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Field Studies of the Alfalfa Weevil and Its 
Environment 1 
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INTRODUCTION 

The object of t.his ecologieal study, which has been carried on since 
.1929, was to gtlin all understanding of the adjustment of the alfalfa 
weevil (ll!lpe1'(t l)ostlca (Gyll» to .its enVil'Olllllent in the western 

I/tN·ph·ed /:01' pulilicHtiOIl 1,'('IJ. 27. 10·17. 
2 'I'he lIuthol'S are illdebted 1;1' G. 1. Uem'es, whose sYIll(lathelic illt!'!"e!>t cOlltl'ih­

ut(>(i to making this illvest:ig-at:i(m possible, '1'h(' 8ClliOl' authOI' plullllcd unci lIi­
I'l~etecl the stllllic's, devised the lDathulIlatical cOIl(,pption elllplOyed in analyzlllg 
the results, allc1 l)replll'etl the IlIl1llnscl·ipt'. i\1. M. Darley, G, W. Hang, F. H. 
HlllTi<~s, O. 'W. l\[eBpth, L. ;r. FarIlWI', a 1111 W. E. ['cay aSi;isted ill this research . 
.r. O. Hamlin died 011 June S, llH3, 
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part of the United States, FOL', although this Old 'World species has 
been known in. Utah since :u)04:, 110 ilwcstigation had been made of 
its response to the environment as It whole, The cadier work by State 
and Federal investiglLtol's produced (tenel'lll biological data which 
served as It fOlUldlttion for tJI(! l'eSctll'cft, Since tIte creneml informa­
tion hils been slirnmaL'ized in I'xceUellt fol'lu by E~ig and MicheJ.­
baehel' (3):J the rereL'cnces hel:ein are limited to thosc having It partic­
uitu' bearing upon the present study, 

.Past studies Imel li!tOWl! 1IIlll'kcd difllinution of l\'cC\'il damage since 
about 1!H7, applll.'ent pamsitization of upwards ot no pet'cell!; of weevil 
lal'vlLe by the intl'Od llced PH l'usi tc lJatil.!Jplectes tlu'(,lIllonis (Thoms,), 
Wholesale destl'uctioll ot the hLl'val poplIitttioll a t'tl'l' the Ii l'st clltti ngin 
fa\romblc hayin cf weathCl', and the .important influellce oJ tcmpemturc 
UpOIl SOlllll Itdivities 01: flit:' wl>()"iI. l ..IoI'l'oVCI', spI'aying and dusting 
with caieiulfl 1micnatc (if),IJ) had IJl'CIl adnlll(,pd as adifieinl control 
mellSUI.'es but ha<llle,'cl'l;cl'n generally adopted, 

Notwithstanding, the!.'o waS lacldrlg a broad understandi1lg of the 
mechanism g\J\'C1'lllllg fllId:uations (rt' \\'ee"il abundl~l1ce nml the eOI1l:iC­
((ucnt el'O[J d:uHllge, Clillud·ie variai ions :ft'Olll yt>ln' tu )it'll!.' ditl Jwt 
Hldlice to llxplaill (hi.' fluet:uatiolls ill damage, bee:lllse the widest pos­
sible dUI:Ot'l'llCeS ill injlll'Y werc fOllnd to exist enm in adjacent fields, 
On the othel' hnlld, t1H'l't' waS lit1l0 dOllbt of the impol'lallt influence 
flf wcatla.'I' conditions, 'J'h{, aI>1I1)(1:1I1('e of B<.t/Ii.IJ117N:tc8 indicated thut 
it might hllVl' bl'l'!l l'l'spoosibll' fot' L'P(llll'l ion of w('('vil damage, al­
t.hough lllllCh of this pal':tHiti:mtioll WIIS wasted upon lal'\'l!e that WPl'c 

ki lied folloWlllg harv('st of thdin;l alfalfa (TOP:' 
This, t"lH'Il, was thn gt'lwl.'al HtalllH of 1111' alfnHa wc{'vil prohlcm in 

ID2!J, wlwn it. was attuekC'd. fl'Om the 1'('f)I()~i('al apl)l'Oach; that is, by 
HimuHllll(,OllS studics of the bio]og-il'llL llIeteol'ologipaJ, and tultuml 
infhll'lH'l'li IIpon the, w('evil. Bllt .first it is desit'abll' t:oindi(:atc the 
1)f'PSI'Il t d iHI: J'i bu d(Jll oJ lllt' Wl'l' "i I jll flip UIllfed Statl's: llie location of 
tlll'8P stUt/il'S, and tht' bl'Oad st'<I'I('nc(> of evelltH dUl'ing Ihe cl'opping 
Sf'llBOIl. 

Wl~I;:VIl, D1STLUBUTION AND AREAS STUDIED 

Sillen Ihe :t1fulfa w('evil Was dis('O\'C'I'{'t!Ilt'al' Salf LaIn' City, Utah, 
it has spt'l'ad into [[ Statl's, Its klloWIl (lislTihutioll ill (he United 
Slalf's i 11 .J a II Iml'y 1!HO is sh o\\' II ill liglll'(' 1. TIl(' slud.iC's 1H'l'e 1'C'poI'led 
ai'll bas~'d pri Ilutl'i Iy Oil 1H'I'iod it' ('I'IIH\I!"i(>S taken lllll'i ng the TWl'iod 
If):30-:~~ ill Sall La lw Va 1lt',Y ~ 011{' of t ht' :t1'!'[lS in wit kh dall1ag(> is now 
/'1'l'<Lul'r:L L{'ss (':.;((,lIsi,'(' data t:dn'll ill HoglIl' Hi"!'r Valle'y, On'g" 
have bC'en PlIlployt,d for ('OlllPll I':tti "t' l)1lt'posl's, alld dala obtained,in 
westt'L'n Nevada, ('uslpl'n Idaho, and \\,('lit('I'\I ('%mdo, t·(J~dlll't, WIth 

ntOl'(l gelleml stu(\ips thl'Oligilollt the \\,p('vil-inf('st('tl ('ITitOl'y, have 
been dntWll UpOli to \\'ilh,1t the s('o»{' of tlii~ bltlle/ill, Thl'~C suppll'-' 
ment:Ll'Y studit's \\'('\'('. mad.e cIltl'ing till' pt'l'iod .\!):1~-:3H, 

3 I tnlil' IIl1ll1hf'rl-; ill (lIlI'l'lIt IIC',;!';; to. Lit\'I'nl:lll'~' l 'il,('d, (I, t;·L 

I UllrHlhllfill('(1 r('RIII I;; oe luhof'l( IIII'.\' (')\[lpl.'i 1II(>lIls ('O!!(hlct.{'!1II~' L, n, ('''risll'lI;;!>!! 
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I!! 1!l~7 illdi('nt!' thnt' PIII'lIfiiti;wll Inrvlll' ('UmHIIIII' nplll'oxillHltl'ly Olw-rourtll 1('1';:4 
food 1111111 III1P:U'llRllizl't\ 1111'\'111', Thllll, p:Imsitiznlioll or Inl'\':Ie l:Itl'l' killt'd b~' 
('ulllll'lIl 1I11:'t holl;; is \)'''1\'11<,1111 to tit Is (')( t \'11 t. 
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• WEATHER AND THE CROPPING SYSTEM 

Springlike weathet' begins in Salt Lake Valley early in :March, 
and the temperature rises, with many interruptions, to It peak late 
in July and then declines until November, when winter conditions 
J)l'ev!i'iI. PI'ecipit"ation decreases from !l maximum of approximately 
2 inches monthly during l\[nrch, April, and May to It minimum of 1h 
.inC'h ill J"uly and then I'ises gmdtmlly to about 11/2 inches during 
October, Rainfall is supplel1lented by il'l'igatioll with water from 
tho melting of the winter's snow held on the mounbtins, the qnantity 
of which f1uctllutes from year to ,Year, The llsllal practice in Salt 
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• 

I!TGl'J:I·; l.-Kl1o\\,1I di,,[l'ihul i"l1 o( till' alralfa \\'l'(>\'il ill the rllitel1 Stntl's, 

,lllIIlI:lI'YW,IO, 
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J.Jake Va,(ley is to give two irrigations to each alfalfa crop, but this 
varies with the supply of snow water., 'with the amount or spring pre­
cipitation, and with the water needs of other crops. Even wieler 
variation prevails throughout the Great Basin. 

Growers of aHalfa hay in the Great Basin usually harvest three 
el·ops Illlllually. In the lower valleys a. few farmers make fom· cut­
lings, while in higher valleys only two creps are cut. The three-crop 
system is the one u'nder which this investigation was conducted, and 
to which reference is made throughout this bulletin unless otherwise 
specified. In Halt Lake Valley ordinarily the first cutting is made 
in the first half of .June, the second neat· the end of July, and the 
third about the middle of Reptell1ber. After the third cutting the 
alflllfa makes some ludhel· growth, which is used as fall pasture. 

SEASONAL HISTORY OF' THE ALFALFA WEEVIL 

'1'he aHall'IL weevi I 5 winters in the adult stage and begins Ja.ying 
egh'S 50011 after the snow co\'ering of the field has meltea in the spring. 
At this time there is no gr:owth of the alfalfa plants, and all early 
eggs arc .laid ill dead and broken alfa1:l'a or grass stems. 'When the 
alfalftt has J"eaclwd It height of () to 8 inches, the weevils begin laying 
eggs in the gL"Owing stems, and as the season advances they lay 1I10re 
in the sll'rns and less in litter. 

Hatchillg bl'gins in ApI'il, and the lIulllber of larvae lncreases rap­
idl'y. In April also the pal·m;ites, which have spent the winter as 
larvae ill (,O(,OOIlS and pupate{l in :Murch, begin to emerge as adults 
Ilnd to deposit their eggs.in the incrcasingpopulation of weevil larvae. 
B(>fo1'e the 1111·,'ae or the parasites in them lmve completed their de­
,'eIQpment, howpver, the first aHalfa crop is ready for harvesting, and 
this cutting destroys most of the larval population. 
. A:ft{,l' thefinit .cutting o~1l'y .I~ few eggs are deposi~ed, a.n~l they give 

I·ISO to a nllmel"leally Ills.lgmfieant lan·al populatIOn lrVll1g Oil the 
second growth of alfalfa. Those few individuals that escape both 
the biologieal and the cultural kill of the fil·st- and second-cutting 
periods spin cocoons, pupate. and become the overwilltering adult 
w(·evils. These ne\\'-genemtion adult weevils produce onl" a few eggs 
ill the fall. . 

NATURE OF DA~'1".GE 

The Iwineipal damage, occasioned by the alfalfa, weevil ("(·sults froll1 
the feNting of larvaellpon tlle firilt growth of alfalfa. 'rhe first 
instal'S feed within the growing tips of tlte st~'ms, but the later in­
starsfeecl inC'reasingly upon t.he opened Iran's, devollI·ing :til except 
the v('ins and the 10w(,I.· epitic'l'llIis, whieh soon dry alld take 011 :t g"my­
il'ih to whitiHh cnst. This whitish nppearallee over the field is char­
actet·istic of severe weevil damage, and ,,·hen it ill\'olves the bllds the 
plants ::-;top growing. Little. 1111tl'itiw' materi;t1 is left in the hay 
\\'IH>ninjury. has progressed to this ext('nt, althollgh the ~tems still 
produ('e IL fall· tonnage. 

[Tht:' \'nrinu~ stll~t:':; of th(' \\·pt·\·11 and t.he dalllll!;'!! e:luSt'tl hr It haY(' bel'll 
plc'tUl'('rl Ii.\' oth\',· w!'iIf'I'''. slIch liS 'ritlls (Ui), ,,·pbstcl' (18). Itt'l.'\·PS (12), and 
Essig anti ~fi('ht'lbal'h(·r (J). 

• 
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FIELD STUDJEk3 OF ALFALFA WEEVIL 

Backward spring weather, whieh especially favors the Ilccull1ula­
Lion of eggs in the field, is in some years followed by a sudden change 
to seasona~ temperatUL'es,\~lth the, result that ~Teat TIlI,robers of lar­
vae hatch .111 II, very short bme, Smce the alfalfa contilrtues to grow 
dllrin" the cool weather, these .larvae may fan upon the crDp "when it 
is l'eady to cut, The tiny .larvae, living exclusively insidG the growing' 
buds, pl'()(luce a chiu'actel'istic cfl'eeL upon the plants. The grayish 
cast, instclld of appearing' g'f..ulel'ally ovet' the upper several inches of 
the plallts, is confined largely to the buds, givin,g them a, fl'llzzled 
appearance und s(-opping gl'owth, Itlthoug'h there IS no large nmoullt; 
of feeding on the lca\'~s as in the more typical damage, If cutting 
is dehtyed,i,lIjury tends toward the usual type, -

The litel'lltlll:e mentions another type of severe injury, directed 
agaillst the young second gl'owth :md caused by larvae that wm'e 
living 011 the fiL'st alfalfa emf) when it WIlS cut. All the eady writers 
mention this phenolnenon of the larvae holding back the second crop, 
sometimes so long tlHlt ollly two crops could be harvestecl during the 
Scuson, As early us l!)N Chambcrlin (1) noted the O'eneral absenee 
of this type of d:unage, and during the present stu'ay it has only 
occasionally been suggested by slight retardation of the second crop, 
The'\'l'(,\yil probl('m hus thlisshiJted eonsidembly since the early years 
of dC'\THsting llljUl'y to the young' second growth, The circnl11stn,nces 
Ihat II ppear to have \Yl'Ollgltt, the eh:l1lge will be discussed in the section 
on Eeologielll Inteq))'('fation, following :t study of the weevil's re­
sponse to conditions now obtnining ill Salt, Lake Val I('y, 

METHODS OF STUDY 

EX(I'(,III(' conditions of every kind w('t'e lLvoided in selection of the 
study £1('1(1; it: was loeat('d in the midst of u, homogeneons alfalfa.. 
gl'owing distl'iet, was IlIHIIIlg'etlaceording' to eultum1 and harvesting 
Imlctkes ('OmmOll to the dish'ict:, :lnd had It staud. of average age Itncl 
<ipnsity, The plan of study was to meaSIU'C thr..:.>ughout the season 
the l'isp and fa.ll of ('neh ('ompolll'nt of a weevU population freely ex­
posed to :dl f()I'C'('s of natlll'e, while simultaneOllsly measuring 01' 
I'p('ol'dillg t hp inei<1('1I('p of' the pl'ineipal biological, metcorological, 
and ('llIttll'al factol's, The ('hid biological :factors wcre the pl'imll.ry 
parasite Batit!lplcr'/cs cw'culionis (Thoms,) and the seconchl'Y para­
~it-e KuPI("'OIi/(t/IIN l'il'it/('s('('IIS ,rahdl i tile.il' aiJundane(· was measul'ed 
along with that 01: fll(' \\'p('yil. 

The il}('idc'Il('(' of (,IIHivation ilnd ilTigation, dellsity of stalld, size 
and ::;tagc' or dl'Vl'loPIlI(,llt or alfnlfa plant:', datC's of CI'Op (,tltting, and 
hll.lTC'sting PI':l('t iel's \\'(II'e re('ol'<ic'c1 and tl1(li,' effect- soughl; thL'oug'h 
stlldy of (1lIduatiollS ill abundance of the wee\'il and parasites, The 
\\'patl!C'L' ('OIl1litions l1leaSlII'p(\ were tempel'fltlll'C' and pl'ecipitation, 
_\.dditional "judi!'s \\'('I'e Illade in the :mnH' field 01' in othel's as sup­
plelllentary data \\'('l'P}H'('(ll'd, 

S:\\!I'I.I\G WI~I';VlI, ANI) PAH-\$In: POl't:LATIONS 

Sampling of til(' sllIdy fi('ld W<U; fllei\itat('d by ('onsiderill:':: it to be' 
r'ompos(>(lof liS nlHlly longitudinal strips as the l1ul11bel' of ~:llnples 1'01' 

('!teh censlls, eadl strip being divided into approximiltely square 

http:pl'imll.ry
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blocks (10 X 11 paces). Disproportionate representation of the dif­
ferent ([uadel's of the field was prevented. by sampling opposite 
halves or adjacent stl·ips. Chance (h!ter'mined from which haH of 
the fil.·st strip the, fh'st sample should be taken, and the particultn' 
block in this half-strip was de(~ided hy rttlldom selection from .nUIlI­
bered cal·ds. Eight l-squnre-foot salnples wCI'e taken weekly from 
positions in the study field deteL'mined in.this fashion. 

While the blocks may be eonsidered as chosen nt random, thc sam­
plei'; themselves were cal'dully selected by nn expel'ien("cd sampler. 
Standing in the Iniddle of tIm chosen block, thc samrlCl: selected, 
within It melitis of appl'oximately ij yards of himself, a squa,re-foot 
llreILI.'Cpl'escntati\'p of the averagc condition within the block. Sine'\} 
ma.ny nifulfa, wpcvil P~gs OCClll: in littpl' that colle('ts .in the bottom 
of tho li('ld ('ol'L'lIgations, aw.L this debJ."is at ,tillles tdso afl'ol'c!s shelter 
for: 1II0rc advanced weevil stages, each sample chosen included both 
!JlLI't of. [lte t'1I1'1'OW ami part of tho l'ic1l4e, If many bare spots, much 
grass awl wl·eds, OJ.' It 1:L1'ge amollnt of !rttel.' ,WCI'O present, the sample 
reflected such ("ond it ions. 

Complete foL"tl:,ity, though pel'1Ill(>s pl'ef('l'ahle in sampling to de­
termine a siugle COlllponent of tt popUlation, in this study would have 
inel'ea;:;NI the variation in the reslllts and necessitated It much larger 
Ilumbet' of samplNi. the examination of which would have. involved 
a prohibiti\'(' amollnt of lahol·. Henc'p, the procedure outlined was 
adoptl'<L as the bps!: possible cOIl1IH'omisc< between tile llesiclcmtulH of 
mndoll1 saHlplin~ and. the nN'l'ssity of k(,l'ping the work within the 
limits of practicability. 

TIH'st'I(,('j('d area was enelosed by a steel die with sitles-l inches high, 
whit-II was c1J"i\'l'n into the. soil ahout 2, in('lIes. Allmatcrial inside the 
hallie (,Ol1sl'itutc·(l the sample. The I)L'Oeec\ul'e vILriec1 some,what with 
the ('ollditioll of tlln alfalfa. ~r()wth, but the material was always 
taken in t:lle Ot'(I('l' of its availabilit<y. For' exalllple, ellrly in the sea­
son wlH'lI 11I('I'c was no appreciable I!l'Owth or j list a:ftel' a crop Imd 
been ('ut, the stubblp was ('lit level with tllC ground, and this, together.' 
with th(' liltH, was ('oller'led nl'sf alld placed in It papCl: bag; the soil 
WaS then haggt'd sepamtel,Y. Later in the senson g'I'owing alfalfa 
Hhoo!'s, (,:trdlllly s('ven'cl ",1\('.I'e the\, (,Illerge f!'Olll fill', ('I'own. C01l1­

pl'ised. the first portion ;)t the salilplc, the littel' the second, and 
tl1l' Roil the thil·d. TIlt' st(IPH ill Hampling HI'£' dptailpd aR i'ollows: 

'rhe samplill~ fmlll(, was lowered OVPl" the selected area ill sHch a 
way that twisted unt! beillt Htems fpll, aeC'ording to theil' aUaehnll'nt to 
lhl; (,I'own. citlwl.' in 01' Ollt of the ~pI(lded. area. The Jml1l(' waS then 
driYNI fil'llll", into thn soil. and It piN'e 01' ('annu,i wus Rpr('lul along 
011(' RiC/p, witll iUi edgP slightly O\'(,J'lappillg the t'l'all\C. to PI'I'\'l'llt 10Hs 
of 1:lI'\':\e 01' adults. Thl' Ht('IllS \\'('1'(' 11J('lItakpn singly 01' by twos 01' 

thJ'('ps, bent outward (lVI'I' till' ('al1\'aR. and ('tlt oft at the l'l'own. 
,\11 stems, ill('luding I!l'ass it' pres('nt. ('onstituted the gl'PPIHit(,1ll 

RHlnple. TI1P stllbbh' was IH'Xt: ('lit ('\'('n with tl~ earth, and al1 nrat('­
ria I \\IIR ('oll(,(,t(,d ('Ipanly by l'epC'atl'd raking with t\1(\ Jillgel's and 
l'\\'!'ppr:lIg willi a HIlUl.l1 jmini< bl'UHh. This nwJl'riaL togl't1l('1' win] 
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• 


• 

loost' Hoil. ('{)Ilstitut('d (lip littpl' salllpl('.W\trn tIll' li('ld was (lxtn'l11pl,Y 
II·pt. lilt' lit[l'I' ('(llltailH'd lIllwh 111,,<1. ",hit'll was 1:1[('1' 1.'PI110\'('(\ I)v 
\\'ashillg the sHlnpJe in :t siC\'p partially sublllPl'gcd in a tub of watei.:. 
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k'inlll1y, the soil waS,l'emoved with It small trowe-l to a depth of about 
lY2 inches, 01' as deep us cl'Ilcks extended into the soil. The alfalfa 
Cl'OWlIS weJ'e scruped clean, and all loO!;e material was included ill the 
soil sample, 

COUNTING AND CLASSIFYING 

The samples wel'e examined in the labomtory, the order of exami­
nation depending lI[>on the divel'sity of· the insect stages present nud 
whether J'efl'igel'ation facilities were at hand. 

The gl'ecn-stelll portion of tho sample was especially important be­
caUSe it ~lIpplied most of the larvae und mallY of the eggs, The leaf 
stalks wem tOL'n fJ'om the main siem, and the leaves as well as the 
sepal'ated .leaflets of the gJ'o,,>ing tip wet'e cltl'efllllr {'xnmilied for 
IUI'vae. OccasiollILl wcevill'ocoons' and adults wem fotind in the gl'een­
st.em sample. The stems wen" split to expose the egg clusters, which 
WeI'e t'ecol'ded. by size and location in the stem. The eggs were 
then incubated. on moist blottillg paper to determine their para­
sitization. The litter SI\111 pIe also yielded llllllly eggs and, duL'ing mid­
sUllluwr, the majority of th(~ weevil tOcOomi, J~x!lmin!ltion of this sllm­
pIe thel'efol'e l'ol\~~istNI in l't'lllo\'ing and cOlllltil~g weevil larvlle, co­
('OOIlH, and adults :\s well !lH 1lII)' pamsite coeoons. The dead stems 
w{'n' s('gregllted iUld spl i t~ and the egg:; wt'I'e. l'econled by (lUmber 
)It'!' clustel:. 

• The soil sample ('ontained adult wee.vils (lnd pl'llcticall>' ull parllsite. 
C()('OOIlS, Exantination or the:;e samples, aPPl'oximutlI1g 1 gallon 
en('h, wnsl'a('ilitated by washing, which rcduced their volume to a few 
cubic inches, The water washed IIlOst of the, soil through two SCl'eens; 
hll'ge objects I'cmained on the top (-I:-lIlesh) SCl'een, where they were 
('Ielll.ed with a strong stream of water, while the insects and sc.-nie finer 
rnatel'ial collected on the bottom (Hi-mesh) ::;creen and were washed 
gently with It spray. The washed ;:;amples were. wrapped in paper 
toweling to dry and eXluninecl on a white tray uncleI' It bright light. 

SEGREGATION OF TilE INSECT MATERIAL 

Aftel' being COllntt'(l and I'ecorilell, the insect matel'ial was combined 
in various Wltys for :l'lll·thet' studies, 'Veekly collections of eggs from 
dead and ~recn !items were combined S('IHII'ately, and in('u\)ated to de­
t('{'t: pumsltizution. 

• 

All larvae originatillg in It single sample were aSiiembled and then 
sC'grt'gat('d by iniibu's fl('cording to the head eapsule. Lilrvae of Hy­
pe;'(J, pnl!('ta{{t (ll',) 1 whieh freqtwntl,r {)('cm' with thol'ie of H. postic{t, 
art', distinguislH'd mainly by the width of the. hend~ lIw:tHurements of 
which al'e gh'en ill table 1. In th(' third and foul'th inst:u.'s the range 
of head widths of H. postica oyerJaps that of the fh'st and Becond jn­
;.tal's, l't'spect:ively, of H. plllldata, but here colol' difi'el'enC'('s permit 
St'plu'ation. .A-rtt'!' being classified, the larvae wt'I'e ba "ell for dissec­
tion to lIetermine the pet'('entage pamsitized by Bathyp7ectes Clll'­

tlllionis. 
The weevil co('oons \\,(,I.'(~ simil:Il'l,r combilw(l nc('ol'lling- to sarnple. 

fllHlopened to determine the mortality of cocooned weevil stages and 
till' pel'('entagt~ Plu,:ts1t:ized by BalllYplecte8. 
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'1!';'<BLE 1.-W1dth of head capsule of la1"'Jae of Hypeira postica and 
, H. punctata 1 •

Width of head capsule of-

Ilypera postica larvae Ilypera p'llnctata larvae 
Instar 

Prob- Prob-
Hange Mean able Range Mean able 

error 2 error 2 

Mil/i- Milli- Mill i- MiIli­
jllilUmeters meters meters l1Ullimeiers mc/ers 1IIeters 

}'irl!L_.~ ______ 0.1 840 to 0.2~10 O. 2018 0.0054 0.3170 to 0.3670 0.3445 0.0107 
Second_~ __ • _" _ .2338 Lo .:2';30 .2708 .0072 .'1760 to .5845 .5264 .0148 
Thi;~L ____ .___ .3507 to ,4342 .3!J04 .0112 .6600 to ,8800 .7!J38 .0081 
Fou~'th_ .. _____ _ A.5!J3 to .61.70 .5480 .0221 1.1000 to 1.3000 1. 2010 .0099 

I 'gach ill$tar based upon mellSurement of 100 heads from fresh specimens. 

'j Probable errOr of a single observation (0.674-5 times standard deviation). 


'fhe iemltle weevils, combined from all eight samples, were killed 
and fixed, imbedded in paraffin, and dissected to learn the extent of 
ovarian dc\-e10pment, along the general lines laid down by Snow (14). 

All free-existing cocoons of Bathyplectes fl'om n, given sample • 
were combined and dissected to determine development, mortality, 
and parasiti:j';ation by E1/,ptm'omaZlI8. 

DF,TERl\IINATION OF PAHAS11'J2.ATION AFFECTING WEEVIL LARVAE 

In the pt'eliminary work of 1929 the percentage o:E weevil larvae 
parasitized by Bathyplect('s WilS determined by rearing. However, 
the-mortality of thil'dlll1d fourth instal's from causes other than para­
sitization waS high, and introduced t~ question as to the accuracy of 
estimates of plL\"Ilsitization so obtained. For example, 231 larvae 
collected on Jllne 10 yielded 7+ adult weevils, 8>1 parm;ite cocoons, and 
7:1 dead weevil larvae. If the dead larvae are excluded, the para­
sitization waS r;:U6 percent. The mortality of pat'llsitizedlarvae was 
probltbly highl'r than that of nnpal"asitized inclividuals, in ",11ich case 
the above percentage underestimates the true parasitization. 

However. we ("atlnot as!'illm(' that all the larvae that died befo1'e 
cocI)Qning ,,-ere parasitized and thus calculate 6i.\)i percent parasiti ­
zation. 'fhl' true percentage was most likely between 5:3.16 and 67.9i, 
out this ran:.re emphasizes the uncertainty of e.stimates obtained by the 
retLrjng method. nearing of first and SPcolHl hlstars was not at­
tempted, but their mortality wonld umlollbtedly ha.ve. been JImch 
.rl"l'ater. . 
/:"> Experience tllll!'; indicatl'<l that fltture work could be lightened and • 
the results mnch improvt'd if the living ]al'\-IH~ were dissected promptly 
after bein~ c~assifie(1. 'l'].le dissecti.ons wer.e made. under a bi Ilocular, 
each larva Demg placed With water 111 It watch glass, the head severed, 
and the body turned. wrong s1c1e out Ovet' the point of It dissecting 
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necc111>," A blilC'k Cloth belleaththe wntth glass aided detection of the 
b'nlls1uc('nt (lggs ancllal'vae of the parasite, 

Reasonably aCClll'Ute n'sults were generally obl'uined from dissec­
t ion of 2;') of each instal' fl'OIll each of the S samples, but si nee a constant 
rico-rea 01: 1l('(,Ul'aey was sought the number of bu'nte dissected WIlS not 
fi:l;~el Instead, a given batch 0 f larvae, representing the ~ol1ection of 
Il C'ertain instal' from It single sample, was thoroughly mixed and 5 
WPI'O taken at random. the pt'Ocess being repeated until 5 lots had 
11('('11 obtairlt'<1, 'fhe IlUlniJel' of pal'asitiz('(l individuaJs in each lot 
was I'('('ol'([e([ !i('pat'utt'ly, ami the variability of !iampling was II1l'll:>med 
by the I)!'obable enol' of tile mean, 'Vhen this value exceeded an Ill'hi­
fl'lIl'il" p);;talJli:-;ilPd. stanlillJ'd, 25 mOre lal'\'ae of like origin we!'e sim­
il:u'I,iehos(.tl and diss(,{,tNI, ,Uld the results "were combilled with thOse 
i'J'()rn the' fil'st group, If til(' Illean of the 10 lots did not meet the 
l'l'quJred standHl'(1 of ltomogel1Pity, the 1)I'ocess was continued until 
it waR l'palizNl. As a 1l1alt('l' of fact only occasionallv WCl'e the re­
:-11 It:; of lhC' first;) lots so nll'illbll' as to Jl('('essitate disSl'ct'lon or a second 
,,{'to !\.Ild \,('I'Y I'lll'pl\' was It thint set I1cl'<lcd, 

TIll' llH't flOd l1l:i:r \.)(> iIlIlStl'lItp(\ by I'll(' dissN'tion I'pl:ord of second 
instal'S 11'0111 slIlllpl('s tnt-PIt :May 25, In;n, as shown in tltble 2, Pal'll­
sitizHlioJl ill olle sample "WflR V£it'y \'al'iable, lU; l'c(Jpctpd by the firRt 
fh'(I loIs diss(lcted, and til(' probable PlTOI' of the mean px('Pccled the 
I"bitl'nl'~' standllL'd of iypl'cellt, ('om'('quelltly, fi\'(~ ,more l?ts from 
IIHI Hanw sampll' W(,I'(' (!lSS('('tl'tl alle\ the I'psults combll1ecl WIth thOSe 
fr.'olll fill' fir:;! l'lPt. 1'h(' probabl(' ('1')'Ot' of tlH' lllC'an was now found to 
('OIl!(' withill I Ill' l'stablish('d linli! of nll'iability tOI' It single sample, 
This I'l'lilllt was ('ombilH'd with data from tlH' nth(,I' s('\'C'n samples 
(111\:('11 011 ~[n,\' 2:1, llOIlt' of wl1.i('h I'('(plil'cd dihli('C'tioll of IIIOI'P than five 

r.\IILI, 2,-Parasitization of second-in.stm' alfa7fa U'ccl'il larvae in (t 

8illg/C 8wnplr ami in 8 NampZC8 I'f>pr('.';enting (ml' cntil'(' IN>f'l,;l1j c07­
IN'tion takl'l! Mal/ ;2;;, HUl. Salt Lal..·(, Valle?!, V tall. ' 

FrcquI'IIP." of 0('('1 1I'r('1I ('(' 

Ppr('Cl1tll1{P of JlIII-Il~ij il.fi.1 iun III Il "in1{lp ~Illllpl\~~· 
_~__ m"_••_~" ____ ._".. ! [Ii -I.i Injs 

froll\ H 
Haspel UpOIl BaRN[ UpOH' ":llIlipir'=­

.i lots 10 10(": 
..__ +H_."..".,...,___~""",,,,",.~_ -........, ....".__._'... ---- ­

0 
20 
1.0 
liO 
.'10 
100 

(; 

I 
() 
2 
I 
I 

0 
I 
0 
-~ 
·1 
I 

0 
,5 
i 

In 
Iii 
2 

.- ;.--_ .. ....~. . ..~~~=:~~~. 
~[plln .r O.Cii·l:; 

PrrN II { 

flit: !J 
Prrrf' II I 

flH:!:-1. 6 
Prrcf:nl 

liO, S!J±2, I-I 

'Tit!;:; IJlNho\l, t1t,\'j:«'d Ii,\' p, 11. IInrrips, of tlip !lul'PHn of gnttllllol()~Y IIlld 
(,Inllt QUlIl'ltrtlilH', \.\'n~ nlloptNL ill 10:111 nJld ('mlllo,H'11 thpJ'NlnN', .• 

8!!1200--40- 2 
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lots, lind pl'()vide(l the mean pUl'Ilsitization of second instal's fot' t1l1lt 
cenSllS, 

.T 11 gCllcml, tlwn, each weekly pet'ccntagc fOl' ellch instill' WIIS based 
upon at Icast; 40 lots, 01' 200 individuals, Endy in the s~~ason before 
the Jlll'vHe becHllIe sufficiently abundant £01' each salllple t.o supply
!1o of each instal', the tOl'egoing pl'oec{\lIt'c could only be appl'oximatcd, 
'l'his condition also obtained aItel' cutting of the first ltlflilfa crop, 

l'vb;,\SURgMEN'r OF TEl\IPEHATURE AND PnECIPITATION 

Becllllse of the impl)\~bl1lt illflllell('e of hellt 11l)on inscct activitics, 
ill this study the tcmpC\'lItll\'e was measlIred in the placc inhabited by 
the WCC\'jl j that is, in nn Illtillfa ficld, At lilly Olle time, howevel', U11 

alfalfa field providcs It wide I'ange of tl'1I1pe\'llturl'S resulting it'om 
exposlIl'e of <1dl'l'I't!llt !;i.d('s of the nlfalfll CI'()WIIS lind the field COl'I'Ugll­
tiollfl 10 the SUIl and the il'l'egllllll' paUel'1l of Hhadc afl'OI'ded by the 
plalllfl, .MOI'CO\'('I',thcHC di fl'PI'l'llces ehnnge w.!th the 11I1g-ltl of illcid("IIt'c 
of thil slIn's mys during the day, as wcllas ft'olll da,y to day with the 
H~'Hsorlltl advHnce {wet the gt'owth of tho alfalfa, III I\ilditioll thc!'(~ al'C 
dill'('I'PIH'PS ill ttllllpt\I'a!:ul'c at difl'llI'cnl: levels alllong Ihe itlfnHa plllnts, 
dlln ehl(,fl,v to the ;'l'eaicl' Ol' 1(ISHCI' influcnce or the soil 01' air temlJera­
tlll'P, It iH IlIlInil~stly il\lpoSI:,;ibll~ Ih("'l'fol'(' 1.0 l'l.~pl'l'Sl'nt by It single 
lIIeaSIII'PIlIl'1\ t Ih(· (pm jW1'1\ tlll'C II fl'pc\ i ng tlll' l'lI IiI'l' wp('vi I population; 
bllt sill('(' thl' Wl'l'vil i(splf is Illobilein its In 1'\'11 I and 11(11111 stages, much 
of the l'\Tett 01' till' val'iatioll tenth; to he a.\'cl'ngt.'(l Olll. 

Sillet) not all st.ngl's of the weevil livp at the sallle level, the l\lOHt 
useful tt'lrqwt'lIhll'e is Ihllt }ll'l'vailiI\IY neal' the point whel'e most of the 
cggH O('CIII', bC('l\\ISl' nil' (lflcets of t~n\pcl'lltllt'l' IIpon tl1<'1Il niRoinflu­
('nee tht' SIJ('(,l'C(ling inlllla(u!'t'. st.agl'H, A('('ol'lliugly, tlw tetnl>l'\'nhll'e 
\\'IIS IlIl'nHIIl'Nl a to 4 illl'hpH ahovc till' slll'fa<'e of tht.' soil. This l£l\'el 
nh:;o appl'Oxilllllics thnt I}(~a I' w1l i('h most of the \\'eevil cocoons are spm! 
1111<1 (h(· adults sl>l'nd nludl of theil' tillie, Fol' this PUI'POSl' It Ihel'l11o­
gl'aph r wa!> plal'l'll ill OIlC ('Ol'ncl' of nil alfalfa ficld adjut'cllt t:o the 
lield ill which the. wl'l'\'il popUlation WIIS stlldied, A('('lIl'ate tcmpera­
hll'(\ 1'l'lIding~ WI'I'(,'. obtained by shlHling" the th('I'II\Ollletl'i{' elemcnt: and 
a lIlinilllllnl or the Slll'I'(J\llldin~ al'ca "'ith small stl'ips of ('all\'I\S, which 
W~'I'C adjllstecl to ('ompensuil' . .rO!' seasonal ('hangcs in slInlight-, 

TIll' \('mpCI'H(IIl'e Was cxpl'('ssed ill eifcC'fivc da,r-dcgl'Pl'S, <'omplIted 
fl'Onl the tht'I'llIog\'aph eharts by Il1Cflsul'illg" with a planimetel' the 
al'l'lt Iyi ng below thc Ii lie (I'a('ed by the I'c('ording pen a nd above 50° F,/ 
I da.r-dl'gr('e bei IIg N(lJi \'a 1('11 t 10 lOa bo\'(· (hc I h\'l'sh(lld oj' de\'c IOPlllcllt 

'1'01' :U houl'S, III Ihis mallllel' the 1111l11ber of day-degl'l'l's wus COIl1­

puted fol' cHelt day 01' the G-,)'t'lll' pel'ioel H)28-aa, 
Pl'cri pitn tioll \\::IS tnl'aslIl'Nl by mea IlS of n standa 1'(11V('1I j h(ll' BlIrl':lU 

I'a.in gage ~lIilabl\' lo('alNI on f'11l' same 'farm, Howe\,('I'. 1Vcllthe\' 
BUI'I'HU I'N'ol'<ls hik(lll at Jlidvall'. Pinh. 2 milNi distant. haye becn 
used, liine\' they sho\\'ed no marked ltifi'('I'l'\)('l'S nlHl providl'd It IOllgel' 
1'e('()J'(l, 

"I'hll'{ !h(,1,'1110g'I'lIpli wns lllstal!!'d in 102,11 b,l' G, I, 1/('(".'('1', or III(' nUl'('II11 I)f 

g\1tf)l\llllng~' n nil PIau t Q\llll'lIl1lhw, 
• 8('\('('1('(\ Ill'; II\(' l11l1st 11>1('/'111 11\'1.'1':1)';(' nl' I hI' dill\'l'illg )WI'O!; of plff'l'li\'\' tPIJ)\lI'I'f1­

11\1'(' I'M thc' 1I('!h'lllp~ of ovil1()~ltlnll. hll'lIitatioll, 111111 \:II'vHI d('I'('lolllll(,llt liS ill(li~ 
l'1I!('(\ hr 1I1111llbJlllh('(1 l't·'lIll!:'! of II" II. Ual'l'll'R, !:i. J, Snow, :Inri r. ,n, Hnwll'Y, 

• 


• 


• 




11 FIELD STUDIES OF ALFALFA WEEV1L 

TRENDS OF THE WEEVIL POPULATION 


• The trend of each phase of the weevil population, based upon :3 
yeal's' data, may now be. descl'iued separately to show its' ('eneml clUll' ­
adct'istks, Later (p, '/'3) the successive phases in It S~~SOll wj]1 be 
treated as !l whole to hl'ing out the net effect of the environment upon 
It wecvi I populatiun, 

POPULATION OF OVEltWIN1'ERED ADULT WEEVILS 

The population of oVCl'willtpt'cd adults bqgins to decline in April 
lind dl'crllasesl'llpidly ill May and Junc, The :few that sllrvive mto 
:July gradually diu out allll c1isnpPl'IU' by the end of the snmmer, This 
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lI):lO-a!!, Snit: Lllkp V/lllt'.\', utulr, 

• 
tJ'('lId iH ~howllill figUt'p 2, Bl'gillllil\g' with l\WI'agt's of 1).flD adults 1\ 

ill til(> Hpl'illg of l();lO. l.f/.j ill W;ll. nml :!,SG in lO!32. IlwH(> popultltiolls 
hnd \';II!isllPllll\' Sl'ptC'IIl\){'t' or (,;t('h .\'('al', . 

The pn I'('nt \\-(levi Is prl.'sClit i 1\ till' HLlI'j ng W{lI'P pl'o(\u('NI the pl'peed. 
ing SIIIIlIll('I', II nd only It HIIIIIII p(,I'('('ntng(~ of till' /'(,11I:11('H den'loped 

• {<njpsl'l utht'l'wis(' Hpf'('ifi('(\' all pili i lnll l('s of ahlllHlu TlP(, 1'('1'('1' to liqlllll'('.foot 
rt[,('UIl. 
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mature eggs before winter.tO 'With the coming of cnrly-spring 
warmth the l)ercentage with eggs increases over n period of several 
weeks. In 1032, for example, su,mplings made in the study field at • 
weeklyintervalfl :fl'om March H to April 'l showed 15, 31, 88, and 100 
percent of thc females gravid. 

EGG POPULATION 

EFFECT OF TEMP.EItA'l'UHE AND PHECIPITA'I'ION ON EGG J.AYING 

Tho first eg151ayhw C j Hllthe sprin 11' is restricted to females that reached 
HHXUlll matul'lty the precedillg :~d I. With rifling tmnplll.'IlLure and 
llIom females c'leve}opillg cggfl theJ'o cOllies an ellOl'mous :increase in 
the egg population, followed after It time by It decl'ease due to hatch­
i1w. t)'inco the hll'vae lllcrcllse at the expense of the cIYg population,
th~ fail'est index of egtr production is the inet'ease inCthe immature 
population, including ~oth eggs and lar\·ae. .Just what conditions 
IH'omote the egg laYIllg upon which this inCr(!tlSe depends may be 
detel'm i IIell by I'csol ving the clay-degree vallie of ellch week into its 
compollents of time and tempemtlll'e. The:;e value:; for the 3 years 
of the study are plotted in fignre 3. 

Each season the two curves follow roughly the same path, rising 
ft'OIll zero nCllr the. end of winter, whell only a small fraction of tlH~ 
tltty has tempel'Httll'es o~'el' fWD :E'., to maximum values ill midsummer, 
whell the tClllpel'atul'c ex('eeds flO° Heal'ly an day. The immature • 
population begins to increase shortly td'ter the first temperatures 
above flO° am recorded, and reaches its peRk Hoon after the middle of 
the 1I))\\'lll'(} trend of the Clll'ves. The period of most mpid 'increase 
slightly precedes the middle third of the l1pwRl'd slope of the CUl'ves. 
'rhus the most abundant egg laying occurs when the temperatUl'e
osci !lates daily about ;'30 0 

• 

Unpublished data obtaitwd by :E'. H. Harries show that the rates 
of egg deposition at 800 and 00° F. exceeded those at a1110we1' temper­
atures, but that egg laying wus not long continued and ceased abruptly. 
'rhe tp..rnpel'aLures most suitable fo)' oviposition wel'l~ not the most 
fnvol'nble for ovogenesis; that is, the clevClopmellt of the eggs in the 
O\'lll'ies, On the other hand, the abundance of full-sized eggs in 
lUatllre fenmles collected froll1 the field c1m'illg late winter 01; eady 
spl'ing indicates that o,1ogellt'sis may procl'l'd at temperatures COli­
sidcrnbly below 50°) '.vhich are little suited to oviposition, Th::1.t this 
ii'l actually the case may be shown by unpublished data l'ecvl'ded by 
~. J. SIlOW. Fernale w('ev'ils eollected ~eptell1b()I' 27 to October :~ 
Hhowed slight ovarjiUl "levelopmcnt, ollly IG pel'eeut whh oVll1'iei'l 
segmented ol'with IllatUl'e eggH Dissedioll of lots of·IO to lOll females 
It ftm' they had UCl'1l kept ill l'Ollst:t11 t-Ll'1Ilpel'lllul'e eabi lIets for 1:3 weeks 
at 60°,50 0 

, (1n<140° sllo\\'('(1 ga, 'J2, and flO pCl'C'l'nt, ['CsIX'eti\'ely, with 
oval'ies developed as fat· as the segmentation stage. It thusttppears 
that the daily oscillutioll at it telllj>(,l':lLnl'll of about rj{)° IJI'olllotes the 
most Ilbundni1t ovulation, the negative phase 'favoring ovogenesis and • 
the positive phase favoring oviposition . 

... Hl'('cllt "ludlC'R III. OI'IIIHI .Tlllletloll, Colo., Rhow thllt lIlldel' tlirrpl't!llt ('IiIHUtl<' 
('OIltlitiOllR II gl'CIli:CI' lWl'Cl~Il'lIgC or i:('mll IPH IlltlY mntuI'p nlld deposit ('ggs befol'e 
hulteli by wlntm' colli. 
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FIELD STUDIES OF ALFALFA WEEVIL 13 
• 

'1'he most mpid hlCren'ilc in the immatlll'e population tnkes plnce in 
the spring when, during periods of 5 to 15 hours pel' dlty, the tem­
pernture avernges 5° to 15° above 50° F. Multiplying the extremes of 
these t;wo values gives ~5 to 225 itS the l'Ilnge of hour-degrees per UllY, 
which l$equivalcnt to 7.20 to 65.63 day-degrces pel' week. These mny 
be considcred as the limits of optimum conditions for egg lnying; 
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l~roURg a,-IDgg Illying of the alfulfn wccvil with l'ef(!I'(!\l(:c to tlmc al\l\ numbCl' 
of £1Cj.;I'CCS lll.iOYG .50° F., 11)30-32, Salt Luke Vallpy, Ulnh. 'l'lHl flt'llill Jine re[l­
I'csents the IIvcl'uge hOUl'!! \11'1' dllY, tho (lotted IInc the Il\'l°l'age (ll'gl'('l'fl above 
[,0°. The SPIICC between thc "el'tieal 11m's l'epl'(,Sl'nts thl' IJl1l'lo\l of most I'upld 
l'gg lnylng. 

but they Ul'Cllot rigid lirnits, sillee egg laying ill any 1 week is affected 
by antecedent conditions, pal'Liculal:Jy the tempel'lltul'e of the pre­
('p(Ling week. Fol' insl:ance, It week t.otaling mOI't' thlln Ui) dlly-degl'ees 
will favor elm Iltyilw when it follows It week lw.vin cr low temperatures, 

I . I t:>e> t:> l! 1 l ' t:> , 1\\' llie tie sallll\ 1lll101lnt Ol H.'lIt pel' wpe r SLH;tltlned for a to ·b .Wl~e {S 
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• 
greutiy reduces egcr luylng. The effect of It given llumbN' of day­
degrees is also lllmlified by the decreasing egg-layillg potent.ialityof 
females as the season adYtUlCes. 

While egg laying has been discussed entirely in terms of tempera­
tUl'e, it must be rell1'!mbered that the tempm:ature is much aifect<ld 
by precipitation in the snring, which norma]}:" is the wettest season 
in 1::lalt Lake V!lUey. Indeed, the milly periods at this time con­
tdbllte lal'gely to the UneV611lleSS of lhe transit.ion fl'om winter cold 
to Slunmer heat. The spring precipitatiOlI thus has an important in­
fluence ill prolonging or cUL'ttLiling the conditions favorable to egg 
laying. . 

Precipitationmll'y have independent dYed:.; upon egg hying, but 
this factor is so closely !lflsociated with tempBl'ttture that in studies of 
this type under uncolltro]]ed conditions little can be said definitely 
about it. The data indicate, howevel', that egg laying proceeds best 
whe~l bdd ~·!tiny p'eriods occur ftequently thl'ou~hout the. spring, 
but If the r!lllly perIOd extends over ~ or ]1'01'e weel{s the laymg mte 
is tempol'<1ri Iy reduced. 

Eg(r laying by the (hvinc1lin rr number of overwintered female::, eon­
tiIlue~ during mi<lBulllmer, po~ibly being aided by the cooling efl'ect 
of irrigation. Oviposition by the few mature femrt1es of the ne.w 
gencl'ation pl'odll('cd in JUlie and July begins in the milly fall season 
when,in the ('olll'se of the transition frOiIl summer heat to winter cold, 
the number of (Jegl'ees awl hOllrs pel' day above 50° passes through the 
rangc above c.ited. In tIds ('ase, however, the egg laying is termi­
1Iated soon afte)' it starts when the t()lIlpel'atUl'e remains below 50° 
throughout the clay. 

OCCURRENCE OF EGGS IN LITTER AND IN GROWING STEMS 

Eggs occur both in litter on the ground, consisting mostly of broken 
dead alfalfa and grass stems, and in growing al:falfa stems. Table 3 
shows that Illl the cl.ustel's fOlln(\ in dead stems were in those having 
diall1eters of ov('r 0.i5 to find including :U5 mm. So doubt the we~vils 

TAJII,l~ 3.-Distribution of egg ol1lste1'8 of the alfalfa 'weevil aac01ylillg 
to diameter 0/ dead and growing aZ/a7fa and gJ'a88 8tel/1S, Salt Lalce 
V allcy, V tah, HJ;3.9 

Dinrneter of Dend sterno; Growing stems 
st.erm;, in 

millimeters, 
up to nnd in- Aggregnte length Egg clusters Stems Egg clusterscluding-

In. Pet. No. Pet. No. Pet. No. Pet.
O.iL ____ • ____ 32.50 O. S1 0 f) 0 0 0 01.0__________ 734. 00 IS. 30 41 37. 9G 143 20. 03 29 23.20
1.5_____ , _. , 1,903. 75 47.40 SG 79. G3 271 37. 9G GO 4S. 00 
2.5_ _____ - ...... --, - 3, 4SS. 00 SG. 9G lOS 100. 00 492 GS.91 95 7G. 003.5 ____ ­

3,915.00 97. Gl IDS 100.00 (i30 SS. 24 ll8 94.40 
All sizes _____ 4,011.00 100. 00 lOS 100. 00 714 100. 00 125 100. 00 
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FIELD S'l'UDIES OF ALFALFA WEEVIL 15 

prefer the thinner walls u,nd softer texture of the Smlttler stems. This 
table flll'thel' shows that egrrs occur in gl'o,wll1g stems of all sizes. 

Figure ,1 shows gL'a.phic::ily the disproportionate selection of the 
smallf.}r dead stems for oviposition, and tlle placing of eggs in grow­
ing stems with litt1e l'egttrd to size. 

MAXIMUM DIAMETER OF STEMS (MM,l 

3.5 
, 1.,5 , , , 1.,0 1,5 2.,0 , ,l.:,i.5 1,0 '2.5 ~,o 0.5 2.5 4.5 
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PERCENTAGE OF AGGRECi\TE LENGTH OF STEMS 

1,'Wt'm: ·1,-O('l'\lITl'Ill~C of egg clusters of the nlfHlfa weevil in dead (A) nnd 
gruwing (I1) stellls of diffcrent sizes, Salt Lake Yalley, Utah, 19:W. ~'he 
('\1['\'(\'> show tlw pN:C('ntage 01' c[ust!!l's in stem!> up to It given diameter, nnd 
tlw dlHgOllII1 llll(~s show the dlstrilmtions liS they wouIrl be if eggs were de­
[losited in stCIllS lit rlllll[olll. 

The vertical clist.l'ibution of egg clusters in growing alfalfa stems 
collected cllll'illg the latter part of the first-crop periods of 1931 and 
1082 is shown ill figure 5. The study wus 1inn(eo to the period from 
nIlty :20 to Junll 17, because egg hying was then plentiful and the 

100 1.----
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/ V ~ 

80 

I 
II 
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II 
/ 

o 
o 2 4 6 8 10 12 14 16 18 20 22 24 
DISTANCE FROM BASE OF STEM TO fOSITION OF EGG CLUSTER (INCHES) 

FIGl:It~l G..-Vertlcal (lIsll',llIItion of 843 egg clusters of the alfalfa weevil in grow­
ing stelUs of all si7.(':;, Sult Lake Valley, Utah, 1031 IIn<11032, 
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ulfalftt close to its full height; e;trlier in the season eggs laid in the 
shorter plants were of necessity neal' the gl"Ound, and after the first 
harvest eggs wele too SCllrce to permit valid stu(!ies of this point. 

Although egg clusters were found as high as :2 feet above ground, the 
major'ity wer'e nellr' the base of the stem. Thus, 50 percent of the clus­
ters were within 3 inches of the base, GO percent in the lower 4 inches, 
and 90 percent in the lower 10 inches. A therlllograph with its ther­
mometric element ato 4 inches above the soil surface is thus vcry favor­
ably located 'fOL' tempel'lltllre measlIL'ements, as discussed on p. 10. 
In lfXm C:i;tt:L 'were obtained relative to the structure of growing 

alfalh stems at the points of egg deposition. As shown in table 4, the 
('gg cillster's were ('OI)('entrated in the pithy part of growing alfalfa 
stems, those oceulTin1? ill all other parts of the alfalfa plant btu'ely ex­
('ceding the llI11nbel.' tOllnc1 in grass stems. The :few eiusters fOlllld in 
terminal bnds were deposited early in the season and represenl; an ex­
ceptional ('ondition. 'rhe eggs 'found in grass stems Occul'l'mllitte ill 
the pel'iod, ~lay 18 to June (}, when the alfalfa was beginning to 
mature. 

'('.\111,1-; 	·t-[.ocati.on of egg c1ustel's of tlw alfalfa 1.1'(!(!vitin (fl'owing 
8tflllS, first-Cl'OP pCl'iod of 1.'):]0, Salt Lal.:e Valley, U tail. 

Locn.tfon 	 Egg clusters 

Alfalfa S11'11I8: 1\'1I1II1)(:r Perce II I 
Ter mi nal btu.!" 5 O. 50
Solid parL.. _ 32 3.17 
Pithy parI.. 861 85.42 
lIollow par! 39 3. 87

Oruss sterns._, 7.1 7.04 

SIZE OF TilE EGG CLUSTER 

Tltp p~~ e1l1slers of Uw. alfalfa weevil al'e placed inside. the stems, 
I h l'Ough :t ('il'('ula I.' h()I(~ made by the female, 'L'he size of these cluster's 
has bp0n statpd by II nlllll\)er' of workers. Titus (1(/) indicatecL the 
II II 111 bel' of eggs as ranging from 1 to 28 with an aV<'l'age of G.2!) per' 
pllncttll'p, and latc'l' (/'7) slated the l'an~e as 1 to ,Hi. 'VC'bstel' (18) 
gave the l'ange as 2 to OVel' 30, with an a n'r'age of about 10. Parks 
(10) indicated the usual I1l1lllber as 6 to U eggs, llllcliater (11) gave 
the I'ange as 2 to;30 and tlll' IIslIalllllmber' as Gto IR, Ha/.!:an (5) stated 
the IlltlximUIll nllmbpl' pel' pUIlC'tllr(' as ·~ll. List and 'Yakehnd (,9) 
and Snow (18) intlieateci the range. to be 1 to ;W 01' more. Heeves 
(L2) gave the ml1/.!:l' as ,~ to IG. with an avel'll/.!:e ur about 10. Sweet­
man (15) gave It range of :3 to I~. with the wmal number as 6 to 0, 
and the maximum as ·t5. 

The eggs colll,cted ill the (,Ollr~e of periodic field samplings dllring 
the 1)I'('sent study (tabl(' ;)) ~how l'onsiclerable seasonal variation in the 
size 0 f dusters, thos(' ill I itt (']' ('ontaining fl'om (j.O to n.2 eggs, and those 
in growing sterns from n.:) (-() 10.0. 'l'he seasonal a \'eragl~ ~fol' growing 
stems eX('('Nlecl that. in litter hy 1.2 l'ggs pel' ('ll1st(']'. 

"Cluster" as lIel'(' IIsl'd rl'fl.'L·~ to :~ di;;(Tl'tt, grollp of eggs. Groups 
1'C'I)J'C's<'nfing two ~('pal'at{' (\<'positions \\'('1'(' frl'qllPlltly fOllnil which 
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'fABLll 5.-Seasonal variation in size of egg clustm's of the alfatfa 
weevil, Salt Lake Valll.% Utah, 1930-313, 

In litter In growing stems I 
'Mean IMean 

Clus- eggs Chls-
Season of year eggs

Eggs Eggs
len; per ters per 

cluster cluster
I I , -~ -.....~<.-~,." .. -",-'!<- ... _--,. 

N'lIIJI- NUIII- NIIIII-- Num- Nllm-' ,Vum­
ber ber ber ber ber ber 

October through Vubruary. ~ _ - • 1(14 1,210 7. 4 -......... -- ... ----_ .. ... _- --­
~lllI'cll" . - .. ~ ,...... ~ .. 332 2, 553 7. 7 --~.--- --_ ............. -... ----
April.. . . . 1,034 17,713 9.2 165 1,083 6.6 
1\1ay_ • ••. ,.' ... ... ", .. " 

3, 278 26, 737 8.2 1,525 15, 226 10. 0 
. June, before firt4L cutting •..• ___ .1 470 3,297 7. 0 541 5,431 10.0 
,(l;Ine, after first c'~Wng, through! 

S(lpterniJcr •.,... - .. , , •• _j 188 I, 129 ll. 0 178 1,150 6. S 

, 
22, 890 9.STotal or mean_ . '" 6, 306152, 630 i 8.3 ,2,409

~ ~ \ 

i 
..._--..-....< 

were but slighlly separated, and occasionally large clusters showed 
it difference in coloration which deady indicnted them to represent 
tWO separate depositions. A few groups, however, wel'e recorded as 
single clusters because no evidence of multiple origin was discernible 
jll th~ necessarily rapid inspection, although it is the authors' belief 
that they represent multiple clusters.which were laid at so nettrly the 
sume time that difl'erences could not be detected. 

Statistically ther(', is only 1 chance out of 200 that It true single 
cluster would dev.iute mOl'e than 3 times the sta:l(lard error from the 
Ilvemge size, and. Chauv(,I1et's criterion, although of questionable 
tLpp1icability to these data, indicates 3.7 times the standard errol' as 
the limit of fortuitous OCClIL'l'enc('. The evidence of multiple origin 
supplied by difl'el'l'nces in colorat.ion and gelatinous envelope in the 
('ase of many of th('. ('xc('ptionally laL'ge groups lends weight to the 
s~atistical intli,c:ltion tha~ gl'el'n-st(,l11 clusters in excess.of 28 ~ggs and 
lttter clusters 1Il excess of26 e~hl'S are probably of multIple orIgm. 

The clusters taken fWIlI litt(,l' ranged from 1 to 45 eggs, exactly the 
range given b'y THus (1'7), lIml ('lusters from growing stems ran~ed 
from 1 to :~;3 tlggs. Th('sc great l'angl'S vitiate sonwwhat the useful­
ness of the (lYel'agl's giv(,ll abo\'c Im'd. indicate that a better idea of 
c'luster siz(~ llIay be gained from the l'elntin' Tl'('quency of ditierent­
hizecl ('lusters anel the relntiv('. proportion or the total egg population 
contributl'd br clusters or ellch size. The. gmph of the data relating 
to ('ggs in both litt('r and. gro\ving stems, presented in figl1l'~ 6, reveals 
a ('onsid(,l·ilble. positive skew. The most frequently encountered 
duster in litter contains 6 eggs, while clusters or 8 eggs are most fre­
quent in growing St('\'I1R. Likewisl' .. duster:; of \) Ilnd 11 eggs in litter 
and growing StI'IIIS~ respectin,ly, ('olltl'ibuJe the gr(,lltest proportion 
of toUll I'ggs. 

The approximate limits of dust.er size, within whi('h various propor­
tions (rf the. egg population::; 0('('111' lllaT be dl't('I'llIint~d hy grouping the 
('Iust('l' sizes ('ontdbuting the lal'gP;:lt pPI'centagN; of t'ggs, as in table G. 
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EGGS IN CLUSTER 


1"Hl(!It~! O,-l't'I'ccnlug'e ot ('lusl!:1'8 111111('1;1;8 oC the nlflllfll weevil (.4.) dIlT(,I'I!IIt­

sl:wd l'15!; ("IlIsll'I'S 1'1'0111 Iltlp!, 1\lId (It) 1:1"0111 gl"Uwlllg slellls, Hnlt Lllke Vlllley, 

UWh. 


'l',\lH,E (j,-J""ize of cllMters containing Ilal! 01' more 0/ til(! aljaljct 
lI;('t'vit l'!ff/,v laid in littei' and fll'Outill!f stem8, Nalt Laic!! Valley,
Dtah , 


,..-..,.. ,.,~,,, .. ,~.,.,<-.,., .... ", ~ -"- -).....-<-" ..."-.,. ..-"'"~-~""--"'"~-...:"'"-..-----


1.;ggS per clilHler- Ii 	 I'~gg~ per c1l1slcr­
)
 

('Inss grouping (If .~ -'.. _- --~ .,Il (,lllss grouping of --,.....,,- ­
pOplllntivrt, in I I I n population in In 


perccnt In IiU<,r I growing percent. In IitJer growing 

stl~IJl~ 	 struts 

------I~-----,-	 ____ I~___--.--",----, ­
.VI/mba Number 11 	 IVIIII/bcr Number50 .... (j to 12 	 3 to 2()7 to Ia IJ no < ... 	 " to 21 •.I to 45

75., . ·1 to 1.5 (j to 17 
Ii7 5 to 14 7 lo /(j 1100 	 1 to 33 
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FIELD STUDIES OF <;\LFl\LFl\ WEEVIL 19 

SEQUENCE OF .EGG ABUNDANCE IN UTTEIt AND IN GROWING STEMS 

Although tho ellrly egg laying is restricted to litter, Il few eggs 
IlI'O (oundin the gl:owing alfa.l{a, stl'!ms when the crop becomes I.1bout 
() inches tlllL As the season 1l{1VIlllCes, the egg population shifts more 
and mOl'ofrom tho litter, until lute ill the fi,'st-Cl.'op period the eggs 
prepondemto in the growing stems, . The relation between th(!se two 
pllrts of the egg population for each of tll(~ 3 yelll's undet' stuily is 
ghown in figllre '7, The peak abnndance in HttN' is l'ellche:d nil<)ut the 
end of April, IIl1d tllllt ill. gl'owing stems about the thil'd week ill May. 
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b'H.I.HtN 'i-Alfllifa Wl'C\'il ('I!g povnlaHons, showing the ~t'\I\Wl\('e of ('gg (11.1\111­
thln('t' ill Httl'l' uml til growIng alf':dt':( ::;It·!!.I'', al:; \\'('11 us t!lIlt or nil eggs laid, 
l!llU).:t:!, Halt 'Luk.l' Valll'Y. l'tuh. 
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(fhis shift S('t'IllS to be dill.', partly to tll(' dl-ying and Illll:(l('l\ing of dead 
Rtems and pal'lly to their IOt'lltioll on the gt'Olllld, which accclcl'ates 
hatching. 

DISTHIBUTION OF TOT,\L ~:GGPOI'ULATION 

Tho ('III'VCS fOt, the entire egg population fol.' euch HellSOn (fig. 7) 
show that, beginning ill Mal'eh at the low level l'~pt·esent.il\g the few 
cggf) that W('t'(1 laid the previoml fall and slIl'\'ivcd the '.'.'intet', tho 
POPlIllltiollr-;ineroasc slightJy at fh'st, then rise rapidly to 1! peak in 
May, lind fiJlltlly (JpclillP to slllall \TlIllieS just UnCI' the clltting of the 
fiv'st tllfalfa cJ'o'p ill JUIH'. The nallll'p of thf's(' ('lIIT!'B fHlgg(':;tB that 
they may be appl'oxilllations of tile 1I01'II1al distl'iblltioll, with equll­
tions of the tyP(;' 


N _.,l 

1/=· e 20' 

IT '\ :?7l" 

wlwl'c N is til(' magn itlld£' () f the egg population i II any we('k, N .Is t,lIe 
total IHllnbel' of: eggs pn's('nt (SIIIll of weddy abullcllulc'e), CT Hi the 
shtnd:u'd deviation about nIP lI1(>an of the' X axis, (' is It ('ollstant, 2,718, 
tho limit of (1+-) II as no:; and ,(' is the d('\'iution in weeks from 
lilt' mean (tB.5) 0 t III(> X llxis, 

The, egg populntioll for ('aeh w('ck ill 1!):10 ('akula!e;l fl'(Hll this for­
mula is shown in !'able' i. 

'1'''111.1': 7,-('a!"/lltd(',/, l'filll(,8 of tllf! ft/jalj(t11'(,(,I'IZ egg population pel' 
N(f/((tJ'{' 1001, r[lll'inf/ HMO, Salt L(ll.~(' J'allcy, Utah 

PIus, or i PIllS or !
minus Clllcu­ I mintls, I (:nlctl-

dl'vintiOIl la[('(1 1 deviation j' lalcdfrom , <'g/!: from rggorigin ~ JloJltlla- , origi II I popuIn­
. !1R.5W('f'k ,.. lion ' e18,5 weck " tionof \'PllrJ i ( y) of yt·ar) (II)i (.r) (:r) ! 

' 18.5 o 731,O(j 12 Ilnd 2./ Ii, ;/ 77,3(;IS Rl1d In , ,j 721,.) 1 11 and 26, 7.5 an, iii17 ane! 20 I. Ii !I,IX, (i,1 10 ane! 27 'l~. ;; J5.70)(; nnd 2l 2.5 52·1. ·10 \) Illld 28. 0.5 Ii. d'a15 and 22 a. :l ::lSI. 10 1 8 line! 29__ 10. ii 2. 08I :1 and 2::1 ,~. ~ ; 210,1.1 7 and 30 I I. 5 , !i5 1:\ nlld 21 .)~ ,.1 I 'IIi, ·11 

'I'll(' agl'('("IlI('Il( of (ht's!' l'akuinft'd Ynllles, l'l'PI'('sNlting UI(I 1l00'IlIaL 
dist"ibutioll, with {host' clPtpl'llIillt'l1 iJv adllal ('OUII!" an' indie-a/('d ill 
figul'(' K By the $lllll' IH'O('N]un' nOl'llml-dist,'ibuLion C'Ul'\'('sltaw 
b('('n HUN] to the <'gg populatiolls ot' lU:3t and I();J:!, :dso showlI in lig­
Ill'(' S. 

It will bp Ilof!'d thaI. all hough fltt' Ilragnifllt1t, of til(' l'gg populations 
nll'j(ld ('onsidpl'a Illy. pn 1'1 i(,lIlal'ly lwtw('('I) J!):m a n(lW:)!. til(' genC'l'a I 
llgl'C'l'Illf'nt. of th(, Ilw(lwnwti('all,Y ('()lJlplIkd ('III'\'('S wilh tll(, ohsl'rva­
tiollal ('ul'\'(':;i~ good, pspp('ia lI,r :-.ilJ(·(· 111(· !':.rg popUlation waH l'stilllatNI 

• 


• 


• 
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IfHH.'ltt: 8,-Ohst'r\'('(1 l'gg J)QllIllatioll uf the alfalfa wl't'\'11 IlS COlllllal'ed with the 
1I1)I'IIII1! (!!st1'iIJUtiOIl, l~XW-:t! •. SnIt Litke Valley. Utah, CQutinuous lines rl!pre­
srllt tilt' caleuilltrd UIIU dotted Iilll's the observed populations, 

from only eight sllmples P('L' week. The experimental e\'l'OI' thus 
douhtless Itc'collnts JOl' the lnajority of the discrepancies between the 
two CUI'\'CS for each ,Yellr" The clis('l'cplllleies Itt the peak of the 1930 
cUrVe Hnd those inl\):12 Ilrc b(\lievecl to be due to influences of the 
weather, as di!';CIIRsec1 on page 67, 

J.\ ('ollstant' dilf'el'en('e between th(' {,IH'V('$ of ('lIeh pail'is shown just 
nftel' the ('utting 01: the fit'Rt nlfaH:l (,I'OP, the obscl've~l ,'aluI:!S being 
llIueh h('low tho;;(\ ('alculated, These differellces :Ire due to the perish­
ing: of thl,\ ('ggs, or of the lON-lUlling inl'VllC, as II conse(jut'llc('. of the (h'as­
I,le ,('('ol0f!~(~tl ('hallgN5 P~'Qdl.'(:cd by (TO\) eyttillg, Xc\'elthelcss1 th,e 
fit 18 HllfhC'lcntly gootl to Jll~tlfy the ('one llSlOll fhll t the nOl'mlti dlstl'l­
blltion pl'ovidl'$ an lltlpfplatt' dcseJ'iptioll of tIll' ('gg population. ThcJ'<.'­
fOl'e, thl' egg populatioll as it ordinarily ('xistsin S:llt Lalw Valley may 
be ('I.HLl'Ut'Ii.'t'izNl in t('rIllS of the I1w:tn of the, oviposition Reason and its 
stantillrd dl"yintion (table. 8). 

• 
The IlH'i\11S of thp;;l' dil-itri\)l1tiolls. as shown by their ordinates, 111(li­

('llie that tlwl'('ak of (he t'gg populHtions O(,(,\ltT<.'(l about. the nineteenth 
w('rk of (·:I(,h. yelll" and ll\'et'ag('tl ~[a'y 1·1,. In the ('ns(' of the 110rmal 
<lbtl'ihn(iol1 GK:l7 }lel'(,(,llt of th(~ :U'P:L under (:he ClIr\'{' lies within an 
in(t'l'\'al of :t(T, nlPlIBlll'Nl fnnll the l11('nn ordinate, 'rhus, with the 
It\'('I'ag<' standard (l('yialioll of :ur, weeks, nppl'oximat('ly two-thirds 
of tilt' ('gg pop\llnlion is ('OIH'('nt1'lltml in a pt'l'iod of 6,3 weeks cen­
lel'ing()Il~'{ilY It. 

http:EAN.19.39
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'l\\B1,E S,-illean an<l8tan<ia7'(l d()lliation (IT) of tlte ovipo8ition season 
'in Salt L(tl.:e.V alley, Utah, 1930-313, and in Roglle River Valley, 
Oreg., 1.932-;33 

Oviposition seaSon 

Year Salt Lake Vnlley Rogue Hivcr Valley 

-~,'----

lUcan If ~ICILI1 <1i 
'~--I'-l-v'e'-c~k-;'''f-~-::- -;;::--Weck of !le"r jll'ccJ.-s 

t030 ......... - ........... 18. ~ 3,07 1--"""--"---1-------­
1931 ...... ,.... .. _... 'I 19, () 3, 14 ... - ............ " ................ .. 

lO:i2 .. " .. • ....... I 1S, 4 3. 25 'I' 1ii, 4 I II. 14 

193:1. ........ "" ! .................._... 17. 1 4,12 


...... \ 19.1 1- 3.15\ 16.3\ 4.13 

'rhe building up of It IHrgl.' I.'gg populntiOlI, proportioned of COUrse 
to the !.lllmbel,' of on'I'wint('l'ed adult weevilR, reslllts fl'om the trend 
of tilt' spl'ing tcmpemt.t.II'(,R, shQ\\-n ill figlll'/! a. At first the range is 
suitable fOl' odposition but does not prolllote rapid hatching, imd 
thel'e is bllilt lip a, lal'ge l'eSer'VOil' of eggs il) VILl'yillg <legl'ees of incu­
bation, 1Vith contillul'(l rise in temperntul'e, conditions favornble 
to hatching are l'o:l('ho<l, and the reset'voir ponrs huge Ilumbers of 
larvae 011 the alfnHa crop in Il short pel'iod of time, the effect being 
cOll1p:u:llble to the Ll'eaking of a. dam, 

Thisphenomenon is chal'llcteristicofSaltLake Valley conditions and 
< llC('Ollllts for the fad that weevil la.I'\'lle frequently do considerQ,ble 
dalllage ill that ar'ea, As shown allO\'!! (T meilSlIl:es the extent to which 
the egg population is ('onl.'entl'llte<l, Therefore, ",11e11 has been de­(T 

tel'mined for difJ'l'l'{!nt arcas, it may be employed as an jndex to the 
weeviPs injurioufillcsS, 1\[ol'e exactly, (T provldes an index of the 
lilodifying' influellce of weather' upon the po!;elltialinjul'iOllsncss of 
the wem'il. ' 

EGG POPULATIONS IN HOGUE HlVEft VALLEY 

Similal' data from ROgIll' ;Rivel' Vulley (fig, 9) pel'mit comparirion 
of tho egg populations U1Hlel' ('lilllatit~ ('ol1(litions somewhat difTerent 
from those in Salt Lake Valley, III both W;}2 an<l1V:3:J the egg popu· 
lation show(~(1 th(~ same seqllCIll'e ill litter Hnd growing stems as in 
Salt, LaJi:(J VHllcy; the lotal egg population also showed R general 
l'esl'mblnncc to that in Salt Lake Valley; although the ('Ill'ves are more 
flattened, . 

'Vhen normal-distrihut1on ('l1l'Vl'S Imv\\ heen fitted to the datil. (fig, 
10) . it, is ('Ielll' that the ngrel'ment h; satisfaetory, In both years the 
Q\)BlW\'NI "nltl""H lie below tlw(,Ol11putl'(l (llH.'S jllHt niler the first cutting. 
althOll~h thi:; di;;('I'('pnll(',\' i:, HC)t:;() lllal'k('(l as ill the gl'aphs 1'01' Salt, 
1mk(} Va.l1t'y. Till' oth{'\' dill'l'I'('lltcs appeal' to be t!lIt' mostly to cx­
pCl'il111!IltaL el'1'or togl'thc'l' wilh wl'athel'inflllences, v 

• 


• 


• 
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PrOUltf;IJ,-J\lfal(a W(IC\'llpgg populations, showing the sequence of \~g~ ahundance 
In litter and ill growing IIlfalfll st('IIIS, as well as that ot' all eggs Inld, 19:32­
a!3. Ilogllf! U1YPl' Valll·Y. Or{'g. 

• 
Tho Rtuti!,ti{'n\ d('s('I'iptiOIiR 01: thl'se populations are included in 

tablo R The ('cntl'lll penk or I hI' popillation O(,(,III'1'N\ abollt the six­
I(\enth week of thl' yl'lll', 01' AI)J'il ~.~, whit'his pl'HdicaJly 3 weeks 
{'a.l'liel' than at SaJt Lake. MOL'eovlw, tIll' standal'll de\·iation of the 
ovipoRitioll Reason, ·l.l;\ wl·pks, ('xC'l'l'dR that fot' Salt Lake by 1 week 
lind shows It gl'ertf(·\· dispel'Sion of the. egg popllhltioll. This means 
lhat Ilpp,'oximntdy 8,3 weeks is reqllired to include roughly two-thirds 
of tho l'gg population as ('olllpal'cd with G.a weeks I'OL' the same pro­
portion lit Halt; Lake, 

'rho composition of the Pgg populntion is (,OI1Rtantly chllngin~ owing 
to ('ontinued ovipositioll and hakhillg. Eady ill the seaSon theL'e is 
yiJ'Iliallyno loss thL'Ollgh hat:e\ling, and all eggs \;tid result in in­
(,I'easing the egg population, _\8 tIll' St'nSon advanCes the increase 
due 10 l'gg laying is partly ofl'sct by losses due to hatching, alld this 

• 

Fmultg ,1IJ,~,OhS('I'\'I'(] !'!.:g popllla(ioll oj' till' ull'a lrli Wt'\,'\'i1 i!>i {'\!lllllan'(1 wil II tilt> 

!lot'mlll !li:;tl'ihlltiOIl, l!);{:!;;a. HO~\l\' Hi\'l'I' Vnlll'Y, On'g, Continuous lines 
rppl'\'!:;l'lIt till' ('HI('UI:I\('!1 1111(\ (JoHnl lim's llw ()It,;el'\'(~il IlOl1l1lntioll, 
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tn'lId continlll':{ Ulltil tlw two PI'O(,(,SS(,s balallt'l' ('Hell ollH!I', whcn the 
1)1'o('('(IIII'C .is l'p\'C'I'Sed, '1'he temperutlll'PS suitable 1'01' htltehing lu'a 
not :;0 lon~ «('IIlYN\ in Rogue Hin'l' Vnlley af> in Halt: 'Lalm Valley, 
und, 011('(' bl'gun. hatC'hinll' tcn(\s mOl'e nCHrly to keep pUl'e with ovi­ • 
position, COllscqu('ntly t};e ('gg population IS pt:e\'cntcd fl'Oll1 rising 
to IL \I'('\J-dcfiJ]('d ])(·ak, Hnd the curve is more flattened, This is the 
physi('n.l nwallillg' 01' thr. gl'elltcr valul' of (T in the Rogue Rivet' Valley, 

rt', th('Il, u is ILYalid !llef!SlIl'(>' of the ]lot(,llfial injlll'iollSIl(,SS of the al­
raHa. wl'P\'iI, It ginll\ p()IHtlatioll of O\'{'I'winlpl'pd Ill111ltS should Cllll:;l' 
Il'ss {llllllll~e in Hogu(' Hin'I' V;tll('y thall ill Salt Lake Valipy, As It 
IIW[fPI' of' flld, in the SllI'in!! of l!la~, Ill(' :;tudy Iil,ldsill 11H'H' 111'('11:; 
had almost idpllti('al adllit j;oplllnliolls, and Ilie dtllnag(' 10 the fin;!' 
l'l'Op,WHS 1(,!,:{S(,\'I'I'P· in HO!.!;\l(' lti\'l'1' '"ullt',\', 

Th!' illjUI'iollSIlP:;S or th(' alf'nll'a W('('\'il lhlls npJll'uI'S (0 \'llI')' il1­
\'(,I'sply with til(' Hlalldan\ (I(,yjatioll of tlH' (wiposltioll SPlIson, whie!. 
i:{ (l('tl'l'miIH'll bv til(' ('hal'a!'lpl' of (\1(' spring ('limnt!', This does not 
111('1111 thut (,I'OIl' dnJ1lIl~e will 1ll'('psslIl'ily be light in HI'('tlS wl\('1'(' Ih(. 
(wiposilion SPII:;OIl has n lal'gl' value (if fT, lJl1I' I'athel' that a hu'gcI' 
populal iOIl of adults will bp I'('qllil'l'd io \ll'odlll'O dal1lage, In sueh 
HI'PUS otll('l' fa('lol's may {'outl'itHltt' 10 Ihp 1)J'odlll'lion and :,ul'\'i\'al 
oJ Inl'W' ad nit popu lations, 

Th('I'(' lIlay hI' Sl'l'tiollh 0 I: \\"('('\,i 1·111 I'l'siptl 1(,I',I'jim',Y ",h('ll'e Ill(' l'lpI'i ng 
w('nl'lwl' is slJ('h as lo pl'odll('(' U Sill aUnlitI(' 01 IT n.ntl thus allow dalll­
ugP 10 Ill(' Ii I'St ('I'OP by J('Wt'I' Plll'Pllt w(l('d Is. 011 the 01 liPl' hand • 
it S('('1I1S lik!'lv f.hal Ih(' ('liIllUll' 01' tlw ini'l's(('(l lowland distl'icts in 
('aliJoI'nia w{;llld gin' 11 still bl'gl'l' YlllllP of (F th;lll that found 'fOI' •
Hogtll' Uin'l' ,':dlp"" and th\ls t1illlinh.h till' illjlll'iollHI\('SS of !.Ill' Pl'St. 
Till' 11I'l';;('Il{. sludip:{, i1()\\'(' \'('1', l!aye b(~(,11 ('ol1dul'tNl ('nlh'ely in dis­
tl'ids following til!' thl'C'I'-('I'OP hal'\'I':{1 ill~ BystPI1l; in di:;tl'ids. BUl'h 
ItS plll'ls of (Ialil'ol'nia, ha\'ing Hlm'(' l'UUill!!S anl1ually, 01' in othel's 
1'1lUillJ.!.· but \\\'11'(' ill til{' ,\'<'111', Ilwst' illdil'flliol1s or IlIl' IIlt'alling of (T 

lm\'l' not 1)('('11 ((l5t('<I, 

EGG POPll.A'I'IO':>;S Dt.:ItI,\C Tin: SEco:m·CHOP I'EHlOD 

'I'h(' di:;l'lIssioll of til(' <'gg populatio)) up to this point has bt'cn ('0))­
('('1'11('11 allllOst ('x('\\lsi\'('1\- with til(' main P:lI't of Ihat population 
\\'11i(·1t obtains (lUI'ill~ tlt(: fit'st-('!'o\> gl'o\\'in.!.!; pl'l'iod, l1'igul'e R, how­
('\'('/', sho\\'l' It tuiling out of tlw (':r~ popUlation, mainly dlll'ing tll(' 
SP('()l1d-('l'op I)('l'jod, \\'lIi('11 1'(·(1('('1'1 oyipositioll by the :/,p\\, ()\'cl'wint('I'('(1 
adulls that "lIl'Yin' Ihp fil'~t ('l1Uin~, 

Tlw sl'('oud-('I'oP PIU't 01' till' populatiou is tl'i\'inl 1I11Il1l'l'i('nlly, fill' 
pc'uk ablllldnm'(' nlll()Ulltill~ 10 only a,J, T.G. and ;,),3 pl'l'ePIlt, of I'll(' 
IiI'Rt-('I'OP Jl('nk ,in :-;alt I.ake Vnlh'\' dlll'ing 1!l:10,l!l:n, and 10:32, I'P­
spN,tin'ly, X(I\'el'theles,<" becullse of theil' pl'oc\netioll of l1l'w-gell~'ra­
lIOn \\'('('\'ils thNil' ~('('OlHI·('l'op {'~::'''R III'C' impol'tanf' out: of all PI'OPOI'­
lion to Ihcil' I1llmbpl', and may '('ontl'ibutl' the pl'itwi pal lllll't 0 I! I hC' 
adult, popUlation thnl will r01'1ll Ih(, 1HlHi:-; of Ill(ll'lut'(,('pding yeal"s at­
la('\e on the alfall'a ('l'Op. Th(' ('on<1il'iOl1H that' hl'illg (Iii;:; about al'l' 
di;;clI:"sPcl on png(l '!;i, • 

I b{('hing of til(' tl('l'UlllUl:ttl'd I'ggs h('~ill" in \ (,llIUH' about tIl(' fil';:;!:. 
of .\Ia.y ill S:tlL La"!' \rall('y, 11IHI ill ~(,llt'I,td lilp lalTnl population 
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• 
1?'l'OWS most l'upidly during this month, us shown in figure 11. Early 
III June, howevel', the trend of these curves is halted by the cutting of 
the lit'st I~Hlllflt crop, and the larval l'opullltion decreases virtulllly 
to zero within 1 t() 2 weeks. Then, wlth renewed gl'Owth of the ul­
:fnlflt, lind originating from the tailing-out egg populntion just mell­
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tiollcd, tho larval population again incrcases during the second-crop 
pet'ioel, although the peak is only a n1('l'e fraction of that attained 
dlll'ing the fil'~t-(,l'Op pel'iod, Occasional lal'VlIe IIl'e found in the 
thir'cl-c'I'op pel'ioel, but thcy al'e of li,ttlc CO nsetl I ll'11{'e, , 

'l'lw Clll'\'l'sfOl'w:n andwa~ 1Il<11('lltn that the Ita'val populations 
had all'('ady I'enclwd their mHximll, before (he fil's!; cutting- lind tlUlt, 
but 'fol' thoi ntel'l'll ptioll of I'he tJ'cl1(h; th liS occasioned" they would 
have gl'llded off to small valllPs Illlleh as the egg populntlOl1s do, In 
fad, III illstnn('('s whel'e gl'l~llt dl'lay in ('lltting the fil'st ('l'OP has al­
jowed t.he ]al'vul poplIlntion to l'un its COlll'se, it has risen to It peak 
lind then gl'ndulIlly sllbsided, 'j'hel'l~ i;; th liS small dO\lbt that; the tl'end 
of thc lat'Val population, like thaI: of Ihe l'gg population, would IIP­
pl'Oximnte the llol'lIlal-distl'ibulion ('tIl'VI; in the abscnce of cultural 
Iniel'l'Upl:ioll, 

LARVAL LAG 

Comp:u'isoll of figlll'es 8 and 11 shows n gellemll'cscmbl1111ce .in the 
lip slope of the ('~g and lul'val populutiollS, all-hollgh (]ne comes curlier 
in the yeal' than 1:11(' Otl1l'I', COllseqtlt'ntly ['1\e time, lag bet:\\'cell .tt 
gh'pn abundan('e 0[: e/!gs lind Ilw Ranll' abllndtul('(' of Inl'\'tH' !Hay read­
ily be llH'llslll'ecl.. 'I'Iw inll'l'\'1l1, whieh may be ('allefl the l:ll'wl lag, is 
(I('\('I'mined by plottin n' the pael's o:f the erm lllldllLrvlll CUl'n's llltving 
It ])I'0I1011I1<'e([ positive :;lope us in figul'e 12~dmwing smooth freeha.nd 
(,lll'Vl'sl'Ol' bolh, lIlId llH'IIRlu'ing til(' hol'ii\ontal dhittlltc'C between ('he1l1, 
Begillillg on the [)O 1(,\'(,1, lIll'aSIII'elllelltR of the inlel.'vitl wceo llHtdc 'fol' 
eat'h inCI'pll::ip· or :Mj in hoth poplllal iOlls dlll'ing \:11(' fil'st-cl'op period, 
Thlls inW:30 ill Sail' Lake Valley \'Ill' lag, on the level of iJO eggs and 
flO I:u'vlll', was a[) days; on the 200 lew·I, aa days; Oil the ,bOO level, 
as dllYs; a 11(\ so Oil, 

Thl'. lal'vallHg difl\'L's :1"1'0111 tlwinC'ubntion l)l'l'ioc1 both in concopt 
and in !I1Hnlll'I' or <ll'l(lI'lliinalion, That is, the lag is kngthcncc1 by 
all\, nallll'al nlol'!alit r or the spN'i(lH; :1nd, :-;in('l' it is clerived :1'1'om all 
l'nlil'e, field populntio'n fl'eely ('xposl'd to lIatnml fOl'ces: it if:: freo from 
III(', PI'I'OI'S oi' lilt' ill(,lliJalion jlpI'iod l'XH('t1y (I('tl'l'millcll but n,tfectecl 
by n\)lI(H'lIlalit-ips t Itt' ('xtl'lIl 0[' whid1 1I1'P t111\.::11 ow 11 , . 

III wao the lal'\'nl lag' waH aii days ('ady ill IIll' HcaHOll (late Marc1t 
10 IIII' (,lid of .\pril), <lI'oPI)('\I 1'0 H milli11l1l111 oJ :1:3 days, and then 
wilh (II(' anivnl 01' ('001, mill)' w('nllH'l' rose· 10 ·I·g (lays Jate in tho 
fil'sl-l't'o(l IWl'iO(\ (lIIid-• .\pI'il loln\e, May), Inlfl:n, a ell'y yellr, tho 
I,ng: <ll'('I'l'Hsc'c\ s(ladily I'l'onl ;~:2 to 20 daYH, nlHl (luring 1()a2 it. declined 
:1:1'0111 :n 10 2H days, . 

ID:II'ly ill thl' H~'aSOll. Iwl'ol'(I the alfalfa has iliadI' 1\1\1dl gl'o\\'th, the 
eggH get llNldy Iht, ftdl (,fl"t,ct ot' tllp SlIlI'::; heat, but: aH Ihe plants shade 
the gl'olll1d 1I10l'P lind 1I10l'P ntis shn<lp Irll'gl'l'y ofl'spts i1w incl'pasing 
s('lulOnal hent:. 'l'hIlS, thp lanaI lag is bllt littll' shot'\elled with the 
n(lvl,LllcC of,thl' St'aHon, and it waS actllally ll'ngthencd ill W:JO dndng 
a l'amy Pl~I'IOd, 

lni{ogll(' Hi\'el' Y:t1I~.v iIlID:12, whcll 1IIl' Wl'athel.' was l'xcl'ptiol1ally 
drv Hnd \\'HI'nIPal'l" 111111(' Sl'ason alld la\l'l' was wpl and ('001. thl' lalTttl 
lag i 11(' l'pIIs(\(1 fl'olli ·~i I() [)2 days; bu t i 11 1fl:Ja the, lag cleel'enscd from 
.I~ III ~~ dyys,. wht'll II!l' Hl'IIHOII Hhowl'd a ~Il'a(l iIy i lIel'pasi lI~, dl'fi('ien~'y 
of pI'eclpllalLOn, h'll(lll1g h) I)\l\kl' thl' HPI'I1W w('atht'!' 11101'e like that 1lI 

Suit Lalw Valley, Table Hshows that thel~ was consillel'able seasonal 
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• 


• 


http:freeha.nd


27 FIELD STUDIES OF AL}'AI,FA WEEVIL 

• -- EGG POPULATION 
-.---- LARVAL POPULATION 
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vllriation in the larvul lag in both localities, and that in Rogne River 
Valley the lag averages approximately 1 week longer than in Salt 
Lake V[LUey. 

COMPOSITION OF LARVAL POPULATION 

Although the harvesting interruption to the trend of the larval 
population occurred at nearly the same date in all 3 years, its incidence 
as regards the trends themselves Wl,S very different (lig. 11). The 
1030 trend was broken while it was still tending upward, but in 1031 
and wag the pfmk waS reached bpfore the cutting. The meaning of 
these dilferencesis most easily visualized by breaking down each Jar'val 
population :into the instar:; l'omposing it, anel viewing their h'ends 
sepllmtely, asi n figuJ"; la. In 11)31 and 1032 each i nstar had its own 
peak of abundance. The first instal', beillg initiaHy affected by the 
egg population, established its peak eal'liest, followed in ordel' by the 
second, third, and fourth instal'S. There can be little doubt that this 
succession of peaks represents the nOl'mal COlll'Se of events when the 
fi"st cutting is behted. In l030, however, not even the first instal' 
llacll'eached a peak by the time of the fil'st cutting. Simi1nr timing of 
the harvest in 19:H and 1932 would have required cutting the first 
CI'Op "oughly 21h weeks eal'liee than it ,ras cut. 

The composition 01' the larval population at the Ume of the first 
cutting hasrnuch to do with the perpetuation of the species, owing to 
the difl'el'ential mortality of the several instal'S. The reductions in 
total larva,l poplllation shown in table 10 as OCCUlTing 7 or 10 days 
after' the first cutting represent decreases of DG.5, 07.'1:, and OS.3 percent 
in 1930, 1D31, and 1032, l'espectively. However, practically all the 

TAUU'J 10.-Dijl'e1·ential ?'ecllloNon of Zm'val in8tar8 of tlw alfalfarweevil 
following llar'vest of the fir8t alfalfa crop, 1930-3B, Salt Lalce Valley, 
Utalb 

........--~ ·~··'
.----..........-_--...... ." ........... __ .__ ___4""._._ 


Larvae par square foot in different Total 
Year anrl interval from first 
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.1930 

before _________3 days 
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0 
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1. (;3 
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0 
.50 
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0 
.25 

87. 88 
5.25 
.25 

204. (;4 
5. 25 
1. 00 

U13f3 

til'S before__ ... __ .Few ho 
JO days 
17 days 

..... -,.. . after. ____ 
~ -.­ '"---- ... ­aftcr__ -­ ~-- ... ------­

38. 25 
0 
..50 
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.13 

1. 13 

74. 38 
0 
.25 

1,17.50 
5. 25 
.88 

312. 38 
5.38 
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survjvOl'S are. foudh instill'S. 'rhe viltual extinction of the earliet" 
illstars results iL'om theil: starvation and exposure to the SUIl'S rays 
following remo\'al of the alfalfa. FOllLth instal's ure better able to 
withsttlncl these a(h'erse conditions; mOreover, many of them are 
mature lind therefore subject only to the lethal action 01 the snn, 
which some escape by cmwling illto credr'cs nnll bP.1leath the alfalfa 
Cl'owns to spin theil' ('ocoons. 

IIE1I,\V1011 OF LAHVAE IN ~Tell/lLEFIELD 

Th.) behuv'ior of larVfte whe'n deprived of: the fh'st alfalfa crop was 
obse:'ved ill lD30 in the expl'('imental field, which llveraged. U67.13 
lal'vae pet' squal'e foot, or 0\,(>1' ~\) million pel' aCI'e, 3 dllYS before cut­
ting (table 10). The ('lear', hot w('ather WtlS :favomble to high 11101'­

t:Liity. In the midaftel'noon of the first day after eutting, lHultitudes 
of la1'vue wem obscl.'ved ('t'awling, mostly upwunl, on the stubble in 
the open !treas between the haycocks. .Many .larvae were at the top 
of the stubs, extending their bodies upwlttd into the ltil' app:u'ently 'in 
an ell'ort to .lind some other object upon which to cI'awl. Further 
inspection I'cvealed several larvae l'lItel'ing tips of stuus as well as 
one 01' ;1101'e !iu'vlln within Inany of the stubs. The gn'at ditl'erence 
between tho tempel'lltlll.'e of the soil slIl'fae(' and that of thl\ ail'leaves 
little doubt that thislal'\'al behavior' was a readioll from the heated 
field slu'face. Moisture of the green stubs and protection afl'ordel\ 
:fl.'om thn sun's rays doubtll~sswel'e till' stimuli to which the larvae 
reacted in entel'i ng open ends of the stubs. 

In-formation on the prevalence of this habit was obtained by taking 
8 mndom siunplcs of 100 stubs each at intervals of ::!, 5, and 6 days 
after cutting. The abundilllce of Jat'vae 2 days after cutting averaged 
44.5 pel'lOO stubs, Cf[uivalcntto approximately ~ million PCI' acre, and 
declined to n.!) pel' lOO stubs 6 dilyS afteL' cutting. The smaller larvae 
nceounted for the gl'eater pad of this deel'(~l\se. TilliS first, second, 
and third inHtan-; pl'esent (i days aJtl'I' cutting repl'esented only 20, 13, 
Hnd. 15 PC't'C(lIlt-, rl'spl'etively, of thellllmbcL' found on the second (hty 
fol!owill~ Ital'w'St, as {'ompal'l'd wHh 57 pel'eent,fol' the fOlllth instal'S. 

At, t.he. final examination ·U.3 pcrcent of the stubs, although COll­
tainin~ IIcithC'I' livillg- 1101' dead laI'Vtl(" sho\\'('([ by the evjdences of 
fe(!lling- on the illtt'l'ioL' walls that they had been inhab'ited; these, in 
addit.ion to 8,8 p('I'cent ('ontaining .living and 4.:> pel'cent containing 
dead JIII'Vil(I, total(l(\ :).J.(i percent of til(' stubs. This /!I'eatly ex('ceds 
tliP highest pel.'(,l'ntage of stubs found inhabited at 1m)' one fime and 
clpal'.!Y intlkatps that the larvae d'id not relllain in the stubs continll­
otlsly but left thelll, probably at night, and lateL' re-entpl'cd othel's 
in tllU hc'at of the day. Xotwitlu,tandillg the prevalence of. this habit, 
the I'apidity with w!lieh the larval population declines (table 10) 
indicatp!-; that it, is of little pC'l'lI)all('nt benplit to the spec'il's. 

Th(\ IH:e\·iolls disC'lIssioll shows that the ('ontt'ibutiOll of the larval 
population to the adult weevil POPlliation (\ppends l:u'gely upon those 
lal'\'ae that al'!.' lIJature at fil'st cutting. Suell d('p(~ndenc:e is eSIWeially 
detrimental 10 the species in ,,'iew of the hif{hN' pHl'asitization of 
fourth .instlu's by }Jatit/iplecteN ('IO'(,ldiollis, lls.is shown .in the st'etion, 
PIU'HHitl'S AIl'ptt ill~ tlw Alfalftt WpP\,il (p.41). 
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• 


• 
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The spal'se lu l'\'a I populatioll Ji"i ng 011 the Bl'colld nI fa Ifa crop 
dl'\'clops mpietly, and a Jal'gl\ [ll'OPOl'tlOll may thus escape the clrect 
uf ('lilting, At this eimp also, Itll'\'ae ellter till' stubs, but an l'xtunilla­
tion of HOO stubs :3 cla:ys after ('utting ::;howpd that only 0,25 percent 
were illhauil('d by Ih'illg hu'\'ae, IU;1 1>(,I'(,l'nl ('ontailH'd dead larvae, 
alld o,a/:! percent gave e\'idence of having bccn \'acated, 

COCOO~ POPULATION 

Cu('oollillg ol'dinal'ily l)('gilH; lllp middle of )lay in :-;alt Lake' Valley, 
but it does not: ()(~('UI' ill \'OIUllle ulltil Ileal' the first of JUlIl', The fin;t 
('()('OOIlS 1I111s appeal' ;\ to ·l wet'''s hl'fol'l' till' first ('\'op is ('uL Then'­
fon', ('o{'oollillg has just: begllll to PI'ot('ed mpidly wh('11 the alrllost 
('olllpll'te deht I'lldioll of tllP IUl'nti populatioll ('OIlSl'(I'J('II!' upon the 
HI'St ('uLl illg intel'l'u [ltB it. The [leak of the C'O(,O()II poplIlat ion is thereby 
l'l'itubli"lH'd l1elll' til(' tillw of th(' fil'st hal'\'est. ('oeoouillg of the few 
H(>('Olld-C'I'op lal'\'tw 1>I'odll(,l'H ('ilill'J' a Hmall seculldal',r p~'ak just lwfol'll 
Ih(' S('('olld ('ttHill!.!'. as ill W:\o andW:\l. OJ' llIel'el\' lin'aks the down­
wanl treJld, It:; in'Ul;~~, 'Within;\ to·~ weeks aftei' t1H~ se('ond ('tltting 
the llullIb('I' of wee\,il ('o{'oons is negligible, These relations al'c shown 
ill figlln' l·k 

• 
Tilt' diff('l'l~J]('l' in alJltndali('(' betw('en fil'st- and sc('ond-I'L'op l'ocoons 

is IIll1eh Il'H!,; than l>el\\,('('11 the {'ol'I'PHpolld'ing dh'isions of lal'vae, be­
(':LUS(' the hugl' first-('L'O!l I;u'\'al poplliation had ol1ly lwgun 10 ('o{'oon 
\\'11('11 it was almost ('olllplNely (\estJ'o,)'('d h,Y (,titling. \\'hile the 
lIullI('J'i('ally insigllifi('ani Sl'l'OIH[-('I'OP population had lI('ady reached 
it::; peak of ('o('oolling: bdoJ'(> being intl'I'I'uplNl by ('ulting, 

The ('Ol'O(HIS ('ontain SOliI(' indi\'iduals tha! I'ela'in (11(' lan'nt fOl'll1 
a,ml. (Jth!'I's thnt han' l'ilite!' de\'eloped .illto pupal' 01' ha\'e lll'odul'cd 
('O(,()OIlS 0 f till' pn l'asitl' Bat It!!ple(·tl's (Ow,("dioniN, '1'11(' Spllll hI L'\'ill' 

llIay bl' ('ithel' Ih'ing (JI' dea.d, and I he li\'ing 011('5 pal'asit.i~(ld oe not, 
Thp 1'f'lalion of the Spllll Inn'Hl' to thl' l'lItil'(' t'o('oon population and 
t: he i l' mOltal i t y fOl' the t hI'el' s('asolls IIlHh'l' sl lid" a"(' :;ho\\,11 ill tab Ie 1.1. 

'1'11(' :;purt l:ilTH(, lIl'(' 1110l't 1I1111l('I'Oll:i jll:it at't(;I' the fil's! cutting, anti 
till' Il\ol'(nlity l'iS'''H :;hal'ply at that I inll', ])ul'ing the i'o!lowing lIIollth 
tll('il' 11111111)(.'1' ;;t('ndily d('(,I'p:tsPs nnd thl' pel'eentage d('all in('l'l'aseB 
lIlItil ollly d('ad InITH!' I'Pl11aill, mal'killg til(> ('IHI of ('o('ooning of fil'st­
l'l'OP Inn'ut', Ahout thl' (hiI'd wl'pk uf .Tuly the numb(,I' of spun lan'ae 
('('as('S ([(I(,[illillg alld the 1)('I'('l'lltitge of dead lal'\':w (I!'l'I'('ases. indicat­
illg (IH' b(lgillllillg of ('()('oolli.ng of S('('ol\(I-('l'Op laL'\'ae, A Sl't'ol1l1aI'Y 
p('nk of nbun(l:lll('(' is I'('a('hed neal' (h(' end of July, and following 
11IP s('('oIHI ('u\till!.!' Ill!);;t of thp lalT,\(' al'l~ dead, TIll' \'PI'\' hi .. h pel'­
centng(ll' of dt',nt foulld in .I!l:n befon' !'t'lllo\'al of lhl'se('olfc[ ('I'Op 
WPJ'(' no doubt ([Ill' to (1rC' dl',\' S(';tSOIl and a :3-w(,('k per'iod of ('xll'l'l11e 
IWat, 

Of the' indi\'i<1uals that ([e\'l,lop 1)(,,\'011(1 the lan'al stage, nwny pl'O­
dlJ('p pal'a;.;it(' ('nt'OOllS instl'Hd of \\,('('\'il pup,\(" and thooe that do 

• 
pupaf(' an' fUl'flll'1' 1'('(111('('(\ in 11 II III !Jt'I' by C'lIitUl'al kill. TIlt' l1Ianll(,I' 
ill whi('h tln'sl' fa!'!(ll's opt'l'alp [0 limil tlll' pl'odudioll oflivin:.r pupal' 
j" tJ'l':tll'd Intpl' in till' :-l'l'lioll. Pal';tsj(p,.; '\11'('('(iJ)~ tlw Alfalt'a 'V('p\'i[ 
(pH I!('!-o 4 I, :')[l) , 

http:oolli.ng
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'fABLE 1l.-.f1Zlalla wee'viZ cocoon8 containing 8pun la'I'Vae and 

'mortality of these la'I'Vae, Salt Lake V alley, Utah, 1930-3~• A verage, cocoons IA verage cocoons 

Sampling per square. foot . Sampling per square Coot Mortal­
and har- f---"'"7"""~--1 Mortality and har- itvof 
vesting of spun vesting I . spun
datcs Contain- larvae dates Contalll- larvae 

Total ing spun Total ing spunI I. 

larvae ,larvae 

.1, II -'!I-­
1930 Number INumb(!r Percent I 1981 Number Number Percent 

May 18 1. 25 0.88 0 II July 136 17.50 4.13 10904 
28' 9. 50 I • 50 4. 63 . 38 

June '& __ :~~:~_L_~~~~__ ._____ 0 

~ 
IiII ~~'I li:~~ 1:~~ 199 

I U 3(;. 38 I 7. 25 53 i Aug. 3 I 8. 13 . 75 100
23 14.25. 2.63 95) 351_______________________ _ 

28 10. ~8 It 2. 3~ 8'11. 14 I 2. 00 . 38 67 
July 71 4. DO • 711 100 24 I .25 0 _ 

14 .~. ~8 i ~. 13 11 Sept. 8 I .25 0 =======_ 
; 1 , 6. 3~ I' ~. 88 22 I I 
~8 13., 20. .1. 00 2211 I

229 ________L.______ -- .. ----- 1982 "I 
• ?-_0 oAug. l't ---.:;:nd---i."50·1--- ---92 I Muy ~g 
.63 .25 o 

• 
17 1.13' .131 OI'.Jllne 6 2.63 1. 13 • o
:l5 0 () 13 13.03 4.13 ; 15 

,; I 55.88 13.63 ; 1317 
'>7 • 55.00 H 13 94 

,1~3~~' r r)" i 1 .July 4 24. 00 4.13 97 
Mu) _0 I .38 • ..;) , 0 IiI" 11 20.50 4. 00 10025 .25' 0 t______ ,I 18 7.13 1.00 63 
Jllne l' .2. 25. • • 13\ 0,f," 2.') 7.13 1. 38 18

8' ] 3. 50 ' • 63 0 ;f Aug. 1 5. 00 .75 17 
Ii) I 65. 25 I 5. 75 ' 5,1 II 2 8 3.•50 .75 o 

2.25 .88 86, ~~ ,--32:50';---8:38- ------00 Ii ~g1 1. 50 .50 100 
?Il 23. 13 ~ 7. 25 I 98 il 29 .75 . 13 100 ___..........___1 H 


I I~irst crop cut. 

2 Sf)cond crop cut. 


POPULATIONS OF NEW-GENERATION ADULT WEEVIIS 

ABUNDANCE IN ALFALFA FIELDS AND BORDERS 

The pop lila! ions of living pupae produced during 1930, 1931, and 

• 

19:32 are shown in figure 15, together with the populations of new­
genemtion weevjls. These graphs show that in general the produc­
tion of adults was in pr()po~tion to the number of living pupae. In 
1930 the major part of the adult abundance came from second-crop 
pupae, whereas in 1932 the greater 1ltunber came from first-crop pupae, 
and in 10;31 the two nodes of PUPttl ablmdance. cont.ributed almost 
equally. Since the pupal abundl111c-e is O'reatly influenced by the time 
of cutting n,n<1 the weather jmmediate~' ufterward, it is clear that 

S21200-4~:; 
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MAY JUNE JULY AUG. SEPT OCT. 

FIGURE la.-PopulatIons of living pupae and new-gencratlon adults of the alfalfa 
wecvll, 1930-32, Salt Lake Valley, Utah. 

tho new generation of adult weevils may derive mostly from the larval 
population Jiving on the first growth of. alflllfaor from the very small 
second-crop larval population or equally from both. 

In 1930 the living pupae represented by the node occurrinO' on June 
16 diel not produce lie commensurate number of adults, and the dis­
crepancy was not accounted for by dead pupae, us would be expected 
if they had diednatllrally. Instead, by the following week the total 
number of pupae as well as the number living had declined greatIy~ 
As a mattl!l~ of fact the. field was harrowed on June 17, 1 day after 
the early peak of li\ring pupae. The tearing, raking action of the har­
row, pulling at the crowns and pussing through the stubble, breaks 
many of the delicate cocoons tucked away under the crowns and 
mashes the pupae or ('xposes them to the heat. This treatment thus 
supplemented the biological:md Iml'vesting kill and accounts alike for 
tho reduction in number of cocoons and puplle and the abnormally 
small production o"f weevils from the. early node, of living pupae. 

The curveS ofac1ult abundance. are, of courSl~, affected by the ex­
pel'imental error of the periodic :n·~I'nges. and thig enor is consider­ • 
able whcn the averages nrc c1el'i\'~c1fl'om only eight l-squal'c-foot 
samples of n populutioll as spal'se, as thitt of tlv~ tlfllllt weevils. Trhis 
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slllllpling eiTOi' is doubtless responsible for most of the fluctuations 
in the curves, but the magnitude and constancy of the decrease in 
abundance dUl'ing August of each year definitely indicate that some 
of the weevils had either died or left the field. A decrease due to 
mortality would be indicated. by the presence of dead. weevils, and 
in. one season this was the ease. 

Sholtly Rftm' the middle of August 11)30 the samples first con­
tained dead weevils of the new generation, most of which, as has just 
been shown, had issued only 2 to 3 weeks earlier. 'l'hese adults were 
intact nnd had masses of white fungus growth protruding from be­
neath the wing Covel'S lind along the ventrill thoracic and abdominal 
sutU['(IS. The llbundnnee of dead weevils was first accumtely deter­
mined early in September by l'xllminations of the dry soil before it 
W!U; wlIsh(ld. Tlwse examination.''> wel'e continued fOI' (J weeks llnd 
,howed Ibat t.he IL\'('l'llge abunc1mlce of dead weevils was two-thh'ds 
that of Jiving we('\'iIH dul'ing til(' Rllme pel'iod (lable ]~). This find­
Illg WIlH uniqul'.in the ('OIIl'Se. of the present study, as was also the 
weal he I.' of August and SepH'mber of that yClll'. '1'he. pl'ecipitation 
WilS anlong the hea \'iest on ['('cord [01' those' months, Ilnd August was 
\,('I'y humid and Wiu'm. Th(, :fact that weather' conditions WCI'C fa.vor­
lIbl(' for fungliS <ll'\'elopllIent and that thcl'e WlIS an allnost univel'sal 
O(;('UI'l'('n('(,. ot' :fl!ngus growth on the. dcnd weevils suggests that there 
i:-> a ('all!'al ['('Intion!'hip b{'twl'en the fUllgll~ alld the weevil mortality. 
H{)\\'(~vel'. this was nut establishl'tl. ' . 

T,\lIu: 12.-Relali've abundance 0/ dead and living weet,Us1:n the 
f!cologica~ Slu(ly field, (lUl/l71vn 0/ 1930, ):-,'alt La/.·c Valley, Utah 
--~.. - ----_._ .. - -.---'I \YC('VilH p('r Wecvils per 

~ ~qullf(' fool ~qll!lrc foot 
1)1111' 

;\'1/ lIliJrr; XUlIIlil'r .VulI!brr: XII/tiber 
""I'It. X 1. 1a ; I. Xii Oet. n _ 1.38 . 2,00
;41'(11. Iii I. 2.i 2, 00 Ot't. 13. I. as ' I. 75
.--4(-1'1.22 L 7:; 3.00 
S(·pt. !.W L ti:3 2.50 .\Wrllg(', I.J2 2.10 

In W!H and 10:3:2 tben' was no Ru('h mortality: Y(lt tht' adult popu­
lations <1C'c1 i 11(,(1 in .•\ugllst of thl's(' Y(litI'S as. w(·II, jlHlicatin~ thatmany 
of the adlllts\('ft the fil'ltl at this time. )fol'co\'l'l'. although the 
"IU'VP;{ sho\\' IlO deJinit(' (lP(,L'('lI~(' in Jnh', thpt(' ('(luld 11\' 1l1I1()\'PIIlPnt 
[1'OIlt th(' lipid in the lattN' half of t11l' 11lonth that \yollhl llot be 
t'ellt'dNl by tit(' rlll'\'e:;, ::;illP(} Iln)' loss('s ttt that limp would bt' obs('ul'l'd 
1)\, 1'C'plm'PIlll'llt:l hOIll individuals i:-;."uing- from til(' .July nod(' of Ih'ing 
Illlpal', ;o;upph'IllPlltul'Y (·\'idplwl' f['olll oth('!' lipids sludh·d inl!):H 
..;ho\\'''; that adults fl'Oni Ih(' .lIIllP lIodl' (jf pupal' o:-tlIll('(inWB 11':\\'\' the 
Ih'ld ill .llIh· (t abh' 1;1), 

[" two lii·hl:-; thpl'(' \\'1\,. a Ul'('at dl'f'l'l'll';(' of' ;ulu!t.; ahollt til(' lIliddlp 
of ,JIIly !llwing ;t (ll'I'i(Hl of ('\( 1'1'1111' IH'nl bill 110 "iunili!':lut dllll1!.!:t~ 
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occl1rred. in the other two fields. It. appears, therefore, that the 
emigmtion of weevils in July varies greatly in different fields, pre­
sumably on account of dill'et'ences in temperatnre, which in turn 
depend upon the shade afforded, the frequ<!ncy Ilnd incidence of irriga­
tion, and the clutrllcter of the soil. 

TABLE 13.-0ltanges in average abundance 0/ allal/a weevil popula­
tions ,in 4- fields in Salt LaJce Valley, Utah, during J1tZy 1931 

Avcrng(l I Average­
WC(l\'i1s wC(lvilsDllyof Day ofJ<'icld per Ficld permonth month square square 

foot foot 

By the time the border wnsto aTOllS of these fields '.verc sampled in 
tlHllirst weok o:f September, the Into contin~ent of weev.ils had all'cady 
iss\led, and possibly some of them had moved out oJ the Held. 001'­
tainly thcre wet'o IlIllny new-generation adults in the borders, the maxi­
rnllifl density bt'in~ 15·1: 1)('1' iiC[uare fool'. 'l'he avemges are shown ill 
tabl{' 14-. The lal'~e pl'ohabl(' el'l:ol's doubtless reflect the hderogeneolls 
vt'gelativ(J ('o\'el'in~ 01: Ihl' Ji('lc1 bordCl·s. since the weevils arc more 
Ilbundant in plnees rdl'ol'ding !l dcnse covl'dng, RuC'h as gmssy arcas. 
But sueh ul'l:'as HI'C mostly along t]w lmnksol' irl'igal.iol1 ditches ",hieh 
1>01'«(>1' the :\.1 faUn, fields, llml the ('oll('entmtion of w('pyiIs thcI'c maY 
b(~ It l'C'sponse to moist-ul'e. • 

lTow extensi\'C is this movement of w('eyilsin{o the' field h01'(ll'rs? 
'fhe foregoing results do not rc(J('(·t the tl\'crngc conditiolls, bpC'tlusc 
they Wel'c oblR'ined adjacent to fields lHL\'ing ubove-:t\'e!'agc populn­

,!,,\IILE 14.-A'rw-genel'ation alfalfa u:eel'il.~ in 001'([('1'S 0/4 fields, 
/:Jeptembm·j-3, 1931, Balt Lalce Valley, Utah 

A\,('rugc \\'N'\'i1~ per squure foot. in horder of field I 

Field 

Enst SOllth West North 

-----~f"~-.. .......- ~~--J-~ ",--'--­
! .VU/IIbrr ) .\'nmber : Numbttr I NUll/bt'" 

l, • _• . 18. 0 r O. 84. ; 15. 5 i:: 2. 38 ! 1.8. 5 t 4,.14; 4. 7t:. 0; 5'~ 
2. • 80. Ot: 1 I. 25 13. 0 ±2. 8;3 3. 0 l:: • 55 I·'·' . .. 
3 .,. 10. ~ ~ ,!' ~O 2:3. 5 1: 1. ~O . 21. 2: 5. 4~j. 2~. 3 ±: 3. on 
·L.. 70.,).lu._7Ul±:1.;)O O.H~ .21 i.' ._ 

• 

• 

•

I_'.._.......,' ___.. ..-...."_",,"L _ 


I ~urnl.)('r" following sigll:> arc probahle (·rrOrs. 



• 


• 


• 
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tiOllS. For this reason from the eady purt of September to the middle 
of October 1031 the weevil populations of 27 nlfuLf:t fields and their 
borders were determined. To obtain these estimates 27 samples were 
taken from each field 11llCl '.l: snmples from euch bordeL' wnste area. 
The a vel'uge populntions Hre presented in table 15. It is cleal' from 
these fif,rures that the ratio of bOL'der to Held populations varied much, 
one extreme showing 0.93 weevil per squftre 'foot in the field and 0.37 
in the bOl'dcll's lind the othel' extreme show'ing 1.22 in the field and :.35.13 
in the borders. The Ilvcmge density WaS '.);;70 times as great in the 
border Ill'cas lUi in the ficlds. Siuee the border areas Ilvel'Il{r'ud only 
8.71 percent of the field 11I'en, howevel', the nverage field h.ld in its 
adjoining ienM rows and ditchbanks 41.72 percent as mp.llY weevils 
as did theIield itself. 

~rt\IlLE 15.-.ilverage pOlJlUations 0/11e'w-generation alfalfa (weevils iiT/, 
27 alfalfa fields and their borders, fall 011931, Salt Lake Valley, 
Utah 

,\ vcrage w(,evils II A vernge weevils 
per S(J\lnre fool;,- : , per squure foot-

Date silmpled Date slunpled i I 
In ; In 

In fiulds borders : In fields borders 
of fields I ' of fields 

-'--"'-~"-~~'-'-;-N-'!-L/-I/b-e-r' --i\-rl:b-er-' -----.--\ Number 1 Number 

:-icpt.IL ... _______ , 4.15' 18.58 S L 1J9 '{ 1. 56 7.75 
Sep!,. 10_.~~_~ __ • • SO, 3.83 ,op. - ·--·~-----I 3.37 n.02 

Sept. 14__________ ,{ '11., 027{\ .' 9[.98 :{ 11' ~2[ ;. ~~ 
••J0 0 t - . - -. ~t_

~pL 15,.. ______ .~; I. 10 Ii. 75 c • •J- ·--~--~----li .. 1371 10.50 
., • 1(' :{ i. 52 • ii. 00 70 4. flO
"cp.. L - - • - - - • - - " "_."(0 1 I ~'O { IJ 1n ' IJ_. 33 

. , 0 () 'l " i -." II .4il 10.83:! -----------1 .30 .50 
H('IJt. 21 _•• -'---'l l.:n: 10.50. () l 

. 
-
\J 

i{ . (i3 .75 
lUlU 11. 31 e, '-.--.------- 2.78 13.75 

~"t 'If) '{ 1. H) 11.13 O.t 13 { 1.157.25
•.'11 . -----------;, 1. 22 8;j, 13 c. .----------: .O() 5.33 
B t ')'~ ,{. 2(l , S(i
• ep . -. - ... ------; .0:$ .87 . 7. (i21.59 Ic!.. ')S" 1. 30 I '33..,,:111.••, ··--------1 ,.' :i I 

Wlwthet, the ,\'peyih, l'l'aelwd the. field borders b.Y el'tlwling Ot' by 
Ilyingis not known, ('('I'tainly the-,\' left the. field at the. time. Titus 
(Ib') indh'llt('(1 SlIlllllll'I' tlight. Sulliep it to Slty that n, part of the 

we('dls may 1(,1I.\'c nlfnlfa li('lds dtll'ing .Ttlly and. August, il1\cl thnt an 
important fl'll('tiollol~ the new gClleration is ·.found in the. field borders 
dllring ('h(' fall of tIll' YPIlI', 

Tlw datn ill Inl>l(' I:: :,how·-alld ol1H'1' <lain hUPP0L"t it-that, despite 
IL Inrg£' l'1l1if{l'llt ion 0 [ WI'l,\·j Is, the fi('lds prodlleing In rge populations 
('ud to l'('ta1l1 ,Inl'gc populations. 

What happPlls to Ihe wem·i\sin the, field borders? To obtain infol'­
million on iliis point the most h('avily popllla(t'(\ border of 7 of the 
sump:27 fipldH WIIS l'('snmpJed abont the first of Xoycrnbel', when lowol' 
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temperatures rendered further migration unlikely. Improved esti­
mates were obtained by taking 9 samples in each Cllse, and the avel'llge 
populations l'Ilnged from 2.67 to 27.78 adults to the square foot. These 
borders were sampled agail'1 the first half of the following March, • 
when it witS found that the population had dooreased slightly in 4: and 
greatly jn 3 cnse9. A thil'd sampling in mid-April, just after a week 
of Wflrm weatber, showed thllt pl'llctically all the weevils had left. 
These changes are shown in figure 16. 
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E'IOU/IE IG.-Alfo1!ct weevil popullltioml in the most lH~n\'ny populnted border ot 

seven fields, foll to spring, 1!XH-3:!, Snit Luke Valley, Utah. 


This movement of the weevils would be eXEected to result in Rll 


increase of the populat.ion in the field itself. Ref~l'ence to figure 2, 

which shows the general decline of overwintered adults, provides 

indications of this expected early-spring increase, especially notice­

ahle in 1032. However, poor sampling conditions lmd the inherent 

variability of averages based on so few samples of a small population 

prevent definite establishment of this point. 


SEXUAL MATURITY OF NEW-qENERATION FEMALES IN ALFA(~FA FU:LDS AND 

BORDERS 
 • 

The population of new-generation adults, originally separated by 
tho cropplllg system into 2 d.ivisions of different age, IS redivided by 
partial migrntion into 1 part that passes the winter in Hie alfalfa 
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field llnd another that winters in field borders. In these different 
habitats the development of eggs within the females was increasingly 

• different during the fall and ·winter, as shown by dissection of females 
collected from the 27 fields and their borders in the fall and from 7 
of these fieWs duL'ingth" following spI·jng. The percentage of females 
in ellCh hnbitnt containing fun-si~ed eggs is. shown in table 16. 

'l'ABLE 16.-Development of eggs within female alfalfa weevils in 
alfalfa fields and field o01'ders, 1931-3£, Salt Lake Valley, Utah 

Weevils in fields Weevils in borders 

Mont.h collected 
Femalcs FemalcsVemales FemaleswiLh full- with full­disseoted dissectedsized eggs sized eggs 

1981 NulltlJer Percellt Number PercentSeptember____• __ • ____ •• _____• 319 1 795 0October_. __• _____• __ • ________ t31 2 230 0

I1982 
153 ! 28 195 0~rl1rch_____• ____• _____________ 


ApriL___________ •• __ • _____ • __ 
 12 25 
-",-.,-",,~~,.---,-,----....--- 1 

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

-
'l'hese pel'centa!?es give generlti c9uo~oration to th~ fil1(lin~ of Snow 

(14) thl~t none o.t the new-genOl'atlOn females (:onta'm full-SIzed eggs 
untIl September, and theIl OI1ly It very small percentage of those re­
maining in Illfnlfa fields, whoreas females of like genem.tion in field 
borders do Hot pl'odu<:c eggs until the following sprin~. The present 
study, however, shows that only 2 percent of the field females were 
found with c"gs in October ILnd 28 percent the following lIal'ch, as 
against Sno\'s figur~s ot 2'1 percent. in OctobQl' and 7a pet'cent in 
Murch. This diil'cl'ence may be due to the fact that Snow's collections 
weI'O mado dtll'ing l!Ha, 191.1, and 1915, when, because of ineffective­
neSs of tIle then recently introduced Bat/I,ypZectes plll'llsite and later 
first cutting, it is believed that It much lnrgcr proportion of the new­
gellcl'Iltion weevil popn llltion WIIS produced from first-crop larvae 
than ntpresent. Certllinly the description by Titus (16) of their 
abillldllllce when the first hay crop wus being put up le!lves little doubt 
on this point. 

lVeevils produced ellrly in the yell I' have s{H'eral weeks more of 
summOl: weather in which to feed Ilnd build up ener~y 1'eserves, Itnd 
thus with the coming of filII weather have mOl'e vitality for ovarian 
development than weevi1s olJiginnting from second-crop Illl'Vlle. 

• 
'1'hl1t this is the explanation of the difference between Snow's figures 

and those obtained in the present investigation is suggested by the dif­
fedng p<'l'{'entnges of grllvid f<'ll1ales in the fall. Bv contrast with 
the n~l'y :;lna1l /ll'I,(,PlItugP:" of J(Omnhil' found tQ eont'ain eggs in the 
September and OdobeJ' sumpHJJgs of 1931, d'isscction of 207 femllIes 
in September Ilnel 201 in October 1932 showed 2 anc115 percent, respec­
tively, with eggs. In 1932 most of the ne'''-generation weevils origi­
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nated from first-crop larvae, whereas in 1931 they were produced 
more equally from first- and second-crop larvae. Sexual maturity 
of famale weevils also varies in different al'eas during the same Season. 
Extensive samplings of alfalfa fields in 5 Western States in the fall 
of 1932 show that in September small percentages of females con­
tained e~gs; tliereafter, percentages increased unevenly, and ·in October 
they val'wd with the locality (table 17). 

TABLE 17.-Ne1.o-gene?·ation female alfalfa w6evils1.lJ'ith full-swed eggs 
colleoted /r'V'frb alfalfa jieldsin 5 Westem States, fall of 1931) 

! Soplember I Ortober I November 
SllIn pI i IIg:'\ 

j 
i:;UII\plillg;~. "llIn pi ings 

-
Locution of field" 

.Fc- Fe- }"e­
males mules malesFields Fields li'ieldswith with with 
eggs eggs eggs 

Num- Per- N'l/lII- Per- Num- Per-
Utah: bel' cent ber cent ber centSalt Luke Valley_____ "________ 9 2 15 15 ------ -----­

Deltn.1'rn.eb (Millard County) __ lJ 0 18 f)
Uintuh J3usin___________ .. _____ 8 1 16 6 ------ ------

Iduho: Upper Snake lliver Valley___ 8 :3 16 7 ----- ... ------Oolorado: Axial Busin _____________ 9 19 ------ ------
Nevadu:

1'ruckee Val1cy _______________ 2 5 10 16 ------ ------FILlion (Nowlun<ls project) ______ 22 '12 
Oregon: Rogue River Vullcy______ 6 2 3 25 

The small numbers of eggs appearing in October represent the 
initial oviposition ~f t~e new-generatio? :weevils. In ordina~'y fall 
seasons t1us egg laymg 1S halted by dechnmg temperatures before an 
important number of eggs have been laid. 'l'hus during November 
the egg populntion averaged 8.38, '.1:.57, and 5.00 to the square foot in 
1930,1931, alld 1932, l'espectively. Most of these few eggs survive and 
aiel in cttl'l'yin fY the species oyer the winter season. 

In view of the cl~ayed sexual mnturity of the females wintering in 
field bordel's,llncl their movement irol¥l these situations in the 
spring, itis conceivable that they may be the chief source of the tai1in~­
out oviposition which OCClll'S during the growth of the second alfalta 
crop, and which may contribute so heavily to the overwintering adult 
populations. 

WEEVILS IN HAYSTACKS 

In addition to weevils that migrate from fields to borders, many that 
congregate in haycocks are hauled out of the field with the luty. Large 
numbers of them are sifted out while the hay is being lifted onto the 
stnck nnel remain in the chaff that accumulates at the base of hnystacks. 
Weevils are most abundant in second-crop hay and occur in largest 
numbers on the side of the stack fl'om which the hayracks n,re unloaded 
(table 18). 

• 
.. 

• 


• 
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TADLl!l18.-0oowrroenoe Of new-generation adult !Weevils at base of 

• 
'~(tystaolcs in late su1llnner, Salt Lake "Valley, Utah, 1936 

0 
t Averago weevils per i 

square foot on-
HaystacksHay crop sampled 

Stacking Other 
side sides 

1~______________________________________1 Number NU/Iloa Number 
4 4t. 25 13. 33 
3 57.33 22.66~ and 2---------------------------------1 
3 130. 00 3,1. 55----------------------------------------j

'I'otal or avorago ___________________1 72. 00 22.5010 I 

• 

:Mnny Or tli(l wl'('vils ('lU'I'iNl into haystll('ks di(', llIortn lity in tho 
upper paL't of ShtC'ks haying- bC'cn found to l'!\l\W fl'om D 1 to DB percent 
(8), '1'11(\ RlIl'vivaL ot! llew-g-<'llI'l'utioll wl'~\vlls in :tnd Itl'ounc1 hny­
stncks is bpliC'\'c(l to Y(H'y with theil' opportunity fot; :fectling in the 
field be1'ol'o l)(~illg hnult'll nwny with tllll ('I'OP of hay (6), . Living 
wN~\'ils hnyo b('cn :found in hn\' billed nt1t'1' a to !) mOllths ill the hay­
stack, and Rtteh we('vils may mittul'(, nnd Hlate dttl'ing6wornble spring 
weathm' befol'H fecl1ing ('7), Slllltllcl' Humbers of weev_ils occur and 
survivo in starks of ",dd hay ])I.'odnced in weevil-infested areas (,/,),
An these sources doubtless contribute to the winter carry-ovel.' of 
tho species, 

PARASITES AFFECTING THE ALFALFA WEEVIL 

Tn\(' principnl biological agents affecting the alfalfa weovilare three 
speciNI of pnl'tlsitic insects, two introdllced pl'imal'ies and one native 
seconc1ltl'y,ii Of these, Bathyplecte8 cw'ouZwl1is, parasitic on weevil 
]1\ L'VllC,is pl'('cmincnt. It in turn is pill'asitized by the secondary 
{~111'7)tarn/l.alll,¥ 1,i1°icl(w(lcJls, whirh occasionally aSsumes importance 
through l'ul'tniling (:ho Ilbnndanc(\ of Ba17~yp7l?(Jte,'(, 'rho third species, 
..bwplu'8 ploatcIIsi8 It'oel'st., is it p!ll,ftsite of weevil eggs. 

BA'l'JIYPLI,CTES CURCULlONIS, PARASITE OF WEEVIL LARVAE 

• 

Batll:IJPZectes C'ltl'culioni8has beeome well established ,,,hel'ovor the 
alfalfa welwil oecms in the United States, Its spread has been ac­
complishcd by llatll1'll1 means 01' by domes.tic l'ec1istl'J.'bntion carried .out 
by the. BUl'eau of Entomology !tnd PInn!; Qlllll'fl.utine of the United 
States Department of AgL'icnlture in cooperation ·with various States, 
Data l'elating to 011e such redistribution show the rapidity nnd thor­
oughnl'ss of establishmetlt, In the spring of 103'~, 181 female ltnd 
140 male parnsites wore libernted jn 4, .fields near Medford in Ro~ue 
River Vn.lley, Oreg" an In'en. ineluding about 20,000 ncres of alfn.Ifa. 
After [) years the gross abundance of BathY1Jlcote8 in this district 

11 Excellent drnwlngs or these parasites have been published by Chamherlin (1), 
821200-·10-(1 
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(table 19) approximated that in areas where this parasite has been 
established for many years, and the viability of cocoons was higher 
than in older weevil-infested areas. 

TABLE 19.-ln07'ease of BathypZeates auraulionia in Rogue Rive1' 
Valley, Oreg., from inpl'oduation made i1~ the spring of 193;", as 
slwwn by annual fallsu1"Veys, 193;"-38 

Fields AveragefromFields cocoons 	 CocoonsYear 	 whichsampled per square viablecocooIls footrecovered 

Number Percent Number Percent1034 ____ __ ________ ~ ____~_" ~_~

1035_________________________ 10 10 O. 02 75. 00 
1936____ - __________________ - ­ 8 37 .05 33. 33 
1037_________________________ 25 72 1. 03 47.57 
1938_~ _______________________ 	 25 100 4.36 36.24 

25 100 7.78 29. 69 

J.Jess detailed ecological studies conducted in 1936-38 show that the 
gene1'ltl tl'ellds and interrela.tionships of Bathypleotes are similar in 
all areas. These :features mlLy best be shown by the studies made in 
Salt Lake Valley, Utah. 

ENDOPARASITIC PHASE 

'.rhe percentage of weevillal'vae parasitized was determined for each 
instal' collected in each field sampling. The probable error of each 
mean percentage for that part of the first-crop period when larvae 
were numerous was calculated to show the degree of reliability of the 
percentages. Larvae collected eady :in the first-crop period and 
throughout the second-crop period were so scarce that percentages are 
variable and therofore of limited usefulness. They are inc.1uded 
merely to round out the broad seasonal trend to be discussed latel,'. 
The data obtained are presented in btble 20. 

Weevil larvae are prLrasitized in all instal'S. The more reliable 
estimates show nt once that in each season the percentages of larvae 
parasitized increase with development of the larvae. Thus, on any 
given date in :May and up to the first haTvest in June, the percentage 
of each instal' parasitized is usually higher than that of the next 
smaller instiLl'. It is therefore concluded that the percentage parR­
sitized increases with the length of time t.he larvae are exposed to 
Bathypleotes adults. . 

A. seasonal trend in the percentages of larvae parasitized is also 
evident. Each year from late in April and early in May the per­
centages, although variable, gl.'ac1ually increased to the generally 
highest level betw~en May 18 and 23, and then decreased abruptly to 
first-Cllttillg time. This decline might reflect either a great increase 
in number of weevil larvae or lessened activity of the parasites, but, 
since there were no large :,nfluxes of larvae, exhaustion of the over­
wintered parasites seems the mOre likely canse. The decline was less 
rapid between June 8 and 15 in 1931 th(Ul in other years, a circum­

• 


• 


• 
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• 
TABLE 20.-Parasitization by Bathyplectes C1trculionis of the different 

ins tars of the alfalfa weevil, Salt Lake Valley, Utah, 1930-39 

Larvae parasitized 1 

Date Second . Third FourthFirst instars instars instars instars 

1930 Percent Percent21 ____________ Percent Percent 
Apr. 1 ____________ 38.30 52.46------------ 10.00 
May 5____________ 42.06 85.42 91. 67 73.33 
May 12 ____________ 44. 60±2. 20 79. 20±2. 60 90. 00±2. 20 80. 00 
MILY 18____________ 55. 00±2. 80 79.40£1. 60 93. OO± 1. 80 82. 60 
MILY 28. ___________ 47. 00±2. 20 80. 60±2. 00 91. 00±1. 40 97. 40±0. 80 
MILY 6. ___________ 57. 00±2. 00 55. 00±2. 20 83. 60± 1. 60 93. 60± 1. 20 
June 8. 40± L 20 27. 00±2. 00 65. 00±2. 20 81. OO± 1. 20 
.June _ •••• ... _--_ ... _,... .. _- ...9 2•• __ ••16. ___________ --- ... -... -----­ -------------'- -------------June 23 ____________ ... -- 50. 00 53.33 69.63 
June 75.00 53.8528. ___________ ------------ 50. 00 
June 7____________ 33.33 55. 56 20. 00 54.'55 
.July 14. ___________ 6.52 8.33 12.50 35. 48 
.July 0 0 0 1. 1)22L ___________.July 0 0 0 3.57 
July 0 0 18.75 17.02 

28. ___________ 
29 3 ___________

.July 
-~- .. -'------- .. ----------"'" ... - ... _------'--- --.,.-- ... ------­

193113____________
Apr. 0 020___________ • ------------- -------------Apr. 27.00 58. 80 100.00 

• 
27._. ________ • ------------­.\pr. 4____________ 6. 07±2, 13 31. 43±4. 00 66.70 

May 23. 00±2. 74 37. 50±3. 95 81. 80 100.0011. ______ - ____ 
MILY 30. 00±2. 40 58. 52±2. 82 77. 80±0. 00 100. 0020. ___________May 25 ____________ !(i. 80± 1. 00 69. 00±2. 00 94. 20±1. 00 90. 20±1. 40 
MILY 1. ___________ 30. 80±2. 00 60. 89±2. 14 87. 20±1. 80 93. 80±2. 00 
.June 8____________ 21. 60±1. 80 59, 20±2. 40 84. 60±1. 80 92. 50± 1. 20 
June 15____________ 9. 00±2. 60 41. 00±2. 80 73. 00±2. 20 88. OO± 1. 40 
June 8. OO± 1. 60 45. 80±2. 40 68. 60±2. 20 83. OO± 1. 6010 2___________
JUDe 23____________ -------_ ... --- ------------, -.. ----------- ------------­.June 29____________ - .,------ 55. 00-... ---------- ------------ --- ..
June 0 0 100.00fL. __________ .. -----------July 0 33. 00 20. 00 100. 0013____________
July 0 4.00 . 0 4. 0020____________
•July 27 ____________ 0 0 3.00 4. 00 
JIIly 0 0 03___________ - ... -----------Aug. 0 0 0 

___________ -....... _--------
Aug. 5 3 ... --------- -,------------ ------------­------------ ...-­
193218. ___________

Apr. 25____________ 10. 00 33. 33 
Afr. 2. ___________ 5. 00 37. 04 60. 07 -------------IV ay 9____________ 1,1, 55 80. 00 60.07 
MILY 10. 84±3. 22 01. 25±3. 01 100. 00 100, 001.0. __._________T\lay 22. 67±1. 96 03.11 ±2. 43 82. 35±2. 72 100. 0023____________May 30____________ !(i. OO± 1.78 00. 44± 1. 91 85. 50±1. 51 93. 85±1. 73 

0____________ May 11. OO± 1. 58 37. 33±2. 10 70. 00±1. 83 88. 57±1. 66 
JUlle O. OO± 1. 20 35. OO±2, 12 58. 07±2. 22 80. 44±1. 56 
June 13____________ .09±. 46 rl. 08±1. 03 36. 89±2. 18 H. 00±1. 86 
.June 172.__________ 2.42± .77 14. 30±1. 43 30..50 ± 2. 00 JO. OO± 1. 6527. _____________________ ._ 0 

• 
.June 33. 33 
.July 4_-. ____ .. ___ 25. 00 122.22 () 42.8(j

J L ____ .._____ 0 7. 60July 24. 32 34. 48 18, ___________ () 0,fuly 0.09 33. 33 
.July 25. _________ ,,_ 0 I 0 1. 89 2.171 ... _________ 0 , 0Aug. () 5. 008 :1___________ 0 I 0 IAug. 0 11.70

I 

I Numbers followillg ± ILre probable errors. 2 First crop cut. 
3 Second crop cut. 
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stance tll!lt othel' l'ecor~ls (see p. 52) ~ndi<:ate as due .to the issuan~e 
of adult Bathyplcctes from the h'ansfornllng type of cocoon. It 1S 
noteworthy that the percentages declinec1least atnon~ fouL'th instal's; 
owing to the illfluence of the developmental tt'end Cliscussecl above. 
Thus, just before the first harvest in 10:10 and 1031 the parasitization 
ofiomth instal's remained rather high (81 and 83.6 percent), 
whi Ie that of sH1alleL' larrae had dL'opped to moderate Ot· low levels. 

. The decre~se among th~ first thl'ee il,ls~ars is not import~nt, however, 
Since tiH.'se lIlstHrs al'e vIL'tually anndnlated by stan'atlon and heat 
aHel' t'utting. On the contrary: the high level or pal'asiLization of 
fourth in:,hLL'S Is imporbtllt, bel'ltllse it substantial numbet· of them 
SlIl'VIVC' eulting: and might contribute to the succeeding genel'lltion. 
In In:l~, howe,~er, the pal'HHitizatioll d('('liIlP<\ much fa;.;tel' than in W;30 
and W:ll, so that by (h(' timp of fil'~t eutting the fOllrth instal'S sllOwed 
n par'asitizntioll nbout:W perePllt lower tlJ<ltl In the ~ pr'ceeding years. 
As will Ill' showll laleL', this ('Ifed nppCftL'S to ha"e l)(,(,Ll dul' to the 
llllUHlllll abundancC', dut'ing l!l:H, of the secondary parasite E'uplei'o­
?/IatliN l'iJ'id('Sr'('n,~' 'Yrlh;]l. 

The ('Ill tll I·tll a,nd biologicalletlwl fat'tors are thlls scen to be comple­
IIIPlltar,\': tho'!' i:-.. i ""tal.'~ ha \'illg til(> lo\\'('st parasitization :U'(I hal'<ieHt 
hit, by the (,llltllral kill. HHdfolll'th illstar!-', least affected by cultural 
kill, Htdl\>[· fl\,n lhehiglwst pal'lIRitizatio]). 

DUl'i IIg all til rel' ;-;ra:;oll::; the PllI'(lsitiz:ltion affecting the smal1lal'val 
populntion Ii\'ing on tIll' ~e('()lld ('1'Op ,,'as low at nr;-;t and dl'opped 
)J':tct.iC'Hll).' to ZCL'O by the middle of that crop pedod, when the late 
1!tl.'\'!\e wel'c most II II III C 1'0 Wi. 

'While til<'. PCI'(,(,l1tagesin tab1(' 20 are useful in l'c\'eltling the general 
tn'llCls of! rHll'ftsitizallOll by Ballt?/II/CC/(,:'" ill l'l'latioll to sl'asoillti lInd 
developlIll'nlal ('hallgeb. till',\' do not ((,II Ihl' \\'holt' :;tOI',Y bet'allse the 
larval population is ('ollstanti.y t'hanf!ing. FOI' ('x:unpl(>, in iDa!. lhe 
pCI'(:entng(' of unpnl'asitiz('(lfoul'th instal'S inCI'Nl$('(l hom ;l.8 to 16.-1 
bl;'lwl'en :\la\, 211 aud June Ii). Tlwse fi!!lIl'Psindi('atp that Ih(> eS('H])i'S 
i11('I'('[I:;('(\ ·L:i~ timC's in that intel'nll, hutthis is true only if the number 
of lal'n\(' 1'('IIHtillCd ('onstant. .\.:; n lllatter of JaC't itu'\':lP in(:L'('llSpd in 
abUlllln]I('(' I.Hii limps, 01' [rom :I L~O 10 S7.88 pel' square foot. Thus, 
wll i1(' 1 hn pC't'cen tage of p:\l.·a;.;i tization WlIS d('cl'ea:;i nrr the host popu­
lation WaH I'xpnn<iing, with the 1'(,:;1111: that tl1(' e;.;('apes-'I'eallyinel'cased 
:1:3.fJ I ti 11IPS (;b.;3~ X 7.85 )t'rOIl1 :May 20 to J line 15. Foe this reason 
the pl'adieat value of pnr:lsitizali"on by Bathyplerles is mo1'(' ('leady 
!:lhow'! I.),\' the llurnbN' of ullpal':lpitized .i:n·Ylle than by the propot'tion 
pa l'a:;1 t Ized. 

Since lWH.l'ly all the first three instal'S al'C kille(l aftl~r the first 
('LILting. the pn.l'asitiz:ttion of fourth instal'S is the prima,IT considem­
1 ion. Table 21 shows that in 1D31 the earliest fOlll'th' instal'S ap­
p;:tl'cd :May .J. b~lt no Imp.a~·asiti~cd .il~st:n·s were l~ote(~ until May 2~. 
tllw. llllnti)l'l' of 11l1pn.rasltIzec1 mc1lvlCluals steadIly mcrensed until 
June 15, immediatcly before the first crop was cut. In the absence 
of B((,tll.,1/J~lectes an unpal'asitizcc1 popl1httio~l of this magllituclC' would 
1HL\'e obtamec1 approxImately :3 weeks earlier, as shown by the gross 
abul1dflnee on ~hy 20 and 25. 

Pamsitization by Bathyplcrtes thus not only reduces the number 
of w('C\'il larvae (h!lt m:ly pl'oduce adults bllt also delays the !lppear­
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TABLE 21.-Avemge abundance of fourth instm'8 of the alfalfa weevil 
(tlul nttmber 'unparasitized1 (i'rst crop period, 1931, Salt Lake Valley, 
Utah 

Average larvae per Average larvae per 
square foot square foot 

Date Date 
Unpara- Unpara-Total 	 Totalsitized 	 sitized 

-.-, 

Number XUlllber 	 Number Number\\fay 25. _________0 	 .68Afr.21----------. 0 	 11.00 
• SO • 	 28. 13 2.11~ fLY·1. --- .----. 'I oo June SMay 1L _________ 1. 20 I II .,,"". I ••.•___________ -- "--- 7.0. 63 8.48 

~-1 .43 JUlie L5. _________MfL:' 20 ________ It. 20 	I 87.88 14.41 
I 

ance of the first pupae. Nearly all the earliest larvae are prevented 
from reaching the pupal sta~e, and the number of larvae that pupate 
is held to a low level ulltil the crop is ready for harvest. This effect 
of itself would have slight. prnctical value, because the unparasitized 
larvae would be sufficient to produce enough ndult weevils to menace 
the crop the succeeding year. What does give point to this aspect of 
parasitization by Bathyplectes is the fnct that the cultural kill caused 
by first cutting may be brought into play while the number of un­
parilsitized larvae is still at il.low level, and thus destroy many of those 
thathave escaped parasitization. That this fact, revealed by the study 
for 1931, is characteristic of parasitization by Bathyplectes in gen­
eral may be seen from figure 17, which shows that the same general 
condit'ion obtained during the 3 yeal'S covered by this study. 

Since, however, the parasite does not kill its host until the latter 
has spun its cocoon, the biological kill may best be viewed by studying 
the weevil-cocoon population. 'fhe curve for the abundance of co­
coons containing incliv'iduals that had developed beyond the larval 
stag-c (see p. 31), as shown by the broken lines in figure 18, is similar 
to the curve of the gross abundance of cocoons, shown in figure 14, 
aIthough the numbers arc smaller. The effectiveness of pll,rasitiza­
tion by BathypZectc,<f, foreshadowed in the l:u'val populations, may 
now be shown by reducing this cocoon populaeion to tllOse individuals 
that escaped parasitization and pupated, repl'esented by the continuous 
lines in figure 18. 'fhe vertical distance between the two curves shows 
the tremendous reduction effected by Bathyplectes in the peak existing 
near first-cutting time, and the waning effect of this parasite 
therea'iter. 

As a result of this unequal incidence of parasitization, the over­
whelming numerical advantage of the first-crop larval population, 
already largely lost in the cocoon population, has ]~ow been completely 
dissipated, and the pupal population has been reduced to two nodes 
of the same order of magllltude. The differences reflect the influence 
of varjations. in time of first cutting, in parasitization, and in weather 
conditions. 



46 TECHNICAL BULLETIN (75) U. S. DEPT. OF AGRICULTURE 

• 


• 


• 

, ,I I I I I I I I 
160 f­

140f­

120f­

------- TOTAL
100f­

--- UNPARASITIZEO 

801-

I··....... ­,, 
,. ,.
,. 


,· · 
,.· ·
· 
,· .· 


,.; 

-
-

FIRST CUTTING 

-

-

60 f­

0 
~ ,/ /1 -' 

... 40 f- -, 
IIJ 
II: 
~ 1932 

0 

20 f- /,"'- /
::> -', 
0 
fJI --_..•.. -~. 
~ O~--------------~~-~-===~_________L-___________~~ 
IIJ 
Q. 

fJlIOOf­ ­
~ 

~ 80f­ ­
!: 
:J: 60 I­
~ ­
~ VST CUTTING 
::> 
0... 40 - ­... 
0 193120 ­ -II: 
W 
m 

0~ 
::> 
z 

120 I- ­
~ ,

100 f- ,, ­
80 I ­ ,." ­" ., 

VST CUTTING60 f- ,. ­

..~"."40 f- ­
"..-' 

193020 I ­ , ­,.' _.1./,.
I .-1'--'.'," I I I0 I I 

7 14 21 28 4 II 18 25 
MAY JUNE 

FlOUIIf': 17;-Effect o( parasitizatiOn llY BOlhlll)/c('lcs in delaying and curtailing 
prodUction of new-generation uuuIt weeVilS,' first-crop'pcriod, l00(}':'32, Salt 
Lake Valley, Utuh. 



50 

47 

• 


• 


• 


FIELD STUDJES OF ALFALFA WEEVIL 
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FIGURE lS.-clncidence of pamsitlzatlon by Buthllplet:tes as shown by alfalfa 
wee~'11 cocoons, 193()-32, Salt Lake Valley. Utah. 

Thus in 1930, when the larval population reached approximately 
29 mi 11ionper acre, the farmer was forced to cut the first crop 'in order 
to save it. This was not a sacrifice, however, since the alfalflt was 
sufficiently mature to make the highest quality luty. As a consequence 
cutting occurred early in the development of the immature-weevil 
population, there being only 0.50 pupa, and 21.23 unparasitized fourth 
mstars to the square foot With favorable haying weather the larval 
population of 667.13 produced a peak of but 4.18 pupae per square 
foot. 
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In 1D31, OWhlg to the small l1l11Hber of parent weev.i]s, the larval 
population was inadequllte to damage the fh'st crop seriously l'eglU'd­
less o'f the cutting date. In fnct, the first cutting WIIS dehtyed about 
~ weeks aftm' the. plants had l'eiu.:hecla stage of growth suited to pro­
duction of the best hay, and, as has already been shown, the cutting 
clune late in the development of the weev.i1 populatioll. Consequently, 
the number of uuparasiti,zed fourth instal'S increased to an average of 
14.'11 per square ioot, approximately two-thirds as many as were 
present at cutting time in 1D30 when the total larval population was 
three times as large. Moreover, the pupae numbrl"rd 3.5 before cut­
ting and, despite favorable haying weathe!', I"Ol-le to -1.5 after cutting. 
Thus the finnl result of the delay in fil'St cntt'jng waS that a larval 
population too small to calise sm'ions crop damage produced as many 
pu pac as tl id the large number of larvae in 1930. 

In ID3~ the parent weevil population of nearly 3 pel' :;qual'e foot in­
clicated that tho first Ct'OP would be danHLged unless cut eildy; that 
is, in the flO\\'l'l'-bud stage of growth. But whell damage was mani­
fested dlll'ing the fil·?t week 9f .Julle, rain ~hreatencd, and the owner 
delayed cuthng. After he (ltd cut and whde the hay was yet on the 
field, there was lL ['eCUrt'ence of cloudy, rainy weathm', 'which climin­
ished the cultural kill. i\Ieallwhile the number of unpamsitized 
foueth instal'S, aided by the rilpid decline of parasitization flS men­
tioned on page 41, increased to 59 pet' square foot. 'Vith this condi­
tion and le~sened cultural kill the pupal P?PUlflCioll l'ose from 2.88 just 
before cuttmg to 10.38 ten days after cuttmg. 

'l'hese C\>ents illustrate well the intimate relation between weather, 
parasitization, and the time of cutting the first crop in influencing the 
number of pupae produced at that time. 

Not all the individuals that escape parasitizlltion and transform to 
pup,ae complete their development. The principIll mortality occurs 
dUring the stubble period after the first and second crops are cut, al ­
thOUg)l some may die before the second cutting when the summer 
heat is most intellse. The variable effect of cultural kill upon the 
pupal popltiation is shown ill figlll'e Ul. In 1930 it operated mostly 
upon the late node of the pupal population, and in 1931 about equally 
upon both ctll'Iy and latc liodc~, while in 1032 the greater effect feU 
upon the eady nodt,. The two nodes of living pupae in each season 
thus I.·epresent the individuals that escaped both biological and cultural 
kill Ilnd 'from whidl the new-generation adult we€,yils were produced. 

The [lt~th'e phases of ptll"asitization by Bath.1lple('tes may now be 
sumrntu:izcd. The earliest (·ocooning larnle, which if unpnrasitized 
would mature before the crop could be cut, nre almost completely de­
stroyed by this parasite. In addition. the appearance of' unparasi­
tized individuals in 11lunbers is clC'layecl so that the majority, whether 
larvae 01' pupae, may be ki1l!:'(l by expOSUl'e in the stubblefie1c1 when 
the fil"St cutting is not delayed. Thus BathY71Zectes is of the greatest 
prartieal valurin minimizing the production of l1C'w-gC'nemtion 11(1111ts 
from tbe tremendous first-crop lilrval population. Xe\'ertlH'less. be­
cause. BatlLypZe.otr-,~ parasitizes negligible proportions of the few 
weev.11 larvae hVl1lg on the second alfalfa crop, these larvae may 
make an important contribution to the population of new-generation 
weevils unless the second crop is cut early enough to subject them to the 
stubblefield hen t. . ­
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These benefits and deficiencies of BatkYpZectes at. once indicate the 
possibility of supplementing its work by mtroducing other, noncom~ 
petitive pllr!lsitic insects. The more important insects in this con­
nection arc (1) any species parasitizing the later weevil stages, 
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~'Wl":f,; l!).-Et1'~ct or cultural kll1 upon two 110<1(>8 of the pup:,l population of the 
nlClllfll weevil, 1!)3(}-32, Sillt Lake YaUey, Utah. 

particularly tho pupal stage, and thus attucking t110se first-crop in­
dividwtls thflt eseape pamsitiz!ltion by Bathyplcctesj !lncl (2) any 
species active in the second-crop period on either larvae or pupae, and 
thus impinging upon individuals that receive but scant attention froll] 
B ath.yplectes. 
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FHEE·UVINC PfUSE 

To understand fully the relation o£ BatlLyplecles to the alfaHa 
weevU,it is necessary to know, in addition to the prevalence llnd effect 
of its endoparasitic phase, tho abundance and condition of its free­
living sta~es. Such supplementary information was gained by count­
in~ and dissecting the BatllypZeates cocoons obtained from the periodic 
field samplings. 

The Illlllll!ti cycle of: abundanco of BatlLypZectes liv.ing in COCOOI1:; is 
~h()Wll in table ~2. Beginning- with the lust month of the first..cr.·op 
p(1I'iod (mitl-l\fay to fit-st l'uttmg) in ID30, both the gross abundance 
and tho abundance of viable Bathyplectes cocoons WN.·O at tho low 
point 01' the ey<'ll.'. During the second-crop period thl.'l'c was It great 
il1('I'('1I5(\ from pnrasitized 'n~e\'illal'vae that lived on the first growth 
of alfalfa. HO\\'e\'PI', bl.'c!ltI:;(, of: hcavy Illortality :from stubblefield 
tonditiolls, exaggerated by persistence of somu olel, ovenvintet'cd ('0­

('(Jons, ollly about :38 pcr<::cllt of thcse lUl'vue contained living inc1i\Tid­
IUtlB. DIII·ing tho I'('rnain(lcr of tho Scuson the BatlL}/plectf8 adults 
pllr:lsiliz('d ollly a smull percentage of the negligible popllbtiOIl of 
w('cvil ]al'vIlU. 

'l'ABf.~, '22.-RI'(lsoJtal tl'erul.y of a7Jllndance of p7'imar!/ (B{ttlLyplectea 
(~Ill'('ulioltis) an(Z secondary (lf7l]Jte1'omalu8 1)i?'idescens) 'pam.site8 
of tILe alfaljnwecl'il baNrd 1lJI()/L al'l'ragc.~ in an area, equaling eigld 
l·,yquare-joot ,~(l1npZe8, 19JO-3iJ, Salt Lalce Valley, Utah 

Prilllllry ;:'ccondnry
pnrnsitc pnrnsitc 

LivingTotal indi­cocoons viduals 

10/JO 
~Vnlllbf'r .NumiJer Number Number 

~(id-i\lny to ('ullin!!; of firrlt crop._ ." ) (Jil.OO 5.00 11. 50 0.33 
::'l('cOl\d-crop [lNiod. "" ••• --- • ---.' 3RL. 00 I 147.17 \).50 -l.R3 
'l'hird·crop pNivcl _ '-"- • _.'- __ ""1248.00 53.00 17.83 I 10.00 

I 

I10.'1L 

~nd-(o'('hrunry \.0 mid-.\pril 172. 50 -1-1.20 4.UO 1. 00 
~lid-~(IlY to euWn~ of fir'lt crop_ . _, 127. 00 7.20 10.40 1. 80 
~('e{)nd-l'r()p Il!'riod _ _ _ " ___ I aOt). Xu il5. S(J 35.57 23. 29 
Third-(·rop pl'rind • 251. 00 . 27.00 -17. (i7 20. 00 

11MB . 
:\( id-Fc·hrllnry to mid-April .• 210.50 I H). RO , ?-.... n. '20 I 5.80 
:\(jd-~IIlY til (·(lttill~ of Jir;;t (·rop •• 137.l0 2.00 t).1l0 1 1.80 
~ee()lId·('rop p('riod _...• _ .". 3·11. 20' 7'3?<) 17.00 7. H
'l'hird-crol' period. 251. 33' 38:67' 13. Q7 7.67I 

• 


• 


• 

A[(,I' the :-;p('())Hl putt iug Il('al.· {lin end of .July, nt the peak of 

";pil"ol1al Iipnl, till' illlll10hilp Bl/fh!lp{I'(·I('.~ ('(l('()()IIS WPI't~ again C'xposNl 
10 stnbbll'fipld "(lIlditioIlS, and as a ('OIl:-,C'qllC'rlr't~ tl\(' 1I11lllb('l' of living 
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pal'tlsites decreased by about two-thirds. The effect of: the secondary 
pnt-Ilsite 1J:1tptc'1'0'T7Ull1.l8 vi?idcsce'lt8 is mh1g1ed with this bent kill, as 
wi1l be shown llltet'. No further appreciable reduction of living stll~es 
occurred during thefnll, but by the following spring they had etc­
creased t() an. u:veragu of 5.5 to the square foot, which represents ap­
proximll tely the llUl11ber available fbI' pl'oduction of adults to oviposit 
1Jl wee\'illltl'vac living on the first crop of 1981. li'ollowing emergence 
of the ndl1lt pa~'nsites in the spring the llllmbel' of living indivichmls 
in C(l(;oons again declined (hU'ing the lu.stmonth of the Iirst-cl'0P period. 
This low POlllt of the eyde of the cocooned indhtidullls coincides with 
the maximum pal'asitization among weevil larvae, 

The cycle then repeats, rising to I\, new peak chll'ing the second-crop 
period of 19:31 and then declining, beC'allse of summer Idllllfter second 
h!lrvcst, winter mortality, and SI)ring emergence, of adults, to the low 
point during the pl'ecllttin~ period of 1932. , 

Developmental chllllge$ HI these cocoons, detCl'mllled by dissection, 
outline, the s('usonal history of /J((.th'!lplecles, This parasite lives as l\ 
lllrva within its cocoon from carly summel' of one year to early spring 
of thl\ SI,lc(,(letling year. The oVl'l'wintel,etl larvae bl'gin pupating in 
the Intt(H' half of 'Mttl'ch, and, by the middle of April the pupal stage 
predominates, Pupation is largely completed by the middle of 'May, 
llnd pJ1)el'g1'J1Ce of 11lJlllt parasites reaches Hs petlk the second week of 
Mt~y, The progeny of these adults, 1i\rjpg within the weevil larvae 
IIlltil the latter have SPUll theil' cO('oons, kill the hosts and quickly 
spin their own (Batk.vPZectes) cocoons. 

Tlw !1lHjor'ity of the lIewp!ll'llsite COCOOIlS appeal' about:2 weeks Ilftel' 
fh~ first (\utting. hllvillg been pl'oducC'd fr0111 wC'evil larYl\e that lived 
on the first; aHnlfa crOp, In 1!)32 new cocoons appearedini.ti:tl1y just 
bdol'(' HH' first cutting. Ten days aftcI' this ctltting (t:tbIc 23) 11eal'ly 
ha If of the ('ocoons werG 1l1'W, lind of these less thun half were viable. 
At 111(' l1('xt ('.xmninnl:ion, 17 days aftt'r the Clltting, the abundance of 
('oe()ons ]llul increased by 11l0n~ than half: with nellrly two-thirds of 
{hNn :lew, but of thl1;;e lIew CO('OOI1S only about one-third were viable. 
At neither' of these eXlunillati()I1s was nn itppreciable pC'l'ccntage of the 
old cocoons viable, 

TABl.iJ<! 2a.-Di!lcl'enUal abundance and viability of I1Q(,OOIlS 0/ BatAy­
pZact(J8 r1t7'culionis afla?' (mtti.ng of the first O1'OP b(Lsecl 'upon. averages 
in an area equaling eight l-sQuare-foot sarnple8, 1932, Salt Lalc:e 
Valley, Utah 

-~'-"~"-'''''--''-'''' -I 
New cocoons (1932 origin) 

Old cocoons l'---.---.-----'-·---~~ 

Intervnl aftor Total (193 t origin)


co- ! Transform- Winteringfirst cl1ttinl4. ing tYl)e type
dl\yf4 coons ___ ~~ Totnl Viable I___~l

) 

Tot.nl Vinble J,. Total Viabla Total Viable
1 I 

I 
- '.~'" :V'((I11~ N/t1fl_~:I':I~I~;>eT_ ;::::-; Pel'- -,\-r- -_, - Pl':-' 

ll III
b('I' il.'r: ('('lLt ber ICI'ttt I /)('r ('('lit bl'r i crllt 
278 J.5ii I O. (i5' 123 I 43. l! i:iS' 15.5 Uii G7.7 
457 157, 0 300 30.3 I (i2 1. o. 238 45.4 
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The new BalAypll'rte.'f eO('OOlls arc {lim()l·phi<;!. In henvy-textul'cd 
01' wintcl'incr cocoonS larvae Ihre tht'Oll(Th the J.'ernail1ucr of the sutnluer 
(uld tho ne~t winter) pllp~ttingin th~ spring. Larvae in li~ht-tex­
tm.'ed, Ot' transfol'ming, cocoons, on the contmt'y, pupate quiCKly and 
emerge us adults Trom shol,t1y beforo to about 2 ,,;ceks niter the fit'st 
cutting. These adults IU'f\ bdicycd to be largely l'esponsible for tho 
Jimite(l ptll'aHitization of the Te,w wcevillul'YHe.1i\'illg upon the sec(md 
rr1'owth of II!fa I I'a. 
t;,; The l)Ul't played by th(lfO tl'I1I1Rfol'ming individlu\ls 1111\,Y be illns­
trated by the datr~ fo!' 10;~2, On JUlle la, 4: days before cutting, from 
It total 0£122 cocoons only :3 eon tldne!l Ijyjng parDsi tc!s, and 2 of these 
were new, both of t1t~ transforming type. 'fen days after cutting tho 
('oeoon8 wel'C almost equally of the tl'illlsfonnhFt and winteritw tVI)CS

• ' .' r-. t") J ,
but ]t's" than onc-Hlxlh of' the formCl' ,>vCre. viable in C()ntl'ilst to two­
thir'(}s of the InUrl' (table 23), Se\'cntcell days after cutting tho 
numbol' 0·£ nt~w (,OCOOllS haclincl'cHl:'ed gt'('atly, buL tho proportion that 
:"CL'(\ 0.1: the tl'an:;(ol'lning- .typ(' iI,ad (It'~'l'e:\!;~(~ to onl.}' oll<:-fifth. Tho 
Inc~I'C(lSe was thus dill' t[)Cm'lnntlOlI of additional wmtcl'lJ1g cocoons, 
Not only "'('I'e lht' tmJ\sfoL'llling C(JCOOIl~ Illueh l(,H~ numerous, but fllso 
Ie::;;; llu\II 2 peL'c('nt of {hcnl wcre viable, by contrast with nearly ludf of 
the "'jntcring cocoons, TraliBIOl'llIing ludi"icJuuls had thus \'il'tuaJly 
(li:;:lppt!nrNl\\'HhiJ) 2% Wf'('J,s llftf't' ill(' ih':;! (,lltting, leavin~ only 
wintel'ing cocoons to 1H'I'])l'l uale. tho spceie::, ' • 

~l 1'1-;UP,\ltASI'I'IZ \TW:\ 

,,"l1l'l1 tll(~ Rille L'cl:ltioll:;hip is such that hnt one pnrasitc develops 
fl'OIH a host, the' I1mttl'l' of Sl\PPI;p[~l'as1tization has an irnpol'tant beal'­
ing npOll the l,Hieicney of tht'parasit(', A::; pointpd out by Fiske (4) 
tllld hy ClallSPI1, .Ja'yIH~s n1\([ Ganlm't' (2), if the hosts wcrc pa l'Hsithcd 
Oil It ptll't,ly fort II itoll:; basis, tlWL'C would b(' It tl'pmcndotJ;; waste of 
Jllll'H~it('S j1l lIUllillill!! j) llig:h pPI'Cl'ntH!!l' of pal'llsitizution, 1i'01' cx­
ulIlplp. ill Urns pnl.'usicizing: no )ll'l\'cHt i)r thl' ho::;t::; there would be 1'0­
qUil'(ld nppl.'oximafely ~,l lHlJ'tlsitc om,pring Pl']' host, whl'l'l'as if the 
('email' pfll'nsitp '''('t'P able> to s(·IN,t uI11llu'a;itilll'(I hosts tllP snmc pcr­
('('ulng(l of pfll'asitizntioll would lip l'ead!('d when till' ratio of pa1'll::;itcs 
to host:; was only D,n, 

Tlw YC'I'Y high pCI'(,l'ningl's of p!ll'a:;itizlltiOl1 established by Batli.v­
JI'I-(·trw, pfll'tiellltll'ly anH)Ilg: fOLlI,th-im;tal' w('pviIs. llt once sngge:;t that 
thp rPlIllll(' H"oids :dl'l'atly (Hu'asitill('(ll:u'vu('. but till' fad l'emains that 
n, f(~it' alllollllt of supC'l'pal'(l:;it.ization i" SOrt1l'tiIllCf; cl1connt(,t'ed. itS 
illu:-t.l'ntl'<1 in lahle :H, 

Table :U Bhows thnt SUP(,l'Pfll'flBitjzati01~ O('cIllTNl in nn instal'S. 
HO\\,0Y('1', only n,7f) )wl'('cnt of tilt:' total, or 12,0:1 percent of those 
plll'a~itizt'll. ('Onlllinrd 11101'C' than 011(> pa1'l1>;itc" Do('s this extl'nt of 
HIlPPI'flHl'a:-;itizutionindiC'ntl\ J'l\JHloJl) dt'po::-itioll of eggs by the female 
Batl1llllli('h,d Till' all,,\\'C'I' may lw h:ld b~< eompal'ing obs('I'\'cd dis­
triblltion:; wilh fllNn'('lien) OlH'S (':I1('ll1a[(I(l on tht' assumption of -[01'­
tl\it~· Hnd invoh'illg lil((\ nllmbpl's of p:u,(tsitl' ofl':;pring and wcevjJ 
InlTH(I, '1'1,(, ('hall('(" distl'ilnlt ions :11'(1 I'p(ldil\' dC'tf'l'mi1wc1 by \lSC of 
l'oi:;soll ',:; <1i:;(l'ihlltiol1 f01'1l1\l1:~ , • 
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'l'.\JlLE 2-l,-iS'u,pe1'pm'a8itizatio'lJ, of alfalfa weevil la'I"Vae by Bathy­
7)Zeotes ow'oulioni.y, first-crop 'period of 1931, SaZt Lal.'e TTalley,
Utah 

.-.---~-...,...---"~ -, .'_.,--,_._-
Frequency in different ins tars I TotalNumber of parasites 


in a single weevil 
 I Percent 
larva ;~:~1~e~O:d ~i::, FO':~h i .~~~~~l-CY ~_O_f_t_ot_a_l 

o.• _•. " ,., non I" 50'1 1!l7 !
. 

77 1, 807 43, 56.. · .. 1 J '.' •• _•• ..' 240 liiO GGS .\ 601 2, 128 40,65
2••••• " ..._ 10 fiS 124 :35 237 5, 53
3 ••.• _._. ~_ j o (j 21 13 40 , 03!4. ",.," .. " o 2 n 3 14 ,33
5•• __ •••••.. ,.' 0 0 0 0 0 0 

Total._•••. '-1,'2401 1,2sn 7o-1-0-,:'--7-2-n-I--'J-,-28-6-1--10-0-,0-0 

,,- •• p,,~ ._,-"-,,,. ,,'~----- ••"'----'----'-- ­

the succcssive terms of which give the theoretical Pl'Opol'tion of larvae 
('ontailling 0, 1, 2, 3, ,~, 5, ________ OJ flarasites, The results of 
('nl('ull~tioml fOl' cu<,h instal' fL'oll1 a .'lamp ing of May 20 t 1931, are 
shown in table 25. 

Among first instal'S smltll discrepancies appeal' between observed 
and chanco disfdbutions, there beillg It small excess of single-pltra­
Hitized lal'vllt'. 1I11el deficiencics in the other <'lasses. 'Vhile the evi­
(\(lnCe hercis not strong, it at lcast suggests that the female Bathy­
p7ecte8 may ha ve sOlne ability to select lInparasitized larvae, I::leeond 
instal'S, which ha\'(~ been longer exposcd to parasitic attack and have 
It high(,I' level of parasitization, also cxhibit discrepancies, but the 
('XCNiS of lalTllO CHell ('onlaining II single parasite is so lin'ge as to 
It'avclittll' doubt ('ol1rel'ning til(' ilbility of the female Bathyplectes 
to ll\'oidJn l'YIt(' nl l'cady pnrasi tiz(i(l, FinnIly. third and fourth instal'S 
sho\\' It. gl'cat many 1l10l'C sillgle-pa.rasitizecl larvae than would be 
('xpl'd('(I i.E pal'llsitt~ <,{!gs ",el'C dl'positeclllt random. 

The CXtl'l'lsl'sin the dill'(,l'entinstaI'S ('annot be compared directly, 
b('cII t1S(, tho total nllmbE'l' or IIU'\'IIC is difl'erent in each case. Instead, 
llS(', may be l11a(\(' 01' the mlio of the observed frequency to the number 
('xpcctNl on tit(' basis of chan('o to contain a single parasite (table 26). 
Th('so ratio:.; };itow thnt Ihr()t1ghOllt thc, Sl'aSOn and in all instal's, with 
but; two ex('('ptions. the number of Inrvae containing Il single pa1'llsite 
ex('eeds thellumhel.' exp('('t:ed on the basis of fortuity, 

This steady ilwJ'eas(\ iF; not due entirely to parental sc1ecti011. Dis:­
~e('tion rC<'Ol'(ls show that, beginning with second instal'S, the supel' ­
1l\l1l1('rary parasites, espC'C'illlly thC' egl! when a 1l\l'\'l\is also present, 
al'l\ fl'equ('ntly found dead and encys~£('(l. This condition .is pal'tiell ­
lIu'lynoticeable among Bllperparllsitiz('d third instal'S, and is observed 
1css frequC'ntlyin fourth instal'S. As It <'onsequence of this loss of ex­
('NiS parasites, snpel'pnl'asitizntion is less among fonl'th than among 
thil'd instal'S (table 2G), 

Tn first to third instill'S, ho,,,('\,e1', be-fore eliminntion of extra para.­
si!(,s is arcoll1plishC'cl. the l'atios l'('pl'C'Hl'nt approximatc]y the selection 
eXC'I'('isC'(l by l1at1!!lpltr'fN? i'C'nHt\('S alld m:ty (h(,I'C'l'ol'(' b(' called rO('{n­
ciC'ni::; of 5('I('c(i\-ity, Hince !'lIpel'parn:-;itizatioll was most prevalent 
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TABLB 25.-00mpm'ison of observed and calculated distribution of pal'af;ites among alfalfa weevillaJ'vae of allinstars, ~ 

Number of par.asites in a single 
weevll larva 

0 __ • _____ .... _____________________ 
1. _______ . ________ . ____ . _________ 
2____________ =________ .__________ 
3 ____ •. _.. __ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ 
~------ .. ----- .. ----- .. __________ 
<> __ • ____ • _____________ .___________ 

Number of lan·ae.____ • __ ._ •. _______ 

Mean Illllllbcr of parasites per lan'a .. _ 

e- _____ ._________________________ 

m 

collected i.lfay 20, 1931, Salt Lake Valley, Utah 
t".l 

First insiar I Second illsiar \ Third instar ,1 Fourth inst~r 


Frequency I I Frequency I Frequency I Frequency I

l ~ 

Dcvill.- Devia- Dcvin- Devia-I 
m 

Ob- Caleu- tion Ob- calcu-! Hon Ob- Calen- tion Ob- Calcu- tioll ~I 
a 

sen'cd lated sen'cd lated served lated served lated 
!, ___, ___,___:______ ---1- - ----,1--- E 

8 

157 158.9 -1.9 61\87.3 -26.3 8 44.8 -36.8 3 23.6 -20.6 Z 
32 28.4 +3.6 117 71.9 +45.1 114 52.0 +62.0 63 30.2 +32.8 c:> 

1 2.5 -1.5 
0 . 2 -. 2 
0 ______ .1_______ 
01-------1------­

190. 

.1789

.8362 

17 29.6 -12.6 
3/' s. 1 - 5. 1 
1 1.7 -.7 
0 .3 -.3 

, 
199 \ 

.8241

.4386 

15 30.2 -15.2 12 19.4 - 7.4 ~ 

2 11. 7 - 9. 7 
4 3.4 +.6 
0 .8 -.8 

143 
1. 1608 I
.3132 

6 8. 3 - 2. 3 o. 

1 2.7 - 1.7 ~0 .7 - .7 
~ 

1:185 t"l
1. 2824 'tI
.2773 !'3 

~ 
>o 
:ti..... 
a
c: 
~ c: 
:ti 
t".l 

e\ 



--

----

• 


• 


• 


FIELD STUDIES OF ALFALFA WEEVIL 55 

TAIU,") 2fi.-Rati,o of 0"b.ge1'ved to oalaulated frequenoy of OOOlwrenoe of 
8lngle-para.sitlzed al/al/a'1.l)eevil tal'vae arul pl'evrilenoe 0 t81l-pm'pam­
aitization by Bathypleotes o'U'I'oulionis, jil'8t-orop period, 1931, Salt 
Lal.:e 'Valle!!, Utah 

.
Hatio of observed to cal- Superparasitization of indi­eulated frequency for eated instar .hl<licated ins tarS/~mpling date -
~.:.JSecond Third Fourth First Iseeondl~ Fourth 

Per- Per- Per- Per­
cellt celli cent eMt 

Apr. 20. .'._ •. _. 1.14. ....... .. - ,.. ..... -. 2.7 -... - ... - ... 
 ---- ... --At. 27•..•.• ...." ~ ... 1. 06 O. 71 -"' ... -. .... - ... __ ... 0 8. 7 .. -- ... - ... ....... -- .~-

i\ay4•• __ ...• _••• 1.16 1.10 ..... _- ...... 1.0 6.1 ...... -.. - .. ........ _...... -
Muy 11__ ... _ •.• _ 1. 10 1. 50 1.57 ... - 0 4. 8 21. 3~~,---

Muy 20•• _. • .. ,._ 1. 13 1.63 2. 10 2.00 .5 10.6 14.7 22.4
May 25•• __ .• _•• __ 1. 32 1. M' 1.61l 2.33 .5 7. n 26.0 8. 4,June L. ____ .. ___ 1. 14 1. 5n 1. 81 2.28 1.0 5. 8 17.5 8.7
,JUliO 8__ ,"" 1. 10 1. 41 1. 7() 2. 34 ,0 1.6 1l.5 2. 0
Juno 15___ •. __ ••• _ .02 1. 41 1,74 2. 10 0 3. <1 7.1 3. 5 , 

Average. ___ 1. 13 1.37 1. 70 2.25 .6 6.1 16.2 I), 0 

among third instlu'S the averllge coefficient of selectivity for this instal' 
c1elll'ly SllOWS that B(tth.1J7)Zectes cxel'l'iscs a high degt'ee or selectivity. 

'rHE SECOl'lDAHY PAHASITE EUPTEHOMALUS VUlIDESCENS 

A ptN'oIHalid that has hee.ll known for many years as an external 
p!lI'asite of eoeooncd larvae of Bathyp7eotes eU/I'("lllionis was identified 
in :1!);30 liS /J}u,pteJ'olllaluRl,lJ-idescen8 'Valsh.12 Its abundance und de­
veloplIll'lIt t:hl'OlIghont the yelll' were detcrmined in the COUl'se of dis­
sectiilg the fl'ce-<'xisting Bathyplecte8 cocoons taken in periodic field 
samplings. With theso data it is possible to discover the role of 
Euptel'omaZu,Q in tIle envir'olllriental complex of t.he weevil. 

EIl-pter'omahI8 IIJl1'ide8cen8 passes the winter in the larval stage inside 
the cocoons of Hai/Lypleote8, and some larvae are present through 
April. Pupation hl'gins in Mal'(~h, and pupae occur throughout April 
lind scattcdng1y in Mny. The first adults appear the third weck of 
May. Ptl'l'omnlid Ilu'vne rcalmem' in the newly l!onncd B(tthY1Jlectes 
cocoons nbout the Iniddle of JUlie Ilndinc:rense in abundance until 
the end of .Jnly. Pupatioll of tlll'se larvae begins about the middle of 
July and I'eaehesits peak about, the itUit weekof that month. Adults 
emel'ge again the lattpr half of Jlll~r and in Angnst, eggs having been 
found early in August. LarVHl' predominate during the fall. The 
l'lcconc1al'y plIl'llsit(" is thus indicatcd as having two generations 
11llll1tally. 

The fhst-bl'ood adnlts oviposit in the newly :fol'mecl Batll.J1pleotcs 
cocoons, of both tl'llllsfol'lI1ing and wintering types; in June lind eurly 

.. Detpl'mlll(>1l hy A. B. Clnhnll, 1)1"Il';ion of lllsl'ct I<1cnWlcntIOIl, TIUl'con of 
Entomology tllIll I.'lnllt Qllflfllll!illl\. 
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in July, The appearance of the second-brood adults overlaps the 
time of cutting the second crop fll1el coincides with the. formation of the 
neglifrible nUlllbm' of J3at/l1!/plecte8 cocoons derived from the small and 
lightFy plU'!tsitizec1 population of weevillal'vae livillg upon the second 
gl'owth of alfalfa, Hecond-bl'ood. llilults oviposit in the few Bathy­
pl(~cte8 cocoons then fOL'llled, ancl the increase in nUmbeL' of immature 
Htagl'S of the secolldal'Y at this titne makes it rmL:::onably cel'tain that 
they attack mcmbet,s or the main group of earlier fonned (JUIW) 
Bath,yplectes COCOOIIS,i'L'OlIl a portion of whieh they themseh'cfi bred, 
alld wllieh t'Ollhtin hllTae tlu'ollgilollt the Sll II 1I1lIH' and winter, The 
HN'ond UI'()()d or f~'llpl('J'(NnalliN adllltH iH 1h('I'l'l'ol'(' illlpol'faJl!:. ill flll'thpl' 
,'('d\lcin~ the nlllll~)('t' of, Batil,1J1'1,r'ct('8 lal'ya(' that have slll'vi:e~l b?th 
Hlllbblehelc1 heat: follOWing tlw ItI'Ht t'llttlllg Hlld hypPI'pnl':lsltrzatlon 
b'y til(' first gl'lll't'atioll of R'llpt('l'omaht8, 
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1930 1931 1932 

I~W('Jtg 20,-~cnsl)l1nl abundance of but"lt (il) primary und (1J) secondury llnru­
sites of the nlfnlt'fl weeyil ill l'('llltiOll to the (!l'opping system, 1!)30-:J2, ~nlt Lnl;:e 
Vlllle~', Utah, Yert:icnl lines intlicllte tlmc of cutting, 

Ho\\,p\,('I', the IH!atfollowiJlg the seconcl cutti ng, which kills many 
Batli!lP/ectl'8 lal'\'IH~, likewise kills many larvae and pupae. of the sec­
ondal'Y parasite, the bl.'oods 01' wlr iell had a.1l'eady begun to overlap 
bp·fol'c the second cutting', It is titl'l'ei'ol'e illlpm;sible to segregate an<l 
Il1cnsUI'C the kill of BatiuIP/ect('8 lar'\'ae dl'ectl'c1 b'y the secondary, 
although the. data, pl'ovi(le'l~ l'easonably satisfaetor,Y understanding of 
I he pnrt played by it. Datit on abundnnce and H\II.'vival of E~(,ptero-
mabM during significallt }wl'iods of Ihe ,Yea I' are summarized in 
table ~~, 

Ulult1 l'slnnc1illg o[ the I'l'lutioll between primal'y HlHl seeolHInt'y pal'll­
f'itps, and O[ t1wil' I'elation to the SPfU:;OI1 and Ihe el'opping system. 
nIH,)' b('illlpl'(}\'ed by a Htu(ly of f1gl1l'(~ :20, 
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Estimation of the eff('ct of E"ltptc~'omal1l,~ in cllt'tailing the abun­
dance of BatAY1)Zeates is dilliclllt, because t:h(~ lllol:talityil'Om two gen­
erations of the secondHI'y parasite :is intCl'\\'ovon with the heat kill of 
the pri mlll'y alld the secolldal'Y following both fil'Ht: and second cut­
tings, Tho most conservative estimate, may be had by deaUng \I',ith 
the figur~sl'epl'es~ntillg the ?lIcl point of the pro,co:"s clueing the thil'd­
(TOP pel'Jod, that IS, bYl'clatll1g the Ilumber of itVII1(r Heeondlll'y para­
sites to the total TIlImbC'l' 0:[ livillg pl'itrllll'ies and s~('ondltl'ies, This 
Ilwthod of eltlc'l.Ilat ion SilO\I'H Ihat t h(,I'(' WIlH a 1:),87-, ·I!.),QO-, and 1(j,1')r.­
pet,'cellt in f('!:it:d:ioll by tilH sl'('olldal',Y 1'01' l!J:\(), w;n, and In;m, 1'('_ 

hpnc:t i V(l Iy, 
rl'IINin figul'ps do 1I0t: take tL('('ollnl of the dead ptel'onlttlids, whieh 

Ilad, of eOIlI'S(1, killed their i3alltypled(w hosts beCol'e t:lw'y 1l1l'I1ISel\'l'~ 
dird, (w of UW/Jlltil.Yl)lect(,8 hH'VIlC destl'(;,ycd by srcolldtll'it'S that is­
sll('d ilS tllO >iN'ond bl'Ood of E'U/JtOI'071UtlllR ItdultR. It iH IJolievcd that 
the dead sl'colldal'i('s l'epl'esellt: eoeOOIlS >iO sitlllLted in Ihe field that 
thei I.' OCClI pants, whethel,' pl,'imttL'~1 Ot' secondal.',Y, \\'011 Idlw ve bp(l1l ki ned 
iJy (he stubblefiel(l hl'at, ill whidl CIl>ie till' dl'cet of thehypcl'parasiti­
:mt:ion would be neutml izoc\, ' 

The second objcdio/1 has mOl'!, val idity, 1'01' whell second.bl'ood 
Nl6ptel'omal'UH adilits clll(,I'gl'll thny left pmp!y Jjatll.yplectes COCOOIlS, 
which thcl'C'aft(,1' couldl1ot; be takcn illto aeCollllt by the lllctllOd o-f 
:-Iudy employed, 'fhet'{I was, then, acLwd I.y SOllIe dl'stl'lIction of 
Hatl/,yplcelr's lal'vac by Ihe S('COllcilll'y pal'asih\ pl'iol' to t:he pCJ'iod to 
which Uw niJoI'lI IWI'('(\lltagps apply, 'but:. its l'xlen!" is unknown, Oil 
the (llhcl.' hn Ilrl, It good Iy r)ol.'1ion () I: the IJ lltll.yplcctes so destl'oyed 
would, in the abscnce oJ the second a I.'Y, hitve suc('lImbl'd 10 stubble­
field heat :followil1g /iI'Ht cutt:ing. Thus the best that can be dono is 
10 acc!'pt tho ubove [>(,l'centagcH as possibly sliglLt:ly undOl'('stimttting 
tilt\ extent oj; {I)!tpt(lJ'(JJnrdUH hY[>l'l'par:u;itization or BatkY1J/e(!fes O'WI'­
cltlimu's CO('0011S, 

The p<'l'c'entagcs cited show that thn mortality dtle to F)Ul)lfl'Omal'1l8 
val'ies widel y ill (J ifl'el'ent yea I'S and sllggest that I he CCO!lOIIl ic benefit 
of BCtth//pl("(!t{~8 would in cons('qllt'l1ce pxl1ibit comparable fluctuation, 
The efl'eet of dl'Hstie l'cduction of Batltypl('('tos iH mitigated, howevel', 
iJecause the bl'neficial action of til is pal'asil:e depends npon its VCl'y high 
pa,l'lI.silization of tilC<'lLl'ly w('(willul'vHe, allcll'll(' adnlt prima!.'y pal'tL­
Hites Pl'o<iuccd the following spring al'c Hlilli('it'nl'i,Y Illllll('I'Ol1S to para­
siti7.e td ll1oHI; complet('ly thc 1Il00'tJ ad "Hilced w('(wi I l:tl'vap, Nevcl'the­
Jefis, with C'ontinued gl'owl:h 01' the'. population of wt'('villttl'vac, both in 
Illlmbrl' and si7.o, I-he l,'l'dllelioll or /J{f.tlt.IJI)lec/f's mnnifests itself in 
(1) an eal'liel' cleeline in the pal'llsil'i7.ation of w('t'\,il lanrae, (2) IL 
1I101'C l'fLpi([ <II'OP in /Jltl'aHitization, and (3) n.10\\,C'1' lel'el or pal'llsitizll­
lion than would obtain with nOI'llut! nblllldllnl'p of /Jatityplc('/c8, More 
(;ollcisoly, the pel'C'entage of ptu'aHiti7.alioll of fourth insl:tl.'s begins to 
derlitlc, when that ~t:tg(' is yel ('otnpal'ntil'C'/Y ~('al't(·, and tho pal'asiti7.a.­
t;ioll ultirnal"('ly C'BtaLJlishec\ among the slllall"l' Jtll'l'tIl' is noticeably
Jowerod, 

The Tlel~l.'1y complete pal.'l1siti7.atioll or the ollrliC'st llIatlll'ing "'('evil 
larvae.is Jlot unusual, ho\\'en~r, nnd the lc)\\'('I\'d pftl'nBitiz:d'ioll Idrcct­
ing the I1llLi n gl'ou p of sInn Ilpl' In 1'1'1[(, is of no eOllSt'quencp, :1'01.' they 
l-i11(,('lllllb to stttl'l'ation dlll'illg til(' stllbblt' pcl'iot\ Jollowing the Iil'sl 
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cutting, The impOl'tllllt difl'cl'ellcc is that ill('omplete pamsitization 
of 1I11llul'C llll'vae appears so eady ill the scheduled t\(>V(IIOP"ll'lIt of the 
wecvil populatioll that tllr. IIl1pal'tisitized Indh·idualH llIay pupate alld 
IH'OtluCB adult wl'cvils bdol'c the alfalfa hit:; l'cached lh(' flowel'-bud 
stage of growth Illld clil tlll'al ki \I ('all be IIc('ompl ished by hal'vesti ng it. 

Slich t'onditions malw the tillle of. C'utting the fil.'l:il Cl'Op mOl'e criti­
eal, lllly delay a ftl' I.' Inatul'ity beillg 1l10l'C t.han OL'dilHlI'ily p('nalized 
by the prOdlll'tioll of new-g(,lH'I'atioll wl'Pvils, This is lhl' Ill't effe('t 
of. dl'lIstic kill of Bath!JpleCtf'8 by g'I"J!l('''(),lIlaltt.~,

'I'he f()l'e~()i II (r i IlfOL'matioll ('(llltl\1'1I i Il~ gUJill'j'Olllftllls t hI'OWS lIulch 
light Oil It Pl'I'pl~xill~ 'll I (,!:,;t iOll wldeh al'ose ill 1!):\~ and to ",hil'h thel'e 
was no llllSWel.' at that till\(', In Sa.lt; Lake Valley dul'ing t haL seaSOIl 
pal.'asitilomtioll 01' \l'I'(I\'il lal'\'l\e by Hath/lflll'clf's dl'clillcd olldil'I' a:nd 
ilion' mpidly than IIsual, althOllgh ill W(~b('1' Valley I H'tlL'1 ry it h(~ld lip 
llol'lIltdly, JII the latll'l.' lo('u.lity wh('1l co('oonin~ of wee\,illlll.'VIIC had 
l'l'ul'lwd all a\'(ll'ag(~ of 7 to the l;l(lUlU'('. foot pal'tlsiti~ati()1l of eo(!o()ncd 
individualH by Bath!JP/r!ot('s \\'a:; still !H,5 PC'I'l'('llt, whel'PIIS in Halt 
Lake Vallt'y ltll ltvernge ('0('00)) populatioll on lyon\!- fourth as hll'ge 
~howed ollly H2,7 pCl'cl'1I1 pHl'Hsitizatioll,

Finally, t'his analysis of tlH~ inlltwllce of fi:1I1!t('l'omalu8illllstmtes 
well how It l'olH\itiol1 of the IIlOlIll'llt may hnn'. its Hlltecedent factors 
dC'cply blll'iN\ ill the hislol'Y of a biologi(,al (,OlllplC'x, Thlls tlr!' 1I1l­
IISllld llblilldalll'(\ () f \\,(1(' \' iIs IIrn LIIIPI UlN'd (he n I fal fa l'l'OP () I' Hn I(; Lake 
Yall(l,Y ill thl' sprillg of I!):~:\ was dill' partly to It elll'taillllent 01' pnl'lL­
siti~ati(J1I by Bllth!lpit'ctcs illln:l~, which in tnI'll al'OSl\ 1'1'0111 llllllnwillal 
tdJlIlldallt'(' of /i}uji/eI'Oll!aI1l8 ill the' ~\Illlllll'I' ofl!):n, 

ANAI'IIES L'HATENSIS, EGG PAHASITF. 

T\\'o in(l'l'nall1l,Yllllll'id l'gl! pal'lL~itl'S. .illlaph(!8 ji/'alcll 8 is !1'lWI'St. and 
~I l/a.pllOi(/NI lUI/a Oil'" W('I'(' lilil'I'all'din nll'alfa fil'lds Il('al' Salt Lake 
City ill W:W-2S,I:' TlwSl' t\\'o~pp('il's wel'e ~o silllilal' in aPP('IlL'a nee that­
they ('olild lIot be distingllh';\I('d ",hill' the insl'ds \\'('1'(' ali\'e, lIlId thl'I'l'­
fol'l\ 110 alll'llIp!: \\'IIS l.I1adl' to halldlt' the'il' (I111l'IW~Ill'P alld libl'l'ation 
sepal'alpl)" A'I/(tl!/t('s pm/ellsis \\,11~ first· 1'I'('o\'(,I'l'd f1'01l1 S('\'l'I'al fipldH 
1It'IlI' BaIt La I\('. City in til(' SPl'ill1! or ID:2H,1I I)('ill~ laln'll 1'1'0111 the ('I!gs 
of. both flIIPI'I'U ji081i{,(l lind fl, IImu'/atu, TIlt'I'(' is 110 I'N'OI'd of I.'l'­
('OVl'l',Y of the othel' pal'asite, lind apparcntly it has fll.ill'd to e~ta\)lish 
itsplf.

111(,lIblltion of al\ l'I!~S takpll in til(' 1)(Il'iodie sarnplings 1'1'sIIlled ill 
Ihe finding, in W;\O, of a fe'\\' \\'('('vil ('~hrs that had bl'ight J'(~d eil'l'lIlal' 
spots ill tlll'llI, Tlwsl' ('g~s nil (,lI11W 1'1'0111 littPI', alld ('uelr \ntl'I' p!'O­
rlll('('d nil adlilt .111071/11'8 p,'alel/sis, To (\l'tpl'lllillC' til(' illlpllI'tallc'p 01' 
this pal'lI~ih', all ('~gs olltllilH'<\ frolll thr. 1)('l'io(\il' Slllllplill~S of 10:11 
\\,(II'(~ in(,lIiJllt('(\. No paJ'asitC's iSSllNI I'l'onl (Ig~s dc-positl'd in gl'owing 
al fal fa stNHS, and ill l'ggs lnlwll fl'onl litle'I' plIl'asilization apppal'pd 

'" ~rYIlI:lI'\(l ('I-:I-: PHl'lIl4il('>; ,"PI'P nll40 lilH'I'Ht('d in tli .. ~aH La 1((' \';r1I .. y ill >Inn, 
10'1:!, trIHII!J1:{, ,\t thlli' 11111(1 UII'Y WI'I'l' ('allt'li ,A.lI({/JllfJi!/('({ {III/I/, hut ill 1111' light 
(If III If'!' WOI'\;: it; ~1'f'1Il~ \\1:011;11>1" thllt· ,IIII/Ili/I's fJr(/I('II,~i,~ \l'a~ :r1~o i!I\'ol\'pd in Ihl'~\' 
IIh!'I'lI,lhlllH,

"Utlj1l1hlil4h('d lI()tl'~ hy '1\ It, ('h:IIIl\)C'l'iin, BUI'('lIll ul' mnlollloiogy ;11111 Piant: 
QUIII'anUIl(', 

• 


• 


• 
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• 
initially neal' the end of Al)l'il, reached It maximum the third week of 
May, and stopped aftee the fh'st of June (table 27), 

'L\lII;~i 27,-Pa1'aJiitization 0/ alfalfa 'wee'vil eg{Jsln Zittel' 011 Anaplws 
1)'f'atensl8, ji'l'st-CI'OP pe7'i.od, 1931, Salt Lal~e Valley, rJtak 

-
Weevil cggs Wccvil eggs 

Sall1plillg date SlIlI1plillg dalcI Pllrnsit- Parasit-Totul 'rotalized ized 
-,--"""-'~''''---,--, 

Number Percellt NlIlII/JlJr Percent 
Apr, l3._ 473 0 ~rILY 25 •• ____ ••••• 552 2, 72 
Apr, 20". 1,124 0 .I\1l1c I 632 2, 85 
Allr, 27 ... 1,287 .70 .lul1c 8 .. :::~~:::: 387 0 
.\ ny 4. I, fi2!) I. 17 ,June 15 .,. -... " ,,,".... - 23l 0 
\lny.1I, L,633 ,80 ,IUI1C l(i 1___ ••••• _ _.................... ............ ---­
~IILY 20 1,257 3,:H It. 

I Jo'lrsL crop cut, 

• 
'fit is pal'a~ite Was nlst) l'eiU'l'd fl'olll the .larger eggs of the clovcL'leaf 

weevil (llypf'l'(t ,mltetata) taken in the pCl'iodic samples and :£rom 
eltch ol~ which t\\'o plll'aflitC'B ol'dinal'ily issue, The fact that pamsitiz1l­
{ion by l1nllplH'8 doeB not appeal' in eggs of the alfalfa, wecvil until 
those of the clovcL' leaf wee\'il have become Heal'ce indicates that the 
fOl'llll'l' Hpcei(ls Sel'ves lllendy as an alteL'nate host. l1naplLes is t1lm'c­
J'ol'e all ill('OIlSNllielltial fa('(ol' in thp ('olltL'ol of the aHal:ftL weevil under 
conti itions obtaining ill Salt I ..ake Vallc,y, ' 

METEOROLOGICAL FACTORS 

Till' t('lIlpl~I'aflll'(' dilla, nlPIlSlIl'cd and recordcd as stated 011 page 10, 
provide all opportunity fol' dl·t'l'l'lIdning fhe rclal,'ioll betwccn wcevil 
inCl'l'IlBe and tel1l[WI'at UI'e, alld for establishing It simple cOII('cptioll 
of the seaHOllal t:t'pnd 01' heat whieh may be uBed to stlldy the effect 
of the I'll III I a bel'l'a t.iOIlS upon wcc\'il attivit:ies ill a givell seaSon. 

WEEVIL INCHEASI~ ,\Nl> TEMI'EHATUHE 

• 

The fil'st obj('ctin~, IlIlly bo attained by l'lIll1l1lat'ing the day-degrees 
above (WO F, :from the begillnillg of tile s~'asOIl lip h) the datc of each 
<:O,"8,'IIS of til('. wce\'it poplltnt:io.", and plotting a,gainst thesC,c,'llllllllative 
vnll1('s the, tl\'l'L'UU(\ ablllldall('(' 01' irnnltlt\1I'C weevils (fig, :21), Use or 
these tNllpel'alui'e units hns I he ('Ired of spaeillg the ObBC'l'Vutiom; in 
pl'oportion to lllp HVPI'age telllpl'l'atlll'eS of CHell samplillg intel'\'n1, 
whet'cas Il tirllf' IInit, by implyillg equal effl'('(:i,wll('ss of eaeh (lay in 
IH'ollIoting gl'O\\'th of Ihl' jml1wt ut'c populalioll, wOllld obs(,llL'e such 
din't' l'('n('es, 

The graphs sho\\' Hmt ('ndyill thl' Sl'uson illtl'('aSl' of tile inllWdlll'(' 
populatioll Pt'()('(,l'ds ill Pl'opol'tioll to til(' tl'l11l>l'rahll'p, as lI1l':tsUt'cd 
by ('l1ll\l1la{j\'(' day,dpgn'ps ill l'XC'PHS of flOO F, This fxend eont:ilHH'S 
until;3 to ,b w('eks bl'!'OI'P ('uUillg of til(' first ulfall'a Cl'OP, The reIa­

http:pe7'i.od
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tionship means that the liiological JlI'ot'Psses underlying' l'gg Jaying 
Il1'(' g'o\'el'llecllJY tClllpemlul'c, bCCllUS(' incl'ense of til(' immature popu­
lation c1c·IH.·IHls cntirely upon o\·iposition, Howc\'Pl',.it may not be 
constrlled as an exact measure of ovipositional activity, because any 
rnortttlity nlrecting the imnmtllL'e stages would depress the mte of 
increase, The qnantitatiye rclationship thel'e.fol'c applies only to 
the net mte of increasc, of the immatul'c weeviL population, 

The ['ates of in(:I'l'as(' art' :-:110\\'11 by tIl(' slopes or tho trend lilies 
(Jig, ~l) an<l, as determined by gmphic:t1 diJI'l'['('ntintion, \\·l'I.'(~ :3.0+. 
~,OO, and 2AO pl'Ogl'ny )1('[' d:ly-d('gL'('(~ III 10:30, w:n, and lD;~~, I'C­
specti \'(·Iy, TlH's(" l':lleS, hOWt'\'('L" a.lso 1'('f1pl't the Yal'iabll' abulldfllle(' 
of pal'ent weed)s in tIlt' difl'eL'ent seasom;, ('onspquentiy, H ('OmJ)ill'a­
Jill' basis Was pl'()vi(/('d by di\'idill(r ('ac'h I'Ht(' by one-half the nUlllbet' 
of aduJt w('('vils pl'{'scnt tit tile b('g'ftlJling of thc'season, thus adjustillg 
tll(\ I'a[:(', or illC'I'ease to the basis of It sillgi(' felnale, w('evil. 'When so 
('()IIl(lutl'd, tltc' I'('sp('din' rales \\'('/.'e Lt;), :.U.i7. and 1.(;8 progeny pet' 
f('lllal(1 P('I' da,r-d('p'('(', l'l'I)l'Csl'nting the ynriatioJl in the 1'('pt'odl1eti\'(~ 
l'n( io ill til(' dill't'l'ing' l->etlsons, Till' g'pllcraill\'cl'age mt(' of l.H;~ will 
Sl'l'\'('. ns alt nppl'OXiltlatl\ rnea:;\II'(' of thl' I'platioll betweell wel'\'i1 in­
('I'l'as(' and tl'IlII)PI'atul'e, 

T)w last two to fOlll' points ill tIll' g'raphs, whiehl'('pn's(,Ht .illtpl'\'als 
oj' :~ to .~ \\'l'pks befon' tIlt· fil'st (,lItting'. deptllt wi<l('ly from the lilll's 
01' t'l'lat ionship just dis('lISsNl. Sot onl.\· is f:ilp rat(' of iUt'I'l'tISe not 
lllaintail1('(1. but (h('l'(, is filtnlly an aetual deC'l't'asc in th(' total 1l11lllbl'I' 

of pl'Og'l'IIY b('.J'ol'e any indh'iduals haye (lrogl'('sspd to the adult stage, 
Till', dp('I'{'asp is a I'pll{'dion of modality in some {'omponent of thl' 
illllllatul'e population, and the I'('('onls in(\iC'at{· that it o('clI['I'('(1 among 
/I(lwly ha(cl\pd lal'\'ap, Thp (ll'atlt of the tilly lal'nte is belicn.d to 
1'('SUIt 'hol1l a scar('it.\' or slIitaolp food nt this season, as the plants 
rnatlll'e Itlld the t(,I'lnillal buds hlll'(/(' 11 , and abo fl'Oll1 heat and drought. 

SEASO;o.1AL TIIE~D or HEAT 

'I'll(' sC'asollfl.l tl'end of lH'at wns studied by snl11llling t\l(' dtly-<1eg'l'eps 
a!>o\'p ;>0' ]" fot' eaeil \\'('('k of till'. (j-j'l'tlL' ppriod In~s-:~a, and plotting' 
tlt(·, w('(·kly SUIl1S against the'. ,,"p('ks of the yeal', as shown in figut'e 2::!, 
D('spi(p, tile eapl'iciouslI(,ss of th~ indh'iclunl seasons. tile (.nsemble 
\\':IS fouud to 1'0l'JlI a elpar-('ut pa tte· I'll. and slIggpst('(\ that: tllp spa­
!-iollal [I'('n<l might IJt' (h'scl'ibpd hy til(> 1I00'IlHII distributioll whieh. ('a1­
('ula(('([ in tll(' lI:;ual fal->hiOI\ (;';('(' p, :?o), gav!' the tllpcJI'el'ieal distl'ibll­
tiOIl or t'JI'('('tin'IH'abl\o\\'n in tabl{'::!s, 

Tlw !-i/lloolh (,111,\,(' del'i\'NI 1'1'0111 thEl ealeula[{'d distribution, also 
~h()Wllillfjg'lIl'(' :2~, adlllirably l't'jll'('sl'llls the' pattern of tht' l'lllpi['ie:Ll 
l'Ur\"l'S, TIll' thl'ol'ptkal disi.l'iilution will thpl'(·rol'r ii('ITP as n iitltndal'd 
of ('Olllpnl'i:-;oll 1'01' de(PC'tillg aC('III'atply (UH] I'Hpidly t.ll(> l)eculial'itil'::; 
of II gi\'NI !'l'a"OIl. flIP pll't'{'j:-i of ",hieh Illay tlH'1l be stu(li('(1 in til{' tl'('nds 
of (Iw yadoll"; ('olllpOIH'nts or thp tdfalfa \\'('('\'il ('olllplex, This baSt' 
('IIIT(' 1'01' :-ial t Lak(, \'all('\,. tIlt' :II'('n ill "'hit'h tllP peolo!!\' cd HIl' ttl fa !fa 
wPl"'il iii lJpf;\ Imowll. 11Itl,,' al;;o bp uf;pful in poillting' (lll't (liJl'el'(,l1('t'S ill 
:'('a;,ollal ht'at of nthl'l' \\,(,p\-il-inl'l';;lp(llol'tllitil's (IIHI in illdit'atil1g the 
Jll'Obablt' l'fl'pt'(:-; of' :-:u('!t ditJ'('I'('I1('l'S IIp01l \Y('I'\'iI t1diritip:-:, ' 
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jo'lELD STUUlES OF ALFALFA WEEVIL 

TABLE 28.-CaZr.:uZateil tempemlul'e ilistributlon lor Salt Lal.:e Valley, 
Utah 

Pius or Plus orII
minus de- Calcu- minus de- Calcu­
viaLion lated viaLion lated

Week oC year from day- II Week oC year from day­
origiu degrees origin degrees
(2!).5 above Ii (20.5 above 

week of 500 1". ;!
y week of 50° I~. 

year) year)
(x) (y) (x) (yJ 

-
20.5. __ 0 130.21) 18and4L••..•• 11. 5 36.18
2() and 30 .. , .5 138.1)'1 17 and 42 ___ . C," 12.5 28. 33
28 all( 13L. L5 136.13 16 and 43. __ 13.5 21. 74
27 allc132... ,_ 2.5 130.70 15 and 44._ ••• ,. 14. r. 16. 34
2!i IUHI aa 3. 5 122. 74 14 and. 45. _•• 15.5 12.03
25 aU(134 .. -!. 5 113.31 13 and 4(L"•...• 16.5 8. 69
24 ane135 ... 5.5 102.33 12 and ,17. __ .••• 17.5 6.14
2:3 ILne130 6.5 90. 55 11 and 48 ..... . 18.5 4. 25
22 !me137 ,. 7,5 78.51 10 and .1\) •.• _ 11).5 2. 89
21 ILnd 38 8. 5 66. (i!) I) and 50......... 20.5 1. 1)2
20lUH13lL. \).5 55, 52 8 and 5L." "" 21. 5 1.2510 11I1(140. ,. to. 5 45. 28 7and52 .•.•.. __ • 22.5 .80 

<, ,~"" -.,-." ...........,.-".~ 


Tho nOl'lIl1tl-distJ·jbution curve is not the only one capable of de· 
s(,l'ibrnf{ t1)(' tl'l'n.t1 n. f SCilSOlIIll. heat. Other mat.hematical em'ves that 
might be tiSI'd Ill'e· the Gl'!lIn-Charlier and the Fouriet'. The llltter is 
II pt'I'ioclic Cllrve uasNl upon a SHies of sines Ilnd cosines of multiples 
of: tho independent ml'iable. (i. e., th~ weeks of the year), the .gen­
CI'IlUze(J equation Leing 

Heeau!'i~' of iLl; p(,l'io<1ic llafUl'c the, FOllrier curve best accords with the 
,SNlsonal ('yclo of \('mpCl'at:lIl'C, but sin('(', the physical meaning of'the 
b(WCl.'lIi tel'llls in the eqnation is not, known, the em'vl"! is valuable only 
for its (J('scl'ipth'e ability. 

'rlw 1l()I'Illai distl'iblltioll, in addition to c1(~scribing the trend, 
rneHSlIl'CS the dispersion abo~lt the mean Ol'dinatcin terms of the stnnd­
Ilrd d~'viatiol1, which may be, useful in ('hamcterizing tempel'lltlll:e 
distJ'iill.ltiolls of difl'('l'(ll1f: lll'(la:-;, It!; (T Was ("lIlployed in stUdying egg 
populations of dill'l'rent IlI.·PII:-;. The nOl'llJai (,Ul've IIlso has the ad.­
\'nntHj.!'(' ()f~ simpliC'ity of ('lllt'lIlation. ~\ fl'e('han(J ('III'\'C would dc­
'seribe th(' tl'('nd as \\'('11 as any other except that each person would 
(lmwi!; :;olllewhnt difl\·I.'(·nfl,Y. ~ratheIlHlti('al (,llITeS al'(~ free from 
thiH objee!'ion" and as long ns they adequately d('sC'ribe the data their 
11;"(, 'seen)" IH'eh'I'H hit'. 

TIll' uti I it,,· of tllis IH'H t· yaT(\::ltiC'k, wh(~n used with 1\ knowledge of 
wl.'evil. tr('IHb and. ('roppinj.!' pl'a(,ti('('s, may be shown by ('ompal'ing 
the' llleilKlIl'('d f.l'mp(,I'af.UI·(· dh:itributioll of enell y('ar with the eal­
('t"atNl distribution. Th('se compal'[sons :U'(' shown in figlll'CS 2;3 
flnd :H, nlld d(·Jllollstl'at(· that large departllres from the trend llIay 
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OCClII' Ilt 1m)' Sl'tlson (J f the ye[t'" FOI' ('xal)l pIe, i 11 1!):2H Ihel'l! wns a COll­
sidernblo ex(;(>ss of l\(>Ilt tlH'ougholll til(' Y('Hl', whcl'ctls ill U):2!J Iherc was 
Il geJ1(~t'a1 deficil'lIey of beat. Howen'f, since the inllnl\tun~ pOpUlll­
ti?· tt haHY01.upletl.'(t'its tllllllH ge a lIt.l \>l.'o.d u~'('d tl,lt' SIlC(,(>C(\ ing gencrl~tion.
01' we(>vlIs by pal'ly ;\ugust, th()S~l ( (!\TmtIOHs [,'0111 the up tllopc of the 
eurvn al't' rlu' 1I101'L' imporbmtill the prcst'n! stlldy.

lnU):m spl'inglikl' \\'palll('l' lx·gall ('ftl'lv and Ihl'l'(> "'lItl nn I'X('(>ss of 
Il('jlt dUl'ing ~\pi'il, I Ill' pt'incip:tl l'trl'ct ()f whl('h 1'(·11 Il(lOI\ thl' adult 
w('cdls, II:; l'eflected in the C'lIl'lin(>:is of Ilw Pgg populntion Hhown in 
figlll'e H, Appl'oxillllllely HOI'IIIHI hput dUl'ing JnM nnd .JlIly l'e,,\Ilh~d 
ill ilgOOt\ kill of the in\1l\;ltllrc stag('!o; ariel' 111(' [il'st lind second ('ullillgS 
(PP, 2H IWti. aO),

Du rI JIg thll sp!'.i ng HIHI ('ilJ'll' $11 III 1Il('I' () f \!):\ l till' H1'\Ull I telll Pl'I'llt\lI'~ 
dist rihutioll fol\o\\'('(\ tht' bm.,;(· C'U1T(, 1'('JlIHrknhly ('Iosel,)'. pI'O(\\I(:ing 110 
t'x(,pptiolllll I\'llbll'l'-; in HIt' {'gg null Inl'nll p<'\Hdat lotH! (!t' ill tht' kill of 
irnmatlll'(1 st:ag('s followil1g (,llttill~s, Th(~ pl'inl'i\ltIl alll'I'I'ut·ioll of 
the yt.ar was alll'xt/'('IlI('\V hot pel'iod in ;JIII\', whit- I WIIS atll·IHI.l'd by 
1lI11lswdly high 1llOl'lnli1,\" of ('O('ootlcd illdi"jcluals that hnd (1t>velopecl 
Oil. the st'('onll ('I'OP (]1. :\iI) , :\[OI'l'(n'l'I', it was d\ll'iilg this period that 
l/tl' popula!ion of J1l'\\'~gellt'l'nti()1l \\'('('"ils, PI'Ot\lI('C(J from the cntl)' 
node of pllpal" d('(~lin('d sev('n~ly (p, -).

TIl(' In:l~ S('aSol1, aft!').' 11 1'nll' t'X(,l'}-\~ Ill' llt'al ill AW il . showslttt'ge 
(l(.(i('it'lIC'ips Tr(JIII tIll' Inst w('ek of 1\l;I.\, to till' third \Yl'pk of .TulIl> and 
Hf!lI,in d\lring .rllly atld ('arl,\' in ~\llgllSt. Thp"p l'ool 1)(,l'io<1s. ('Oill­
(,Hlllfg' WIth tbp fin.;t lIl)(1 ~1'('Ol\l\ t'\Illing~, l'edll('('d du,' lIi'ulll seYeL'C 
(,lIltlll'HI kill whi('h slIppl('IIW)lt:; 111(' hiologicnl. kill hy tIll' BtIIltypl('ct(·s 
pnl'n"itl', A;-; H. ('(JIl;o;t'<!lll'lll'P tlH' pl'o(lud iOIl or su/lieipllt 1H'\\'-gCIll'J'a­
lion n(\1111 wN·\·ih,J to thl'pnlf.ll dal\lagp to tlH' first (,I'OP (Irl!)a:~ was :fore­
"ha<lu\\'('d as H gt'Il('I'nl ('onditioll in :-\alt La I\(I \~1I1ll''y. Till' pal'lier 
and IHOI'(\ I'apid <1(.('lil\(· of !HII'asiti)l;II:ioll hy /1alli/lJ1lf'('/l'N, ol'(,lIsioned 
by 111(1 h.vPI'I'pHl'n"itt' 1~'II)il( /'OIlU(/IIS 1'I'I'idc'~('('IIS dllL,jng thl' ]l1'l'l'Nling 
S('alioll, abo ('olltributl'll to the ])l'mluctioll of !l\N;\, nc1\1lts, 

[ll till' faU of' l!)!~~ n SIII'\'l'Y or Snlt- Lalw ,rnll('\' 11Ilst'(1 Oll 2·~ lipIds 
l:ih0 \\'C'l\ ·1· lipIds witll WN'\'iIK too :;\'Hl'l'l' to pl'odill'(' tllllllllgC in allY 
('\'(.n!, 12 with w(,pdl:; of piyotl1l nbllndaIH:(~. alld H with we(lvils ,,0 
plNltifll! as virtually to II SSI 11'(' (lUlling!' to Ill(' first nli'aHn crop in 
l\m!~, Thl' pin)tnl fi('lds ill't' shifted illto thl' (\:UlIng(' 01' (l:llnng(·-fl'ell

, 

(,lass IlWilll.\' thl'()1]gh (11(, l'iI\'d of tilt- lip!'ill}! \\'('lIlh('I" lit,::;t Oil o\'ipo­
:;itioll lind thell Oil in('uhatioll (j>,12), 'Vith normal Bl)}'in~ wenthl'l' 
tilt',\' nlll)' Iw ('XIl('('/N\ to ('olllbitw willi thiN' of the !llllllHW' ('lass lind 
pl'ovidp Hll outlook fol' (lUlling\:, ot' n.})PI'OXilllllt(·ly (i\'(~-"ixths of th~ 
IIll'ul I'll uerPligpin 1!);tL

l)('{ki('lIt heat. SHl'1I as (liJtn illS ilililtl', ('old springs. or (\('fi('i(,llt 1ll0i8­
l11n' ('tlllplrd wilh t':\('t\s~i\'(' !wal. whkh ahb"l'\'ijlh'H the spl'illg l'l'llSOn, 
((IIH1s to t>I'(,'\'('lIt dalllngr ill 111(> piY{)tnl fiPld:-i. thl' Olle b,Y ,'planling 
we(>dl uctidtips. pnl'lirlll:tl'ly 111!.'ulwtioll nlld lan'al f!I'()\\,th. sllili­
(,!I'1111), to nllow HIl' ('!'OJ) to \'\'1\('1\ tll(' {\O\\'l'l'-bu(l Htagl' 1)(110/'(' \11(' la 1'\'1\1 
pO[)lIlitiioll 1'(,H('lJ('s (lamngi11g' )lI·upol'ti()I1:i. and tllt' oll\(i,' by l'III'lnilillj..( 
(J\'ipo:-.ilioll (·OllllllpIISI1I';ltl'l." witll Ih(' hl'l,\Tit,r of lht' liprin~ Sl'aSO)). 
Fndpl' :"11<,\1 \'on(\i{ iOlls 01\1\- atlout olll'-lhil'(l of llll' a(,I'(,H!l,'(' would hare 
ilPPIl slll)jPl'tt'd to \\'\'l'\'il d:ll11llg'(' il\1\l:1!~. . 

Till' :;[)I'illg or rn;l:) \\'as Iall,'Hlld ('/)01. a lid. oyiposit ion wmi l.'<'lll)'dN1. 
bllt \\ I:u'gt' ('gg pOpU\;LtiOIl \U'l'UJlUtl,t!l'll !Jt'('IIUSl' of 1.111' abulIllallcc of 
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adult weevils IIlld dl'layed hatching, The alH'llpt change to summer 
heat f.ht'rct'OI'I} concentrated Iwavy l1opulatiom; of small \tu'vae on 
tho fit'lit ('I'Op, quickly stopping iUl growth by destt'oyillg the growing 
lips, The nlralfi~ gt'owth had be!!ll little retardcd by the buckward 
wcathcr, !lO\\'CVIW, and wali Hcudy I'cady to ('ut. Owing to tlwse 
sprillg wcatlll'r {'ollditiolHi !t was possiblp to hitL'VN:lt i~ good crop 
berol'e the larvae reached theil' IllOst i nj 1I1'ious phase, In llossibly 
somt~whllt mOl'(l tlHlIl one-third of til(' fi~lds \\'('1'1.' dallluged because 
of ncpdlpss delay in cutting, uut uncle!.' 1ll01'(' Ill'ady 1I0l'IlIal conditions 
th(> injur,\" would hllV(' bN'1I fal' 1II00'P gPlll'l'al. 

PI'pcillitlltion, by il!'! vttl'iablC' fl'l'C[ul'nt',Y and ineidellce dul'ing the 
sellson, HIS illlpol'tallt ('/I:('('IS UpOIl thl' Wl'l'\'il populat:ioll, inlluellcing 
e~glll,Ying, hatching. alld killof IUI'\'llC t'ollowilig crop cutting, These 
('/£ects 11I'C to Il hu'ge extent inl('gl'ated by tempel'atllt'eS measured at 
gl'OIlIl(\ Il'\'el, bllt 1:11('1'(' Ilrt' SOllwilldicntions that pl'eeipitation may 
also hll \'oin(il')J('lIdclIt efl'l'('ts, Fol' t'xilmpll'. the tlll:('e. observations 
in l03D lying ut'low thelillt' of J'l'lationship between illlll1l1l111'e popu­
lation Hlld !-It'llsollaI !It'ul (lig, m) o('cUI'J'ed (lul'ing n ;rlliny p\!l'iod 
of -I; \\,('(lks' dlll'lll:ioll, Since' 1'11l' salllC thl'e(~ obscn;lltions are below 
tile 1:I'l'm\ line ill the egg-populntion ('UI'\'(, (fig, 8), the depn'ssing 
e/l'(lct 01' p!'('('ipitatioll II]lPI.'IlI'S to hllY(' nll'l'ctc'd the ovipositionlll ac­
tivilil's of adult-s, In lipId stlldiNi of this typl', however, it hilS not 
b(,(,11 possiblo 10 dill'Pl'l'lItiah' uel\\'ppn Ill(' two effects, 

'l'llP HllllIIIII tl'Plltl of IH'peipitlltioll ill Salt LItke. Valley, based upon 
:2:2 Y(>III'S' 1'('('OI'(]S of tlt(· "'('11111('1' B1U:l'1I11 takell at ~litlvtt1e, Utah, has 
1)(I('n eomitTlIctl'd by ploUillg the !LYl'I'age va Ill(' :for eac'h week and 
Sl\loot hing by nll'ans of II fl'pl'1lHlld ('111'\'(', By HlIpe1'imposing the 
1I<'lllul ]ll'('('ipitlltioll (,IlI'V(' fill' a give.n yelll' lIpon this allllllal tt'l'nd, it 
is pOSHibl(l to SP(, itspl'('lrliaJ'ilil's at II glnnc'(', This ClIl'\'\! is atso useful 
in studyillg nOJ'lIlal difl'Pl'l.'llt'ps of' pl'N'ipitation in dill'('L'ent. pa1'l:s of 
the \I'(~('vil-illf('sl(ld al'l'tl. Figlll'C 2ii HhQWS that in northm'll Utah 
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~'!GUltl, 2;;"'~\n'l'ng-(' pl'l't'illillltfoll (,lIn'l' t'Ol' Iwrr.hl'l'll Utah (heavy lille), show­

ing" lI\'\'lnti()II,~ fl'OJIl IL or til\' f11'l'cillillil iOIl CUl"l'PS t:OI~ southel'n OI'P"OIl (t1) lIIul 

l'as[Pl'll "'YOIIlIJlg (/I), 


to nil wlp~' (S) l'Ppm'I,fltl Iha I: wl'PI'HIIl 1'\'111' ('onSlIlIl(> two·thlrds to thr('(l.fo\ll'ths 
oj' t 1If'IL' t01111 rl)od 1'1''1111 1"'l1ll.'n Is tllll'lng" thp 11I>;t fpw days hl't'ol'c ('O('llOn I II", 
1.(", d\ll'lnl-: thpfn\lI'I'" In,;IIII', 
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precipitatioll is highcst in the spl'ing lind lowcst ill mi<1su1l1mel', thftt 
ill eastern "Wyoming it is less in fuU and winter ~lIltl gl'catet' in spring 
and summcr than hI nodhel'll Utah, [lIlel that in southern Orcgon the •difl'el'(Jllccs nrc of opposite clml'llctcl' to those in "Wyoming, 

CULTURAL FACTORS 

Cultural faci:OI's chiefly ilnpol'tant in the alfalfa. weevil pl'oulem 
i IIcludn density of stand, soi I ;i'crtility, ('utting, i l'I'igatioll, IlHl'vesting 
l)l'actir'cs, fwd (']('1111 culturc, 

STAND . .\ND FERTILITY 

III view or till' dCIHOlu;tmted t'claLi()1I between weevil inct'caso and 
t.cnl[loI'llLm'c, tho (li/reL'cHt larval instal'S might be expected to show the 
Sllllle Pl'Opol'LiOlHttc l'CpL'cRcntatioll in neighbol'in~ helds having simi­
lal' s6i1s IUld exposed to tho same wcathcr c:oll(lItions, That thh:; is 
lIot tl'UO is shown by results outaineCl ill sevcn fields ill SnIt Lake Valley 
dud ng 1932, Tho spring breeding basc of weevils in thcse fields ranged 
hom ~,l to S,l pOl: squlll'O foot. A few foudh instill'S appeared in 
Illl.fields the second week of May, The llumbeL' increased duL'illg the 
l'l'lYlltin<i.('L'. 0.1: .thc lll.onth and bec~lme tl~Cl't.laSill!?ly out of pl'op~l.'tioll 
to til('. nblll1(11111(,(', of parent weenls, lho results at tIle l'nd of May 
nr'c', silown ill figlll'e 2G, In gerH'I'[d, tilt, 1I1111lb::I' ol! fOlll'th im,tul's 
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I,al,l' VIlIlt.'Y. t)tull, 
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in(,l'ollsec1 with the 111llnb(ll' of pltl'(~nt\\'N'vi1s, but tho gl'(~at Idnolllit 
of scatter of the dots about the, fl'eehllnd CUI'\'e. eleat'lyindieatcs the 
Opct'ation of otlwr :fnctors. 

The fields at this time showed pt'onotlllced difl'Ol'cncps in density of 
alfalfa gt'owth, Imel therefore in the degree of shade nffol'(le<l the field 
Slll'ince. Naturally, the sun's rttys l'eached and Wttl'l11ed the gl'ollncl 
I1lOt'oin poorly shaded than in well-shttded fields, Consequently, 
HlOl'C rapid development ot: the. wel'vil population would be cxpccted 
in tho 11'ss dl'llse growths. An 1\ ttl'lll pt WIlS lIIade to obta i It a l'ougl{ 
!W'I\SlH'O of stand density by ('li,Pping ILnd w;ighing !'lte v('~etl\tiOl~ 
III rHndom Iy selpetpd l-sqlla I'e-foot IU'PltS, 'the ItYl'l'llgowclght of: 
g)'l'l'1I Illll.t(\l.'illi 1'01' till' dlIfl'I'PI1! lil'lds I'unged fl'OI1l G.GT to 10,:18 ounces 
10 ("\1(> HqllHl'l' fool'. 'rhl' highel' figtll'(', 11o\\'('\'el" WIIS eomiil1ernbly ill­
flated by the pl'eHCJI1('e of (Jr('lllu'd gmss, which was in head nnd Ilclc1ec1 
Illll('h t<) the wl·.ight but eontl'ibuied littlp shade. 

The I'elation lw(w('('11 tho ave't'age nUll1bel' or fOlll'thillstal's per 
pn 1.'('11 (; WP('v iI It Il(l t:llP !lw!'ngl' gl'ccn \\'\' igh t () r \'I'gl'tlltion i \1 the seven 
fil,l(ls untll'!" Hbldy iH showll in figure 2T, The nUlIlht'l, of rOlll'th instal'S 
P('I' PItI'PIlL W('p\'ilis HI10\\'\1 to have dl'ct'('llsC'd roughly 2.5 fot, (>tICl! 

ill('I'eaHe of: 1. Ollll(,(' of vegetatioll, bl't\\'('('n tll(\ limits of 6.5 ilnd 0.5 
ou 11('(1:;. Til is gl'll ph. hO\\'(1\'l'I', should not be project(1d with It vicw 
f0 detnl'llI ini ng lin; i tH, ('01' IHi ('0 III p1tlfe shadi ng is approached ani n­
('I'l'HS(' in Y<'gl'lalion would 1101 ('()ntilllle to gin' PI'UpoI,t'ionulc inhibi­
tion to lal'va1 gl'o\\'lh. ' 
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c)1'1If;itr or nll'tllt'n gl'ml'lh, 'lila:!, ~aTt Lakl'\'a\lpr, l'tnh, 

2 



'l'ECHNICAI, BULLE'!'IN 975, U. S. DEPT. OF AGRICUL'!'URE70 

Dul'ing tho following year an attempt was made to meaSure directly 

the eifect of stand upon tempel'atm'e by establishing thermographs in 

selected fields to record the ternpemture -1 feot above tho ground and • 

at gl'Ound level. The fields WOl'e selec·ted to l'e!H'esent the usualmllge 

of stand density, wm'e of the Same soil type, and were not more than 

It mile apart. The statHIs were of different age because densityoT 

stand is usually It function of its age. In these fields stand density 

was measured in terms of the area ('overed by alfalfa, Cl'owns when
The data in table 2!) showthe spl'ing growth was ;j inches 	high. 

that the ~tlldy fields covel'cd the range of variAtion satisfactorily. 

'l'ADLE 29.-Afjafja 'coverage oj 3 fields, spring of 1933, Salt Lake 

Valley, Utah 

Avcragc a:ca coveJ'cd by
Age of

Stand stand 	 alfaffa crowns ,0 1
Rqllare yard I 

---------- -------. - ----~ .-------.-~-" -
YeaTS Square feet Percent 

7 1. 73±0. 25 19.2 
3 4.28± .08 47.6 
2 (i. 16± . 12 68. 4 

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

I Average of nine l-squarc-Yllrd areas. •The tlwl'lllogrnphs woro installed Oll "May 15, and tho comparison 

of tem perature fo1' tho first-cl'op 	pel'ioel is based upon the interval to 

.J lltle 8, whell the el'op WIl8 eut' ill 0110 of the fields. The results, given 


in table :30, f;llOW thrtt the thi It stand allowed npproximately 30 percent, 


a.nd the thick stalld 11 percellt, morc heat to reaeh the gl'ound than did 


the average stand. COlltrlll'y to expectation, the vigorous growth of 


the older stand 0:1: It veL'tlge density shaded the ground more thoroughly 


than did the thit'k, youngCl' stand composed of slender, seedlinglike 


plants. These pC'I'centages would undonbtedly vary considerably ac­

cording too the season and the 'weather, but they demonstrate the 1111­

poL'tant cfl'ect 0:1: stand and growth upon the amount of heat l'eaching 


I!l'ound level, whol'e the majorit.Y of alfaU!L weevil eggs are deposited. 


FurtheL'more, the teIl1pel'aturc of the ail' over the thin stand was hi~hel' 


than that ovor the a,vemge stand, the!) pel'ecllt excess doubtless renect­


ing the I!l'eater heat at gl.·ound level. There was no appreciable differ­


ence ill this respect between the thick and tho average stands. 


During the second-crop period the same sort of chfferences obtained 

The average daily heat at ground level amonntecl to(table 30).


approximately 13 percent more in the thin stand than in the a,yerage 


stand. Comparison of the thick and ayel'llge stancls during this 


period :is not entirely satisfactory, because the former was irrigated 


mor8 freqnently !tncl Wt1S cut It week earlier. Nevertheless, the heat 


at grollnd level in the. young, thick stand was on all Itvornge about 


3 pereent gTe!tter, [md stntisticnl analysis indicates that this differ­ •
ence is not accidental. 'l'he t1vel'age number of clay-degrees recorded 


in tlw ail' above t,he thin stand was 7 percent greater than that over 


the average stand, while the difference in ait' heat above the thick and 


the average stn.l1c1s has no significance. 
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'rAUL}) 30.-00mpmison of /teat in thin, ave1'age, an(l thiok alfalfa 
8tand8 dU'Iing li'i'8t- and 8(J(}Olul-m'op period8, 1933, Salt Lalce Valley, 
Utah 

Average heat units I,bove 50° F. 

Age of Stand First-crop period Second-crop period stand 

Ground Air Ground Air 

Day- Day- Day- Day-
Years degrees degrees degrees degrees 

Thin~__________ • _____________
Average______________________ 7 9.17 11. 73 23.94 26.23 

3 7. 07 10.68 21. 14 24.41Thick ___ . __ . ___ • _____________ 2 7. 83 to. 75 21. 77 23.99 
Difference between thinand average ____________ -- ..... _--- +2.10 +1. 05 +2.80 +1. 82 
Difference between thickand average ____________ -".--_ ... -- +.76 +.07 +.63 -.42 

Density of Rtana is thus shown to lmve an important influence upon 
the amount of hm~t L'caching the lower levels in an nJfnJfa field where 
the early weevil eggs are laid. Both hatching a,nd larval develop­
ment pL'oceed faster in thin stands. Furthermore, it is considered 
thllt all the diffCl'C1lces ill hent at ground level shown in this work 
IIndel'estinmte the ilctwLi diifel'elLces, because tIle shade necessary for 
1)1'01)(11' opel'!ttioll of the thennometric element also model'ated the 
tempemtul'e of the Slll'l'oUllcling al'ea. 

Soil fertility is also It prime factor in producing shade, as was il­
lustrated by II It extreme ClLSe ellcountm'eclin 1032. A ceL't!dn field, 
1~It,hough having an exceedillgly dense stand, was expel'imental1y 
determined to be deficient in phosphorlls, The :tlfalflL grew very 
sl.owly fllld by the middle of May was only 6 inches high as compllL'ed 
with .12 inches in the valley genemHy. Becallse of this sho!'t gL'owth 
a lal'ge propol'tion. of the. fil:lld sllt'tace was exposed to the sun's rays 
while rCpl.'C8{mtlltive fields WCt'e mther thoroughly shaded. As It 
result the weevi I population developed fastm', the lllllllber of fourth 
instal's pm' pal'cn/; wC!H'il liVet'aging 8.2 on May 20 when it was only 
0.7 ill the other fields.' . 

ApaJ't from its beal'jug upon weevil devclopment, density of alfalfa 
har-; much to do with r-;cvel'ity of weevil damn.ge. In fields having It 

spnrse coveJ'ing btl'ge Illrvae come IIpon the CL'OP at an eadicl' stage 
of its gL'owth than thl\y {Io ill fiulds having It normal vClgetative cover. 
lVlol'cOVHl', the tln1l\uge appeal's to be much more sevel'e simp1y be­
('ause of the smaller amount of foliage. Thus, whereas ltpproxirnlttely 
two pal'ent weevjls 1:0 the sqllare foot; lIJ'e reqllired ill Snlt Lltke Valley 
to damage the crop in an lrveL'(tge aHa,lfa field with normal spring 
weatheL', It field luwing splll'se ltHldflL eoveJ' llw:y be damaged by the 
Pl'ogell'y of tewel' ·weevils. FoL' example, the field mentioned nbove 
as h:wing exLl'l'II1l'ly poor growth beclluse of phosphoJ'us deficiency 
sllfr('.l'e~L sevm'C w()flVil (hunage in 1!)32 despite the fact that the breed­
ing base wns ollly 1.33±O.17 weevils pel' square foot. 

http:1.33�O.17
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'I'hese studies show that sttuid and fertility pL'OfoUlldly modify the 
llsuul tronds shown by the periodic population studies, 'Vhel'eas the 
weevil's schedule of development and the trend of parasitization in • 
an (lVemge alfilHa field are snch that few now-gen(H'atioll aclults are 
produced .if the iirst crop is cut ut the flowcr-bud stage, these rela­
tions :u:e distuL'iJed in fiel(ls or spilrse growth by the accelemte(l devel­
opment of illlllllltnre stages, 011 the other hand, dense shade I'etards 
the ,\'eevH's scl1edule with respect to crop maturity, and points to 
the conclusion that the fil'st step in combating tl1(\ alfnlh weevil is 
mrt.intenllllce or It dCIll-io stand in vigorot1s growing condition, 

CUTTI~G AND JHltfGATJON 

Tilllely culLi ng 0 f Lhe fi rst and second aHal fa nops I'CIIIOVl'S the 
food supply oJ the .Ial'vae lIml, except in rainy hayi ng seasons? inCI'(!llSeS 
the temperatul'e of the ficld sudacc, The dl'llstic cultural kIll usually 
effectcd is importaJlt in preventing d:unage by the alfaH'a weevIl. 

Irl'igatioll gl'eatly lowers the temperatlll'e of the field and the cool­
ing elred lasts fOl' se\'el'ul days, To illustl'lltc, in 'Vyollling Sweetman 
(15) found that the mean temperature fl'om S a, m, to 5 p, m, on :May 
:30 was 1)0° It', on dry soil, whereas 6 :feet aw!~y on soil lITigated the 
preceding day it was ollly ut;O, Therefore, to ~L\'oid reduction in 
eultuml kill of immatu1'C wcevi I stages, no water should be applied for 
7 to .LO days :d'tel' cutting, The al fal (Il plants, however, Jleed all 
il'l.'igatiOI1 to bring the sceond crop along promptly, Both these 
llcsi(\I)I'abl arc attained by the pl'actil'e, comlllOIl in Utah today, of • 
applyillg an 'il'l'igation JOt' Lhe bClll'(jt of the Ilew growth ttpproxi­
nwtely 1 weekbcfol'etllefirstcutting, 

HARVESTING PHACTICES 

MallY lnl'vae congregate IJenCilth hny('ocks to escape the stubble­
field heat. 'l'empoI'lll',Y shettel' thus afl'onlcd is of little value to the 
spel'ies i I: the hay is hauled from the fi(·It! as soon as cured, bllt lle]ay 
in removing htly permits Some individlla\;:i to J'l'lleh the, adult sl:agl' 
and thus (\iminhlhes the cultl1ral kill. 

rrhe proteeti\'e influl'n{'c of IHLY(,o('\~s may bc 'illustrated by data 
obtained,l daYi:i aftcI' the seeond l'lItt:illg in JD:30, Pail'ed Slllllpics of 
10 eO(!OOIlS each tak('n 1'rom :27 l'Ull<\ol11ly ehosen positions, one samplc 
j:rom the 01)C)) spaee awl thc oth('I' [l'onl bplleath thc nelll'est haycock, 
show ('sscnti:t1ly the 811nll' C'Ol1l1)()sit ion in the ~ series (table' :11), 111 
Nl(:h stage, how(\\'e1', til(' percentage of li\'ing indi\'idllals is 1lI11(!h 
lowel' lllnong the cocoons taken 1'1'0111 0lwll ilreas of the field, and 'in 
('aell scril's. the adult stagl' showed tlt(' highest proportion ali\'(', alld 
the 1111'\'111 stage Il'ast. Nearly:l times as many \\'eHils slIl'\'iv('<l ill 
('O(,OOIlS benea!: h ]w.yC'oel\l; as ill those betwel'lIhay('oeks, 

'1'1](' hayc'()('ks ('O\'PI'('t\ oll('-('ighlh of the (jpld al'l'a, and thc gt'OSS 
:t!JlIlldanc'(\ 01' (!O('OOIlS bC'lll'ath thl'In WaS appI'oxillllltp\y twicp., that in 
the open lipid, .Ill del\' or till' dil]'el'(~ntial SlIl'\'i\'al in (\ws(> .sihlatiOIlS, 
howe\'el', neftl'ly haH tlte liying ('O(,()OI1S existed bellNtth tIlC hay- • 
(;o('ks, 'rhl' hay was 1<'1'[ oil th(1 field I1II1('h ]ongeJ' (ltan Ile('CSSHI'Y 1'01' 
1'1Il'illgj ill filet, till' 11('\\' ~l'O\\'th waS W(']] stariN] bpfor(' thl' ha.}~ was 
IliuJled, a.nd the positions (rt' !lie ('(leks were OIlllim'd ill the thii'd al­
rall'll growth, lil';;(. by Sllll(,Pl'lik(· arCHS 01' shol'l('I' U"I'owth and latel' uy 
blossolllll'sS (·i!'culal.' ILl'NlS, ".\Illlollgli no :fIlI'tlll'l: exalllinations we!:c 
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TABU) 31.-Al/al/a.wee'uilstages a1ulliving individuaZs in 540 cocoons 
taken equally between and beneath lwycocks 4 days a/ter tlte .vecond 
(.'1l.ltill.(/, 19301 Salt Lake TTalley, [Jlah 

Cocoons containiug Individ\lals alive in ..living or doad. in­ cocoonsdividuals 

Stage 


Between ! Beneath Between Beneath 
cocks I cocks cocks cocks 

1 

Weevils: ·~-··-·-·;:r~:: Percellt '-;:>ercefl~' ~~cefltII' 

Larvlle,.• _" ." .. _•• _. , • 21. 1 20.0 3. 5 22, 2 
Pupae___ •. Hl. 1 64,8 15,1 43,4, 
Adults____ 14,8 13,0 27, 5 60,0
All stages. ___ • ______ . _.. • .. 1•• ___ .____ 14.1 40.4 

~::~.it~~.~.~~- ____ -'--"~~~_~.~.~~... _ a,o I _".~~,~.L__,.~~~__..~6. 7 

JOlld~, ther~ can be little doubt that the mortality c1iilerential in­
Cl'ellsed and the delayed huuUng augmented thQ population of new· 
genemtion weevils, Prompt removal of hay is necessary to gain the 
gl'eatest benefit from the ('ultuml kill following cutting. 

The l'aking alld cocking of hay concentrates immature weevi1s 
within haY('Qcks, and lIIal1y of them are carried with the Imy into the 
haystnck. Hawley (8) shows that considemble percentages of large 
larvae, spun i!u',rae, and pupae complete theil' development and emerge 
llS adults in the haystack, but since newly issued weevils feed rapidly 
lioon nftel' cmCJ'gcn('e and would have no fresh food available in the 
haystack, the dcvelopnll'llt of these individuals is considered of minor 
im pol'f!tIlce. 

CLEAN CULTURE 

In "i(!w of the likelihood that adult weevils wintering in border 
waste !lI:eas migrate back to the field in the, spring, bUl'lling OVer these 
Ill'cas, Ill> 1'C(,omnwnded by Titus. (10) I would Teduce the ultimate 
sprillg ul'('eding base. Tim b('n~tit thus rrained, however, must be 
wei.,lw(l ag:linst illl'nms('d ('m8ioJl and the joss of COVO\' fOl' benelicial 
bint.:; and 0111('[' forll1s of allilllallife. 

ECOLOGICAL lNTERPRETATlON 

The l'CsultH of the analytical st:udi(>s mlly now be combined to show 
the suecessin' influell('('s all'cC'ting It 'wecyil population throughout the 
:-;caS()ll, After-wards the ('('ologieal perspective. thus obtained will be 
applied to the fador!:iillYol\'(~d ill the gl':l(lunl transition of the weevil 
pJ'oblplll dUl'ing the P1lst quarter·century. 

GHAPIJ'(C SEASONAL SU~J,MAIlII~S 

The l'elttliollsliip bl't\\'ecn all philses of the weevil population 101' 
the f;l'IIS(lJIS IVaO,W31, and 1{)3~ has becll pOl'tmycd gl'apirieally ill 
(igul'l'S 28, :W, and 30. Eaeh stage of the population has been plotted 
liS tlw !H'('f'ag(' 1\lIJ1lb('J' of irrdi\'idunls to tIl(' squarc foot of fieJd SlIl'­



74 rrl~CHNICAIJ BULLE'I'(N fl7i» U. s. D~JP~r. OF AGRICUL'l'URE 

I/) 200 

!!l160 
a: 

•~J~A~NJ'~F~E~B'~M~AR~'~APtR~'~M~A~Y~J~U~~IE~JiULIY~A~UG~'~SiE~PtT.IOICIT.IINIOI~IIIDIECI'Ii3 120 "'_ ~, 
? BD.>- -1= - . , 
g 4~~1 :.f.-' 

• 

:g rrq 'r ITJTIII Ifl', 1'j TTl]FITrrr1T rJ.nT' 't:r;nl~r-I=l~
Ii3 2~t1fdLtl 11 J, 11 ' L KIf.. , .yf!J .tHlt~:ItiilliJ-tttuHFIRST SECOND THIRDCROP CUT CROP CUT CROP CUT 

Fl(am~: :.!8" "'!'I'klr ('1'11:;11:; III' all all'all'a WI'I'I'j[ Plllllllll lioll , :<lIoll'illl-: tllP II;I!,I;:­
gl'olllld ot' tI'IIIPl'I'III'11I'(" pl'pl'ipil:lliol1, a IIII ('l'Oppillg :;),stl'lIl, Sail' I,al;:p V;lII('r. • 
Utah, W:W: .1, Uppal'lUl'!':; 1'1'0111 /llIl'lllal [l'llIpl'I'atul'l' disil'iliulinn; lJ, (Ippar­
tUl'pS 1'1'0111 1lIP a I'PI'ag'1' pl'p('il,1 t a !.ioll P11I'V('; C, ('I'oppi IIg H,\':;I Pili; n. o v!.' 1'­
\\'111[('1'('11 adult \\'1'1·\'1 Is ; lJ, I'gg' 11011111;111011; N, lal'l'al populatiulI; 0, \\'('('\'11 

('U('O(11l1' I'olli'llillfllg' PIII';I:;itl' ,'(lI'fllllll', \\,[·(,\'11 (lUI':I(I, 01' 1:1['\':11'; II, 11'('('\'11 pupao 
IIl'illg' 01' lI!'lId; I, lil'illl; pIlPII!'; ,I, 1I1'1I'-1;1'11('l'lIlio" adult w\'('\,il:;; K, lil'st "g-go!; 
Juld hy 111'11' flliults, Till' Iil'Hry 1'1'1'1i<'1I1 !ill'.':; illdi(oale (,11Uin),;' datI'S, Data 
rclntillg' to the weevil population an' IlI'Pl'Ogcs PC1' squal'e foot (Ie ti(!hl sl1l'face, 
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FIRST SECOND THIRD 
CROP CUT CROP CUT CROP CUT 

Jo'lOlfltl': :!!),' \\"(,l'kl,I' ('PIIKUS o[ fin alfulfa w('('\'it population, showing t.he iJaek­
~r!ll1lj(l ot' I Pill liP l'U I lire, pr('!'ipilalion, Hnll ('ropping syst:('II1, Halt Lnk(' Valll'Y, 
Utah, I!);H: ,I, l)('llal'tul:(' 1'1'0111 nOl'lllul tl'lllpel'aturc distribution i IJ, depar­
1111'('''; from lh(' al'l'nl~(' ll\'l'('ipilalion ('un'(,; (', !'I'opping' SYHt('1I1 i D, o\'('I'\\'in­
Ipl'l'a uliult' \\'('('I'ils; Pl, Pg~ pO\llllation; F, lal'ml pO[llIlatilJn; G, wccI'il ('0­
('IlIIIIS ('olllainillg llal'llsitl' ('lIl'OOnS, WPl~\'il 1l1l\UIl', or Im'l'Ul'i JI, wCl'vil pHIlae 
IiYill~ (II" (Ipatl: I, Ih'ing pup,\('; ,I, 1\l'IY-g('n('ration allllit wl'evils; K, first (Oggs 
Initi h,l' IIP\\' aliults, 'rill' h('al'y V('I'U('nl lill(,"; illtiit'ate (,lItting datl's, Data 
)'('tllting' to tht' W('III'jJ pOPlIllI!i()n art' al'('ra~ps 1)('1' SqtHlt'(' foot of tl('ld sl1rface, 
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W FIRST SECOND THIRD 

CROP CUT CROP CUT CROP CUT 

I.~l(;nn; 30,-'-'Yl'pkl~' ('('n::;u:: 01' lin alfalfa w('('vil [l()j)ulntion, sl\()wing" the huck­ •
~I'OlllHl of !\'lIlpt'l'll 1Ul'l', pl'('('ipitntioll, ilut! ('ropping ::;),::;1\'111, Halt L:ll;:p Yalll',r, 

etah. l!l:{:!: .1, I){'lllll'tlil'(';'; 1'\'011\ IWl'llIHl trll1l~"I'nt:1H'(' \li"tl'i1H1ti(lll; B. (lI'par· 

tU1'(';'; ['l'OIll I'JI(l HY(,I':l!,:<' lU'Pt'tpitation (,UI'I'(,; (', ('t:Ollpi11g S~'''('PII1: D, O\'('r\\'i11­
Ipl'pd adult \\'I'p\,il,;,; N, P!':i< PO[lUllltioll: R. Inn',ll pOjlulatioll: G, w('('vil C'" 

('(JOllS containing PIIl'lIsitp <'o('()on:';, \\'('(~\'il pupa(', 01' lIlt'\'lll'; II, ,,"pp,'il pupa(' 

Ih'!ng or (lead: r. living pulHiP; .1, ncw-g!'lIE'rntion adult "'l'evils; K, tirst ('ggs 

laid by lIew IHlults. ~rhe IH'I1\'), \'0rtitlll lines indicate cutting dates, Data 

r(>lutiug to the we(!vH population ar(' aVP1'ug('S P('I' l'(tunre foot of field surface, 
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l!H.'l'r wiLh Ow };1';I~f)llaJ u'('lIds 1't'IH'('Sl'lIl('d by f/'('('hand ('ul'res. The 
tl<'cumtc l:ieuling of theM' /igul'c:; will ('{lalll!? tlte I'P(tdcl' to study the 
part piuyc-tl by t in)(' of' ('u!.tillg. plu'usiti:mtio!\. and. Wl'lIl1lN' in caLlsin(t 
Jluelual.lcHls j Ii W\~l'rjJ :t1mJl\!lul('!' fr!)Jll \'l'iU' to Y(~lll', :" 

Gmphs of the wP('\,1l pOplllatiolls bi-ing Ollt plainly thut in all ~ 
Y('IU'S the egg pOptt laiiol1 ('on:;iHt('d () f two 1m ets, It II llge one before tile 
fil'st cutting nIHl it tiny one dUl'ing the sCI'ond-crop period, Th(lSU iLi­
\·i5ions !lrc pn.'Hllt'\'{'(] in Uw lat'\'ttl. population Rnd in the gross cocoon 
population, but in th(' Intter (il('I'e I;:; le!>s dif\'el'cnce in the magnitllde 
of the two pads, It the PtH'(lsitizl.'d ('OCO()I1S llre t!xclual'd, thl' weevil 
e()(~o()ns 01' LIl(' s{'to/l(l divil>ion dl'rivi.ng fl'O!Ir the few eggs in tilt! S('('­
oIH1-('l'0p peL'iod may outnulnlwl' t1Wl:il' oL'iginating; fl'OlH the Illain egg 
pop\dntion. Tlli:,; l'('sult HI'is('s 1'1'0111 the UIH'(jlltll ineidl'l\ce or IHll'\lsi. 
tiXltt ion by BatlwplCf'/I'S, l>el>tl'ucLion of pll PM1 by Ut!W'I'S(' l'OIl(\i tioll:; 
of LIm stubblefield ('[lUSeS :further l'(-tlnction (tnd Benl'ly equalizes till' 
Ill\lllb(-/' of living pUpftC' ol'iginnling from the Ul1N1IHlI pot.'tiOl1S of the 
t'gg populatioll, Till' (lxl('nt to which the late node 01' IHtplI(1 l'outriuutes 
to tlw n('w gl'IWI'atioll of adult" ["('\'(>[115 Uw tt'U(~ importallC'c of the I1l!­
IlllII'i('ally Illsi,!!l1it'i('altl ~(,l'(\l\(l-l'I"()P weevil pOj)ulntion. 

'l'he eOIl!'Pptitm of til(> \\'['(>\'II's p('ology cstllulished by this funda­
lIwntnl :;tudy. :lnd ~hO\\,1l in tlw gl':tphic l::>llnllllH/'i('s, Pl'O\'idl'g all Ilm!(lJ'~ 
sta nd i Il,!! () f t h(~ ~hi n (tom t'O\l~( all th' rN'U l'I'i Ilg l'('OIHHII ic IO;iS I'('t'(lnbl 
lilll'illg PHdy Yl'lIl')-; to l111' PI'psPIlI-dn.)t wide /llH'(nntion:{ in t1alllagl' fro/ll 
j'('j[I' to Y(,IlI" fl'Otn HI'('!t to llr('a in tllp :mmc year, and ('\'(')1 from fipld 
to HpJ!! ill Ilw HIlt1\(I nl't'U, \\'ltil-II wDutl1 olh(~I'wIs\' bp l.':\tl'l·lllel\' t'OIl· 
rl!~i!lg. ' 

The r{'S('lil'I'1l (':;lablisltillg till';;!' point:-i wasllll<\el'(akl'l1 llnd d(wl'l· 
Olw(\ wit hout knowlpdgl' of' ('l'l'l:liu fh·ld sampling:; J1)!ldl' l'llt'lil'l' hy (Ill' 
hlldl' of til!' nlfalfJ\, w('('\'jllabo/'n(ol'Y. 1n l!)J:3. bl'ginning on :MllY 1). 
\\'('('kl\' fh,ld ('(jU!ll~ WPl'e Ina(i(' ft'olll O.OOOt H('l'('. but \I'('ather' ('ondi­
tiolls ,\'C'n- n()fI~(l only in gt'lH'ral tet'lllS, para:;itizatiot\ by till> tl1l'n I'l'. 

c('lltly iutrollu(,l'(l Bflt/l!lPll'l'ffw "'Ill> not defc)'min('d, ~ll\(l the el\\'ct of 
('ultlll'td (lI'adic('" I,('(,(·jl·pd a minimullI of alh'llti()!l, That; stlltly "'as 
aiJ(lI)(lOlll'(1 ant'\' I Y\'Hl\ and an IlllpubliHlwd report by p, H, ~IilllS 
"lIOWS that it 'WllS )Jot po;;~ihh' to dbtingllblt lll'l\I'l't'll nOI'!1I:d (1'C'IHls 

H nil :dwl'/'u lions I h(,I'pj!rolll. 
In tlJ(' light of l Ill' dn.tn :-ullIll1ad'l.l'1 lin tlH' IJl'P~l'Il( pn \lPr. the l'tlldy 

by n1ik-; nppPIU'l> to llll\'l' ll('l'll an t·X(,(·l\Plll pi('('l' of wOt'k rot' IItHt (Ipot'h 
.ill l'ntolllolo[!i('al !"('!'('uJ"('lt, In fact. thl' l'{'slI.ltH sl!!!gest; /1 num!>pl' I)f 

l'olltiitions ,,;·hi.('h (b(' iJltt'l\;;i\'p ('('ologieal :;tltlli(IS illllugltratl'Cl ill l!):W 
11:t\'(\ I.',,(nbli:;hp!\ as gt'lll'I'u1itip;;-llHml'ly. tilt, ([(.'('Iin(' tlml di~llpp('al'­
an(,ll of ol'Pl'Irill((')'('d adult \\"Ppdl:-; ill IHIP Slllllllll'I.', the 0('(' Ul'l"l'!l ('(' of 
lh(' PI'ilWipall'g,g pl'uk ahout tll(' ntiddl~' ()f )lay :~ltd of It sm~dl {Will ­

\)('1' of ('gg::-- dlll'1I\g tllp H'('Olld-(,\,0p Pt'l"l(J([. tl\(' l'XI"t('IH'P of hl'st- :llld 
:;('('olt<l-('mjl {jil'i-;ioll~ of 11I1,\,:H' nllt! (,O('OOl\S. lind th(> appCHJ'aIIl'P or 
lil'W'gl'Il(lt'\t1 ion adult" dl1rin!! thl' ..,\tllllllP!" as w(,11 as the bl'p:illlling or 
tl)l'il' p.l!g IH,,,illg 111 tllt' fnll. 

'1'1\\1'; OF C( TIT'>\; \ ,() \1 W( HrTY OF 'I'll (.: FmsT :\ Lf',\ LF'A CHOP 

[II till' \'al'ly ,nH!.'s or ttll' llPP\'ill'lllH'1' or IlIl' all'alfa Il'('evil .in Flah, 
nl'; ,llH:ntio!lpd by till' Ntl'l,\' "'I'i~('l's (]Ii" U, 18)' till' };~'(,olld gJ:owth of 
allalla Wi\~ Iwld l):ll'k (llld ~lIfl('I't'd ~l'l'llIiI!-' dall(llg(' i1'01l1 lul'\'(ll' that 
had b(IPlllilillg Oil till' fir::->t ('rOll. Tltl" l'ellll'tlallt;1l (if tlll~ !-'l'collli erop 
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WlIH Sillh'd lI1-) l\l'a)'\y ('flUId to till' lIl'lllitl length of tlw Bl'l'OlHI-('l'op per­
iod, I'l'equt'ntly Pl'l"'l'llling the (,lItting or a fhit:d t'l'OP (1'7), Noil)­
j\ll'y llppl~oa('hing thi~ in ('xtellt has iwell ('m'ollllh'/'cd .ill Ule present in­
"~':'iligllli()lI. llndllow thllllhl' tllItll nil till' w('(\"il)()PIIllIlioIlH, lHIl'lIsi­
lizlllioll, w\'lIthel', lIIHI til(' J'('lal ion of time of {'lItt illg to wN~"il im'l'l'aHe 
unde!' pI'cH('nt-(\!IY ('oIHlilioJ\s hHVC bt'CIll'e\'i(,\\,(,tI, it will be hl'lpful to 
l'xlllliine into tlll' ('HIlliN; of til(' lIbS{~IH'i.' of this type of dllnmgl" 

('hlllllbt'I'lill (!) noted that 1'\'{lInhtl iOIl of: l1w st'conl! (,I'OP had t'en~l'tl 
in thl' St'\'l't':ti ,\'('a!'B ill1l\wdiatt'ly PI'p('«(lillg IH:H, Allhollgh tlw illl­
PI'O"('llwnl Wl\S gPIll'I'ally l'1'I,dill'd 10 till' illll'ot\lIdiOIl alld l\lllllipliell­
tiOIl or lJufltllphdf'l; ('lIr('lilion/N, (,IHlnd)('!'lin [\('\'Ollllll'(\ 1'01' IIl1wh of 
it h,Y a.l'!lllllgt' ill Illt' ehHI'll\'tt'I' of Iii\" i'('a;:;on;"Thll", lit' :-;lly~. ill l!ll' 
cnl'ly p(II'iod of :-;~'\'t'I'(' 1'1,'!llI'tlal iOIl (!l' II\(' ~t'(,ol\d \'l'0l~ lilt, WIII'lll, til',)' 
w{'atllt,!., ill \alt· Wllltt'l' \In\l.I:III'ly :-;PI'llIg gil\'\" til\' \\'\'\""11 all PHl'I'y till\l't, 
and dalllp, ('(Jot wt'atIIcI.' al' IIHI"'e;-;t linw rl'lIl\('(,d (ill,' kill or \:1\'\':\(,; 
whl,'l:t'a:; ill lilt' lah'l: p(·dod ('001, Wt'l ~pdllg ;,{';\;,OI1S 1)('llditt'l\ tlw al­
falfa bill slu('k{,lw(\ t'g1!. IHying alltllHn'lIl growth, and hot, dl'y Inll:vc;-;t 
wl,'at!wl: ki Iit'd :-;0 IIlII nyilll:\'at' \ hal 1\0 11,\'ilUII\' II t \\'as I\('('(':;:;al'y to PI'O­
(('('lll\(' ~('('(JI\{1 gl'Owlh of HI t'nlt'a, 

'l'1H' t'ool, \\'('1 \\,1,'\11111,'1' III !lIll'\'('sl \\'o\lld {'('I'{aill!\' l\'(hlt'\, lilt' heat 
kill 01' 1IlI'\'H{'li\'ill~ Oil til\' !il',,! ('I'OP wlll'll it WlIS ('\It.' Sil\('\' Cll\IlIIbcl'­
(ill WI'OIl', ho\\'~'v(,i" Ilwl'\,' bIlX\' 111'\'1\ "('\'t'\'a.1 !"\I\'1t :-;('a:-:oll:-; withoul gen­
('I'al I'{'('UI'I'('IH'(' of S(,,'PI'(' dlllll:l,!.!(' to (Ill' "P('OIHl ('I'Op, SOil\(, addilionnl 
fll('\OI'S IIIIIi'l Ilwl'l,fol'c' ha\'l' oP\'I'i~It'{1 in tlip ,PHI'I,\' yt'tll'S,;llId 011(' of 
t hl'1I1 :ql I11.'11 I'S to lIa \'~' UPI'll lhe ('lItI tllg () r til!' Ill'sl {'I'OP at n IlltH'h 1I10l'\.' 

11<1\'111\('('(1 s(ag\' of !!I'owlit ({Ill II i" IIll' {'U,,(OIlI (odny ill Sail Lnkt' \'alll'Y, 
;\Iall\-, indi\'iduals familial' wjth alfalfa ('\lltltl'P ill (hi~ ntitl'V' dtlt'ing 

t h(, pa~( ~.i t() -W Y<"nrs ,,(att' lhnl bl't'Ol'!.' t Ill' first 'VOl'ldWlll.: tlw (h'st 
<'I'OP was infult b\(IO\ll "hl'lt ('ll!, lliUl (lllllllw ('utting oN'm'I'cd in the 
fil'st halt of; ,lui,\'. HU\\'('\'Pl" alfalfa ('pU';PH eaphl g\'owth SC\'cl'lll 
\\'l'('ks {'al'lit'l\ pl'!ldu('PS {\m\'PI' lHld,; alld ltt·gills IJI(ls"ollliug, and liellds 
out \'pgl'lilth'(, IHuis ft'Oll1 llll' Im"l' of flo\\,l'l'illg HlalkB, TI1('s(' L,asal 
buds dl'ndop ~iltlllJlall(,()llSI,\' witlt l'ontillll('!1 f10\\'l'I'lUg' and ill.'l\ wl'll­
dl'\'('lophl hltool:-i wltl'n lill' oltll'l' g\'O\\'tll i" ill ~fllll bloom, 

CHdl'/.' lIl(' (,Hdl!'" S,VS(PIU of' bt·!;t(PII ('utling til{' (lilt II'(' Inl'ml POPII­
Intlol\\\'Hs throw/l II)iOIl (\H'''P Y(lung shoots, sO IllIlt til(' s('('ol1(1 ('I'oll 
\\'a~ IH'I<! 1111(.'k, PI'(,SI'Il~ \ll';wlit';p, IIm\'('I'l'I" is to ('Ilf nit' fil'HI CI'0p, long 
11('1(11'(' filII hlowll obtai 11;;, \\'h(']\ tllP Im"al buds H.I'(' BIIIHII. COIl~(,­
qllPIlt.ly, )ll'lldiJlg 11(·\'(,lo)lllwl1{ of sllools fI.'OIJl tiW!1P buds, I h(' fil·ldiH 
)H'i!l'!il'all\' t!p\'oid of IHt'nll fond alld 11](' fil':-.t (hr('(' instal's, HS \\'('\1 liS 
IIHln)' rou'l'tll ill!'ltal':-;, Itan' JlO!. ('ull1plc,tt'd tlwil' r('('(ling alld thus SllC­
('lInll> to stll ,"'a I. iOll, '1,'110:-/' 1'01!I'1 II j lI"tH/'S t ha t Ita \'(, ('()\\lplelcl1 fppdi ng 
HI'l' 1I0t I'iUiJjl'('[ to "tal"'atloll bllt 1l1H)' (,jtl\('l' SIJ('('llllIb to Ilt'at OJ' live 
to -"pin t\u'il' ('()('(J<lII!", Tllt'=,\' IlIHIIII'(' IHITllP al'p lilt' OIlI'S Ihat elde(\y 
1I('II('(it. 1'1'0111 II wpl J)Hl'\'l'~t Sl'asOll and. hi) illl'!'t'lI;'(' till' II I I 111 lie I' of adult 
\\'('(",ilt; thai wilt /'OI'1l\ til!' 1)J'('t,dilli! tHIS\' fot' IIH' SUl,t'('pdillg seHS011, 
I II otill'l' \\'01'1\", Ifltl' (·ulting 01' (,Heh :II fal fa ('I'OP L>I'o\'itips a ('ontillll­
ous snppl.}' of ngp[n[ioll, whpl'pas ('III'ly ('lIt\illg, by pl'o\'idillg lin 
ill(pJ'\'nl ill \\'hil'h t(\('I'(' is 110 food. pln('l's \'Ill' 11l1l1IH{1I1'P iHlTl\(' IIl1d('I' 
th!' ,.;{ I'('.SS (J f "Ia ITat ion, 

Tbl' 1I1Hl)1I('I' ill whi(,1t tiws(' !,,('\'PI'HI f'a('(llI'" '\'OI'k IOg'C'tli('1.' was \\,(,11 
ill UHt 1'111('([ d\ll'in.~ till' ('(HJI. l.'ai II.\' lJP1'imi () r l!):I~, wli('1\ "(,"(,11 !'XIll'l'i­
nIL'II!.II.! lipid:; In S:dt Lak!' Yfl I II'.\' \\'('1'1' ('Ill as eal'ly Il:-i Wit:; ('ollsi:-;(rnt 
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with til(' pL'Oduction of good-quality ha\'. Sl'eond-cr'op buds wcrc 
(m'l'e dOIH at Uw blll:ic of growing stHlk:-; ilt the time of cUlting, and 
despilc the mollt'('ate t('mpl'l'atU('N; Hll1ltlle('lal'\'ac did not sUl'vivc lOIlI}, 
('nough to ('at thl' ll('W shootH that gl'CW fl'om those buds. Many:foul'th 
im,tn(':; did HIU'\'h'(', nnd ('\j('('ked til(.' s('('ond Ir('o\\'th to It slight extent, 
but tilt·,\' W(,I'(' \'i('!uull.v all gOJlc within ~ \\'~'ks aftel' cutting. A l'C­
:;lIlt Hu('11 :1;-; lid:.; in a (,('ml. wet haying season is in Shlll'P contl'ast with 
I'PhU\t:-; II n(\(' I.' fOI'I1H'I' lJl'ad lec whi('h ca11el1 fol' hold i ng buc'\{ the sccond 
(,I'OP fOl' It. Pl'I'jo(l a[lpeoxilllntillg till' usual \(·ngth of tilt' se('ond-cl'op 
IJl'I'j{J(I-(j to H\\'I'('l\s. Tln'l'r ('an be'liltle doubt Ihnt l'arli('I'l'Iltting and 
the ('Ollh('qlll'lI! Slal'\';tliOIl of immatnre lar'\'Hc !I('('ollnts 'fot, nuwh of the 
Ili 11'l'I'PIH'l', 

FlI!'t IH'I' Slll>p01'I 1'01' this l'onelusioll 1I11t.\' bl' had. b,\' \'icwillg the 
pudy ('oll<1il iOlls 1'I'POI'Il'd hy Tilus (/lj), in (lit' light of thI' IIlcchallism 
",hiI'll no\\' Ol'PI'il!I':;, His ('hlll'I:;, 1'('Ltting to ('ollditions in Salt Lake 
Valll'Y, show !lIn! lillI(' of l'ufting. pal'titlllad.r II\(' fil'sl l'I'OP, was 
/'OI'IIll'l'l.r IIlu('h Ipss IInifol'lll than at PI'('sC'nt, I.li(' peak of the fil'st 
('utting O('l'lIlTing :tiJout .July l:i ill lUl)!) alld .JlIlle 2l ill uno. )[Ol'C­
0\'('1', he stat.l'S that tire lath'l' was lin ('x('('ptiollally ('ady Sl'aSOIl, 

Titu~ clOl'H 1I0t: 1l1t'lltiol1 til(' l'xt(,lll of flowl'l'illg fit: the time of fil's!: 
('ultillg. but SOIlll' of his photogmphs il1l1kah' thnt thn Sl'COlld growth 
WIlH wpll stlll'lt,d whilc tht' hll\' (')'op waH still ill ('ol'ks on thl' field. 
TIH' dUtI'b;lllsohhow that tllP 1:II'val populatioll 1'l'IleirNI its pl'akbcfol'C 
the fil'hl' ('lit t ing; til(' (ll'akis now ('padH'(L only ill fiplds whl'l'e cutting 
iH eOl\sidC'I'ably delaypd. rritus abo Hi'ates Ihat th(' lal'vae Wl'I'C ncarly 
1'1111 gl'own ",11(.'11 til(' lil'sl el'op WilS ('ut: ill fh'lds eut a('('()l'(ling to 
('UI'!'Pllt pl'I\('(i('(' thl' s('(:oncl illstal's. and SOllll'tilllPS thl~ fil'st, 01' third 
[lIsl'lIl'S, HI'(' mo~t nlllllPI'OUS, and full-g1'owlI IIII'\'IIP al'e ollly just be­
('olllin!! lHodl'l'Htt'lv ahundant at th" (illl(> of fil'st hal'vest. 

in·ri.iIditioll Tit lIS shows thai; ('()('oolling bpgan about: tlIP lIIilhllc of 
)[1\)' ill 1!10!), liS it do!.'s HI PI'(>s('nt. bllt I.'(,POI'(S that thc abundan('c of 
1'()('O(ll1s iIH'I'r!lSI'S m'PI' a pPI'joc1 of abOllt :J. 1II0l1ths, whl'L'pas now thc 
fit'st ('I'OP is cui Il'~s thall II IlIoni'h a Hel' til(> lil'st: ('O(,OOIlS appeal'. 

This ('\'i<lI'IH'(' S('l'I1IS to show ('ollC'lusi\'cly that (hI', tr'Plltl toward 
NIJ'liel' ('uttiug was all illlPOI'llIll( fndol' ill I'edu('ilw lal'val damagc 
to l!ll' youllg sl>('OI\(1 gl'Owth, 'rh(' dNitl'lll'tion of tl~c larval popula­
tion has till' add('(l bplll·fil of sl1pph'lIll'nlillg til(' panlfiitizaliol1 by 
!Jf//!I!lp/('l'!f'.'ot ('lu'lil'I' in the :-l'ason hl'fo)'e ,Ihe apPl'Hmll(,C of many 
Illlpal'IISili'l.('(\ mallll'ing 1:1('\'1\('. and 50 l'r'dUl'PS 11ll' Ill'odnetion of nl'W­
g('IH'I':I.tion \\'('('\'115 thnt will :tOI'1ll the basis of till' aUal'k Oil the fil'st 
growlh tilt' following ,\'(>111,'. 

Eal'lipl' ('11(1 illg has I'lwhh'dfal'Il1PI'S to !tan'pst UlOl'e ('I'OPS lLHnually. 
Titus Iras :-;tH('(L'in ('OIl\'PI'sation that in Ihp eady pel'iod. when damage 
to Ihl.' SP('oIHI {')'op was s(I\'('I'(" the thil'd ('rOll was only a padinl onc, 
whit'h /'n'<Il1l'l1tly was )lot ('ut: hut IISp(l fOl' fall pmlturagc. A system 
'is 110\\' ill tlSP ",IH'I'l'b,\' t hl'(>(' ('I'OPS fll'C' hnl'\'('sted and :t partial fOllLth 
('I'OP is pastul'p\l ill tIl(' fall. Till' tpIH\C'l1e,Y to adVIIIll'l' till' cuttings is 
('ollt'inlling, ns :"(JI111' 01' till' 1':11'1111'1':-; in ;'htlt I..nkp VallC'j' HI'(' now hal'­
\'('sting rOlli' ('rops annllall\', 'I'I\{' sarnc Pl'Ol'('SS Itas hl'PII at wOl'k 
ill (Jlh!'I' Sl'diUI1S or Clah. 'bul til(' IH'ogl'l'SS hnR IJI'(··II \'PI'Y 1I)\P\'('II. 
III "'1'1)('(- \'nll!',\'. 1'0), ('XII UI ph,. d \lI'i Il,!! llj(' pa~t two tI('c'a(1e::; fal'mers 
lra\'p dllll),!!!'(l fl'OIH II PI'pdOlllillHlltl.\' tW{)'{~I'()(J SYStPll1 1.0 OI1P ulHlC'I' 
\\'hi('h thrill' ('llltil1gs al,(' tltt> l.'lrle, 011 t lrl' l'Olltl'lll'Y, ill HebcI'Valley, 
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which .is highcr Itnd has a shortm' scason than Salt Lake Valley, the 
t;wO-Cl'0P system is still followed io1' the most part, 'Weevil injury is 
muth more prevalent in Hebel' Valley, 

These changes appeal' to have coincided with the gl'owth of the 
<bdl'y industry, According to C, R. Richards, county ngL'icllltuml 
IIgent in MOl'gllll County, UttLh, this waS the case in 'Vebcr Vttlley, 
Development of Juty grading and the pl'ice diffel'elltittl cOlllllumded 
by the bettel' grades have tt!:-;o l.Indollbt(,dly bt'l'11 impol'tant Turtors, 
'Jlhe recommendation by Titus (16, 17) that the first o'l'owth bo re­
nloved as SOOIl as Sel'lOlISilljUI'Y OCt'III'I.'ed likewise IH'obtilily helped in 
tlte (rmd ualudVILJI('ellien t of f-it:st cuttil!" ti me. 

117 addition to this modification of tlw cropping system, there has 
becn a tcndency to impl'ove Htands thl'ough 11101'(' frequent I'('planting, 
fll the clIl'ly Iwl'iod of seVl'n' welwil damagl' field:-; "'l'l'e k('pt in alfall'a 
I'I'OIH 10 fo ao years, or oven longer (16). At prescnt, .i n Sa,lt 
Lake Vatlpy 11IHl othel' c1ivcl'sified cropping areas, (j~lds Ill'U lIHllally 
Iwpt in alfalfll less than 7 yeal'S, Ilnd the. Extension Hervi('u ill Utah 
1'{~c()lllm('ndH plowing them' undel' after 'b 01' fi yeal's. 1nfad', this 
pl'acll<-e hilS bpcome. almost imperative if. a good stand is to be main­
tained, owing to the pl'evldent'e of baetorial wilt and, 'in Jilllitl,d. areas, 
of the aHal fa st.em J1('mat()(le, HOWe,VCI:, (hel'c is sttll a tplllll'lICY, 
particularly in tho cattle-raising sections of the 1nterJ110llntain States 
whet'e hay IS the Illlti n ('1'0)), to let fields l'ClJ1ld II ill a Il'aHa too long, and 
when plowed up to replant to alfalfa too soon, 

The retardation of thcse(,()lld erop.ill thu UogU(\ Rivel' Valley, Oreg" 
WitS of the SIlIllC type as that ()ccUl'eillg jn thu millY haying season of. 
J!):.32 .in Salt JAnke Valley, In that f'ioason in Hoguc Rivor Valley 
almost all the snudlor Itn'vae werc dead within It week af.tel' cutting, 
but miny wcather Pl'oi:ccjrc1n goodly 1llunbel' of :fourth instal's h'oll1 
heat kill, and t1wy subsis(;(·(l on the young shoots of. the s{'('onc1-crop 
whieh were. present when the first Cl'OP was cut. Evoll so, the second 
crop waS l'etlLl'ded only about 2 weeks, and thl'CO Cl'OpS WeL'l1 hllL'vested, 

In thu extJ.'elnely eady Season o:f 1D:H, thero was an IIllU:;ual delay 
of the, second croll in It Hoguu Hivei' Valley Hcl(l in which the first 
hH.L'vest was great y b(·lated. The larval population rcached its peak 
tlw last wet,k of AI)J'i I, caused some dll.magu to the sp1Jing growtll, and 
dl.'dined nearly to zeL'O before hUI'vest. The first crop had ceased 
g'l'owillg by the first week of May, however, and as the second-growth 
Bhoots appeared they WCL't) fed upon by the declining lttrval popula­
t ion, These ShootR W(II'C 2 to 3 inches tall by May 21, and wen' clipped 
with the first hlu'v('st 011 JUIIU 8. Ten clays btor mol'(' IIt'W Hhools 
started, llnd the USUlI 1 three Cl'OPS W('1'C lmrvestecl in II seaRon thai 
III ighti have IH'odu{'ed I'OIlL' clItti ngs. Tho illlll1atul.'e weevi I population 
having run its COllI'Se. befOl'C fhst cutting, tho seeond ~U1d t:h'in\ ('l'OPR 
\\'t'I'll neltl'ly devoid of I\ny immat:ul'o stages of tile alfalfa. weevil. 

[n10:3:3 and ID3;1, in l{OgllC Hivei' Va11ey, the larvul population 
declined to in;::ignilkanL l1Umb(H'S after the. fil'st ('utting,t Iw s('('(md 
{'rop (,Rlm\ Oil IHH'm a Il,\', HIlc1 thel'c Wt\L'e sma.lI egg and llll'val popula­
lions dUl'ing the SC('(lnd-('rop pc,t'ioti, as usually obtains 'ill Sale Lake 
Va11cy. Although Bath/lplcde8 cUJ'cllZioni.s waf; liberated jn thl~ 
spring of l03J, it did not brgill to be a significant factor until 1936, 
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SUMMARY 

The al flllfa we('vil (II/J/II'I'U pONtica, (OyU.)), all Old 'World species; 
Was fiL'st obscL'ved ll('ltl: 'S:Llt Litke City, Utah, in lHO:h, and hus since 
spread throughout Utah and into 10 othel: 'Western States, Econoll1ie 
damage is confined to aH'ltlJ'tt IUl{l is bL'(lught about by the feeding of 
the l:lI'vlle on the t(!L'lllinal buds llnd Jean's (If the plant. 

To gain an understanding of the OIWil'OI1I11t'ntlll complex affecting 
lhe Itbllndance of tilt' all'alol'll weevil, it was ('ssenti;l,l that the insect 
be stu<iil'(l undt'L' IllltUI'itl HeM conditions \\'hN'e the dfcets of cultUL'al, 
l'lillllltologieal, and biologit'n.l fadors influencillg 'its c1e\,l'lopmellt: 
('()ul(l be observcd Hnd I1WIISlIl'ell. Since carlicr work had indicated 
the inlfWlwtkability of ('ll1pl()'yin~ lhe IJsuttllllt'lholls or study :for this 
purpose, It pln.n was d('Y('Iopetl whkh in\'ol\'('(l weekly samplings, :in 
It l'l'(lt'(lselllativli n.ll'alh field in Salt Lake Yall(')" Utah, of the entiJ:l' 
wec\'il popula\ ion lind the inllnobile stnges of its pal'!H;ill's, These 
pel'imlic salllplings W~'I't' ('Ill'l'il'd Oil JOI' tlw yeal's lD:~O, lO:n, and 1082 
Iln(l WeL'e Hupplpnlent('(l by fipcchtl Ht.udil'H in oth('t, fields, both in this 
Ylllley and ill oth('L' areas. 

Tho I'('stllting dllLa IH'eSl'nt'fl set'ies of ~'I'OSS sediolls of the weevIl 
('()l\IJ1]PX', showing tllll ind([Pm'(I, \'al'ying IIIngnitudc, and illtel'J:eln­
fionship of the Vtl.l'iOllS(llp.nlentH 01: tlH' populat'lolls agaimlt (he chang­
illg bllC'kgL'ollnd or \,'catheL', ('rop gl'owth. allll ltal'\'est. 

'I'll('. III fa, I fIt w('evil spends the ·willtc'l' ill the adult stage, and thcse 
:Hlllils die out by tlw cnd of the following SUIllll1eL'. The main peak of 
~'ggS COIlll'H on the lit'st ct'op, at\d oviposition proceeds most rapidly 
when lhtl <blily tempel'ntul'l's ILl'O ost'illatil1g about 50° F, Ear.!yeggs 
aro laiditl bl'okrll, il(,lld nlfaUa. and w(lr(J stt'lllS lying on thc gL'OLll1d, 
and ftS the aHall':t b('gi ns to gl'ow tilt' ('g~s aI'e inel'cnsi ngly deposited 
in li"ing, stC'ltIH, ]~~!-( ('IIIHt('I'''; r~\'(,l'a~e H:ain litter and !)~i'j'in gt'Owing 
"t'cIllS, wlth l'('HpN'llve pangps of .1 to ,~fi anclilo 83, 

The C'trg[lo(lulaLion nmy be (\(>stl'ibed by the not'mal-distribution 
(!lll'n~, which peL'mits c1HU'llctcL'iztltion in terms of the menn of the 
ol'i posi Lion H('URon a nd its st-rmdal'd deviation, 0113 ll1enninclicatillg 
tim datc on which tile majoL' portion of the ego' population is cen­
(('1'('(\, u.na !'ll(' Hiand:l!'(l de"intioll ((r) indicnting (110 (,Oll('enimtion of 
lilp, (\gg populatioll. A highly ('oncelllL'atlid egg popUlation l'Nmlts 
in II. massl'd IlttltC'k of: tlH' l/uTHr on the alfalfa, c:tusing 1l101'C sevPI'C 
damago than ie tl)(' sllnm I\.llInbCL' or larvae spl'el\ll theil' attaek over 
n IOllgt'l' period; h(\/lt'p, IT !)I'o"idt'S an ilHl(lx of the injuriollsncsR of thc 
HII'nlt'IL w('('vil, a l!i\'l'1l adult population l'Ppl.'pH(lnling less potential 
dHlllage whell It 1Jig'h value ofa is obtained, 

Htltehing in YOllllllC begins nbout the first. of nIn~' in S:t1t Lake 
v'nll(,y. The i:llTal population grows rapidly nntil jntel'l'upted by 
fil'st-trop ('utting, uSllally early in ,Tunc, Stni,'Vation (hI('. to I'Nnoval 
of till' food snpply lind. til(' ]ctlll1] lIetion or tho SlIJl'S l'il,YS result jn 
tIm (IraI'll ()1~ lH'tttlr all 1:t1:nw 0\: I'lw first thL'C'e instal'S lind a hi~h 
Pl'J'[,(,lltUg'C oj: the'JOllrth illl ... tal's. Hatching ()'t the :I'cw eggs l:iid 
soon itft'l'l' fit'st hal'vt'::lt: ]l1'o(lIl('('H [l ;;nlalliarnli pOPlllation' on the 
s(,(!()lJd ('l'Op• 

. C.()('ooning ol'dill:lloily In'gillH till' llli(llllt' 01' }\fay, p.l'o('ceds 810'.\'1)' 
dlll'lllg th(' SII(,(,t'(I(llng ~ w('(,ks, and r('[lellt's l~ pC-Ilk With the C'llttll1g 
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of the fil'SI: Cl'opil1 .June, 'I'h('l'eaft(ll' the Ilunlbel' of' C'oCOOI1S dec'i.'pases 
until ncal' tho clld of the second-cl'op pel'iod, when ('l)l'Ooning of tho 
few second-cl'op Illl'vae pl'oduccs It slllall sccolHlal'Y peak, QI' a\: Il'as!: 
a bl'l~ak in the (lowllwal'<1 tl'ellll. 

Ad II I t wcev iIs 0 f: the Ill!W gel1cl'Il! iOIl Illll,)' lIel'i ve mostly fl'om the 
lal'\'al population living on the fil's!: gl'owth of alfalfa, o'I'fl'OIll the 
\'(lI'.}' small S('coll(I-(~I'oP 1l~I'val population, 01' abollt equally fl'om both, 
'L'hc IIUllIbet, of adlllls.in alfalfa fielch; dedint's ell('h Yl'al' dlll'ing .July 
and Augllst, Illltl \tll'ge IllIlHbcl'S II I'e subHCq \.Icn II)' fOllnd ill wllste a I'eas 
Hl'olln(\ the edgos of thc fields, where Ult'y spend tho wintt'l', ~\. sllIall 
pel'centllgc of til(! fpmale wl'evils I,t'tnllining ill the field I'eaeh s(,xl\l~1 
maUlI'ity eady in tho fall, and thes(~ fel1llllt'H lIlay c1cposiL It :few cggs 
befol'(\ wintl'I', None of the fl'lllllll's (hnt: movc t'o the field bOl'c1t'i's 
I'each l-il'xunl llIilful'ity unt:il the following sl)J'ing, BmaJI 11I1111b(ll's of 
w('('vils O\'PI'\\'illfpl' ill and IlI'OUll(\ haysllll'ks and l'ontl'ibute 10 thc 
elll'IT-ove/.' of fhe spceics, 

'I'ltl' PI'jl\('ipal pal'asile of the alfalfa wl'('\'il ill the Unit:ed Htatrs is 
Hat/rl/p/f'r'tl'8 ('w'('ulio/lis (,1.'holllS,), It Ilita('ks all insta.l'H, bllt the 
jlt'I'('l{nltlgo of pal'llsiti:mtiOIl iIWI'l'IlS(,S. to the highest lev(11 illllong 
foul'th in~tal's, 'L'helowt'1' plu'aHiti>r.lltioll of tIll' fil'sl t:hl'<)e illsl':lI.'s is 
in('OI1Hl'quelltial, bN'HIIHC' they SIIt'l'umb to stllbblefield conditions :fol­
lowing Ih(,'. fil'sthlll'V(,Ht', '1'hol'e is also It S(,IlS01lId tTcnd, pa.l'llsit-i>r.at:ion 
I'ising (0 file hig!lPs!: level in mid·May, (\l'~linillg' sotnnwhllt by early 
.'IIIH', nnd dI'Opplllg to \'l'I'Y low le\'els lIm'l Ilg thl) speon(l-cl'op pel'iod 
in Ju Iy, Tn ('ollseqlll'I1('C o'f these two h'CIHls PiU'UHiti>r.H tioll (>1' 'foudh 
instill'S uSlially l'l'mainH high IIntil tl,1e fil'st; ,f{I'owth oj: nHI,t1fll,I'Plll,'h,CH 
tile ,flow(,,'-blld stage, Pal:asiti>r.atioll!Jy h((.t7l,IJ/Ilc('te8 iH indl'ect:ivc 
dlll'lllg the- SP('olld-l'I'OP p(,I.',lod, 

By Illainlainillg almost Ill'..rl'l'! pal'asil i>r.Htiol1 pad" in I'lll' Sl'aSOll, 
B(tt';l!lpl('(,t(',~ cl('IH,\'H fho npIWIlI'IlIl('P of ill(livi<lllals (,II!Jable of pl'Odlle­
ing adult: \\'el'\'ils 1I11f'i1 the! (,I1II1II'a! kill ('an be ne('ollI plishccl by nntting 
the fit'st (,I'OP, Acting' t()g~,thpl' tlwst\ fa('/OI'S l'Cclll('C tho number of 
pupae dl'l'ivillg f1'01l1 tlH' lal'(r(\ fil'st-('I'OP lal'\'1I1 poplIIllIioll (0 thele\'cl 
of thosp I'('slilting' fl.'om ('Il(' 71111('1\ sllll\llel' Rl'{'ond-el'Op IIlt'val pOPllla­
(iOIl, The sN'on(l-el'Op I:II'vae 111'(\ lightl Y pal'llsiti>r.l'll, Ilnd lL Inl'ge 
1l11lllbl'I.' of lll'w-gt'n(,I'at:ion ndlllts I1Illy be' pl'odul'cd i'f cutting of the 
hc('on(\ (,I'OP is not: also Pl'opl\l'ly !;i l1Ied, 

Batlll/pl(l(:/(w liy('s as Il Inl'\'IL within it's ('Ol'()On fl'onl (,IlI'I,Y SlInllllet' 
OfOIll',;eal' 1:0 (,III'ly spring of the n('xt. Pupa.t-ion begins in Mlu'eh and 
is Inl'gl.'ly ('Ompll'tl'd by mid-May, EIIH'I'g'('nl'l' of tht' acllllt pnl'llsitcs 
1't'1l('I1('S Ii, 1)(,lIk the s('con(l w('ek of May, 1l1H1 the pl'Ogl'n,V, living with­
in tlIP wl'l'villal'vHl' IInti.! (heluttel' h"llve splln theil; ('ocoons. kill tho 
host. and Hpin theil' own ('o('oons, These IlHl'asit'e (,()('oons :tl'l' (-liIllOl'­
phie, and al'(~ most abllndant: abollt: 2 \I'('(ll\:s aft{'I' thl' fil'st (,I'OP is ('lit. 
Larvae in light-t(lxtnl'e<1 ('o('oons pnpate clltiekly and CInl'l'ge as a<lnltH 
the sllmp fi('ason; those ill h(':tvy-texbH'l't\ eOCOOIIH pI~!)nto Ole following 
RI)I,'irw, 

L' "" "t' f \1'('(' v I '11' I 'fulljlel'IHu'HSI{I>r.flIOlIO lll'\'lle IS l'OInll10n,mt ('Olllpnl'lson cr, 
fill' O\)St'I'\'C't\ fl'PqllC'IJ('Y of l-iUPPI'PIlI'llsifi>r.edllll'\'a n with til(' I'lwol'pfiC'al 
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I'I'Nlll('nl'V l'alclllat('11 f1'01l1 the' l>oiBson Sl'I'it's illdi('lilps Iltat- (h(, IIdllH 
l'ill'lIsitl' l'Xl'I'('ises II high dpgl'(\(' oj' s(·lp('t ivit,Y, fJfltll/lplr'('/(,8 is thus:111 
pfli('jf'llt jl:lI'IISitl', p/t'peting 1\ high l)('1'('pnlngt' 01' PHI'lIsiti>r.nliol\ with It 

low I'ulio 01' IHlI'nsit(,s to hosti;, 
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The ptcl'onlllli(\ It'up(e)'OIlWht8 'vb'ide8een8 Walsh, It pal'[lsitc of co­
('oollcdl!u,'\'tl(' of! BatiLypleclcs ow'cldiol!i8, P\lSiil'S the, willh~I' ill the 
1l1l'mi stage, jlllJmtl'iih'olll .MllI'cll to May, anti iiiHUCS liS HI\. Ildllit the 
lattpI,' pll1'! of May, 8upt(')'omaluslll1'vlw IlPPCIU' ill t\w IIl'wly fOl'med 
lJalh,llpler'le8 COCOOllii in mhl-.JlIlIl" pllpate in .July, lInd begin ('llll!l'ging 
Ill' ndllltH about t he first of ~\..L1gust. LIll'\'aC pl'e(\omiuatllllgll,in during 
t ht, a 11. Til liS two cronel'atlons Ilnnultlly arc in<1 iCllled, 

.Mol'taiity inf1letl~(Fbj' th(\ s('condllt:,Y plu'nsitn fluctllates widely, but 
the ('H\,~,tivtlnl'ss of Balhl/pleo/ell is not COl'1.'(>spoll<iingly affectcd; since 
Ihe 1'C'lllllilling Batll,l/p{('(:/eg al'o uHlIally sufficicntly IIl1li\('I'OUH (0 tnllin­
l:tin II high Ip\'('\ oil pal'IlHit:i;mt:ioll 1l1ll0ncr the (!n\'ly-maLII1'lng weevil 
101'vl\(', Kl'vC'l'thl,Il'Hs, ~'X('l'pti()nill nbuIHftl1lCl\ of A"ttlift'I'ollwlIl8 IlIlly 

IIIH(l'l'ially ill('l'(~nse thc P1'OlilleLion of weevils, 
'('hI' Illt1'Olilll'l'l1 l'!!~ pllI'l\silp .. Lllllp//{W PI'(lt(~Jl8i8 ]j'(l!~I'St, is of JlO 

jlt'l\dic,ttl iIn pot:fllll('(', Hi 1\ ('l' ii, PlLl'lISi tiZCH all inHign i fi('IlIlL ll(~I'(,l'llblge of 
('g~s d('\>oSI((>(lin lit[(,l' Htllt lIone of those ill gl'owing alfalfa stems, 

Annl,)'s,s of Ih(\ tl'lIllH'I'atlll'(1 data l'l\\,Pllls Ilstl'ltight-line l'cltltiollship 
betwl'('11 "'N'vi.! ilH'l'l'HSll lind (-lIu St'HROIlld heat, lind (lcsl'I'ibl'H the SClL­
HOII:t! tn'nd oj' liNt!; by (hl' nOI'llIlll-dis(I'ibutioll l'UI'V(', wllieh limy be 
UHl'd to study Ihp (llI'N't of UI(,I'l\lId niJl'I'l'lltiollS lIpon w('l'villldivitics 
alld (!OI' ('onI!H\I'isOIl or diff('l'ent seasons and lIt'('aS, 

A til ick sIll Ill! Illld vigol'olls gl'owth of uI fal I'a, by Hlmdillg the g1'OllJlcl 
mOl'!' Ihol'oltghly, 1'l'bl1'lis lilt' (\1'\'(\\0\>11\('11 ( 01' the illllllutlll'C wcevil 
populatioll, TllilltH'SH of Htulld IIlIIy to sonl(' ('X(\'Jlt be ('omp('lIsated 
b'y \'igOl'Olls 141'0\\'111, ,Apl\.l't fl'ol\l. its bl':l1'ing upon wt'l'vil. t!eve10p­
lJlNlt, tl\(\ d('flSily of fll falfa gl'owth IlltH 1Il1lC'h to do with the sC\'<.'l'ity 
of \\'N~\'i I dlllllllgl', Hl'I1(,P, I'(,Wl'l' w('{'vi Is Ill'O rcqlli 1'(lll to produce crop 
dillll!t~(\ ill It Ih·ld of spa/'HP gl'owth (hail ill It li(llc1 wiUI good Htand 

Hlld VIAoI,'OllS gl'owl h, 
Tinlt'ly ('lilting ot: t Iw lin,/: 11Ilii sc('olld ('I'OPS, by l'cllIoving the food 

l'llpplyor l!ll'VItl' 111111 ('xposing tll(llll to tlH' I('thal action of nil' sun's 
,'ay;;, ('llh'IH a dl.'t1Hti(' 1,(·(/tI{'tioll of the illlllllli 111'(> weedls, 

Il'j'iglllion dUl'ing gl.'owth' 01' thp ('I'OP 1'('l.al'(1s developm<.'nt of the 
\\,('(,\·il by IUI\'(,l'ing i:lw /C'III\><'I'lIlt1l'p of tltt~ fit·ld, hilt it is 1ll'('CSSltt'y 
10 Sll::-ijll'IHI ilTigatioll JOI' allt'nsl 1 \\'{wk following hlll'vcst in order 
to IH'o<i!l{,(, high [('!lIpPI'lItm'PH :tlld illl'I'l'ase Iht' ellHUI'al kill. 

Raking f1mI ('oC'killg conl'pntl'llIl'S 1111\.I1Y\:II'VHl' in 11\C', haYl'o('ks, and 
Ot!IPI'S {'(Jllgl'c~al:p bUIlt'alh I:Ii(lHI ,to PH(:apt' stubbl£,/i(dd iwnL This 
pI'olc('tioll i::; or lilth· vllliw to tho sp('('il'::; if the hlty is pl'ompl'ly l'l'­
1l1Ovpd b'olJl til(' field, \1IIt. ((pIny ilH'I'l'llS<.'S Illl' ntllllOl'I' of individ1lals 
I'('n('\tilw lh{lll ;olt ::;Ullt('. 

'l.'h(,)-;(;HtlldiPH hllve 17l'OvidedlU\ iI1Higli(:i11to t]J(I l'!Ivil'OnnwntHl ('0111­

plpx of the aHal I'lL wl'ovil. TIll' 1l\(~('hnniRm limiting pl'{)(1l1etion of 
adults 'fl'orn tho l'II()I'IlI()IlH fil'sl'-t'l'Op lnl'val population is fOlllHl \:0 be 
II dl'lh,tlll'ly bHlan('l'd 1'(,111 tionsh ip, illV() Ivi np; aIlI\ost pl'l't'I~('tplll'Hs~ti­
:wt ion b,· HfllhY/)/I'I'/('S of the l'1I1']Y llllli 1I1'Illg ]lll'\'UC, cOllplcLl WIth 
(,II 1'Iy l'1I't1 ing ~\'l,lil'h, dl'sll'OYs Ill(' ~;ollngPI" 1I1Ol't'Ii.ghtly pll,t'ltHitizt'd 
11l1'Vllt', PilI'IlSIIIZlI(J()J) 1I11HlIlg Sl'('OIHI-t'l'0}l !aI'YllC IS '1I('gllglblp, alld 
tho Iltlllll)(>I' of adults mall11'illg fl'om this smrllle'l' lal'val p0j1111ntion 
dl'p~'l1dsJllJ1l{);-;t (,Jllil'dy UpOIl 01\1(' of ('utLing. 

Bolh IIll' nallu'" anil tl\l1 t'xtl'lIt 01: damngl' by thl' nH'n1l'lL w('('vil 
Imve (,jHlllgpd sill,'(1 ~ts iJlu'ol\udion illlo this ('Olllltl''y, End,Y -wl'it('t's 
I'P('O\'(\ t11l\ nto:,(, fihl\lllS dlllllage Hi'l ..('sull iliA 'from 11ll'Vlll~ f(,p(\ing on 
tho lil't'OJ)(!-('I'Ojl htlds Hlld dplayillg gl'owth, sOll1l' l-inH's -fot' so 'long 
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Llmt only two crops could be harvested. During recent years the 
principal damage has been confined to the first crop. This change • 
has coincided with general improvement of alfalfa stands, the intro­
duction and widespread establishment of the lit'eval parasite Bathy­
llZectes cu7'culionis, and the gradual advancement of the first cutting 
date. 
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