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Life History of the Sugar-Beet Wireworm 

In Southern California! 

By ill. W, STOSE, assistant entomologist, Divi:don of Truck Crop and Garden Insect 
Iltve.~ligations, Burea.11 of Entom%gy and Plant Quarantine I. 
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l.NTRODCCTIO.x 

The sugar-beet wireworm (Limoni'1ls califool.icus CMann.)) 2 is the 
most important soil-inhabiting insect pest of sugar beets and lima 
beans on the Pacific coast. Its destructiveness is also well known 
to growers of potatoes, vegetables, a1falfa, and bulbs. Because of 
the variety of crops attacked and the nature of the injury the losses 
caused by this species are difficult of estimation. Injury to sprouting 
seeds usually results in large losses through a reduction in stand, or 
involves the added expense of replanting, Growing plants may be 
killed or badly injured and their growth stunted, Often potatoes or 
root crops are so badly damaged that they are rendered unmarketable 
or require grading before being fit for mnrketing. In U)19, in Ventura 
County, CaliL, alone, out of o,'er 90,000 acres planted to lima beans 

1 Rc('Cived for pu blic'Mion Januar:\" 18, 1940. 
I. The writer expresses his apprecintion to Hoy E. Campb<·ll. entomologis, in charge of the truck: crop and 

garden insect lahoratory of this Bureau at Alhamhra. Calif., un,ler whose immediate supen-ision these 
biological studies were conducted, for helpful suggestions, critic:sms, and assistance during the investigation
and ill the prepnration of the manuscript. Appreciation is also extended to J. C. Elmore of the same labor.!­
tory {or the as.,i,tallce eiven in photographing the "arious insect stages. The writer is also greatly indcbted 
to A. F. Howland, K. D.Sloop, and C. Henne for their valuahle aid in carrying out the life-history investi­
gations. C. S. Guy contributed materinIly by drawing the [(l'aphs nnd assi,tioj! in the tleld work. Thanks 
nrc due to Vernon L. Woolley of "cntura, ('alit., for mnking collect.ion: of adult' under mal va traps in 
H1-32, 1933, and II1.H. 

, Ord~r Coleoptera, hmily Elaleridae. 
1 
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over 20,000 acres were estimated by the ngriculturnl commissiollt,l' to 
have been damaged to the extent of from 10 to 100 percent, the loss 
amounting to $500,000. In Los Angeles, Orllnge, nnd Santa Bnrbnra 
Counties the damage annunlly ranges from 10 to 50 percent. 

In 1914 Gruf (4),3 of thc Burcau of Entomology, published a prc­
liminary report coycring his investigations of tlH' sugar-beet wireworm 
in southern Cnlifornia during the period 1909-]2. The project wns 
resumed by thc Bureau in 1924, the inYestigations H t this time bt'ing 
conct'rnNl primnrily with the use of fumigallts und buits in un t'fl'ort 
to obtain a practicnl control. In that year Campbt'l1 (1) published a 
report on tht' use of calcium cyanidt' liS a soil fumigant for wireworms, 
and in 1926 (2) his papel' on conct'ntrating wireworms by baits beforc 
fumigating tll(' soil with calcium cynnide. This method of control 
with calcium c~"anide has l)('en found the most practical so fnr devis('d 
and is being widely uSt'd for controlling wil't'worms in thr truck-crop­
growing arells of California. 

Without a thorough knowlcdge of tht' lif(' history- of this specit's, 
howeyer, no definitt' statemrnt could be mndt' rpgarding the length of 
timt' aftN' trpatnlC'nt that protpction wus afJ'orded. In addition. the 
high cost of production togpther with tIll' drop in the pri('l's of agricul­
tural products nect'ssitated further rpduction in tllP cost of contl'01. 
:For thesp reasons the Alhambra, labor:,ton' of tlw Bureau of Ento­
mology an·,j Plant Quarantine of tllP rnit(-.d States Department of 
Agriclilturt' nnclprtook n. study of the lif(' history. under southern 
Califo,'nia, conditions, of the sllgnr-hprt wircworm; in nn nttpmpt to 
reycul any unusual featurps in its life history that mig-hI 1)(' tnken 
advalltng~ of in combating this pest ut n lo\':er cost. Th<'sp studies 
we1'(', of necessity, performed principnlI.\- in t1H' labol'lltor~- 01' in out­
door cages, supplemf'nted by such ohsel'yations on the dpyclopmentul 
stuges in the field as wel'e possihlr in view of the IlIlbit.;; of the sl)('ci('s 
under consideration. A report of tl\(' results of these in'-(,,,tigntions 
from tIl(' Iwginning of the studies in 1929 until the close of the sPuson 
of 1934-35 it; presentpd in this bulietin. 

DISTRIRl:TTOX 

According tf) Yun Dvkc' (m l.imollills ('(/liflll'l/iclI.'1 is di:,trihutpn 
throughout tIl(' il'l'ig-at('d urpas of th(, Pacific C()l1st State':'. III Culi­
fornia it is ('speeiully ahundnnt in Los An!!,I'Il'5. '-('nt1lI'a. Ornng(" 
Snn Beml1l'(lino, Hinrsici<', S:lnt:l Bflrbnm. San Dic'go, nnd Su('rn­
mento Counties. Graf (4) reports that til(' inR(,ct nlsq occurs ill [11\'0, 

~[onter('y. Alnmpdn. :\farin. Eldor:1do. nnd L:1kl' ('0Ilnti(,5. Addi­
tional records obtnin('d from spr'('inwns in thl' collpction of til(l Cali­
fornia Acndemv of Sri('nc(ls ut San Frnlwis('o includ<, ~rodoc. San 
,Joaquin. :\fpndo('ino. Contra COSbl. Snn :\Inteo. Xnpn, Santn Cruz, 
Sun Luis Obispo, Tulan" and Cnlnn'I'ns Counti('':; (fi!!. I). 

TIll' SUbs1wcies fI('cir/tl1talis Cnnd. is n1OI'(' prp,'nll'nt in th(· inll1nd 
sf'ctions of Culifornia nnd fnrtll('r to til(' nOI·th. Spf·cinwns ill ',nn 
Dvke's collection hny(' the followin!! locnli ty In i)('ls: Los ~\ Tl!!pl('s, 
pa.lm Springs, Tejon Cnny-on. find Paso Hohl('s: and U1er(1 ilI'(; also 
some from Sonoma, Plac('r. TI'init~-, and Shasta ('ollnti(ls. 

1 Italic number;; in pnrenthe'os n·rer To Lit,'rntnrp rilNl. p. 'i•. 
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No. e.'{tensive scouting to. determine the co.mplete distributi.o.n was 
Po.ssible, so. the actual infested area may co.mprise many co.unties 
o.ther than tho.se mentio.ned abo.ve. 

NATURE OF INJURY 

The injury to. mo.st cro.PS by Limoniu8 californic1l8 is fro.m attacks 
o.f the larvae o.n the germinating seed so.o.n after it is planted (fig. 2), 

FIGURE I.-Distribution of the sugar-beet wireworm in California. The counties 
from which the in$ect has been reported are shaded. 

o.r to. the young plant sho.rtly aftpr tilp s('('d has spro.ut('ci (fig. 3). The 
larva(' may ent the entire co.nt('nts o.f tIl(' st'('d, It'Hying o.nly tIl(' empty 
husks, o.r d('stroy o.nly tliat Po.rtio.n ('o.ntaining th(' gprm berorp mo.ving 
o.n to. ano.tilPr sped. Observatio.ns haH sho.wn that injury to. 5(·pd is 
P!O'1ecially severe where germination has b('en retarded by tlnftwo.rable 
So.il co.nditio.ns. The stems o.f gro.wing plants an' burro.w('d into. belo.w 
the surface, leaving o.nly fragments of tl)(' stern to. supPo.rt th(' to.P 

http:supPo.rt
http:co.nditio.ns
http:Observatio.ns
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(fig, 4), Occasionally plants that an' w('11 motl'd will l'eCO\-('1" frolll n. 
light attack, but in most cascs till' plant is killl'd outrig-ht.\Yhilc 
ligh tcr infpstn tions arc charactl'riz('d by a fl'w missing plnn ts hl'l't' and 
tlll'rp on'l' tht' field, it is common in cast's of S('\"PI'P infl'stntioll to find 
spots ranging in size from a f('w squarc fl'el to an :lCl'l' or more with 
all plants killed (fig. 5). 

PotH to('s arp dnmngl·d Ilulinl.\- in two \\'11.\-S. (J) The' plnntl'd Sl'l'el 
picC'('s tlrl' bUlTowl'ti into and injul'l'd, sOllll'til1l('s to nn ('xtl'nt thnt 
IH'C'cssitnt('s l'l'planting; :J.nel (2) fl'l'ding PUIlCtUI'l·S. or "stings," ill thl' 
matul'l' tubl'r cnus(' thl'lll to be sortl'd into n 10\\'('1' grndr-. or clnssifiNl 
as culls (fig. (n. Dfilnagp to sugar bl'l'ts is to thl' y()ung plants, which 
may bc kill('{l outright (fig. 7) or thl' taproot cut of!' so that fill inf('riol' 
lwet d('\'('lops (fig. 8). Injur.\- to bulbs b(·gins 11S soon as thl'y nre 
planted, and O/'tl'll is scnrc ('nougit to pren'lIt 1)['opE'r growth. The 
bITal' also f('cd on lima lwans and on til(' stl'IlIS flnd roots of kttucl', 
C'(lulifIo\H'l'. tomato, COl'll. nlfnlfn, whr-at, nnd IlH·lol1s, killing 01' stunt­
ing the plnnts, 

FI(:\'II£ 4. -The lima [wall ]Jlallt ill Ihp CClttpr i" wiltjll~ aft"r ,\II ;uw('k by a 
~l.Ig;ar-IJ(,l't wir('IH'rm, 

Tn =,outhf'1'Il California. injury to Cl'Op:; may bpgill pari,\' in Fl·brllnr,\' 
lind contilllll' tlll'OlIgllollt till' :;prillg and lutt' illto .JUIlt'. \\'ll('rp in'ig-Il­
tion is pmcti(,l'd, along the' cool con:;tal :ll'l'a", sp\-er(' illjury nIH,\' be 
('xl)('ctl'd (,\'(111 tllroughollt tllp "umlll('r. In IInil'l'igllt('d di:;tricts lIigh 
:;UrflIC(' t<'mIWmtUI'('s a('companipd h.\- thi' drying ollt of till' topsoil 
r1l1lS(' th!' lnr\'lw to d('=,('('l1d to 10w('r deptlls, wll('rc npPlll'l!lltl,\- theI'C 
i,: litt!(' f(,l'dillg. \\,itll lo\\'t'l' tplllppraturps ('urly in til<' fIlII, Lilt',\' again 
migl'l\tl' tOWllnl til!' slll'fll('(' to I'pSllIlW f('(·dillg. Dalllng!' 11';11 a11\­
('('lisp:; abollt tll(· middl!' of Or(.oh('r, n:; th('11 snll t<·IllIW!':l'tllrp,.; 111l\'(~ 
dropped slIflicil'ntl.\- to cau,.;!' illacti\'it,\". 

Tlli,; ";Iwci(''; "('('Ill,, to "lIow a pl'dpl'!'Il(,(' for, alld j,; u"lI:dly IllOI'(' 
illjuriou,: in. soil" rallgillg frolll ':Hlldy to 1I1'1l\-Y loalll. Till' <Il'gn'(' of 
acidity or alkalinit,\- of til!' soil do('': not appf'III' to bl' n fndOl ill tll(· 
lJ('ti\-iti(·,.: r:f tllis sl)('('iC',;. Expl'l'iIJlI'llt,; ('I)J\(llJ<'t(·d ill In:t~ "I)(,\\'(·d 
tllat thl' nit!' of h:ltchillg 11IHI til(' adi\'it\, o[ 1\('\\'1\' hnt<'lJ!'d In 1'\'11(' wl're 
not rdanlvd in til!' I('a~t ill soils with n 'In'dl'Og('li-ioll ('olw('lItrati{J1I Il~ 
low 11" :3.:>. FlIl'tl)('rlllur£', it \\':lS fOllnil thl'lt: \\'h(,1l 111'\\'1\- hatch('d 
Inl'\"ll(, \\'('1'(' ('onfinl'd in olltdoor (':lg('" ill ,.;oil,.; 1'1I1lging fl'!;m pH ·L(l 
to pH 5.!) for a p(,l'iod of n Illollth,;, thl'," Hct 1111 II,\' jll('I'!·I\..:('<I ill w('i,gllt 
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,"fj, 

FLGtTRE ,').~-Lillla bean ficld (A) and "lIgar~bect field ~.IJ, ~ilo\\'illg largf' arpa" 
whPre the plants ha\'c bpen ric,;troye(\ by tilt' f('('ding of I ill' ~llgar~beet wire­
worm. 
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.,j 

FrGeRE 6.-Feedill!! punctures of the :iugur-bect wireworm on a potato. 

FWl'RE 7.··· Young tiugar-lJeet plant..; killecl by th!' .,p\·rring of the taproot hy the 
~Ilgar-h(·('t \\,irp\\·orm. 
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as rapidly as those confined in neutral soils. Field experiments in 
which sulfur (3) was used in quantities ranging from 300 to 10,000 
pounds per acre proved effective in lowering the hydrogen-ion con­
centration of the soil but failed to reduce the larval population and the 
damage to the planted potatoes. McDougall (6, p. 716), in a survey 
of wireworm-infested fields in Queensland, found that larvae of 
Lacon variabili~ Cando inhabited soil ranging from pH :3.9 to pH 5.8 

FIGURE S.-Typical sugar-beet wireworm injury to young be<>tR (Grnf). 

and that parts of any field inhabited by this species w('re usually more 
acid than the remainder of the field. 

DISSEMI~ATI0N 

Females as well as males are strong, vigorous fliers, and I) rc espeeinlly 
active on warm, clear days. 'Th(l maximum distance which indi\'idunl 
beetles can fly is largely determined by the temperature, the wind 
velocity, and whether or not the fi(·ld of flight is covered by vegetation. 
Marked femnles, which hnd been liberated on a wnrin day .in a fallowed 
field near El :Monte, flew toward a field of mllstnrd and we!\' recovered 
there a few minutes later about 100 yards from tIll' point 0; liberatioll . 
•<1dults normally fly with the wind, but they cnn fly with little difIi­
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culty against a light breeze. During strong winds, such ns preyail 
along the const late in the aftel'lloon, adults C('nse flying nnd cl'nwl to 
the base of plants or uncleI' dods for protection. 

Field and o\-iposition studies show that 110rmnl activity for this 
species occurs whpll the soil-surfllce tempNntUl'e ranges between 75° 
und 80° F. \Y1)('n the surfnee temperature drops below 70°, h'ss 
J1ying occurs, and bplow 65° very little activity hns bepll nokel, 
Adults WNe scurce during doudy weather und on days following 
rnins. The beginning of their activity each day is of course governed 
by tempernture. ,-pry few beeties were collected before 9 a, m. or 
nfter 4 p. m. 

EFFECT OF CnOl's O:S DISl'ERSIO:S 

ObSl'l'Vlllions in the fil'ld_ han' shown that adults nre attrneted to 
nHillfa 01' gr('('n COH'l' crops because of tlw lower tf'l11peratures prevnil­
ing thl'l"(' nnd for the slH'ltf'r which such crops nfl'ord. Quite frc­
qtl('ntly tl'mpcrntU1'(,s on thc soil surface in tilc sun IHWC rell.ched fiS 

high ns 105° F. in February and 125° in ~Inrch, while at the same time 
thc tpmpernture 011 the soil surfncf' in alfalfa, lirlds was from 20° to 30° 
10wN. Studies in HJ32 shO\wd thnt 60 and 20 percent of n group of 
mnks flnd fl'111nles. l'Pspectin,ly, which had bN'11 r(·~ting on the sidrs 
of thril' oviposition cngf'S, sllccumbrd on Februal"Y 27 whrll tilr t<'m­
1)(,1'fl ture Oil the !;oil stirfllce in tlte sun TNuaim'd nt 105° for olH'-hulf 
110\11'. In fallowed ficlds, th(,l"f'fon', wh('1l tl'llllwrntuJ'('s are in ('xc('ss 
of nOe on tlH' surfn('f' it is naturnl to expf'et nil imll1l'Cliate disprrsal 
to fit'lds containing nlfnlfa or CO\'('r crops. Additiollnl proof of this 
wa~ dt'l11onstrntl'd whf'n libpl'nting Il1flrkl'cl individuals of both SCXI'S 
on nil ('xtrf'1l1('ly hot dny IW:1r n group of mnh-n trnps.4 All th(' b('('tles 
took flight imIlH'di:1tpl." ill the' din'('tion of the piles of mnh-a, where 
tlwy W('l'(' r('\'on'1"('d n fpw minlltps Int('r, none l"l'll1aining on thc sur­
fncc 01' 1111(iPr thf' clods -\\'h('1'1' libl'l"alrd. Thilt oviposition occurs in 
nlt'nll'n lipids is shown by complll'ntiH poplllHtion counts mnde in 
])(,(,pl11b('1' 19~;3 in plots of COl'll nnd nlfnlfa in which ndults hud bN'n 
{'onfilwd thl' yl'nr pn·\-iou:;. Thl' {,OUllt ill till' alfalfa plot showcd an 
Hnrng<, of 2-1 11l1Tn!' ns cornpnr<'cl with 10.6 Inrvuf' 1)('1' squlll'(, foot in 
t h(' ('om plot. 

Oil tIll' basis of this. l'Yiti('I)('P, til(' importallc(' of fllfnlfa fiplds ns 
h]'('('ding fln'us for this speci('s CHllIlot bl' lIndf'J'('stirnaU'd, whl'n ('ontrol 
JllPnslIJ'C's fire att<'mpt('d. 

FOOD SOT A FAGTOH J:\' nl~I)EHSIO" 

OnsPITntions b,v Graf en hnn' shown thnt adults fn\'or old br('t roots 
fo]' food and f(,pd lightly Oil nlfnlfn, Johnson ~rnss, nIHl wild bf'l't root::. 
In addition, tlw writpl' hm; obsl'I'Hd ff'('ding [HIIH'tlll't'S 011 sli("('s of 
potnto('s nnd Inrg(l Illlmbprs of ndults 011 rhubul'b flow('l's, II.ppnr£'ntly 
ff'('ding on till' pollen. D1ll'ing the -1-YNlI' 1wrio(\ thnt oviposition 
stlldi{'s \\"pre eOllduct('d no food wns pro\-idNI the adult pairs ill theil' 
J'('sP(,(·t in' COil tnilwl's. In most cns('s t hl's{' sp('cin1('ns W('I'f' fdi V<' aft{'t' 
nll ndults in tl\(' fil'ld lwd died. ~\ppilrl'ntly no 1"(·la.tionship l)('twN'n 
food nnd dispf'rsnl ('xists. and, itS (;rnf Iws stut('(!. the f('('ding of t1w 
ndllits. from nil ('('onomir point of \'if'\\'. Hili." h{' dis/'('g:lnlPd. 

t Th£-!'i(' traps: ('on:.isl(ld (If ](J(J~(' pih·" (1( rnalv!! (,\[lJlm pflrriflflrfl L. ~J (t'd in dirunNf'r.. plM'i·d 100 (t1t't apart 
III E-hnJl{Jw I'X(·a'·utloIl.... 
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DESCRIPTIONS OF THE STAGES 
THE ADULT 

(Fig. 9, A) 

The original description by Mannerheim (7, p. 238) appeared in 
1843. Van Dyke (9, p. 340) redescribecl the insect in 1932 in a key 
as follows: 

Clypeallllargin not distinctly notched and depressed nt middle, head lind pro­
notulll more or less aeneolls, anterior pronotalmargin but slight~ly lobed at middle, 

FIGURE 9.-Elaterid~ commonly found ill fields in southern California., x 4: 
A, Lim(;n'ius calijorniclul; B, Melano/u8 long1l111.~; C, .11lchastus cinert'ipenni.i; 
D, Aeoleus liven.s; and H, Cardiophorus lertebrO,lIEIl. 

elyLral intervals not carinate apically; species in general robust and not lIlarkedJy
narrowed either in front or behind __________________ .,, __________ " __ .' __ ,,38 

38. Species in general black with head and pronotum aeneou", elytra sometimes 
brown, distinctly pilose; second antennal segment slightly longer than broad, 
third still longer and subcylindrical, together longer t.han fourth especially in the 
female; elytra finely striato-punctate, int~r\'als broad, flat and distinctly and 
irregularly punctured; length 8.5-] 2 mill. Pacific States___ calijomicus (Mann.) 

According to Van Dyke there are three color phases of this speci('s, 
the black or typical phase, the brownish or reddish phns(', nml the 
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dark orange phase or subspecies occidentalis. The last occurs farther 
north and more inland in the hotter sections. The examination of 
large numbers of adults taken under malvn traps in Ventura County 
over a period of 3 years showed that approximately 4 percent of the 
beetles collected were reddish and the remainder brownish to black. 
Occasionally a few of the brownish or reddish adults were collected 
in Orange and Los Angeles Countil's, but the majority were dull brown 
or black. The adults reared and H'ported herein were entirely of the 
black or typical phase of Limonius cal~fornicus. 

THE EGG 5 

The egg is ellipto-cylindrical in shape. Both ends are broadly rounded and 
resemble each other. Mea.~urement of 30 eggs gave an average length of 0.69 
111111. and an average width of 0.5 111111. The length varied between 0.63 and 0.735 
111m. and the width between OA73 and 0.53 mm. 

THE LARVA 

(Fig. 10, B) 

The ncarly mature lan'a * * * is subcylindrical in shape and shiny, waxy 
yellowish-brown in color. The segments are \'ery minutely and sparsely punctate. 
The head and venter are flattened dorsally and darker in color. There is a light 
dorsal stripe on the posterior end of each segment with the exception of the \'enter, 

The head is depres~ed and considerably narrower in front, The mandibles are 
strong, notched, deep brown in color, changing to black at the tip. 

The first thoracic segment is broad and long, being abollt equal in length to the 
\'enter. The other thoracic ;;egmcnts are short, being about equal in length to 
the first two abdominal segments. The remaining abdominal segments are a 
little longer and quite similar. The leg;; are short and armed with heavy, short 
brown spines, 

The abdominal segments are slightly constricted where they join one another. 
There are from two to four hairs on the lateral side of each segment. The spiracles 
are brown, conspicuous, and are situated in a poorly defined, light lateral stripe. 
They are slightly nearer the anterior end of the segment. 

The venter is depreslOed dorsally, with rai~ed edges. It is sparsely hairy around 
the edge. The caudal notch has a ~mall tooth on each side pointing ~lightly 
upward and backward. The mar)!,in of the notch varies from deep brown to 
black. 

The average length of the lllature lan'a is from 18 to 2t mm., lind the width 
i~ from 2.5 to 3 I11Ill. 

THE PUPA 

(Fig, 11) 

When first forIlled the pupa is opaque whitc, but after a time the eyes show 
through as pale, dusky, blue spots. Ahout this time the thoracic segments become 
Il pale waxy yellow, but no other changes take place until shortly before emergencc. 

The pupa very much resembles tht' adnlt beetle in shape, except that the ab­
domen is slightly longer in the pupal stage. The head is bent forward slightly, 
and each anterior angle is armed with a long, hea\'y spine, which tapers regularly 
to a point. The mouth parts are conspicuous. The antellnw are laid along the 
margin of the head on the ventral side, and their tips arc behind the tibire of the 
second pair of legs. On the underside of the head anrl near the prothorax are two 
short, heavy spines. There are also two :!hort, stout spines on the dorsal side of 
the head near the posterior angles, 

The case covering the springing apparatus is plaillly visible between the anterior 
coxre. The leg cases are folded similarly to those of other Elaterid:e. All of tht' 
posterior pair, excepting the tarsi, are covered by the wing cases, which are curved 
around and almost lneet on the \'entral ~ide, at the distill end of the third abdominal 
segment, 

I Description o( P)!g, lan'a, and pUp!! Ijuoted (rom Orn( U. pp, 1:'-16,. 
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ELATERIDS 6 ASSOCIATED WITH THE SUGAR.BEET WIRE­
WORM 


Although Limoni71s californicus is til(' pr('dominant wireworm in 
SOUtlWl'll Califol'llia fields, Sl'vl'l'ul oth('t, dt'stt'uctive elnterids are fre­
quently encountered (figs, 9 und 10), 'rill' lnl'vae of the diffel'rnt 
species are rendily sepnrated by the shape' of thpir anal segments, as 
is shown in figure 12, ProLably the most importunt of these is 
J[elanotu8longulus (Lee,) (figs, 9, B; 10, A; 12, B), nil rluterid largely 
restricted in its tiistt'ibution to western Venturn County, but which 
ulso occurs in Los Angeles County, in the vicinity of EI ~ront(', The 

FIGURE ll,-Pupa of Limoni1l8 caliJnrniCU8, ventral and dorsal views. X-t. 

adults (fig, 9, B), which nre easily distinguishnble hy their shiny bluck 
elytrn and quicI\: IllOYl'ments Wh(,ll distllI'i)(ld, lire uetin frOIll the 1st 
of April until Junt'. ~lales of this speci('s aVCl'fige 10 mm. and the 
femnles 11 mIll. in length. The lal'nlC al'e l'('(lelish brown, cyliudl'icul, 
and much more ncti\'(~ thun L. californicus. 

Aeoleuslivens (Lec.) (figs. 9, D; '10, ('; 12, D), reddish in ('0101', lind 
with lllrge dnl'k spots on th(' thornx nnd ('lytrn. (fig. 9, D), is ,'pry (,OIll­
mon from tllP middl(' of Febl'llfil'V until~[ny in lI11nI'ens inhabited bv 
Limoniw3 califomicl1s. Th(' mnl~· Iwel'fig('s '0.5 mm. in l('ngth tlnd till' 
femnlc 8.5 mm. The lnr\'il (fig. 10 ('), wnxy white with n brownish 
hrad tlnd thorux, has a mor(' fintt!'nl'd bod,),' than til(' othN' spec-if's 
rllc-oun tereel. 

Anclwstu8 cinel'eipennis (Esc-h.) (figs. 9, C; 10, D; 12, C) is the small, 
light to dark-brown, and '"<'ry actin ('lntr·t'!d whic-h nppenrs ('uriy in 
~Iarc·h. The adults TUngI.' from 4 to 6 mill. in IC'ngth. The lnrva is 

<Determinations by E. e. \'00 Drke. 
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pale yellow with brown head and renches a length of 12 mm. when 
mature. 

OardiophoTUS tenebros"Us Lec. (figs. 9, E; 10,E; 12, E) is black, 7 to 9 
mm. in length, and common in alfalfa fields during February, .March, 
and April. The larva, whitish with i. brown heud, is extremely deli­
cate and difficult to rear. If picked up in the center by forceps, both 
ends of this species hang down in a stringlike fashion. 

Limonius CltnU8 Lec. and L. in!'u8calus ;.\tIots. are also known to be 
present in southern California. 

A 

FI.GURE 12.-Lateral and dorsal views of anal segments of: A,LimonillS californiclls; 
B, }.felanotus long III liS; C, Anchastll.s cinereipennis; D, Aeolell.s llvens; and E, 
Cardiophorlls lenebrosus. 

LIFE-HISTORY STUDIES 

TEllPERATURE RECORDS 

Air temperatures were obtained by means of a thermograph placed 
in a Weather Bureau shelter 3~6 feet above the soil surface. A thermo­
graph was also used for recording the temperatures in the basemen t 
of the insectary. Soil temperatures were measured at thC' 4-, 8-, and 
12-mch depths, weekly recording thermometers being tlsC'd. The 
mean monthly air, basement, and soil temperatures for the period 
from June 1930 to December 1934 are shown in table 1 and figure 13. 
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TABLE l.-nlean monthly soil, basement, and air 1 temperatllres (0 F.J .41hambra, 
Calif., 19;30-84 

1930 

ii' ; ~'~': ---~!--~I~~­

Item I Jan. : Feb. 21far., Apr. I21fuy June July! Aug. : S~pt. Oct. INo". i Dec. :'ofean 
------, ,--j--,--'--------,----------
Soil, 4·inch depth •• L •.•.. ' ..... ', ... , ' 73.3 73,7' 7S.5 13.2 6S.6 159.5' 49.9 
Soil,8·inchdepth•• ;,., •• ,'._.... ' ... ,., 72.174.2'75.1'71.564.7 57.8 4~.9 
Soil,12·inch<1epth • ____ .' .... " , 70,0 76.6 71;.:1 74.S 66.6 58.3 47.4 
Basement._••••• __ .' ...... ;...... ' 67.S 70.8 i 73.2 6S.7 liS. 5 113.2 i>~.6 
Air.... ___ •..... _•..• __ .•. ,."" 66.9 73.4 7:1.5 66.8 64.0 59.7 51.5 

1931 
,--,.---~--,----

Soil, 4·iIlCh depth" SO. 6 M.3 67.0 i'~.3 73.6 75.0 89.6 fig,a ~4,1 473 68,2 
Soil, S-incll depth" 47.5 52.9 61.S 67.4 flitS 70.9 85.0 67.9 52.S H.5 64.8 
Soil. U·inch deptb .. ' 46.9 04.0 57.4 ti3.4 68.fl 72.3 8.1,8 6S.9 54.6 44.7 CH.6 
DnS(lDlent.••• ___ ~ _.! 57.9 .;9.'; 61.7 tH.2 66.S , 65.9 79A iOw2 6:1,4 59.1 67.0 
Air.... ______....... ' .;a.S 56.2 61,8 63-., 67.2 70.0 ii.5 62.6 .;a. 1 4S.o 6.1.1 

1932 
---- ..~~-~---.--,--­

::"oil, 4·inch depth __ 46.0 50.9 f>6.9 71. i iL7 77.!! SO. 5 i8. i 75.9 f>6.9 62. i 49.1 66.'; 
Soil, 8·inl'l1 depth, .' 43.3 49.S 65.1 71.4 71.'2 77.0 SO. 5 7S.:! 74,7 G6.6 61.5 47. i 6.';,6 
Soil, 12·inch depth, 45.6 ';6.0 65,3 71.2 71.0 ii.a &l.9 7S.8 i ..i.4 tii.2 m.o 5!~. 2 6•. 1 
Basement..... , .. , . 5b.S 6~.3 67.0 67.5 69,1 70,9 i:t5 74.4 72.S 69.7 f,~. 0 60,5 il7.9 
Air.••...___ •... __ •• 47.0 5!L3 58.4 59.9 62.3 liS.S 72.9 7:1.0 66.3 62.2 roo. 7 48,4 iii. 1 

-'+-~ - -~.- ---~--­

1933 
.-----.-~­~-"""---'~--" 

Soil, 4·inch depth_,,: 48,0 55.4 65.2 65.6 6S.9 75.9 81.2 SO. 9 72.4 89.9 6L .. 5:1.0 M.5 
Soil, 8-incll depth •. , 45.S ';4.8 fH.6 65.S 68.3 74.7 SO' SO.b 71.9 6S.9 61.5 53.8 6.';.9 
Soil, 12·inch depth, SO. 4 54.7 63.6 65.3 ! C.s.l 74.2 79.2 79.9 72.7 71.4 6:1. 0 54.5 66.4 
Basement~ 58-., 60.1 6:1.7 65.2 65.S 70.0 7:!.5 74.7 iO.5 72.7 6K 1 6:l,6 67.2 
Air, .-__ .•...__ ."". 47.2 50.0 04,6 56.2 58~ 64.1 tm. Ii 69.4 61.9 6.1.6 ,,s.9 52.2 58.S 

~---~-----­

1934 
-~-~--" 

Soil, 4·illCh depth .. : 5-1.4 57,,0 6.1.8 69.5 76.0 71.8 78.2 79.1 75.9 ljS.2 6O.~ 00.9 67.5 
Soil, S·inch depth .. 53.7 .jt).S 6:1.3 68- 75.2 71.6 77.7 S1.2 is,5 70.8 62.9 57.1 GS.1" 
Soil, 12-inch depth. .;a.S ';6.9 6.1.1 68~ 75.4 71.8 77.8 hO.2 ".1 70.1 62.1 57.3 tii.9 
Basement. ......... 62.9 G.;. 2 69.6 70.2 72.7 .0.9 76.3 7ti.:J 75.0 71.1 6li.4 62.5 ffJ.9 
..Air~*~.~~~ ... ~~ __ "_. I 53.1 53.1 62.6 02.S 66.9 64.7 72.4 69,0 tio.a 62.,~ 56.4 5-1.', 62.:1 

I Instrument 3!~ (eet (rom soil surface in standard WC!lther Bureau shelt\'r. 

As shown by the annual means, the soil temperatures at thp diff('rent 
depths did not fiuetuate widely in the successive years, At the 4-inch 
depth the lowest annual mean recorded was 66.[;° F. in 19:32 und 1933, 
and the highest was 68.2° in 1931. Temp('ratures ilt the 8-incll depth 
were also consistc·nt in the different yeurs, ranging from a mean of 
64.8° in 1931 to 68.1° in ]934. Temperntul'es at the 12-inch depth 
ranged from 64.1)° in 1931 to 67.9° in 1934. ).Iilximum monthly soil 
temperntures. at all d('pths ('x('('pt the 8- and 12-inch depths in 1933 
were recorded ill J,.liy of 1931, 19:32, and 19:33 and in August of 1934. 
The lowpst temperntures usunlly o('('urr('d in ,Janunry. An ay('rugp 
of the soil temperatures itt all dppths show('d that 1934 \\,115 ('on­
siderably warmpr ilnd 19:3] cooler than the other yeurs. 

Ex('ept for 1934, there was only a slight vitrin tion in the m('an ann unl 
basement temperaturps. The 100\'('st was 67° F. in 1931 nnd til(> 
highest 69.9° in 1934. TpmpPI·ntu1'es in the basPllwnt \\'el'(' g('nemlly 
lower in January, and the highest \\"('1"(' rp('ord('d in ,July and August. 
During the 4 years there were only slight diff('n'n('Ps bdwepn the m('nn 
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FWUUE 13.-Monthiy mean temperatures in the basement where life-history 
studies on thp. sugar-beet wireworm were carried on, in comparison with the 
soil temperatul'es at the depths of 4,8, and 12 inches in tile-cage plots. Alham­
bra, Cnlif., 1931-34. 
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telllpemtures of thc bllsl'llwnt nnd tlH' Ilwnn soil tel11l)(,I'ntllrcs outdoors 
at the 4-,8-, nnt! 12-inC'h d('pths. 

Air t(,IllIWl'il tUI'CS \\'('1'(' tllf' highcst in 19:H, llycrnging 6:3.0° F. for 
the y('nl', and tIH' low('st i1l1l1lll11 minimum "'ns 58.8° in 19:3:3 . 

.As this inycstigntion (\PnIt primarily with tl\(' sugnr-I)('pt \\'ir('worm 
in tl\(' irrigatl'd sl'etions, til(' lIntn on prpcipitntion hnn' not I)('('n
('onsidpI'('(1. 

THE EGG 

DEI'TH IX SOIL AXD PLACES CHOSEX Fon OHPOSITIOX 

Dming th" spring of 19::12 studit'S Wl'l'(' eondu('t('(1 to ns('crtl1in til(' 
dpptb nt "'hieb ('ggs nrp dpposit!'d in moist nnd dry :::oils. Spri('s A 
ronsist('(1 of four glnss tulws. ('neh 110 In' 7 inebps illlt'ngth. whieh wpre 
pl1ckNI firmly to' witbin 1 in('b of tb(~ top witb soil siftl'd tbrough it 
60-IlH'sh S('I'('l'n Iln<l l'ontnining 14 1)('J'('l'nt of moistur(' hy \n·ight. In 
s('ri('s B. :3 in('b!'s of soil \\'itb l-l IH'!'C'('nt of moistul'(' ,,'ns pnck('d in the 
bottom of th(' tuiJ('S, on top of whieh WitS put 212 ineill's of soil eon­
tnining.') Pl'I'('l'nt of rnoistul'l'. .A f('rtill' fl'lllnh- wns tb(,11 plnecd in th(' 
top of ('neh tulH', nnd \'inls WPI'P lw('ur('ly stoppprpd unci pll1eNI ill It 

('onstnnt-tplllIWnltuJ'(' enhillPt nt 70° F. Aft('r:3 wl'pks till' tulws w('rp 
mlll'kl'd outsidp in I~-in('h di\'isions, 11IHI (,l1eh hnlf ilH'h of soil WitS 
rpmoy('(1 nnd wIlsbpd througb n sil'\'p nll<l tl\(' l'ggS enl'('fully ('ountpd. 

TIll' rpsults. ns illustl'llt('d in figol'l' l-l, sho,,' thnt in t1w tui>ps with 
moist soil 1ll'l1dy :'i0 IWI.·('t'nt of 'thl' ('ggs WI'I'P til'positl'd ill thp fir:;t 
inch, WhPI'('IlS in til(' dl'iPI' soil no <,ggs \\'('I'P 1'('('o\'(,I'£'d nt this (iPpth. 
DUl'ing tlll' l'xnmillntion of thps(' tul)(':; it wns notpti thnt th(' soil with 
tIl(' :'i-J)('rcpnt "'nlpl' l)(>twP('n tht' :2- nnd 21~-in('h dl'pths had nhsol'h('d 
n smnll qunntity of moistlll'(' fl'OllI til(' dnmp('I' soil. l'ndoubu'dly 
this l'xplnins tbl' PI'l'S(')1('(' of II f('w ('ggs nbo\'(' til(' 21~-ineh 1l'\'('1. As 
most of thp Pggs \\'('rp d<'positl'd Iwlow thp 21~-in('h d('pth, it I1PP('IlI'S 
thn t fpmnl('s, whpn ('omp(,lkd to do so. ,,-ill burrow to It dl'IHh of 4 
ineh('s 01' 10\\'('1' to o\-iposit, in ol'dl'I' to pl'oyid(' th(, ('ggs with nn 
optimum ofmoistuJ'(' during thpil' incuhntion pC'I'iod. Xo ol>s('I'\-l1tiOIlS 
W('I'(' mnd!' on tIl!' d('pths of ('ggs dl'posit('(1 in till' fipld. 

TIl(> pl'P5('ncl' 01' niJsPI1('P of q'gpt:ltion dol'S not nppPllI' to 1)(' 11 flletol' 
in til(' sph,('tioll of sitps by o\-ipositing f('mnll's, 11S the' nllljol'it.v of 
limn b(,l1n fi('lds thilt I1I'P 1!1'1l\'ily illf('stc'd nl'(' l'ontinuoush' undl'1' elpnn 
('ulti\'ntiol1 11nd \'oid of Hgl'tntioll dUl'illg til(' o\'ipositioll 1)(,l'iod. 
Firmly paek('d. h(·1t \'y soils n PP(,lll' to ofl'('1' no I'('sistilll('l" llS t1H'S<' 
('mek I'('ndil.'- I1ft<'1' mins to a (kpth of s('\'Pl'id incil(,s. Th('s(' nlleks 
01' el'('\'i('(,5 nl'(' Ilot only IItili;wd lIS plnct's for oyipositiol1 hut ofl'(>1' 
Pl'ot('('tion to till' fpmnll'fl during high U'ml)(>rntul'ps nnd stl'Ong wind". 
As showll ill till' ('xpl'l'inwnt, tIl(' dl'iPI' soil ('ontnining' ;) pl'r(,(,llt of 
moistul'C' ,,'ns I'Nldil.\' IWIH'tnlt('d hy thp f!'mnks fol' 11 dC'pth of 2 01' 
mon' illch(,s so thnt thpy might o\'iposit in til(' moist soil IIndpnwllth. 
Tht'I'(' is littl(, lihlihood. 110\\,('\'('1', thl!t o\'ipo:;ition would h(' hind!'I'('(l 
hy n low 1ll0islul'(' ('ontl'nt, as du ..ing- tl)(, IW ..iod of f!'lllllil' u('ti\-it~, 
tl}(' su..rnc(' soil in mo;;t of tltt, 1>(':111 11.lId sug-nl'-Iw('t fi('lds is kf'pt moist, 
('itIH'1' ltv mins 01' 1)\' i....igntioll. 

TIl(' o\'iposition sLudii,'l ill Illl' Inhol'llto ..,Y lind ObSl'lTlltiol)s in tbt' 
fipld in<iien t(' that 100:';(' soils 1'llIlging in moist 111'(' (,Oil tpn t f"olll 1 0 to 
18 prl'C'rnt n..l' p..d('ITPd hy til!' 'nditll" HS pl:wps fOl' Pgg- dppo:,;ition. 
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DiC"CBATlOX PERIOD 

Incubation lw'ords \\'('1'(' ohtuin(l([ from ('ggs which hnd 1)(1('n d('pos­
ited in snin' tins two-thirds full of finC' soil eonta;ning npproximntC'iy 
12 1)(I1'C('n t of moistlll"l'. 

The t'ggs w('rC' sift(l(l from this soil on Illtt'rnute dnys and till' clute 
of d('position of thiit group of ('ggs mllrkNl us of tlw <iny pn'c('(ling . 
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FIGl'RE 	J.t.~ Depth" at whie-h ('I{I{" W('f(' depo:;it('d in the :,oil by adult" of the 
:<u/!ar-be('t wirl'worm, Alhambra, Calif.: .-1, Hoil cOlltaininl{ uniformly 14 
p('rc('nt of mobtur('; H, "oil with 14 perC(,lIt of llIoisturc at the bottom (LI and 
.5 pcrccllt at the top (b). 

As tinw for hntehing npprolleil{'d. nnd tlH'rt'nftpr until hnleiling Iwd 
('(·ns('d. till' l'ggs \\'('1'(' WHsilf'd from till' soil {'neh day. 

RC'corcis 011 til(' dUl'Htion of til(' incubation p(·riod,:; fol' OtiS Pggs hlid 
during til(' pPl'iod February 20 to :'IIny n, 1g:~l. which hnt('\u,d on'r It 
pC'rioci of 6:) dnys from :'Ilnr('h :30 to ~\Iny :1], ineiusiH, silowpd clt'ndy 
the vnrin tion in till' incu hntioll p('riod fllld its I'plnt ion to tc'mpf'1':1 t UI'('. 
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For instltllC'P, nn nWI'ng(' of :3/ dnys was t'l'conkel fOl' til(' eggs laid in 
Febnlt1l'Y under It menn of G1.5° F" and wlwn temperntures in ).[urch 
incl'ensed to G4° the pl'l'iod wns shortplwd to 30,4 days. 'I.'c·mpel'lltUl'eS 
dUl'ing April and :\[ny wpre still highpr. As n rcsult, the IWPI'nge 
length of the ppriod was fUltlwl' dpl'I'l'nsed to 27.4 nnd 24.4 dn.ys, 
respectivelv, Thl' S('llSOlHtll'xtl'emC's of incubn.tion W(,I'(' from 2:3 cln.ys 
in :\[n.y to "46 in F(·bl'ullI'Y. Temlwl'atut'(·s cllll'ing thl' 4-month pl'l'iod 
nvel'agl'd G:3.9°, unci till' incubntion Pl'I'iod aYel'llgpd :32,6 days, 

In 19:32 hntl'hing IWgllll on :\[un'h 22 nnd continu('(1 for 79 dnys 
until June 8, thl' I'('('onls bping basl'd on 2,:356 ('ggs clppositt'd I)('twl'l'n 
Fl'bnll1l'Y 24 and :\[ny 10. BpC'nusl' of thp slight monthly yitl'intion in 
tl'mppl'Iltul'l' during thp incubation pl'l'iod, littlp difl'l'I'('[l('(' wns 
],p('ol'dl'd in til(' nypl'ilgl' lpngth of thl' pPl'iod in tlH' difl'pl'l'nt months, 
The minimum of 26 dnys o('C'uI'I'ed in February a.nd tht' mnximllm of 
34 days in .E\·bl'utll,}, tmd :\ [areil. TIll' tWl'I'tlge for nIl l'ggs wns 29,:3 
days, 

The incubntion records fOL' 1933 showed thut in this yenl' Pggs were 
lnid between Februnl'Y 28 nlll! )'lny 9 tlnd hatched o\"el' It ppriod of 65 
days between April 5 illld June 8, The monthly weighted menn 
rnnged from 3G,6 dnys for eggs laid in February, whpn bns('ment tPIIl­
pel'l1tures tl\'emged (H,l OF, to 20,0 clnys for eggs lnid in ).[ny when thp 
tempel'tlture ilH'l'ensed slightly to 6li,1 0 

• Avemge tempemturps for 
:Mnrch nnd ApI'il difrered only 0.5°, As n. result therc WIIS less thull 
1 dny's diff('l'('nC'e in till' n \'PI'nge length of the incubntion period durin~ 
these 2 months, Indi\"idunl rl'cords for the senson shOWN!. thilt til(' 
egg period mnged from 27 days in ':\Iny tlnd .June to 41 ill Februilry 
to April, the an'mge being :33.7 dnys, 

A SUIllllln I'y of thp incubntion l'l'cor(\s for thl' 7,li02 l'ggs unlit'!' obsPI'­
vntion during thp sensons of 19:31, 10:32, !lnd 193:~ is pI'psented in tabll' 
2, nnd grnphicnlly in figul'P 15. The grpntest 1'I1I1g{' in the Il'lIgth of 
the a.\'emge incu bn tion p('I'iod occun'Nl in I!):H, from :37 tiny:; fOl' Pggs 
deposited in Febnlilry to 24,4 days for eggs laid in ':\[ny. Bllsen1l'ut 
temperatures during the 19:32 scnson Wl're nbnormnlly high ilnd short­
ened the period to nn :1nl'tlge of 29,:3 dnys, Thp i\\'Pl'tIgl'S :32,U nll(\ 
33,7, obtained in 19:31 nnd 19:3:3, respectinly, mil~' bl' ('ollsidt'!'l'd 
fairly repl'l'sl'lItnti\'e for the dul'tltion of the inl'ubntion period in thl' 
bnsement from yell!' to YP;ll', 

TARLE 2,--}';/I/lw/(/I'Y of laboralory incubation records of eggs of Limonills cal(forlliclIs 
for lfMI-,j,'J, .Il1WlJlbl'(l, Ca/i.[, 

In("~lllItiOIl periud, 10;11 I In~lIh"ti(JII l)('rll)". 1U:l2 frwuhlHion I~.'rjnd~ W:\:J 
i 

~Innth rg~s 
wrre Itli<l 

Sn. J)IIV' !)IIY.. 'P. Sn. "(W. {JlIll.' ·'fl. IIIIV·' 
F(~hrl1Hry .)a~ ;U-,H; a;. n HI.;) I'.' 21i-:l-I ~:-;.l (~.!I :It)·11 
~lllrl'l. 1:1 :111·:51 an I .\1.11 I. Hun '27 ".JI ~~l.!:! Hi, 31 ·10 
April 331 21,-:12 2;·, ,;',), ~ llii 2.,·;«1 :1"1,11 fi7. ~ :1'"' ~lj 
?ofllY Ii:! :!'\-2i 21.' litt U .)/ ~J.2I'J 2'J.O 1i!1.:l 27-;\0 
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It will be seen that in general the incubn.tion period is longest for 
the eggs luid in February but grndually shortens as the temperature
rises through :March, April, and May. 

INCUBATION Il'i SUNNY AND SUADED LOCALITIES 

:Most of the fields in infested localities nrc under clenn cultinltion 
during the period of beetle nctivity, nnd the topsoil is usunlly low in 
moisture to n. depth of several inches. Under these conditions Ildults 
oviposit below the dry lnyer in the moist soil (fig. 14). To compnre 
the lengths of the incubntion period of l'ggs deposited in soils exposed 
to the sun and those in soils in the shnde with the records obtained for 
eggs kept in the basement, snlve cnns containing newly dl'posited eggs 
Wl're plnced nt a depth of 2 inches in ground exposed to the sun nncl in 
ground constnntly shaded, nncl co\·ered with a lnyer of dry soil. Re­
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FIGt?I!E 15.-Length of the incubation period of e!!gs of Lil/loni!l,~ calijornicliS in 
salve cans compared with the IIlean basement temperature at the Alhambra,
Calif., laboratory, 1931-33, 

cording thermometers were instnlled to measure the soil temperature 
2 inches below the surfnce in the difl'erent locnlities. 

At this time of the yenr there was but II slight difl'erence in the 
Ilvernge temperature 2 inches deep in a soil exposed to the sun and the 
temperature in thl' basl'ment. Soil tt'mpernturl's during the incubn­
tion period of l'ggs depositl'<i on Febnlill'Y 28 Iwernged fl7,(;0 F., or 
0.6° higher, und for eggs depositt'd ).[nrch 11, 71.5°, or 3~8° higher, 
than those rl'col'cied ill the bnsement for Fl'brunl'Y 25 .. find .Murch 11. 
The durntion of the egg stuge for the t'flriil'l"-deposited t'ggs u\"l'I'I'lged 
29.9 duys, find fol' the inter-dl'posited eggs 26.2 dnys, itS ('ornpal'ed 
with IlYerngl'S of 29.5 find 29.1 cluys, respectiH'iy, in the bnsement. 

Temperntul'es nt the 2-incb depth in the shade were low (62.4°) find 
us it. result the in('ubation period wus prolonged to us mu('h ns 50 dnys. 

1 As only 2 !'~gs w~rc d~llOsitrd on F"bmnry 28, in the hn~t'rn"nt, th~ r~ror"s (or lh~ IO~ ..ggS dt'posited on
Fe I1mnrr 2., wrro used. 



22 TE('HXll'.\L lln.U:TlX ;-4-4, l'. :-. llEPT. OF .\('HICl'(.'lTHE 

TilE L\HY\ 

DE\ ELOI'\1 E'OT\L I'EIlIOI) 

Bl'(,llUSP knO\\'lpdg(' of ndul t 1)('lIn \-iol' n nd of till' IH'c('ssn IT I'pn ring 
tp('\lIliqup 01' Nluipnlent wus hlcking, the 1'e':ll'ing studips lwgu'n in IO:!!) 
were not so COlli pll,tp ns could Iw desil'l'<l. Fpl,tik felllnips eollp<'tNl in 
thl' field W(,I'P p\:H'pd in moist. fhIP-lIIt'sh soil in I-oun('p ;:;nh-p cnns lind 
confinpd in the In bol'tltOIT basl'lIIl'nt (fig, 1(j), whl'l'e' tIH'Y Wl'l'P allowl'd 
to O\'iposit unllloicstpd, ' Aftel' ,,;eYNal wl'<'ks hnd elap~l'd, the ,,;oil ill 
thl' s:lh-e (':111"; \\"a;:; I'l'llloyed dnik and exalllincd undt'I' a bin()culnl' 
lIIiC'l'Oscopp fol' npwl~- hatehpd Inl'\-ae. \rhl'n th(,Sl' W('1'(' found, tlll',\­
wel'l' trnnsfl'l'l'l'd indi,-idualh- to otll('1' saln' ('nns ('ontaining finp-Jl1C'sh 
soil :lnd :3 01' -1 hl'lH'ls of {dll'nt. L:ltN, ns thl' lalTa(' iiwl'('uspd ill 

Fn:nuJ tti. - Ba~I'II\(,llt roolll ill th!' Alhallibra, Calif., Inbor:ttol'Y wh('rl' ~lIgar-IJ('\'t 
\\'ir('\\'()rlll~ \\"('1'(' rpar('cl ill ~ah'(' (':lII~, 

siz(', th('~- \\'('1'(' fl'd S to 10 k('I'lIl'ls of wlH'llt lllonthly, dl'pending 011 
till' s('nson. 

A total of -t;j Inl''':\(' that 1I:ltched latl' ill thp spason (.\llIv '27 to 
.Tunl' I:!) \\"l'I'e lIspd in the ['(\nl'ing studies Iwglln in In:!\), Thl' (Imalion 
of thl' de\,('loplllPntnl p(,l'iod:i is :HIfl1ll1al'izPlI ill till' fil'st :{ lim';; of tabl/' 
:t ~('\'('n la ITlI(, died 1(,:1 "in!! only :{s to :-;how (,Olll plC'tpd 1'('('01'11", 
Fi,'C' of the denths ol't'uI'l'l'd in th(' spcond y('al'. 

Till' fil'st pupation O('("I11'('('d .\lIgust :!I, 1!l:{O, DUl'in!! AU!!lIst Illld 
S('pt('ll1tH'l', 2'2 indi"iduals ('ompll'l('d d(,,'('loplII('nt uft!'1' UII Ily('ra~l' 
Illl'\'!ll IWI'iod or -t(j·Ul dny;;, FOUI'tl'('1l of till' I'Pllwinc!t'l' pupalI'd 
IwtW(,(,1l August :!{i and O('\olH'1' Ii ill In:)I, and :2 ill .\ugll:it l!l:):!, 
nftl'l' :\"pragl' lal'ntilH'l'iod;; or S:{O,S !llld I, In7,;) da,no;, 1'(':iIH'('tin'I,\', 

TllP lnl'\'Il!' us('d in litt' 1'(,:ll'ing :-;ludit's of I n:{o \\'('1'(' ohtaint'c\ 1)\, tht' 
SiUll(' pI'o(,pduI'(' as u:il'd in Inin, .\ tolal of :{liX lal'\'III' \\'('1'(' 'Ind('1' 
o\)sl'I'VlIlion :It til!' begillning (If titl' "tudy, bill Ii:) dil'd, ·tl ill lh(, sl'('ollli 
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y£,fir. Til(' £'ggs hfiteiH'd int£' in the S('l1son, bl'tw('l'n ~IilY 8 nncl 2:2, 
nnd tit£' InrnH' W£,1"(' f£'d 10 kt'l'Iwis of wilPllt monthh- titrolwhout the 
yl'iU·. A summnry of thl' dl1tn Iwrtnining to tlH'St' l"t'ni'ings nls~ nppl'nrs
in tnblp 3. 

TARLE 3.--Vurat ioll if lhe del'e/opml!lI/u/ periods uf llt(, ISi'Wlr-beet ll"lrell"Orm ill lhe 
labora/or!!, .llIwlII&rfl, Cu I if. , 1.93!1-.'1 I 

.\n·n\!!l' ..\ \'tirfl!!CLif,' : Indh·i<I· .An'r!l!,!(\ A\"t.'m~p Ju· 	 A \'llra~(' lar 
y llfir (I¥~S hn (('iwd (·yrltl 1I:l1' l-J.!!! IH.'>riod \'n) pl.1rtlJd 1 JlW IlII pal PUI~II \'tll nnt! pup:11

pt'riml IJt'riud pt'riod..; ~ ----_._-----.-,-_.._­ .. --.. --~... 
l-((Jr~ ~Yllml)er Days !Juys D/lYs DflfJ·'l Duvs 

I 2 , 22 4tH,V:::I./; II. .:::O.~ 27.7±1.;j -I92.I'=2.l19:!\! :1 	 II ";10. ~:±:2. 4 i. H±O.5 10. 4:±:!I. 4 ·"i50~2±2. 7I 4 2 I. j(jj.5:±::5.0 5.0 20. .'>:::O.~: 1.1"~.O:±:5.3
2 !Wl 4"17. 2:::U. 5 H.t;;±:fl.2 IO..'l:::(), I .)Ot). S:±:O, U 

1930 I 	 10. fl:::tl. a ?t 1'=::0.:2 'II•.•):±:I. I 

I 
:1 01 ',Ia. ,:::1.0 
I 1.2h.O:::I.~ 14. 1:±:1. 0 22.0::::0 :2 1.240. O:±:I." 

IJl.'\U.ti±l.l :l.0:±:1.1 2'2. i'::l. 2 1.~12.a:±:1.0
a;,:l.±I.' 1.)0••:::10." '1. i±U.2 If;, ,:::0.5 ~13.f):±:j.(),lI., 3ti..~:±:[), 2 :;'27.·1:::1.0 .,. ~:±:(),:; 22.~:::O.1 ';"'.0:±:1.0
:15.0::1.0 UII. 0:±:2. 0 12.5:±:1. j 21.0:::0., !)r1i.•;::::l. 'j.,

19:11 	 J :m,O:±:2.0 1. 2~H. ;'=2.-4 0.5::0.:1 1'..;::0.:1 1.~J'?O±O. -; 
4~ ali. ~±O.2 171.:!:::tl.• 4.•:::0.3 17.'"':::0.2 22J 9:±:tl,~

lli'l :B.2:::02 .120.•;:::tJ. H i.:l±O.2 2"1.7=0.2 571.4::U. l 
:!O.I1=L' ' ...2.2=11. :! s, 7=0, j 22. 7±U. ~1 935.5=" 'I1 " ;)li.O~l. 7 l~ 27:;' :3=7.;2 7.0.=2.0 2:1.11=0.-1 1,332.3:::' U 

! hwludt·:: tIll' prl'pupal pt~rif)lL 
1 Tht.' tigun'~ for tlw· rl'cnrcls (or lItH ineludl' tht' 3\'t'm~(\ {~gg lH'riod. 

TIl(' first pupation in this group OCCLIITNi ill tbt, s('cond yl'l1r 011 

August 20, 1031, [mel tIl(' lust in thnt yt'l1r wus on Octobpr 27. TIll' 
first nnd last ndults ill 10:31 npJwarf'd 011 St'ptemb£'r 5 and Xonmbpr 
30. rl'slH'ctin,ly. Of tilt' 5,,1.6 l)(Irc(,lIt of totnl InlTnl' that I11nturl'd 
for n 2-ypiU' cych,." on'r 53 IWl'('('lIt W('I'(' mnl!'s. Pupations ill 10:32, 
which totait'd 25.5 pl'n'pnt of till' original IUlTu('. i)('gnn 011 August 7 
and con tin ued un til Ortob('J' 7. Thp first nd ult WitS ObSl'ITNi on 
August 31 nnd til(' last on Xo\'pmlH'l' 7. ~Inh's agaill pJ'l'dominnll'd. 

In thl' fwriod S('ptl'mbl'J' 12 to Octoiwr I, 19:33, sPn'n indi\'idlllli" 
compll't('(i t\pniopn1Pnt for a 4-Y('llr cyeh', find bl'twPPIl Sl'ptpmiwJ' 2() 
ilnd Octobl'r 1 in 19:34 th£' th1'(,(, l'l'mninillg InlTIH' mutun'd. compl£'ting 
n 5-ypnr cyck. Til(' Inrnd p('riod of 1,59:3 days undl'rgolH' by OIH' of 
the inttpJ' was til(' longpst l'l'cordf'd d lIJ'ing till'st' studi('s. ~\mong till' 
4-y('nr larnlP thp mnjority \\"('rp f£'mnl£'s, whih' all til(' 5-y£,ill' Illrnll' 
\\"prt' fpnu11l's. Although tlH' sppcin1('ns thnt mil tun'd ill 1933 ilnd 
10:34 wprt' pxc('('(iingiy largp Inrnl(" thl'Y d(,II1.),(,d pupntion until Inll' 
in Sc'pt£'miwr of PHch Y('ill' , Hftp!, tht' mnjoJ'ity of tll(' smnllt'r find 
youngpr lnITl\p in oth('r n'nring ('xp('rinH'nts hnd nln'ady (,lIt(,l'('d til(' 
pupni stag('. Oil£' would t'XIH'cl thnt t1I('Sl' Inrg('J' OJ' 01(\('1' lurnll' 
wouid pUpl1tl' pnrlipr in pitlH'r .July or ~\.ugust. 

Till' dntn for tilt' loaI group difl'PJ' from thos!' for tlIp groups of HJ29 
ilnd 1930 1I0t only in including t!tc' ('gg sblgt', but ltiSO ill t!tnt hUTnp 
which hnd hntclI('d. about a montil I'urlipr thull wns till' rllSp ill tIll' two 
pn'\-ious y('nrs W('l'(' inclu(\t'd. Probnbly tht' most ';lII'prising disco\"­
pry was th(' fnet thnt it fl.'w of tilps(' ('llrlil'r-ilntchpd hlJ'\'n£' pupntpc\ 
til£' Snl1l(' YNIT, fol' n, !-ypnr lifp cycll,. 

Till' Stll<iips of growth \\'('1'{, 1I1n.d£' OJ) 100 illdi\'idllnls thnt ilntrh('(\ 
during thl' IH'I'io(\ ~[urch 30 to ~\.pril 5. illclusin'. IO:{ I, from l'ggS 

. Tltt' rlnp&ld liml} (rom tlw t.'!!!! [() tIlt' fiPIW:lrallh' of tlw 'ltiuh In tltt' sprim! fir ,ht- ..proud Yi'~\r \wHlhl b~ 
approximt1 wly 2 )·l'ur". 
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deposited from Fpbrunry 20 to 28, inrIusin'. Each larvll wns fcd 10 
kernels of whent monthly dming tIl(' Y('I11". One of tIl(' 3 indh'idunls 
thnt matured in 1931 hatched on April 2 lind pupnted 011 August 21, 
nfter nn elnpsed l)Priod of 141 dnys in tIll' Inn-nl stngl'. This wns the 
shortlIst Inn-nl pt'riod rpcorded during these studies. All 3 sp('cimrns 
thnt maturrd in this yrur were males. Pupntions in 1932 begnn on 
August 11 "nc[ t('nninnted O('tol)('r 9. The ndults, muks of whieh 
were slightly in excess, wel'e obtnined tln'oughout the period August 
31 to Xon'mbe1' 8. 

The 2 specinH'ns thnt mntUlwl in 1933 for n 3-y('!1l' eycle· pupntN[ 
on Septembpl' 26 t\lld October 2 nnd trnnsfornll'd to mnle adults on 
October 16 and 24, rt'spt'cth-ely. Pupntions in 19:34 occul'lwl on 
August 20 nnd 21, nnd th£' 2 ft'mnles t'll1t'rg('(1 for it 4-yt'ul' eyrIe on 
Rt'ptemb('r 7 and 9, Tt'spt'etiH'ly. Fourtepn of thl' ] 00 Inn'ue diNI 
without pupllting, 7 in til(' 1irst y<'m' nnd (j in the st'cond. 

Another rpnring series lwgun in 1931 eonsisttld of 2S0 sugnr-bept 
wireworms thnt hnteht'd bt'hn't'n ~[nreh 27 nnd ~Iay 26, from ('ggs 
(lepositC'd in th(' pNiod F(·brum·y 20 to April 27. TIll' indiddunls in 
this group wpr(' nlso fl'd 10 kt'rnels of wlll'nt monthly. Tw('nty-nine 
of them fnilNI to rl'twh maturity, 13 nnt! 14 dying in tht' first nnd s('('ond 
yC'nrs, l'C'spl'ctin·ly . 
. 'I'll(' outstunding fact in this ('xlwrimt'nt, thC' datn for which I1rC' 
shown in tilt' Inst 4lilH's of tnhk 3, WI1S tIl(' largp inerC'ns(' of indh'idunls 
cOll1plpting d(,n'lopnH'nt in tlH' first y{'nr. In thl' group of 100 just 
discussNI only 3 pl'rcpnt mHtur('(1 in tIl(' first ypar, whl'rpl1s in this 
('xp('rinH'nt, in which Jnr\'lll' of HpproximntC'ly thC' snnl{' ngl' \\'<'1'(' u5('(1, 
18.8 pN'('L'nt completpd dl'\'(llopnH'nt in It l-Y('Hl' eyelp. No SPX dptpr­
minntions wel'p mndp on thl' Inttpr, but owing to thpil' smllll size' it is 
bdirHd thnt thl' mnjority \n'l'{' mnlt·s, Thl' first pupntion 0('('111'1'('(1 
on August 28, 01' at't<'r nn npproximllte lH'riod of 5 months from the 
time of hntehing. Pupation continu('d in 1931 throughout Sl'ptpm­
b('1' and terminn t('(1 Octobl'r 10. 

Of the 163 Inn-nl' thnt matured in 1932 fOI' n 2-y('nr ('ydp, tllP first 
pnpntl'd on August 22 nnd thc last on Oetober 24. Thp fOrllJ.N 
trnIlSfOJ'JlH'd to nn ndult on Sl'ptt'mber]2 nnt! the Intu'r 011 NO\'(lmlwr 
:21. In this group mn\es \\'(11'(' slightly in ('xc!'ss. 

Pupntions in 1933 of the eight indi\-idunls ('ompleting dl'n'loplllPnt 
for n 3-:nar eyell' bl'gnn latC'r than uSllnl, on fkptpmb('I' 12, nnd ('nd('d 
O('toh('r ] 8. First and Inst b('C'tll's \\'C'J'(l tnken on Octob('r 5 nnd 
l\o\,C'lllhl'r 13. }?Plllnlps outllumb('red tIlP maks 7 to 1 in this ('ns('. 
The rl'mnining tl1l'l'<' Inrvnp thnt. mntured fOI' 11, 4-y('nl' cyell' in 1934 
pupn.t('t\ bl'tw{'('n S('pt<'Jnbl'r 23 nncl October 14 Ilnd thC'sl' C'1lll'rg(·(f 
ns two fpmn\C's and a mnlp bl'tW('('1l Oetob('r 16 nnd Non'mbel' 7, in­
c1usiyC'. In this ns well ns in othC'l.' C'xpl'l'iments nlthough nil the' 
indi\-idunls that mntu1'('d in 1 yl'nr we1'(, from enrly-Ini(\ ('ggs, indi­
viduals nlso Wl'I'l' found ill the 2-, 3-, nnd 4-YC'I11' <'yelps frolll thC' 
early ns \,'('ll I1S tIl!' l:lt('r-prociu('NI C'ggs. It is nppnl'('nt thnt IIndl'r 
fn\'ombIc conditions, espe('inlly of t<'lnppl'atllre, growth is 11('('C'lernt('ci, 
but it is I1lso nppnl'l'nt t·hat within nny group llndl'r sill1ill1r condi­
tions tlwre is cOllsiciPrnhle individual ynriation in rnt(· of growth Ilnd 
size. 

The propoltions mntllring nftC'I' life eye\l's of 1, 2, 3, 4, unci 5 yt'llrs 
nr(' shown graphiclllly in figuJ'(, ] 7. 
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The duration of the larvnl period in the foregoing snlv('-can renr­
ings nv('rnged 170.6, 504.6, 846.2, 1,225.0, nnd 1,589.6 days for those 
maturing in 1, 2, 3, 4, and 5 years, r('spectivcly. 

Basement temperntures during the larval p('riod wer(' in gen('rnl the 
same ench :year, averaging 67° or 69° F. throughout tIl(' ('ntire y('ar, 
but th('y naturally awrnged highN (71.8°) fOl' th(' r('eords of those 
lan'ae that completed den·lopment in 
through a wintel'. 

The beginning of an attempt to record 
the difi'('rent molts and the amount of 
wheat eaten by 1arn1(' in eompil'ting de­
velopment was made ill 1931. Owing to 
the diffieulty ill ascertaining whether tllp 
kemds had been eatell or d('stron'd by 
fungus, this latter phas(' wns diseontinuec.l 
until time permitted w('ekly instead of 
monthly ('xnminlltions. Owing to tlH' 
minute size of the enrlier exm-ia and the 
difficult.y in locnting tIu.'se, the keeping of 
molt records wns not b('gun until July I, 
after which both Inrvae and molted skins 
were of sueh size as to be r('ndily percep­
tible in the soil. 

For lnn-ne completing developnH'nt in 
the second Year, the mmlbeI' of molts 1'(' ­

corded fron; July 1 awrng('d 6, for th(' 
third-yenr indh-iduals the anrage wns 7 
molts, find for those n13 turing in 4 y'rnrs 
the ayeI'fige was 12 molts. An ('xnminll­
tion of the dnta in table 11 for lnrnw 
that matured in 2 years shows thnt 
possibly 4 molts wel'c missed. The ItV­

erage number would then be npproxi­
mately 10, 11, and 16 molts for Inrnl(' 
completing d('\-elopmcnt in tlll' sceond, 
third, nnd fOllIth y('ars, respecti,-cly. 
~[ore aeCUI'ate records w('rc obtuiIll'd 
by a differ('nt lll('thod and thes(' 11I'C' 

given lat('l' under npproprinte h('ndings.
Since the previous r('uring studil'S 

indicated that when the 111ITa(' hatclH'd 
early in the season a greltt('r n umber of 
them would pupate th(' first yenl', owing 

. If'I I 1to t 1C cxtcnc e( pprIO( 0 fceding, It was 
desired to obtuin'additionnl data as to 
the dIect of tim(' of lin telLing on til(> 

1 yen!" nnd did not pass 
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F1Gl'IlE l7.-Proportions of 
sugar-beet wireworms of the 
broods beginning de\'c)opmcnt
ill ]!)2!), U)30, and 1931. eom­
plcting the life c)'cle in the 
indicated numbers of Years. 

-
rate of pupation in the first nnd in lai('r yeurs. -With this in view n 
number of Im'Yne of the brood of 1932 were scgrpgnt('d intI) 3 w('U 
separnted groups according to th(·ir date of hnt('hing. Group I C011­
sisted of 40 il1ITll(' thnt ha'tched b(·tween ~rltrch 23 and 30, from l'ggs 
d('posit('d in the period FpbnIfiry 24 to 2R. TIll' 40 InITI1P in group 2 
hatched betwel'11 April 1.5 nnd ~[ny 26, from ('ggs depOsited betwel'n 
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~[urch 17 and April 28. Group 3 consisted of 39 larvae hutched on 
.June 8 from eggs depositpd on ~fuy to. Eu('h lurva in the different 
groups was fed 10 kNIH'ls of wheat monthly. A summary of the 
results appellrs in tn hIps 4 iUld 5. 

TABLE 4.-Duration of the developmental periods of 3 groups of sligar-beet wire­
worms hatched at different times 'in 1932, reared {n salve cans, and fed 10 kernels 
of wheal monthly, .·Ilhambra, Cal(f. 

EAHLY·IIATCIlED GHOCI' (MAHCIl ZI-30) 

Duration of period ,_________, Tem· Lifl' 11l(1i· 
cwle ,·id· lwm 
(y~nrs) unls : E~~, lan·nl. ' ru:~lj

Lan'nl l : I'n'pupnl Punn! uIIIl pupal 

-.--- -- -.-------------------
Xum· 

her Days nays nays nays /Jays of. 

r\fnXiUlnI1L. 2\) 1.3 31i Zl 2'~1 
'\Iinimurn 2H 15.; 1:1 2'2: 2O. 

1. 3 ,-------L\"('rage_ ~.O:i:O.7 162.3± a.1i 28. 0±5. 0 2'2.:I±0.2 212.n± 2.8 .1.1 
"""!~-=-==== ==----== 

3:1 544 13 24 597{.\lnXiItlUIIl
,:\linimuI11 2fi 51'; 5 21 566

2 20 
.A,'t"rag:£' .. 2tJ.3±O.2 53'i.H:±: 1.0 9.5±0.·1 2'2.:1±0.1 589.2± 0.9 118.2 

=~===::=::=:-== -- ­
30 919 II 2:l Ofj7rlfiXimum 

S ;\rinimum 26 S!J2 :1 :.?l 941 

An'rag-e. " 2,~"2±O. 2 910.6± 1.9 6. i±O.1i , 2'2.0±0.4 9tiO. S:±: 2.-1 69.1 
-=-~~===~=~==== 

4 30.0 1,~13.() 11.0 27.0 1.3.10.0 68-.. 
IXTEH.\IEDIATE IL\T('ITED GnOel' (APHI!, 15 TO .\[AY 26) 

31 1.5 2.5 5,'>=1'{ )[nxilllulI1
'\finilllulII .. 2S 21 520 

25 --.--;----'---~ ---- ­
.::\ Yl'ra~H\ . __ 2\),0±0.1 [,()i.9± 2.0: 9.7±:I.2 22.5±O.1 .;59.4± 2.4: 1)8,2 

95S{"IUXill1UIll :11 I~~ 2~ i~J 907)linilllulI1 2i
3... n 

A \~(lrngc ~ .• 2S.7±0.4 H.1. .± S.6: 1Il..;±2.0 21. 5±0.!\ 0:16.0±'. 6 69.0 
==--=-:':;:::;.~ ==='===::::,,-==,=--= 

~ra~imum _ ~l 1,2.)6 6 i 25 1.310 
3 J ~Iinill1um.. ~JU 1,2.)1 i I 1 24 ,_1,_3_04___

4••••••• 
L\\"!'rage. __ <~O:O 1.2.5:1.'± 1.0, 3. i±O, 91 24.3±0.2: I. 30•. O± I. I n:~. j 

[,A'I'E·IJA'I'CflED GHOCI' (Jl'XE S) 

·\ln'illlllTll 

ZI 1.\lrnirnulI1 


lA\'erage __ 29.0±0.0 4.59.5± 1.0 9.1±0.3 i Zl.5±O.8 .';12.0± 0.9 (>~.2 
"'::;::;:::::::::-"'"-::::::..=:== ~:;;;:-;-=-~~':"== ~~-=='===--====~~ 

~IHXimutl1 , '>{) 15 ZI 888 
3... {j .\linirn.UIIl ! 29 2 I~ iSI{ --------- ---------

A \~('ra!!c _ 2'J.O±O.0 S07.0±W.1l il.:l±I.!I, 2O.2±0.5 8.'ilj. 2±10. 6 tii!.U 

Pr~pupnl period inrludcd in lan·ullX'riod. 

, A wrage of d!lily nll'un t('lI1PNutufl'S during lan',11 Mdod. 


In the eurly-hutched group three larnle nlntured us muies in H):3~ 
ill u I-yeur eycle, wherens in the two inter-hut('hed groups none ('0111­

pIe ted devl'iopment the first yenr, nppn.rl'ntiy owing to the shortened 
feeding period. PUpn.tiOllS in this group in 1932 begnn August 30 and 
terminated Septemhel' 13. 

I 

http:S07.0�W.1l
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TABLE 5.-SItIlt'lIlary OJ pH'paHons, mortality, and scx rlJlios oJ'the 1084 brood of the 
sugar-bect wireworlll, Alhulllbra, Calif., 198,3·35 

l'upution Ilnd lIInrtlllit~· dUIIl Sl.'X rlltin 1 

n~1lI 
fOroup I. "m'lyl ClrnuJ'~. inTI(1::~';~nte~' .;;:.:;-- ~(llleH ,-;:-
I hntf'h tl'rnll'chntc. hllt('h I !!rnl1ps .. . 1 mnif's 

-~~-J----\ : 1----- ----
SIIII/· Pa· SIIIII' I Pa· I SIIIII' I 1 ft· I,\'/(Ill'! Per· Per· Pa 

Pupntions: !! her relit If b.:r I ceut ber: cellt I 6eT I ('tml CRill felli 
1032. l-Yl)nrc~·{'ll·~. r,a J.,~ i)~ \ ~.Q ;)~ t .~).O .:~ I _~.5 i Il]O.O O.~ 
19:13. 2·yl':1r cy,·le -. _ _~: 

I 

~O. 0 I -~ in:. o. _.!: o~. (J !;s. 0'; \' ~u i ~8. h 
193·1. :J·Yl'llr t'YC'll' ... _ S. _0. () . b I 10.0, iJ I In.4 _0, 110. R I 30.0 ,0.0 
1035. -1-)'['l1r erell' " I 2.5 I :1' •. 5 , f), I) ·1, :J.·I I 0 100.0 

::.Iortnlity.. __ . __ • __ . 8 ~O.Oj uj 15.0 10! 211.1;' ~\ 20.'2\ 

TOlnL....__ ..... ' --40iOO:Oi-:W-;IiXi:O:-:mi 100.0 IOU IlllI.O-U:i\;!.:i 
~=':'=:-:;::~ ="'= =~;;;:;: = == =-===.=--== =.;:;= === 

Lnn'llllllortnlily; 

10:12" •. f) 15.0 ·1: )(J.O' Jl, 15.·\ I I/i: 1:1.,1 

J!)3~1 •. 2: 5.0 2 i 5.0 t 3 I •.• ; j; 5.1) 

1\)3·\ •• 11 \) Il Il 1: 2.n \ 1 D.S 

IVaii .• o () 0: (J 0' \) : 0' () 


1"I'h~ Sl\X' lIt.'tl'rminntiollo; W(lrt' not mnt.iC' ulltil nfll!r SOUle of the' miults had t>pen lost or (Il'SlrOYf·d by 
(ungus. C'onsequeutl;" tlIl'SI'"' rotio WilS hnsl'u on til(' in<iiddllols ",hos,' SI'X CQuld h" ('s!llbli~hcd at the 
tim(' of examinntion, and docs llot in ullltlstnrH'('S rtI Jlrtl:'\t'llt tlw tolal lnuuh('r 1)( adults that eIl1erged. 

:Ellrly hatching of larvae nppel1l'ed not to uccelerate the rnte of 
pupation in the secohd YCllr, us the pupntion peJ'centnge in 1933 WIlS 

enm lower for the early group than that recorded in the two lntel'­
hn tchec! groups. In this yenr the Pllrliest pupations O('('urred on 
August 20 in the intennediate- and lnte-hntched groups, lUtd the lust 
pupntion wns on O(,tober 2. The ndlilts, nlmost e,-enly didded 
between the sexes, cll1el'ged in the period September 12 to October 24. 

In 1934 the percentuge of pupnting individuuls wns slightly greutl'l' 
in the ellrly-hntched group thnn in the others. The endiest obselTed 
pupation re('ol'(led d lIring these studies oc{'ul'I'ed on June 13 in the 
late-hnt('hed group. This specimen tmnsformed to adult on ,July 2. 
The Inst pupation was from the intermedinte-hntehed lar"ne, on 
Oetober 9, nncl the lilst ndult emerged on Oetober 31. In this yenr 
femnles predominated over the males in llll groups. 

In 1935 pupations of the remaining Inrvue, which belonged to the 
enrly- nnd intermediate-hatt-hed gI'()UPS, began Inter than usual, on 
Se1)tember IS, and terminated October 9. All fOllr slweimens, whit'h 
eniNged between Oetober l2 and Novembel' 5, were femnles. 

A sumll1iUT of the pupations in nil groups shows that of the 119 
lal'''11e at the stltrt of the experinwnt the majority, or 57.1 pel'('ent, 
ma tured in the second, and Lf.i.8 percent in the third yenr. Group 
totals showed that 80 pel't'ent of til(' enrly-, 85-percent of the inter­
mediate-, and 74.4 pereent of the lnte-hntehed groups ('ompleted 
d~velopment. The sex ratio fot' til(' entire brood WllS 4()Ji percent 
males and 53.4 percent females. 

App~U'ently pupation of sugar-beet wireworms tnkes plnce during the 
lIsunl period regardless of the time of hatching. This is verified by 
the fad that not only the average but the mnximulll Ilnd minimulll 
dllmtions of the 111rvn1 period in the different yelU's were less for the 
second nnd succeeding yenrs in the inte-hntched gl'OUp~ thHn nmong 
the carly-hntehed hu·vac. 
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EFFECT OF QUANTITY OF FOOD ON HATE OF LARVAL DEVELOP~IENT 

In previous wireworm-rearing e)..-periments 10 kernels of wheat were 
given the individual larvae at each monthly examination. Later feed­
ing studies showed this quantity to b,~ adequate. During the first 
year of lar"\'al life, in July, August, and September, the number of 
kernels eaten monthly in several instances reached a maximum of 17, 
the monthly average ranging from 12.1 kernels in July to 15.4 in 
September. Awrnges slightly in excess of 10 kernels were also 
recorded for October of the second year and for May of the third year 
of lal'vallife. 

An experiment was started in :March 1930 to determine the effects 
of small as compared with large quantities of food on the rate of pupa­
tion. The results are summarized in table 6. Groups 1 and 2 con­
sisting of 10 and 15 larvae, respectively, were fed individually 1 
kernel of wheat monthly, and the 251aITae in group 3 were fed 8 ker­
nels of wheat monthly. The results of this e:\.-periment show t1111t the 
rate of pupation is lessened when only small quantities of food are 
available and that the lan-ae are capable of existing under such 
adverse conditions for 5 or more years; also, that they pupate readily 
when their food supply is increased. 

TABLE 6.-EjJect of various quantities of food on the mte of lan'al development of the 
sugar-beet wireworm, Alhambra, Calif., 1930-84 

---------------~------.-----.-.-~--- .­
Lan'al <ll"·~lopml'Ot and mortality dllts for­

It~1ll 

Group] I Group 2' Group 3' ,-----.------ -----
Pupations; ~\"'ll1n'JOer: Paroenl ,~YUTllr}ler Pef:c.~J!~' '.,.YI(TIl]I);, Perce!.,t()

19:3], 2·year eyrle_ ................ __ ._. ... , u, 56

1!l32.3·yparcycle. __ .... ___ Oi 0 j 2 la.3:): 2' b.O 
1933,4·yeal'cycle...... -- ... - 0, 0 'I 0 0 I 4,0 

~ 193~. 5·year cyeIL.... __ .... ..•..•• ____ , 3, 30.0 8 5;t:l~ i 4.0 
.fortallty................................... __ ........ : 2: 20.0, 4: 2{\.(ii: i i :!S.O 
Continued to 1935 or later. ....................... __ .. : .j' 50.0' 0 0 0 0 

'--,--.--------
Total. .......................................... i ]0, ]00.0: 15 100.0 : 25 100.0 


I Fed 1 kernel of whe'lt each per month frolll date of hatching. 
, Fed as !!rOUD 1 until ~rarch 1934, after which fl'd 8 kernels each [lcr month. 
3 Fed S kernels of whest each per month from date of hatehin~. 

To determine further the effects of various quantities of food on 
the rate of developm~nt of the sugar-beet wireworm, a series of 138 
lanTae that had hatched between ~larch 23 and ~Iay 4 from eggs 
deposited between February 24 and April 3, 1932, was divided into 
3 groups and fed individually each month as follows: The 30 larvae 
in group 1 were fed 10 kernels of wheat monthly except during the 
period between October 1 and ~Iarch ], when the soil was changed 
monthly but they were given no food. This period of starvation of 
the larvae in salve cans was intended to resemble a similar condition 
in an infested field void of crops during the winter. The 30 lan-ae 
in group 2 were supplied with an abundance of food, 20 kernels eaeh 
month; while those in group 3, totaling 78 larvae, were fed the usual 
10 kernels of wheat monthly. 

The results showed that the majority of pupations in all groups 
occurred in the second year and that the pupntion percentage in 
group 1, although fed 10 kernels monthly IH)(l starved during the 
winter period, was identical to the percentage obtained in group 2, 
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fed 20 kernels monthly. The pupation percentnges in the third yelll" 
were very similur in the 2 groups. Group 3, fed 10 kernels monthly, 
had a lower percentage of second-yel11' puplltions but an increase in 
the third yeur. When the percentages of pupations for both years 
in all groups were combined it was obserTed thllt the perc-entage in 
group 1 was slightly higher, totaling 90, us C'ompnred with perc-ent­
ages of 86.7 and 82.1 in groups 2 and 3, respectively. Although 
depTh-ed of food for n period of 5 months, the mortality of larvae in 
group 1 was 10 perc-ent ns compared with 17.9 perc-cnt in group 3 
which were fed 10 kernels continuously. The e,-idence presented, 
though meager, indicated that a monthly diet of 10 kernels during 
the period when larn1e are most ucti,-e is ns lldnmtllgeous to larn11 
deYelopment, or more so, as n diet of 10 to 20 kernels of whent fed 
monthly throughout the yenr. In other words, there would be no 
retardlltion in the development of larn1e inhabiting fields not cropped 
during the winter months if sufficient food were llTnilable during the 
spring and summer. 

Of the 138 lnryae used in these studies, 78, or 56.5 percent, matured 
thi! second year and 39, or 28.3 percent, the third yeor. A totnl of 
21 laryae, or 15.2 percent, succumbed. Sexes were equal the serond 
year, but more females than moles matured the third year. There 
was less than a day's differenee in the uycruge length of the larynl 
period for the 2-year-cycle indi,-iduols in nIl groups. The n'-eruge 
inn-al period for the 3-year-cycle specimens ranged from 884.6 days 
in group 3 to 901.5 clays in group 1. 

To substantiilte the studies begun in 1932 on the en'ects of yurious 
quantities of wheat on the fate of pupation and the duration of the 
lan-al per·joel, a similar experiment was begun in 19:33 on a mm.-h 
larger scale. In tbis experiment 450 lnryae that had hatched ellriy, 
at all intermediate time, and late in the senson were segregated into 
3 groups of 150 each and fed individually eaeb month as follows: The 
liuTae in group 1 were fed 10 kernels of wheat, larnle in ~roup 2 were 
fed 20 kernels, ilIld Il1ITae in group :3 were fed 10 kernels, exct'pt for 
the period between Oetober 1 and :\1a1"(·h 1, when the only trentment 
was a rlumge of soil eaeh month. 

Each of these groups wus further dh-ided into lots of 50 each aerord­
ing to the dutes of hutebing. One lot ir, eneh group hatched between 
April 5 and 10, from eggs laid between Februul'Y 28 and ~1nrrh 5; all 
intermediate lot hatehed between April 2:3 and 28, from eggs lnid be­
tween ~1areh 21 Ilnd 28; und the third hntehed between :\lny 20 nud 
June 8, from eggs deposited between April H> nnd )fny 9. 

The results, us to the dumtion of the stages, were "imilnr to those 
obtained in the studies of 1932, whieh were on II smnller seale but with 
the same quantities of food. 

There were ,-ery slight ditferenr('s in the number of indi,-idunls ('om­
pleting development in the 3 groups fed different qunntitie" of whpilt, 
and lulTal developmen t WitS not rt'tllrded in the least w\H'n food wn" 
not pro,-ided during the winter months, nor WIIS den-Iopment uc('eler­
atec! by the continuous feeding of 20 kemels of W\WHt per month 
throughout the yell!". Thi" in<iicntes that the feeding by l!lITne dur­
ing the win ter period is negligible Ilnd ("ons('q tlen tly tht'ir c1e,-elopmen t 
is not hastened by the presence of food in nny yeur of their life in the 
period from October' throtlgh February, ineiusi,-e. 

Contrnry to pre\'iotls results, the time of h!ltehing o[ the 1'\I"Y!le in 
these studies appeared to hn '-e hud no rffl'd on the nltl' of Pllplltion 
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in the first yenr. The 20-((el"Oel ~roup hnd 4 IHlT:le thnt rnntul'pd for 
It l-yelll' ryele as ('ontl'l1sted witb :2 pupntions in eneh of the other 
~roups. This small number was due possibly to th(' lower tempel'l1­
ture tllllt pre\'niled in th(' basement durin~ April and ~lny of 1933, 
whi('h rebnded feeding- and, suhsequently, the development of the 
Inrnle durin~ their first yell!'. Tempel'Htures in the bnSell1ellt during 
the spring nnd slimmer of In:34 were well n bo\'e normal, resultin~ in 
inereasec\ food ('onslIInption Hnt! in a greater pereentn~e of se('ond-yeHr 
pupu tions than wus re('orded in pn>yious studies. 

TIll' llul"l1tioll of thl' lan'al Iwriod fOl' indi\'iduuls of tite 1-. :2-. HlHl 
0-y('ar e~'d('s \'l1ri('d in tIll' diffl'I'('nt groups Il('('ording- to till' tinll' of 
l111,tehinf!, In thl' l'lll"ly hl1t('h thl' ll\'PI'ngp for indi\'iduals of till' I-:nnl 
(,~Tk in group :2 was :20i) (by::;. witl'['('IIS in tlll' int('l'Jlll'Cliutl' itnt('it 1 
indi\'idual in group 1 llllltUI'l'd 11i'tl'1' 11)0 (hlYS and for thl' 2 spl'('illH'lls 
in ~roup:3 tIll' ll\'l'rngl' was li)4 lillYS. 01H' 1-y('ur IUITH in group 1 nnd 
1 in group 2 of till' latl'r-itnt('it II1lTnl' eom.plptl'd tlll'ir dl'n'loPllH'llt in 
15G and 1i)0 lbys. I'l'spp('ti \"('I~·. Thl' dura tioll (If titl' lurnll IH'riod for 
tlw 2-~-l'nr-('yd(' sp('('inwns in group 1. f('d 10 kNlll'ls eontinuousl~', 
I'l1ngt'd from 515,8 dnY~~ for titl' l'lll'h- itn teh to i)0 1.8 dllYS and -172.1 dllYS 
for 'till' Illl'nH' hntehillg nt 11n intprJll!'clintl' tillll' nnd Intl' in tIl!' sl'uson. 
TIH' n \"('1'llgl'S d('(,I'l'llS~'d lleeordingly in till' othl'I' groups f!'Om i) 1I) to 
i) IO.7 nnd -171). 7 dn~-s in ~!'OIlP :2. nncl from 509.5 to 498.2 nnd -1(:i!l.fi 
tInys in ~roup 0, for tIll' ('ad~--, intl'rml'diatp-, nnd Intl'-hHtcllPd larnH'. 
J'('sppetiY('I~-. .:\. ::;imilar ([(,(,!'l'llSI' is ;:;hown for thp indiyidllnls (,O!l1­

pl<'ti1l~ dp\-plopml'l1t in tht, third .Hllr of InlTnl lifl'. 
TIH' durntion of thl' Il1lTHI pl·riod in thl' gl'Oup stnrn·d during' thl' 

wintN' l1n'l'Hgl'd slight!)- If'S;; thH1l in thl' Otil(,J' groups fNl 20 lInd 10 
k('rnels (,Heh month. This furthl'l' (,OITObol'l1t('s thl' l'\-idl'n('(' pl'<'s('nt<'d 
eudit'r, thnt wintl'r fpl'c\ing (\0('5 not hnstl'n the' growth of thl' InrnlP 
01' thl' suhs('qul'nt l'l1tp of pupntio1l in n1l~~ group. 

TABLE 7.-SI/J/wwry "f pl/paiiOtI.~. [afm/ IllOf/ali/il's, alld 8PX r(//IO,~ or thp 1f1d3 
brood, ('(lrly-. irliNliIN[ia/f--, all/I [(lie-hate/It'd f;/Igaf-beel IdfelL'orl/l,~; :,ri SPI'Cillli'flS 
it! welt of Iltt flint lol .• ; ,1lJwlIlbra, Calif. 

nJ{(WI' 1, Fr.!) III K~=f{:-:E[," OF WllL\'I' ;\[O:-:THLY 

Pupation ;lIld lIlorttllil.:'· dnta fnr iwli\~~dual..; ~ t=t'\ ratiu : 

llUlC'IIl"!1I'I<·h,·! HUll,h,,,! 
"In,' ::'~I­ TotalApr. ;~l" .\pr. :!:)~2'" Jlli\(> !, 

Pup,!]tiftn..: 

n::f:: ~:~~::~~ ~~:~t:· 
Win. ;l-~-par ('~"'h' 

S'f/TTl­
lleT 

II 
13 
1 

Per. 
(,(fli 

","'I~ 

2 

.\',,' !ll­

' fr 
1 

L! 
:j 

t'(r'· 
Cfllt 

~ 
'4 

,j 

.,,",'IUl-
IJer 

1 
-Ifi 

1 

lifT­
rellt 

~ 
H2 

2 

.\~Jtm· 

'ief 
:! 

t:!I 
.; 

}'er­
('OIL 

1.:1 
"i. a 

:1 :1 

Pu­
(rnl 
m 
-1".,\ 
.Ii 

J)a~ 

rf"t 
;,I) 

II. 2 
;.i 

T(,t~1 H ),~ 4t~ ~cf:! 4~ Hli n" 92 fJ .1', I .il 9 

Larval Ulortality: 
1\j3~ " CI I) II I) U n Il 
!V3·' 
HtJ[~ 

., 
I 

II< ., i 
II 

'l 2 
h 

4I, :1 
7 

T'lf,it ,; I:.! ., " ~I Ii. 0 

("f,minuinc 1" !;tT\:~1' flJ l'Hli " " .; II II .1 '.!rt 

Tht· ,,'x dHtHntin:ltion.·~ "I'n" nil; Ills-h· uptH :l£1I'r ..om.. (If tt]!! n full, Wt'rt> lo:-:t or ,It,t;HroYt'! hy (ilIum::.. 
Cuu"Nll1l-n rly Iht~ ~.\ nHHJ wa..:: h~~f'd on ttl,. m Ih'i luaI .... whu... 4 "(OX c· ,ul'l h~ {· ...mhli...hl· 1 !\t thl' !IUl'" 1,( 1':(" 

:Jminathn. :H!'! flIw... not in nil ju..tani..·... n'lJn""Ilt ttil" tot!,l nUmht'f of wlu)t.., th:t! ,'Ult·r::t.-I 
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TABLE i.-Summary of pllpations, larl'al mortalilies, and St'"X ratios of the 1933 
brood, early-, intermediate-, and late-hatched sugar-beet. 'lVirelt'orllls; 50 specimens 
hi each of the nine lois; Alhambra, Callf.-Continlled 

GROn' 2, FED 20 KEHXELS O~· WHEAT .MOXTHLY 

Pupation nnd mortality data for indh'iduals­ S('X ratio---,-:­ltl'm Hnteh('(\iIatch(,(1 I !lntched, ! ;o.!IlY 20- Totlll ;o.£nle;:: lIml,'sAI''' ';..IO I Apr. 23·~ : June 8 

.\"U11I.! Pa· S1(11I'. Per· Xum·' Per· ':\-Ulll' Ptr· Per· P.r· 
Pupations: her3: ("fU/ j litT n reu/ her 1 ~ cellI!! j bfT.. Ct'~~t"j t~l t re~

1933, I-year eyele. li o 
Uf34. 2·Yt'ar cyclE'. : 40' hO 4G 92 4:3' 8r.! I~'!l !>!l.O 50.0 50 
1935, 3-year eyel~. 01___.__(_''---':' --~---~.--~J-':'~~-~ 

Totnl. __ ........ , 43 SI; 48' 96 44 8'\;' 135 90.0 51.5 48.5 

Continuing as Inn'o(' to ma6 2 o o 21 2 1.3 
r 

GHOn' 3. FEI) 10 KEI{XELS OF WHE.-\T :\\OXTIILY 

[ExCI'pt [l<'rio<1 from Oct. I to :\\ar. I, inclush'cl' 
-~- '-'-'---'-~-

Pupations: r , 

() I1933. I-YNlr ry('l~_ 0 0 2 4 0 2 1.:1 100 
1934, 2-y(>sr CYCll~ 44 &~ 45 W 45 W 1:11 S9.J 47.3 52. i 
1935, 3-yenr eyele 0 0 0 0 1 2 1 .. 0 100 ----.- ._--- .. ---_. .------

TotaL .•... H S8 4. 114 
--~ 

·It; 

Larval mortality:
J9:l3 ______ • o o () o o o o 

1934 ..... . r. 12 o o " 9 ';.0 

193.5.. ...... .. o o 2 4 2 ~ 2.0 


Totnl. ....... __ .• 6 12 2 12 1'.0 

:::'.!::':;.~.~:....:--= 

Contiuuiu!' as Illn'n~ to 10afi . 0 Il 2 0 o 

Pupations: 
193.1. l·yesr (·ycl(·. 3 2.0 3 2.0 1.3 8 I.S Si.5 12. 5 
1934. 2·Yl'nr ey<,ICl. 127 iH.' 1:1.1 S8, i 1:~1 S9.;! :194 87•• 1 -IS, ; 51.3 
193.5, 3-y(,ar cyde. 1 .. .1 3.3 2 1.3 ~ 1.8 42.S ':;;.2 

------ ---~--- ~----. "-~"- .... --........-
Total. ••• __ .. 131 .~'.:I HI YI.() 410 Ul.l 49.·1 50.6 

~ -~".-

.Lan'al mortality: 
19:1.1 3 2.0 .. II II .9 

JU:J.I •. 1:1 ~. 7 1.3 10 t).7 2; ii.5 

193,5 2 1.3 2 I.:! I ./ 5 1,1 


" 
~-.-.._------- - . . .--.-.--

Total. .. I, 12.11 3.:1 II •. :1 3~ 7. ;"'~ 

C'olllinuiof,! as Inrn\(' to 19:~fj .. :!.i .. La 
f 

2 SoH chang:ed monthly only". 

The lurnll mortnlity was low, 'with n rill1gP of from H.I pPl'('('nt in 
the 20-kenH'1 group to () percl'nt in tIl(' IO-krrnpl group. Thl' gr'PlltC'st 
mortality was in the enrh--i1ntch('(i nnd til(' Ipllst in til(' int('I"Jlll'(lint('­
hatched'group. For nil groups, the mortality, J'('slilting (>ith('r from 
impropl'l' IWlldling or from nnturni CallS('=-, totah·d 34. or 1.5 JH'l'cC'nt. 
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EFFECT OF CONSTANT TE~IPERATURES ON RATE OF DEVELOPllENT 

In the studies on the effects of constant temperatures on the larvae 
of Limoniu8 californicus ordinary insulated wooden cnbinets were 
employed. Heat was furnished by incandescent lights under thermo­
static control. No attempt was made to control the humidity. The 
larvae held at 70° F. were fed individually 8 kernels of wheat monthly, 
and those of the group confined at 80° were fed 10 kernels semi­
monthly. .All stages of the insect in these rearing groups were held 
at their respective group temperatures. Data pertaining to the 
rearing of the various stages of L. californic118 at these temperatures 
are shown in tables 8 and 9. 

TABLE S.-Duration of the developmental periods of the 1931 brood of the sligar-beet 
wireworm, at constant temperatures of 70° and 80° F., Alhambra, Calif. 

AT ('OXSTAX1' TE>[PERA1'URE OF 700 F. 

Duration llf period 
Indi·Life cycle ,·id· Item(years) uals I Prepllllsl i Pupal E~!!, larval. 

and pupal _____________1I____ I' _________ 

DaV8 DaV8Davs I 10D"1av.f ~.IDaV8 
{

)1~[!lXjrnllrn•.•. i 21 18 2:11 
.\[tntrnurn•.... ,18 ! 15:1 16 18Il 

: A \'erage ....... : 19. 8±O. ~ ;-1-68-.8-±-5-.1-1 - 0-:"0 9 t
5. 2±O. 5 ! I •. _ '_1 205. 7±~.9 
=== 

I{>[!lx!mum ... : 29 559 1=25=== 2ti I 002 
_1 192.___...... __ . 26' >ltntrnum.....! JI/ 331i _______ 38.; 

,
21.3±O.3: A'·erage ......1 21.3±O.~ 505.8±7.2 j 1I.3±O.S '==== MlS.3±i.1 

!{~[aXiml1m..... 19 92i 1:1 Z.! 967 
3____ 2 : >linimuUl..... ' 19 _8Il_~_'__________ 92:14 21 

00 ...... . 

A'·erage ....... · III.O±O.O! OOL'i±15.11 8. 5±3. 0 21. 5±O.3 ; ~5.I)±H.g 


{
=== 

~[aXimuUl"'. 2~ I I,~; 10 2'2 , 1,329 
6 M~~iUlUUl ....._19___._1_,__!60___:1 20 _1_,30_2___,t............. . 


A'trage....... , 21.0±O.i 11,2i5.3±2.6 H.3±O.8 20. 7±O. 2 1,315.0±2.S 


AT (,O:-;S'rA~T TEMPERA1'l:HE OF 800 F . 
.---.--------~.----..-. ­

l{M!1x!Ulurn. __ I t6 2'25 I 14 t9I_:J_____20 '.' :'ltntmulll ..... ;_H___ 174 I~_'__ 

Average •• _....1 15.3±O.I! 2W.2± 3.S 6. 6±O. 5 : 15. 6±O. 2 i 2~7. 2± 3.8 
t'==== =--=-==:= 

.{~raXiUlulll ..._: Ii 5tS II 20 579 
2'2 ~linillluUl ..... !_H 3~_O_______ 15 385_____ 2 

. ,\,·crnge ... _•.. ' 15.5±<:,~ 4~5.S±tO.6 1==== IO.S±0.2 ~78.I;HO.45.4±O.4 
~"=:::..::;:;= 

3_._ ••• ___ ..... I ...... __ ....... .1 14 9fJlJ i 14 98S 

._-._­

t Prepupal period included in lan'nl period. 

http:OOL'i�15.11


33 LIFE HISTORY OF THE SUGAR-BEET WIREWORM 

TABLE 9.-Summary of pupations, mortalitiell, and ~ex ratios of the 1981 brood of 
the s1lgar-beet wireworm reared at constant temperatures of 70° and 80° F., Al­
hambra, CaUf. 

REARED AT jO· F. 

Sex mtio 
Pupations Ilnu IllrvnlItem mortalities 

"Iales Females 

REARED AT SO· F. 

PUTruIm~miL:::::::::::::::::::::::::::::::::! ~18iI:::::::::::L::::::::::1 
1---- 0: 1'._-.' ..- "'. -. --.' .' ,! •.•' " '. '. '. -. _' ...'.' _.Tota1. •••_........______ •• __________..___ •. ____ •.! "".
43 

Larval maturity: 1===1 I I 

1~J::::::::::::::::::::::::::::::::::::::::::::::::1 ~ I gi::::::::::::i:::::::::::: 
Total. .,._.....__ ....... _. ___ •___________ . __ .•• \ 50 ! )00 '._ .•... _•.._____ ._. __ ••• 


The 50 individuals reared at 70° F. hatched in the period March 
17 to 23 from eggs deposited between February 22 and 28, 1931. As 
might be expected, the average duration of the various periods was 
very similar to that obtained in the 1931 series reared in the basement 
at a slightly lower average temperature. In comparing the rate of 
pupation with that of the latter group, it was found that with the 
exception of the third and fourth years the percentnges wen' lower 
than those recorded for the basement-real"l'd series. 

Of unusual occurrence was the recovery of It prepupa on Februnry 
8, 1932. This specimen pupated on February 17 and transfonnl'd to 
adult on ~{arch 23. ,All remaining individuals pupated nonnally in 
the dif[prent vears. 

In this group the duration of thp egg stage ranged from 18 to 29 
days and the puplli period from 16 to 26 days. 

The 50 larvap held ut a constltnt temperature of 80° F. hnd hatched 
on :March 10 and 11 from eggs deposited during the period February 
22 to 24, 1931. Apparently this tempernture wus especially fuvornble 
for larval development. The lanrulmortality was also low, totaling 
7, or 14 percent. .Most of the pupations in the first year occurred 
later than usunl, in October and November, thus extending the length 
of the larval period to an average of 216 days us ~I)mparl'd with the 
averages of 159.7 and 171.3 days for .individuals 1\.11red in the base­
ment during the same year (table 3). Starting on February 22 in 
1932, larvae pupated spasmodically throughout the spring und summer 

246232-41--3 
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until September 8. These abnormnl pupations shortened the avernge 
length of the larval period for the 2-year-cycle spccinll'ns to 445 days, 
whet'eas for the basement-reared lo,n-ae avprages of 527.4 Imd 520 .•3 
<lays were recorded. The 1 specimen continuing to 19:33 completed 
23 obselTed 9 molts, finally pupating on October 25 after 960 days in 
the latTal stage. Both the egg and pupal periods were shortened 
considerilbly, the former ranging in duration from 14 to 17 days and 
the Inttel' from 12 to 20 citws. 

In the group held at 70 0'F. and in the 1931 basement series pupa­
tions occurred o\'er a pet'iod of 4 years, whereas nt 80° nIl but one 
of the 1l\rn1(' hnd completed development 01' sueelllnbl'd at the end 
of the second yelu. This shows that the higher tl'mp('rntul'l' in the 
cabinet held at 80° tended to nccelerate devdoplll('nt, while at 11 
eonstnnt temppratul'e of 70° the rate of pupation nnd thp duration of 
the 1111'\'n1 ppriods were more in IIceord with till' results obtained 
when specimens were reared in the basement nt variable temperntul'es 
mnging from it lUcan of 71 ° to 68° in the fir"t null latpr ,}'('Iu·s. TIle 
dl1ily Yl1ril1tion in the bnsempnt Wl1S from 3° to 8° with a s(,l1sol1111 
YI1Tiiltion of from fL minimum of 50° in X oyem bel' to 11. mnximurn 0 f 90° 
in July. Both these extremes oecu 1'1'('<\ in 1931. 

EFFECT OF DIFFER EST KtSDS OF FOOD OS RATE OF DEVELOP~IEST 

Sincp th(' sugnr-beet wi1'Pwol'm is not 1'('strieted to uny OIlP food it 
WI1S decidpd to d(,termine the ('ffeets of ditl'pl'('lIt kinds of food on til(' 
l'iltp of its d('nlopment. A s('ries of 150 IUTYI1(' that bud bn tchNI be­
t,we(,11 April 23 ilnd 28,1933, was diddpd equnlly into:3 groups UI1c1 f('d 
indiyidul111y 115 follows: Group 1 1l11'vI1p w('r(' fNI 1 lima b('1111, group 
2 Inrvl1e 1 kernel of e01'n, 11.11(1 thp 111ryue in group 3, 10 k('I'Ile\" or 
wh('at eneh, nt monthly intprnlls. Alllill'\'il(' W('1'(' confhwd in snln' 
cuns and held in the bilspmpnt und('r identical conditions, eX(,t'pt for 
food. It WI1S obselTed 11 teach eXilluination that lleith('l' til(' corn, 1I0r 
th(' 'whent, nor til(' lima befLll hnd b('('n t'nti1'('ly eonstlm('d, so nppl1l'­
elltly 11 surplus of food was a'-ililable at nIl timt's. TIlt' 1'('sults of this 
study n1'e summarized in tablt' 10. 

TABLE lO.-Effect of c1ifferwt foo(18 011 the rate of (l/'!'e/opment uf the Sligar-beet 
wirelconn 

Pupation:
19:J3 l,wnr c\'~It,_ 
19a4: 2'~"':lr c~'cle 
1935, 3'ycnr cycle , __ ._ 

1'olal. .. _. '0'_ 

Continuing !IS lan'3" to 19:16.... ". _ ,. __ , .. 
Larval m,'rtnlity, 19:13-3,;, incillsiw, •.•. , ... 

Total. 

Pupation lind mMU\lity data when indicated 
rood wns supplied monthly 

III kerrH'I, or1 limn twan 1 kl1ClWI or t'orn wlwat 

~Ytf.lll& Per· .Yum· Per­ .\-iJlI)· Pu­
bfr ewl biT relll /J(r (till 

0 lI.O 
all 72.0 

0 .0--­ - -­

/I 
H

:1 
lI.1l 

"s.n 
/l.1l 

1 
12 
;\ 

2< U 
~4.1) 
fl. I) 

:If> 7~. () I. (11.0 46 92, II 
:::::::-=-==~~~ --- ---- ._---­-~--

5 10,0 I ,I Ii. II 
!I 11;,0 2 1 2.rJ 

50 100.0 mO.n .10 11)11./1 

'P()ssibl~' 5 or the earlier molts were misse(1. 
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Owing to tht' heilvil'r mortality only 72 percent of the originul 
number pupntt'C1 tI\(' sl'('olHl ye:1r in til(' limn-bt'lln group, as compm't'Cl 
with 88 nnd 84 p('1'cl'nt in the ('orn nnd in tht' whent grollps, l'espectinly. 
Tht'rt' wns only OIl(' pupation tll(' first yt'nr, thnt. in the whent-fed 
group. A SUIllnuu-y of the pupntions to the full of 1935 shows the 
corn group with thp highC'st pupntion 1)(,1'ct'ntngl', whent next, nnd 
limn b('nlls third. A few individunls ill l'It('h grollp ('ontinued us 
Inrnw into 1936. Although thp t'XIH'I'illwn t wus on too sll1:111 it scnle 
for bnsing d('fillitp conclusions, thC' l'l'sults indieatt' thn t thC're is prob­
ably little if nny difl'l'rt'ncl' ill tlH' ratp of den'loplIH'nt of tht' sugar-beet 
win'worm on til(' three killds of food. It is diflicult to SHY whether 
the large mortnlity in til(' limn-ht'un group wns dup to tht' IISP of this 
typP of food 01' wns till' rpsult of impI'oppr hnndling. 

Thl' size' of till' n'sulting nd ults would indien tC' thnt both ('orn lind 
wlH'nt '\"('I'p fnr suprrior to limn bpnns as food for wir!'worms, sili('e 
10 mniPs thitt had Iwen fN( 011 ('01'n during til(' Inn'al stng<'s nn'l'Ilged 
in '\"('ight 41 mg. ('nch, und to fpd on whent 47 lng., ns ('ompluw( with 
:3::? mg. for it likp numbpr of ndult muic's thnt hilt! b('('n rNl1'('d on limll 
IW:1l1s. Thp f('mnks WP1'(' hl'n\"ipr, nxC'rnging 70, n{i, fwd 5n mg. (,:1ch 
in the {'om, wh"at, und limn b('un groups, rC'slwetin,ly. 

SIZE OF W\HEn-OIDIS J~ HELATIO~ TO AGE AND TUIE OF 1'1'PATJO;\' 

It wns obS('ITl'd tha t th(· Inr\"il(' whieh hn te\H'd on ~rny 21, 19:~O, 
nnd hnd bp(,ll ('onlinPlI in :1 f1owprpot nnd ft'd ('01'11 at intl'lTals, vitried 
in ]('ngth w]H'n l'x:1milH'd 7 mon ths latpr on ;JII n unry 1, 19:31. As 
mnny pntomologists hnn' uspd l('ngth flS It bnsis for ('stimating till' 
agt· o[ dntprid lunIH'. it WI1S dN'm<'l1 ndvisllblf' to sl'pnl'n.t(' ao of thC's(' 
in to 2 Pft uaL gl'ou ps nH':lsuring () und 12 mm. in Il'ngt h, J'('sl}('('lin'ly. 
'fhps(' W('I'C' ('onfillPd indi,-iduully in snl,,(' ('nns nnd fpd (j k('l'I1('ls of 
whl'nt monthly. Thp ntllulH'J: from pneh group thnt eompl('lt'd 
dt'\'plopm('nt in 1981 :In<l 1!):32 wns prueti('itll.y till' samp ('X('('pt for 
011(' l('ss a-Yl':t.I'-('yeif' indi"iduitl in till' 12-111111. group. Thp [Pngth 
of tit(' Inn"al lH'riod for thp 2-.\"('I11'-ey('l(' indi"iduals in the' li-nlln. 
group an'mgp(L 4ti7 d:1~"S as ('ompnrpd with 4;)S duys for tht' 12-mm. 
group. For thosp ('omplf'ting dl'Yl'loplIH'nts in :3 .nnrs th(' n,-C'rag('s 
w('r(' sa5 and 84::? d:tys ill th(' ()- Ilnd 12-mm. groups, r('sl)('rti,-ply 
Thl' proportion of S(,XI'S in the' {i-mm. group wns 50iiO, une.1 in thl' 12­
mm. group no nnd 40 1H'J'('pnt 1l1itlt'S und ft'mllks, 1'PSIH'rtl\-t'ly. The 
l'('sults indi('ntp thnt till' lC'ngth of lannp hns no signifieunl J'(,lation 
to thl' limp of pup:1lion, nO!' ('nn it 1)(' lIs('d ns fl nitt'rion for pMimnting 
IIgP. 

Ql'.-\~TITY OF FOOl) CO;\,:iL\1ED BY L·\HL\E AT IHFFEHE;\'T STAGES OF GHOWTII 

To dptprrnin(' th!' numl)!'r of wh('at k('I'/lpls pa tpn mon thly, nnd 
whpn thp Ipust nnd w]\('n the most s!'rious dnmngC' ('ould 1)(' ('xlh'etC'd 
in the fipld, pighl i:tlTIl(' that Iwd hllt('\H'd on April I:), lOa:.?, W('l'(' 

eonfilwd ill indi,-idunL ('olltaill('I'S nnd sllpplil'd with six kel'llt'ls of 
wlH'at at pndl '\"('I'kly ('xnminatioll. Thl' insppction of whpnt at such 
frt'qu('nt IWl'iods nw;11' it possibll' to dptf'l'lllilH' nc('ul'llt('ly wh(,tI(('r 01' 

not l'll('h kpI'n('1 hud 1)1'('1\ dC'stl'Oy('d. 
As showlI ill fig-w'p IS the' l1umlH'r of kprllf'ls C'lltf'11 IHonthly yuril'd 

according to tht' dl:tllgl's in tl'm(H'I·utUl'l'. Abon' 70° F., ItllTtle w('rt' 
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exceedingly active, eating on an a\-erage from 6.1 to 15.4 kernels 
monthly. The lowest average wus 1 keme! when the temperature 
averaged 60.5°. The gl'eatest numbers of kernels were eaten by 
larvae, 3, 4, and 5 months old, during the months of July, August, 
and September, although it had always been thought that first-yeal' 
larvae were incapable of doing much injUl'Y, In vll'w of these results, 
however, they ure undoubtedly responsible for a large shure of the 
damage to vegetable crops planted ill the fall. 

The number of wheat keme!s consumed by the 2-year-cycle laryue, 
all of which matured ns males, rnnged from 99 to 119 und aye raged 
106, Of the 2 lurnLC completing development in 3 yenrs, the mnle 
ate 209 ilnd the female 228 wheut kernels. 

)IOLTING 

'1'0 obtain records of the molting of larytlC of L'imonius calijornicus, 
newly hntched liu'Vne were placed singly in tightly stoppered 1- by 3­
inch gluss tubes with a thick plaster of PilriS bottom, These fitted 
tightly into holes provided in a lurge plaster of paris block. To 
insure an optimum moisture within the contniners, the block was 
wetted at 3- or 4-day intel'mls. The food consisted of 11 smull piece 
of the stnrchy portion of a corn kel'llei which had bcen left soaking 
onrnight. The containers were examined on alternate days for 
molts nncl to replenish the food supply. A binoculur microscope wns 
nec(,sSnI1~ until the third instill' wns renched, but after this the lurvne 
were of such size that the cust skins could be deteeted with tflC naked 
eye, 

During the first 2 01' 3 months the larvae were l'xtl'emeiy delicate 
und rendily susceptible to nttuc-ks by fungii ulso, a heavy mortnlity 
resulted whell the contitiners bpcuml' pither too dry or onrmoist. 
After the fourth instal' the lurvllC were trnnsferred to I-ounce salve 
cans containing 50-mesh soilnnd threc 01' foul' kernels of moist wheat, 
By sifting the 'fine soil through a 60-mesh screen the cust skins could 
easily be detected, Additional food find new soil werc provided at 
eaeh weekly exumination. 

NCll8ER AND DURATION OF INSTARS 

The numbl'r of lnn-nl in:;:tnrs in the ense of !) sllgar-beel wire worms 
compl(>ting den'lopment in the seeond yenr runged from 10 to 13 
(table 11), The numbl'l' of im;tars would have beell c-o[)sidel'llblc less 
had denlopnll'nt b('('fl ('ompleted in 1 yenr, 01' more if thl'y hud ma­
tured in 3, 4, 01' 5 yl'urs. Of a sl'ri('s of 25 InrvlH' hntch('d in 1930, nnd 
which lIud bc('n f('(l individ IInlly 1 kern pI of wheat monthly, 1 lnrvil 
continued to il.nd dipd in 1934 after ('ompleting 22 molts. Another of 
the same s(,l'ies whi('b pupated in 1934 ('ompletc'd 19 molts. Owing to 
difficulty in lo('ating the enrlier molts ill this series the first 5 01' 6 
were missed, so it is possible that these htrva(', whieh W(,I'(' reured 
under ndycrsc conditions, had UIldt'l'gol1c from 2:) to possibly 30 molts, 
Thel'c llppCllrs to be no I't'lation between the Illlmbcr of instul's nnd 
the s('x of the resulting adult, sine(' 1 spccimen thnt eomplctl'd denlop­
lllent in 10 instal's wus a femule and the 1 with 13, It nude. 
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TABLE l1.-Dlll'Utioll, ·ill days, and lIu/IIber Ilfil1stal's oj 9 sugal'-beel wireworms 
rcnred at Alhambl'U, CaliJ., 1933-34, which completed (/l't'e/oplllrrd 1'n j years 

'l'jlJlc spt'nL by IIIn',\(, In the spl't'iIl~d inslllr~ 

.DnLt:' or hnlth· 
in!!, in 1933 

~ ::: 
:;: 

--'---~ --. 
" ~ 
"J; 

--' 

~ 

=­

~ 

c
:.. 

i 
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! a 
'" ~ 

"I"; 
'""J; 

~ 
::: ~ 

" 
~ i 

'" :,. 
.2 
t:! 

-.; 
..~ 
<"' 

8t1X 

nay.
4'jU 
5:~2 
.;19 
520 

, fi2:J 
52a 
52·, 

2l : ~~ 

Ft'1t1ul('. 
Do. 

~I'll\',
Fl"rnnl('.

Do. 
Du. 

~I"I\'. 
Du. 
llo. 

51S.3 

~ln,ilJlllm. 
~liniml1JI1 

H 
21 

:H 
21 

:19 
10 

:11; 
21 

TIll' length of eneh individunl stadium d<'pcnds PI'illllll'ily upon the 
tempel'nture and thc q unn tity of food nvnilnblc. At high tl'lllpe1'!l­
tUl'(~S InrVllC Ilrc vcry actin', feeding YOJ'Hciollsly nnd growing rapidly, 
but WhCll th(' tempcmturc drops, tlwir flctiyity Ilnc! growth fll'C 

retarded. 
Obst'l'vnLions wpre mndp on til(' growth o[ th(' snnw IIllTn(' thnt 

fUl'I1ishcd the data for tnbil' 11, Ilncl the n.V('l'IIgp l('ngth of tht' wir('­
wOI'm and width of the hpud cllpsulp were I'l'<'ordpc\ during l'lleh 
instUl' pt'riod n~ shown in tnblt' l2, For compnrison the hpnd-('Hpsul(, 
width us computed hy Dynr's 1nw are n1so gin'll. 

TABLE 12.-Lcllgth oj lart'flt' and 	size oj henri capsule of IIl1.' Sligar-bed. win'I('()rm 
in each ·in.~tar 

, 	 , 
\\,idtll or heml l'np:;ull' 

A\·(·nlJ.~l' I DlIll' or Dnt~ oC 
In~lnr h.ln\!th of 

tnt-vlu' -~\ ;'(:rn~\,l-:-- · 
oh!wn't1d I ( ul('uluh'd 

"-.-~..,. 

_. 
IIrst 
mol! 

hlSt 
molt 

First .. ,,_ 
Bl'l'OJHl . ~ 
Third •... 
Fourth ...... 
Fifth .-
Sixth 

.JIm. 
2. i 
a,;\ 
4.,1 
/1.,1 
!I fi 

l:l.S 

.\lm. 
U. :!i·'
,;I"a

I""...... 
.,">14 
.IH" 
.'"':111 

,\1111. 
O. :!i·1 

• a·\:{ 
• 4~~' 
• .'i:ln 
.070 
• ";Is 

JU.~~ 
Apr. '2t~1 

:'oln~' :(() 
JUJW :«1 
Jul;' zr 
Au~ . 10 
St.IIH. 5 

/fi!C.1 
Jlllr -I 
Jul:; :11 
Au~. 15 
,';{'pf,. 5 
O"l. 2 
:-';n\'~ 2:1 

Sl'n'nth .... _H 

Eighth ••. 
17,;) 
21.11 

1.'.2:1 
1.:1:; 

1.1)5 
Lal 

fkt. q 

x()\~. Z\ 
1!I.14 

:'oInT. :11 
JurH\ I 

l(r:~ 

"'inth •• 
'(\'uth . 
EI~\'l'nlh. 
'l'w('lrth .. 

, 

ZI,S 
24. ,1 
2~=;. i. 
2r. 0 

I.n!! 
2. on 

J.!H 
~. 0.1 

:'oh'L :ll Jul~' :!8 
;\In)' I, ~I·pl. 12 
Au!!. ~ ~(.pr. 2'.! 
Bf l J1l.. . {)('I. 11 

During thl' prriod or th(' first (i ill~tnrs bl'tw('('11 April 5 nnd XonJll ­
bel' 23 the lit.lTne inc['('us('ll from th('ir initiullt'ngth of 2.7 nUll. to nil 
unrnge of l3.S 111m., indicating that growth wns t'xc('ptionully rupid 
dming this period. This is nLso eonfirnlPd by t1\(' l'P('ol'Cls of kernels 
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eaten (fig. 18), which shows that tht' Inl'g('st quantity of food wus 
consumed dming the first :renr of larvnl life, especinlly during the 
months of July, August, Septembt'!', und Octobel'. TJl(' dumtion of 
the instal's was niso shorter, rnnging from nn nnrnge of 26.1 to 30.:3 
days. 'Yith n drop in tempemtUI'e dUl'ing the wiut('1' and with I('ss 
feeding the bttt'!' port of th(' fil'st and dUl'ing thc second y('nr, the 
nvemge dUl'Htion of th(' seventh nnd succ(,Nling instnrs wns lengtiH'n('d. 
~rolting conti11ll('d nry h'l'('gulnl'ly in 1934, cHusing consid('l'nblc 
onrlnpping of molting dnt('s nnd n widt' vnl'iotion hct,,'('('n the maxi­
mum and minimum r('col'ds. \Yith tht' long('r int('l',-ols bC'twC'C'n 
instill'S til(' IC'ngth of thC' Inn'ne incl'('nsed in pl'oportion until the maxi­
mum of 26 nun. wus reoched. 

Owing to the rupturing of the eXLI\-ioc' dil'ectly in bock of the hend, 
consid('l'oble difficulty wos expel'ienc('d in ohtnining nccumte mC'osUI'P­
ment of the heild cilpsuh's, especiillly in the lutel' instill's. Fol' this 
I't'oson meilSUl'C'ments wel'e discontinued of tel' the tenth instfll'. 
~lcDougon (5) in 11 rl'cent pilPel' report('d simililr difficulty with Lacon 
mriabilis Cilnd.. ond found thut llH~nSUl'empnts of the ventml mouth 
pnrts W('l'C' mOl'e dependuble in dC'termiuing Inrnll instnl's. .:\ study 
of the obsernd hend-width mensurements us completed, howp,'C'I', indi­
cotC's thut thesp nrc' in rIose ogl'('('mcnt with the tlll'ordirul dimC'nsions 
cnlculnted by th(' npplicntion of Dynr's In\\'. 

S(,)I)IARY OF DE\"ELOP)IE:\'TAL STt:DIES OF WlHEWOR)IS 1:'0 ~.\L\"E CA:\,S 

As shown by the dntn. in Yilrious l'('nl'ing L'xpt'l'im('nts in which 
diffC'l'ent quantities and kinds of food W(,I'(, used, the lillTl1llif(' of tit(' 
sugnl'-be('t wil'('worm is ('xtr(,lllcly vnriablC', rnllgillg from ;j 01' (j to 5:3 
months ill dumtioll. Of litr,-ae that hntclH'd 011 til" snnw dntc' nnd 
wcr(' feel tit(' snmt' kind nncl qunntity of food, SOllH' pupntl·d l'ndy nnd 
SOl1lC' Intc'l' ill till' snm(' YC'nr while otlJ('l's contintl('d in th(' liuTnl stage 
for 5('\'('1'nl ypars. Oft(,ll lur\'l\e 2 or 3 yen!'s of ngp would ([('Iny 
pupntion until lute' ill Octob('l', 'wlwrens InITI1(, that wC'['c mntllring in 
1 yC'nr pupated ('nrlicr, in August 01' S('pt('mbC'1' of tlH' snnw ),I'nl'. 
The factors gO\'C'I'Ilillg the lC'ngth of lan'aliire al'e difficult to detC'l11line. 
Apparently tempNntUl'e cnnnot bC' cOllsiderNI, as illl indi\'idlWls \\'NC 
1'(':11'('(1 in thC' bU5('nwnt undC'1' similnr conditions of tl·mpl'l·nttll'C'. XOI' 
is soil moisture n factor, ns tile' optimum of 14 pNcpnt witS clo:5C'ly 
ndhC'I'NI to \\'hen till' soil wns rt'plenislJ('(\ in the suh'p cnns ilt ('nch 
monthly c'xmninotion. TIll' food was t!'(,l1tNI thp snme, usually 
sonked'in wnt('l' onl' nigh t bdol'(, lwing usrd titP following dny. E"l­
dently diffNPnt kinds of food I1re not conc('l'IIe'd, ns il't'('gulnl' pupntions 
nlso OCCUlTe'c\ wh('n limn b(,llTlS nnd COl'll We'I'e' USN\. 

Tnblt' 13 shows the' :wC'rngp ciurntions of th(' Inn'nl ppl'iod of 1,47!) 
indiyidunls l'('nl'('(1 in snln cnns, nnd which ml1tul'('d in fl'ont 1 to ;j 
YPI1I'S, Owing to thl' Inte hutching of thp lfilYI1C' in 1!)29 nncl 1930, 
none of th('se complptNI de'nlopmC'nt (luring thl' first ),e:1I'; in ndditi<:>n, 
the n.Yerngl' lifl' spnT1 of titl'sC' InITI1(, wa", ",hOl'tC'IWc1 ns ('ompnn·tl WIth 
othC'l's thnt hnd hntelird Nlrii('1' in tli('il' J'('sl)('('tin SNIHOIIH, 
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TABLE 13.-Average duratioll of the larlJUI period of sugar-beet wireworms, which 
matured i-nfrom 1 to 5 years when reared ill salve cans, Alhambra, Calij., 1929-35 

! l-yenr cycle ! 2-yenr cycle I 3'~'ellr cycle 4·~'enr cycle I 5·year cycle 
Yenr ------ ­

series I A \'enlge I 1"\verago Ree I..""erage Rec- Averng~ Rec-! Averagestarted Rec-. Inrval Rec-I Inr"111 onl; , InrvIII ords illn'lIl penod ords IlIr."8
ords I period ords I period perio(i penod penoel 

--- Num-j' iNum-;I' lV'um- Num­ Num-Iber Daus I ber Dau8 ber Daus ber Davs 
1929.___ 0 , __________ •• 1 2'21 464•9 I 14 830.8 2 1,167.5 be~ ._. ~~,V.8... _ 
19.10.••_ 01........ __.. : 2f1lJ 485.5 108 843.1 i 1,218.0 311.589.7 
19:n.___ 50!' 170.6 I 285! 52:1. 8 12 889.4 5 1,258.6 0\. ___ .... __ ._o _. ________ ._1932 ___ t 3 162.3 . 146, 517.4 59 882.2 4 1,263.5 

I9'J3 1._.1 8 177,6 I 474 I 497.2 11 870.6 0 ---------- .. - .. -

o 1.___._______ 


o~~~~~~'--I _ i. !---,--I'
ng~ ... , 61 i ld.l±l.O ,1,193 i 50'_.8±3.4 204 857.8±4.4 18 1,233. 8±5. 31 3 il,589.7±I.l,f' :; 

I 12 specimens cootinued as larvae to 1936. 

In nll cnSl'S the larval periods of the individuals developing into 
females averngcd slightly longer than those of the larvae that de­
veloped into mnles. In the 2-yeu,r-cycle group 407 mnle larvae 
averugNL 506 dnys in the larval stage us compared with an averuge of 
.509 days for 386 female larvae. The average duration of larval life 
ior 48 males that matured in the third year was 861 days, and for 66 
females 871 days. In the fOUl'th year the averuge larval period was 
1,225 dnys for 4 maIrs, and 1,239 days for 8 frmules. 

The numbers of sugar-beet wireworms real'cd in sulvp cans com­
pleting development each year during the period 1929 to 1935, inclu­
sive, are shown in table 14. As previously stated, the absence of 
I-year-cycle individuals in 1929 and 1930 was due to the lnte hatching 
of the larvae. 

TABLE 14.-Xronbcrs all(l percentage.~ of sugar-beet wirell:orm.~ reared ill salve calis 
cOlI!7Jleti'llg their deuelopme'1lt in d. iffe rent 1l11'mbers of years dl/ring lite period 
1929-35 

Individuals completing de\'elol'lJlent. in-Yenr 

series was ------:------;------,---------- ­

stnrted i 1 yenr 2 yenrs 3 yenrs 4 ~'enrs 5 Yl'l\rs '1'otal 
j 

----,-_--;-1--1 . iii ; I '-" ! ,-.- ­
,,,,umber' Percent.\umber,Percr:nt NUmberlPercellt :Nllmber,Perctnl .\ limber, Perullt ,\ Itmba 

1929._. ___ j 0 II 0.01 22 i 57.9' HI 36.8 i. 2 '>.3 . 0' 0.0 as 
1930' ____ '_1 0 0 i !!Ix; j 69.3 108 28.1! 7 1.8 3 I .8 384 
19:11 ....... , 50 i 14.21 28-5 81.0 I 12 3.4 I 5 U' 0 1 0; 3,,2 
1932. ___ ... ; 3 I 1.4 I 146 I 68.9 I 59 2i.ll: ·1 1.9 0 t 0 212 
19'J:lt. .. ',__8 i~l~;~i__l1_1 2.2 :__0___._0 __O_f__O_~ 

TotuL.•.! 61, 4.1, 1,l9a: So.7l 20Ii 13.8: lSi J.2, a i .2: 1.,179
! . 

----'----'---'--------'----~--~----.~-~ .~ 

I 12 specimens cootinued lIS inrvne to 1036. 

There appears to be considemble vnrintion in thc percentnges of indi­
viduals pupating in the different years. Especially was this trup in the 
1931 series, which had 14 percent maturing in the first year, and in the 
1933 series, which hud a pupation percentage of 96.1 in the second yenr. 
Apparently the high temperaturps that prevailed throughout the 
spring and summer of 1934 stimulated lill'val feeding nnc! increased 
the number of pupations as shown. In the third yenr the pcrcentage 
maturing ranged from 2.2 in the 1933 spries to 36.8 in the 1929 iH'ries. 
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The lntter also had the highest percentage of maturing individuals 
in the fourth year. 

Temperatures in the basement during the period of these rearing 
studies ranged from a monthly mean of 57.9° F. in January to 79.4° 
in July of 1931. The lowest daily minimum was 50° on November 24, 
1931, and the highest maximum was 90° F., recorded on tTuly 26, 1931. 

OUTDOOR HEAHING STUDIES 

For outdoor rearings unglazed drainage titles were used as cages 
(fig. 19). These were made by cementing two 6-by-12-inch drainage 
tiles end to end. They werc set vcrtically in the ground 23 inches 

FIGURE 19.-1:nglazed tile cages used for outdoor rearing, showing screen tops in 
po~itioll, Alhambra, Calif. 

deep so that 1 inch rcmained n,bove thc surfacc for the attachment of 
screen cages. To prcvcnt the escape of the larvae one-half inch of 
plaster of paris was poured into the bottom of each tile cage and 
allowed to harden. Soil of a sl1ndy loam tc'xture Wl1S taken from 
infested fields and screened and then placed in thc cages and fumi­
gated with carbon disulfide. Fine-mesh screpn tops Wt.rc attacheu 
prior to the cmergf'ncc period to prt'vt'nt possible oviposition by stray 
elaterid adults. Twenty-five small larvae wert' put in ('il('h cage. 
They were first fed wheat, but ns they grpw older tht'ir diet was 
changed to corn. esually 15 to 20 kl'rtll'ls wert' providpd at in tervals 
of 6 weeks during the spring and summt'l' and f'very 2 months during 
the winter, when thf'ir activity lessened. The moisture content 
of the soil WitS kt'pt as near the optimum as possible by frequent 
irrigation. It was nt'c('ssary to remon and sift til(' soil in the diffprent 
series aftt'r transformation, to remove t'ithpr the 1-, 2-, or 3-Yl'ar-cycle 
adults prest'nt. In 1931 tht' cages wt'rt' taken up nnd til(' soil pushed 
out so none of tilt' InlTne were injurNI. In Inter yenrs a trowel was 
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used to remove the soil, which caused some larval injury as noted 
under handling mortality in the different years. Recording thermom­
eters were used to record the temperature at the 4-, 8-, and 12-inch 
depths. Further details regarding equipment and methods of rearing 
sugar-beet wireworms in outdoor cages are explained by the author 
in another article (8). 

The life-history studies outdoors in 1931 were based on the activities 
of 750 larvae that hatched in May and were confined in 30 tile cages. 
The examination of all cages in the fall of 1931 resulted in the finding 
of 2 adults (males) that had completed development after slightly mo:re 
than 5 months in the larval stage. Over 61 percent of the totallarvlle 
were found missing, leaving 288 individuals continuing into the second 
year. The second examination in November 1932 showed that 8 
percent of the original number of larvae hlld matured for a 2-yell,r 
cycle and that 28.8 percent had succumbed. Of the 12 larvae remain­
ing, 5 matured in 1933 for a 3-year cycle and 7 died or were eaten. 

The proportion of sexes for all years totaled 55.3 percent males 
and 44.7 percent females. During the 3 years a total of 683, or 91 
percent, of the larnte either died from natural cnuses or were the 
victims of cflllnibalism. This large mortality, expecially in 1931, 
may be attributed to the high soil temperatures, which on July 26 
reached a maximnm of 110° F. at the 4-inch level, 96° at 8 inches, imd 
88° at the 12-inch depth. The mean soil temperatures at all depths 
were considerably higher than those recorded during the first year in 
the brood studies of 1932 and 1933. 

The 1,025 larvae used in the tile-cage studies in 1932 were segregated 
into 3 groups according to thc time of their hatching, group 1 having 
hatched between April 1 and 15, group 2 between April 15 and 23, 
nnd group 3 between ~Iay 2 and 6. 

The first examinntion, in November 1932, showed that the number 
completing development the first ycar decreased according to the time 
of hatching, from 18.1 percent in the early-hatching group 1 to 2.7 
and 1.1 percent in groups 2 and 3, which hatched later. Dissections 
showed that the sex ratio of these individuuJs was 63.6 percent of males 
and 36.4 of females. The mortality was highest (98.9 percent) in 
the group hatching Inte in the season and lowest (64.6 percent) in 
the early-hatched group. A total of 808, or 78.8 percent, of the 
larvae were found to be missing. Of the 119Ian-ae removed from the 
cages, 18 were injured, leaving only 101 for observation in 1933. 

In that ~--:Al1' 9.9 percent of the original number matured in group 
1 and 3.5 percent in group 2 for a 2-year cycle. ~o larvae remained 
iu group 3. The proportion of sexes of these individuals showed 
females slightly in excess. Only one larva in each of groups 1 and 2 
continued into 1934 for a possible 3-year cycle. 

In summarizing the number completing development in all groups,. 
it was found thnt 9.6 percent of the larvae matured in 1932 for a l-year 
cycle and 5.8 percent. in 1933 for a 2-year cycle. The sex ratio of the 
adults was in the proportion of 54.9 and 45.1 perc('nt mnles and 
females, respectively. Over 84 percent of the larnle uSNl were found 
missing or were injured. ~Jean soil tempemtures were high during 
the life of the I-year-cycle individuals and lower \\-here deyelopment 
required 2 years for completion. 
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Studies of larntl development outdoors in 1933 'were based Oil the 
activities of 2,000 larnlC that had also been segregated according to 
early, intermediate, and latc hatching dates, and plac(,d in 80 tile 
cages. The lan'ae in the respectiY(~ groups had hatched between 
April 12 and 21, between April 29 and 1by 10, and between May 
12 and 19. 

The examination on N"oycmber 1, 1933, further substantiated the 
results obtained in the 1932 series, mainly for the reason that the 
greater percentage of lalTae that matured for I-year cycle were 
found in the early hatched group. Although there was only a few 
weeks' difference in elapsed time between hatchings, 5.9 percent of 
the larvae matured in the early hatched group as compared with 1.1 
percent in the intermediate and none in the late hatched group. 
Only 21.1 percent of the l-year-cycle adults were femnles, indicating 
that femule lalTae, with few exceptions, require a longer feeding 
period to complete their deyclopment. The mortality during the 
first year was the lowest recorded, ranging from 42 percent in groups 
1 and 2 to 33.3 percent in group 3. The total mortality was 815, or 
40.7 percent of the original number. A total of 95, or 4.7 percent, 
of the !tuTne in nll groups were injured during the process of remo\-ing 
them from the cages, lenying 1,019 IUlTne for exnmination in 1934. 

On completion of the 1934 examination on N"ovember 1, it was 
found that 21.4 percent of the lan'ae had matured in group 1, 16.8 
percent in group 2, and 20.7 percent in group 3, for a 2-yeur cyrIe. 
Of these 44.5 percent were males and 55.5 percent femnles. The 
mortnlity in nIl groups totaled 588, or 29.4 percent. Six of the 34 
remnining lnrvae were injured, lea,-ing 28 to be retmned to the cages. 
Of these 21 matured in 1935 for a 3-yenr cycle and 7 succumbed. 

A summary of all groups showed that 3.5 percent of the larnle 
matured in 1933 for a I-year cycle, 19.8 percent matured in 1934 for 
a 2-year cycle, and 1.0 percent in 1935 for a 3-year cycle. Of the 
489 indi\-iduals that matured, 44.5 percent were females. The mor­
tality totaled 75.4 percent, being slightly lower than that recorded in 
previous years. There was n difference of only 2° F. in the soil 
temperatures at all depths in the 1-yet'x-cycle groups, nnci a difference 
of 0.2° during the second year. 

Table 15 gi\-es the summnry of the life-history experiments intile 
cages during the period 1931 to 193.j, inclusive. As was the case in 
the salve-can rearings. the greater number of Inn-ae tbnt mntllred 
during the first senson wns found in the early hatched and the least. 
in the Inter hatched groups. A similar deerease wns noted for the 
larnle completing development the second season. Although the 
tile-renred larvae were in constant competiton for food, they had It 

grenter percentage of indi\'idunls mnturing the first year than did the 
IUlTae confined indh-idunlly in salve cans. It is possible thnt soil 
temperntures, which averaged from 4° to 5° F. higher than in the 
bnsement during the senson, may have been the principal factor re­
sponsible for the difference in the pereentnges obtained. A further 
eompnrisoll shows that the majority of the tile-renred larvae completed 
development in 1 and 2 yeurs, only a few continuing to the third 
year, whereas the greater percentage of the snIH-can-reared Inrvne 
inatured in 2 and in 3 yenrs, some even continuing for 4 or ;) yenrs 
before reaching maturity. 
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TABLE 15.-Summary of life-history sturlies of the sugar-beet w·ireworm in tile cages, 
Alhambra, Calif., 1931-35 

ij Group 1, earlY', GrOup 2, inter· IGroup 3. late I,Item Total' hatched i mediate hatched I 
: • : I I . :---:-,-­

I·year cycle: iSumbtT: Percent' .\-umber' Puc",' 'Number! Percellt Number! Percent 
Lar\,aeintilecagesatslart ••... : 1,550 I 100.0 f 1,000 i 100.0: 1.225: 100.0: 3,ii5: 100.0 
l\Cortnlity durinj(tlrst year •••••. ; 759 j 49.0: 5911 5\1.1 I 733 i 59.8: 2.083 I 55.2 
I.ar\'nereco\·eredtlrstyear•••..• ~ 641: 41.3' 39'2' 39.21 488: 39.S: 1,521 40.3 
Adults reco\'ered tlrst year •••..•. ! 150 i 9.7 17: 1.7 t 4' .3, 171, 4.5 

:l·year cycle: I' ,!
Lar\'ae injured by hnndling tlrst , _ : 

IS 1.5· 113 3.0dr~:e~eiurij;;dto(:ag'es·tirst;·ea'r 5~ I J:J : 47 I 3!:~ I 470 :18.4 ' 1,408 37.3' ,:_~4185 I,,[ortality during second year.___ 300 I 19.4. I 21.8 26.5 • 843 22.3 
Larvae reco:ered second ~:ear... _; 16 i 1. 0 i 9 .9 I 3~ 1 1.9 ' 48 1.3 
Adul[sre/..'()\eredsecond~ear....: 277' 17.9 i d8 ll.S 12"2 I 9.9 : 517 . 13.7 

3-year cycle: 
Larvae injured by handling sec- ! 

5 ' .3 : .3 0' o I s j .2~r~~l~[liriied-io'cagesseco~d-I
year........ ______ ~ _______ •____ .; 23 
 i11' .7 6; .6 i 1.9 40 ; 1.0 

l\[ortality during third year.... _: 2 .1 t 1, .11 11, .9 ' H' .4 
Lan'SA recovered third year. ___ _ o o ! 0: o I o : 0: o

5 ~.-\duJts recovered third year •.•.. ' 9 .6 ' .5 : 1~- ; 
! 1.0: 26, .7 

Of the 3,775 larvae used in the tile-rearing experiments, only 714, 
or 18.9 percent, completed de\'elopmentj 2,940, or 77.9 percent, were 
either the victims of cannibalism or died from natural causes; and 
121, or 3.2 percent, were injured by handling. 

Daily minimwn and maximum soil temperatures were fairly COll­
sistent in the different years. From 1931 to 1935, inclusi\'e, minimum 
daily temperatures at 4 inches ranged from 35° to 44° F.; at 8 inches, 
from 37° to 48°; and at 12 inches, from 41° to 50°. ~faximum tem· 
peratures recorded at 4-, 8-, and 12-inch depths were 1lO°, 96°, and 
88° in July 1931. In the period 1932 to 1935, inclusive, the highest 
daily temperatures Ilt the 4-inch level ranged from 98° to 101°, llt 8 
inches from 91° to 92°, and at 12 inches from 87° to 88° F. 

DURATIO~ OF THE PREPUPAL PERIOD 

To ascertain as accurately as possible the time of pupation in the 
salve cans, the lancae were examined at 3-day intervals beginning 
about the middle of .July, and thereafter throughout the pupation 
period. At each such examination the larvae that had entered the 
prepupal stage, as indicnted hy inactivity, shortening of the body, 
and enlargement of the.' middle segments, were placed in a depression 
on top of the soil in sake cans, where they were observed daily until 
pupation. 

The prepupae, as well ns pupae, arc delicate, helpless, and readily 
susceptible to attacks by a fungus and by bacteria. In many in­
stances the prepupne would be completely entwined by strands of 
hyphae, but if these were removed or washed off, pupation would 
occur nonnally. ~fites 10 also were frequently observed feeding on 
injured or dead specimens, apparently in the role o'f scavellgers. 

As shown in table 16, the earliest prepupa was obtained on~Iay 
29, in 1934, and the latest on October 23, in 1931. The yearly n\'er­
age duration of the prepupI1L period ranged from 6.4 days in 1931 to 

10 A ccordinl! to II. E. E,,-ing, these miles nre migratory nymphs or some species of TyroglYllbldap, prob· 
ably not plll'ssitic. 
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9.4 days in 1933, and for the 4-year period the average was 7.6 days. 
Females remained in the prepupal condition for an average of 8.6 
days as compared with 7.4 days for the males. 

TABLE I6.-Duration of the prepupal period of the sugar-beet wireworm in salve 
cans, Alhambra, Calif., 1981-84 

l\lalcs and females Males I Females 
! ,-7--i ' 

1
Prepupal dates, ! Aver· I , .-1. vcr· i I A \·er· Year 

,agc! 'agc" I ageI ! Records: len~th Records' lengt.h iRecords: length 
First Last I of I of: I of

-l I ' : period . : period i !period 
--------- ,---------1--'----'-­

: Number, DrlY! :Nllmber; Day! 'Number' Day!
1931. .•••••••... _.•_.............. July 18' Oct. 23, 482 i 0.4 · ........ 1....... :........ ,._ •••••• 
1932...••••.•..••••..•••••• _.•.•• ' July 10 Oct. 15: 394 I 8.5 126 'I' 7.4 107! 8.9 
1933•.. _.••••.•••• _.. _........... , Au!!. 15 Oct. 2'2! 161 i 9.4 i4 P.3 i ii' 9.i 
1934. •.•••.•••• _••. _._ •..•••• __ .-' :\rRY 2\l Oct. 15! 483: 7.5 226, 6. i, 244 8.1 

TotaL._ ..._.........___ ••.••••----.......... .1 1,520 ,~-:;;;!~-:j2g---s:6 
: ,---~,--

THE PUPA 

TIllE OF PUPATION IN SALVE CANS 

The time and duration of the pupal period during the 4 yem's 1931 
to 1934 was obtnined by combining the data from all pupations in the 
different l'enl'ing groups, regardless of the quantity or kinds of food. 
Indiyidual records were then s('gregated according to the we('kly 
period in which the pupation occurred. The temperature records 
included in the time of pupation wer(' obtained by Ilveraging the daily 
temperatures in the blls('ment renring room for each week. TempNa­
tures for the durntion of the pupal period consist('d of an IlY('rage of 
the daily mean temp('ratures in ('ach we('k from the date of the first 
pupntion to that of the last trunsfol'Ination to the adult. 

TIl(' first pupation in 1931 occul'lwl on July 22 and the last 98 dnys 
Inter on October 2i (table 17). The season was marked by the 
OCCU1Tenee of unusually high temperutures both outdoors Ilnd in the 
basement, and this wns undoubtedly responsibl(' for hastening larval 
deyeiopm('nt nnd subsequently the b('ginning of the pupation p('l"iod. 
Ref('rring to figure 20 it is obsen·ed that two distinct penks occurred, 
one during th(' wc('ks end('d August 25 and September 1 nnd one for 
tIl(' week that ('nd('d September 22. Tcmp('rutur('s a<lynneed sharply 
in the w('('k pr('ceding and during the time in which the first penk 
occurred, aft('r which thry declined and continued low during the 
period of the second peak. In the latter case it does not appeal' that 
temperatur('s wer(' significant, as the rate of pupation incr('ased 
rapidly even though temperatures w('l"e on the dedine. The rearings 
in the sah"e cans showed that 4- Ilnd even 5-year-old lan"ae pupated 
late in S('pt('mber after th(' majority of the younger larnw had nlready 
ent('l"ed the pupal stage, thus indicating that the first peak wns not 
the result of pupations of older larvae. S('x id('ntity nlso does not 
appear to be of any consequence, as both male and {rmal(' pupntions 
occurred ilT('gularly throughout the season. 
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FIGURE 20.-Time and rate of pupation of the sugar-beet wireworm in iialve 
cans as compared with mean basement temperatures of the laboratory, Alham­
bra, Calif., 1931-34. 

TABLE 17.-First and last records of pupation of lhe sugar-beet wireworm in sait'c 
cans, Alhambra, Cali/., 19.'3/-.'34 

'rime 
from 

r~~~)~~1 I r~~~r~ t(~~t
! J rpcord,I ;Inclush'C 

------------ -----; -----,---- ­
l 1 . DIlV8 

1931. •..•. _.• _•.• ___ . _ •.••• __ .•.. ............... ' July 22 ; Oct. 27 IlS 

I9'J2......................... . _ ...... •....·l Aug. i' O~t. 24 I 70 

19:~1......... _•.• _. ... _•... ..............i Aug. 16 ; Oct. 2i n 
1934 ..,, __ .•.•••••.•••••••••••••• -~~ .. --~ -,. ..... ~~i JUDe 1;3 i Oct~ 22 t J32 

Low temperatur('s in the basement rearing room prior to the pupa­
tion period in 1932 not only retarded larval d('Y('lopment but appar­
ently delayed the beginning date of pupation to 2 weeks later than 



LIFE HI:iiTORY OF THE SL'GAR-BEET WillE WORM 47 

in the previous years. The pupation period extended over tl period 
of 79 days from August 7 to October 24, inclusive. The lllajorit.y 
of pupations wcre recorded betwcen August 26 and Scptember 1, 
with a grndual decline starting 011 September 29 (table 18). 

TADLE IS.-Tillle of pupation of the sugar-beet lrin"u'ol"l1/- in sa/t·e cans, Alhambra, 
('alif., 1931-34 

Summary,1931 1932 19a3 193{ I 1931-3{ 

Pupated durillg ; 

wcek- t ~ 


1;:" 

.\"0. Pet. OF. _,~o. :Pet. j 0 P. : lYO. : Pel. i 0 p. : .:Yo. Pet. toP. So. Pr/.
July 2'~-2~ . 25 5.5 S2.S ___ •• !_____ .' 7{.3 , ____ ., ____ 00)7U.3: 2, o.{ 77.9 T. 1.8 
July 11l-.tug,4» __ , S 1.7 .~_~_L • ~5'2 :---·-I~-----, Z~·4 i l~ 1 !.} I~·~ H, .9SO. 7 
Aug. 5-1 L .. _ o 0 .6.3 IS I 1.2 
Aug 12-18..._.... , 12 2.6 76.1 ~ l:S 7t~-·_i-,2:5-:79:~ 121 2::l iU 35 2.:1 
Aug. 19-25•. _.... ~_: 65 1{.3 .9.6 {O 10.3 76. { 9 I 5.6 75. 7 {U S. S 76.0 100 10.5 
.-\ ug. 26-Sept. I 6{ H.l SO. 6 98 25.2 73.S 3 1.9 71.9 6{ 12.3 711.0 2"29 15.0 
Sept. 2-8 ___ .... .. 8 1.. 76.9 41 10.6 7f).3 J.I, S.7 I 70.1 109 20.9 77.0 172 11.:1 
8<l't 11-15 ____ ... . 25 5.5 72.6 US 17.5 73.3, 52' 32.:1 I US.9 91 17.5 74.5 2:Ui 15.5 
Scpt.l(j-2"~_ ... _~~_ las ;lO.3 .I.S 50 12.9 71.1 H 27.3 70.9 90 17. a 7S.2 3')01 21 .. 1 
Sept. 2:1-!!'J ..... _ 9U 19.5 75.1 56 H.{ 71.:1 2S li.{: 7U 5S 11.1 .0.4 I)'i" 15 
Sept. aO-Oct. 6.. . 15 3.3 .{. 1 19 -l.9 72.0 ,) 3. L I it;'!! 15, :!.9 7a.~ -ii 3: I)5 
Oct. 7-13_ .... .. 2 .{ fig. I 2 .5 71. 5 0 0 'n.u H' 2.. 7:1.7 18 I') 
Oct. 1{-20 __ 1 .2 70.a o 0 fi9.5 1 . 6 7a. I I .2 68.5 a .2 
Oct. 21-27 _...... ___ . 1: .2 Hi'.·' 1 .6 70.2 1 .2 69.9 5 .3- ------------ --'-----------.- ­

'rotaL....... 455 75.!! 3SS ...... __ 72.. 4 161 .,._ .... ~ .. ' 72.8 . 521 . __ .... 74.S 1,525 . ____ 


. 'One sp"rimen pupated on June 13, becoming all adult on July 2, und lIllothl'r pupated on July J3, becom· 
lUg an lldult on .August 1. 

In 1933 the first pUpll was obtained on August 16 illld the lust 72 
days later, on October 27. Temperatures were similnr to those rc­
corded in 1932, the llYerage for the pupation peI'iod being only four­
tenths of a degree higher than in the previous yenr. XenrLy GO percent 
of the pupations occurred during the 2-week period September 9 to 22. 

The first pupation in 1934 occurred on Juue 13 and the next on ,July 
13. These were the earliest pupntion re('ords obtninecl during the 4 
yetll·". Stnrting on July 26 the number incl'ensed grndually until the 
pcak of pupntion wns renched in the week ended September 8. Xenrly 
67 percent of the pupations o('curred dUI'ing September. -Weekly tem­
pemtures during the sensoll were fairly high, Ilvernging 74.8° F., which 
was four-tenths of a degree below thl' il,-ernge obtnilled in 1931. 

The Slunmury for the 4 years wus based on 1,525 indi,-idunls which 
pupated o\'er a p.eriod of 14 wel'ks during the inten-ul from .July 22 to 
October 27. TIus summary shows that OYer 88 percent of the pupa­
tions occut'recl d ul'ing the (:i-week pt'riod August 19 to September 29. 
As the length of the pUPi11 stng(~ is npproxillln tely 21 day", ploughillg 
for the destru('tion of pupae would tlwn bt' most effective if done 011 

2 occasions, on or about Scptembcr 5 and 2;j. 

TDrE OF PCPATlO); I); THE Jo'lEI.O 

The data on the time of pupation in the field were based lnrgely on 
the records obtnined Whl'll milking populntiol1 ilnd dcpth studies at 
intelTals during the summers of 19;31, 1982, nlld 1983. 
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In 1931 two newly transformed udults were recovered at the 9-illch 
depth in a barren field near Temple, Cnlif., on July 31. As the aver­
age length of the pupal period is upproximutely 21 dnys, these iucli­
viduals probably pupated on or ubout July 10. In 1932 the first pupa 
was taken on August 6. They were very ubundant on n cOl1lfield nenr 
El Monte und in tile rearing cuges on August 30. Probnbly the most 
unusual and unaccountable discovery \Vus the finding of n pupa on 
Decemb('l' 27,1932, in a corn plot udjacent to the Inbomtory. Records 
for 1933 show a prepupa reconred on July 3 near Temple. TIlls 
specimen pupnted in the bnsement on July 10 nut! trnnsfol'med to uu 
adult on July 31. Of nine pupne tnken in the same area on July 10 
t.he first ndult was obtained 011 July 21, and the remainder between 
July 26 and August 3. Though menger, these recorels indicnte that 
pupation in the field begins enrly in July, the mnjority of pupations 
probably occurring during August nnd September, nnd the last Ilbout 
the middle of Odober. 

Dl:RATION OF TilE PUPAL PEIUOD IN SAL\,E CANS 

The durntion or the pupal period in snlve cans during the yeurs 1931 
to 1934, inelush'e, nppeurs in table 19. These datil nrc bnsed on the 
same numbers of individuals shown for enell week in t:1ble IS. 

TABLE Hl.-Dllr(l/ioll of Ihe pnp(lZ period of Ihe slIg(l/'-beei 1ciret1.'0/'1/! in s(lit'e cans, 
Alh(lmbra, (,aUf., 1931-34 

1931-34 
19:1I puplil 

Iwriod 

Pupal : ;::,i Puplli l'upl1l PupalI'llpalrd during weck­ pt.\r1011 period period period2~ ~~ ~~ ~~ 
.-~.----~ ",;: ---- ,,~ -- ~i:"'~ I ::L::"', EfE. ;§~ <: =- c 

t: ~ ~~ ;; '"g; t:: ~ t: = g 
~~ - ;.0':.> ~ '" ;. '" ;. '";;. I <- ~ "" - ~ ..... 

" 
"" ~ -:;- ~ '" :§ -:;~ 

" 
:§ 

--------~ --"-"" ----+< ---- - .,-_._- '--- - - ~- -~, - ---.­

,DIlV_ Day., 0 P. J)IlV' DIlY., 0 P. J)IlYs DIlVs 0 P. Day. DIlY., 0 P. Days DIlYs 
Julr 22-2S , . , __ , J6.715-19 '!I.S I Htll 10 7Kfi Ul.315-19 
Julr 2lh\ug. 4 ,_ .. j 17.917-19 'i7.1 19.318-20 7ii.5 IS.6J'-20 
Aug.5-1l . ~, • ,J, Z.t 120-24 7·1.!! . IS. ~ IS-!?O 7U. O' 20.4 1l'r24 
Aug. 12-18 . , __ , lb. I 14-16 79.3 1&.81C ... 20 74.X 20.2 10-21 73.4 W.2 IS-!!O 711. I IS.3 14-21 
_-\ug. W-2.i _ __ 15.51:1-17 79.:1 20.718-22 74-$ 21.921-~:1 <J.U 19.4.1S-2'~ 7.'i\l 19.41:1-2:1 
A Ilg. 26-81'l1t. 1 • 17.314-~~) 75.S 21.f;lr,..24 7:l.4 24.0 24 ,('1 19,11~-21 ilU 20.014-24 
S~llt. 2-8 i 19.5 15;--21 7a." 22.721-24 72. fi, 24.-1 2:J-!?5 70.-4 19.H 17-2'.! 75.0 21. 717-25 
S~llt. 9-15 , 19.al!{-20 7:l.:1 Zt721-21.i 71.U: Z,tI2J-24 7LO :'~1.21S-?,! 7-l.a 21.fi'lS-2ti 
Sept. Ift-22 
Sept. 2',)-29 ., Jg: g~t~1 +~: t ~!: ~ ~~:~~ fk ~ ~l: ~ T~::~~ +t ~ ~J: 'II :~:~; ~;:: ~ ~~~ I :;~~~ 
Sept. 30-0ct. tl ' 21.419-2.5 70.0 25.• 24-:1:1 01l.9 22.121-2:1 73,7 2:1.2'22-24 7U 2:1.119-3:1 
Oct. 'i-13 ..• . " ~l: g ~ ~g:l; 29.5 2Il-:ln 69. I 20.0 20 fig. 3 ~g 21-~~ ~~: 6~U ~t~gOct. 14-20 '. 

Oct. 21-27 . • _'" 1 31.0 2ll-:H tiO.2 28.0 2!,' C,s: 4 24.0 24 CIS.7 24.0 2·1 69.0 26.72-1-:14 


Awrng~ or rnnge._._••• _ IS. 'i 13-34 74.~ 2:1.3Ifr 33 72.2' 22.619-26 .2.3 20.•5 1Il-26 , n.S 21.413-34 

-------" --,---------
The abnol'fllnlly high tpmpPI'at III'(>S in the bnsl'nH'nt 1'(·itl'ing room 

during the period of pupntiolJ in 1031 ShOl't('I)('d tiH' pupal stnge to nn 
avernge of 18.7 dnys find a minimum of 13 dnys. TIl(' groups that 
pupat('d during th(' week of ,July 22-28 llnd till' 2-Wll('k ppl'iod b('tWN'1J 

August 12 itnd 25 ('xpel'ieneed til(l higlwst. U'mp(,l':1tur(ls recorded 
during the 4-yeul' period of thes(' studi('s, and tIl(' nV('I'uge length of 
the period was from Vi.1 to 16.7 (lnys. A maximum (If 34 days for 
the pupal period was l'('corded during' the week thnt (Inde\l Octo})('r 27 
when the temperature dropped to n low of 66.2° F. 
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The seasonal nvernge for the pupal period in 1932 wus greater ~by 
seven-tenths of a day than the average of 22.6 duys obtained in 1933. 
This slight variation may be attributed to the one-tenth of a degree 
difference in temperature, which averaged 72.2° in 1932 und 72.3° in 
1933. The range in 1932 wasJroIll 16 to 33 days fiS compared with 
a range of from 19 to 26 days 1Il 1933. 
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}'IGUHE 21.-Duration of the pupal period of the sugar-heet wireworm as COIll ­
pared with mean basement temperatures of the laboratory at Alhambra, CuliL, 
1931-34. 

Tll(' pupal ppriod in 1934 aVl'l'I1gcd 20.5 days nne! rnng('d from an 
aycrage of Hi days for pupations occurring dUI'ing thl' wN'k ('/lded 
July 28 to 2(; days for pupations in the week October 7 to 13. Tem­
peratures Oy('[' the entirc 14-w('ck p(,l'lod Iwel'aged 73.8° F. 

'I'he SUnUllu.ry shows thiLt for nIl yetu's the' dumtion of the pupnl 
pedod mnged from a nunimum of 13 dnys to a maximum of 34 days 
and averugcd 21.4 dllYS. FiguI'e 21 presents these data graphically 
for ench yem·. 

http:SUnUllu.ry


50 TECHXH.'AL [leLLI~TIX iH, L :'. DEPT. OF AGRH.TL'lTRE 

FACTons AFFECTIXG THE DEI'TIJ OF PUPATION 

The depth itt which lalTne pupat£' is dct(,l'minpd pl'ineipaU)- by the 
type of soil, its moistul'e content, the position of i:UTit! food pl'iOf' to 
pupntioll, and soil ternpel'fltul'P. Dt'pth studil's compl('l('d on August 
30, 1932, 1Il it cOl'llfiPid UNtI· I~I ~lOIlt(', CnliL, showt'd tlUlt. on'l' 64 
PPI'c{'nt of the pUplll' WPl'l' in tit(' fil'st 6 ineiles nnd th(' I'('mnindt'l' 
between ti\(' 6- Hlld 15-inch dt'pths. 1.'11(' shallowllf'ss of tlIl'S{' pUpll­
tions was i1ppiln'nt!y dUl' to the f:lyornbk telllpl'rntUl't' pnn-idt'd by till' 
COl'll foliage, by nn optimulIl soil 1ll0istlll'P of about 12 PPI'('('llt nt nIl 
depths, nnd by tht' PI'l'S{'I1('C of food neill' tht' soil sUl'fIH'('. Siftillgs 
mude on thl' foLiowillg dllY in nn adjoining fHILowNI fi{'ld showed thiLt 
thl' majority of thp pupations hnd OC(,UIT('d Iwtw('('n tlH' 12- nnd 15­
inch tiPpths. In this casp, howt'H'I', thl' soil WitS pxeN'<iingly (iIT, 
rllnging f!'OlIl II l1loisturt, content of :~.6 P(')'C'('lIt, (dl'y weight) in thl' 
fil'st 3 inelH',,; to 9 pCl'ccnt bt'twt'cn the 12- Hnd l;j-ill('h dppths. 

DEPTH OF Pt:l'ATlON 1:-1 Ot:TDoon CAGES 

The dl'pth of pupatioll ill outdool' eng('s wns d(,tl'l'lllillPd b.,- ('011­

fining 25 lal'ge lalTll(' in ('nch of S cng-ps, ('ady ill ~(nl'('h, so t111\l thl'J'(' 
would b(' sufficiC'lIt timp for tllC' 1111'\'11(' to f('('elalld to ol'il'nt thl'llls('lns 
priOi' to pupntion Intt' ill tht' sumnu'r. Corn wus n(hkd ilt int(,ITuls 
of 6 weeks nIlt! tl1l' eng('s irrignt('(l whl'n II C'('eSSIlry. A iH'ri('s of th('st' 
cages Wl'rl' set up ('neh sprillg during the )"l'iU'S 1929 to 19:~2, in('\usin'. 
As the mnjority of pupations ocC'ur in Sept('mb('r, the' ('ag('s \\"('1'(' 

remond ilnd pXlUllin('d (,Ilc'h yl'III' during this month_ 
Till' proet'dlll'l' ('onsistl'd of first bn'llking HI(, tilt' CHg<'S in hulf 11 IIl1d 

then fOITillg out Ilnd sifting ('II('il illch of soil Hflpr it hnd I)(>('n slicpd 
off with n lllrge kllift'. Tht' r('sltlts for the dif}'('rpnt yl'llrs lin' shown 
in tn.bl(' 20. 
TABr.E 20.~·/)l'plh of pupatio1! oJ till' .wuar-Ilt'/'l tcirt'I.l'tlf/'/ in Lilt.' {'(lues, _llIwlI/bm, 
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Although considerable variation existed in the depths at which 
pupation occurred, there appeared to be only a slight difference in 
the mean depths in each of the 4 years. 

THE ADULT 

EllERGENCE IN THE FIELD 

Data on the first and last appearances and on the abundance of the 
beetles in the field were obtained by sweeping alfalfa with an insect 
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FIGCRE 22.-Relative numbers of adults of the sugar-beet wireworm collected 
by sweeping in alfalfa fields at gh'cn intcn'als, Temple, Calif., 1930-33. 

net 011 altel'llatc days, if weath('r and time permittcd, for a p{'riod of 
15 minutes betw('('11 the hours of 11 a. m. and 1 p. m. TIl{' r{'sults 
obtained dllI'ing the seasons of 1930 to 1933 indusi\'e are shown 
graphically in figme 22. 

In 1930 the first adults W('l'e coll('ct('(iat Temph', Cnlif., on ~fal'('h 8, 
and adults Were actin' O\'el' a p('riod of 82 days, until )fay 28. TIIl'Y 
were most abundant during tht' 2-\H,(,k p(,l'iod ended ~[nl'('h 31. 
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In 1931 emergence occulTed earlier. Adults were taken on Feb­
ruary 17 and in smaH numbers untill\Iarch 1. The peak of coUl'cting 
occurred between l\Iarch 1 nnd 15, and the last adults were cuught on 
l\Iay 26. Ou February 4, 1931, R. E. BI1l'l'ett collected over 50 ndults 
of Limoni-u8 cal~fornic118 under codling moth bands on walnut trees 
near Yentura, Culif. It is believed tha.t plowing in or near the groves 
had brought these ndults to 01· nenr the surface, where they were ex­
posed to higher and more vnrinble surface temperatures. 'This may 
have been responsible for some nctivity, nnd with a period of lower 
temperatures they had crawlec1under the bands for sheltel·. 

In 1932, in the vicinity of EI l\Ionte, ndults first appenred on Feb­
ruury 20 and were nctive ovel· n period of 85 days, until l\Iay 14. 
l\;1nles were taken at YentuI"t"L on February 23; ntSmeltzer, on nlfulfu, 
and nenr Buena Plll·k, on rhubarb blossoms, on Fe.brunry 24. The 
numbers of adults collected per hour nt Temple during tl;e 2 weekly 
periods ended l\1arch 15 and 31 uYernged 214 und 227, respecti\-ely. 
These were the highest records obtnined during the time of these 
studies. In Orunge nnc! Yentura Counties the penk of emergence, 
bused 011 experiments with mnlvn trnps, occl\I"red during the week 
ended l\fnrch 25. 

In 1933 l\fr. Burrett collected two femnles nnd Oil(' male under moth 
bnnds on Februnry 1 nelH· '-enturn. A number of mnles were swept 
from nlfnlfn nen!" Temple on Februnry 17. Femnles were collected 
nenr Pomona on Febnlllry 21, under mnlvu trnps nenr EIl\fonte on 
Februnry 22, und on ulfnlfn nN1I· Temple on l\{urch 30. In the vicinit.y 
of ..-\.lhambrn the adults were aeti\'e oYer a period of 90 days, until 
l\[ay 17. Although the records I'm 1933 nre incomplete, the penk of 
emergence probably occl\l"red in the peI"iod l\larch J6 to 31.l\lnh-a 
tmps ill Omnge Count~T yielded the greatest numbel· of beetles during 
the week ended l\Iarch 25, and in Yentul'a nnd Los Angeles Counties, 
during the week ended Aprill. These field stlldies were discontinued 
after thnt date. 

The sununnl·~' for the 4 ~-ears (tn ble 21) wns based on the collection, 
by sweeping, of 8,199 beetles during a totnl of 801~ hours. Xearly 
GO percent of these were collected in l\fnreh. \\ith the exception of 
1931, the peak of ad ult colleeting in the field occurred between l\f arch 
16 lind 31. 

TABI,E 21 .-Sl/lIllllary oj !hr 	data on collections of (/d/lll,~ of thr sllgar-b~ft wirCll'orm 
in ol/oUII fir/ds, 19.30-38 
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.Mild temperatures dlll'ing the win tel' of 1933-34 werc rcsponsiblc for 
an eadier increase in soil temperatures and for nn emergence in 1934 
beginning from 2 to 3 weeks endier than in pre\-ious yenrs. ~Iales 
were taken on alfalfa near Artesia ilnd EI ~Ionte ns carly as Februnry 
5 nnd females on February 21. In the heavier soils near Huntington 
Beach, mnlcs did not nppeUI' until Februnry 12. The few records 
obtnined by sweeping indicated that the adults were just ns abundant 
as in previous yenrs, there being no 1I0ticenbie lwluction in their num­
ber ns a result of the exceptionnlly henyy ruinfnll, which totnled 19 
inches during the pel'iod from December 13, 1933, to February 6, 1934. 
Mnlnl-trnp collections in Ornnge County, in 1934, showed that the 
pcnk of emergence occurred in the weck ending ~Inrch IS. In 
Yen tura nnd Los Angeles Coun ties the lnrgest n umbers were collected 
between ~1arch 19 nncI 25. 

In 1935, ns it result of nn exceptionillly mild winter, mnles nppenred 
on nlfnlfa in the sandy soil sections nenr EI ~Ionte in Los Angeles 
County on Jnnunry ~5. This was the earliest date of emergence to be 
recorded. At Huntmgton Belich, Orange County, males first np­
peared on FebrtHlrr 1. Xo records nre nvnilnble for the femules in 
either of these locnlities. 

JIONTHLY DEPTH RECORDS OF OVERWI::-;TERI::-;G ADl'LTS 

To ascertnin the position of the o\-erwinterillg ildllits in the soil each 
month prior to emergence, il group of tile cages (fig. 23) eontilining 2;') 
lnrge Illl"Yne each were set up in the springs of 1930, 1931, nnt! 1'932. 
The com used ns food wns replenished at inter\'nls of 6 weeks, Hnd the 
moisture content of the soil wns kept as nenr optimum ns possible by 
frequent irrigntions. Air temperatures and the temperntures in the 
soil n t the 4-, S-, nnd 12-inch depths were recorded during the px­
periment. Lsunlly 4 to 6 tile cnges, depending on the number of 
ndults reco\-ered, \\'1.'1'1.' remo\-ed and exnmined on the lust (ill.V of ('ilCh 
month beginning with August nnd continuing to Februnry. To i\.\-oiJ 
the possibility of ndults emerging prior to exumination, the Februnry 
group of cnges was eXHmined on February 20. The procedure wns to 
brenk ench cnge in hnlf on the cemented line find then force out nn 
inch of soil itt it time to be sliced off with it knife. The beetles nnd nm­
larvae remaining were recovered by sifting each slice through il screeil 
hnying 16 meshes per linear inch. Dntn on the depth of pupntion 
were nlso obtnined by these studies. The numbers of adults recovered 
at the vnrious depths during the different months and ~Tetlrs nrp shown 
in figure 24, nnd these dota, together with the soil nnd ilir h'lllpemtures, 
appenr in tuble 22. 
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FIGURE 24.-Depths of adults of the sugar-beet wireworm in tile cages from time 
of transformation in the fall to emergcnce in thc spring, Alhambra, Calif., 
1930-33. 
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TABLE 22.-11fonthly records, showing depth of occurrence in the soil of overwintering 
adults of the sugar-beet wireworm in tile cages, Alhambra, Calif., 19.'JiJ-33, incl1t­
sive 

FALL AND WINTER OF 1930-31 

Depth of adults in soil Mean temperatures at-


Date of examina­
 ~~~~~~ 1---.....--""7I1---1---.....--..,.1---1t~n~~ra-
tion 

ered Mini- Maxi- Mean 4 inehes 8 inches 12 inches turemUtIl mum 
-----·--1·---------------------------

NILmber Inches Inches Inches F. F. F. F.0 0 0 0 

Aug.3L____________ 46 6 19 10.2 78.5 75.1 78.3 73.5 
Sept. 30_____________ 57 6 20 10.1 73.2 71.5 74.8 66.8 
Oct. 31. ________._____ 78 6 19 11.9 08.6 04.7 00.6 04.0 
Nov. 30______________ 04 7 18 11. 7 59.5 57.8 58.3 59.7 
Dec. 3L____________ 81 4 19 10.8 49.9 48.9 47.4 51. 4 
Jan. 31._____________ 73 3 12 6.9 50.6 47.5 46.9 53.8 
Feb. 20______________ 51 1 6 I. 8 56.3 52.9 54.0 56.2 

Total or aver- -- ­ ---1---------------------- ­
age__________ 450 __________ __________ __________ 62.4 59.8 60.9 60.8 

1 

FALL AND WINTER OF 1931-32 

Aug. 31._____________ 45 7 15 9.8 82.5 t S3.1 i4.:!Sept. 30 ____________ _ 78.08~.0 I32 4 11 7.9 75.8 71.8 68.0Oct. 31. _____________ 4'; 6 12 9.1 69.3 67.9 68.9 62:6Nov. 30.____________ _ 73 ti 14 9.8 54.1 52.8 54.6 53. 1Dec. 31.____________ _ 88 4 12 7.8 47.3 44.5 44.7 48.6Jan.3L ____________ _ 70 4 12 8.0 46.0 43.3 45.6 47. I;Feb. 20______________ 45 1 9 5.0 50.9 49.8 56.0 52.4--1----------Total or aver­
age__________ 398 ----. ----- ---------- ---------- 61. 6 59.51 61. 5 I 58.1 

FAr,L AND WINTER OF 1932-33 

Aug. 31. ___________..1 321 '6" 2216. 10.21 78.7 i8.3 78.8 73.0 
Sept. 30____________ 38 1:1.2 75.9 74.7 75.4 66.3 
Oct. 31._____________ 3.3', 6 17 IO.~ I 1i6.9 66.6 t:7.2 62.2 
Nov. 30._____________ 2i 7 18 11. u 62.7 61. 5 6.1.5 60.7 
Dec.3L. ____ . ______ . 29 3 Ii L 6 49.1 47.7 53.2 48.4 
Jan. 31._____________ 38 3 12 :.5 48.0 45.8 50.4 47.2 
Feb. 20. _____________ 29 i 1 11 6.5 5.1.4 54.8 54.7 50.0 

T~~~l-~~-~~::~---:-1===-:~--_:;~--~ 
1 

SUMMARY OF 1930-33, INCLUSIVE 

Aug. 31.--------.----1 1231 5! 19 1 10.1 81.1 I 78.6 SO. 1 I! 73.6
Sept.30_____________! 12il 4 22 JO.ij 75.7 no 76.0 67.0 
Oct:31._____________ 1561 6 19 JO.8 68.3 ~.4 ~7.ti 6~.9

1 1No,. 30._____________ 104 6 '\ 18. 10.7 58.8 1 ~1.4 58.8 51.8 
Dec. 31. _____ ._______ 198 'I 3 19 I !1.1 48.8! 4i.0 48.4 49.5 
Jan. 31. _____________ 181 3 12 i 7.5 48.21 45.5 H.6 49.5 
Feb. 20_.____________ 125 1 1l I 4.0 54.2 I 52.5 54.9 52.9 

TotaL.••.•___ I:074i~:===r~:-~:·=-:T====:=====1=== 
The beginning and rate of movement of the adults to the surface 

depend entirely on soil temperature. Significant changes in air tem­
perature usually- affect the soil temperature at the 4-inch depth in 
jrom 1 to 2 hours.~ At the 8- and 12-inch depths, however, the re­
sponse may not be felt until late in the evening, or on the following 
day, depeJlf,jing on the degree of the air-temperature changes. 

The ~ obtainec:t in 1930 showed that there was but slight varia­
tion u.~~ mean depths of occurrence of the adults between August 
and Dec~mber, iI\clusive. It is observed also that the minimum and 
maximum dwt}ts are fairly consistent each month. The fact that 
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many of the adults were found intact in their pupal cells would indi­
cate that but little movement surfaceward hod taken place eyen as late 
as December. Therefore, the depth at which the adults were recov­
ered in this period could be considered as their normal depth of 
pupation. Although mean soil temperatures for JUlluury at the 8­
and 12-inch depths were lower than in the preceding month, air tem­
perntures advanced sharply beginning on January 24, causing an in­
crease in soil temperatures at all depths. Cndoubtedly this sudden 
change was responsible for the moyement of the adults from a max­
imum depth of HI inches to within 12 inches of the surface. The 
average depth on Jnnual"Y 31 was 6.9 inches. Air temperntures 
continued to rise during February, resulting in a substantiul incrense 
in soil temperntures at all depths, which accountcd for the presence 
of all the adults in the upper 6 inches, and at an avernge depth of 
1.8 inches 011 February 20. The first emergence of the adults occurred 
011 February 24. 

In 1931 both the mean and maximum depths of the adults were 
less in compar·ison with the previous und later yenrs. This is difficult 
to unciPrstand, considering the fact that soil tl'mperaturl's for August 
and September ayernged considembly higher thal1 for the same 
months in either of the other years, nnd thnt under such conditions 
pupation should occur nt ev£'n lower dt'pths. In this cns£' probably 
the soil temp£'rntures were not high enough to haye hnd any effect 
011 tll(' lanTne prior to pupation, or else, owing to the extr£'nwly warm 
summ£'r, the larnw had become accustomed to the high tC'mpern­
tures that pre\Tniled. A sharp drop in air nnd soil tpmperntmes 
during Xovember wns followed by e\Ten cool('r weath('r and subse­
quently lower soil temperatures during Decemb('r and Jnnunry. 
Although the results for the Intter months showed til(' oeeUITelH'e of 
the adults higher in the soil, it is belie\red thnt no mon'mrnt suI"fnee­
wnrd of these indi\'idunls had occmred. With n rnpid risr of ilir and 
soil temperatures during Februnry, the ('xnminntion on k\·bnlHIT 20 
showed that nil beetles hnd moved from a maximum drpth of 12 inehes 
to within 9 inches of the smfnce, nnd thnt the n \'ernge drpth wns ;) 
inches. Emergence in 1932 begnn on ~IitrC'h I. 

In 1932, except for Septemlwr 30, til(' reeords of the oC'elllT('nee of 
the ndults in the soil during the months of August to XOYClllber, 
inelusi\'e, were very similar to those for the snmr lllonths in 1930. 
The soil and air temperatures wrre nlso nbout the Sllme. The rt'sults 
sho\v that the beetles were nrnrer the smfnC't' on December ;31, (IVen 
though soil temperntures nt nIl depths wert' on it decline. This 
mOYrment continued during Jnnunry, when trrnprmtur('s wpre e\Ten 
lower. On severnl occnsions dnily maximulll nir temprrntures in 
December nnd ,Jnnuary reached 78° nnd 8:3° F. This wns rpsponsible 
for a slight rise in soil temperntul"es ilnd subsequent mO\Temrnt on 
the' part of the adults, ns shown. 

As in pr('violls yenrs, nir nncI soil temperatures nt nil drpths during 
Februilry 1933 incrrns('(l rnpidly, bringing SOl11(l of thl' b(lrUc's to 
within 1 ineh of thp surfn(:r and gi\'ing an jwel"flg(' drpth of 6.5 ineiws 
on Februnry 20. In tho rl1H'rgl'nee ('agrs ndults nppeal·ed 011 the 
surfnce on that datr. 

These datn indicatc' that adults grl1rmIl.\T rrmain in their pupnl 
cells at an aVN"nge depth of 10.5 inchrs until Xon'ml)('r 30. DllI·ing 
December monment surfacewnrd brgins (,\'('11 though thr nir nlld soil 
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temperatures at all depths m'l' on the decline. In spite of still lower 
temperatures dming Janum'Y thl' adults eontinued to move surfnce­
ward from nn avernge depth of 9.1 indIes at the first of the month to 
an ayernge of 7.5 inehr-s 011 Jllnullry 31. A eonsiderabll' inerenst' in 
soil templ'rntures during Fpbmnry hnstl'nNI tlIeir mte of mo,'eml'nt 
nnd brought Illl ndults to within II incill's of til(' smfncp on Februnry 
20, whell the nvemge depth wns 4 inches . 

.:\. eill'ek on the sex of tlw ndults rpmovl'd f!"Om the till' cnges nt 
vnl'ious depths on JnnullIT 30, 1933, showNi tilfl.l thp nwrng(' 'depth 
of the mnll's in the soil WIlS .5.4 inches ns eompnrNi with 9.3 inclH's for 
thl' fl'males (tnble 2:3). Exnminations mndp on Februnrv 22 in both 
1932 and in 19~3 showl'd thp menn depth of oC'currpnee 'of the mnlps 
to be 4 and 3.5 incll('s, wherpns th(' femnlps w('r(' 6.1 nncl 7.6 inches 
bplow thl' smfnee. respe>etinly. An nvemge of both ye>ars nlso shows 
thnt til(' fl'mnll' minimum. mllximum. nnd modnl depths of oe('urt'('nl'(, 
in the soil Wl'rl' gr('nt('r thnn for th(' mnl('s. It is bl'lil'nd thnt thl' 
fl'mall's l'('quirl' a higlll'r tl'mperntun' to stimulntl' ndiyity and mon'­
ment smfa('('wtud. TIl(' results of tiwSl' studi('s ('xplnill th(' enriipr 
app('nrnllCl' of til(' Illnl{'s in th(l field. in till' C'ngps, nlld ulldpr mnlnt 
tmps. 

TARLE 23.-1Jepih of (lccurrence 0/ mall' ami jell/all' cull/lis of liIe sligar-brei u·irl'­
lL'Orlll in tile cages on .If/n. 80 and Ft:b. 2'!,.H!1lII11bra, ('"alij., 1l!82 and 1.9.'33 
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E~IERGESCE FRO~I TILE CAGES 

Early in the slimmer of 1930 prepnrntions were ml1de for obtllining 
dntn on thE' E'mergellce of nclults during the next seilSOIl. A ~l"OliP of 
the tile cnges (fig. 19) lls('d for outdoor rE'i1ring studi('s (p. 41) were 
used. Ench til(' was filled with sterilized sifted soil, nnd it slllall 
qunntit.y of corn nnd 25 lnrg(' lnrvne of Limonius c(ll~f()rnicJls wpre 
buried between 6 nnd 12 inehes d('ep. Lnrnle confined in this manner 
had sufficient time to feed and to orient thems('lns nOI'mnlly b('for(' 
entering the prepupnl stnge. Exeept for occnsionnl irrigations nnd 
the nttaehment of IS-mesh, cylindricul, remonlble screen tops (fig. 
19), no further care wns required. During the emergen('p period the 
beetles wer(' removed twice dnily, usunlly nt 12 m. nnd 5 p. m. In­
struments enclosed in n stnndnrd "-enther Burenu shelt('1' wpre used 
to record the temperature of the nir nnd of the soil nt the 4-, H-, nnd 
12-inch depths. The results obtnin('d in 1931 prond so satisfnctory 
thnt Inrger series of cnges were set lip in the 4 suceeecling yenrs. 
A record of the number of Inrvne introduced nnd of the nduits re­
covered euch year uppenrs in tn ble 24. 
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TARLE 2-!_-XlllI/bcr oj larvae of the sugar-beet Icirfll'Orlll introduced and adltlis 
recovered from tile ('mergence cagfs, Alhambra, ('a I (r. , IjBJ-3.;, inclush·c 

Item 1U:1I 10:12 1933 I~:I~ 19:15 Total 
~.---~.- ---. - .._---........ - ,,_... -"-_. ~,..... -,.-­

Cn~{'S elllllloY('d Jlurnh(lr !I 12 311 2~ au 109Lan·fip introduct'd dn 2"25 3(HI 7.10 5m 7.10 2. ,.s5
Lan·ul' thut fuiled to pupal<' do U 1M5S :J V2 217I4un'u(l d('stroyC'Ci (Jr dil'd .do :1I 2Hi 5in 2;,8 319 1.:1lI5E mi'TJ!l'd as adu I ts ..do tan 9:1 177 2as 3:19 983
Eml'TJ!t1d Iwrrpnt 3160.4 23.t1 42.5 045.2 as 

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

As the rate of emergence is go\"e/'l1ed by tempel'H ture, the clltta 
covering the yefirs 1931 to 19:35, inclusi\-e, together with the menn 
soil tempernture for ench week ut the 4- find 8-incll depths, ure shown 
grnphicfilly in figUl'e 25. 

Emergence of the udults of the suglll'-beet wireworm in 1931 begfin 
on Febl'llfiry 24 nnd extended onr u period of 38 dnys, until April 2. 
The penk of emergence occurred during the week ended ~lnrch 12. 
It is probn ble thnt the sligh t incrense in soil tempem tures between 
Februfiry 12 und 19 fU/'l1ished the stimulus for the nppennlnce of the 
udults, for during the following week, when emergence started, a 
decline in the menn tempel'llture is noted. 

Beginning in 1932 :1 cnreful recor(\ wus kept of the sex of nil adults 
remo\-ed from the emergence cnges (fig. 26). The first mnle emerged 
on ~[urch 1 llnd the first femnle on ~[arch 4. ~rnles were more 
numerous during the first ilnd second weeks but were surpnssed by 
the femnles in the third week of the emergence period. The penk 
of emergence for both milles 11nd femnles occurred dlll'ing the week 
ended ~{urch 19. ~Illic emergence tenninnted on ~[nrch 24 nnd 
femule emergence on April 3. The beetles emerged O\'l'I' it period
of 34 (ilIYs. 

In 19:33, mules first uppelued on Fcbnlllry 20 nnd femnles on 
Februury 28. The mules ngnin predominnted during the first 2 
weeks but werc outnumbered by the femules in the third nnd Intel' 
weeks. The penk of emergence for the femules was r'enched in the 
week ended ~rurch 19 nnd for the Illnles the week following, ~lnrch 
20 to 26. Emergence extended o\-er n period of 4-l dllYS, until April 4. 
The lnst femnle wns collected on April 3. 

Emergence in 1934 wns not only enrly but also differed from thut 
of pre\-ious yeurs in thnt both mnles nnd femules were taken on 
Februnry lao As in the Pllst, mnles continued to outnumber the 
femnles in the first, se('ond, nnd in this ('ilse e\-en the third week. 
The peuk of mnle eowrgence occlll'red h('bn'en February 27 nnd 
~{n/'('h 5, nnd for the femnles during til(' period ~lnrch () to 12. For 
both sexes togetll('r the penk of emergen('e Wlli; recorded during the 
week ('nded ~[fII'('h 5. With the r('('ov('rv of th(' IHst f('mnl(' on 
~lnr('h 2S unci n. mnl(' on April 2, ('mergeri('(' ill J 9:3-t lnstNI onr It 
period of 49 days. 

In 19:35 emerg('ll('e of fllul('s nnd f(,fllnl('s Iwgnn 011 ,Jununry ao, 
reuched u sensonul pellk during th(' we('k ended ~[lIr('h J9, fllld terllli­
nnted April 4. The totnl period of em('rg('IlC(, WIIS (iij dny::;. Both 
nil' und soil tempemture rn('llns ut fill depths fOl' D('cernber 1934 und 
,Jununry 1935 were the highest r('cor(\ed during the 5-.nllr period of 
these studies und nppnr('ntly were r('sponsible for this ('urii('st nppcnr­
unce of th(' adults. ~renll soil ternperntur('s during the first 4 we('ks 
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.P~RCEN'!AGE O~ TOTA~ EMER'GENCE I FOR ~EEK 
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FIGURE 25.-Timc and rate of emergence, by weeks, from tile cages of adults of 
the sugar-beet wireworm, Alhambra, Calif., 193 L-3.5. 
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of the emergence period, terminating February 26, were in general 
similar to the temperatures obtained during the same weeks in pre­
vious years. Beginning on February 27, and COIl tin uing for the 
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FWCltE 26.--Time and rate of eBwrgcnce, liy week, of JIIales Itnd f('maleR of 

Lillionill.~ calijomiclis from tile cage,.:, Alhltmbra, ('alif., J932--35. 


remaining weeks of the emergence period, soil temperatures were 
unusually low, causing an extended emergence period, as shown. 

:Males were more abundant than females during the first 4 weeks, 
the situation being re\-ersed during the fifth and remaining weeks of 
the emergence period. ~Jn]es terminated their emergence 011 ~Iurch 
25 and females 011 April 4. 
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EFFECT OF SOIL TE~IPERATl:nE O~ BEGINNING OF E~IEnGENCE 

A study of the menn soil temperntures for December and Janunrv 
ut the 4-, 8-, und 12-inch depths during the period 1931-35 (table 25) 
reveals the fnct that the dute of first emergence is entirely goyerned 
by the temperature during these 2 months. 

TABLE 25.-Effecl of saillemperuluTes i-II December a1/(I .January OIl lillie of adult 
elllergence of lite .wgar-beet wirelcartn -in lile COgfS 

:.rcan soil t('rnperntur~s ut-
Date or IIrst 

oppenrllOCt."' of­
, 4-inch depth j 8-inch dl'pth i 12-inch tll'pth St'usnn ------.-- ~'-.-~-.-,. 

D('('em·­
bl'r 

Junu­
nry 

D(\cl~m· 
ber 

Jatln-
Hry 

J)1'cl'm·: 
her 

Jlmu­
ury 

OF. OF. °P. °P. °P. OF. 
1931-32._. __ 47. a -It.. II 44.5 4a.a I 41. i -tn. Ii :'lar. I :'Illr. 4 
19~2-33" __ .. 
19:13-34 ... 
1934-35 .. 

49. I 
5:1.0 
55.n 

48.0 
5.1.4 
52.6 

47. j" 
5:t!l 
57. l 

4.1.8 : 

.i!1. j : 
5:1." 

.=,,'t2 
M.b 
57.a 

5fl.4 
5.1. S 
.'>:1.1 

Fl'h. 
Feb. 
Jun. 

~'O 
13
:10 

F,·h. 2.,'3 
F('h. 13 
Jun. aO 

TUIE OF DAY OF E)IERGENCE 

To determine the time of duy that the adults emerge from the soil, 
collections were mnde dnily nt 2-hour intervals from 28 tile cnges 
oyer u period of 36 dnys, from February 21 to ~farch 28, 1934. 

As shown in tnble 26, the llCn,-iest emergence for both sexes occurred 
between 11 n. m. nnd 1 p. m. nnd the lowest between the hours of 3 
nnd 5 p. m. Yery fe',,- ndults were found on the surfnce during ruiny, 
cloudy, or cold dnys. Apparently a slight dnily incrense in tempem­
ture in the first few inches of soil is essentinL for emergence to occur. 
No emergence wns noted after 5 p. m. or hefol'C 8 a. m. 

TABLE 26.-Recar(1 of Ihe daily emergence of atl/llt.~ of the s/lgar-beet 11'irell'orm a/ 
2-1I01ir il'len'als frolll tile c(lges, Alho,"br(l, C(ll1f., 193-~ 

Propor! ion or totnl 
lIonr or ('ol1('ction 

:'lnles FNnlll,'s Towl :'lnll's Fprnal~s Toml 
-~--- -~--~---

, .Vum'Ju ~Vllml)er .•Y"umbeT Percent Perl,.'t'TJ/ Purml 
9a. nt. __ . II 19 an It:! 15. :? 11.', 
II a. III 1:1 21 :17 Ifl. 9 19.2 1~" 3 
1 p. nL .. " :u :~~ no 40.3 :lO.4 :14.2 
3 p. III __ . J9 30 55 24. i 28.S ... 1. _ 01)- ') 

oj p. m~ 3 ,i) II 3. !I fl. I 5." 
-.--~ -~~~---~--------.. ----

TOtal __ 77 125 

----------------------.-----.--~-..--
E)IERGE~CE BASED O~ ~IALVA-TRAJ> COLLECTIO~S 

The results of the m!llnl.-tmpping 12 experiments in n 3-!I(,l'e infested 
field nenr El l\Ionte, C!lIiL, in 1933 re,"enled nddition!ll fll('ts Oil the 
beginning !Ind rilte of mnle nnd femnle emergence in the field. These 
dntu, based on dnily collections from 10 mnh'n tmps during the period 
from Februnry 19 to April 30, nre shown graphicnlly in figure 27. The 

" Sec footnot~ ·1, p. !I. 
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daily mean air temperatures tnken 3}f feet abon~ the soil surface are 
also shown. 

As usual, males were taken earlier, on February 19, tmd the first 
female on February 22. :Mnles outnumbered the females 16 to 1 
during the period Februnry 19 to 28, and o\"er 3 to 1 between March 
1 and 15. From then on the females surpnssed the males in numbers 
until trapping was terminnted on April 30. The mnjority of femnles 
were collected during the period from approximately 1\lnrch 21 to 
April 5. The influence of temperature on the rate of emergence is 
well illustrnted in figure 27. ":-hen high daily temperatures prevniled, 
the number of adults collected on the following dnys increased; and 
when temperatures declined, a decrense in their number is noted. 
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FIGCRE 2i.-Kumber of males and females of Limonill.s californicus captured 
daily in mah'a traps, with thc daily mcan air tempcraturc, ElMontc, Calif., 1933. 

HIHERNATION OF ADULTS 

Graf (4, p. 33) states thut nfter the adults uppear on the surfnce, a 
secondary hibernution tnkes place. This begins nbout the middle of 
Februnry and continues to the middle of l\Jurch. As his remnrks are 
accQmpnnied by the stntement thnt the weuther during the period 
wns cold and cloudy with occusionnl showel'S, it is possible thut this 
hibernation was only of one season's oceurrence. During the pt'riod 
thnt thest' studies were conductedther(' wel'e frt'quent rains and cold 
spells which lnsted for several days. On these occnsions the udults 
sought eover under clods and debris, but with WUl'Iller wellther their 
activities were resumed. The cuge-emergenee records illld field-col­
lecting data repol't('d herein show conclusinly thnt tl :::eeondary hibN­
nation does 110t ('xist. It shows that thel'e is n grad lInl emergence of 
adults und that their numbers incr('use tlS th(' senson progr('ss('s. 
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PROPORTION OF SEXES 

SEX RATIO BASED OX ADt:'LT E,\IEllQENCE FR01L 'rIl.E CAGES 

The records of hdult ('mergence from tile cages dming the years 
1932 to 1935, i.nclusiv£.', show('(l that males outnumbel"l,d tll(' femules 
during the first 2 we£.'ks in 1932 and 1933 find during til£.' first 3 und 4 
weeks in 1934 find 1935, l·('spectin'ly. The situntioll wns l'eVN'SNI in 
th£.' rNllnining w('eks of th(' £.'m£.'rg('nce period, but for til(> entire senson 
of cfieh of the 4: YearS the femnIes considerablv outnumbered the 
males. This pr('ponderanc(' of femuTes eu('h yenr'-wus upparcntiy dll(' 
to the fact that only lal'ge (presumnbly mutun') lan'ue were selected 
for use in the emergenc(' cages. as tlH'se would bi' the most certuin 
to pupat<.'. As shown latel' (table 35), the weight of hU'nle which trans­
fOI'med to fl'n1l11('s a\'ernged 91 mg.. whil(' tll05l' matming as mule 
udults n.\'el·n.g('d 57 mg., so most of the lfil'g(' lnrval' sl'lected would 
natornlly mfi.tul'(' as f('mnles. 

SEX RATIO BA:'ED OX DI':;::iECTIOX OF IlEETI.Efl (,OI,LECTE() rxm;u ~IAL\'A THAI'S 

The dntn on the s('x ratio of th(' Ildults collecl('d undc'r mnl\'a tl'IlPS 
in th(' v(,ars 1932 to 1934. in('lusiv(', \\"('1'(' hased on the daily diss('ctioll 
of froin 25 to 100 hl'etlcs from ('olle('tions IllIHlp in Los An!!p}('s, 
Orangp. and Y('ntum Countips, . 

In the Orongl' County fip\d thprp was in 1932 II grl1duul incl'l'us(' 
fl'0111 36.6 pl'l'(,pnt f('molps fit til(' b('gillnillg of til(' :;('uson to 78.2 ])PI'{'Pl1t 
during th(' w('('k P1HI('(\ April 8. Coll('('ting in tllp Vl'ntul'U fil-I(\ was 
h('gUll 2 wppks Intpr thun in Ornngp County. during the' wP('k pnd('d 
~lfir('h 25. TIl(' fl'tnul(' pl'I'(,l'ntugl' \\"115 tlwn 53.1 find by till' end of 
thp SPflson had 111('1'('11;;(>(\ to 65.1 p£'l'(,pnt. Fol' till' pntirp sPl1son. thp 
Ornngl' County find Y ('ntUl'll £1dds IlYPl'flgNi iO find 54.2 pN('ent 
f('mnks. rpsp(·ctinly. 

Adult trapping in 1933 lwgnn on Febl'llal'Y 19 in Los AlIgp\ps County 
I1nd on ~rnl'('h 5 in Ornngp nnd Y('ntum Counti('s. In L0S Ang('I(ls 
County til(' p(,l'ct'ntugp of f{'mules rung('d from 5.9 fol' til(' w(,pk t'lld('d 
Fpbrunl'y 25 to 86.i for ('olh,etions tnndp frOIll April 23 to 20, 
Thp n,Y{.'1'agp fol' the 5('ason wus 50.4 P(tt'C(,llt fcmul('s. In both till' 
Omngt' nnd V('ntmn County fields tllP PPI'('('I1tngl' of fplllah's in(,l'pnspd 
as thp season pl'ogl'(lsseci. Di5!cwetion of b('('t1('5 from tite formPI' fi('leI 
show('(\ un U\'l'l'Ilg(' of 74.2 !H'r('('nt, nne! fol' til(' lntt('l' fil'ld 48.9 1)(,1'('('nt 
f('male5 for tllp SNlson. 

In 1934 til(' h'aps \\,('1'(' :;pt out too }nt(' to ('nt('h th(' fil'st rna)ps. I1nd 
by the tin1(l trnpping hnd bpgull f('mnks WP1'(, all'pndy ill thl' mnjol'ity, 
thp lo\\'('st PI'I'('('utfigP of f('mnl(,s for tl\(, 5('l1s0n being 5:3.2 in thc' \'('11­
tmH £1('ld. Th(' higlH'st 1'('('01'<1('(1 wns 100 pPI'('('lIt in t/IP w('rk ('Jl(INI 
Apl'il15, in Omng(' County. For thp till'£'(' fi('lds t/I(' a\'('l'ng(' pl'I'('!'nt­
age of fpmal('s l'angNI fl'ol11 1:\;').5 in '-('nlurn County to SO.R in Ol'allg<' 
County.

Tab'Ie 27 prpspnts a summal'y of th£' s<,x ratio bllSpd 011 til(' diss('('tion 
of 10,056 \)('ctl('s from nil fi('lels dUl'ing 19:32, 1933. nnd 193-1. 
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TABLE 27.-Sulfllllary of dilia 1)('rlaining to s£'x ratio of IIdlllt.~ of Lilllrmiu8 califor­

niCl!S collected u1Ider 1JI1I1vil traps, 1932-34 

1912 

Sumber Pauli I Sumba Xumba XI/mba J'trctntF(-h.2" :{2 f) :44 . 5.0?fllr. ·1 ~S :j I 5" i.7~rllr.11 19 II ao 36... 527 32.1 i S.12 I 3~.l1\fllr. IS (} (}0 0 255 :H9 , f,().l , .'ii.S'~[nr. 25 273 317 ' 593 Sl... 251 ' ~60 , ,II I fl4.7Apr. J If,,; 242 ' 407 59.4 :..'2tJ 344 : !ii'3 no. 0Apr,S , 3S2 i-Hi 1,12.-; fifl.1 2;1-1 461 nUs G!l.:~Apr. 1,1 52 Qi 1~9 fJ5.1 :m 109 I H5 75.Z.Apr. !?'.? Ifj ;." I !H 8.1.0'Apr. 29 la . 15 S6.7-- -.;...,.,.,--~ ~-..-.~- ~-

'rotlll SUI 1,413 2.31H flU 1,63:) 2, H.> a, TiS 56.S 

~[III~s /-"'IIIIIIo's 'I'otal Felllnics ~[nl,'s F(-muleS 'rotal F,'mnlcs 

.Yumb" Xumba J.V'umIJtr Pucoll Xumbtr ...Yumbtr XII mba Pac,nt}·l'h.25 :12 2 34 5.9:'£lIr. ~ ~S 4 : 52 i.7~(nr.l! 230 .560 790 70.9 7in SOli 1,672 53.6:'fnr. IS 2:13 616 : S4iJ 72.5 -ISS !lIi5 I.-ISI fill. 4:\(nr~ 2.1 269 790 I. 0.\9 7,1.6 j"O'~ 1..i{.i7 2.3m ti6.~Apr.l 21a 65ft 8r.~ 75•• 5 flO; 1.242 LS49 67.2.-\pr. S tiS 17:1 : 241 its r.S4 1,:1'0 , 2.0tH flli. !IApr. I,> :r.l I:.. lfiU )00.5 121 :H2 4!l:l ;;1.9Apr. 22 lfl is U4 83.0Apr.!W 2 1:1 15 86.7.. - . .. ­ . .- ..........­
To!al I.U·1f> 2,931 ar 9i7 7:1. j 

~~~-

a,5G7 tJt4~9 10.0,16 64.5 

SEX HA'I'lO 1I-1."ED O:S- S.H.V~:-('.\;:,; AXD TlI•••-(',\(lE HE.HUXGS 

A summnry of the dnta (-on(,(,I'ning thr proportion of S{'x('s hnsrd on 
til(' dissc,etion of 1,()o3 adults 1'('111'('<1 in snln'-eiln ilnd tile ('u~ws dur­
ing tllt' prriod from 1930 to 1934, i(wlusin, sho\\s thilt tI;(' mille.s 
grt'ntl,Y outllumbN. thr f('mnles wl1('11 d<,\,t'lopm('nl is eompl{'t(l(l in 1 
,rt'!H (tablt' 28). 1'01' those mnturing in 2 Y('llrs thp pl'Oporlion is 
more (lY('n, but for thosl.' maturing in tlIP a-, 4-, nnd {;-Yt'nr (',Y('\('S It 

consicl('rnbh, ill('r('tls(' in thl' p(,l'cpntngl' of females is Jlotpd. Ex('('pt 
for tit(· first .wnl', for whirh no ('xplunnlion ('an 1)(' offpl'pd, tit!' figurps 
showing thl' propoJ'tioll of S('Xes in till' eng('s al'!' eompnrilhh' with thosp 
o/)tllinpd ill tIl(' SIll\'(\ cuns. 

T Mll.E 2K Proportion oJ UXI'S of ,~trflar-bt'el lrin'II'OTIIIS nf t/iiJrrml maturi"g IIge. 
tfllrrd ill .~alt·r Cllf!.~ and lill' clIgl'S, • ll!w III {1I'l1 , ClIll/, 

Ht'M... j in sui V~ cun~ H~Mr'J in I il~ cagr·s
PC1!"ird In larval 

stngl' i y('ar:,l 
.\(nl,·, F.-mnlp, 1','/;1I ~rlllr, Ff'mfl!(I~ '!'nlQI 

" 
~YIlml}(r ,Sumltr P"rrflli .YUIIl'u .YllullJlr ..Y,,'nf,n Pftf'rllf .'·:l/lJ/jrr

L .. 1:1 I T,1 H !7!J ~:i :t!. :.! 2("
412 :~~J2 ·I~t ;- ,".".1 li'$ .!li; ii:i. ;j :J!,!)i.. ·I:! Ij:J fin. ,I lOr. 2 /JI,n I>:1.. f) Il liB. .. 1, 
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)lATIXG 

In the field mi\ting usunlly tnkl's. plitce on the dn.\' of emergence 
bctwel'll the hours of 9 n. m. nncl 3 p. m. ~hting seldom OCClll'S on 
cool, cloud~T, or miny dnys, or on dnys when strong winds prl'\'nil, but 
in flH"ornble wl'uth('[' sexes 1'1lH.'rgillg simultnnl'ously from tile cnges 
WI'l'I' obser\'l'd to mnte inllne<iillteh'. 

In the lnboratory, with temper;itures rnnging from 750 to 8;')0 F., 
newly emerged oJ'l'enred ndults were taken in copulntion nt nil hours 
of the day. Although mnles hn\'e beell obs('[Ted to mute sen'ral times 
with the snme femnle, OUI' mn ting i" n<ll'q un tl' to insure fprtili ty 
during the life of the fplllale. 

I'HEO,'IPOSITIOX l~EHIOD 

As ddprmilled from H7 recol'ds (tnbll' 29), the clurntioll of the pre­
oyiposition pl'riod for I'I'111nles 1'enl'('([ in sHl\-e CHns nncl tile c;l~ps, 
confinp(\ in til(' hnspllwlli; (luring t.he yenrs 1931 to Hl:33, inclusi\'e, 
wus found to H\'el'ilge 5.7 days, with n mnximulll of 14 lind 11 minimulll 
of 3 <inv". The ll'ngth of the pel'iocl for the lHlults relired in Slil\'(' 
cans lwcmged 5.2 <lnys, or 0.9 of n <lny less th:1I1 the HVl'I'ilg(' obtnilH'd 
for th(' ndult" thnt htld bN'n "";Ired in tile cngps outdoors. 

TABI.E 29.-· Preot-iposilion period of aliI/lis oj IiiI.' .~Jigar-b('d li'irf'lL'Orlll rNlrll1 i,l 
sait-e cans and tile cages and later confilled eitiler ill the basemellt or in lJI.tdnor 
OL-ipQsitill1t cages, .Ilhambra, Calif.. l[Ml.'~ 

RE.\R};J) IX ::AIXE ('AX:' IX lL\"E.\n;XT 

Prt'O\ ipthit ion IX'rlod 
f'onflm'd I}UriU!! pr(lud.. T!ltnl, "'Ir JlI);"ition IwritH} in ~ rr(1JrtJ'i 

..."'·f/WlltT null,! IMP' 
19~1. • Ba.";Nnt1nt Pi -I 4. r. 
1932 '0 .do,," 11 3 ~ t) 
1931......... .. _ do. r. fi ~ 

Total or Il"prngp 1 .1 

REARED IX TILE ('"Or;;; otOTI>OOHi' 

I, ;1931. o. B:t.«'lIIl'nl HI ].I 9 
19320. W ,1 :5 1 '\ 
1933•• _.• dl> 

o· 

1:1 111 :1 fi.•li 
<1" 

Total or n\"(lr(l~p :13 II 3 t: 1 

19·J2. ;O:un !' I; r. II 2 
1933 .•. do_ H l' t. 10. -I 
19:14 ...• do J:l ~~1 .'> 11 fl 
1932,,0 ~htldr II " )" ~," 

TQtn) or a\""(~ru~(' ·11 ~I ~ 1! II 

Oranfj total or .n\·~rtlt!(" 111 ~~) .'1 i '-i. 

Av('roge5 obtnillPd outdoors in thl' .;;lIn nnc! in the' shnde durin!! thp 
srnsons or 1932 to 193-1, inelusin, nre fnidy con,;j;:trnt and probably 
nl'(' jlldiruti\-(' of the l1orl11n1 1(,lIgth of tbl' p<'ri()(1 in thp fi('ld from 
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veal' to year. Soil-sUl'fn('e tempernturcs in the sUllny and shaded 
Io('alities varied widely ill 1932, but this did not seem to 11In-e affected 
the length of the period to nny grent extent. The results indiente 
thnt the more coustnut tempemtures, snch tlS pre,"nil in the bnsemcnt, 
nre more effectiv'e in shortening tho preoviposition pel'iod thnn the 
wider daily variations which o('clllTed outdoors. 

An eXfll11inntion of all outdoor re('ords in th(' Slln showed thilt the 
length of the preoviposition period is go,"erned by the dute of nt/ult 
emergence nnd becomes shortci' ns the senSOil progrrsses. .For 
instnnce, the length of the preoviposition period fOI' females emerging 
brtwerIl Frbruary 14 nnd 28 It\"ernged 14.4 dnys. For those emerging 
betwern ~larch 1 nnd 15 and between ~Inrch 10 and ;30 the unrages 
werr 10.8 und 8.5 tlnys, respecti \"ely. Freq uen t dissrctions showed 
thn t egg deyelopmcnt wus morc complpte in the fpmnll's pmerging 
nenr the eud of the senSOll, thus substnlltia ting the rp('ords showll. 

On the basis of all outdoor studies the durntion of the prpo..-iposi­
tion period would uyernge 11 dn.ys, with It mnximum of 20 nod it 

minimum of 5. This is of sperinl significnncc when tmpping mensures 
ngninst the ael ults nrc considered. It indicn tl.'S thn t no deposition 
would be likely to occur dUl"ing the first 5 dnys Hnd but little there­
nftl.'r up to the l'lc\"enth <lilY uftl.'r I.'mNgpn("l.'. 

OnpOSlTlO:\" 

TECIIXIQl"E ["';ED IX ORTAlXIXG OYll'O;:;ITIOX ItECOHD5 

In obtaining oyiposition roconls, mnll.'s nnd fpmales that hnd bepn 
rl.'ur('(l l.'itllPr in sake cnns or in tilo cnges wero confirwd irnnwdintply 
nftl.'l· ll1ilting in I-ounce snlyc cuns fiIkd two-thirds full of fine soil 
containing npproximately 12 pl.'rcent moisturc b~" weight. Till' soil 
wus remo\"ed eU('\t day nnd washed thmugh u {iO-llwsh sC"rt'l'n until 
the first eggs were reco\"CI"l'd. Therenfter, the soil wns wllshed lind 
the egg fl.'ll1owd nt wl.'l.'kly interntis until oviposition ("(,lIspd. This 
snme procedurp. WitS followed whpl1 outdoor o,"iposition C"ug('s Wl're 
llsrd. T1Ip cnge ("ontnirwr WlIS fillpd with {)()-!l1('sh soil to within 
thrpe-eighths of nn ineh of the top and. pluce(l in moist Piu'lh sO that 
tbr soil, ndlllts, nnt! I.'ggs dl'posited would lIot 1)(' subjpetpd to <lesie­
cntion. A sprips of thpse engl.'s wus set up in 19:t~ in nn nlfldfn plot 
to detl'rmirH' thr pffects of shlld(l. Another sl'l'ip:; WHS exposed din'("tly 
to the slln in 19a2, 193:3, und 1934. By the lise of wpl'kl~--rl'eording 
thcrmonwtpl"s soil-sul"fnee tpmpemturcs in both IO("lIliti('s WNe obtainNI 
eilch s('uson. 

Oviposition fl'eords in 1931 Wlvrc bnsed on tilp neti\"ity of IR fl.'mall.'S 
that hnd bpl'n 1'I.'nrpd in sakp (,Hns nnd of 10 frm:ll('s 1"{'111"('<1 in tile 
(,(1"I.'S; in 19:32, on 11 fell1nl('s rpnl"{'d in sah'l' ('nns llnd I() renred in 
til~ engl'si n.nd ill 1 H3:~, on i) I"l.'ul"pd in sldY(' ("llIlS lind I:) in tile cngps. 

O\"II'()"IT!O:\" II)' R,\!.\'E"r·.\X-llEnIU;U AUC·I.T,; 

Tbl.' salvp-cnn-l"PIIl"pd fplllnies in 1!):i 1 Wl'rp Il1lllrd froIH .F'rbrtlllry 14 
to Hl, in('lusiYC. Thp Ipngth of the l)f·poyiposition fH'l"iod hnd rungNI 
from 4 to S dnys nnd H\'pmgl'<14.fi dllYs. Owing to ('(Jlllplirntinly 10\\' 
tpllllwrntUl"Ps, whi("h lI\"prngp<l lil O F., o\"ipositioll WIiS ('xtPlldl'd OYN 

http:H\'pmgl'<14.fi
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79 dnys, from February 17 to :;\fn.y 0, inriushTe. The UUl"IltiOIl of the 
oviposition lW1"iod of inlliyidunl femnles rungcd fl'om 10 to 75 dRYS 
and lwernged 39 days. OYer 01 pet'c('nt of the ('ggs WN(, luid during 
the first w('ek and 12.0 p('rccnt in th(' second week. One f('mule 
oyiposit('d 0\°1.'1" It pNiod of 11 w('eks; the l'ellwinder compl(,ted egg 
deposition by the ('1Il1 of the eighth week, The II umbel' of eggs 
deposited I"nnged fr0111 89 to 294 and nn'I'ng('(1 191.2, 

The femn1('s uSNI in 1932 WNe tnken in ('opulntion during the pNiod 
:;\fnrch 2 to 18, indusi\Oe, nntl begnn Inying eggs in from :~ to 9 dnys, 
The iwemg(' length of thl' preoyiposition pl'riod was 5.5 days and the 
rnnge f01" the oyiposition pNiod from 8 to 35 days, an'I'nging 25 dnys. 
Of till' totnll'ggs deposited, onl' 5ti percent wert' laid during till' first 
we('k HIIlI 2;') pen'('nt mor(' by tll(' pml of the s('("on<1 \\"('('k, lmliyidual 
('gg totnls n1 ng('d from 122 to 872, tIl(' it \'prng(' being 2H2.7. 

In th(' H):~8 rparings pnirs :3, 4, nnd 5 \\"('1"(' ObS01"\"(,(\ in copulation 
on~rnr("h 31, 4, nnd 17, r('sp('eti\o('ly, nftcr hflying nh'('ad)O mnt('(l on 
F('bl'tlilry 22. \rll('ther this is of C'om1110[1 o("C'Ul'l'('nec is not known. 
The reC'ords show no appr('C'inble difl'er('n('(' in til(' lIumb('l' of eggs de­
posit('d or in til(' Il'ngtit of th(' oyiposition period for ObSetTCd s('eond­
lllntt'd pairs n nd thosl' not so ob8e1T(,(1. Thl' l('n;;th of th(' prt'o\Oi position 
p('riod for this group a\o('rnged tl.S dnys, with n. IllnximUlll of R find it 

minimum of \J, Owing to low initial temp('mtul'l'S only :H.7 p('I"('ent 
of th(' totnl ('ggs Wl'n' bid the first w('ek, whi(,1t wns th(' lowpst l'l'C'onll'd 
for th(' first w(,l'k during tll('sC studics. This wus followed by th(' high­
('st sPC'ontl and third w('ok's productions for the bns('ml'lIt sl'ri('s, 27..t­
and 17.2 p('rC'ent, 1'('sp('('tinly. Indi\Oidual r('('onls of ('ggs deposit('(\ 
rnng('ti from :~97 to ;')-+:3 and nY('l'ilg('l1 4GS.S, The ll'ngth of thl' o\Oi po­
sition pl'I'iod l'illlged from 42 to (j:3 days and !l\'Nilgpd ;')2. 

The til('-ronred f('mnl('s that enlPl'gcd b('tw('('n ~fnrC'h (j nnd. 3J, H)~ I, 
Wl'I'(, m/lt('(\ on til(' day of t1wil' ('llH'l'gcnc('. First ('ggs W('I"(' obtllinl'd 
on ~Iar('h 11 nnd the lust l'ggs 52 dIP'S later, on ~fa,y 2, Th(' prc­
o\Oiposition period had a"craged7,9 dnys with an indi\Oiduul ynriiltion 
of from Ii to 1-+. Th(' oyiposition pE'riod l'HlIg('(1 in I('ngth from 14 to 
42 cluys and an'raged 2R,9, Individual egg totnls mngpd frolll 12:~ 
to 23:3, with nn tl\'l'rng(' of 177.:~, O\"('I" 02 p('rC'('nt of the ('ggs w('rl' 
Inid during tilt, first w('ek. 21 pl'J'('('nt th(' s('('ond w('l'k, un(l the relllnin­
d('r in the' f()l1()\\'in~ 4 w(,l'ks. 

Th(' long('yitil's {If the mall'S and f{,llIull'S in this grollp, living un(kr 
a mean t(,lllpe'ratun' of U3.5° F., l\v(,I'ugl'd 2:3,:3 nnd 4:3 <lnys, rl'spl'(,­
ti\o('l~y, ns ('olllpnl'e'd with lIYl'rng('s of 4a.1 find ii-\:S day::; for til(' 
sn I \"I'-l'n n-r(,11 rC'd mull'S n lid j'e'IllU It's Ii ,oing UlIli('r 1\ I1l(,Hn teIllT)('ratllr(' 
ofnlo. 

'I'h(' 10 pllirs l'('llr('(\ in til(' (,:lgo('s lind. o\Oipositing ill 19:~2 l'1lIl'rg('d 
nnd lllut(,d h('twl'('n ~,raJ'('h 14 alld 2U, For thi" group the' I('ngth of 
tlrl' pr('oyipo"ition Iwriod Il\'('rng('d :3 ..'-; days nlld tbat of th(' oviposi­
tion jlrl'iod ~{i.!i. Thl' !'tInge' for thr fo 1'1 Jl ('I' WIIS from:3 to (j day:, und 
of till' InU('r frolll j,l to -1-2. ~\II H\,prng(' of 22l.4 qrgs \\'('1'(' d('positNI; 
{j2 and 2-1: Pl'J'('Pllt of tlll' totnl \\'('1'(' bill ill till' iil'"t and :,('('olld WPl'ks, 
n'''p('('ti\·('ly. T(lllIl)('rlltllrl'" in tI](' hasl'lll('lIt during till' ucti\'itil's of 
tlH's(' adults nYC'mg('(\ nRo F., whi('h wns slightl~' high!'I' thall u"lInl. 

Th(' b(,ptlrs of thl' til(,-('lIg('-r(,llrl'd grollp ill ]\):i:i w('re' lIlatl'd during 
t!l(' l)('riod ~rll r('l1 5 to "\ pril \;') :I nd lH'glll1 Inying Pgg:, from :~ to 10 
dny" lifter mating. (h-ipo"ition ('ontilluc·d O\°Pr n pPriod of ;jS dnys, 
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from March 12 until May 8. The average length of the oviposition 
period was 29.6 days and the range from 14 to 49 days. The rate of 
egg production was comparable to that of other years, with 61.7 per­
cent laid during the first week and 18.6 percent during the second week. 
Individual egg records ranged from 213 to 359, with an average of 
273.7. The longevities of the tile-reared males anci females liying 
under a menn temperature of 64.8° F. ayeraged 23.6 and 42.8 days, 
as compared with 53- and 63.4-da.y averages, respectively, for the group 
reared in salye cans under a mean of 63.9°. 

SU~DlARY OF OVIPOSITION RECORDS OBTAINED IN BASE~IENT 

The numbers and percentages of eggs deposited weekly by females 
reared in salve-can and tile cages during 1931, 1932, and 1933 are 
shown in table 30 aod graphically in figure 28. 

TABLE 3D.-Summary of the numbers and percentages of eggs deposited at weekly 
intervals in the basement by salve-can and tile-reared adults of the sligar-beet wire­
worm, Alhambra, Call]., 1.931-33 

Eggs dcpositcd weekly in-

Werk uf oviposition period ,______193_1_____________19_3_2______ 

18 females reared 10 femules reared Ii 11 females reared' 10 females rcared 
in salvo cans , in tilo cages I in sah'e mus in tile cages 

; : i 
Sumber Percenl SlLmber IPercent! .Yu mber Percent XI/mher Percent 

:FirsL .••..•.....•........... · 2.119 61.6 1,115 62.9; I,H22 5ti. 1, It 375 62.1 
Second..••............ __ ... ' 434' 12.6; 379 I 21.4 i 732 25.3 526 . 23.S 
Third .•••.••. __ ..... ,..... ,..· ~.640' '_<".9', 1~1~ 1 so•• ?: : 4~?~ 14.4 190 I 8.6 
Fourth..................... , v, v 0 2.8 79 3, Ii 
Fifth........................ 2.;~ , ..~ 32 : 1.8' 39 ' 1.3 IR .8 
Sixth........................ 49 i 1.4 4, .2 .......... ' 2H 1.2i 

Scventh.................... 3~ 1.1 .......................... 

Eighth..................... 55 1.1i __ ...... r....... ~ .. __ ....... 
 > ............. . 


Ninth....................... I~ , .3 ........ :.. ____ ... '............... __ ...... __ 

Tenth...................... .1 .......... ,......... __ ...... __ ... ____ .................. . 

Elcventh........... ......... ,; , .1 


1.773. __ ...... ' 2890 ... 2.214 ......... 


.\	"cragc mean temper" 0 F. ~ o~ o~ 

nturc ....... 61.0 63.5 ....... __ 1.17.3 ""'''' 67.S ........ 

Eggs deposited weckly in-ContinlU'd 

1933 	 iU31·33Week of odposition poriod 

5 femnles rOllred 15 ["lIIlIll'S rCllred ' 34 females renred 35 [('mai,'s renred 
in sul\·c cnllS in tile cagl'S in salvl' cans in tile t:.lgCS 

-----..~.--,-.-----.------------------
. Sumba Percent Sumber Percent XlImber Pcrft1ll Xllmber Percent 

First. ..................... , SI3 34.7 2.101 01. 7 4.554 52.5 4. GS-I fttl 

Second............. __ ......... r>43 27.4 G02 1~.'j 1. SO'J 20.,s 1,567 20.8 

']'hird ...................... , 404 17.2 :IH U.7 1.053 12.5 1):12 8.4 

Fonrrh...................... 152 fl. 5 1~2 5.1 ·13~ 5.0 400 5.4 

Fifth ................. " ~ .. -'"' ~ 21 I n.o 111 3.1 500 5.0 lin 2.1 

Sixth........ - ~ -. . ... 37 1.0 51 1.5 ,,0 1.0 ';·1 1.1 

Sevcnth...... 

~ ~ ~ 

57 2.4 11 .3 9,:; 1.1 11 0.1 

26 J.l 	 Sl .Q~\~~~~:=:::::: ::::::::::::= 1 12 

Tenth. ... ---~ .. .. a .2 
Eleventti:: ::::: ::::. 5 

TotnL...... . 

A ~crngc JOron h'mpern· 0 F.. 0 P. OF. OF. 
turc .............. ' tl3.9 __ ...... frl.' 6·1.0 65.4 
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It is noted that the females reared in tile cages deposited more eggs 
during the first week than did those reared in salve cans. This may be 
accounted for by the fact that the former emerged and mated later and 
oviposited over a slightly warmer period as shown by the average tem­
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FIGURE 28.-0viposition by adults of the sugar-beet wireworm in salve cans in 
the laboratory basement: A, By individuals that had been reared in the base­
ment; B, by individuals that had been reared in tile cageI' outdoors. Alhambra, 
Calif., 1931-33. 

peratures for the two groups during the different years. The decrease 
in the number of eggs deposited in 1933 during the first week in the 
salve-can-reared group was caused by a period of low temperatures 
which retarded oviposition considerably. 
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The totals of the oyiposition records for the 3-year period show that 
57 percent of the 16,220 eggs were laid during the first week, 20.8 per­
cent the second week, and 10.6 percent during the third week after 
oviposition began. The shortest. period was 5 weeks in 1932, and the 
longest extended to 11 weeks in 1931. The cfirliest oviposition in the 
bfisement was on Februfiry 17, find in outdoor cages in the sun on 
~Iarch 3. 

OVIPOSITlOX IX C,HiES EXPOSED TO THE sex 

Oviposition records outdoors in the sun in 1932 were bfised on the 
acti\-ities of three females reared in sfilve cans find mated on February 
26 ami of six tile-refired females which emerged fiud mated in the 
period ~Iurch 4 to 21, inclusive. 

The egg-laying period was marked by unusually high mfiximum 
soil-surface temperatures ranging from 1070 to 1180 F., whi('h were 
responsible for the death of 3 males in the cfiges shortly after mating, 
Thc preoviposition period ranged from 6 to 17 dn,ys, with fin average 
of 11.2 days. First and last eggs were obtfiined on ~lfirc'h 3 and April 
25, respeetinly. This group deposited 1,684 eggs, the fi\'erage per 
felll::!le being 187.1 find the maximum ,559, w1lieh was not ('xeeeded out­
doors during the period of these studies. Over 52 percent of the eggs 
were deposited the first week find 24 percent the second week. As a 
result of the high mnximum temperatures the fidult life was shortened, 
in comparison with the records obtained in the following yen,rs, to an 
fiverage of 17.9 days for the males find 39.1 days for the females, 
Although free adults in the field would disperse to shaded locnlities if 
temperatures such as shmvn in tbcse studies preYlliled, the results 
indicated thn t e\'en under such ndverse temperatures females will 
sutTive readily and dcposit most or nil of their cggs. 

Oviposition rccords for 1933 outdoors in thc sun werp based on the 
performnnce of five females reared in snh'e-can cagcs and nine femfiles 
rPfired in tile cages that mated in the period February 22 to ~Iareh 30, 
inclusive. 

From a female blken in ('oPUlntiOIl on February 22 first eggs were 
obtained on ~fal'ch 9. Owing to the favorable tempcraturcs Oyiposi­
tiOIl continued later than usual, to ~Iay 18. The length of the pre­
o\'iposition period decreased ns the season adnllleed, from 15 days 
nt the beginning to 5 dnys towlU'd the end of tlic senson, with an 
n\'ernge of 10.4 days for the period. The 14 females depositcd 3,962 
eggs. The aye rage was 283 eggs, thc maximum 390, and the minimum 
90 eggs. ~Inle and female longevity flyerfiged 36 and 53.4 days. 
respectiYely, and the length of the oviposition period ilxernged 33.5 
days. Appnrently the lower temperatures on the soil surface \\'erp 
efIecti\'c in lengthening the Vl1l'iOllS. periods, as indicated, and in 
in('rensing the 11nrnge cgog production onto the records obtained in 
other Years. 

Out(loor oyiposition records in 1934 were bfised on tllc activities of 
13 [cmalcs whieh were I'cl1w(\ in tile cages find emerged in the period 
FebrufLl'Y 14 to ~Inr('h 23. 

From a f('male mfited on Februfiry 14 first eggs were obtained on 
~Iurch 4. Egg .lftying continued until April 28. For this scries the 
I)I'coviposition period averaged 11.6 dfiYs, the minimum WflS 5 clays, 
nnd the ma:-,.-imum 20. The o\~ipositiou period l'flugecl from 7 to 35 
and il\'erage(i 24.2 clap. 
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Individ unl elrO" totals decrl'llsed ('onsidel'llbly o,-el' thl' rl'('ol'llsOb • 

obtained in previous years, the iwcrnge being 142.5 l'ggs. Othel' fu('tors 
than tem})ernturc, "\vilieh showed ft. close similurity to iIYprugl's obtnined 
in ronner yeurs, were apparl'ntly rcsponsible for this decrense. Fifty­
six percent of the eggs were Inid during the first week, whieh wns the 
highest in this series; also, pl'lIC'tically nIl the l'ggs Werl' prod u('l'd during 
4 weeks, IlS ('ompare(L with 5 \,-eeks in 1932 and 7 \"{'eks in 1933. 

The pnirs used for o\-iposition studies were nlso obselT('(L for lon­
gevity. The unrnge life pNiod of til(' lIlules WitS 25.5 dnys Ilnd of the 
femules 43.5 dnys. 

O\'II'O;;ITIO~ Ol"TllOOns IN 'rilE "IlADE 

Fi,-e of the eight felllilies ronfined in the shade' of ulfalfa and in­
cluded in the records in tuble 2n hud bcen 1'('/1 r('(1 in snh-e cans and 
were taken in copulution 011 Februllry 2(1, 19:32. The remnining three 
which were renred in tile rages mated on :Mnrch 8, 11, nnd 20, res pee­
tively. The length of the pl"('o\-iposition period mng('d frolll 5 to 14 
days nnd :wernged 10.9 dnys. Egg luying rontinued. 0,'(,1' n period of 
82 days, from ~[Hn'h 8 until ~ray 28, inelusin~. Of the 1,552 l'ggs 
deposited, :~4.5 percent WNe lai(l til(' first wpck, 2R.5 thl' se('ond, and 
17.3 per('en t lIlore the third week. Indiyid uul o\-i posi tion r('('ords 
mng('d from 95 to :~(j2 and ilH'rngcd 194 eggs. Becuuse of tlH' fnn)J'­
I1ble t('mperntures in this locution, th(' oviposition Iwriod wus length­
cn('d to nn ll\-cmge of :~:).9 dny:;; and also the ndult lifp, which a\-('rng-ed 
28.4 dilYS for the IFales nrHl-l;j.9 days for the femul('s, WitS longer than 
usual. (h-iposition ('ontinued O\"{'I' a period of S wPl-ks, wlt('rea:; in 
the sun it wns only 5 wP('ks. 

;:l·~I.\UIO- (H' Ol"l'DOOH O\·ll'OSITIO.\" HECOIW'; 

Combining tllp 3-:yl'lIl' rt'('ords of oviposi tion 011 tdoors (t1l hlp ;31) it 
is immediately ("'idpnt that te'Il1PCl'Htll!,(' is thp important fuctor gO\'­
erning thc mte of o\'iposition. This was espeeiully noti('('nblp in ]!J;)2, 
where in th(' sun deposition continUl'd for 5 w('C'k:;, 0\-('1' H period wlH'1l 
the teIll peraturcs a verag('d 71.2° F. us ('om pI! I'('d wi th X wt'eks in til(' 
shnde, where the lIlcun wus G4.:{0. The numbl'r of ('ggs d('posited til(' 
first wcek in the slwde WflS nlso less thnn in the sun during tltl' dif­
ferent yenrs. (h-ipositioll tNminnt('(1 in the sunny lo('ation 011 ~rll,\' 
18, and in the shildc on ~rI1.r 2S. It is not('(l tlwt th(' pt'n'('ntngt' pf 
eggs deposited during wP('ks 1 to ;) in the sun did !lot \'ar.\" gn'Htly 
during the :3 Y('flrS, nnd thnt thl' p('r('('ntug('s for til(' :3-.\"('nr p('riod cor­
respondcd cios('ly to those obtnill('(1 for tlte groups of felIwl('s tltat w('n' 
reared and that o\'ipositt'd in sah'(' ('nns in tltp bllselIlPnt. Figure 2fl 
pres('nts graphically til(' l'gg-dpposition re('ords in tltt' StilI and sltnde 
locations during we('k" 1 to H, indllsi\'p. 
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FIGVRE 29.-Percentages of eggs deposited weekly by felllaies of the sugar-be('t 
wireworm outdoors ill sunny and shad('cI locations, Alhambra, Calif., 1932-34. 

TABLE 31.-Sllmmary of the nlil/1ber.~ and percentages of eggs deposited weekly by 
adults of the sligar-beet U'trewonn reared in ~alve C(ln,~ and till' cages in slln (lnd 
shaded locations olltdoors, Alhambra, Calif., 1932- 3.1 
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OYIPOSITIOX RECORDS OF ADt;L'rS OF KKOWX AGE 

Adclitional oviposition studies were conducted in 1934, saIYf~-can­
renred adults which had completed development after 2, 3, and 4 
years being used. The females in the three groups were mnted on 
:Mnrch 2 and were confined in salve cans without food. 

According to the records obtained, little vnTiation occurred in the 
average number of eggs deposited by the females from larvae complet­
ing development in 2 to 4 years, inclusive. The a\'ernges ranged 
from 494.3 for the 2-yenr-cycle to 551.8 for the 3-year-cycle femnles, 
with 539.0 for the 4-yenr-cycle. It was unfoTtunate that I-year-cycle 
beetles were not Hyailable so that the comparison could have included 
all ages. Being small anclless weighty, their totnl oyiposition would 
undoubtedly be much less than recorded for the older femnles. The 
slllallest number. 382, were lnid by a 2-yeHr-cycle beetle. The 
average number of eggs deposited by this group of 2-, 3-, and 4-year­
cycle ndults and the maximum of 704 eggs laid by a 3-year-cycle 
femule were the highest records obtained during the years in which 
oyiposition studi('s were conducted. 

OVIPOSITIOX AT COX:l'rAXT AND .\''1' nASE~IEN'1' 'rE~[l'ERATCRES PRIOR TO TDIE OF 
NOR~IAL ~'[EI,D E~IEnGENCE 

By confining dormant silh'('-cnn-renred ndults in a constnnt­
temperature cnbinet for 1 week nt SOo F., two pnirs were obtnined in 
copulntion on Jnnuary Hi, 1932, 5 weeks before the appearnn('(' of the 
adults in the, field and 7 we('ks before the first ferunles emerg('(1 from 
tile cages. All the tldults appeared wry sluggish and displayed little 
inclination to nttempt mating, but nnothel' pnir WitS obtnined in 
copulation on ,1nnuary 20, s('\'('rnl on ,Januury 23, und more throughout 
Fehruury. Attempts to obtnin matings pl'e\'iolls to th('se without 
nrtificinl heuting prond unsuc(,essful. 

To determine tll(' effects of nlrious tempemtures on th(' be~inl1ing 
und rat(' of o\·iposition, a numher of pnirs obtnined in this 111nl1ner were 
confined in constnllt-temperature cnhinets at SOo IIn(1 noo F. and in 
the basement. The results of th('se studi('s itr(' Rhown in tabl(' 32. 
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'l'AIILE 32.- Olli11Osltion records of salve-can-reared adults of the sugar-beet wireworm in 80° and 90° F. constant temperature cabinets and in the 
basement 1m'or 10 U1IlC of field emergence, Alhambra, Calif., 1982 
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Tn the 80° group the first eggs weI'e obtained on ~funuary 20 IUlll the 
last on :\Iun'h 13, Egg deposition extended 0\'('1' a period of from 7 to 
28 dnys, 01' 0\'1.'1' llll uvewge pl'l'iod of 20,6 tlnys, The preO\'ipositioll 
period rnnged hom 4 to 17 dn~'s ulld uvernged (j days, An aY('1'age 
of 265.2 eggs wpl'e deposited, il minimum of 83, and II maximum of 
447. Appurently this tempernturt' wns f:LYol'l1bIe 1'01' ndult activity, 
us nil thp fpmnles Ini(l their pntire quota of eggs, nonp heing obtnined 
by dissection. Of tlw total eggs deposited, 50.3, :30.2, IIml 16.3 
percent were laid during the first, second, nnd third wel'ks, rl'spec­
tin'ly. Thl' first l'ggs Wl'rl' IHid f) weeks earlier than the normal 
oviposition ill till' outdoor enges. The longevity of the males in this 
group a\'ernged 24 dnys IUlll of the fl'mnles 28 dnys. 

The 5 fl'mnks cOllfinl'd ftt 1)0° F. wel'e obtnilled in eopulntion 
between ,Januury 19 and 29 and laid eggs <luring th(' period .Junuary 25 
to Fehrunry 28. E\'idently this t('mpel'Uture wus less fnyornbk thnn 
80°, us the o\'ipositioIl period was shortened to iln :wernge of 15.4 
<lilYS, nn<l the preoyiposition pNiod to 5 dnys with nn imlividunl 
vllri:ltion of hom :~ to \ 0 dnys. Tn nddition, the lives of the mule und 
femule were shortened, nyernging l(i.(j und 21 duys, respeeti\'ely. The 
rnte of oviposition wus hustelled, oyer ns pel'('('nt of th(' eggs heing luid 
during the first week, whieh wus th(' grefltest we('kly pC'rcC'nblge 
recoI'(lPd <luring thes(' studies, 1111tl :30 pNc('nt during thl' S(,C01HI w('ek. 
Tmlh'idunlegg totals WNP low, ranging from 72 to 29{j and a H'l'Hging 
\50.H. 

Only :3 pairs WNe It \'Ililn ble for obtnining o\'ipositioll I'('('ol'ds n t 
bnsement tempcrnture. .Although 1lU'llgl'l', th('s(' data showed thnt 
as n n'sult of th(' lowel' h'mperntul'es o\'ipositioll oc('ulTNI on'l' a 
much longPI' pC'l'iod thfll1 W:)S th(' cnsl' nt hig!\('1' tl'IIlIWl'lltUI'('s. Till' 
u\,el'l1ge hNe wns :37.3 <In,\'::; n::; ('olllpar('d with l:j,4 dnys nt noo F. lind 
20.0 <l:lYS nt HOo. Thl' lin's of males Ilnd f(,ll1ul('s WNt' also 1('lIgth('nNI 
to :37.n mHI 4;j.!i <lIIYS, I'espl,eti \'ely. Appa.I'l'lI tly tIl(' n I'tificinl hen ting 
tl'n<ied to ;-;timulnte nclult neti\'ity for scnrnl dnys, as the pn'oviposi­
tion p('l'iocl nn'l'Hgecl 7.3 dnys, which WI1S nt':lI: the 1'('('or(\s obtn inecl 
in the two higl\('1'-tl'mpel'llture groups. Th(' pNc('ntng('s of ('ggs 
deposit('(1 totnkcl ;j.:!.:) nnel 1;j.1 d ul'illg th('fil'st nnd 5('('011<1 wel'ks, 
1'('speeti \'ely, Imd thl' n \,el,ag(' l1lllnlwI' 1'01' th(' gl'Ou p wns 214.:3 ('ggs. 

Additional studi('s showl'd thilt it wa::; also possiblt' to dplay muting 
lm(l oyipositiflll to I1<'1)l'ly·l month" nrtl'1' nil nOl'mal ndult i!cti\'ity hnd 
ceasl'd. III tltis ('xpl'l'inlPlIt adults which l'lllPl'g('d in~rnl'ch 1032 W<'I'(, 
eonfillNI ill ('ont:liIlNS filled with soil :l11cl pluc'pd in a COllstnnt-telll­
p(,I'atul'l' ('uhilld hl'ld ut 4()0 F, On S('pt,l'mb<'I' ~ tlll'sP ndults WN(, 
1'(,l1Ion'd to il .i :11' ill t hr' ba5('1IH'II t, wht'J'(1 IIcti \'i ty W:IS :Ign in rC'''Hlm('(1 
nnd s('vNal pail'S W('('(' obtnined in copulatioll. On(' f(,lllalp (\('posit('d 
41 ('ggs h(·ron' c\pn th o('('uIT('d 011 S<'pt<'ml)('1' ~4. Th(' l'C'stIltillg InITil(', 
nOI'Illtll ill nil I'('sp('cts, \\'('1'1.' not gin'lI tl)(· IIslild ('iU'(' :1nd dipcl s('\'eml 
wf'('ks lat('l'. 

DUl'iJlg thl' 4-.\'(':11.' pC'l'iocl in which ()\'ipositiOIl stuclips \\,('1'(' ('011­

ductpd both ill sah'p ('tillS iUld ill olltdool' ('i1g('s th!' :1\'PI'ng(' 111111lbN of 
eggs dpposit('d P('I' f<'m:t\f' wns 2(iS.1 I til hlp :~3). TIH' totnl Illlml)('r of 
eggs dC'positpd p<'l' f('llltllp dllrillg this 1)('l'io(\ J'ung('c\ ft'OIll ;jl to 704, 
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the latter number being deposited by a 3-yeur-old, snlye-cnn reared 
female in 1934. A summary of the yenrly nYel"figes shows that 1934 
was the most favornble for wireworm reproduction, nt least in regnrd 
to the number of eggs produced. In this yeur the Iwernge wns 360.3 
eggs as compared with 308.2 in 1933, 219.5 in 1932, und 186.2 in 1931. 

TABLE 33.-Fecundity (,f sugar-beet ll'ireu'onn arl!llt.~ r6(lreci in salve cans and life 
cages when confitled ill ~alve Gans in I he ba~eJ/lenl and in oviposition cages C'lIltiocrs ill 
SliT! awl shaded locations, Alhambra, CIIIIf., 19B 1-,'14 

Eggs iuiu I~r female 
Confined during Fl" Eggs

o\"iposition pc" Year mules dl"
dou in-	 posited ~ll\xi- l\lin;· 

mum mum 

-".L/llber Sumba l\"'lImbcT .\'umbu :Xumb" 
IS 3,Hl 101.2±1~.O 294 ~9 
11 	 2.890 262.i±15.9 372 122 
5 2, ;{44 ~(j~. H:I:~O. 0 5-13 30. 

15 0.310 517.7±1:i.·4 'fJ.! :IS2 

Total or uwrnge 

J 10al 10 1, ,7a lii.a± •• 0 !!:\:l 12:1 
'rile cages........ __ ...... Basement ... ... .. 19:12 IU 2,21-1 221,~±19. 9 401i li5~ 

l 19:13 13 3,5.1." 273.7:±: S.U 30U 213 

'fotnl Or nverage" .•.. 	 3:\ 7.545 2"28.6± S.9 40S 65 
- -.:';':~ ~-;:::;~_::~:c: =:--~~;:~-;:.= --:::=.;:::::;;:;:=~"';:::=~ 

J19:12 \l l,ns4 IS'.I:1:3:1.(J 559 .. 
Sah'e cans nnll tile enges..• Sun. 19:\:1 1·1 3,9/)2 28:.1.0±la•• auo 90

I 19:14 13 1,);52 142.5±11.5 :.!79 51 
~--------.----------

Total 0r average."" .• :16 7.,H1S 2()~.a:l:ll.1i 559 51 
-~ ------ ~~-.;~:..--::; ~::.~...:-~:::::;:~.-::-: :;..,.-:::;'~= -.~=~:-;=":! 

Sal \"C enns and tilu engps .•. Shade... 19:12 "~ 1,.552 I9UJ±21.4 362 !Jj 

Grand total Or aver· 

-.- ~~~(>.:.------.-~~~----~~~~.-. ~--. +-- .--- -~'----'---'-


It is obsl'l'Y('([ tlHlt the snln'-elllH't'llI'('d femnl('s which wPl"e luq;(,1" 
and hl'fLyiPI" df'posit(>(1 on nn an'rage mol'(' Pggs thiln til(' small fpmul(,s 
I"Nll'ed in tile cngps. It is belicnd thnt tht' il.\'eragp of 228.0 t'ggs ns 
obtained for til(' lattpl" would be the' ilpproximntp i1\'l'l"nge <'gg produc­
tion of ndults which ns InL"\,:H' hnd inhnbit(>(1 soils el"opped only it pOl'­
tion of the yenr, itS in sugnl"-bp!'t Ilnd limn-bNU1 Jiplds. Beculls(' of thl' 
more fan)l'ublp conditions of soil unci food ill suln' cnns, thp lldllltS 
which llS lfilTilp W('l"l' I"('iu'(,d tll('l"Pin would, ns s}!Own, han' II g['('tltpr 
nn'l'ilge ('gg-<i(lpositioll 1'(,('0['(1 tban [('mnks rpuL'(·d .in tilt' ('ngps \\"1]('1'(' 

soil conditions '\'('1'(' Ipss fllYo1'llblr and 1\:(len comp<'1ition for food 
('xistt'd. 

Owing to th(' high tl'mpPI'ntul'ps pr(,\'Ililing outdoors in tlIP Bun. S("' ­
('rnl of til(' bt'('tips dipd 1)('[01'(' U\('il' n()\"Illlll quota of l'ggs wprp dppos­
it('d, this [wing ps[>Pcifilly {nil' in un:z. This n5sist('{1 consi<il'ra))I,r in 
IO"'Pl'ing- th(' :w('r:1g(' [('mul!' ('gg ['!'('onl [or nil Yl'IlrS outdoorB 1I1 tlw 
StII1. Thp smull Biz(' of tIl(' tilp-l't'arrd [f'mul('s Hnlilablp for lIH' ()\'ipo­
sition studips of H):i4 in tbis location prol>:lbl.Y H('('O\lIl{ed for thp low 
!L\"prugP of 142.;). In UI!' :;lInd(· of alfulfn, 'witPI"(' optimum tl'mpPnt­
turf'S pl'('YniINI. tiIp 1l\'Pl"ng(' was J 04 ('g-g,; p(·r fl'mnll'. 

D£'RATJOX OF TilE O\'Il'o"nIO~ PEl\JOJ) 

In summarizing til(' O\'iposition 1"('('01'<15 of [(,1I1n1(,5 rl'ur('<1 in salve 
(,llllS nnd of those fr>iU'('(/ in til!' ('figI''; during- tlw :1-yc'tu' f)(·riod J O:H-!-l!-l, 
it is obS('1Ted thnt till' o\'ipo::ition pc'rind 1'01" tlJ(' lilp-n'iu'('c! group 

http:2()~.a:l:ll.1i
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ayeraged 28,5 days, as compared with an aYC'mge of 36 days for the 
gl'OUp l'C'al'ed in salye cans (tablC' 34), Apparently this variation WitS 

due to the fad thnt most of the tile-I'NLred females emerged, mnt('d, and 
oviposited latl'1' in the senson when tempC'raLuI'C's were mueh hight'r, 
In addition, the high soil tempeI'atuI'l' which tilt'y l'nl'Ollll terNI in their 
migl'lltion slll'fncewnrd would uudoubtl'dly also nssist in shortening 
tht'it' period of ndivity, In the two gl'oups the' longest oviposition 
period, 75 dnys, and the shortest, 8 days, W(,I'P for sl1h'e-cl1n-l'eiu'pd 
females, In the sun till' anl'Ugc .rnnged from 24.2 dnys in 1934 to 
33.5 days in 1933. The aY(,l'Hgc 1Il til(' sun for the :3 yeill's was 28, 
with a maximum of 56 and a minimum of 7 days. For fl'maks ('on­
fined in tIl(' shade the dumtiOll of Uw oviposition Iwriod HYl'l'Hgpd :35.9 
dnys, 01' an incr!'nse of 7.9 days onI' tlw n\'el'ngC' oi>tailwd ill the sun. 

TABLE 3'L-DzlTation OJ the oviposition period of adults c.J lhe sugar-beet u'ireworm 
reared in salve-can and tile cages, when confined in ovi]io.~ili()n cages in the babemenl 
and in Sllnny and shadetllocalities outdoors, .1lhall/bra, Calif.. J931-3.~ 

O\'lposiLioll period 
Confined during TotalIndh'hluals n'un'd in- oviposition pe· ret'ortisriud in- A \'rrll~r 	 )!nxi· )lilli. 

mum mum 

Bascllwnt. J to:!! 
Itti2

,l 193:1 

Sumber 
t~ 
11 
5 

f):ZU8 
:19.0 
25.0 
"'s.u , 

D,IV' 
7.; 
:15 
r,:! 

f),IV.' 
16 
s 

4'.! 

Tolal or average 36.0 i5 
" 

'rile cages ..•. __ •.. , , 
III 
10 

:.!S.U 
26.0 

.t:! 
·12 

1-1 
1-1 

Z:I ~'\1.6 49 1·1 

'rotal Or u. veragc . 33 28.5 
. -

·w .. _ . 14 

~un~ __ ... J 19:12 
IG:ia

l 19:1·1 

tI 
1·1 
1:\ 

2U) 
:\3.5 
2-1, ~ 

:15 
.16 
:15 

7 
21 , 

'l'Olll\ or II \'rrngr. ' an 
Sal\~c ran and tih' cages __ . Shade .. 111~12 ;; 

_ .. .::::;=::;.--::::--.::: :':~""'!::-=='::'':' ~.:;:-.:..-:.:..,..:..::;= :'!:"-=:-:: _.. ~ 

Orand total or a\"(irnge . 111 31. 2 75 7 

UAIU)I:-.'ESS OF THE IIEETLES 

The beetles al'p noted for their hunjilH'ss nnd [01' thpir nbili t y to 
withstand exc('ssinl handling or unfu,vol.'nble wl'nth(,I' conditIons. 
Vcry little Illorttlli Ly occurred Ilmong the thousands of renred adults 
that hnd be(,[1 ('uITied through til(' wintl'1' in saln' ('fins for usp in tlH'~e 
studips. ~[Ol'('O\'(,I', as shown by tht' o,tiposition nnt! long(lvity 
I'ccords, tl1('se adults dC'positNi, on til(' IWPI'ngl', more Pggs nncl 1'('­

mained alive ILS long as the adults ['('n!'l'd in tilt, ('ng('s. thilt hnd not 
been subjeetpd to handling. 

FemlLI('s thlLt had oyipositpd ill on'l'll1oist soils in snke ('an~ wouLd 
occasiolluUy hiL\'O partic'lc's of muddy soil llttllChC'd to thC'il' tal'si, 
which Illnd(' monnlt'nt difficult, but <,\'en this did not 1'('tHrd til(' I'Ilte 
and amount of oviposit,ion. 

Of 150 ndults t1w.t hn(L \)(,(,Il J'('lllon'd from their puplli cdls in 
flowerpots unci plncC'd in tile C'ngps (j to 12 ineh('s lwlow tlte surfa('p on 
Dt'cember 5, 1030, 100 em('l'ged in Hl31. This sho\\'('<1 that the I'l'dis­
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t1'ibution of adults prior to ('m(,l'~<'nce did not nJ\,pct the time 01' mte 
of thpir Itppeamnce the following senson, Emcrg<'ncl'in 1931 from the 
group of cages contllinill)! adults that had not be-l'll disturbed lwgnn on 
Febl'lillry 2·1, !lnd the peak wns rC'nclll'd on ~[nrch 11. The disturbed 
adults PIllt'rgNI and rellchcd their Iwak on tlll' same dates, This 
indieates thttt plowing during the ·wintl·[, months ilnd tlH' subsl'Clul'nt 
redistribution of thc adults in thl' soil would not likply altN' thc time 
and I'll tp of tlH'ir <'mergencl' the following sprillg, 'l'1H' ('xperim('n t 
furth('[' dpIllonstrntps thp hlll'dilll'sS of bec·tles in Iwillg Ilble to with­
stand unfa\'ol'abh' ('ollditions, sueh as pr('\'ailed ni'tpJ' tlH'ir tmllsfer to 
the· t'ugl'S, and thl' ability of thp rnnjorily to l'lUl'['gP wh(·!) confined in 
this manner, 

YAHIATIOX IN TilE WEIGIlT OF ADL'LTS 

It wus obs('rnd that considp!'Ilblc ynriation <,xisted in the sizp of 
the adults ('oIIPetp(1 in the field 0[' l'enred at lhe lahomtory, ~lnles 
nnd [('miLks that had completpd dcnlopnwnt in 1 y<'ar \\"('1'(' \'eiT 
smull, usunlly only half as hu'gp ns those which mntured tli'tl'r 2 or 
a Y\'nl's, A lIumb(·[' of weighings made ('neh st'llson 011 Ill·wly truns­
[ol'1lH'd adults showed that thc sal\"l'-ellll-I'l'Hrt'd malps that matured 
in 1 year an·raged 28 mg, in weight as ('ornplU'('d with 47 and 49 mg, 
[01.' lIle' 2- alld 3-yp!tr-old lllilh·s, rpsL)('cti \'l·ly, Thl' mnlc's 1'C'an·d in 
tile' ('ages WeI'(' still smulkr, u\"('ra~illg 21 lind 21) mg, uft('l' 1 Hnd 2 
years in lhe bUTul stuge, A sirnilnr \":Lriution O('('u[Ted with the 
femall's, cx('ppt thnt thpiw were [tIl h(·tlvier', jncl'l'asing from un an'r­
nge of 3H to 82 mg, by the third ~n'nr, a£l('1' which no significant, in ('I'('ase 
in wpight W:1S lloted, ,Yhel'c tlwre is ('onsidemblc (,OIlllll'tition for 
food, as in tile ('ugrs, it is natural to PXP(}('t it lightN weight HS {,Olll­
pnr('d with adults that as if11'YfH' had b(,pn ('onfillet/ indi\"idually in 
saln (,Hns, ~\Iso, Inrvac that ('ompld(' th(·ir life ey('lp in 1 year 
would 1)(' ('xpeet('d to transform to small adults, eonsidpl'ing lhe short 
dlII'1ltion of thpir f('('ding ppriod, 

To obtain nduilionnl datiL 011 the drp(,ts o[ \"ilriollS qunntities of 
food on tilt' \n·ights of lan-nc und adults, a number of w('i~bings W£'l'C 
made of indi\-iuuuls in tbe rearing scrips of 19;~:3, ('\)(Jsisting of 3 
groups fed 10 an(120 k('['[]!'ls of wlwat monthly, un(110 k('[,[]pls monthly 
excppt from O(,tobl'l' 1 to ~farch 1. Th!' larvHl' weI'(' w('igh<,d on ,JUly 
5, 1934, and t,lw StUll(' w\wn adults (2-Y('HI' c'y<,l(·) shortly nfter they 
l'Ill('rg(·d in S('pt('mbf'l' n,nd O('tob('[' of the SHill!' yl'lll', The {'('slIits 
f\,l'P gi \"I'n ill tt1blc ;3;), 
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TAlII,E 35.-Effrcl of van'OIl.~ qllalllilies of food on th6 length alHl we£ght of 'IIlatliTe 
laTvae of the slIgal'-bl'('{ win'worm. rearcrl in .~alvr. callS of the 19.'J8, 2-1/caT-cycle 
group, and On lhe weight of the same hldivicillals afla emcrgcncc as adults, Alham­
bra, Calif., 1938-81,. 

(lHOt;P 1, FI':n IO KEH~~;LS O~" WIHa'!' )IOX'I'llI,Y 

~l1l1lh('r of Adults'rr(·ord~ 

Time hln'uP hntched , A \'-(lrng:(1 l(;nl!~h ..:\ n'nl~ll \',1('ight! ~-\ v('rnf:!o wl'ip;ht 
;\!nlcs Fcmll�cs------''·~-' ----'------­

: )!lIles :~·('mllles: )[nks F('mllics' )[nles ,Females 
" ______ ~_.___ ' _ _>__ ~_. _______1__-

Ellrlyl...• _,_., .. 
lntcrlllc<iinte '._" 
Lnte l _, ___ . __ 0_. 

4 
7 

.Ililli· 
melus 

21,11 
21.5 
IO.~ 

,\filii· ! Milli· 
meier& l graT'!.'J 

?5.0 I til 
24,0 ' 59 
24. I 50 

! 

' 

Mil/i­
qmms 

101 
95 

lUI 

Mill.· 
(lraJlu

44 
47 
41 

.I!il/j· 
uram.' 

78 
(it) 
79 

'1"otnl or n"eru~c 10 13, 20.S 24.:1 ;'7 ' 99 ,·1 

GHOt'!' 2, FEn 20 KERXELS OF \l'IIEA'1' ;\IOXTIlLY 

·1 5: 22~2 25. t ~ (jij! lOS! 
3 r.' 20. a 2:1.3 ' 05! I Iii 
4 Ii 20.0 2·1.2 Ijo HH, 

Jl 17 20.9 j 2·1. ';! 100 , 

GHOFP 3, FED 10 KEHXELS OF' WHEA1' )[OX'l'IIT,Y EXCEl''!' FRO:'[ OCT. TO 
;\IAUCH I 

gorl)" __ ~ i , lS.O I 21.1 

--~ 

70 I :\fi fl~ 
11It~rllli'diat<1 Ii :1 IR.a W.7 no i 45 ~i 

l,flle .. 2 , S 10. .0 i ~'O. I frt 44 t'i2i 
........-.........- --- -.- _._------ --- ­-.".~.- --.-.~-

1'ot31 or average II IS I~.a 20.·1 49 67 ·12 fj2 
_. _... -_ ... 

(; rnnd LOllll or ''''crn~(' .' 32 53 ~'O 23 57 01 ·15 i3 

I ~r(ltlstlrern(,Jlt~ and wei~hing:'i uf lun-nt\ ntndo on July 5, 103·1. 

'Adults wci~hcd durin!! September lind October 1\1:1-1. 

'Apr. 5-10, inclmin'. IV'la. 

• Apr. 23-28, Inclllsl\'c, 1033. 
l)lny 2O-Juoo S, iIlClu<;h'~, 1933. 

'rhesc datn show (,O!H,;lusi nly thilt UIl' \n·igh t of tlH' lill'vne prior to 
pupntion lind that of th(' ndult fife gOn'l'!led by the qllnntity of food 
ncecssi ble d ul'i Ilg thp In I'nl.l IH'l'iod, 

LOXGg\'ITY OF ADl'lJI'S 

1'h(' dnta 011 long-f'yitv CO\'!'I' onlr t.he length of liff' of ndults from 
tinw of mntillg unl'il dl'tllh, nnd do (lOt ill('lu(lc thl' ulldl'tcl'mined time 
of ndult life SIH'llt. in the' soil fl'om tl'nn~fOl'lnati(ln ill till' ~Ullm1('1' 01' 

fnll to (,l11('I'gPlwe, wh iC'h I'illlg(':; from .'5 lo () mOil t hs, rill/ned iuti·ly 
nft(·), pllil'R hnd mn(pc! thp}, \\'('1'(' placpd pith('r ill suln' ('lIIlS nnd ('on­
firwd in til(' hns('nwnt 01' ill oviposition (':I1;('R which W(,I'P s('l up olll ­

doors. Th(, ('ontninprs \\'('1'(' fillf'd t wo-tiJird" full with Roil thnt hnd 
bf'('n ['Ull thl'Ough n, (lO-l1wshsC'l"('(,n und which ('ontnill('d I1.PPl'oxilllll,[ply 
]2 p(,),C't'nl of 1110istUI'(' by w(light. ~o food WflR pl"Oviti('d ill ('ith<,1' 
kind of ('ontflill(,I'R during- til(' lif(' of tilp adults. 'I'll(' soil W:lS ('XHmilH'd 
Hl1(l ('hl1.l)O'('d <lnilv unlll til(' fjn~t ('gQ:S W(,I'(, oi>tnin('(l I1.nd th('I'pnfu'l' 
ut \\-el'kly;inU'n'llls until ri('fllh of lhi- ndults. 
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TIl(' length of life of n.dults vuri('d considpI'nbly, d('ppnding 011 the 
t('Inpel'uturp in th(' locution in whidl the puil's WPI'I' confinl'd (tn.ble 
36), Bn.sement temperntlIl'es during the sensons of 1931 und 1933 
were ('speciully fn\'oruble for l!'ngthening their lift' I)(,l'iod, wheI'('us 
!'xcessinly hidl temp(,l'Iltnrcs in 1932 cnused cOllsi(\!'I'flbll' enrIv mor­
tulity, The compnl'ison for the tile-cngt'-l'('ul'ed group wus 'not so 
striking, but this will be explnined Inter, 

T.UILE 3B.-Longevity of adults of the sligar-beet wireu'orm frolll 1//aNII(1 to death, 
when rcared under different condiHons, Alham/lra, Calif., 1981-8~ 

REARED IX ;:AL\'E (,A~8 IX BASIDrEXT 

Females 

----.----------_._----.---

Yenr Longe"ilY 1.on~e'·iIY 
: Records -.-----.--....-~- H,'eor'l. -"-_.. '--'--' 

Aver· 
age 

:\[nxi· 
mum 

:\!ini· 
mum 

A '·cr· 
ng(' 

:\ [Il xi· 
lIlum 

:\!illi ­
mum 

1011 
19:12. ~._ 
19:13 .. 

Xllmber
IS 

- - - ~ -. - - - . i 11 
-.,. -~ -. .. - 5 

Davs 
43.1 
25. U 
,,1.0 

Day., 
91 
H 
"8 

DuV,' J,''''umber : 
:10 IS 

:II ! 11 
2S 5 

Duvs 
M.S 
39. ; 
f.U 

Dav.,
SI 
50 
tl8 

Davs 
:10 
:~2 
52 

34 39.0 91 :14, 51.2 : bl 30 

HEARJo:U IX 'rILE ('AGES Ol"rUOOR$ 

1931. 	 10 Zl.:l a8 10 10 43.0 66 3319:12 .. 	 10 !.~.o :19 9 JO 3fi. i ·I~ 2~
1933 1:1 . 23.6 . H U 1:1 42.;; 59 ! 2~1 

-~-!---~--,~-- ~~---.--~.- -~.--.~-- -... ----.-,~ 
Tom! or 8 wrn~r :l:l 23.0 44 9 :l:l ; 41.0 t~; 24 

HEARED O('TDOORS I~ sex IX :;AIXE CAXS A~]) 'I'll.}; ('AGEii 

1932 .• 	 9 !l9 2 ; U 4~17.9 	 39.1 21
19:13 . 	 14 36.0 112 -; 14 5.1.4 66 3919:14 J2 2:).5 39 12 I:J 4a.5 50 

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

a5 

36 27. j' 52 2 36 40.2 21fill 
"-~~'- -~-,,-

HEARED OeTl)()()Hi; IX :;HAUE l~ :'AL\-}; CAXS A~U TILE (' ..\()1-:8 

19:12 	 Ii 28.4 40 fl ~ ·15.9 ;:1 :12 
_. ~--------~ --~-.-- ---~- .-~~-------A\'('rnge, 1931 to 1934,

iIWlusivc III 29•.., 91 2 III ·16.2 SI 21! I 	 I 

Adults ('onfined outdoors in thp sun in J{):32 IlPPf'HI'l'd also to hn\'c 
I)('('n uf!'('ct('{1 by nbnonnally high ml1ximuIl1 tpmp(,1'Iltul'('s which IH'(,­
vn.iled during .Fehl'llill'y nnd eill'ly ill ~IIlI'('h, ).Inlps ('spt'ciillly \\'(,I'e 
less 1'('sistnnt to the h('nt, ns is shown by t/tp 2-dilY 1'('('0 I'd , til(' shot"tpst 
in nIl gl'Oups dlll'ing thl' 3 YPIlI'S. DUl'ing pPl'iods wh('n high t('IllI)(l1'll­
tUI'CS pl'evllil it is nutul'i1l to l'XP(·ct Illl n.dult mig1'lltion to fiplels ('011­

tnining COWl' CI'OPS 01' nUnlfa, To dd('l'millP the iongpvity of ndults 
sl·cking such shelter, oyiposition cngl'i' W(,I'p S(·t up in un ulfalfl1 plot 
udjnc('nt to thl' lu.bol'ntoJ'Y, the l'esuIts of which i1I'(' S!tOWIl in tnhl!' 3fL 

)'lost of til(' ndlllts l'('nJ'NI in snh-p ('nIlS \\'Pl'(' Illutpd in F('brllnI'Y nne! 
enrlv in ).{i1rch, wlwl'pns thc grf'llter ntlIlllwl' of til(' till'-n'!lI'('d lidults 
COH:I'gpd and W(,l'p mntNI from 2 to 3 \\'P('1\:5 Intl'1' und lind during (L 
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pel'ioel of slightly higher temperntures. In addition, the higher tem­
perature of the soil in the tile cnges, especially n('nr or 011 the surfnce, 
which the ndults would encounter ns they migrntNI ulm"arc! or after 
they had rench('d the surfnec, would nssist in shortening the life of 
tilc-real"(~d nd u Us. 

SEASONAL HISTORY 

The scnsonnl history (fig. 30) varies from year to yenl' nccording to 
tho tempern.ture in the diffen'nt loenlities and the typc' of soil. In 
the more sandy soils, which l"('spond quickly to temp('l'!lturn citnng('s, 
emergence of mnles hns occurred ns endy ns F('brunry 5, followed by 
females on Februnry 13. In the heuvieI' soils mnl(>:'; hnn' npp('ur('d 

JI.L
EMER E fROM SOIL 

\ 

JAN. n:B. MAR. AF q. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 

FIGURE 30.-Seasonal hi..tory of Dimanills cali/amicus in southern California. 

on February 20 and fcr.lal('s on ).[nrch 1. The p()uk of ('mergence in 
the field genernlly occurred betwe('n ~Inrch Hi nnd 31 and in the tile 
cages between ~[arch 5 nnd 19. Emergence in the cages terrninatN1 
on April 4. ~Iating uSlHllly tnkes place immediately nfter iSSll!lnce 
from the soil 

In the laboratory bns('IlH'nt ('gg laying begnn 011 February 17 and 
in outdoor cages in the sun on ~[arch 3. The p('ak of oviposition 
occurred between ~'Iarch 15 and 31 and terminutNI on ~Iay 18 in the 
sun, and on .May 28 in the shade. Hntching contintlC'd oyer n p('riod 
of 78 days, from ~;[arch 23 until June 8. 

A few of the earlier-hatched larvae complet('d d('velopment the snllle 
season and the majority matured the s('cond yenr, but some of tlw 
individuals under obselTation rNluiIwl 3, 4, or .j y('ars. Outdoors 
in tile cag('s the perc(~ntnge maturing the first yenr was considernbly 
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higher than with those reared in the Illbol'lltol'Y basl'nwnt. with a 
correspondingly lower percentage of secon<l- amI thinl-Yl'ar indiyiduals, 

The first pupa was recoverNI on ,July 22 nnd tilr last on OctolH'1' 27, 
the peak occurring during thr pC'1'iod from Srptl'mbrl' 16 to 22, X rwIy 
transformed adults WC'1'e obtainrd from August 12 until ;\oyrmber 21. 
If not disturbed by cultural prlH'tirl's, the adults l'rmain in thrir pupal 
cells until Drcember, During this month mOn'Il1pnt sul'fac('\\'ard 
begins, with till' males slightly'in iHlvan('r of till' fl'ma\rs, 

.\":\Tl:RAL CO~TROL 

Gmf (,1) lists numerous birds as enemies of adults of tlH' sugar-beet 
wir('worm, Among thesp the CillifoI'l1in shrike (Lanius /zu/(n'icianus 
{jambeli) was found to be the most important. The cnmbicL ('alosoma 
cancdlatllm Esch, was espe('ially nllnnble in cl('stroying the beetles 
that had nc('umulntL'll und('l' old IH:'ets for pl'otrction, Frequently 
S(,Yl'I'fLl of thl'sl' ('am bills, with the remains of Limonius calUorm'clls 
adults. '.'.-ould br found underneath lllalya traps used in trapping the 
adults, A !lumb!'r of these carnbicls were pln('ed separntC'l~- in !Jattery 
jnl'B :lIld supplied with n slIrplus of dat<.'rid bl'eth's, O\-pl' U pl'riocl of 
;)0 <l:n-s hl'tw(,l'll ~rul'eh 2(i and ~[llY 14,1934. the number of wirrworm 
Ildlllt~ llpstl'oypd daily rang-rel fronl an incli\-idunl unrng(' of 2,0 to 4, 
with :1, minimum of 1 and a maximuIll of 19, ThE' gl'patest number of 
wil'l'wol'm adult,; kill('<1 'WHf 202 ppr hattNY jar, and the Irust 130, 
Thpsp snmp pl'{,d:1tol's n.lso dpstl'oyp([ an HYPI'nge of 20 host liuTne 
IWI' dn~- PP!' bnttl'IT jnr, Thesl.' IllITttl' h:1CIIH'PIl intl'otitl('('d 11(':11' the 
1'11(1 of the pmN~l'n('p 1)(,I'iocl when hrdl/':; wel'l' 5('lll'('(', Grnf (,~) 
also found thi:; spl'cil's with til(' 1'('mnins of injul'('d win'\\ Ol'JllS in the 
RpM, TIl(' cumhids \\'!'I'P ObS(,ITP([ in thp 1i!'I(l thl'OlldlOllt til!' Plltil'C 
l'l1H'I'g-l'Il(,(' pl'l'iocl. ' 

H!':lI'Nl adults \\"('l'(' fl'('(lUl'ntly found attach(l b,\- t'UI1g-U,; but 110lH' of 
th!' thousands ('oll('ct!'cl in till' liPId nppeared to 1)(, nfl'ectt'(l. H('il\-Y 
l':tin:; Ul'e of littll' '-HllI!' us n, contl'olling JnC'tol', Adults thnt hnd b(o<'n 
tl'ilpp('d under l1Wh-:l plucp(l in shttllo,,- pits W(,I'I' dl'pnchl'cl hy a 2-illch 
rninstol'lH on'l' fL 24":.l!oul' ]wl'io(l. hut tlH'~W nplH':1l'pd nOl'mal :lnd Yl'ry 
actin' whl'!l l'x:nninpd on tlil' followillg du.-, 

'fhe lal'YtH'. I)('in~ innrcpssib\p nn(l:in ridditioll. hl':1\'ih- eilitinizPI1. 
5('(,11l('<1 to hI' I'n til'('1,'- 1'1'('(' fl'OlH a ttacks by in t('l'n:11 pH 1':I';;i t(';;, Bottt 
Grnf (.~) fln(t till' wo]'kp],s t1t .\JlllUnbl'll, ('nliL. h:Wl' l'Xnmilll'(l tho\l­
sanels of IU1'\':11' without finding- n sillgh> p:lnlsitizl'd il}(li\-idu:1l. 
Along- tll!' spa ('Ol)st gulls und (,I'OW5 followed th!' plows in lnl'gP nllm­

1)(>1';::, appnl'('lltly fl'edillg Oil tlJ(' wil'('wol'ms hrought to til(' ";OrrIH'(', 
Fungi and huet('l'il) ([('stl'oYl'd a, smull numhl'1' of thl' 1:\1'\'11<' nml 

pupal' 'conlil1('c\ in snln' (,:Ins: hut th(T W('I'(' 11(,\'(,1' Oh";l'ITl'd nil fil'lcl­
('ol\('ctpcl mntl'l'inl. Eggs \\"I'I'l' fl'('(lIlpnt1y uttar\.;:l'd b~' fungi in suln' 
cnlls, pSI)('('iall~- w11('11 thl' btt(,!, :mcl thp soil IItHl not 1>('('11 ,.;t!'J'iliz('(l. 
The bttetl'l'ia 01' fungi W(,l'l' not idl'nti(i('(l. Lal'\':1P (,OIlfilll'(l in 110\\'('1'­

pot~ and in tile cng,l's WI'I'(, oftc'n foundh(,:t\-ily infp;;(l'd with mitl's 
(family 'rYl'oglyphidtlel. but tll(,S(, aplWlll'l'd not to 1mV(' nfl'(,('t('<\ til(' 
lal'\'ap ill the trust. as UWY fl'd nne! )}1oIU'd HOI'malk, 

Probably tlt(' most nlllHthll' 1ll'l'dtl('iolls ('Ilemip,.; 'of tiLl' ,.;ttgtu'-h(,l't 
wil'(,wol'm nn' till' lalTilP of P,~iln('( pita/a frontal is ('ok (I li Ptr'l'O us 
fnmil? Thpl'C'yidilel. Thl's!' pl'!'Clatol's 111'(' lon~, ,,1(,[\([l'l', nnel whitish 
ancl, bring soil inhabitill!!:. tlwy 111'(' fl'('qllrlltl~- mi,;(nkl'll for ,,-i!'<'­
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worms. They pierce the heavily chitinized integument, usually near 
the middle, and suck the body juices. Ten therevid larvae collected 
in the field between :Mn,y 18 and 27, 1931, were confined individually 
with wireworms in salve Ct"tns. Together they destroyed 33 wire­
WOlms between NIay 18 and the time the individuals began pupating 
OIl June 1. Twenty-one therevids collected in the field on :March 16, 
1933, killed 70 mature larvae of Limoni1l8 cal~fo7'nic1l8 over a period 
of 50 days. One individual killed 9 wireworms. The therevids used 
in thf:se studies were almost mature when collected. Judging from 
the number of wireWOInlS killed during the short time the therevids 
were under observation, tll£'y are undoubtedly responsible for the 
death of a large number of ,v--l.reworms in the field over their entire 
larval period. Further investigations are being conducted on the 
habi ts and biology of this insect. 

SUMMARY 

The sugar-beet wireworm is distributed tlu'oughout the irrigated 
areas uf all the Pacific Coast States and causes severe injury to sugar 
beets, lima beans, potatoes, and many other vegetable crops. Damage 
to most of the affected crops is caused by the feeding of the larvae on 
the germinating seed or on the young plant. ,Vireworm injury to 
potato tubers often causes them to be clnssified in a lower grade. 
Seed potatoes mny be burrowed into or injured by the larvae to such 
an. extent as to necessitn,te replanting. 

Injury to crops may begin early in February and continue through­
out the spring, and evpn during the summer in fiplds under irrigation. 
With a decline in soil temperatures in the fall, lan-al activity is 
resuIlwd, with resultant dnmage to crops as late as into October. 

Dissemination of this species is mainly by flight. Winds may 
assist in carrying the adults considernble distnnees. 

In moist top soil 50 percent of the eggs were laid in the first inch, 
whereas when the surface soil was low in moisture most of the eggs 
were laid between the 2.!f- and 4-inch levels. 

The incubation p('riocl for eggs deposited in February Iwemged 
35.1 days, for ~[urch-deposited eggs 32.2 days, for April-deposited 
eggs 30.7 days, and for eggs deposited in ~.ray, 27.2 days. The 
range of the incubntion period was from 23 clays for eggs deposited 
in ~;fuy to 46 days for eggs deposited in February. Eggs hatched 
over a period of 77 days, from :\Iarch 2~ until.JunC' 8. 

The dumtion of the larval pet·jod in salve enns averaged 171.1, 
502.8,857.8, 1,233.8, and 1,589.7 da,ys for those IUILtm'ing in 1, 2, 3, 4, 
and 5 yeat·s, respe('tiwly. ~Iales had a slightly shorter larvnl period 
than the females. 

A constnnt tempC'l'Uture of 800 F. accelerntecl larval dcvelopment 
and caused irregulnr pupation, whereas at a constant tempemture of 
70 0 development and pupntion werc in accord with the rearings ('011­

dueiC'd n.t basement tempC'rnture. 
There was no difi'erenee in the mte of developIUC'nt of sl!b'ilr-beet 

,,,--l.reworms fed lim.a beans, C:,rll, or wheat. A group of larvae existed 
on a monthly diet of lke-m('], of wheat for a period of 4 years. \Yhen 
a portion of these Inn-ae wpre fed 8 kernels of whent in the spring, ull 
pupated hy fnll, whereas in the g;'oup continued on 1 kprnPl ppr m.onth 
a few pupations occurred, bllt the mnjority ('ontinued as lalyae into 
the next year. 
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No significant relation existed between the length of larvae and thE' 
time of pupation, nor can the length of lan-ae be used in estimating 
their age. 

Larvae 3, 4, and 5 months old ('onsunlPd, on an axerage, more food 
during the months of July, August, and September than at any other 
time of their life period. Although small, they appar('ntly al'p respon­
sible for n, large share of the damage inflicted to fall-piullted vegetable 
crops. 

The number of instal'S ranged from 10 to 13 for wireworms supplied 
with an abundanee of food and eompleting deY(~loplnent in 2 years 
under fn,vorable eage eouditions. Cnrler adnrse eage eonditions, 
Ilan-n, died after eompleting 22 molts in the eomse of n, 5-year cycle. 
During the first ye.u· of lal'\-allife acti ,-ity was greatest and the dura­
tion of the instal'S shortest. 'Yith less acti\-ity during the winter and 
in the following year, the an~ragl' duration of tIle instars was increased. 

Of larvae reared in salve cans and fed nlrious kinds and quantities 
of food, 4.1 percent matured in the first F'ar, 80.7 percent in the 
second, 13.8 percent in the third, 1.2 percent in the fourth, and 0.2 
percent in the fifth .. In outdoor eages -:1:.5 percent lllatured in a I-year 
cycle, 13.7 percent III a 2-year cycle, and 0.7 pel'cent in a 3-ypar cycle. 
A total of 81.1 percent of the lal'Ytle l'eiu'C'C1 in outdoor cages were 
either the vietims of eallnibalisrn or died from natural eauses or 
inj uries reedved when handled. :'lore of the early-hatched larvae 
matured the first year than of the late-hatched, in both sah-e eans and 
outdoor cages. 

The prepupal period anraged 7.6 days. Females rem.n,ined in the 
prepupal stage for an ayel'uge of 8.6 days and males 7.4 days. The 
earliest pupation in sake callS oceulTed on JUlH' l~, in 1934, and the 
last pupation on October 27, in 1931 and 193:3. TlU' sensonal peak 
ranged in different years between September 1 and 22. The pupal 
period ranged from a minimum of 13 days to a maximum of 3-:1:, find 
avel'Hgecl 21.4. In outdoor cages the a\-emge depth of pupation was 
10.5 inches, the mininlUm depth 4, and the maximum 2'1. 

Emergence of adults in the field was obsen-ed as early as JalllHllT 
25 in Los Angeles County and Febl'Uary 1 in Ornnge County. The 
peak of emergence, bilsed on sw('epings of alfalfa, occulTrd in the 
period ~larch 16 to 31. 

If not disturbed by cultural pl'Hctices, the adults remained until 
December in their pupal ceUs in the soil at IHl a ycrage depth of 10.5 
inches. During Decrmbrr a monlllrnt surfacewurd began, nncl by 
January 31, adults W('I'(' found at an an'l'age d('pth of 7.5 indl('s. On 
February 20 they wen' found at an a n'rnge depth of 4 inc-hl's. In this 
mO,-PlllPnt upward Illales precede the frl1lales b)- SP\-(>l'fll inchps, thus 
accounting for thl'ir enrlier appparanee in the field and in outdoor 
cagrs. 

The beginning of adult emergence is g-oH'I'lwd by till' soil tempern­
tures dUI'ing Df'(~em.ber tlnd ,January. Low temperatures dl'layed til(' 
appeal'Unec of til(' adlllt~ to :'1ureh 1, whcreas big-h temperature., 
causNl the earliest ('J1lPrg('l1c'e (.January 25). Although the peak of 
emel'gel1ce paC'll ycal' Y:lrirs with the tem[)('rnturc', ttl! suC'll peaks 
OC'C'UlTNI during- tit<> p<>riod from Frbruary 27 to :'flll'ch 19. :'lales 
were nlways mol'(' numerous durillg- the first portion of the emrrgellce 
period. Adult rIlu'rg('IU'P d ul'ing- all tIll' }-pars wlwn til(' obsernltiolls 

'" reported in this bullptin wert' undpl' WtlY tel'minatpd April 2, 3, Oi' 4. 
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The proportion of females increased with the length of the larval 
life, from 7.1,48.7, 59.4 and 66.7, to 100 percent for individuals reared 
in salve cans and completing development in 1, 2, 3, 4, and 5 years, 
respectivC'ly. For those reared in outdoor cages, and completing 
clevelopmC'11t in I, 2. and 3 years, thC' pC'l'centnges of females were 
32.2, 55.5, alld 60, respectinly. 

The dUl'ation or the preoyiposition period outdoors averaged 11 
days. In the basC'mellt the anrage for females reared in salve cans 
was 5.2 clavs and for outdoor-cage-reared females 6.1 days. 

Females'reared in salye cans and outdoor cages and confinecl in the 
basement after emergence deposited 57, 20.8, and 10.6 percent, or a 
total of 88.4 percent, of their eggs in the first, second, and third weeks, 
respectively, after oviposition began. Outcloors in the sun, the per­
centages of eggs deposited were 50.8, 22.5, and 11.5 respectively, 01' a 
total of 84.8 percent for the first 3 consecutive weeks. 

Dormant adults reared in satn cans and exposed to a constant 
temperature of 80° F. for 1 week mated ancllaid eggs 6 weeks previous 
to normal oviposition in outdoor cages. Adults emerging dming 
:\farch and held at a constant temperature of 40° mated im.mediately 
when removed on September 3, and deposited fertile C'ggs. 

In the basement the earliest egg deposition was on February 17 and 
in outdoor cages in the Sllll on :\larch 3. Oviposition terminated on 
:\Iay 18 in the sun and on :\Ia3- 28 in the shade. The avernge nmnbpr 
of eggs laid was 268.1, and the m.aximum of 704 eggs WitS laid by a 3­
year-cycle female re:U'ed in a sah'e-can cage. Adults reared in out­
door cages averaged 228.6 eggs as compared with 346 eggs for females 
reared in salye cans. Outdoors in the sun the average number of 
eggs laid was 208.3. 

The uyerage oyiposition period in the basem0ut for females reared 
in outdoor cages was 28.5 da3's and for females reared in salve cmlS 36 
days. In oviposition cages in the sun 28 clays was the average and 
in the shade 35.9 days. The ayerl1ge for all years was 31.2 days, the 
maximum 75, and the minimum 7 days. 

~\Iale long<,,-ity iLyeraged 29.8 days and female longeyity 46.2. The 
muxima were 91 days for a male and 81 for it female. Adults Teared 
in salve-can cages li,~ed longer than those TeitTed in outdoor cages. 

Listed as important enemies of the sugar-beet wireworm are Colo­
soma beetles, birds, fungi, bacterin, and dipterous ImTae of the family 
Therevidlle. 
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