

The females llsually crept between the end of the section of cornstalk 
and the moist blotting paper to ovipost. Eggs "'ere removed daily and 
a fr'esh section of eornstalk snppJied. The eggs were transJerred to 
disks of moist blotting paper placed in small salve tins, "'1Iieh served 
as incubation cages, and kept, unt-il hatched, in a celhtt· well insulated 
against heat. 'Temperatures in this cellar were almost exactly the 
same as soil temperatures at a. depth of 6 inclws. During the iatter 
part of June and in July the daily mean soil temperatures l;l11gec1 from 



9 SAND IYIREWORl\I ANi) ITS CONTHOL DI SOC'l'H C.\.HOLIK\' 

about 78° to 82° F. The incubation cages were cxamined daily and 
newly hatched lal'Yae tnl11sfel'l'cd to the fh",'cl'pot C':tgl'S. 

The 11(>"-1,, hatched ,yireWOrl11R ,,-ere lifted on a Sl1ltlll camcl's-hair 
brush and i)lacl'd diredl), Oll grains of !'lpronted COl'll. FiYe lal'Yae 

7 '3,j#

1 n s~ 
7 " ;:
f • 

FIGt:ln~ G.-':\(llllt~ of t.Iw ~nnd \\il'(\wol'tn in n\"ipo~jtion ra.~f': mnh' Oil It-Ct. fpmaltl nt l'i~ht. 
. \l1oul tlllttlrni !"izt'. 

Flr,I'HI-! 7.--.\ ~l'OI1[J of ruu'!ng eng-pH: jll \1).:(" for' 11.·ppdin~ 11IH1 JHp hi:--Inrj ~tU(1iP!-l of the 

Hand Wi!'\'WIII'1I1. 


W(,1'1' lIsnally ]11:II'(lci ill PHeh pot. ~r()is( soil was tllPll gPllt ly placed 
OYl'I' Illp (,Ol'll alld tlw (ill\' \\'il'P\\'ol'lllS alld Jllolllldpd abollt 11~) inches 
rtlJo\'p t Ill' top of Ih(' pot :~t !Ill' ('Pl1tPI·. This lllOlIlIdJllg of the'~()il was 
c!'lsPJltial (I) ill!"lIl'l' the 1'1111-011' oi' {'X('PS" WHIp], clUJ'illg hp(l"y raillS. 

~n()on~:m -:.! 
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rhe flowerpots ,yere covered by the screen cages during the entire 
summer, from early in May until October (fig. 7), but from October 
until the first of lIhy they ,yere left uncovered, since no adults occur 
during the fall or winter or early in spring. Detailed observations 
demonstrated that there ,''us no danger of the larvae escaping over 
the t'xposed dill of the pots. Throughout the slimmer corn (maize) 
was grown in the pots to serve as food for the wireworms, as this 
plant seems to be a preferred host. Duri]1g the winter the corn was 
replaced by Austrian vYhlter peas. 

Cages ,,"cm not examined during t11<' 1){,l'iod -from Xovcmbel' until 
late III February, as disturbing the larvae seemed to have an injurious 
effect upon them. DlU'illg the period of spring aeth'ity ('xaminations 
were made at approximately 4-week intervals until pupation began. 
AJtel' the last 0:1: ~.rnT, 'when pupation started, examinations were made 
eyery week 01' 10 d!tys. Snch frequent examinations apparently had 
quite It disturbing effect upon the larvae and sometimes seemed to 1uwe 
a tendency to prolong slightly the lalTal stage; howeyer, suell slight 
prolongat'ion "'as lll1:lyoi<lnblE'. 

LIFE HISTORY 

INCUBATION PERIOD 

Dnder cage conditions thE' incubation pel'iotl 111:1)' rangc frolll G to 
18 days, but the aventge of Re\'eral thousand incubation records, made 
through a period of 4 )'C'tll'R, was approximately 12 clays, as sho\YJ1 in 
the following tabulation. The variation in this pcriod ill a single 
batch of egg:sis often striking (table l),in one or two instances having 
been as much a:; 5 days. Sneh vltriatlon cannot be attributed to fluc
tuation in temperatui'e or humidity, since jt occurred commonly in 
groups of eggs that ,n'l'C laid on the same day and were kept in the 
same con('aincr under identical conditions. 

Length Of inculiation l)crio(L of C[I[lS of HOl'istonotlls 1IlIlcrii, (I'/'I'(!I1[!cd in a frt?
quc/u'lI (n~f1'iI)/ItilJlI (J!J.1{-·!!J;1'J) 

}tum/H'I' f)f 
IlIClihaiioll pprio(l (day",: cvu.~ I(tidu__ .. 67 ___ _ !)

8 __ 33 
!L 72 
10•. __ 476 
1L 890 
]2_ . 1,069
13_ _ _ 1,26fJ
14 ____ ,. ' ___ eo, 48315___ _ 216
HL. _____ . 74lL ___ _ 2418_________ . 22 

Total number of Cgg,L ____ .• __ . _____ 4,640 

A \'crngc in('llbation pcriod ______ . _ .. , . _days _ _ 12, 2.; 
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TABLE 1.-EllXcel'1Jt from oviposition and incu.bation records of HOl'istonot1ts 
1thlel'ii, Fairfaw, 8. 0., 1932 

Date Date eggs Egl(S de- Date eggs Eggs Length of 
adults wer~ cle- rosUed hatched hatched ineubatiou Hatch
mnted posIted ,., period 

1---.1---·--------------1----
Number 	 Number IJays Percent 

l

~~~: ~ ~ ~~ 


June 11 17 	 June 25 3 14 
June 27 J Ib 
June 28 I 17 

~6.672 {June 26 1 	 1 14June 7_. June 12 June 28 1 16 

June 13 

. June 14 ~ ~~~~t~~.l ~ H 
f~f: 3? I ~ Ig I'{June 21 32 July 2 13 11 95

June 17 {
July 3 14 12 

June 24 8 July 6 6 12 
June 23I. June"O June 24 31.3 
June 27 

--{Juno 26 ~ {:;~Fl:1 !--rI 
June 24I 	

July 81'\ 14 I
July 9 2 15 II

June 25 Ii July 7 6 t 1122 62.1
June 22 June 26 S {July 8 5Ii 	 trnly 9 2 13

I June 27 5 __.do_____ 4 12 

1June 28 9 bu~~--iii- k I gi July 3 32 July 15 2 12 
1{--dO-----1 19 I 11II IJuly 4 July .6 ' 7 12 

1 
June 20.1 	 43.23; j ~~l~ {~ I i i1

I j JulY 5! ! July 6)Juh- 7I July 9 ~ lJ~lL~C--.---L ______..!L,I 
LARVAL nEVELOPMENT 

The sand wireworm passes the greater part of its life in the. larval 
stage. Nearly all the eggs hatch in June or July and from then until 
the following November t.he young wh'e-\vorms remain in the topsoil 
actively feedmg. During November the young wireworms gradually 
go deeper in the soil until, by the last of the month, the. majority of 
them are at a depth of from 18 to 24 inches. lIere they remain until 
March, when they begin to move upward. By the middle of April 
they are again active in the surface soil. For a.ll the individuaL~ 
undE'.;-: observation in cages the total duration of the larval stage was 
slightly less than 1 year, \vith an average of 352 days (table 2)_ 



------------
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TABLE 2.-TypicaZ Ufe-cycle reaoras of Horistonotus uhZerU Horn, 1932-33 and 
1983-34 

Total 
Date egg Length Date Length Date Length length ofDate eggwas de- or egg IRrva or larval adult ap' of pupal develophatchedposited stage pup'lted perIod peared period 	 mental 

period 

19S5 /982 Davs /98S Daps 1933 DaYB Days
June 21 July 4 13 July 1 362 July 12 11 386 
June 25 July 8 13 Aug. 16 404 Aug. 27 11 428 
July 16 July 25 9 July 8 348 July 20 12 369 
July 17 July 27 10 Jlily 18 356 July 29 1l 377 

Do.•.•• ••. do ....• 10 July 27 365 Aug. 6 10 385 
Do.•••. July 28 11 June 15 322 June 27 12 345 

July 18 _.•do __.• 10 July 19 356 July 30 11 377 
Do..... July 29 11 July 8 3{4 July 19 11 366 

July 21 July 31 10 July 9 343 July 20 11 364 
Do._.•• __ .do.•••• 10 July 12 3,(6 July 24 12 368 

1998 1983 19SI, 19.'1-1 
June 20 July 3 13 June 5 337 June 21 16 366 
Do..•.• ..•do._._. 13 June 23 355 July 3 10 378 

July 5 July 22 17 July 2 345 Jul;' 14 12 374 
July 8 ...do.•.•• 14 June 27 340 July 7 10 364 
July 9 July 24 15 July 14 355 July 24 10 380 
July 10 ••.do. __._ 14 July 1 342 July 15 14 370 
Do•..._ ._.do..•__ 14 July 16 357 July 2·1 8 379 
Do.••.• July 25 15 July 11 351 July 21 10 376 

July 13 July 26 13 July 16 355 July 24 376 
Do.•.•. July 27 14 July 17 355 July 29 12 ;181 

8 

I 
The newly hatched wireworm is approximately 2.5 mm long and 

0.25 mm in diameter, so tiny that with the unaided eye it can be seen 
only with difficulty except against a dark background. By September 
the length has increased to about 12 mm, but from October to the 
middle of January growth is slower, the length increasing at the rate 
of only about 1 mm a month. During January and February there is 
usually a slight decrease in size, after which rapid growth is resumed. 
Late in February the average length of field-collected wireworms is 
approximately 14.25 mm, and by May this has increased to approxi
mately 18 mm. A fully mature larva may be from 22 to 30 mm long. 

When the larva has reached maturity, usually in June, it forms an 
oval-shaped cell at a depth of 4: or 5 inches in the ground. Within 
this cell, which is approximately 15 or 16 mm long and 4: to 5 nun 
across, the larva passes through a distinct prepupal stage. There is a 
very marked shortening in length, accompanied by au increase in 
diameter, and a very noticeable accentuation of the abdominal seg
mentation. This state lasts for several days. 

PUPAL PERIOD 

At the end of the prepupal period the last larval skin is shed and the 
pupa appears. The average duration of the pupal period is approxi
mately 11% days (table 2). At the expiration of this period the pupal 
skin is shed and the imago appears. 

PREOVIPOSITION PERIOD 

The newly transformed adult remains in the pupal cell for 2 or 3 
days until the integument begins to harden and show pigmentation. 
It then emerges from the soil and mates. After mating, from 1 to 4 
days elapse before egg laying begins, but usually the preoviposition 
period requires approximately 24 hours. 
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LIFE CYCLE 

The life cycle of this species covers approximately 1 year. In the 
1932-33 brood the average of over 40 complete life-cycle records was 
slightly under 370 days. Some typical life-cycle records are pre
sented in table 2. 

Data to support this statement of a I-year life cycle may be listed 
as follows: 

(1) All wireworms collected in the field in the spring either com
pleted their development that summer or died. During the 4 years' 
study, in not a single instance did a wireworm live over a second 
season. 

(2) All wireworms reared in the laboratory hud a I-year life cycle. 
(3) Over a 4-year period (1931-34) practically all larvae in the 

field appeared to complete their development by the last of June. 
Large wireworms could be collected in abundance in April, May, and 
early in June, but they became very scarce the last of June. It was 
extremely difficult to find any in July. Adults wcre abundant in June 
and July, and small to medium-sized wireworms could be collected in 
September and October but large larvae were never found at this 
season of the year (table 3). 

TAllLtJ 3.-Length of {t,cld-colleeteiL w'iI'e'Worms of Jlori,~tonof.tt8 uhlerii 

Field-collected larvae 
Q[ II_ uhlerii 

Field-collected lnrvuc 
of 11. uhlerii 

Field-collected larvae 
of II. uhlerii 

Length of 
larvuc 
(mm) 

Collected 
in Sep
tember 
and Oc

tober 19~2 

Collected 
in June 

1933 

Length of 
larvae 
(mm) 

Collected I
in Sep- Collected 
tember In June 
and Oe 1933 

lober 19:12 

Length of 
larvae 
(nun) 

Collected 
in Sep
tember 
aud Oe

tober 1032 

Collected 
in June 

1033 

Number NumlJer Number Number Number Number6 __________ _ 4 14__________ 6 13 22_________________ .__ 43 
7_~ ~__ _____ _ 1 __________ 15__________ 6 15 2.1__________ __________ 21
8_________ __ 
9__________ _ 
10__________ 1~ ===:=::::= IIt:::::::: :::::::::: ~~ ~::::::=::: :::::::::: y~29 I IR __ ._______ I 51 26____• _____ c_________ 27 
11._________ 1 18 __________ 1110__________ __________ 29 27__________ __________ 4 
12__________ , 16 1 211._. ________ .___ ____ 82 28__________ ,__________ 3 
13__________ ' 7 .5, 21.__________________.::.'__..::5,::..0.:.:...-~__,~_'__-----'--_ 

71l11l 
Average lengt.h orrall-eollected wireworms ___ . ____ . ____ . __ . _______ .. __ •________________ 10.8 
Average length of June-collected wireworms _____________________________________________ 20.13 

Several scienUsts "\vol'king with wi"eworms have reported that a 
2- Or 3-year period or evcn longer was requil'cfl to complete the life 
cycle, but most of S1lch records wpm obtained by the llse of the old 
"pill-box" method of rearing. In l'C'ltl'ing Ilm'i8tonot718 1lh7('rii it was 
discovered that very l'mv if a,ny individuals would complcte their 
development ill less thall 2 years when confined in salve tins, yet 
1lnder more natnral conditions 01' moisture, temperature, and food 
sl1ch as obtained in the eal'thenwa,l'e pots previously described the life 
cycle 01' all the individuals under observation was completed within 
a period of approximately 1 year. During the seasons of 1932.-33 
and 1933-3! OV(Jl' GO completc lifc-cycle rccords and 20 additional 
larval records were obtained. Sinc'c the In,l"v!tl period covers approx
imately ninc-t('nths of llIPins('c("s lil'e period and the winter is passed 
as a larva, this give'S virtually tlIP. equivalent of oyer 80 life-cycles 
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records. In view of these records it seems possible that if more 
natural rearing conditions were used in studying the life history of 
other elaterids, many more species might be shown to have a l-year 
life cycle. 

SEASONAL HISTORY AND HABITS 

THE ADULT 

DISPERSAL 

The adult form of this insect is capable of sustained flight, and 
from available records it seems safe to assume that all C!:iPpe;L'sal of 
this species occurs in this manner. Adults have been observed to 
fly for nearly 100 yards, and various observers have collectecl them 
2 or 3 miles from the nearest lmown point of infestation. It would 

see m quite possible 
that under favorable 
conditions a fl.ight of 
a mile or more could 
reaclily be made. 

SI;:"-\SONll OCCUHRENCE 

Adults first begin to 
appear the last of 
:May, but are very 
scarce until about the 
middle of June. Ap
parently at least 75 
percent of the adult 
emergence occurs dur
ing the last half of 
June and the first 
week in July, and usu

FIGURE S.-Seasonal history
l"airfllx. 

of tile
S. C. 

sand wireworm at 
aIly by the middle of
Jllly adults ar'e ver'v 

_ J 

difficult to find. A few 
scattered individuals continue to appear lUltil early in September, 
hut their numbers are insignificant (fig. 8). 

~rATING 

Mating is usually accomplished late in the afternoon, from about 
4 o'clock to shortly after sunset. It generally occurs on the ground, 
but occasionally it has been observed on a blade of grass or even a 
short distance up a:col'llstalk. In only one instance has a pail' been 
observed in copUlation as much as 2 feet above the ground. 

Soon after the female emerges she crawls up on a slight elevation 
such, as a small lump of'dirt, a. piece of trash, or a blade of grass, 
and awaits the appearalice. of a male. There seems to be a very defi
nite attraction of the lnalesito the females from some little distance, 
but whether this attraction is attributable to scent, to a stridulation, 
or some other taxis is not known. Males are readily attracted from 
a distance of 10 feet or more, and in one instance I), male under ob

. servation was followed and found to tra.yel straight to a female from 
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a distance of fully 40 feet. The male trawls by running, jumping, 
ancl by short flights. Sometimes a female will conceal herself under 
a blade of grass, and several males ,·dll run all around the immediate 
vicinity in a highly excited mamler, sometimes going within an inch 
of th~ female without discovering her. The first male to reach the 
female quickly mates with her. Copulation continues for several 
minutes, after'which the female usually cra"yls a"\\aT a short distance 
and bUl:rows into the earth. In man}, instances flmmles have been 
observed to begin digging into the soil "hile the male was still 
attached, and they have been collected with the male still attached 
when only the tip of the fem!1le's abdomen was exposed above the 
soil. MOL'e mrely a female will take wing and flyaway. 

After mating has once occurred, a female, ,yill not imm.ediately 
accept another male. Males will often attem.pt such copulation, only 
to be hurled several inches away by "clicks" of her abdomen. 

Several 'instances have been known~ ho"\\eve1', of second matings. 
A female taken in copula laid a few fertile eggs after being caged 
and then ceased oyipositing. When a male was introduced into the 
cage mating again took place, and within a day or so another batch 
of fertile eggs was deposited. 'Whether or not this often occurs in 
nature is not known, but it scarcely seelUS probable. The chief evi
dence against it is the fact that no instance has ever been observed 
of a yery dark-colored female (dark colcr indicates age) being taken 
ill copulation in the field. 

nATIO OF SEXES 

The ratio of females to males appears to be nppl'oxinmtely 50 to 50, 
according to laboratory rearings. Females are, relatiyely scarce in 
field collections and the apparent proportion of males to females is 
at lea..st 25 to 1, but tlils is probably due to the fact that the females 
spend very little time above gI·olmd. In the vast majorjty of cases 
the female burrows into the soil within 10 minutes after mating has 
been completed. 

FEC1:J::>DITY 

Under cage conditions females usually hegin to deposit eggs ap
proximately 24: llOUl'S after ma,ting and may continue oyipositing for 
as long us 3 weeks. 1\10st of the eggs, howewl', arc cleposited within 
;} or 6 days. During fOllr sen.sons, 1931-34-. the awrage number of 
tggs deposited pel' female was approximately 50. This figure prob
ably represents normal fecundity, since thc' females were known to 
IHtve heen newly matured individuals captlll'lxl in the act of mating. 
The muximum nllll1bcl' ever deposited by anyone :female under ob
servation was 116, and the female in the case alRo was a newly 
matured insect similarly taken. . 

OVIPOSITIOX 

Females burrow into the soil to oviposit. amI the eggs are de
pOf;ited at an urilO)mYn depth. When first deposited, the eggs are 
s6cky and grains of sand and particles of soil adhere tightly to 
them, The eggs are also very fragile and are easily ruptured. 'Vhen 
merely moving them about in sand, the pressure of sharp-edged 
particles is often sufficient to rupture the integument. This fra

http:attem.pt
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gility, and the fact that the eggs are smaller than many of the soil 
particles, prevent sifting or washing them frol11 soil. 

In the laboratory, eggs were deposited singly or in small groups 
of 2 to 10. A single female has been known to deposit as many as 
68 eggs in 24 hours, but over the 4-year period (1931-34) the aver
age number of eggs deposited per day by one female was slightly 
under 12. 

Conradi and Eagerton (1) statecl that fema1es burrow for ovipo
sition into soft dirt only; that they canllot, or "will not. burrow into 
hard-packed soil that has become crusted over; and that conse
quently they seek freshly cultivated soil in which to oviposit. Gibson 
(93) repeated this staten1f>nt, and both authors used this as an explana
tion of the known fact that stubble land grown llP in grass and 
weeds is not infested. 

From the ,york done at Fah'fax it now seems probahle that the 
foregoing conclusion was erroneous. The sand ,yil'eworm does )lot 
usually infest stubb1e land, pastures, or land lying iclie and grown 
up in weeds; but on many occasions females have been observed to 
burrow into soil packed almost as hard as a brick when there was 
an abundance of soft, freshly-plowed soil less tlum 2 i'eet away. 

Freshly-plowed soil does not seem to offer any attraction to egg
iaying females. but there is a positive attraction to fields in cultiva
tion. The attracting agent, ho,yeYN' seems to be the crop growing 
on the land, such as eum. cotton. or cowpeas. and not the soil. It 
11as been observed that a heavy wireworm infestation often follows 
t.hese crops. Evidence to this 'effect is embodied in l'ecordg and ob
servations on certain fields over a period of years (table 4). 



TABLE 4.-Relation between the crop of the preceding year and the 8ubsequent wireworm infe8tation in a number of fields near FairJru;, S. O. 

00 }<'Ield 1928 1929 1030 1931 1032 1933 1934 
Ul 

~ 
e;:> 	 ~ 'f' Dowling field No.1. Corn completely ICorn very se· Uncultlvated•••••••1 Uncultivated •••••.•. Good crop of corn; Cotton very severely Uncultivated.
l. destroyed. verely injured. 	 Many hflls exam· Injured. o 

Ined; only 2 or 3 ::<
larvae. rDowling field No. 21 UnCUltivated"'1 Good corn crop; Corn very severoly I ••••• do............... Uncultivated .......... Good crop of corn; no Severe wireworm Injury ~ 
(adjoining No.1). nt' apparent Injured. 	 wireworms. to cotton. t:lInjury.

Dowling field No.3 Good corn; no No apparent in· No spparent Injury Slight Injury to corn •• 1 Cotton very severely1 Unculilvnted•••••••••• 1 Un cultivated. < 
(adjoining No. I). apparent In· Jury to cotton. to wstermelons. Injured. o 

!;l:jjury.
Wm. Lightsey field. Corn destrored. Uncuitivated .•.. No !nJury to corn 	 .... 

and bOBns. 
~Hogarth field ••••••• , Uncultivated •••. IUorn not nppre· Watermelons and Corn ruined by 139 Uncultivated..........1 Watermelons and cow· Cern severely injured; 

~ 


cillbly injured. cowpens; melons larvae to 50 hflls of peas; only slight In· 56 wireworms to 50 Y
badly injured. corn. Jury. hills. O 

Copeland field .............................. . Corn Injured ........ Cowr.ens apparently Corn severely Jnjured; 
un nfested. 87 wireworms to 100 ~ 

hills of corn. u:: 
Rouse field ••••••••• ,••••••••.••••..•.• ! •.. ...1 Cotton severely In· Uncultivated........ Corn lightly Infested; 

Jured. 30 wireworms to 100 ~ 
hills of corn. ~ L. B. Tuten fleld... \..................I... ..............1 Corn destrored by \••..•dO............... Oood crop of corn; no 	 Corn badly InjureJ. by 


wireworms. signs of Injury. wireworms. 
Hawkins field .......................... , ••••• ...................... Corn lightly Inlested. Corn modemtely in· Uncultivated; screen '" o ~ fested: 45 wireworms showed movement to 

to 100 hills. adjoining Held. t" 
Ginn field (adJoin· , .................. ,.................. ,......................,....................... No Infestation of r.orn .. Corn uninfested; sam· Cotton severeiy injured; .... 

Ing Hawkins). 	 piing showed no 38 wireworms to 50 t.t. 
wireworms. bills of cotton. 00Speakl< field ........ ,.................. ... ".1 Corn destroyed by Uncultivated........ Oats with stubble un· 	 Good corn; only 16 wire· 
 owireworms. 	 disturbed. worms to 100 hUis of :-::corn. 

Ex~rlmental plot 1..................1... .. .... 1 Corn totally de- Oats (ollowed by late Corn and cottonseed; Corn seriously injured: '"" 
No.5. stroyGd. corn; corn de- moderate Infestation. 207 wireworms to 100 :i: 

stroyed. hills o( corn. I'j
Experimental plot , ..................,..... .. ....+....do .............. Winter oats; stubble Winter oats; stubble Com very lightly In· Corn very I;~avily In· ~ No.6. und!sturbed. undisturbed. 	 fested; 19 wireworms fested; 124 wireworms :;:l

to 100 hills of corn. to 100 bills of corn. oExperimental plot ................................... I.....do.............. I.....do...............1 .....do................. Llgb~y Infeated; 28 Corn very heavily In· 
 t"No.7. 	 wireworms to 100 hills fested; 187 wireworms 
of com. to 100 hills of corn. -~ 

Experimental plot j .................. j .................. ' ..... dO.............. j Potatoes modemtely j Corn. 3IiO wlrewor= ~ 
No. SA. Infested. to 100 hills. 

Experimental plot .........................................do.. ............ Unoultlvated......... No wireworm Infests· 140 wireworms to 100 
No.3. tlon on com. bills of corn. I-' 

"'-l 
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Experiments with sticky screens so placed as to capture adult click 
beetles in flight have proyed that t1wre is a definite movement of 
females from idle fields to adjacent fields of corn and cotton and 
that this movement is largely against the wind. This would seem 
to indicate that the movement is a chemotropic response to the scent 
of growing host plants. 

In 1932 and 1933 stickv sereens were erected behyeen (,\lIth-uted and 
ullcultivated fields, n1](( the record of adults taken in flight is ex
tremely interesting (table 5). Thpse data indicate that in both years 
76 percent of tIl(' femnles Ctlptu1'(,cl "-(,1'P flying out of the idle land 
toward the c\lltiyatecl fields of corn or cotton; also, that where the 
scre(,11S ,,-ere so placed that they were at right angles to the line of the 
prpvailing ,,-incls, an average of 77 percent of the females taken on 
sllch screens were l110ying ngainst the wind toward the adjac(mt fields 
of ('orn or cotton. • 

TAllLE 5.-Numbers of IloristonotllS 'Ilhlerii taken on sticky screen.~ ana in flight 
bchccf"1/. fielll.~, Peril'fax, 8. ('., 1.932-.'1."1 

Deetles taken on srreens 

() n side ncxt to IIYenr 'Total On side n~xl to llncnlliv!lted fieldcultivated field I
------1 ! i~--------------------, I 

:o.fnle, ; Females; Males ,Female, Moles Female. 

Number' Number I' Num~e~ I-N~:::~ll ~:~~;~;-~;::C:~(Number I' Percent
1032__________..____ S74 38 .On , 9 169 45.2 , 29 76.3 
1933____...__________ 607 25 205 I 6 342 56.3 I 19 76.0 

'1'ot:>I..-___..__ ====j-rn12L~.:.~IS-___52.12-=_:L_ 76,2 

Reetles taken flying toward clIlti,nted fields 

Year I Total With the wInd ,____ A~ninst the wind 

\ Males " Females; l\lnles 'Females l l\lJlles Fernalos 
! , :, .. __ . 

--~----'---I , .--.' --- ..-~-----. --

o .1 sumbC~.! NlLmb~r I' Numb!r XU11lb,! i SIl71lI)~~ t Pcrc~nt i ,\'umber !'. Perc~ntI193________________ ._ 130 I .1 . .31 . (,. : 40.9 14 66.7 
1933________________ • 328) 14 i 1M 1: IN I 03.0 13, 92.9 

'1'ot,.l...-------i~~:=I~=~.... -. ~_~7_-;---;-_~____ 2:!G ;-sLO_ 27. 77.11 

The nllmbCl: of fenmles taken Oil tlws(' SCl"P(,IlS <'('ems ycrv small. 
both llul11('rically and in cOlllpnrison ,,-jtlt the llUIl1Uel' of mtlles, but 
this is easily explainalJlp, fol' t:.P a<'lllal stit'k)- surface comprised 
onl," 3 lineal' feel 1)('1' SCl"l'PlI, :llld tlweateh was lIot out of proportion 
to the surface arc'a, of th(, serf,'PH ('ol1lpal'l'(1 with. tIl(> t'otal a1'(,:l through 
which the mO'ht OC·Clll'1"('<1. 

The llppnr~nt disc'I·PP:UH"." ill tltt' P!"fJPOl't iOll of fl'llml('s to lllales 
is Pflsily ('xplaiI1Pc1 by til{' fad t lint tll(, i'l'lllal(';; a!'e kllown to fly 
hut 011(:('. ill their lin's (illllllPdiatpl\' aftpr matill!!). and thnt one 
flight appa1'l'ntly lasts fo!' It lIJattl'!' 'of s('('oIH1;; or: at till' IlloSt, fn!' 
minutps. 011 the otlH'1' halld, 01(' IIHtit'S Ii\'(' anel ttn' actin'l.\' seeking 
femalps for se'-(,l'al honrs (,:t('l! clay fo!' s<"'Pl'al dars. IIpllc(' the 
oppol"fUIl it)" for ('apturillg mail'S is y':lstl)- grpalpl'. . 
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In the fall of 1932 two tight cages, each 10 feet square, were 
erected. One cage was on land which had been uncultivated that 
year and one was on land which had been planted in corn and had 
been moderately infested with wireworms. The walls of these cages 
were sunk in the soil to a depth of 4 feet and were believed to be 
wireworm-tight. The cages were only 30 feet apart and. both were 
on land that had been uniformly and moderately infested with wire
worms in 1931. • 

Adult emergence in these cages ,,'as very light. Only seven adults 
emerged in the cage on land that had been in corn, and two adults 
in the cage on the uncultivated land. .Although these figures are 
small, seven adults per 100 square feet represents a ~ood infestation 
of the sand wireworm-nearly one larya to each hill of corn. 

FEEDING 

The adults of many elaterids are pollen feeders, but apparently 
H ol'istO"lwttl8 uhlerii feeds principally by rasping the stems and 
blades of corn and grasses and sucking the juices. As far as is 
known, however, serious damage has never been recorded as result
ing from such feeding. 

In the laboratory, adults feed fre!'l)' on the fl'!'shly-cut ends of 
sections of green cornstalk. 

It is impossible to state how long the fldult click bl'etle normany 
lives, but in the laboratory thl' tluration of life is only about 10 to 14 
clays. A few sUl'Yin~ for a ,\'('pks. Females seem to live slightly 
longer than males. 

.PII()TOTHOl'lS~[ 

There is a definite attraction of tllP adlllt male dick beetles of this 
species to lights. suggesting that some degree of control might pos
SIbly be obtained by the nse of trap lig'hts. Unfortunately, however, 
females have neyer been taken at a light, probably be.cause they 
remain such a Rhol't time. ahon ground. 

THE LARVA 

S.\Tt'RI·; (w IX.1UlI\' 

The great economic loss occasioned by this insect is due to the 
feeding of the lanae, which attack the. roots and subterranean por
tions of the stem of the. host plants. In cases of severe infestation 
the seed may be attacked as soon as jt begins to germinate, and the 
young plants are often killed hdol'{\ tl1<'y reach the surface of the 
soil. This type of inj Ill'," occurH typically in the dicotyledonous 
plants such as melons, peas, and ('of ton. Sneh damage is, of course, 
most noticeable in loss of stand, t11<'l'e seldom being any dwarfing 
or stunting of the plants that eHcape t]lis early death. The wire
worms often bore into or gmt\\' the surface of the. fleshy stem (fig. 
9) but there is practical1~y 110 f IInneling as is the caSe with many other 
species of wireworms. Affpl' such plants have paRsed the seedling 
stage and begun to cleyplop a roof sysfplll damage by the sand whe
worm is not so seY(~re. 
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Injury to corn is of an entirely different character. With this 
plant and all of the Graminaceae, the stem, which is hard and fibrous, 

FIGURF. n.-Injury to seedlings by the sand wireworm: A, to beans; fl, to cotton. 

is rarely attacked, the injury being largely confined to the roots. 
The small feeder roots are cut off as fast as they develop, leaving 
the plant literally to starve for lack of food and water (fig. 10). 



S.\XD WIHE"'OIDI .\Xn JT~ <.'OXTHOL TX ~OCTH ('AnOLINA 21 

In a heasily infested field of corn the small, stunted stalks may be as 
ea<;ily lifted from the ground as if they ,,,erc sticks thrust into the 
soil. In many instances snch corn is eycntually killed or even if the 
plants manage to remain alin~ lh,'re is small hope of their producing 
any yidd of grain. This type of injl1ry g()11eral\~' rontillltes o\'cr a 

Fl(.t'Hr: lO.-"Two {'urn plants of lhf' 3HHJto ng-I\: Till' illll' fill t Itt' 1. ft was illjUl't'd hy lhp. 
sunel win'worm; the olle on t h(' l'i::;ht I" I\Plll thy nntl llol'll1al. ' 

]Ollger ppl'io(l than tlIP illjlll'Y to tii('otyll'tioll(Jll" plant", pel'sisting 
llsually lOt· fl'OIll ito i~:.! 1l10111h" (j'I'Olll tlw middle of .\.pril until 
pupation of tlll' in;-;pct) :lIHI is ('()IlSl~ql\('lltly 1I11wh IlHJ/'(' Jloticeable. 

A s1ll'prising nlllOIlIlI. or <ialltage is ofjPll inllicted hy a relatively 
sl1lrtll lltllllhl')' of l:II'\':\P. i\ ~ill,!!l(' \\'i1'('\\'(jJ'llI \rill oftpil kill outl'ight 
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a small corn plant or sel'ionsly injul'e a large plant. An infestation, 
therefore, of eyen one "'il'ewor11l per hill or corn means a severely 
damaged crop, An infestation or two 01' t11]'('(' wireworms pel' hill 
of corn normally means the total d(>~tl'lleti01I of (lIP crop (fi.p:, 11), 

FIGUHF.l l1,-Corn ba(l1,\' injlll'('tl ly lht' ~Iltlll wirl'WOtlll: ,I, TIll' corn in the foreground 
is the salllI' II!;£' as thn:t in til!' middJI' of 1111' pi('ltll'(', hut i~ Oil l:UllJ thnt was lInclIlti
Yatl'd the precetling ycal': II, a e1o~I"UJI rio'\\' of 111,· injlll't'tl pIll'l IIr th,~ flt'III, 

FOtIIl 1'I.A"TS 

The lalTa of 11)(' :-;Hncl \\'il'('\Yol'l!t j~ all olllllinH'olis It'(·dp]" alld them 
are Y(,J'y few ('J'OI)S lIot Hlhjl'('( to a tt Hel\: ",1](,11 p:l'Owi np: in infested 
soi I. COIll'ad i nnd Eap:PJ'IOlI (/. p, 8) stat(\(l that -'the larvae attack 
the roots oj' jlraclicall)' all farlll ('I'Ops. as ('01.'11, ('ott Oil, ('owpeas, oats, 
rye, p('allllfs. tobacco, alld. 01 ]wrs, Tlwy have also \)('('11 obse]'ved very 
seriously injllring \'PI'Y YOIlI1p: \\'nl('l'lIl(1lol1 ]l]ant~," Gihsol1 (2) added 
Rw('C'tpoiaf<)('s. (·I'ahgl'a~s.•Johnsoll ;!'I'a~;:, alld a wil<l. hamhoo to the 



SAND WIREWOlBr •.\.J.'ID ITS CONTROL IX SO"CTH CAUOLINA 23 

list; and 'V. A.. Thomas (8) further mentioned "hogweed a species of 
goldenrod, growing in uncultivated fields." 

The list of plants recorded in the course of this investigation is 
even more extensive. and it has been found that these hosts may be 
divided among three groups, as follows: 

Group 1.-Plants that are commonly attacked and severely injured 
and upon which wireworms can develop satisfactorily: Corn, cottOll, 
cowpea, potato, and native lespedeza. 

Group 2.-Plal1ts that are often attacked, but seldom seriously in
jured for various reasons, particularly the fact that they are grown 
during the period of wireworm inactiyity: Tomato, asparagus, water
melon,S cucumber,6 })eanut, oat, rye, Austrian 'Vinter Pea, velvethean, 
sweetpotato,' cudweed (Gnaphalhb1n spathulatwn Lam.),8 wild dew
berry (Rubu.s sp.), crabgrass, and Rwhal'dia scabl'a L.S 

Group S.-Plants that are only lightly attacked and upon which 
wireworms cannot, or do not, develop satisfactor.ily: Cabbage, nut
~rass (Oyperus rotundus L.), bur-clover, bamboo brIar (Smilam 1Nllte?'i 
.llursh) 6 (coral greenbrier), and trumpetcreeper (Bignonia 'mdi
can.s L.). 

A.ustrian 'Villter peas and small grains are planted in the fall and 
make most of their growth during the period when the wireworms 
are deep in the soil and relatively inactive. 'Yhen the 'wireworms 
are beginning to feed actively in the spring these crops have become 
hard and tough, with a strongly established root system, so little 
injury is ever apparent. 

VelYetbeans, although belonging to the hnl-leaved seedling group, 
seem relatively immune to attack, not hecn.llse of the time of year 
when they are planted but because of their 1mmense, fibrous root sys
tem and their extremely vigorous growth. It 1'3 a lllatter of common 
observation throughout the area infested that small gmins and velvet· 
beans are crops that can be planted safely 011 land subject to wire
worm infestation. 

~IETnous OF }'EEDrXG 

Some species of wireworms are predacious, feeding principally 
npon other insects: and certain species haye heen suspected of feeding 
principally upon organic matter in the soil. Langenbllch (5) states 
that in Germany Ag1'iotes ObSCIl1'lI.s (L.) and A. lineatus (L.) feed 
upon organic matter 111 the soil. However, the majority of the 'wire
worms of economic importance in the rnited States, 1ncluding H0i7S
tonot-U8 ~thlel'ii, are known definitely to feed upon living plant tissue. 

The sand wireworm feeds upon the roots, underground stems, see(h, 
seed pieces, and tubers of plants. It may hore into a stem or seed, 
gnaw small pHs in thr surface of a seed~ seed piece, or tuber, or cut 
off the small root::;. III some instances the freding apparently cOllsists 
of a pressing out of the plant juices, but usually a portion of the 
stem, root, 01' seed is eOll1pletely l'aten away. 

In the course of Yal'iOllS eXl)(,l'iJ)wnts no eyidt'l1ce was obtained to 
indicate that thr !-'!llld wil'ewOJ'1l1 utilizes OJ·gallic matter in the soil 

GEarIy,planlt'd wal!'rnlt'lon8 anrI CIlCIllllbeJ's are iwldon. sel'iOllsl~' InjllrNl. 1)llt ]n I l! [llnnt·
lngs al'e oft"n bmlll' Illllll:ll-\('d. 

"SWe<'t\lotlllO~S plant",] nft"I' .luly 10 IIr.' ~('Idolll inJI1I'p!l, hut cnrIY·,et sWl'('lpotatoes arc 
aomclimes ~cvcl'el~' injUI'Cll. 

6 Delermlnl'l.] lly S, l!'. Tllakp. 
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as food. 'Vireworms placed in cages containing soil rich in humus, 
but without other food, died within-60 days. 

1tol'~~MENT THROUGH SOIL 

H oristonottl8 uhle1'~i is found 011ly in a very light, sandy soil und, 
as Hyslop (4) has pointed out, the species is adnJirably adapted fol' 
relatively rapid movement through such soil. This movement, how
ever, seems to be confined principally to a vertical rather than a luteral 
plane. That H. uhle1ii is capable of considerable lateral travel there 
can be no douLt, as there have been definite records of a larva travel
ing as much as 30 feet (not in a straight line) in 24 hours. However, 
there is much evidence leacHng to the conclusion that the larvae sel
dom move 25 or 30 feet a"'ay from the place of hatching. In the ex
perimental fields the margins of the various plots have been usually 
quite sharply defined, and in only Olle or two instances has there 
been any indication of an apparent movement of wireworms from one 
plot into another. In these cases the infiltra60n did not seem to 
extend more than a few rows. Both in the field and in the laboratory 
it has been noted repeatedly that after the soil had been dishtrrn.d 
the wireworms vcry quickly established a system of burrows, and 
there seemed to he a distinct preference for moving through these 
established burrows rather than promiscuously through the soil. This 
habit of using burrows may explain in part why there is so little 
tendency for the larvae in heavily infested plots to move over into 
adjoining lightly infested plots, . 

SJUSONAL MIGIIATION 

Since this wireworm is Y(~ry sensitive to differences in soil mois
ture and temperature, it seems to follow the movement of optimum 
temperature and moisture up or down in the soil. Late in the 
sprjng and in summer soil moisture seems to be the principal factor 
determining movement but with the coming of colder ·weather tem
perature seems to assume a relatiyely greater importance. This 
moyement is definitely vertical to a surprising degree. During the 
winter larvae are concentrated directly underneath the host plant 
upon which they last fed in the autumri. 

As e·vjclence of this concentration the following observation may 
be cited: Fifty-seven samples of soil "'cre takl'lI at a depth of 12 to 
24 inches directly under corn or cot.ton plants during thl' winter 
of 19:32-33, each sample consisting of approximately one-half cubic 
foot. From these samples 45 wh'eworms ·were taken, whereas 30 
similar soil samples from the same depths, but taken at. random and 
not directly under any host plant, yielded only 2 wireworms. 

O\'ERW INTlml NO 

The winter is passed in a stratLlI11 of almost pure sand at a depth 
ranging from 18 to 30 inches, There is very little food at this 
:'ioil depth, and feeding by the wireworms during the winter period 
must be very limited. Apparently a modicum of feedint; during 
this period is essential, because larvae confined in cages without food 
during the winter, but in which winter conditions III the field were 
otherwise simulated, have never snrvived for a period exceeding 60 
nays. 
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During this winter period all activity seems to be slowed down, 
but there is never any true quiescent period or hibernation. 'Wire
worms dug up during the winter have been sluggish, but would 
crawl about slowly or burrow into the soil. 

CANNIIlALISll 

Almost all wireworms are reputed to be cannibalistic, and this 
tendency seems to be aggravated when a number are confined in 
a small container. If a number of larvae of IIoristonotu8 1thlerii 
are confined overnight in a 
pint receptacle full of soil · · : : : · . : 
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tions where one wireworm ·· · · ·· · · ·· .· : · · · feel upon another, appar · ·· · : · · · · · · ·~ · · · ~ . If· · · · · ~ · · · 'S 
·· ....:ently nurying its mandibles · ·· · ·· :· · .

in the soft body and suck · ·· · . ·· ·· · · · · · ·· · ... 
ing the body juices. · Ii· ~ ~ ~ · · Ii· 
It :is quite probable that ·· ·· : : · · · i i · ·· · · .: ~ ·· · · · · x · . · · ~ ~ · .the cannibalistic tendency · ·.... · · . .. ~· · • · · · is influenced by food sup · . · .·. · ·...... ·· ply. Indications are that FIGURE l_.-Dingralll sho\\ Illg n etllod of taklllg

salllpies for estilllating the wireworm )lOllUlat ioncannibaliSI1l seldol11 occnrs in a cOl"llfield. IiJllch dot I'epresents one hill of 
rom in II half-II('re lll()t. 'rhe ,'(),,"S were 1i feetunder natural field comli apart and the hills ao inches apart in the row.

tions. It is not at all t11lCOIl1- '1'wo cxuminntiollh WCI'C lllnde, endl by a different 
persun and at ,t din\'l'ent time, the dr(')es I'!'IH'P

mOll t.o find as many as Li senting the locatlon~ or the first slllllples tllken 
and the cross 1II'"'I;s those of th~ second ('XII III 1or 20 wireworms under a Jl:ltlon. Approximately It G-inch cull!' of "/Iii WIlS

single small hill of corn, ('xamined frolll around the roots in {'Itch sample 

and the writer hns conected 
hilL 

as many as 41 active wireworlllS from a 6-1neh cube of earth ab:lut 
the roots of one small corn plant; yet ill llO instant e has a wireworm 
ever been collected in the fiel<l showing injury from the bite of an
other. Furthermore, no mortality occurred :froJl) the confinement of 
four or five larnle in a G-inch flowerpot where there was plenty of 
food, although the period of confinement on sev(>ral occasions laHiNl 
4 or 5 months. 

POl'Uf.ATION PElt ACIIE 

'Yorkers with other s]>(>cics of wireworms have reported very 
heavy inf(>stations, in many cases several hundred thollsand per 
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acre. MHes and Petherbridge (6), in 1927, reported an estimated 
population of Aql'iotes, in En~land, of from 215,000 to 510,000 per 
acre. M. C. Lane, in recent correspondence, has stated that in the 
Paci.fic K orthwest, infestations of the Pacific coast wirewor'lll 
(Limonius (Janu~ Lec.) often exceed 1,000,000 per acre. 

Such records are in marked contrast to infestations of the sand 
wireworm noted in South Carolina. The heaviest infestation ever 
found by the writers ,ms estimated at only 9,185 pel' acre, based upon 
a count 'of wireworms pel' 100 hills of Col'll with a theoretically com
plete stand, whereas the actual stand "as far from complete, so 
the infestation probably fell much below that figure. In North 
Carolina and South Cnrolhm during .April and May most of the 
wire"orm:; in a given field are concentrated in close proximity to 
the young corn plants. In no instances have larvae ever been taken 
in the middle of the 1'0\\-8. and at this season it is doubtful whether 
even 5 percent of the wii'eworm population at one time would be 
found at any distance from a 11m of corn. In the spring of 1931, as 
f'oon as the young plants ,yere abo'i-e the ground, infestation records 
were taken on strips 1 foot wide and :'50 feet long (50 square feet) 
directly on rows 0-£ drilled corn, cotton, and potatoes, and also on 
check strips of the same size between the drilled rows which were 
8 feet apart. In the npper G inches o:f the 50 squal'e feet of corn 
row there were 79 wireworms; in the cotton row, 19; and in the 
potato row. 23; whereas in the three check strips between the rows 
there was not found a single ,vjreworm. Even assuming, however, 
that 50 percent of the wireworms were scattered through the large 
~lU'faee area not directly under the hills of corn there would still 
be a hypothetical infestation of less than 20,000 per acre. 

In maldng examinations to determine wireworm population during 
the course of this 'York, a systematically random method of sampling 
(fig. 12) ,yas used which furnishes an indication of the infestation 
in each part of every plot. 

l"(Hl~[A'fIO:-; OJ!' PUPAL CELL 

'1'he· pupal cell is found in the soil at a depth ranging from 4 to 5 
inches. It is merely a small, unlined, oyal-shaped space formed by 
the twif3tinp: movements of the mature larva. 

NATUI~AL ENEMIES AND CHECKS 

PARASITES 

IVil'eworms are rcnuu:kably free from parasites. In his review of 
literature referring to parasitism among elaterids, C. A. Thomas (7) 
mentioned only one installce of a wireworm parasite attaining eco
nomic importance. In this instance. a serphid, Pa1'a(Jodrus apte1'O
qynu~ (HaL), was recorded as parasitizing an average of 25 percent 
of the larvae of Aqriotes oos(JUl'US (L.) collected in Esthonia in 1925. 

Gibson (B) stated that he never succeeded in rearing any internal 
parasites from larvae of Horistonotu8 uhlel'ii Horn, and Conradi 
and Eagerton (1) merely recorded the death of a few larvae "pre
sumably from an annelid parasite observed in their bodies." 

In 1931 a number of sand wireworms were collected in the field 
near Brunson, S. C., and many of them were fonnd to be dying, ap
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parently from the attack of a nematode, identified by G. Steiner of 
the Bureau of Plant Industry, United States Department of Agri
culture. as a s'pecies of DilJZogastel', a form not known to be parasitic. 
However, durmg the course of the season of 1931, 8% percent of all 
field-collected larvae, several thousand in number, died, apparently 
from the attack of this nematode. 

III 1934, nematodes in dead, laboratory-reared wireworms were 
identified by Dr. Steiner as Oeplwlolll("s [Jel'segni,s Bastian, a, 1mo"n 
parasitic form. 

On various occasions sand wireworms have been collected ,yhich 
were apparently killed by a parasitic fungus. In the spring of 1934 
a group of such larvae collected at Fairfax, S. C., were found by Vera 
K. Charles of the Bureau of Plant Industry, to be attacked by a 
specie!' of F~tsarill1n and by Asp(!,]'gill~tS fla.vws Link, but Dr. Charles 
stated that these fungi were apparently secondary rather than actu
ally parasitic. At a LLter date Dr. Charles observed in another collec
tion of dead wireworms what appeared to be resting spores of an 
Entomophth01'a. very closely resembling Ento1nophthoJ'(t ca?'pentieri 
Girard: a definitely parasitic form. 

PREDATORS 

Conradi and Eagerton (1) recorded that a dipterous larva, Psilo
cepltaht sp., probably pictipenni,s (Wied.), and another e1aterid1arya, 
ConorIe-rus -1'C8pel'timt8 (F.): are predacious upon the sand wireworm; 
and that a robber fly, p.l'Octac(llltlw8 bl'evipennis 'Vied., a tiger beeUe, 
Oici·nde7a ~'llfh'etdri8 Dej., and a spider, Peucetict virida.ns (Hentz), 
are predacIous on the adult beetles. 

Gibson (3) did 110t mention predators except to state that birds 
feed upon "all kinds of wireworms." 

At Fairfax the larvae of a thereyic1 Hy, Psilocepha.Zo 'I'llfoventl'i8 
Loew~o has been known to prey upon the sand wirewol'm to a mUlOr 
extent. "Then confined in experimental cages, however, these therevic1 
larvae did not prove to be effective predators, since only an occasional 
wireworm was attacked by them. 

Three hemipterons, 01lcocepltalu.~ ,qenicuZatu8 (Strtl), .d7JiomerllS 
craMipes (F.), and Zel~tS ceJ'vi('(l7i~ Stil.l,J° 11ave been observed feeding 
upon adults of Horistonot1l8 11li7el'ii, as has also tIle spider Peucetia. 
'/'iridan.s. It seems probable that the robber flies, the cicindelids, and 
numerolls birds must feed UpOll these click beetles to some l'xtent, but 
no definite observations have been recorded upon this point. 

All the predators combined, however, are yery in(>fficient, since their 
act.ivjt,y is necessarily confined n.lmo~t ent.irely to the male beet.1es. 
The females are exposed to attack for snch a short period of tIme 
that the predators' opportunity to n.Uack tlwm is necessarily very 
Jimited. 

EFFECTS ON THE WIREWORM OF EXTREMES IN SOIL MOISTURE 

The sand wireworm is kmfwn to be exceptionally sensitive to ex-' 
tremes in soil moisture. It is not so highly chitinized as the majority 
of wireworms, a11d consequently is not so well protected from adverse 

D Determined by C. T. Gr~cne, 

,0 Determined by H. G. Bnrber. 


http:Psilocepha.Zo
http:virida.ns
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conditions. Very dry soil, or even exposure to air-dry soil for a few 
minutes, is invariably fatal. Conversely, excessive moisture is equally 
fatal. The sand wireworm was never found in completely dry soil or 
in low, heavy, wet soils (fig. 13). From 34 to 65 wireworms per 50 
hills of corn were found in soils that had a moisture content of from 
4.07 to 6.18 percent down to 14 inches below the surface after a heavy 
rain, but none were found in soils that at such a time could hold 
from 14 to 20 percent of water. In periods of drought the larvae 
move deeper into the soil, apparently in search of moisture. In rear
ihg cages the larvae quickly succumbed to either excessive dryness 
or flooding. 

In 1932 the rearing ('ages were located on relatively low ground, 
and a very heavy rain completely flooded them. The water was 

FIGURE 13.-A cornfield showing the effect of wireworm infestation in the foreground on 
light soil, while there is It goo<l stand of corn beyond on a lower, heavier type of soil. 

drained off within an hour, nevertheless approximately three-fourths 
of all the wireworms in the flooded cages were killed. This was prob
ably due to the flowerpots being tight enough to prevent rapid drain
age, and as a consequence the contained soil was maintained in a 
snpersaturated condition for several hours. It has been suggested 
that the reason the sand wireworm is found in only one particular 
type of soil is that this type cannot be flooded for any length. of time. 
In such soil the underlying strata of sand function as subtel"ranean 
channels to carry off quickly any excess water, even under condi
tions of very heavy precipitation. 

In view of the indicated sensitiveness to excessive soil moisture, 
reports of drowr,ing of sand wireworms !lS the result of heavy rains 
would seem er.cirely credible, at least under some soil conditions. 
On several or.easions reputable farmers have been heard to state that 
they had S':len entire fields depopulated of wireworms by heavy rains 
and tha:i; the wireworms were evidently drowned, since they came to 
I:he surface of the soil, where they conld be l'eaclily seen, ancl died in 
large numbers. 
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Field observations, however, have not substantiated the belief that 
excessive soil moisture induced by heavy rains causes high wireworm 
mortality under all conditions. On May 28, 1934, over 5 inches of 
rain fell at Fairfax within a period of 24 hours, and the soil of the 
experimental plots was apparently saturated with water for at least 
24 hours. Again on June 4, only 6 days later, nearly 3 inches of rain 
fell, and the soil was again saturated for a period exceeding 24 hours. 
Air temperatures recorded on these dates were, for ~fay 28, maxi
mum, 53°, minimum, 5:1_° F.; and on June 4, maximum, 81°, mini
mum,66°. The mean soil temperatures at the 2-, 4-, 6-. and 21-inch 
depths were 53.5°, 54°, 55°, and 56°, respectively, on May 28, and 
66.5°, 66°, 67°, and 62°, respectively, on June 4_ 

Since infestation counts had been made in the plots just prior to 
.he first rainfall, the wireworm infestation was definitely known. 
One week after the second rain the soil in the plots was again ex
amined and it was found that there had been no appreciable decrease 
in the infestation in any of the plots. It seems extremely doubtful, 
therefore, whether heavy rains would be effective in drowning this 
wireworm, under the soil conditions in these plots. 

ARTIFICIAL CONTROL 

DIRECT CONTROL 

Since the -wireworm spends practically all its life in the soil, where 
a poison spray or dust cannot easily reach it, almost the only possible 
direct control measure is soil fumigation. This, however, would be 
very expensive, and its benefits are so temporary that its use can be 
justified in only a few exceptional cases, as the cost of soil fmnigation 
is usually more than the ynIue of the crop involved. The nverage 
farmer or gardener living in the area infesL,-,J by the sand wireworm 
cannot afford to consider such a method; for even if the treatment 
were effective in completely ridding the land of wireworms, the 
protection would last only a few months. 

No tests of soil fumigants against the sand wireworm have been 
made by the writers. Both carbon disulphide emulsion and calcium 
cyanide have been used successfully against other species of wire
worms, but the expense of using these materials is so great that only 
florists or gardeners might at times make llse of such a method of 
control. Perhaps some very cheap soil fumigant may be discovered in 
the future, but the writers know of no such material. 

INDIRECT CONTROL 

Since a direct control is impractical, it is necessary to adopt an 
indirect method. Such It control has been developed; and although 
slower and less spectacular than It direct control would be, it is 
efficient, economical, and so ('as), and simple to apply that any farmer 
'Can make use of it. 

There is no known method hy which this pest can be completely 
eracHcated from the land, nor is any single satisfactory method known 
by which the sand wireworm can be controlled. Nevertheless, by the 
adoption of the farm practice discussed in this bulletin and by the 
modification of certain other practices wireworm losses may be greatly 
curtailed. . 
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LAND RESTING 

Land resting is one of the oldest and most effective methods of 
controlling the sancl wireworm, If a farmer has sufficil.'nt lalllI to 
permit half of his fields to lie idle each year, the wireworm problem 
is easily solved, The arlult. beetles emerge in the uncultivated fields, 
and the majority of the females fly to adjacent fields of corn, cotton, 
or cowpeas, to deposit their eggs. Consequently, the following Tear 
the infestation is usually very light in the fields which 'were rested. 
Pasturing is just as effective in ridding land of wireworms as is letting 
it grow up in weeds. 

1\7]len prices wl.'re low. the wireworm probll.'m was of minor im
pOltance in South Carolina, since the majority of the farmer:: had 
much more Jand than they conld cultivate profitably. Fnckr snch 
circumstances t]J(' procedure of Jand resting ofi'I.'l'l.'d a yery simple and 
effective remedy for this pest. Under normal conditions, howeYer, 
most farnll'rs f(>('l that it is nec(>ssary to uti]ize every acre as fully as 
possi\)](1 all tIle time in order to 111ah a profit:' and under ;uch 
('onditiolls land resting cannot be. practiced. ('xcrp(' at tl yel'~' heavy 
economic loss. 

PLANTINO m:STSTANT cnops 

There iR a maJ"l,:ed diifrrencr. in the ability of yarious crops to toler
ate wireworm attack. Corn, cotton. and potatoes st'('m to be the most 
susceptible of the major crops to inj1U"~T by the san(1 ,yirewor111. with 
cowpeas a clORe fonrth. Peamlf's. asparagus, beans, and cncumbers 
are also sometimes injUl'ed. 

The more rrsistant crops arr pt'ohably the sma]] grains. particularly 
oafs and rye, veh-etbeans. tomator:::. rarIy waternwlonf', and late sweet
potators. 'Cabbage seems practically inlmnne to attack by this insect. 

The comparative immnnity to injlll'y of some of thr foregoing crops 
is largely dependent upon the season of the year the crop is planted. 
Thus small grains escape wireworm injlll'Y on infrsird land. not be
cause the sand wireworm dol'S 110t attack them. hnt because of the fact 
that these grains are usually planted 1\1 the fnll and make most of 
their growth dllring the pr1"iod of the year when the wireworms are 
deep :in the soil and relatively inactive. 

PLAXTING AT S.\FE DATES 

In South Carolina t11r samI wireWOl'Jl1 usually does 110t hrgin to 
at tack cropR in the spring lIntil about the middle of April, and for aU 
pract.ical pllrposes the injury may be said to cease about the middle 
of June. Crops are newr seriously injured late in the summer. in 
fall or winter, or early in the spring. The dllnger ])eriocl i,., from 
April 15 to ,June 15. It is obviolls, therefore. that the plantiniT of 
Rllsceptible crops SllOlllc1 bl' tlyoided during this period. 

The eggs laiel by the femalrs of IIOJ'i8tonotu,~ 7lltle1'ii one summer 
produce 'a wireworm infestation which is injurious the following 
spring. Evidence has been obtained that the female beetles are 
clefillitely attracted for egg laying to lttml on which certain croP? are 
growing. Corn, cotton, cowpeas, ancI potators Rcem to be espec1ally 
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attractive. Approximately 75 percent of the eggs are usually laid 
during the last 2 weeks of June and the first week of July. It is 
evident, therefore, that if land is kept free, during that period, of any 
crop that wHl attract the egg-laying females, an infestation can be 
avoided on that land the following year. 

CROP llOT.-I.TION 

Since the female beetl('s of the sand wireworm are attracted to 
growing crops of com and cotton, this attraction may be used to 
advantage in arrangin.s crop rotation as an important method of 
combating this pest. Llmd planted to a susceptible crop for 2 or 
more years in slwcessioll will build up a large 'wireworm population 
so quickly that almost any crop planted therein wm be destroyed. 
On the other hand, by using a rotation in which a su~c(>ptihle crop is 
followed by a resist- ' 
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Ii ,be requced to a point ~ I ! 
where serious crop ~ 10 i 
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'1 (l,nfic'lellt 1']1 "'1111- ('0111 lllel'r; II I (")'til;.,')' "11 lanel inff'steil with the sanel wil''''SO} , worm, Fnirfax, S. C., 10a2. 'rhe mnnure was applied 

mus F)'eld ' broadcast in tile fnll of IDaI nt the rate of 10 tons per , expen- acr~, Tb" commercin} fertilizer, 8-:.1-3, was applied just
nlentation has denl- )lrior to the planting of the corn, at the rate of 400

pounds per IICI"', 1nf,'station was fairly uniform and wos onstrate(1 tllat 111U(' 1 I approximntely 40 to 45 lan'lIe per 100 hill~ Of corn. 
benefit can be ob- "':l 
tailled, and the wireworm injury reduced, by the incorporati(m of 
organic matter in such soils, especially through the plowing under of 
leguminous or other cover crops and by heavy applications of stable 
manure 01' compost. 

The imprOYeIllellt, of the soil 'with heavy applications of organic 
matter will not riel land of wireworms, but it will aid greatly in 
enabling the gr'owing crop to o\'ercome or tolerate wireworm att1lck 
(fig, 14), Humus 'increases the water-llOlding capacity of the soil 
and stimulates a heavy, vigorous growth condition which is especially 
needed in combating the sand wireworm, 

In. the presence of heavy wireworm infestation, the plowing under 
of winter covel' crops o,er a 3-year period, without other treatment, 
increased the yield of corn from practically nothing to 19 bushels 
per acre (fig, 15), In studying this figure, an increase of wireworm 
population will be noted ill 1933, To some extent this increase is 
common to both plots, and in part. may IULye been due to unknown 
factor'S such as often cause a. natural seasonal fluctuation in the size 
of wireworm broods, However, the unusually sharp rise in popula
tion in the no-cover-crop plot might perhaps have been due to the 
fact that in 1932 three-fourths of this plot received a treatment of raw 
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cottonseed, Some of this seed germinated and the cotton stalks grew 
among the cornstalks during the entire season and remained alive all 
winter, It is quite possible that the presence of this cotton increased 
the winter survival of the wireworms, 

The relation between the humus content of the soil and sand wire
worm injury is often illustrated in fields of corn or cotton which, 
although practically ruined by the sand wireworm, contain one or 
more spots where the plants are. large, yigorous, and normal in every 
way (fig, 16), Such spots are almost inntriably either on low ground 
representing a hea,-y typP of soil in ,,-hich wireworms will Hot live~ 
or in a portion of the field where a pile of oat straw or hay was 
allo,,'ed to stand the IH'e,-ious winter, with the result: that much of the 
straw in contact with the. (laml) ground rotted and was later plowed 
under, These ('xltmples pl'o\'ic e c"jdenre of the hl'll('fit to be deriyed 
from incol'porating hnmus in tll(' soil as an aid to wireworlll control. 
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FUH'ltg l(i,-I,;n'pct of a wintel' COyet' crop, IJI"wt'[j Hnc!t"', 011 lan(1 infpRt('d with O'e sand 
wirpw(Jl'III, Itai, fax, t-:. Coo )U30-a:I, The yield Of' (""'ll IllIti thp wit'cWOl'1II infestation 
011 two IIdj ,Inl!'g plots lire shown. In hoill plots til.. ('ornstnlks wprp plowl'ti untier 
(~:Jch Y{l:ll', uut ill the plot on the jpft n willtf1l' e(H~(lI' ("'01' wu:; t!I'own :tlltl plowed lllHler 
(>,\('11 year, 

I~IPRACTICAL REMEDIES 

N llllle,1'OliS l1]('t hods of (li1'('('1 eOIl tml ha I'e been t('stet! agai nst the 
sand wireworm but. alllHl\'e pro,'pd ntlllPI('ss: impracticable, or: at the 
best, of only slight lJPll{'fit. !-4onH' of thp>'e Jl]('thods arC' \\'o1'lhy of 
brief dis(,lIs~·;j()n, 

There is Jlo knowll s('ed tl'Ntiment that will jH'e"ent t lH' sand wire
"vorm from attacking- young- plants. hecause this spec'i('s (lops not feed 
upon the surface of planted sped, Th('," sometimes bol'(' illto a gC'rmi
JUtting- seed and feed upon the, tiny ~1)l'ollt. but the pl'ill('ipal injury 
is to the young stem and roots, Ewn if tIl(> s('('(l {'mild IJt' entirely 
protected, this pmdi('(' would still not IH'evpnt win'worlll damage, 

1 :'I'SI':( nnlJ~:s 

1\lith the exception of soil fllIlligants~ ""hieh :U'(' impraetical on a 
field se:tlt~ in the South AtI:l1ltic States at· this lilll(, h('C'tluse of the 
expense: there is no known llwthod of rpaching this l)('st wit-ll a poison. 
Wireworms feed upon the roots and underground pOI,tions of the st~ms 
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Soil treatment with paradichlorobenzene ,'las ineffective, even at 
dosages of 2,000 pounds per acre. 

Treatment of land with lime, kainit, nitrate of soda, and cyanamid, 
although beneficial to crops from a fertilization standpoint, showed 110 
value as a direct control method against this wireworm. None of these 
materials evidenced any repellent action at any of the dosages tested. 

BAITING 

Larvae of the sand "ireworm do not seem to be attracted to any bait 
except germinating seed. The germinating seeds of corn, cotton, and 
oats exert some attraction but not to it degree that will allow this reac
tion to be used as fln aicl to control. 

There seems to be !L theory, rather preyalent among the farmers of 
the Fairfax section of South Carolina, that drilling cottonseed adja
cent to a row of an in:rested crop or burying a handful of cottonseed 
adjacent to an infested hill of corn ,\'ill afford protection from the 
sand wire,\'orm. Experimental tests lUlye not subst(tntil~ted this 
theory. A few wireworms are attracted to the germinating wttonseed 
but not in snflicient numbers to afford any degree of protedion to the 
crop. On the other hanel, the use of cottonseed has the decided disad
yantage that unless care is exercised to prevent the gro,yth of the 
cotton it 11Ul)" selTe to increase the ,,"jrewor111 population the follow
ing year" This reaction is probably due to the fact that in South 
Carolina: and f,ll"ther south. cotton gro,ys as a perennial and the roots 
seryc as a fooel supply :for the ,,"ire,,"orm5 during the fall and winter 
and early in the ~pring, Even when the cotton is plowed under in the 
fall. many root" remain aliY(' all winter. and the sand "'ir(>wol"m fe('ds 
to Ii limited extent durillf! thiti period. ' 

PLOWING 

'Vinter plowing will not control this pest. The winter is passe(l at 
a depth of 18 to 30 inches in the soil, far belo,," the plow line. 

Summer plowing is also ineffective. A few inclh"idllals might be 
killed by actuul contact ,,"ith the plow: but the sand wireworm_ is very 
active, and merely turning them up to the soil surface has no apprecia
hIe effect iUl"edl1cing their abundance. They bnrrow back into the soil 
too quickly i~()r any signiJic1111t number of them to be caught by birds 
or other natural enemie~. Furthermore, only a small percentage of the 
total wireworm population is turned up by the plow, sinn' the lalTae 
arC' concentrated Ilnder th(> rOWs of growiJl!! plants. 

1'.U.T.OWI;\"(1 

Ltlhor:ttOl".'" t('sts indicu (('(1 tllat the sHnd wil'e\yorm might be su('("ess
:runy stal"\"ed by maintaining an absolutely cl(>an fallow dllring the 
fall and wintel' and early in the spring. Sixty days of SHell t reatmc'nt 
in the lahol"atOJ')' was sufficient to kill 100 percent of the \\"ir('woI"11I8. 
Consequentl)' a seri<,s of Jil'1<l expt'ril1lents was conducted jn 1!l3;3-:H to 
ie~t the possihilHy of utilizing fallowing as an aiel to sand wireworm 
control. EigM plots of 1 acre each ,yere pr<'pared, and one-half of 
each plot was <,ultiyated thoroughl.v at regular jntel"\'ltls Jot' a varying 
length of tilllf'. In On'('(' plots tIH' Jallo\Y('ll half of the flr('!L was main: 
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tained in a state of clean cultivation for a period of 150 days, from 
November to April. In two plots the fn110wed half was cultivated 
£01' 100 days, from J annary to April. In three plots the fallowed half 
was kept clean for a period of 60 days, from February to April. 

A study of figure 17 will readily show that fallowing was of little 
or no value as a control measure for the sand wireworm in any of the 
three series of plots. This experiment leaves several lUlanswered 
questions. In particular, was there an actual die-off in the undis
turbed fields ~ It is doubtful, even though there seems to be an appar
ent indication of this in some plots. There was certainly an abundance 
of food in the undisturbed plots, and at that season of the year it 
scarcely seems as if there would be very much difference in the tem
perature or moisture between the fallowed and the undisturbed fields. 
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FIGt:RI: 17.-Expcriments In allowing land to lie fallow for various periods for the control 
of the sand wireWOrm, Fairfax, S. C., 1933-34. 

Rainfall was ljghter than normal during a part of the period, but the 
soil of all plots was moist during the entire period. 

One reason for t11e success of fallowing in the laboratory and its 
failure b the field was the inability entirely to eliminate n food supply 
in the fieM. The fallow plots were kept nhsollltely free of all grow
;ing vegetatIOn-there was never any weed or grass growth on top of 
the soil-but soil samples showed that germinating weed and grass 
seeds were present in the soil below the surface throughout the entire 
winter. In plowing these plots many seeds were buried to a depth 
of 8 or 9 inches, and some of them germinated and made a growth of 
seYeral inches without approaching the surface of the soil. It is even 
conceivable that these btu·jed seeds furnished a better and more read
ily available food supply than did the Toots of the plant gl'Owth on the 
undisturbed plots. 
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THAP LlGlITS 

Trappillg' of adults of this wireworm with lights is ineffective. 
Many adults may be caught in thi~ mamlel', but all those caught have 
proyed to be males. 

CONTROL RECOMMENDATIONS 

"Then a sl1l'pll1s of land is axn.ilable, fieldsinfrsted hy the sand 
wireworm. should lIot be pIantN1 oitl'ner than eyer), other year. 
Resting land for 1 ~'I'nr will greatly reduce the numbl'r of wireworms 
the follmviu rr year.

Crops sl1ell v aR eOI'll ~l11d cotton, which are Rl1sceptilJle to seyere 
,,'ircworm injury, should either he IdalltNl as early as possible and 
stimulated into rapia growth with commercial Iertilir.ers and culti
nltion, or the plllntillg of such erop;; HllOuld be delayed ulltil after 
.Jul y 10. 

Potators lIlI(l \\'atel'mplolls should always he plantNL a~ early as 
possible in till' spring. ElU'ly plalltillg ,is particularly important in 
(lip ease of watpl'lIlt'lollS bprlulHP 11l0"t of the injl1ry to thb crop occLlrs 
when the plnnt;; :ll'P in the sredlillg' stage. It has 11ep11 demonstrated 
repeatNl1y that 011 la1ld infl'f'ted ",ith the SRI1l1 "'il'C\\"OI'm, early 
planted lI1el()n~ will eOIlH' lip tln{l 1'1'OlllH'P a satisfactory crop "'hrn 
it is almost inl])()ssihle to obt:Lin cyen it partial stand ",ilh those 
plalltecl late>. 

On lllfestl'd land Jol'tll!:e (TOPS, con'I' erops, a11(l s,wctpotatoes 
f'houl<l not 1)(' plantpd hl'j'ol'l' J liLy 10. By pradicing slieh a delay, 
injury by tlll' iarg(', nearly mature \\'il'l'\\'Ol'm~ is :t"oi(\pd and the 
(l:Lllgt"I' or attraetillg the 'I'enmle l.ll'etirs is a Iso largely ('1 iminated. 
For inshul('l': COWj)e>HS plante>d in April OJ' l\fa~' nre not o11ly liable 
to seriolls injllry h1lt "'ill probably attract pgg-layillg f(·male beetles~ 
ami thlls bp l'l'sp<lIlsiblp fol' a hp:l\'Y 'wil'(>\\'ol.'111 illfestation the next 
yl':tl'. Ho \\'('\'l' l', eOWpl'HS pJHntt'(l aftpr .Jllly 10 arc not ;:;l1bject to 
spriolls \\'i],(,\\'0I'1I1 dalll:ll!:c tlll1t Yl'al', all(L tlir]'(> is no ellanec of their 
eHIIsill!.! all inf('stntioll tllP roIJ<n\'illg Y('nt. 

This sholiid not b(' c01lstrll(,ll to '11I(':In that (:O\\'PNIS should not be 
pIalltN1 ill ('o]'n bdol'(' .1 lily 10. rrlle fel1lalc bel't Ips art' aLfracted to 
eOl'nfiplds in nllY ('Wilt. and it ('an aad wry litt1p to the cltLn~er to 
plallt ('(}wlwa;; in tllp ('01'11. Plallt illl!: cowpeas or bpans lJ(:{ wpen tl1(' 
rows 01' COI'Il dllrin~ thp InRt ('Ii1tivat.ionis a Y(,I'y \'(\II1[\l>lc means of 
incrPtlsing tI\(, soil h 11111 liS, and Hl1ch all oppOl'tllnity should not be 
neglcetpd. 

Rpl'dbedH should 1)(' (,!Lrefnlly and thoroughly preparrd, t'ommN'cial 
frrlili7.c1'5 IIS(,(\ whell possible, and a good statl' of ('ultiyation main
tained at all t imcs. ~1I('h pl':l('ticp;; :11'(' important" ill allY system 
of farming, hilt in cOIn bating tllp salld. wireworm it is particularly 
ner('ssary 10 haye all parly crops lip and growing Yi~Ol'ousl'y in the 
spring, when tlip attack of the pest begins. ' 

The soil Hhould 1)(' improved at ewry opportunity hy additions 
of organic matter such as Htnble manure and compost. and by the 
use of legmlli nOlls or wintpl' COWl' crops. supplemented by the plant
ing of heans 01' peas in corn. • 
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In addition to the foregoing, an agrono';nically acceptable plan of' 
crop rotation is extremely important. Such a rotation should take 
advantage of the advisability of early and late planting, the sus
ceptibility of different crOl)S to wireworm injury, a.ncl the necessity 
of building up the soil fertility. The following rotations are 
recommended: 

In instances of severe wireworm infestation a 2-yea1' rotation, liS 

described below is advised. 
Fir8t yem·.-Small grain (oats or rye). After cutting the grain, 

the land must not be planted. before Juiy 10, if infestatIon the fol
lowing year is to be avoided. After July 10 plant a cover crop, a 
hay crop, or late sweetpotatoes. Late in the fall, after hay or sweet· 
potatoes have been. harve~ted o~ cover crops turned under, plant il 
winter crop such as Austl'lall 'Vmter peas or vetch. 

Beoorul year.-Tnrll under winter cover crop and, as quickly: as 
the land can be prepared, plant corn, cotton, or other susceptible 
crop. 

When the wireworm infestation is known to be light, a 3-year rota
tion may often be used to advantage. Thus: 

First yeal'.-Same as first rotation plan. 
Seoorul year.-Turn under winter cover crop early in spring, and 

as soon as possible plant corn, cotton, or other susceptible crop. 
After the crop is harvested in the fall, plant a winter cover crop 
such as Austrian Winter peas, or vetch. 

Thi1'd year.-Turn under the winter cover crop early in the spring 
and, as quickly as the land can be prepared, plant one of the less 
susceptible crops, such as velvetbeans, tomatoes, or early watermelons. 

Susceptible crops such as corn, cotton, or cowpeas shoulcl not be 
plant.ed on the same land 2 years in sl1ccession. The: practice of fol
lowing corn with cotton, cotton with corn, corn with corn, or cotton 
with cotton leads usually to severe wireworm infestation in localities 
where the pest is abundimt. 

SUMMARY 

The sand wireworm range is confined to a particular tn)e uf light, 
sandy soil, and the insect occurs in certain areas of the South Atlan
tict States, the Gulf States, and several States in the Mississippi 
Valley. It is a pest of nearly all cultivated crops, particularly corn, 
cotton, and cowpeas. 

In the South Carolina Ooastal Plain this wireworm has It l-yeat· 
life cycre, with approximately 12 days passed in the egg stage, 352 
days in the larval stage, 11 days as a pupa, and, in the laboratory, 
10 to 14 days as an adult. 

No important natural enemies 'were found during this inyestiga
tion, nor have IUlY been reported. 

Direct control of this insect is not practical, but a large measure 
of relief from the pest can be obtained by the following practices: 
Land resting, attention to favorable planting dates, aVOIdance of 
a.t~ractin~ the egg-laying female beetles, and building up soil fer
tilIty WIth humus. An acceptable crop rotation 11ns been very
successful. 
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