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RELATIVE IMPORTANCE OF THIS WIREWORM 

. ,·'rhe wire,vorm Melanohts lO"7l[ful118 (Lee.) S ranks next to the sugar
~t wireworm (Lirnoni~(,.s caZifornic11,s Mwm.) (8)4 as a serious pest 
o~vegetable and grain crops in southern California. 'l'he larvae of 
tliis species damage ~ermlnating seed, either by eating the elltire COll

t~~ts or by c1estroymg the germ. The larger seeds, especially all 

~:Submittei1 for pnhllclltion July 20. 1943. 
• Acknowledgments are due R. E. Campbell, under whose dlrer-tion this work wns con· 

ducted; K. D. Sloop for assistance III the rearIng Work during 19:32 llnd 1933. Acknowl· 
edgment Is also due ~lllr.v F •.Benson "tor the drnwlngs of the lan'al. pupal, and aclult stngCft.
The authors are CBpeCllllly Indebted to ~i. C. Lllne. In chllrgc of wireworm inl'estiglltlons at 
the Wnlla Walln. Wash., laboratory Of this D\\'lslon, and to H. P. Lanc\wster, of his stalf. 
tor pr.eparing the descriptions of the \a,,·al. puplL1, nnd adult, stages of Melallot..., 
[01l1l1l[1I8 (Lee.). 

, Order ColeoPtern, family Elntcrl<lne. 
'ItlIlic numbers In pnrentheses rpfer to Literature CHed, p, 2fl. 
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varietjes of beans, COrll, melons, and wheat, are most susceptible to 
attaek. Roots of growing plants may be eaten off or the larvae may 
burrow in and up the center of the stem, causing the plant to wither 
and eventually fall over. Older bean p"lants often withstand this 
form of attack, but the quality and quantHy of the beans produced 
i:> lowered, owing to the weakened condition of the plants. Many 
lima bean growers -whose fields are heavily infested are compelled 
to replant aU or portions of their fields each year, and occasionally 
these second plantings tyre badly damaged and thct yields greatly 
reduced. (trowel's expel'lence another large i1nflualmonetary loss by 
the planting of additional seed. Years ago from 50 to 70 pounds of 
lima beans were planted pel' acre, bllt now, because of greater damage, 
this quantity has been increased to 90 to 110 pOllnds pel' acre, The 
larvae damage young sugar beets by severing lhe taproGts and also 
feed on the older beets up to harvesttime, Potato seed pieces may 
be injured severely and later tlte tubers may be bUl'rowed into, ren
dering them unfit :for markHing. The larnll' also feed on the stems 
and roots of tomatoes and cl'llC'iierollS crops, causing cOllsillerable 
damage. 

J.1!elanotu8 Zongullis may b~~ :found in aU types of soil, both irri
gel ted and nonil'l'igatetl. It often attacks lima beans 011 steep hill
sides where the soil is extremely dry during the summer and early 
fall montll~:' Siftings made in irrigated beanfields clurillg the spring 
of 1932 and 1933 in Yf'lltura Counly show('d that an flY('rngc of 24 
percent of the la\'\'ae recovered were Jf. longulus and the remainder 
-were Limonius calijo7'niclt8. 

Because of the lmportal1ec of Jltlanotu8 {ongultlR, 1i:fe-history 
studies ,,-ere begun in 1931 at the Alhambra, Calif" laLomtory of the 
Eurcau 0.[ Enlollloiogy amI Plant Ql1al'lllltine of the United States 
Department ot! Agriculture and -were eontinued dming the period in 
which the life-history stuclies (8) of the sugar-beet wireworm were 
condntted, up to 1937. A report of these investigations is presented 
in this bulletin. 

DESCR[PTIONS OF THE STAGES S 

'IIIK ADl'LT 

(l~lg. 1, D) 

~1ALK 

Length R-l~ mm,; width 2,:2-8.2 mOl, 1;'01'111 plongalc paI'allel, inlegulIlcnt 
Il1(1demtP[y ,:hilling; ('0[01' alloy!' hrown to dark !'('d-!Jt'own, beJlP:lth YPI'y little 
lighWt·, hut :tntC'lllltte and [<'gs lighter t!Jan I'P!;t of bolly, Vpstilm'c browniSh 
gray, 1Il0cll'I'n tply long ahon', long!:'r I.H'IlPHth, hut nol oh:::curillg shjn~' surface, 

Head qU:lIil':ltt" marsHy umbilicu«'ly pUllctu\,pll; frons Slightly pon"ex: fit 
,,('rtex: to Hat hptwPl'lI Pyc:', and :::'HlIP\\'bat l'OtH'a,-e rwar elnwal margin, whic!J 
h; sli!.\"htly l'pJl(>xeti Ilnd pI'!Hluc<'d on'1' nasnh'; lJasn!p III1ITO\\,PlI hy <1Cl'jJ latcml 
pit:' which art' inlll'l}Putll'nt of :l1li:l'lIl1ai illlprp,,;sio\ls; antennae Oll[~' sligbtl)' 
longPl' than 1)rOII')t1\ll1 at po:,;tpl'ior [al!:'r:!1 nllglp>:, ::il'C'ull(1 alld Ihird s('!!Il1l'nts of 
similar shallt" third only slightly long-Pl', f;PPulHi ana ihir(] togt'ihel' about s:mie 
ll.'ngtlJ as fourth, whiph if; tl'i:tngnlm' and tnotl' SClOi;t', fourth to I-('nth trillllg'uI:ll' 
!lnll setose, last s('gmcnt oblllng-o\'tll, thn'e times U:3 long as wide; rnl\1lClibles 
with del'V elongate pits near ba>:t'. 

• D,>S('I'iptiollS of Inn'n, PUPil, llm] adult by )[('Tton C. Lane nnd rTol'llce P. T.nnchcst~r, 
of thl' Ui\'i~ioll of 'I','ucl; C'l"'ll 1111,1 l:nrd"11 IUM'l't hl\'l'sti~ati()ns, L:url':l'l or EntoIl1010!;~
and Plnnt l/Ulll'llIlliIw. 



3 LIFEl· mS'l'ORY OF THE WIREWORM 

a 

FIGURE 1.-'l'he wireworm j(elulIotus 101l!llllu8 . .<1, egg, X22. B, larva, X6: 
a, Mandible, dorsal view; 71, head capsule, ventral vlrw; c, spiracle. 0, pupa,
X5. D, adult, X6. 

Pronotum about as wide as long, widt'st posteriorly, sidC's USU:llJ~' ;;traight, either 
parallel or slightly narrowing from near posterior angles to one-foUL·th fro III 
tulterio .. margin, then arcuate to antf'rior angles; posterior ang[C's stmigllt, pro
du.;oed and slightly dlvrrg('nt, with strong carina ('xten(ling antrl"iorly nbout 
Otl>' ~~• .rIll lengrh Of IJrOnotull1, slightly dinm:~E'nt inward from margin, basal 
mi'.dan imprei'sionmodrrHte and short, suld uf busnl margin ('y!(lent and par
Imel; sUl1:ac(' 1ll()(I('rat('[~'1 (l'm~(\ly. shnllowly nmbilielltL"-pullctn Ie, punctures 
less deus!;' on summit, 1II0re so 011 sides. Scut('liullI lint, slightly oblong, densely 
punctate /lnd PUQrscrnt ns on sUlllmit of proIlotum. 
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Elytru as ,~Ide as pronotum at posterior allgles amI about three times as long, 
sides pamllel to posterior third, slightly arcuate to nJ,lices, which are rounded; 
strine shallow, with moderately deep, oblong punctures, intervals fint, .with .two 
inegulal' rows of fine punctures. 

Propleura densely, deeply punctate with olpiong punctures; sternopleurul plate 
excavated lInd flared In front, grooved nearly one-half distance to pl'ocoxae; 
posterior margin of propleul'ae with rectangular notch neal' produced hind 
angles, which are usually rectangular. Prosternum mo(lerntely densely and 
dl'eply punctunte, except prostel'llal lObe, which is IJrominent and nearly impunc
late; mucro flat Ilnd punctate between coxae. l\IetusternulU und ubdomen mod
erately finely, sparsely punctate, exc'!'pt on silles, where punctures becollle deepeL' 
nnd oblong, antI on last se~\'lIel1t, which Is deeply, de:lfl('ly llunctllte. 

FEMALE 

Length 10-.13 mlJl., width 2.·,)-3.S lllIll. Dil1:el'ing "Ny little frolll male in color, 
and only slightly larger; thorax sOmewhllt morc t'UIIYPX in g('lIe1'lll lind with 
sides more rOl1lld('(l in 1lI0st spt>cimens; HlltenIllle $lio;htl,\' shorter than thorax, 
middle segments shOI·tt>r than in lIlllle alld wholly lacking the erC'ct pubescence 
on inner lllllrgin of fourth to eleventh segments which is IIlwnys present in males 
Hnd can be used to distinguish sexes in this genus. 

I.JeConte (4) described this species ill 1853 from specimens collected 
near San Diego, Calif., the type now being in the Museum of Com
parative Zoology, Cambridge, :Mass: Othf!)' material examined was 
all from southern California, as follows: Ventura, April and May 
(Stone) i Temple, :March and April (Stone) ; Santa Ana, April i Palm 
Springs, May; Burbank, Pasadena, J\'hy; Victorville, June; Provi
dence j.\Iolllltains, San Bernardino COllnty, ApL'il; Avalon, .June; 
'Yarne,t·s Springs, :May; and Indio, Ma.rch, Spccinwns from Arizona 
!lnd southern Utah in the Lanc colledion are probably this species, 
the only c1ilfl'l'ence being the smaller size and lighter-brown color. 

In 1861 LeConte (5) also described Mcla'lWtu8 va'riolatu8 from speci
mens collected at San Pedro, Calif. (Bache). The type of this species, 
also in the Museum of Comparntiye Zoology, is a. female, and is proh
ably the female oJ lV. longulu8. 111. 01'{'golWmri.9, described by LeConte 
(4) in 185:3 from Ore~on, will have to be considered a distinct species, 
owing to differences III distribution ancl in the male genital orgflnR. 
The aedeagus of the type male is distincUy different :from. thilt of 
M. longulus, the outer angles o:f the lateral lobes in M. oregonensi8 
beil1l? .elongate arcuate without semblance of angulation, with the 
miclllie lobe slightly broader and blunter at the apex. ' 

No specimen~of typical 11fdanotu8 OI'CgOlll''IlBis has beon seen from 
the southern California aren, where M. [ongulus is ('ommon. On the 
other hanel, ill. longuhM apparently does 1I0t orCllr north of Tejon 
Pass, Kern County, Calif., except possibly along the coast, M. ore
gonensi.s is found in both tho San Joaquin and the Sacl'Iuner to Valleys 
north ward through Oregon and ,Ya!Ohington, and eastwawl uto Idaho 
and northern Ut!ih, Individuals of this species y:try exceedingly in 
size, COIOl', and form, but the eli ITereures appenr to be only those of 
degree due to el1\-il'Onnll'ntal 'factors of foo(lulld climate, 

TIlE EGG 

(l!'ls.l, A) 

.Egg ::rl'aj'i~h white, beComing da I'};:('I' us the embl';\'n tit'vpl(lpS; ell ipfio-cylindrkn I 
ml(l with the entlS l',rondly l'OuTl(letl; t'ggJ-;lwl1 fillllloth, ('IHStif~, untl not !'nsily 
ruptul'ed. Length 0.49--0.54 mill., IlvPJ'ng(! 0.51 III 111 , ; width 0.36-0.30 mm., Uyel'uge 

·0,37 II1Ill. (A\'Prtlge of 15 menSUl'en1('llts.) 

http:0.36-0.30
http:0.49--0.54
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THE LARvA 

(Fig,l,B) 

Form slender, cyllndricnl, nearly uuiform in width; colol' yellow-brown, darker 
nt both tips, shiny. Segmentation apparent as tl'ansyerse striations; legs seldom 
visible fl'Jm above i mouth parts, antennae, or body al'mature not especially
evident. 

Head capsule flattened, blunt, with single-pointed nasal projection; mandibles 
with both distal and proximal lobes, the latter small; stipites widely separated 
by Postlllbium throughout length; antennae reduced, ll1l;t segment minute; eyes
absent, 

Body sclerotization uniform; the slendet', parllllel·sWell laterotergite uuited 
to the tel'gite by n suture, spparate<i ft'om the stel'l1ite by a natTOW membranous 
ribbon i pnirell secondary atrial chumbel's of spiracles visible, small, dark, and 
located it) tCl'gite ncar antC'rolnt('L'nl corner; on each segment a truns\'erse dark 
lint', becoming somewhat SClllloPNl on posterior sC'gments, encircling body ante
rior to spiracles, not c\'ldrnt Oil latt'rot€'l'gites; on each side at a distnnce from 
laternl margin ll[lpl'oximately equal to width of laterotngite and immediately 
postcriOt, to the trilnsvcJ'se Jine It small, dark, pigmented al'ea with G to 10 longl
tlHlinal ridges; these dark areas increasing in size on posterior s£'gments and on 
nintil ulJdominal segment enlarged to Ilenrly twice the number of ridges; II nan'ow 
longitudinal groove in the inregum('nt ('xtending from lntpl'al end of eaeil nt'ea 
t\Yo·thir<1s of distance to striated portion of segment, scarcely apparent in auy
tllOl'!lcic segment" 

Coxae crect, protrudIng'; nelll'lj' as heavily armed posteriorly as IInteriorly; 
legs mO{lerate to small, distal s('gments In repose lying against lateral surface 
of coxae and entirely hidden frOlll alJm'e, 

Ninth abdominul segment slightly dorsoventrally depressc{l; sclerotization 
heavier UUUl 011 other segments cxcept heall, and roughest of any; fonr longi
tudlual, lIearly pa1'Hllel grooves on dorsal surfac£' extending posteriorly fl'om 
n£'ar tL'ansvcrse Iino apllrox.imat(·ly one·balf llistunce to end of segment, two 
al'islng nellr middlcs of extended dark ureas of ridges, lind t\\'o nellr mesill ends 
of SIlIllC al'cas; lateral margins uniformly narrowed, less suddenly constricted 
anterior to latcral angles of tip than in specimens of oreyollcnsis Ilntl cum:uwnis 
(Gyll), 'Tip blunt, angles not acute, even In tilt' middle ilngle or pOint i"eldom less 
thllll a rig-ht angle in large lar\'ne, youngel' stages mOl'e acutely angled; dorsal 
surface imme(1intely antN'iol' to three·Hngled tip frequcntly conyex, seldom with 
a longituclinaimellian groove, 

The larvae of 11leZanotus o)'eg(mensis from 'Valla ~,ralla. Wash" 
appear to be more coarsely ronghened on the ninth abclominaI'segment 
than 11£. Zongulu8, also more clepres~ecl and grooved anterior to the 
tip, more restricted laterally anterior to the later(ll angles, and with 
aU angles, especially the medinn one, 1110re ncute. The larva of M. 
communis, as illustrated by J, A, Hyslop in unpublished drawings, 
eli fYel's ,from that of ,:If, lO'1lgu.ZI(S by having a blunter, shorter ninth 
abdOlm,nal seO'ment) less narrowed to the shoulders of the tip, Un
deterl1lIUec1 llelanot!l8 larvae from North Caroliun show forms with 
the ninth abdominal segment. blunter and forms with this segment 
mueh 1l!1l'l'0\W'l' than ill :V. lOIl(!,ulu" .. 

TUE PL'PA 

(Fjg,I.Ol 

Tlw pupa of .l[lluliot/l., !uJ/[11l71lN is fl'(,(, Of' (,Xtll'ilt('~ similar ill n.p
pe[ll'tUlC'1' to t11(' n(llllt hut with tIl(' appPlHlagPB illlIHO\'!1Gle and visible, 
as t!tough tlll'o\lgh trnllsparcllt ('on'rings, Although n distinct stage, 
the pupa. :-:hO\\',; gradual ellallgp~ frolll thc Plll'C whil(', waxy condition 
o:f it~ first tlllpeamll('C' to a dnl'kp!\l·{l. barcll'lH'd ('ondition just prior to 
iti) tran:--iOl'lllutioli to adlllt, This darkellillg first appeal'S in the tips 
of the IlUlmlihles, in till' shnllillg of the eyes as Ylc\\'{'<l through the 

http:Fjg,I.Ol
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shield of the pronotum, and in the tarsal cln:ws. The four pairs of 
pupal spines appear to be movable and somewhat yariable as to the 
clil'ection in which they point. 

J.\IeaSUI'ements Yariablp, slightly in ('xel'ss of those of resultaut nllult. Nearly 
pure white dUl'illg tlen'Iopment, darker prior to transformation to adult. Head 
withdrawn into pl'othorax to base of allteUl1ap, ey('s oo\"e1:cd; antl'nnae resting 
against pl'oplpul'[U', npproximat~'ly as long as ill l\tlltlt; mouth parts exs('r\ed 
and de\'eloping gmuuully, l'rothol'Ux with pi'll110 tUlll , lWo])leurne, and pro
stC'rnUlll (\istillgnishablC', Pl'onOlUlll arme,l with threc llnirs of largC', elongatc, 
an(l pointed Slliut's \\'1Iidl ~l'l'1U to be ehnra('tt'I'jstie of the pupal stage in the 
Elatet'[<Inc i antcrior pail' 11(>[11' anterior lllllrgin of prollotulll ana dorsad of eyes, 
latprullJllir upar tip:; of llo,;tpl'olatpml nnglps, anll medial pair ill angles formed 
bypostl'riOl' margin llIHl llll;'dial basal gt'O<)\'(" 

L(·gs normal, held as when feigning (leath in the mlult, first two pairs yisible, 
protnrsi o\'er Il1c:,:ocoxae (Hid rpaehing uw:;otarsi, llletalegs hi<1clen by wings except 
for tarsi. Mesothorax :lnd llwtllthol'ax visible rlorsal1y, partially hidLlell \'eutmlly 
by legs and wings, e01l111lptcly llidl1en laterally by wings, S~utel1um C\"idCllt 
dorsally in llost<'l'ior two-thinls of rncsotbol'tlx, oval, Elytra anll wings elasping 
body closC'iy and cxtC'ndillg llostel'iorly amI ventrally; wings nearly hidden by 
elytra exeept llC'al' jloint of att:wlllllPnt ami neal' tillS, which extend beyond 
elytl'tl llf'ar1y to meet ju~t 110ste1'iol' to metastE'l'llum, 

Abdomen exten<lec1, with niue visible SE'gmellts dorsally, thc first scvcn hearing 
pairE'd sl1iI:U('k's, the lJillth w'ltlt another !lair of llUpal1:'llines at extremc postero
In ternl angles as on Ill'OnotUl11, Only the last seven abdominal'segments visihle 
ventrally; fifth ,isibl!' ,"P!liral scgment C\'jtlcut as lnst visible Ycntral scgment of 
adult; Inst s('gmrnt bearing ventrally tIll' butls of tllc genitalia-two protuber-
Illlces for thc f<,malc and three for the mule, . 

REARING TECHNIQUE 

nenl'in~ experim('nts were carried on in tile cages out of doors nnd in the 
lahoratory in a w<,\1-in:;nlutpd ('PlllPnt bn"Plll(,lIt wl1l.'I'(' tpIlljlpJ'iltUL'l'S closC'ly approx
imated prevailillg outdoor tPUIj1l'l'at'lll'e;; b,'itlw the :;\lrfnec, Immediately \lpon 
hatehiug, the lUl'\':\C \\'<'1'1.' ('oniiJL£'<1 ir!(livhlnally in 2-oUllcl' ~alvl' ('ans ('ontaining 
moist ~ifted soil (12 to l(i pPl'C'('nt by w?ight) 'llHl1il kr>rl}('I:< of moist \\'l1l'nt, At 
monthly intpr\"als the ::oil in the salYe ('aus was ('hangcd and the required amount 
of moistenl'd ",Iwat was :1(hle(1. ,Yl1l'n tile lnn'ne rl'aehp(1 tile Pl'cpupal stage, as 
indieail'rl by ('lIlarged llliddll' spgnH'ats. shortpning <)f t'hp bo(ly. lind inn('ti\'ity. 
th('y "'1'1'(' pla('Pt1 in snlnll dI'Ill'(':-':;jflns ma(\(' h~' 111'(';;;;:llIg tll(' t1111miJ inlo mOistellrd 
soil in the s:\I\'(' ('an, Pnllllp wE're ronfinNI in the same manner, Examination 
of these prel1l111llE' or pUllae was Ul('n made daily until pupation or adult trans
fOrll1a(-ioll O{'(,1I1'l'!'ll. 'rile rlat('s of Ocell1'renl'e of Ihest' stag('s, along with thc elate 
of {t(lult tmmifOl'lllntioll. was \\'rilt'!'n (Ill till' litll' of tilt' :;;111'(' I';\II!:', 

Npwly [rnnsfol'llwrl adlllt.~ Wl'l'l' f\1.'()\'\(]l·(1 witll nil :lrtitieial]lIlpal ('('II (,OI1"(Tlldrd 
Simllly by ]lr('ssing tit" point of a l)('llCi.1 into the firmly llncked moist soil with 
which thp cans were .filled, The c('11 olJ('ning was 01('11 co\'el'cd oycr with a small 
amount of soil so as to retard (11')"in):( out of the ('Pll wall anc1 to discourage moye
mE'nt of the a(lult 10 th(' !<urfaec, where it wonlll \)p more ~lls('eJltible to attack by 
fnngi fOl'lniJl~ llIHlCl'l1!'fl tIt till' snl\'p-C'Hll 1ir1, _\r111ltS ('online(1 in this I1tnllllPr 
l1a"sed thp wint('l' with only light mortality, 

In rearing lnn'ap.. out of doors, two ul1~laze(l (lrai11 tiles (0 inchef; in diumeter 
and I:.! inrlips long) \\'('re l'!'ll1pnt('rl tog-pther pl1(l to ('IHI nud !lm:ipd \"l'I'!i.eally in 
a trench 22 inclws dee\l, This nllowl'tl 2 inehps of the top to t'emnin nho\"e the 
soil sllrfn('p so thnt s('rl't'n ('ages ('ould he atta('hNl, all(l alf;O pl'evented <lehris from 
washing' in after l'ainR or irrigations, AftC'r instnllntion of the eagl.'s, the soil 
wns rp11la('('(1 and firmly 11:1ekprl down, '1'0 11re\'cnt C'f;('apc of the lan"ue, the 
bottom of the !ilrs ,,-as fil\(~(1 with a hal f-inrh lnyl'l' of: plast'er of paris :lnd, after 
c]l'ying, tlip ragps wpre filled with sifted soil pl'c\-iously fumigated with carbon 
<1isulfi<1p,

In gpllE'rnl, :!ii llewly hatrbed Ifll'\'n(' Wl're plnred in paeh rage near the 12-inch 
c1r>ptll; thpn a small amount of rorll \\,1\;; a(1d('il at (litI"l'<'nt' 1\'\'('1:; ns thl' soil W:J!' 
n'plnc'p(l. ~I'hp I:U'\"l\P \\,PI'(' fl'd lllilllthl)" from F'p\)rllllry to Oetplwl' amI nt G-wPE'k 
int('l'\'als during the wintrr months, W!tvll 1111'\"111 activity hall lessrnC(l. Screen 
eag('", ,,"Pl'P illstnl1rd (luring- the nigbt IWI'i(\11 sn as tn prp\'ent !lossible oviposition 
by othrt' elatl'rills, TIl!' llIoisture ('onh'nt of thc soil was maintained as near the 
01ltil11n1l1 ;l,; 1)<,:;:;il1l(' hy irrigations lit \'arion" iul('I'\':lI:; thronghout lhe ~'Nlr, 
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TemIX'l"Iltme records at the 4.-, S-, and 12-1nch denths WCI'C obtainC'd by using•t 
7 

recording thermometers of the 2-pen type, and standard \Veathcr Burcau hydro
thermographs were used to record the tempel'llture and humidity in the bnscment 
an(L out of <loors. Adtlitional detllils as to the pl'epn ratioll of soil for oyipositioll, 
method of obtaining C'ggs, and constrnctiOn of outdoor oviposition cages lu'e given 
In au earlier publication (7), 

'fenhct (10) in 1939 criticiz('ll th(' 8u1\'('-('un nIHl tile-cuge methods 
of reuring wireworms [[luI recollnnellllecl eurthenware flowerpots 
(probably 6 by 8 inches), which he llsed for rearing lalTae of II0/'/8

tonotu,s ~thl(,1'ii Horn, The writers re:t1.ize that both the salYe-cun 
nnd tile-cage metho<1s of n'aring wireworms Im"e tht'it' di:;itdvantages, 
In the £onn('r the latTu(\. do not haY(' !OufliciC'nt HpUl'e to orient them
selves eitlH'1' vertically 01' latC'l'Ully when subjected to tc'mpl'l'llture or 
moisture chunges, und "when the latter method is nSl'll the mortality is 
so great through eannibali:,;m that tbe ol'iginfll series mu~t contain 
at least 2,000 to 3,000 lanae if significant life-history data are to be 
obtained on the individuals comp\pting tlWiL' lift' cydes after 3, 4, or 5 
years, The flowerpot type of cage coul(l not be used because during 
the summer and winter the larnte of this species burrow deeper than 
the ordinury depth of flowprpots Iw(l, if!:io confined, would be subjected 
to higher tcmperatures, amI possiiJly tbeir rate of deyelopmellt would. 
be ac{'eleratecllls u result, 

LIFE·HISTORY STUDIES 

THE Ecc 

DEPTH IN SOIL AND PLACE OF QVJPOSITlON 

The depth of oviposition was c1C'tel'nlined by using 3- by 12-i11ch 
We cages containing looselypnckecl, moist GO-mesh soil nnell0 adult 
pail'S of wireworms in each c11.ge, These cages, after being provided 
with suitnblc Sere('H tops, wecc buried out of tlool's on :May 20, 1931. 
Examination on June, 15 consisted of removing and ",rushing throngh 
a. GO-mesh sieve eneh square ineh of ,,;oil to a depth of 4 inc'hes, and 
then carefully counting'Jhe C'{!gs in each sample,

On th(' basis of l'ei:lults obtained under cage concliti{inSI £emales of 
this species clepositC'd 7~ percent of their ('f!gs in the first (top) inch 
of soil, 18 percent in the second inch. 7 percent in the thil'c1, and 3 
percent in the fourth. There was no opportunity to conduct field 
tests to yerify these findings, 

As adults ill the field C'mel'gl' tlming April und :Jfay, at a time when 
the fields are being cultivated ('xtensi\'ely and when optimum soil 
moistul'c prevaH:-;, the i('malC's should have no c1iflieulty in selecting 
suitable places for oYiposition, "Whether the presence of v('getation 
influences the selection of ovipo:;ition !>iles is not deHnit('ly known, 
There mayor mav not be yegetation pr('scllt, for the date of planting, 
in the case of 1imtl. beans, may be all}'wl1l't'e betwl't'n April 1:) and June 
I, depen(ling on location, (eil1pl'l'attll'e, amI ~oil moisture, 

lXCl:BATfOX PEHIOD 

The time reqnil'C'<1 :for the incubation of eggs o,r ,Vdll~wtl(.~ ZO,ngul'lls 
depends Iargl'ly on tplllperaturC', Optinlum mOl:;ture IS also llnpo1'
tnnt, becltU'''~' iftbe soil is too (h'y, the e{!gsmny become desl('catNl, and 
if it is overly moist, fungi become ('ommon and sometimes kill an 
entire group of eggs, 
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To obtain incubation records, the eggs were removed from the 
oviposition cage on the day following their deposition and were placed 
in salve cans half filled with moist 60-mesh soil. Each can containecl 
from 10 to 20 eggs a short distance apart. .A small quantity of soil 
was then added as a precautionary measure against fungI, which 
usually start growt11 underneath the salye-can lill. .As time for 
hatching approached, the soil was removed daily, washed through It 

60-mesh screen, and the lanae, if present, were plal'ed in individual 
contltiners. The unhatched eggs were returned to the salve Cans a11(l 
examined eaeh clay thereafter 1111til all hatching ha.<1 ceasNl. 

'1'he incubation data for 1032 ,verI' based on 1,456 eggs which were 
deposited in the periocl .Aprj[ 12 to May 19 and hatched between May 
13 and June 18. Tempenttures in the basement during April and 
Mn.y were fairly uniform, varying only 1" F. .As It l'('sl1lt, there waS 

only a 2-clay difference 

E1~ ~ I . I Iin the ll1Nui period of
li! --	 incubation in t 11 e s e 
~ 10 ~.--•..---- ._.~--_.- ----- ~nonths .. The 11l.aximull1 
~ ~ mcubatlOn penoel was 
~65 38 clays in April and 
-40 the minimum was 26 

days in May. The sea
30 sonal average was 31.7 

,. days.'" ,,20 
o 	 In 1933 hatching be

gan on June 2 and con
10 	 tinued until July 6, the 

records being based on o 
1,700 ei!gs laid between 
AprE 23 and June 8. 

FIGURE 2.-Length of the incubation period of eggs 	 Owing to low basement 
oUlle/anO/lIS langll/us in salve cans, as compared 	 . .A ·1 
with the Im~ll11 haselllPllt temperature at the temperatures In prI 
Alhumhm, ('aliL, laboratol'Y, 1()32-3,\. and ~fay, both the max

imum and average in
cubation periods were the longest recorded during these studies. The 
maximum was +5 day,,; (mel the IlYCrage, 39.5 clays, was recorderl for 
eggs deposited in ApriL Higher temperatures premiled in the bllS(, 
ment during June and, as a result, the period of incubation was 
shortened to an awragc of ~7.9 lInvR. 

The reconl:-; of incubation for 
v 

19;)'.1: were ba~ed on 168 eggs, laid 
between April 10 llnd May 20 and hatched in the period ~1tly 15 to 
June 17. T('mperatnres in the bu!-'cment during incubation were 
higher in 1934 than in pre-dons years (ayerage, 72.5° F.), and in 
consequpnce the nyerage incubation perio<l wns shortened to 25.5 
clays. The shortest 1m'lIbation period rE'corclecl was 25 daYB. Figure 
2 shows the eifect of tl'mppratul'e on the duration of the incubation 
period during 1!J3:2, lU;33. ilnd lU3'~. 

TUE LARVA 

DEYELOP)IENTAL PERIOD 

The larvae of Jldmwtll8 lOli[/ld1tH WE're rear('d in saln;; cans in an 
insulated bn~en)('nt which re!-'pollthKl Yery slowly to chnnges in tem
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l)ernture. Conditio11s here approximate some,,,11at tbl) natural 1)11-
VirOlll11l)nt of the insect. The temperatures in the basement during 
the period of these studies (1931-37) ranged from a minimum of 
46° F. in Decembel' and January to 88° in July, August, or Septem
ber. Average yearly basement teJl1pe~'atures ranged from 67.0° in 
1931 to 69.9" in 19:34. S~:I temperature's out of doors at the 12-inch 
depth rea~'hed the maximum of 88° on July 26, 29, and 16 in 1931, 
193:2, and 1933, respectively. l\IaximllIllK of 87° we're reached from 
Ai..;~ust 15 to 1~, 1\)33, anci on July 31, 1D3-~. The 10Wl'st minimum 
Soil temperatnre at the 12-inch depth was 41Q on December 15, 1931. 
Daily minimums of 43°, 4.1°, ~>10, 48'\ and 44:° were recorded in 
.January of the successi\'e yeal's 193:2-36, inclusive. Ayerage yearly 
temperatures at the B-inch depth were uniform, rangillg from 64.6° 
in 1931 to 68.4~ in luau. 

The eggs of the lU31 series were clepositpd b:y- fiel(l-col1eetNl beetles 
between l\'fay ·1 and June 8, and these hntchecl in the period June 5 
to JUly <1, H);31. During the first Slimmer these Janae developed 
very slowly and by Septemilel' nvemged only one-fourth inch in 
length. As a result, none of the larYlle matured in the first year. 
Enrly and thronghout the spring of 193:2 they consumed much 
greater Cluantities of food and by Jl~ne appeared 'to be Jnrge enough 
to pupate. Lnter, on tfuly 10, the fil'st prepupa ''Ins obtained, and 
this specimen pupated on July 18. Pupation hl the group con
tinued throughout August, nncl by September 10 a total of 24:, or 
58 percent, or the originnl group of <11 had completed development, 
all for a 2-yelll' cycle.a (TabJe 1.) The first transformation to 
adult in this series occmed on August 9 and the last on October 8. 

T.\IlLE I_-Duration of the llet'elopmental prriocls of tlle 1931 brood of Mel{/)tot'U8 
101l[III/IIS at ",1l7wlllbra, OaUf., 1931-S.~ 

purntiQn of perIod 

LIfe cycle Individ- 1 \ I I Tern· 
(years) uals \' Itelll 

r 
I Pre- Egg, hr- tper8'~

Egg Larval I ! pupal Pupal VIII, and uro

I j I pup~ 

_-'-~-i\--1\-1--- OF.IjYumbtr I Days D~vs Days Days Day. 
'{~Ia'imUIll ____ .__ 33 476 H I 29 531 81.0 

'.L ________ : 21 ::\tlllimlllll._.____ ._ 20 409 1 22 4:;9 52.0 
Average _________J 29.0 , 4~O.1', S.2\ 23.7 472,8 69.1 

! ,plaxilIltllIl. ____ ._.\ 29 I 817 20 31 873 83.0 
52.03 ____ •••• __ : 5 I::\Iinhnum--------!*~ ,! iSS 10 28 847 
68.1·\wrage, _________ . -,.~ j XO'1.61 1°-_2\ 20.0 861.0 

I 'P[n~illllJlII··----·-l 20 r 1,19·1 I 186 ~_;_: 1,218 87.0 
4.. ________ 52,05 l:\IinilIlulIl ....----- 2S, 1,143 1,194 

j 'AvNsge. __________ ! 2,.".8 1,15S.S! no'll 23.3 j I,ZI8,3 68.7 

---- I-- ~ ,~- ---'----
I Indu<I~~ the pr(PllP~1 perIod. 
I During lun-al pl'r!od. 

Of thl) remflining lal'Ylle in this series, 5 pupate(l in 1933 and 5 in 
1934: for it 3- and a 4-'yetll' cyde, respectively. Of the Ol·jginal group 
only ,7 succumbed. Pllplltion in lU3:3, occurrecl between August 22 
and 8eptembcr 20. Thpl:'e pupae trunsformed to adults between Sep
tember 22 and October 1::;. In thiB group the lal'Yal period avernged 

• The eiapSNI timp from hlltrlting of the l')!g to the death of lhe adult in the sprIng ot 
the seconli year would lIC SlIghtly OHr 2 yenrs 

;;;;05G3-·1'1--2 
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804 days and the period Il'om egg to adult avcragcc1861 days, Pupa
tion in 19:3<.1: began and tenl1inntecl between August 2 and September 
26, and the first Hnd last adults were obtained on August 24 and Octo
ber 21. An uYemgl' of 1,158 days was reeonled :for the duration of the 
larval pedoll, and :fL'om egg to adult an average of 1,218 days, 

EFFECT OF QUANTITY OF FOOD. ON RATE OF LARVAL DI,VI::LOPMENT 

In the field wireworms are constantly being subjected to It variety 
of unfavorable conditions any o:f which may adversely affect the 
duration of lalTn I life, The most importnnt of these is a deficient 
food supply, the lack of or nn exeess of soil moisture, llnd extremes in 
temperature, Gml' (:J) kl'pt 7 larval' of LimoniliS ealifomieu8 alive 
for over a year without food,HIHIl ilHlh'idllal of this seril'S l't'lI1ained 
ali ve for almost 2 years, l~n'n gn'n tt'r htrval longevity occurrecl 
when the qua ntHy of food giYPl1 eaeh lan'n. was re<Juc(><l :fl'om 10 
kCl'l1ds ('0 ollly 1 kt'l'llal of wheat per month, Of a SCl'l('{'j of 10 larvae 
of th(' lI.J:30 brood It'd in this manlll'r.7 diNl bl'twpell 1930 llncl1936, 2 
matul'l'd in 1n3-~, illHl the 1 remaining larvtt died in A_ugust 1938, (L-fter 
comp.lt>t.ing S,~ yNll's in the lalTal staw', These experiments indicate III 
that wireworms can l'xi:-t and. may al:5o C'ompletc (l(J\'clopment on \'cry 
small quantities of food, Sint'e nn fnyorablc conditions of moisture 
and t(,11l1)(>l'Utnl'c may OCt'lIr at irregular intervals and as wireworms 
usually H\'Cl't: these extreme conditiOlls by migrating to lower depths, 
the question of foo(t appeal'S to be especially significant in affecting 
their nHe of d('Yelop11lent. 

To obtain n.chlitional information on this ph:lse, It series of larvae 
of the 1932 ana 19a3 broods of 11fdanotus lOJl[IUlu8 were divided into 
3 gronps with 251al'\'ae in (':tell (except in group 3 of the 1982 serie::;, 
which lltHl :34: larvae) an(l were it'd variou!-i qnantitiC's of moist whea.t. 
LalTae of tlte 19:32 !'el'i{'s hatchecl in the period May 14 to June 13 
:from egg!' clepositNI OC'tW('l'll .\1)1'iI12 and May 15, Those of the 1933 
series h!ttehe<llatt'l'~ hetwe<'n JUlI(' :2 and July 6, from eggs deposited 
between Apl'i123 and .Jurl(' 8, All !!I'OUPS contained an equal number 
of ea1'ly- and late-hatehcd lan'ae, 'Larvae iit group 1 of each sel'ies 
Wl're fed indi\'idually 10 kl'l'l1els of wheat monthly between March 1 
and Oetool'r 1, this being the period ~f greates~ ltll'val activity in the .. 
field, and the II 2 kernels monthly c1ut'lng the wlllter, when the larvae .. 
were least t~ctjn\ The larvae in groups 2 and 3 were. :fccl 20 ancl10 
kel'l1Pls pcr month, l'('spceti ,'ely, from the time of hatching, 

No larvae in eithl'r brood series completed development in the first 
ycar of thC'ir existence, \Vh('n the. wireworm Limoni1l8 calif01'llim18 
was reare(! UlU1e1' similar conditions, nn aw~rage of 4 l)l'l'cC'nt matured 
the first yellr, but bC'l'tll's of this species emerge and oviposit earlier 
than dews ilfcl{(l!otu.s lOl1{!1dllR, and till' lalTae, therefore, are subjected 
to a longer period of activity prior to pupation late in the summer 
or in thefalJ. 

In the brood st'l'ies of 10:3:2 t11e first pupation o('cun'cd in the group 
fed 20 kl'l'Jwls on Angll,:t 4. 1!13:3, Pupations in all gl'Oups in 193;3 
terminatl'd 011 Scptt'mlJel' 14, In tlw seri(>" of 193:3 the first pupa was 
obtnined in group Ion July 23, 1934:, and the last in group 2 on Sep
tl'mbel' V, A. SlInmWI'y of the pupations in both broods and groups 
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showed that an average of 28 percent of the larvae matured for IL. 

2-year cycle.
In the third year (series of 1932) the first pupa, was obtained in 

the 20-keri1el gronp on June 10 and the last pUPlltion occurred in 
this same group on August 3l. Lllrvae completing development in 
the series of 19:33 for a 3-year cycle began tind terminated pupa,tion 
in thrd period bet)vcen August 2 and September 20. These records 
of e111'ly anel1ate pupation were obtained in the 10-, 2-, anellO-kernel 
groups, respectively. The feeding of different quantities of wheat 
did not appeal' to have afl'eeted the rate of pupation significantly, as 
the pel·('cntagt·s obtah~etl for both broods were. similllt'. A total of 
the 3-year-cye1e pupatIOn for both broods shows that 30 percent ma
tured in the 2- andlO-kernel groups, 34 percent in the 20-kernel, and 
28.S percent in the la-kernel group. 

Larvae completing dendopment in 4 years in the series of 1932 
began anel cellHed pupation on August :3 nnel September 26, and in 
the se17ies of 1933 between August 4 and September 28. Only a few 
pupations occlllTed in both bL'oods, 4: in gL'OUp 1, 2 in group 2, and 
13 in group 3, 01' 12 percent of the total number of lal'V(lI) reared. 

A ff'w lal'\'ue l'enHlined in all groups to complete development in 
5 yeat·s. Of these, n, total. of 4 pet'cent matmec1 in group 1,2 percent 
in group 2, and 1.7 percent ingronp 3. The longest larvnl period 
(1,885 days) obsenecl during these studies occUlTed with the pupa
tion, on August 2, 1937, of the remaining 1nrva in group 1 of the 
bt'ood series of 1932. 

Because of the limited number of individuals that pupated in the 
tlifl'erent groups each year, it is difficult to sny whether the rnte of 
pupation ,YllS afi'ected by the feeding of various quantities of food. 
A total of the pupations in the 2 broods shows that 72 percent ma
tured in the 2- and 10-kel'llt'1 groups, 68 percent in the 20-kernel 
group and 81.3 perc('nt in the gronp ted 10 kel'llels of wheat con
tinuously, indicating that 10 kernels was sufficient for accelerating the 
development of larvae of this species. It 'YHS observed, however, thnt 
the mortnlity wns )2:l'eater in the other groups, and hac1110t this been 
the caSe .more would have pupnted and the total percentages would 
have equaled 01' exceeded thnt for the 10-kernel group. The. ronin 
difficulty with the feeding ot 20 kernels was that this large amount 
of food tended to fnvor the growth of fungi in the soil, and the ex
cess growth undoubtedly llelpec1 to canse pnrt of the mortnlity shown. 

Of the 159 larvne under obse1'vnt10n in this experiment, a total of 
28 percent mnttlred in 2 years, 31 percent in 3 yen1's, 12 percent in 4 
years, nnc1 slightly over 3 percent in 5 and in 6 years. A larval 
mortnlity 01' 25,S percent. oCC'U1'!'ed in both broods during the 6-year 
period of these stuc1ies. 

EFFECT OF STERIl.E AND UNSTERILE FOODS ON LARVAL DEVELOPMENT 

In rearing experiments ::tm:tc(l prior to 1933 the food commonly 
used to feed the wir('worl11') wns wheat. ",Vhent was used mainly be
cause it sofiE-ns renllily when sonkecl in wnter, nnd wIlen spr~uting 
occurs in the cans the Pl't'ssUl'e exerted by the young shoots IS not 
strong enough to remove the salve-can liels. ·When lnrger seeds were 
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used, such as corn anc1limn beans, many of the larvae were either lost • 
or desiccated by the c1ryin~ ont of the soil after the lids of the salve ... 
callS had been 'pllshed off by the sprouting secus. Since it was de
sirable to determine the effect of these foods on the rate of wireworm 
development the germ of the larger seeds was killed by boiling the 
seeds in wahl' for about 10 minutes, to prevent germination in 
the caus. 

In this experiment, 25 lnrvae of the 1933 brood of ilfelanot~t8 longu
tus 'were used, and each of these was fed 1 sterile lima bean monthly 
from time of hatching. Of unusual OCcurrence in this group was 
lhe fact that none of the larvae pupated in 1934, 1935, 01' 1936, whereas 
in the group of 75 of the 1933 brood, which were fed moistened wheat, 
32 percent matured in 1934:, 29 percent in 1935, 8 percont ill 1936, and 
3 percent in 1937. It was obsprved in these different yenl's that the 
sterile-bean-fed lalTac deyeloped very slowly and woro considerably 
smitllE>r than those l'Ntred on wheat. 

On May 1, 1D36, the 17 larvae remaining in the sterile-bean series 
"were segregated into 2 gronps. Eight larvae were continued on the 
sterile-bean diet, while the eliet of the other 0 was changed to 1 11n
sterilized limn bean monthly. III the latter group 3 pnpations oc
cUl'red between JUly 14 and September 1, 1£)36, and 6 succumbed in 
1036-37. III the sterile-bean group 3 inc1ivi(luals died only 1 pupated

lin 1938, und '.I: continued as laryae to 1939 .cor a possible 7-year cycle. 
Weighings made on October 28, 1036, showed tllfit the weight of the 
remaining In.l'vae in the sterile-benn groups averaged 37 mg., and of 
those in the unsterHe groups, 81 mg. This shows that in a period of 
5 months the larvae reared on unsterilizec1 lima beans more than 
doubled their weight over the more slowly developing larvae fed on 
sterile beans. Hecently similar experiments (9) were conducted with 
Limoniu8 calif01'nicl.I..s larvae and with these the same results were 
obtained, which appears to be conclusive evidenclJ that wireworm de
velopment and pupation are retarded 'when sterile lima beans are used 
flS food. 

EFFECT OF CONSTANT TEMPERATURES ON RATE OF DEVELOPMENT 

To determine the efi'ect of higher temperatures on tIle rate of larval 
development, 2 additional spries w('rll reared in constant-temperature 
cabinets held at 70° and SO° F. The 30 larvae helel at the lower 
temperature hatched in the period June 8 to July 4, 1931, from eggs 
deposited b(:tween May () and June S. The larvae in this group were 
Ted 10 kernels of moistened wheat monthly. The temperature at 
'which these lan'ae were held uyeragec11ess tlmll 10 higher than in the 
basement amI, because this variation 'sus so slight, their period of 
pnpation occUl'recl at approximlltely the smne l"ime as in the 1931
brood gl'OUp l'eHl'e(l in the basement. The number of 2-year-cycle 
inclividuals that matured, however, was greater by 15 percent than in 
the baBement group, but there were fewer pupations in the second 
and third years (table 2). 
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TABLB:2.-Smnmary oj pupations ana morta.Uties. of the 1931 bl'oocl MelallotllB 
Zongulus "eared at constant tem.peratures of "10· alld so· P., .lUhambm, Oalif. 

PUPI\t!ons aud lnn'al mortalltles of M. 
longulus

Item 

Reared at iO· F. I Reared nt 80· F. 

~------------'----~-------------I'----~----
Pupations: ]ltltmber I Percent I .l\'lImber Percwt 

1931, l·ycnr cycle........................................... 0 I 0 0 0 


t~3~: ~:~~: ~~~!~::::::::::::::::::::::::::::::::::::::::::: ~ i~: ~ .......~.......~~~ 

1934, 4'Year cycle •••• __ ••••••••••_••--•••--......__......... 1 3.3 ................_.. ' 

Total ........__.............. ~ .... __ ..................... --:;01----sG.'71--;;--n:; 
Larval nlortnlltles: =1=== 

m~:~:::::::::::::::::::::::::::::::::::::::::::::::::::::: f U ~ g:~
1933.............................._______......._........... 2 6.7 ..............." ••• 


lQ:~~~~~~:~~:::~~~~::::::::::::~~:~:::::::::::::::::::::::I---~-'j --1~. 31""""~' ......;~~6 
Graud totaL............................................. ====aol=wo.o====aol~ 


As shown in table 3, the average duration of the brval period £01' 
the individuals completing de.velopment in 2 years was 424 days, or 
only 4 days longer than the average obtained for larvae reared in the 
basement where the temperlltme extl'ell1(>S ranged from 52 0 to 810 

and averaged 69.1 0 ~". An average Jarval l)erioc1 of 779 days was 
obtained for the individuals maturing in 3 years, and of 1,169 days 
for the one individual that matured in 4 years. 

TABLE a.-Dumtion of the derc/opmclltal periods of the 1931 brood Of MelU:1wt1lS 
loniJuZus, at C0111lfant temperatul'es of "/0· and SO· F'., Alhambra, Oalif. 

A'!' A CONSTANT TEMPERATURE OF 70" F. 

Duration oC period

Lite 
 1ndl\·ld.cyele Itemunls(years) Egg,hrval,Egg Larval 1I 1prcPuPuI! Pupal Bud pupal

I 
NUmb(r Days Days Days Dau! Daya 

{MaXlmum•••.••••.•__ •••• 33 456 20 28 515 
"" ;lUnllllulU"............... 26 400 2 24 452

2......... 
 --1 -- 
1Average .• _ ................ 29.0 423.7 7.7 25.5 478.3 


I 
=== 

I812 15 29 870 
3 MinlmulU................. ~ 7St) 4 22 809

rrnXllUum................ 29 

3......... 


Average................... ~I 778.7; 
 9.3 831. 7 
201.3/ 


4......... 1 ............................1-28I J,168.4 I 11 25 1,222 
, 

I{

AT A CONSTANT 'l'El\lPERA'l'URE OF SO· F. 


MaXilUum. .............. 33 I 447 I 10 19 492 

22 . l\IinillluIll................. ~ 2;6 3 16 324
1.........1 IAveragc................... 30.51--33_1-._41--5-.1-~"--1--,.-3. ----37-0.-2
[ 

1


1 Includes. Pl'cpupal periOI!. 


The 30 larvae renrec1 lit a constant temperature of 80· F. hatched 
between June 2 and 27,1931, and were fed 10 kernels of wheat at 15·day 
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intervals from time of hatching. As usual, no pl1patior:s occurred dur
ing the first year of existence, but in the second year 20 individuals 
pupated between n-Iarch 15 and May 27, 1932-nom4 t05 months prior 
to the time of normal pupation. One of these transformed to adult on 
April 1. The 2 remaining larvae pupated on August 31. With this 
group a tohd of '73 percent completed development in 1932 and 27 
percent succumbed (table 2). 

The shortest larval period recorded for this species occurred with 
the pupation of two ltLrvae on March 15. Table 3, -which gives the dura
tion of the developmental periods, shows that the larval period of this 
group ranged from 276 to 447 days and averaged 331 days. At this 
temperature the length of the pupal period averaged 1'7 days, or 7 
dilYS less than the average obtained tor rearil1gs at basement tem
perature. 

SUMMARY OF DEVELOPMENTAL STUDIES IN SALVE CANS 

As shown by the summary of the rearil1gs conducted in salve Cans 
(table 4) ~ there 'was considerable variation in the number of individuals 
completing de,elopment each year in the different broods. 

T<\ULE 4.-Nlllllbers all(l percentages of JIelanotlls 101l01/111S, 1'euTcd in salve eans, 
cOlllpleting their c1erelopmentin different 1wmbers of years during the period 
19;,][-81 

. ! Individuals completing development in

~~t~i~~J~---------------"------'------"'i--I 2 y~nrs i a years 4 years 5,'cllrs 6 years ITotal 

---j 1 1 \ j I I - \ 
• iNu"'ifr,pe~e1lt Number:Perccll.! ,Numb;nPerrfll'! Num~er Percellt ]\rumber Percellt INumbe~ 

19aL __•.• _\ _1 I ,(J.G· 51' 1-1•• I 0 I 1 ... 1 ............... - .----- ••••--.. 3, 

1932. __ .... 21, 32.81 27 -12.2, 13 20.3 21 3.1 1 1.6 64 
1933._..... ,1 24 '14.4, 22: 40.71 0, 11.1 2, 3.7 ___.......__•.. _ 54 


TotaL.'j-U9r-z.4l--M-iM.5f24;"""15.8]--4j---;-.o--1 --.-61---m 

Also, it ·wus obsl:'rvecl tl1at larvae that hatched at approximately the, 
Silme tUlll:': ancllived nncler identical conclitioTIt:i of food, temperature, 
and moisture, completed deyelopment in from 2 to 6 years. Similar 
yttl'iutions occurred ,vhen the life cycle of the sugRr-beet wimwol'm waS 
studied (8), and Hawkins (3) experienced the same results 'when 
learing lanae of Ag1'iotes l1zancus (Say) ill Mnine. The greatest 
variation OCCUlTed in the 1931 brood, as in this group 71 percent 
matured for a 2·yeal' cycle, whereas in the broods of 1932 and 1933 
only 33 and 4'1 percent, respectively, completed development. There 
was but slight difference in the percentages of 3-year-cycle indiyic1uals 
in the broods of 1032 and 1933, but the 1D31 brood had a much lower 
percentage t]Wl1 either. It aPl;enrs tlfnt when food isylentifu], o,'er 
80 percent of the lal'Yae of tlns speCIes complete thClr development 
during the second and third years and a fe,y larvae of the same series 
nlay even continue into the fourth, fifth, or sixth years bl'!ore com,
plating development.

Aceorc1inO" to the data in table 5 the ayerage duration of the larval 
period is f';irly consistent in the different' years. Since pupation 
\vithln years occnrs oyer an average period of 54 llay,,~ considerably 
more yariation than is shown might be expected. 
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TABLE 5.-Average larval, period 0/ Melanotus longulu8 Im'vae that matured· in 
frOln fa to 6 'years when reared. in salve cans, .111wmbra, Calif., 1931-37 

2-ycar cycle ! 3-y= cycle -I·ycar cycle I 5-year cycle I 6-year cycle 
-Year 

series IAver· IA\·cr· I' Ayor. ! Avcr·1 Avcr· 
started Rcc· I age Ree· age Rre· age 1 Ree· ago Ree· ago

~I~~ ~I~ ~!~~l~ ~I~ ~~I period , period I ' I>enod i period perIOd 

-------I-N-l-tl-n.-tr· DaY8 INutn· : Dags 1NU1n' -;;:::1 Nitm· Dausi Num· I DUll" 
ber~ "' ber. I . ver • I . j, ber. I orr 

1931................ .4 4.0 In, son. n! ........ ""'885'"
1,159 I········ ........,

1932.._......... "" 21 451 1 27 I 795 13 I 1,lS4 2 1.565 1 1, 

1933................ 2·1 -131. i 22 I 812 U I 1,173 j 2 1,528 !..._._...... . 

Total or uver'j-l·-l-!-(-I-'l'--l 
ago........... 69 ·133 M i 803 I 24! 1,176 I .~ I, M7 1 1 1,885 


OUTDOOR REARING STCDIES 

The tile cages used for outdoor rearings of illelanotU8 2ong1tl~t8 
larvne were set u:R as described under Refiring Te('hnique (p. 6). 
Each cage was stocked with 25 hUTlle :uul a supply of ,,'heat. A.fter 
the second month the InlTae were fed corn: because this ~L'ain spi'outed 
more slowly, j'hel'efore was llutritiYe for longer pel'lods. As this 
species does not produce 1-year-cycle lI.llults, the first cage examina
tion WllS delayed until October of the second year. At this time the 
adults were removed Imel the remainin!! lalTae were returned fo 
the cages. 'l'he Sfime procedure was :followed in the third and fourth 
years. Data pertaining to the rearing of the broods of ill. longul~ 
of 1932, 1933" anc11934 are shown in table 6. 

TABLE G.-SuII!/!/(t'ry of life·history ;;llIdi(',~ Of ;1[1'1(17101118 10llUlilus in tile ca.ges, 
Allwmbru, ('alit., 1!IJ2-37 

-------------~~,-----------------~------~--------------~-------
Completcd dcyelopmcllt ror 8- 193~ Brood: 1033 Brood: 1934 Brood I '1'otal

--------------------------------1.--------------' I 1--'---,,'r ; 
S1/1/I- Per· 'NIL!1I·: Per· ;NlLm· Per· .Num.f Per· 

ber . C<1Ii. I' ber 1 ccnt I,' b, er cent j. ber Ctllt
2·year cvcle: ! ,i' 

Larvnclntileeagrsatslurt...................... 4;;0 ....... , fiOO i ... --.r 116 '...... 1,0r,r. •• __• 

Mnrtnlltr,lIrstaml sl'comj yeurs ...."......... 317 i 70.4 I 270, lH.O! 7S} 07.2 665 62.4 

Laryfierl'covcredseeondyeHr.................... u. 1.3, 2, 5.4j 33'28.41 66 6.2 

"\!lults r.el~vcrcd sccolld yCtlL... ................. 127128.2! 203 40.0 5: 4.31335 31.4 


W~~~ I . 
LarvBe injurl'd brhnndlingsccond yenr....__... 11.2 7, 1.4 5 4.3 13 1.2 
Lllrvnc rNurnt·u to CUg('ss~cQn<1 yenr... __ ".___ 5! 1 • .1 20 4.0 2d 24.1 53 5.0 
1\.fortulity during th!rtl YI.nr............ __ • ___ .••1 51 ].1 4. .8 3 ~.G! 12 1.1 
Lon'Ill' n'co\'ercl1 tlllr':l yeor.......... __ ......... 0 0 1~ ,I .4 19 16.4 21 2.0 
Adults recO\"crcd tbird ycar..................... 0, 0 'j' 2.8 G 5.2 1 ~I() 1.9 

{-year cyrl~: l' I 
Larvn~' injured by h:lQdling t!lir!l yenr. __......__ .......' .. __ .. : O! G. 5.21 G .6 
Lan'ac rrtnrncd to Ctl~C$ third ycllr............ __ , 0 0 2 13 : 1l.2 I 15 l. { 
?lortnliLy durinp: rourtb ypnr. ..... __ . 2 7' 0.0 f 9 .8 
Larvae rrco\'('n',j rourth Ienr. ................... 0: 0 I 0 0 
."-dults (('covered rourth year... __ .. __ 

1 

6; 5.2, {j .6 

A summary of the onWool' rearing studies (tnble G) shows that of 
1,OGG lfirvae umh'l' ob:::eITati()l1 on'l: a (j-year pel'io(], a total of 361, 
or 33.9 percent, Jl1atlll'(>d a::: adults in till' proportion of. 47 percent of 
females llnc15:3 pel'Ct'lIt of lll:t!e;;. Xin(,l~\l\IL or 2.8 peL'(,Pl1t, were killed 
wlwil the soil \\'lIS bping l'el1lo\'('(i. and m.m. or (j·t;) pel't'('nt, either suc· 
('ul1lb(>d or.u(,C'ttu:-,l' of b('in(Y <'I'o\\'(h·d. \Wl'(' tile \'jetims of c-Hnnibali!"m. 
Of the 01 iginal;3 grollp:-' (rfl:uTHP, :31.·1 ppL'C'(lJIt completed. dp\'('lopment 

http:33'28.41
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in 2 years, 1.9 percent in 3 years, and only 0.6 percent in 4: years. Based 
on the acfualnumber of survh·ed larvae, these data show that 92.S per:
cent matured in the second year, 5.5 percent in the third year, and 1.T 
percent in the fourth year. 

A summary of the basement rearings in salYe cans (tahle 4) shows 
that 45.4, 35.5, 15.8, 2.6, and 0.6 percent of the larvae matured in the 
conseclltive years 1 to 6: inclusi \·e. The more rapid acceleration in the 
rate of development of laryae in tile cages may be attributed, perhaps: 
to the higher daily temperatures that preyail out of doors during the 
spring and early summer months, as it is during this period, if food 
is avaihble, that wireworms make their greatest growth. 

The average mean soil temperatures recQl·ded at the 4-, 8-, and 12
inch depths from tl,1e date the larnle "ere placed in the cages to No
vember 1 of the s',':oncl year \yere 74°, 70", llnd 70°, averaging 71° F.; 
to November 1 of the third year, 6So , 69°, !lnd69°; {ui.d to November 1 
of the fourth year the temperature recorded at each depth was 6S0. 

DeRATION OF THE PREP\1PAL PERIOD 

Prior to pupation. the larvae enter the prepupal stage and, in this 
condition, mny be identified by their illacti\'ity, shortened bodies, and 
enlarged middle segments. The prepuplle arc enclosed in an earthen 
c.ell about three-fourths of an in('h in length, formed by the larvae 
be10re they enter the prepupnl state. • 

As shown in table 7, the first prepupa was obtained on June 5, 1934. 
and the last on Septembel' 21, 1H3il. The duration 01 the prepupal 
period varied with the temperature, ranging from an ayerage of 7 days 
in H)37 to 11.4 clays ill 1936. The ayern.ge for all years was 8.5 duyf:'. 

T.-I.BLE 7.-Dllration of tlle 	prepllpal period. Of Mclalloirls 101l{llllr18 in salve cans, 
Alham1!ra, ('alij.• 1932-:rt 

~[al('s end females 

I Average
Year Prepupal dat~s length of 

----.---___ Records period 

First Last 

~~~L==:::::::::=::::::::::::::::::===::::=:::::::::: I }~lr ~,:::::, 

Number DaV$ 
1932.•••••••••_••••.••_..._....._.................._•• 
1933.................. _.........................._•• 
1934 .. _............................................... 
1935., ••._............_.................... _............ 

July 10.... _., 
July 2$ ._"., 
June;; ..... . 
July'.l(J .•_... , 

Jul,.31....... 
Sept. 5. _..... 
St· Ill. 10...... 
Sept. 21...... 
Sept. 15...... 

24 
26 
56 
35 
8 I 

8.2 
9.5 
i.8 
S.7 

11.4 
Sept. L .._... 3 i.O 

Totlll .........._................._ ....._........_...._....... 
• ·......··.._..·1 152 i S.5 

TIlE PCP}, 

TE\fE OF rUPATIO,X 1,X SALVE CANS 

The time 01 pupation in sah'e cans was ascertained by examining the 
fllder In.rme at 3-dny intenals beginning about the middle of July and 
continuing throughout the pupation period. LnrvtlC which then 
appeared to be of the prepupal type WPl'e placed on top of the soil in 
!\. clepl'(.'s::ion. 'whel'e they were observed at daily interyals until pupa
tion occurred. During the G.year pel'iot11U32-37 the earliest pupation 

http:ayern.ge
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in salve cans occurred on June 10, 1934, and the latest was on S~ptem
ber 28, 1936. Even when the abnormal pupation in June was excluded, 
the longest period of pupation was 67 days in 1934 and the shortest 
was .f2 days in 1937. With the exception of the results obtained in 
i935, l110st of the pupations in all the years ocC'urred. in August, 65 
percent taking place in that month, 25 percent in September, and 10 
percent}11 July. . 

DURATION OF TIlE PUPAL PERIOD IN SALVE CANS 

Data on the duration of the pupal period for each month of the 
different years are shown in figure 3. The temperatures given are an 
avcmgc of the daily mean basement temperatures from the date of 
the first pupation to that of the last adult transformation in each 
month. 

The duration of the pupal period varied wHh temperature. For 
instance, when basement temperatures averaged 76.9° F. during Au-

Bf----:::----~I-I ~ I~1 

30r-----------.-------_r------------~------_r------------, 

20 
.;,
<C 
°10 

o 

}'lGURE 3.-Duration of the pupal period of Me1(lIlotus IOllguZus, as compared with 
meau basement temperatures at Alhambra, Calif., 1£132-36. 

gust 1936 the pUpfl.l period averaged only 20.5 clays, whereas during 
periods of low temperatures, as in September 1933, when temperatures 
averflged 72°, the duration of the pupal period increased to an average 
of 28.6 days. A summary of all records shows that durulg July, when 
temperatures a v('raged 76.2°, the duration of the pupal period ranged 
from 22 to 25 clays and averaged 23.2 days. The same average was 
obtnined in August when t:emperatmes aye raged 75.1° ,but the range 
was greater-from 19 to 32 dllYs. Slightly lower temperatures oc
curred during Septcmber (72.8°), flnd this ,yas responsible for an 
increase in th(' mean to 26.5 days and in the rllnge from 22 to 32 days. 
O,'e1' the 5-year period 1982-36 the pupal period averaged 24.4 days. 

EFFECT OF SOIL CONDITIONS, HAXDLlXG, AND CCLTURAL 

OPERATIOXS ON SCR\'I\'AL OF PCPAE 


Althongh pupae and prepupfle are extremely delicate, they are not 
so susc.eptible to fldYen,e conditions as would be supposed. The larvae 
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experie;lce no difficulty in pupating in extremely dry soils: as on several 
occasions pupation anu emergence of the adult were observed in salve 
cans containing soil ullchanged Tor over 2 months und dry to the point 
of being powdery, Some mortality resulted when the soil was overly 
wet, but this wus ~llle to the increased gl,?wth of fungus in the salve 
cans, It is doubtful whethel.' nny appreclable mortality would result 
in the field from this cnndition, us thete the pupae would be confined 
in their pupal cells, ill it more protected state, On one 01' more occasions 
practiCitlly all pupae or prepupae reared in sah'e cans werc dumped 
~rigor(Jusly into a Sl'l'('('ll, from which th('y were picked. up with tweezers 
and placed in a depl'('ssion on the soil ~nrface, The mortality fr()!l1 
such treatm('nt was n('gligiblp, COl1sidt'rable mortality of pupt\e may 
result from plowing, C'itlll.'l' through inj Ul'Y Ot' exposUl'C', Shirek (6), 
in pxpel'iments cOJldudell in Idaho, fountl that plowing to n. depth 
of 8 01' 9 inchl's (luring the first Y;el'k or August killed approximately 
75 percent of the pll pae of Limonius, 

Dead Ol' injul'{'(l pUPlll' allll lll't'pllpap w('l:e (ll'ctlsionnlly found to 
be IH'avily lnft'stt'll with mitl'S,' but tlll':'P apptu'PIlt1y wpre only 
S('i\V('ngl'l'S alld lIot of till' pal"H"itie type, 

J)l~PT\[ O\O~ PI'PATI0;-;' 

The dcpth of pupatioll was (ldl'I'1l1l11P(1 by eOllfining 20 large or 
mature lul'\'lu' in l'tl('h of {; till' cag('s t ti by :2-~ incl\(·s) COlltnining 
sandI' loam ~oil. ('tldy ill ,hllll' , Cot'n wn." nddpd attlH' tillle of tlH'ir 
cOnfi;WUl('nt and at 'p-\\'l'l'k illlPl'I'uls tl1l'reni'tl'l', 'I'll(> soil within 
the engt·s was I·a·pt as twal' opt ilt1ulH ...·OI11lition llS possibl('. Ux occa
sional irrigatiOlls, Tllt' l'flg!'S \\"pl.'e tnkcll II p late in Septelllbel'~ and 
('(tch 4: indH's of soil wa::; l'l'l1loYNl ~t'pnl'at('l'y and siftpd to ascertain 
the c1ppths of the val'ioll" ~tngt'i'. ~\.t tll(' time of examination adults 
as well as pupa(' wp]'e found and, as tht's(' adults W('l'e ]'ceo\'crcd in 
tht'ir pupal ('p11s, Hit' l'P('ol'ds pC'l'laining to tllL'if' depth in t11c soil 
were indlldt'd with those of the pupat', Apparently most of the 
larvae hall d.ied OL' had stlccllmlJP(l to cannibalism, becallse of the 
120 h'tl'vne ('on1111('(1 in th(' cagt's only -is compldl'(l (lc\'cloplllcllt and 
only ,b l'CIlHTined, That thi:::; ill:-;('ct IJllpntes OWl' a l'ath('r wide l'flnge 
of d('pths was indicntcl[ by tht' following l'psnlts: 21 ppl'(,E'nt of the 
pupaE' ,\'l'l'l' l'l'('oY(>l'Ptl lwt;YC'cll tIl(' 6- !tilt1 li-llwh <1l'pt1ls, 2U llcL'c('nt 
bct'n'<'1l P [lIlll 1~ iIW11(·:;, ~;3 !lPL'{'Pllt hP(wN'n 1:3 nnd 10 inehes, S 
pl.'t'('('nt het\n'Pll 17 all(1 :W jJlelH's~ an (1 In p('rN'nt bl'twN'1I :2l and 
24 il1('hes, 

Tm: AOf.!LT 

F,\IERCE:"CE l~ THE FIELD A;-iD FRO!l[ TILE C:\GES 

The adults of Jldanotlls l(lJ/[!1l1u,~ nt'(' 111l1ik(' lllOst eln.tpr.ills JT\ 
that thpy Wt'~' l'tu:('ly llPlH'aL' on tilt' :-urface Ott bright ~tlnll'y chys, 
Eru('l'g-t'fl('(' ill till' t'ngl';-( ()(,(,l1tTl·(l :trlPI' tlll' Hill had 1)('('01111' less inten:;e, 
usually [l Her 4, p. 111" whC',l'Ptls Oil cloudy days tlll'Y, 'Wt'I'C' l't'('ovel'(·d 
throughout the l1ny~ St(ll'tlllg about 1:1 a, Ill, A k\\' adults WCl'C 

7 A"I'M,ling to H, E, Ewln~. th~s~ mll,'s nr~ mi~l'utol'Y 1I~'II\()hs of SOlllr SjlC'NNl or 
Tyroglyphi,lu(', pl'oba!'ly Jlut (lal':tsili(', 
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collected in the field on alfalfa late in the morning, but the larger 
collections were made late in the afternoon. Emerged adults that 
remalned overnight in tile cages were fOtl~ld under E'mall clods or 
sticks on the following 1110rllmg, and these, especially the males, 
would delay resumption of activity until Inte in the afternoon. 

Data on outdoor emergence 'were obtained by using unglazed tile 
cages as described previously (1'''). Early in the summer 25 large 
mature hUTae and n. small quantity of corn were buried in each cage 
between the. 6- and 12-inch depths. Larvae coafinC'd in this manner 
had ::;ufliC'iE'nt tin1l' to fE'E'd and to ol'iE'nt themselves prior to entering 
the prepupal stage. The cngE's werE' irrigated at intervals during 
the summer and fnll and, prior to beetle E'mergence, were fitted with 
IS-mE'sh, rylinddeal, remontble SCl'eE'n t()ps. During emergence the 
bE'etles were removed daily, u:,ually about ;) p. m. 

In 1D31 em('l'gcnce of Jfelanot1ls longulus adults from tile cages 
began on April 14. Soil temperatures on April 8 and 9 reachecf a 
maximum o! n~o F. ~t the i-illch tl~I?tl.l,. dropped to 820 on ~\.pril 
10, and to 71° on AprIl 14, the day of- lIlltml el1lE'rgf'nce. The hIgher 
temperatures earlier in the weE'k apparently supplied the stimulus 
for the appearance of the bee.tles on April 1+. During the first 3 
weeks the rate of I'mel'gE'l1ee lllcrea::ecl grnduaJIy but was retarded 
in the fourth week, end('d illay 10 by low tempemtllres in the previ
ous week. ThE' PNlk of PIIH.'rgence took place during; the week ended 
May 17 an(t tlw largp;;t (lnily enlJ.'rgence was l'('col'ded on 1t'Iay 11. 
Emel'gE'llce in ID31 extE'nded over tl pel'iod of 49 days and terminated 
on June 1 (fig. 4). 

In the field adnlt:; w('re tak('n on April 30 ncar Temple, Los Ange
les County, <-':11i£., b.v sweeping alfill:l'n. A few were coUected in 
this same locahty on May 9 but none on )Iay 26 or 28. 

Records of ad ult en1E'l'gencE' from tile cages were not available for 
either 1932 or ID83. Near Ventura in 1932 a single adult was col
lected on :Ufarch 19 uuder n malva trap S used in trapping adults of 
Linumiu.~ ca7i/ol'niml.'!. A few "-E're taken in these traps each day 
thereafter until the end of the month. Beginning on April 6, and 
continuing to April 20, large numbers of both males anel females 
were trapped. J11 Orange Couuty the fir;;t adult':> WE're collected 
UlHll'l' l11~t1\'ll traps neal' Smelzer on April 14, on alfalfa in the vicin
ity of EI Mont(', Los Angeles County, on April 16, and in larger 
numbers neal' Temple, Los Angeles County, on ~Iny 15. 

In ID33 muh'a traps were set out in an infested bE'll-nfield at a 
locality in Ventura. County for the purpose of trapping Dhnonills 
calijornic-us adults (1). These same traps were ueed for emergence 
studies of Mdallotus longlllu,~. Table 8 presents a sumnHu'y of these 
data, ba:-;ctl 011 the llnily col1eetion of the adults during the entire 
emcrgent:E' period. ~ 

As determined :fl'oll1 malvfL-trnp records, beetle emergence in 1033 
sbu'ted on A prjl 0, reached n sea;-;ona I peak dmi ng the week 
endd April :2\3, and terminated aiter n period of 42 days, or during 
the week E'11(1('d May 17. 

STrnps cOllsisted of loose piles of Maka. pa/'vif/ora L., 3 feet in (1lnmeter, placed 100 feet 
apart III Shallow t'XOI\'lltiOllS. 
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FIGURE. 4.-Time and rate of emerge-nee from tile cages of adults of Melatlot'u$' 
lO'llUUlIlS, Alhamora, Cnlif., 1931, 1934, and 1935. 

TABLE 8.-1!Iela1LOfuslonglilus adults collected weekly from meLlva traps, Ventura, 

OeLlif., 1933 


Date (1933) Adults CQllected Date (1033) Adults collected 

Number Percent Number PercentApr. 6-12, _____________..____ May 4-10 .._______ .. ____ ..____ 29 7.0II 2.6Apr. l3-tO ....___________•___ _ 69 ]6.6 May 11-17____________________ 4 1.0
Apr. 2o-'.!6 •• _________ • ___ •___ • 25& 6t.7 Total .._______________ _Apr, 2i-l\fay 3...._.....___ • __ 46 11.] 415 100.0· 

At Alhambra one male was taken in a me cage on April 5 ana a 
male and female were taken on May 12 and 20, respectively. 

In 1934 emet'gence records were again obtained from tile cages and, 
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in that year they were basec1 on a total of 25 beetles, which emergec1 
over a perioc1 of 20 days between April () and 25. As shown in 
figure 4, the peak of emergence occurred from 2 to 3 weeks earlier 
than in 1931 or 1935. This may have been due to higher soil tem
peratures earlier in the season, whic11 accelerated the movement of 
the adults in the soil. Females appeared on April IS, approximately 
2 w('eks after the beginning of male emergence. The l"ex ratio of 
the adults that emergeU 'vas 5Z percent males to 48 percent females. 
Neal' Ventura adults appeared slightly earlier, as they were taken 
under maiva traps Oll March 29. Females collected und dissected on 
.April He were observed to be heavily laden with eggs, 

In 1935 adult-emergence records from tile cages were more com· 
plete, being based on a total of 203 beetles, which emerged over a 
period of 36 dtlYS between April IS and l\Iay 23. In the week prior 
to emergence, "oil tempel'atures at the 4-ineh depth reached a maxi
mum of 70 0 on sC"ernl 0('ca::;1011S and 75° F. on the cla.y preceding 
emergence. On the dny of initial ('mergence, the maximum was 79° 
and on the day Jollowing. 810. Apparently thi::; sudt1('n rise in tem
perature provldt\!l the ilnpetl1s for the first appl'!Hl1l1Ce of the beetles 
on. April 18. During the fir!;!" week of !"mergence males only were in 
,evidence and they also outnUlllbered the femnl('s during the second 
and third weeks; however, females were more numerous in the fourth 
and fifth we('ks. As shown in figure '1, there wns n decided drop in 
soil temperatures during the week ended May 3. but this did not 
l1ppear to have affected tlle rate of emergence. In nIl other weeks 
the rate of emergence increased or clecl:easec1 according to corre
sponding Changes" ill temperature. As to sex, the isslling beetles 
,\ere in the rlttio of 60.1 percent males to 39.9 percent females. 

Records for 1936 show that only fiye adults emerged Jrom a group 
of tile cnges containing a s(,1'ies of Hl3-!-brood Jldanotu8 longuZ.u..'J. 

These were all males, and they emerged in the 5-day period April 
17 to 21. 

SEX RATIO 

The clata on ."ex ratio of the adults coU('ctec1, based on the dissec
tion of ·194 beetles l'('ared in salve cans anll tlle cages in the period. 
1931-37 (table 9), show that there was a gradual increase in the per
centage of females ns the length of the life cycle was increased. Over 
the entire perioa of deyelopnwlIt, howevel'~ the proportion or males 
and females reared in salve cans was about equal, whereas in the 
tile cages males were slightly in excess. 

'J'ABLF. lJ,-Propl)rtion of .~('.t('S of J/r/rllwtu,s Zl)nrl1tlllS of (Uffa{,llt maturinu aue, 
r('(1r(,ll in SUII',: Cans oral tile Cotles, .1lht/IIlVra, Cali!., l!J.H-S"/ 

., 
3:~:.:.:' 
4 . ., 
:,..... 
6. 

TtJtal • -------_.._-----------------------..., 
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MATING 

Mating usually takes place late in the afternoon on the day of 
emergence. More matings were observed. on coo], cloudy days than 
Oll bright, sunny days or when higher temperntures prevailed. One 
mating appears to be sufficient, as females mated but once have de
posited the normal number of fertile eggs. 

PREOVIPOSITION PERIOD 

The duration of the. preoviposition period for females confined 
in the basement and in outdoor cages is shown in table 10. The ave!.·
age for 26 females ,vas 10.7 days, with a maximum of 29 days in 
1933 and a minimum of 2 days in 1931. It is noted that considernble 
variation exists in the averages obtained in the basement in 1931 and 
1933. This was due, as was the case with Linwni'll,8 aaZifornic:u.'J, to 
the difference in time of matings in these years. In 1931, when the 
low average was recorded, the females emerged and mated in the 
period April 15 to June 4, and in 1933 on April 14 and 15. In 1931 
several of the late-emerged females began egg deposition in from 2 
to 3 clays, which accountcd for the low average shown. There was 
also considerable variation outdoors in 1934 and 1935, but this was 
probably due to the difl'erence in temperature and to the limited 
number of individuals under observation. 

TART.I;! lO,-P"coviposition period of ad1lzts of "lle1nt/otus 10t/gulu8 ·rcarea in salVe 
cans and tilc cagCII al/d latcr cOl/fillcd either in the basement 0)' in outdoor 
ot'illositioll cages, Alhambra, Calif., 1931-35 

REARED IN TILE CAGES oU'rDoORS 

Average
A veragc mean base· 

Year Confined during ovipositIon Totol preoviposi· ment or 
~riod in- rcrords tlon ~riod soil temper· 

ature 

Number DaV8 OF. 
193L ....... __ •••••• •..............._.1 BsS{'lIlcnL.•.•••••.•.••••_.. 9 4.1 05.6 


0.5 167.5 
17.3 167.2i~~t:::::::~::~:::: ::.:::.::::::::::::1 .~~~~~~~.:~~:~::.::: :::::::::: g 

JmARED IN SALVE CANS IN BASEMENT 

1933••_••_•••••••. _.•••••••..••••••••_•••1Bascm~nt.••.•_•.•••• ""-' '1 16. 2 \ ___6_~._.8 
Grand tolal or 9.verage•.•.•••.••. , .........................__••• 10.7 66.3
~I 

1 Temperatures at 4-inch depth In soll. 

OVIPOSITION 

In obtaining oviposition records, females reared in tile cages were 
mated on the day of their emergence. 'When adults reared in sa.lve 
cans were used tliey were removed and mated at the time of first female 
emergence in outdoor cag('s or in the field. Pairs obtained were 
confined and allowed to oviposit either in I-ounce salve cans in the 
basement or in specially constructed outdoor oviposition cnges filled 
with 60-mesh soil with a moisture content ranging from 12 to 16 
percent (dry weight). Each day thereaftcr until eggs were found, 
the soil was removecl,washed through a 60-mesh SIeve, and fresh 
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soil was added. After oviposition began the soil was washed and 
the eggs were recovered at weekly intervals. An earlier paper (1) 
gives additional information and methods of constrncting oviposition 
cages. Table 11 presents a summary of the oviposition records of 26 
females during the years 1931 to 1935, inclusive. 

TABLE n.-Duration of the oviposition period, also fecllnclity and percentages of 
e{/!J8 rlepositecl at weekl-y intervals in the balSelllent awl in olltdoor cages by 
8alve-can- and tile-,.eared Mclanotlls lOIl{JII~US aelllUs, Alhambra, Galif., 1931-35 

Eggs laid durltIg indicated !~~ I~~ week of o\'!posltlon period 
LocaUonof ~-g t§-;;

'J'YDe of rearing cage oviposition ., o~'" ':;0." I I 
t:l.i J:.t,..:. 

c:.I ~--:::j=..cc.o ,,=.t:l ~cagtls 
~ t;S!t';:t ~ J § l:E ~ ~ oS ~ 
~ ~ =--=11<0 =-, ~ i& ~ ~ ~ ~ ~ 

-1--1-,-.;-,----Nu.m- "Vum-, Per- Per-' Per-,Per- Per- Per- Per
op. !ber ber i Days .cen! cw/.cent<cent cent cent cent 

'file..__________________ Dnsement..__ • 1931 107 9 1341 17155 31 \1311 ____ 1. ___1__ __< 

Salve enns_ ••• ____________ ••• do ...__•••• 19:13 106 I 5 302 40 46 9 17 7 15 5 1 
~'lIc.__ •• __________ •____ Outdoors._____ 1934 • 73 6 192 24 12 45 2:l 17 4 ••____ __ 

Do_••••__--------- _____do...._____11935 '69, 6 106 1 14 61 36 3 ..______________ • 

7Total or mrage' 1----------------F:·~·=r69120rl73f22T422sfi5I--012\0.0 
I From dille of mating to termination of o\·iposition. 
I A,""rnge Il1CDlI soil temperuturc at 4'lnch depth. 
S The lWCrngr.S nre weighted. 

In 1931 oviposition indoors was based on the egg-laying activities 
of 9 females which emerged from tile cages and were mated in the 
period April 15 to June 4. Despite 1m\' maximnm basement tempera
tures, Ivhich ranged from 61° to 68° F., 1 female began ovipositing 
on April 19, less than 4 days after mating. Oviposition by this group 
continued ovel' a period of 70 days until June 27. The extent of ovi
position of this species in the different <weeks is closely related to the 
records obtained for Lim'<}nill.~ califOl'nic1l8. As shown in table 11, 
more than half the total number of eggs were laid during the first 
week, with diminishing ]lumbers in the second, third, and fourth 
weeks. IndiYidunl egg totals ranged from 75.to 185, averaging 134 
eggs. Basement temperatures were fairly umform throughout the 
entire egg-laying period. No oviposition records were obtained in 
1932. 

In 1933 complete oviposition records "ere obtained for five salve
can-reared females confined in the basement. In this group, which 
mated on April 14 and 15', two females deposited eggs 9 days later, on 
April 23. Oviposition continued oyer a period of 58 days, until 
J\me 19. 

One£emaJe in this group had the longest prcovipositioll period 
recorded during these studies. Mated on .April 15, she deposited her 
first eggs 29 clttys later, on May 14. This female also deposited the 
Jargestnumber of eggs, a total of 473. :Maximum temperatures jn the 
basement. during the activities of these females ranged from 59° to 
18" F., the average (66.3°) being similar to that recorded in the studies 
of 1931. 

As is usually the case, the greatest number of eggs was laid during 
the first week, a decline was noted in the second, and slight increases 
in the third and fifth weeks. One. female reYel'sec1 the procedure 
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of egg deposition in that most of the eggs 'were laid during the fifth 
week.. It ,vas obselTec1 that total egg deposition per female greatly 
surpassed the individual records obtained in 1931, and this may have 
been duo to the fact that these 'females were llll'ger, ha,ying originated 
from ohler and considerubly lal.'!I<'r larvae than those used in the 
earlier studies. ~-

Pnirs used in outdoor oviposition studies in 1934 were confined in 
motal cages having plaster-of-pnl'is bottoms and filled with 60-mesh 
soil. These were imbedded about 2Yz inches deep in moist soil in a 
&unl1Y expOSUl'e. Owing to the lack of recording instrnments, tem
peratures at the bottom depth of the cages wero not obtftined in either 
1934 or 1935, hence the mean temperatures ordinarily recorded at the 
4-i11ch del)th in the sun haye been included. Naturally these tempera
tures would average slightly lower than prevailing temperatures 
nearer the surface. TIns group of 6 females beg!Ul ovipositing 
on April 15 and c()ntinlle(l to clo so oyer it period or 4.6 clays, until 
May!.1"). The avernge egg deposition was lowered somewhat because 1 
i'eJtla:· \ died prematnrely and, when dissectecl, was found to contain 
228 eggs. Contrary to l'eBult.'l obtained in previous years in the base
ment, the adults in this group, because of their earlier emergence 
and tho possibility that. their eggs were not fully developed, depos
ited most or th(>iL' egg;.; in the secc)nc1 week, with tho numbers gmdually 
decn)asin~ in the third. fourth, and fifth weeks. 

OvipOSltion studies in 1935 were again conducted out of doors 
in cage::; l<wa ted in n sUIlny (lxposme. The records ,,"ere based on six 
females \yhich emerged Ir0111 the tile cages and mated between April 26 
and May 9, Egg deposition in this group began on "May 11 and termi
nated 32 days later, on June 11. This ,yas Lhe shortest oviposition 
period re: onl('d c111ring these studies. 

In rombining all salve-can-oyiposition data (tahle 11), it is noted 
that; the greater number of eggs were laid c1uril1~ the first week after 
o\':iposition began, nnd this ,\~as also true out of c100rs in 1935. An 
exception to thi:; occurred out of doors in 103'1, when most of the eggs 
W('l'e laid during the second week. The percentage totals of the first 
and secOl1(l week in each location, however, show a close similarity 
in the rate of egg cll'posit.ion. In salye cans over (i8 percent of the 
eggs were deposited in this period, and in outcloor cages 71 percent. 
About 15 percent of the eggs were lnid during the third week in each 
location, ant1 from that time the pel'cpntages decreased. Odposition 
out of doot's t('I'minntC'd dlll'ing the fifth week and in tho basement 
c1ming the seventh week. 

Dui'ing the 4-year period in which oviposition stmlies were con
ducted, both in sa1Ye cans and in outdoor cages, the average number 
of eags d('po;.;itC'l1 pCI' female was 173, the maximnm 473, and the 
minimum :31, Tl1(' sah'e-ran-l'carecl ft'I1lales, being larger because of 
being sllbjC'ctNl to an C'xc('ss of l'oclLl as larvac, deposited more eggs 
on an a\"era!Ie than tlicl the smaller. tile-real'ccl adnlts. One female 
from the sa]ye-ean group dpposited tl1e maximum of 473 eggs. Fewer 
C'ggs w(,1'e dC'J)osite(l (lut of doors ll!.'('ltuse of the higher tempel'ahn:es 
whil'h pl'('vailC'd, c'au~il1g some o·f th,e heptles, to (~ie ]Wel11i:tllrely. 
AltogethC'l' a total of 5U6 eggs was obtamcd by chsseetlOn i and 1f these 
WN'C incllHlc<1 with the total number of eggs deposited, the averago 
rate of egg tlcposition would be increased to 105. 
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The duration of the oviposition period variecl according to the man
ner of rearing the females and to their location during egg deposi
tion. Females reared in salve cans and confined in the basements 
where low temperatures prevailed, oviposited over a considerably 
longer period than the females reared in tile cages and confined in 
Qutdoor oviposition cages. Temperatures were higher ont of doors, 
and this would naturally tend to shorten the longevity period of these 
females. They undoubtedly also would be affected by the high soil 
temperaturE'S which they would encounter in their monmcnt sutface- . 
ward prior to emergence in outdoor cages. The records show a max
imum oviposition period of 49 days in 1933, a minimum of 6 days in 
1931, and an average of 22 days for the 26 females under observation. 

LONGEVITY OF ADULTS 

Data pertaining to the longevity of illelanot~l.s longuhlB, as shown 
in table 12, concel'll only the life of the adults from time of matinfT 

until their death in salve cans Ol' in outdoor cages, which were used· 
for obtaining records of oviposition. The life of the adult in the 
soil may rlUlge Il'om 7 to 8 months, depending on the time of adult 
transrol'lnation in the fall and emergence in th!,' spring. No food was 
provided the adults in their respective containers, since this species 
has never been observed to feed. 

Records of male longevity in 1931 were misplnced, hence only the 
duration of female life is shown. Although the mean temperatures 
of 1931 and 1933 in the basement were similar, the longcyity of salve
can-reared females averaged nearly 25 days longer in 1933 than for the 
same S('X 1'0111'('(1 in tile cages in H):n. Tilt, muximnl11 duration of 
life was also longer by 11 clays, and the minimum by 26 clnys. These 

'.PAilLE 12.-Lol/[ledty oj {Ul.lIltS Of Melanollls 101/[1111 liS {rom. mating to death, when· 
reared.llnder d.iffr:rellt conditiolls, Alhamora, Calif., 1931-35 

REARED IN'l'ILE CAGES IN nASE~!EN'l' 

Mal~s Females 

LQugC\'ity LOllgC\·ity 

; Re('()rds 1----'- .; . iRecords 

I 
l' I

f ,\.vernge r Mnxl· r Mlnl- '\'ycrnge Maxl- Mini,f ~ .. ! 111U10 mum ... mum mum 

-19-31-._-_-.. __ __ .. ••i~~!~1...~~~·-..i~~:~I~,-;;:~~:-_.-.-- - -.-

REAnED IN SATXE CANS IN DA"EMl':N'r 

1933. ___ ••______.._••!___~ ;__.I_l.~.J__G3_I__~j___fi l~j__6_61___47 

Totnl or a..-rrnlll'.! 5 41.0 I 63!' 2J i 14 I .10.0 1\. 661 21 
I ! ' 
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extreme differences in longevity maybe attributed to the variation 
in temperntures. in the. two locations in which the adults were con
fined during their dormant period. 

The longevity of salve-can-reared males in 1933 ranged from 23 
to 63 days, averaging 41 days. For lllnies reared in tile cages and 
confined in outdoor oviposition cages, the average uuration of life 
was 22.3 days in ID34 and 22.7 days in 1935. 'rile-reared females 
l'emllinecl alive over arC. average perlOd of 38.3 days in 1934 and 34.8 
dllYs in 1935. The longest record of female longevity out of doors was 
49 days and for a male ~5 days. 

JAN. FEB.' '~iAi~-APR"'-M JUNE JULY A SEPT. OCT. NOV DEC. 

FIGURE 5.-Seasonal llistory of J[dallotu8 longnllls. in southem Culifol'llia 
duriug the period 1931 to 1!}37 

SEASONAL HISTORY 

The seasonal history of j.Jlelanotu8 longul1tS (fig. 5) was based on 
field and laboratory studies at Alhambra and on the data' obtained 
from maiYll traps in Ventura County. The seasonal history varied 
considerably from year to year, depending on precipitation, tempera
ture, soil types, drainage, and the kind of crops grown in the different 
localities. In 1932 adult~ were collected in Ventura County as early 
as March 19, whereas in ID35 in A.lhambra adults did not emerge 
from caaes until April 18. In other years emergence in cages oc
curred efta'ing the first 2 weeks of Ayri1. The peak of emergence 
in most years took place between Apri 13 and 26 and terminated by 
the end of May. Adults mate immediately upon issuing from the 
soil. Dissemination of this species is mainly by flight. Both males 
and females, even thou~h the latter may be. J1Cavily laden with eggs, 
are strong, vigorous £Iiers. They nre especinlly fictive on cloudy 
days or late in the afternoon on bright sunny days. During periods 
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of strong winds adults cease flying and crawl to the base of plants 
or under clods and debris for protection. 

Egg deposition began as early us 2 days and as late as 29 days 
after emergence. The average preovipo.,ition period was 11 days. 
In laboratory cages first eggs were obtained on April 15, 1934, and 
the latest date that eggs were obtaineu was JU1~e 27, 1931. Of the 
4,505 eggs under observation, 42 perc,ent were deposited during the 
first week after oviposition began, 28 percent during the second week, 
15 percent in the third week, 7 percent in the fourth week, 6 percent 
in the fifth, and 2.3 percent in the sixth and seventh weeks. 

The first larvae were obtained on May 13, May 15, and June 2 in 
the years 1932, 1934, and 1933, respectively. The latest hatching 
date was July 6, 1933. Although larvae were reared under identical 
conditions of food, temperature, and moisture, their rate of develop
ment in the different years varied considerably. Of a total of 200 
larvae reared in salve cans on various quantities of wheat,76 percent 
matured and 24 percent succumbed. Of the sUl'viying htrvae, 45 per
cent matured in 2 years, 35 percent in 3 years, 16 percent in 4 years, 
2.6 percent in 5 years, and 0.7 percent in 6 years. None completed 
development the first year in either salve cans or tile cages. 

A total of 1,066 larvae were reared in tile cages, and of these 686, 
or 64.3 percent, succumbed or were the victims of callnibalism. Of 
the larvae that mutured, 92.8 perecut completed development in 2 
years, 5.5 percent in 3 years, and 1.7 percent in 4 years. The more 
rapid acceleration in development of these individuttls was attributed 
mainly to tIle higher temperatmes prevailing out of eloors during the 
early part of the spring anel summer. 

The first pupation in salve cans occurred on July 18, 1932, and the 
latest record was on September 28, 1936. Ten percent of the larvae 
pupated in July, 65 percent in August, and 25 percent in September. 

The first adult transformed on August 12 and the last on October 
28. '1'he adults remain in the soil in the pupal cells during the fall 
and winter and emerge in the spring. 

NATURAL CONTROl., 

Except for the carabids Oalosoma cancellatwm,. Esch. and O. serni
laeve Lec., which have been found feeding on the adult, and birds
as listed by Graf (fJ. pp. 4O-4.n-whi.eh also destroy larvae, pupae, 
and adults of Limoniu8 cali/omicus during plowing operations, no 
other important enemies of l!lelanot1.ls longulu8 have been observed. 

SUMMARY 

E::,..'~pt for the carabids Oalosoma cancellatU//I~ Esch. and O. semi
fornicu.s in importance as a pest of vegetable and grain crops in 
southern California. The larvae not only destroy germinating seeds 
but also burrow into and kill growing plants and damage potato 
and root crops. Lima bean growers whose fields are infested plant 
an additional 40 to 50 pounds of see(l per acre, and even then there 
are times when replanting is necessary in order that a satisfactory 
stand may be obtained. This wireworm and the species L. californi
C1lS may also be 1."esponsible for the "thinned-out" condition observed 
in sugar beet, tomato, corn, lettuce, and a1:falfa fields. Based on 

http:l!lelanot1.ls
http:4O-4.n-whi.eh
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counts made in lima bean rows, the larvae of jll. Zon.gu],1l~ comprise
about one-fourth of the wireworm population in beanfields. 

Dissemination is mainly by flight, bot11 male and female beetles 
being strong, vigorous fliers, especially active 011 cool, cloudy days_ 

In moist soil, as shown in data obtained by confining beetles out
doors in oviposition cages, females deposit over 70 percent of their' 
eg~s in the first inch1 18 l)ercent in the second inch~ 7 percent in the~ 
thIrd and 3 percent 1ll the fourth. 

Juclging by experiments conducted in salve cans. the duration of 
the incubation period was found to vary according to the changes· 
in temperature in the different months and years~ Individual records 
of incubations were from 25 to 45 days, 11Veragin~ 31 days. The 
f'hOl'~est monthly averacre was 25.5 days for eggs oepositecl during 
AprIl andMllY 1934, when temperatures averaged 72.5° F., and the
longest mOI~thly a\Terage recorded was 39.5 clays for eggs deposited 
durmg Apnl1933 at an average temperature of 66°. 

Of three broods of larvae, reared in salve cans in 1931-33, hatched 
between :May 13 and Ju1y 6, and fed various quantities of wheat 
monthly, 45.4. percent matured in the second year, 35.5 percent ill 
the third, 15.8 percent ill the fourth, 2.6 percent in the fifth, and 0.6 
percent in the sixth year. Because of the slow ratQ of development 
of these larvae during the first summer, none under observati<>n had 
completed development in the £rst year. The average duration of 
the larval period was 433 days for the 2-year-cyc1e individuals, 803 
days for the 3-year cycle, 1,176 days fOl' the 4.-year cycle, 1,547 days 
for the 5-year cycle, ancl1,885 days for the one indiviclnal completing 
development in 6 years. 

Of a total of 1,066 larvae of the broods of 1932, 1933, and 1934r 
reared in outdoor cages, only 34 percent matured as adults. A few 
were killed when the soil was being removed for examination, but the 
!!Teater number either succumbed or were the victims of cannibalism. 
~Hjgher soil temperatures outdoors in the early spring and summer 
accelerated larval development, as these rearings, based on the total 
number of adults recovered, show that 92.8 percent matured in the
second year, 5.5 percent in the third, and 1.7 percent in the fourth 
year. 

Larval development was accelerated and pupations occurred pre
maturely when larvae of this species were confined in salve cans at 
a constant temperature of 80° F. At 70° la.rval development and 
pupations were in accord with the rearings conducted at basement 
temperature. Larvae feel on sterile lima beans in sa1ve cans de
veloped mu{'h more slowly than those fed 011 fertile moistened ·wheat. 
The gronp feel on sterile lima beans, with the exception of one pupa 
in 1938, failed to complete development oyer an 6lnpsed period of 
'( years. . 

Judging bv records of in<1j"idua]~ confbH'c1 in paIYe cans, the dur
ation of the'prepupnl pf'riod 'ras found to range. according to the 
change:3 in tempel'atnl"(" hom an average- of '7 days in 1937 to 11.4. days 
in 1936, and the average for all years was 8.5 days. The earliest pupa.
tion in pah'e cans o{'c'ulTed on June 10, 1934. al1d the latest was on Sep
temb('r 28. H136. The longe!:;t period of pupation was 68 days in ].~M,. 
and thl;' :,hort('st "-a,, 4:2 clays in U37. (hl;'l' a period of 6 years, the 

. average period of pupation was 54 days. A p\ll11mary of all pupations 
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showed that 10 percent of the larvae pupate in July, 65 percent in 
Au~ust, and 25 percent in September. The duration of tlle pupal 
penod ranged from 19 to 32 days and averaged 2-1.3 days. In tile 
cages pUpM were recovered between the 6- and 2-l-inch depths but the 
greater number between the 9- and 12-inch depths. 

Adult emergence in the field, as determined by collections made in 
malva traps and by sweeping alfalfa, occurred as early as 'March 19 in 
Ventul'fi County and in laboratory cages on April G. The time of peak 
emergence ill cages varied with the tpmperature in the di1l'erent years, 
and o.celllTC(l within the period Apl'i113 to May 17. The latest date 
of adult emergence WilS June 1. 

The duration of the preoviposition period in cages ::for ::females 
real'('d in salve CilllS and in outdoor cages ranged from 2 to 29 days,
averaging 10.7 day:;. 

Females confilled in cages ont of doors began egg deposition on 
April 15 and those in sah'e cans began on April 19. l>v!J)osition ter
111lnnted in sahre cans on June 27 and in outdoor cages on June 7. The 
peak of oviposition occurred in the second and third weeks of May. 
J·'emnles confined in salve-can cages in the basement deposited eggs at 
the l'llte of 50, 19, 15,4, 9, 3, Ilnd 0.4 percent in the consecutive weeks 
1 to 7 after oviposition be~an, whereas in outdoor cages the percent
ug('s were 30, 42, 15, 11, an<l 2 in weeks 1 to 5, inclusiye. 

The minimum fecundity for females confined itnd reared hl outdoor 
('ageswllS 31 eggs, the maximum ,yns 303, and the a "erage was 149. 
For the larger females reared nnd confined in salve cans, the number 
of eggs deposited ranged from 117 to 473, averaging 194. The average • 
fecllllliity of all females under obsernttion was 173 eggs. . 

In [he bnsement, where lowel' temperatures prevailed, the duratIOn 
of the oviposition period in salve cans was lengthened to an average 
of 40 days, whereas in outdoor cages at higher temperatures the period 
WilS much shorter, ayera~ing only 18 days. For all females the 
oviposition period rnnged 1rom 6 to 49 days; a\-eraging 22 days. 

Males reared in cages outdoors remained alive for 22 days after 
('mergence, and females for 37 days. Lower temperatures prevailed 
in th<~ basement and, ns a result, the longevity of males was increased 
to an avemge of 41 days and that of the females to 4G days. The 
maximum longevity record for males was 63 days and for females 
66 days. 
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