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BioloO"v of the Narcissus Bulb Fly 111 the1:'. 

Pacific Northwest 1 

By ('HARLE,; F. DO(7(,ETTE, a.~.~ocial£' enlom%gist. B.\XD.lLL L.\TTA,1 f'1l10Il/%gisl. 
('HARLE'; H. :\IARTIX, forllH'rly a.~.~i.~lanl P!llom%gisl, alld H.\LPH ~CHOPP aud 
P.\(7L :\1. EWE, junln" I'Iltol/lolngi.~I.~, f)it'i,.inn of TJ lick r'rop and Garden [I!,<l'cl 
[nt'psligaliolls. Bilrpal/ 0/ RlltOl/lolo{l!1 flnd Plant (,!,/fll'(JlililU;' 

CO,\TE\TS 
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Intruduction / rood [ll:tnt:-:
HbtoriraJ rp~unH~ 2. Salllrp ur injury
;;ynonymy :! l.an·al :l.ttlwk 
Distribution in :\"orth .\rw"rH'a 4 . .\1 ultipll' l:lr\'al tnfl·:-.rat IOn 
Description uf thl' .... laJ!~·s I: J-:('on(llllh" importao('1" 

Thp.ll(![! ·t! Fn('tor..;. inChIP[winl!; tlt'l!f('\' n! inrp~t:ltiHt\

The larm 4 ()n~ft'r.·n(·ll fflr nan·t...,:;u ... \. ;lrH'ti.·~ 

The pupa 11 Bulh ''''plh

ThO' adult P :,niI rypp 

P{Js.:~ibll} ronfu~i(m with ntht'r fflrtn.,;. /.\ Lut':uion in th·lrl 
Lift) history and hahit~ II Bull,',,!,

Thp ,,~g. II :--"':ttllrallan al murrality 

Th~ larva Hi :'\;1\Ufil1t:'n\'U1lt· .. 

Th,' pupa :.?!i '-:ummary

The adult 2!1 Lirt'faIUfI' d:t,,1 


::p:.t.<;;onal cfe"'l'lo(Jllw'ntflli hbt'lrv .11 
Puhii:;hpd f('('orrIs • .n 
~('asona) dl>yploprw'nt in th(, P'wifh' ~I)rth­

Wt'st 

I \TR<H)l CTI()\ 

TIlP ('st,Il)li~hnll'llt of (lil' fHU'('i";";II"; b"lb Ily I J{lt/ltl'lli (qlllsl/l.~ ,F. 1,{ 

in impol't<ult b"lb-pl'Odll('in~ :11'1'11"; ill (Il!' l'tlitpd ~t,lt(',.; 1.1:1"; 1)l'I':-'(,lltl'd 
pl'ohlc'ms to thl' C'OlllllJt'J"('i:ll lJllll> ~I'()\\'(']''' ill p:ll'ti(,lil;11' a~ \\"(,1111" to 
ollwl's who 11['(' intt']'c'stf'd :IS gnl'dt'[l!'l";' ('Iirnntic' ('UIHlitioll'i ill tIl!' 

RI'('('hf·d for JluhJj(·:lthn Jllm~ 1:1. l~H 1 
1 Tran....fprr(~d to T>ivbion I,t (-',ntr") Cn\!·... t!1!,ltjl'n.... \;1J\ ..mh(·r til, l';~:­
'Thl~ nar('i~':Q": [·ufh U" tt,L"; ht1t·n tint' !lr fht" major tn~~'(·f ... utl·lt'r tllI.I·...U'>!:Lrton '\t tht· "tp'nnl'r~ \"·t...it ~ 

Llhorntnry of thp Burpan ·,.r t:ntornr.lll!!S :J.nd pram (.l[Jar:Ulfmt> \ ntJrnh,'r l.f fndj\:!dtLl.l~ h:tvp hl'l~n 'l......,J. 
('i!H~\d with \"ariIHB ph:1.....t'~ "r rht' inV,. ... rHw.riull. :lnd .It'knlJ\rh.. (;trnl·m .... an- <Ill!- rht.. m r Ir rhpff \·lITlah~t· 
1~Ri;.-;tnn"p. F, J. ~pruijt :t.""i"tt~d in 1~1:!;-. and J~I2!I. fL H \:l,l"on ;l........ist"d in unl 'lu,l l'J:t!~ :lnd E\t'rr =-=. 
Bonn :l..-;.·~ht(·df pnrtirulnrly in ('ont'f'lln~ [I"(lUlatHHl ..;amr.lp.. Linfl tn (ht· mff-~ta'ttln .. un·i·y.... frllm I~J;lI to 
l~I·HJ, AI...;o, S:Pfving- nntlt-r .t"Ulponl.r~· "'I'a",onal 'tppolntmt·m... T, ft. H:l.n~tu·rry. \'iefor E. ~('JWtft·f. Paul 
'\L ~Chf·trl·r. I>u'Ut'y Yonn~f :l.od Ernt·...t f3rIJC'km:ln ll:-si ... ll·fl in \'arillu" \\a~ .. In th« :lPC'unl'li:ninn of th,· 
,l:ut\ un ~ hi('h I hl~ htdh·tin i...;, I'n....f"L :\r~prN·i;\.l ihn 1;-- ,lq.· I hp '.!Tn\'\·t'r .. in \\"',\"...hm{!tHn ;lnfl On'gt)[\ fur i!rant ... 
in:r to rhf~ laburatory ... taIf fldl frppdum nn(ll,pru,rtlInil~ rlJr \; ...ittn;!" tht'rr 11!:iht!n!!";lwl w:lrt·llfJu .... •.... :\Ofl {or 
tht'ir sinrrrp' tnrt>rfl~t 10 thi l inq,... tll!:lf ion. 

, Orrltlf Piptt'rn.. frunily ~} r{lhid~H' 
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Pacific Northw('st han' bt'en fOllnd w(,11 suit('d for tIl(' production 
of high-Cluality bulbs of th(' hal'di('l' typ('s of I1Hrcissus, As a COllSC­
qut'nc(' this l't'gion has b('come tlw prineipal producing section in tb(' 
United States for th('s(' typ('s, TIw narcissus bulb fly a,pparently 
has becom(' well establislwd in this arpa" and its control is one of tll(' 
principal difficulties confronting thp grow(')'s in tlH'ir dtorts to main­
tain an excellent quality of the product for th('ir markds, This 
insect has bep11 studied to SOUlt' pxtt'nt in c('rtain seet-ions of tIl(' world, 
but d('tail('d information on its lifp !l11d habits undpl' conditions 
equival('ut to those in tl)(' Pac'ifie Northwl'st has not bN'n availablp, 
A kuowlNlge of an ins('ct's biology is of primary importntlc(' in de­
tt'rmining and upplying suitnble cOlltrol llWasUl'(,S, This bulletin 
pr('s('nts informution on tI\(' biology of tlH' nureisslls bulb fly in the 
Pacific Northw('st obtnilll'd ill the l'C'Cl'nt r('sl'nrclt nt tit(' Sunu\('l', 
'Yush" fil'ld labol'l1tory of til(' BU]'('llll of En tomolog~T and Plan t 
Qlltlrantin(', 

IUSTORl CA LRES'C,ME 

TIw first r('('ol',} df Ow IIHl'cissus bulb fly whi('h O(,CUl'S in lih'rature 
nppears to he tlw l'('POl't by H{>nu111uJ: (30, 1',4, p, 4.9.9)" in 1738, Hl' 
stnt('(1 that n f('w yenl'S prl'viously IH' had r('('C'in'd in Novl'mbC'r 
somC' IHu'cissus bulhs ill Pil('h of whi('h :), Im'g(' worm WilS f('<'Cling, and 
thnt in somp ('ns('s two worms Wl'J'(' prl'sPIlt. TIH's(' WPJ'(' kl'pt undN 
o1>s('rvntiol1, nlld ndults wprl' ohtailH'd th!' following April. TIll' 
sou]'('p of till' bulbs i8 i!l(li('nl<'d only as FrHlI(,l', TIH' spl'cil's wns 
n:mw(\ nnd (ksnilwd by F:lbri('ius (J(j) ill 1792 us 8yrplw8 eqlle8t7'is, 
~[l'igc'n (26,1',3, JlJl, 3,~,9·"3(j7), in ]822, (ks(,l'ilwc] n numl)('r of sp('cil's 
011 the' hnsis of ('0101' pattpl'll, pl'N>lln1l1hl~T from muspum S1)('(' i111l'IlS, 
which W('1'(' Intl'r ('onsidl'rNI synOll'" ms d JferodOll ('qll('stf'is, Bou('h(' 
(6), in 184,5, ],pport('d thnt inf('stntion \tad bp('11 pn'sl'l1t ill his gnniPn 
[at B('dinJ for s{'wrnI YPllrs, Bos (6) indiratl'tl thl' til1w of ('stub­
Iishn1<'nt of til(' insl'et in thl' J\!'tl1l'rlands fiS around 1840, p('!'hn.ps 
(,Hrlil'l', stnting thM it was so pr('YniC'nt in ]847 n('I11' Hnnl'lpm thnt 
til(' "rww mnlady" WflS (\iseusse\l Ht n nwpling of the' gl'owprs, nnd in 
1849 thp grow('rs' ()J'gnnizn tion 1:1 i tint('d a g'l'npral qu('stionnnil'!' on 
til(' problpm, An nnollymous llrti('k in t.1H' Gal'u('IH'rs' C'hl'onie}(' 
in ]842 (1)I'('portpcl tl1{' collc·etiol1 of adults in England "a f('w y('urs 
back," but Inn'al atta('k on bulbs ill that ('ountry had nppnrpntly 
not ('0111<' to till' nttl'11lioll of thnt \\Titel', 

TIH' ('nl'li('1' n('('ounts 1'('jlOI't that bulhsl'('('('ivl'd ill the' mon' nortiH'rn 
S('('tiOIl!l of Europc· from thp ~1('dit(,IT!lll('nl1 I'l'gioll ('lll'I'ipd inf('station, 
Ec·dpn (14) ine!i('ntC'l] ~[arsl'ill('s as n, possibll' oiO\lI'('(' of tl](' in­
fcstntions l'P('('iVl'd in the' l\dh('r1nnds, nnd BOtl('h{> ((n r('port('(1 that 
infpstN] bulbs of ]\T(lf'ciNSl/8 7lil'f'l18 w('r!' ]'('('Pin'd hy him fl'om soutll('1'l1 
FrnJl(,(, llml fl'om Haly, Thl' infol'mution in th(" Nidi!'!.' l'('POI'ts indi­
cat('s that til(' ins('('j WIIS probably a natiyl' of lttll,\' and soutlH'1'I1 
Frnn('p and possihly of sOllthl'1'1l Spnil1, and. thnt it 1110,'p<l into thp 
nOl'tll(,]'J1 pn,l't of j1'}uropl' ns till' eulturl' of nn r('issus dl'n·lopl'd t!H'n' 
lind bulhs weI'(' impol'tl'd from thp infestc·d l'('giol1s, 

In tIll' NetlH']'lands, wl1('I'(' Ilnn'issus ('ulturC' WflS c\l'wloping mpidly 
ns a ('omm(']'('inl v(On Lur(' nbout 1840, conCPTl trn tioll of plnn till~s mnd(· 
rond itions fnvol'nblc· for n. rilpid in(,l'l'nsl' of til(' ins('('t, as l'vidpncpcl 
by its l'('eogni tion ns a sl'l'ious I)('st by 18.1)0, III Englnnd ]'('ports 
of (lc,finitp dnmngll nrC' luC'king- 1I1ltii 18(;9, \\'11('11 V('!'I'nll (36) l'('col'dC'd 

'Italic lIulllbl'rs ill IlHn'lJlht,~(,~ n'r('r ttl LilrrnlUn' ('iterl, p (H, 
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having found a specimen in his garden, adding that since then the 
species apPcfllwl to havC' incrNlsC'd in numbC'rs in Britain to an enor­
mous extent. This was thC' period when the ('ultmc of narcissus was 
bC'ing takC'l1 up by many amatC'lIr gardC'IH'rs in England, and com­
mercial production for iiow(')'s and bulbs was also increasing con­
siderably. St'vC'ral TC'ports of sNious injury ill ti\(' period from 1880 
to 1900 confirm t1l(' statC'nwnt of VC'rrnll, and tIll' inst'ct has C011­

tinut'd to be an impcrtanl pC'st of nal'cissns in that country. 
Jack (21) l'PportC'd tll(' pn'SPTlcC' of tll(' inspct at BJ'ookline, Mass., in 

1879, stating that just previous to 1897 thp damage was morC' SC'V(,l"l' 
than usual and that the illSC'ct a,ppNu'ed to ha vC' b(,(,l1 pl't'sell t in 
mOl"(' or less a bUlldUlIC(, ('V(,IT sC'nson sinC't' it was first nolie('([ .in the 
place llrarly 20 yt'a.rs brfor(': Th(' first aecoun ts of ('xtendNI injury 
in North Anwrica, how("wJ', rdC'r to infrstations in British Columbia. 
Osburn (28) ref('rs to thr infrslatioll ill that ar('a in 1908, nne! it is 
furthC'r discuss('d by H('witt (18) in 19] 1 nnd Tn'IH'l'l1l' (33) in ] 914. 
The pl'l'spncl' of til(' ins(let in Cnlifol'l1iu wns r<'port(ld by Childs (10) 
in 1914, ulld Essig (1.5, J). 325) in 1915 and Dayidson (12) in 19]6 
statpd thnt it wns appnrPTltly estalJlislu'd in cl"11tml California. 
~Iackil' (25), in 192.1, r('porlt'd it ns pl'l's('n t from Ran Diego to H um­
bo1dt COllntips, Cnlif. Yfilcox nnd ~lol<' (39) statl' that in 1920 H. 
surn-y in(\icl1t('(\ thnt it WllS P['(,S(,l1t in prnetienlly tlU the comIlH'J'cial 
plantings in Or<'gon. \Y('igeI 6 sUl'Yl'yed till' pl'ineipal narcissus­
growing l'('gimls of t11(' l'nitl'd 8tn tt'S in 1925 nnd found I'll tl)('1' gC'l1C']'nl 
inf('statioll in Cnlifol'niH, Ol'<'gon, nnd ·\rushington, but no infl'station 
in Xorth Curolinn, Yirginia, 1lnl'ylnnd, or ~lississippi. 

As in otill'J' J'Pgions, thp period of ill(,1"('ns(' of tIl(' bulb fly to s('rious 
proportions on til(' PacifiC' Coftsl hilS eoineid('(1 in n, gmt'rnl wnor with 
thC' p<'l'io(/ of dl'ypjopnH'Jll of (h(' ('omnH'l'eial aspects of tl\(' nareissus 
industry. TIll' fly is ddinitl'ly l'stnblished on Long Island, Nl'\\" 
York, and, ",hilt, not Yl't Wl'Y ubundunt, it s(,pms to be d('finit('ly on 
ttw nscpndnn('y. DNll'ing and Griffiths (13) stnt<'d ill ] 030 thnt tilt' 
insN't wns of 110 COnSN[W'TH'P in thl' bulb-growing n1'('as of thl' coastnl 
plnin of Xorth Carolina. 'I'IH'y statNI thnt inf<'stpd bulbs had 1)('(111 

irnpol'tpd into (').:p(,1'il11('nlI11 plantings tlH'J'r up to ] 927, but that th(l 
ins('el hl1d ('ntiJ'dy disaplwnn'<1. ~nrcissus plnntings UI'(' l'ntllt'l' l'X­

tl'IlSiy(' in South Cnl'Olinn, Floridn, and T(lxl1s, but us ful' ns known 
tll('se plantings ha \'P appan'ntly l'('lllllint'{1 1'n'<' from inft'station. 

SY:\'O~YMY 

TI\(' nareissus bulb fly wns originnlly (jps('l'ii)('d by Fnbl'ieius (16) 
us Syrph118 eqll(,8tri.~, but Int('/' till' SPP('i('B wns pIncNI in the' g('J1US 
A1el'udun. B('cn.us(' of th(' (lxtl'nsin' ('0101' \'ul'intions It 11 lIIn b('r of forms 
hl1\'(' 1)('('11 ('ollsidC'l'C'd and d('scl'ihC'd as s<,pnrn.t(' sp('eit's. 'I'l\(' gl'Ill'I:ally 
arc('ptl'C1 !'5'"!1"Dymy is thul ~i\'('n hy J(prt{>sz (23, r. 7, p. 27/i) and 
Sack (31), ,dlieh, in Ol'dl'l' of priority, is ItS follows: 
Syrphlls eqllc,stris Fllbriciu~, 1794, Eutolllologia Sy;;tClllllticlL, \'. 4, p. 292. 

Syrphu8 flat'icl11!,~ FlLbricill~, 1794 (\·ar.), Entomologia Systl!maticlL, \'.4, p. 292. 

8!1rpklls !ucijo(m£s FlLbriciuH, ] 794, Entomologia Hy:;tellllLtica, \'. 4, p. 290; 


Schellenberg, 1803, Gltttungen der Fliegen, pp. 54-55, pI. 11, fig. 1. 
Merodon rqucstris (FabriciuR) Latreille, 1805, Histoire XatureJle, g('n('ra!c et 

particulicre, des CrustaccH et des fnsectes, \'. 14, p. 360. 
Erislali,s nrm:iss£ 'Fabricius, ]805, Systelllll AntlilltOrllll1, p. 239. 

e \VEIGEI., ('. A. JlHESE,S'T STATI'S (H' r:STA'\J,'SIl~n:~T IN THE [·~"TI·;n ST.\Tt:5 Or r~II'()JLTE(l B"LH I,,.;STS 
REPORT OI'II!.'!'1I "I:ilTS S{'fln:\', Ii 1'(1. 11!l25.T (~IiJll('ovrnJlh..,l.l 
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Eristalis ferrugineus Fabricius, 1805, Systema Antliatorum, p. 240. 
Merodon nobilis Meigeu, 1822 (var.), Systematisehe Beschreibuug der bekannten 

europiiischen zweiflUgeligen Insekten, v. 3, p. 353. 
SYl'ph11S consians Wiedemann in Meigen, 1822, not Rossi, 1794, Systematische 

Beschreibung der bekannkn europiiischen zweifliigeligen Insekten, v. 3, p. 354. 
]IJerodon transversalis Meigen, 1822 (val".), Systematische Beschreibung der 

hekannten europiiischen zweifHigeligen Insektcn, v. 3, p. 354. 
iUerodon validus, Wiedemann in Meigcn, 1822, Systematische Bescl,reibung der 

bekannten europiiischen zweifHigeligen Insekten, v. 3, p. 365. 
l1Jt!rodon bulborum Rondani, 1845, [Bologna] Nuovi Ann. delle Sci. Xllt. 2 (4): 256. 
Jferodon tuberclilala RondlLni, 1845, [Bologna] Xnovi Ann. delle Sci. Xat. 2 (4): 256. 
Jferodon nigrilhorax Bezzi, 1900, Soc. E.nt. Ita!. Bolo 32: 89. 

DISTRIBUTION IN NORTH AMERICA 

Inspl'etion records compiled by plant quarantinl' units of tIl(' 
United Statl's Dl'partml'nt of .Agricltlture for 1931, 1932, and 1933 (35) 
statl' that ]Ylerodon eqnesiris was l't'portNI in narcissus in California, 
Illinois, :Micbigan, N(,\\T York, North Caroliua, Ohio, Orl'gon, Pl'nnsyl­
vania, Rhodl' Island, Utah, Virginia" and vVashington. StatenU'nts by 
.Jack (21) and Johnson (22) d('finitl'ly indicate the l'stablishnwnt of the 
inscct in sevl'rnJ parts of 1IassacLusetts. \Veiss (38) rrports that 
larvur wrr(' found in Ncw Jpl'sey in 19]3. Mt,tealf (27 p. 217) rcports " 
an infpstation in Mainc'. Britton (7) stat('s that it occurs in 
COl1lweticu t. 

WIH'th('r or not tlw ins('ct is dC'fin itl'ly estnhlisl)('d in all tht'sl' State's 
is not known. \VlwJ"(' narcissus bulbs nn' not pl'oducpd commercially 
thc' only trouhll' would hl' in gardcll plnntings, which would not 
ordinarily b(' sCl"UtinizN\ Vt'l"y cal'dully, and llcnc(' nn infcstntion might 
('scapl' 1'C'cognition for SOUll' tinH'. 111 tIlt' Pacific Const area til(' 
ins('ct is known to 1)(' dpfinitl'ly (,stahlishc·d in California, Or('gon, and 
'Yflshington, and in th(, Provinc(' of British Columbia. 

DESCRIPTIONS OF THE STAGES 

THE EGG 

TIlt' l'gg (fig. 1) is chnlk-whitp, ('longatl'-Qvfl1, sllbcylindrical, and 
slightly nanowrr at the micropylar' (antt'lior\ l'lId. Its ll'ngth is 1.5 
mm. and iis grpatc'st dinmt't('r 0.6 mm. TIl(' chot'ion hns a nt'tlike 
appNlranC(' Wl)(,l1 vi('wpd unclc'r ma,gnification. Till' snrfacl' is eovcrcd 
with polygonal ph'va/('d a1'('l1S, sotnrwhat J'llgOSl' nnd of v('ry rl'guln1' 
sllapC'. Thl' sl'pttl'tlting line's which form t\tc appa1'l'llt patt('1'l1 an' 
depn'ssions \)l'lw('('n th(' ('I('vn tN\ arpns. 

THE LARVA -
TilE ~UMBER OF ]~AHVAL I~STARS 

In till' COUt'Sl' of s('vt'rnl Yl'ars many thOIlSilIHls of latTa!' of l1fel'or/on 
equestris hltV(' \)(>('11 hnndled in ('xp(,t'inwntn\ trNltnwnts and in c\pv('lop­
m('ntal studies. Throughout all th('s(' ohS('l'\'ations molting hns 1>('('11 

obst'l"v('c\ nL two distineL slagps of devplopnH'nt, nanH'ly, nt about the' 
Ipngths of 3.4-4.0 nnd 8.5--9.0 mm. Frpshly mo1t('d lnrvltl' n,re 
easily disc('mib](' I)('ralls(' of till' wry light coloration of tItt' postl't'ior 
spira.('ulm.· proc('ss. rrh('s(' ohS('t'Vl1liolls tll('rpfol'l' indicl1 tl' thnt til<' 
larval dt'vt'lopm('nt pro('('('ds through tlm'(' instnl"s. Hodson (1.')) 
states that there' al'(, four instal'S, dcscribing lItpm brit'f1y, but prt'st'lli­



ill:"; II" PO~ill\" 1""111 il\llI;': ..\llIl':I"llrI"l i,'" ,·\I·,'pl 1"11;.:'111 1l1l·:I~III"·IlIl·llt"'. 
!:Ill' lilt' ~lIJlP'h"" 1'0111' i""tnl' IJI' !,!'l\,·,...I'·II!.!'lh- 111'1,,-. :2 111111.:2 ,-.111111 .. 

.-..... , '-..,-, 111111 .. nlld ;1.:; 1!1 111111., I 1'''P''''1 i\ ,·1.". Iml""II",ll;1" 111':1.1­

"np"lj", \\ "II h lin, 1""'11 III diz,·d 1"11' ill"t:11 dif]"'I"'IIII:11 iOIl \\ il h II II II I1'1'11 H" 
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In addition to these, several larvae had been collected at various 
times in the process of molting, and these were preserved individually 
with their associated exuvia. These larvae were measured as were 
those of the main series, and also the widths of the spiracular processes 
on the eXl1via were measlU'ed (table 2). The widths of the newly 
formed spiracular procE'SSE'S of larvae that are from 3.5 to 4.0 nun. 
long aTe practically identical with the widths of the processes on the 
exuvia, which are slwd when the larva(' arc from 8 .•5 to 9.0 mm. long, 
and arc also the same as those of the middlE' group of the series 
presented in table 1. 

TA BI,E 2.-1Vidths of the posterior spiroclllar processes of freshly molted larvae of 
JJerodon eqllestris ami of the ossociated eXlwia 

First lan'al molt """ond lan'al llIolt: 

L('n~th of larm 
(milliruett'rs) 

3.0 . 
3.3 
3.3 ... 
3.4. " 
3.7 .• 
3.8 
3.S .•. ,. 
3.9.,. , 
4.4 ." 

3.1 
3.t 
:l.2_~ . 
3.3 
3 .. 5 
3.1I 
a,G., 
:l.6 
a.7 
:l.9' 
4.0 

: Width of spirnculllr proc('ss­

: On Inrvn I On ('xllyiUl11 

l,.Ptl!!th of Inn-il 
(millinll'tNs) 

Width ofspira('ular proc~FS-
!'--~------....,......----

I Scale lWit.~ Scale unit,., ."clIle U'Nits .~·c(lle 1I11it,~ 
21 JO Ii.:!' M 24 
22 M 8..1 5:1 2:1 
22 li So.:; ;! 5:1 2:1 
25 10 H.b 2 ,5a 24 
2:i !l So,1 ii(J 22 
22 9 :S.5 2 58 24 
22 9 S.,:; :! .58 25 
2-1 !I K,1 Ii:! 26 
26 !l Soli .15 22 

~.I; 59 2:1 
S.I, 5:! 25 

21 (I) ~.7 Mj 22 
21 
22 

(II 
(I) 

.s.7,

.s.li , 
5i 
,5:1 

2:1 
21 

21 
22 

(I) 
[I) 

8.S' 
8.S 

5·' 
5f\ 

22 
24 

21 
2'1 

(I) 
(I) 

S.!! 
0.0 , 

1i0 . 
5a . 

25 
24 

21 (I) 9.0 2 5(; 2:1 
!,!:~ 
21 

(I) 
(I) 

!I.n 
!I.I 

57 
5; 

2'2 
21 

22 (Il !J.l 
!l.), 

li8 , 
fiO I 

24 
22 

0.2 53 25 
9.22 
!IA., 

(i2 
58 :, 

24 
23 

Ilk. 62 22 

I Fr~shly moIINllnr,," without. IIssociatcd ('xu\'ium. 

, l_an'lI distorted, 1~lIgth estimated. 


This study h'ads rather positively to til(' eonclusion that larvae of 
A1erodon eque8tris pnss through thr'ce instill'S in their devclopmpnt. 

TIlt' smallC'l' larval' ItI'(' vt'ry light stmw-eolorcd, sOllwtimps apppar­
ing almost whitt" but the lurgC'l' larvap an' slightly darker. The larvae 
generally appeal' to bc of vllrious shadps of brown bC'ell.usC' of staining 
fr'om thc moist dpcompos('d tissue in whieh tliC'y livp. The posterior 
spiraclllar proCC'ss is vC'ry hC'uvily selProtizpd and tlH'r'('for'(' r'emains 
practically unehang(·d in siz<' throughout (,Ilch instal'. At tIl(' begin­
ning of ench instal', including nC'wly hl1tclwd Illl'vl1(>, this process is 
light in shadp, It dar'kens, how('vl'r, in It few days, and thC'n appears 
almost black. TIl(' mouth parts ar('al'rnngNI as 11 pail' of vC'ntl'ltlly 
directed, sharply pointed hooks uniting basally in a hoodlike formntion 
covering tll(' mouth op<>ning. These mouth hooks ar'o lwavily sclero­
tized, vpry dllrk, and !'('main unchanged in siz(' throughout the dC'veiop­
ment of eaeh instar'. The tl'ltnsvel's(' wl'inklf's of til(> body obscure the 
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segmentation, but each segment bears a transv('l'se row of setae by 
which it may be r('cognized. The larvae skin is covel'ecl. with very 
minute cuticular spines. The larva is somewhat subcylindrical , with 
the ventral surface flattened. The head is sOllwwhat pointed and the 
posterior end truncated. On each sidl' of the postel'ior spimcular 
process is a spine-coven·d tub('I'Cit' fl'om which protrudes a prominent 
seta. The newly hatc1lt·d Im'va is 1.5 mm. long and tIl{' ml1turr larva 
may attain a length of 18 mm. Length is a mth('I' ilHlpfinitl' charnctpl' 
becausr of tll(' ability of til(' hu'va to contmct and pxtpud its body. 
This renders difficult the selt'dion of a dt'fillitp dt'grer of l'xtpnsion 
for comparative purposes. An rxtrl1(kd mflture lfll"va might haV(' fl 

length of 20 or 21 mm. 
The thl"(,(' larval inslnJ's mfly be distinguislwd I"padily by tht' wid th 

of the posteriol' spirflcular Pl'O(,('SS. In tlw par·lipl" pbas('s of eacb instal' 
the body is considl'mblv wl'inkled, but till' skin IW(,OIll{'S somewhat 
distendpd by tiw timp tfl(' IflrVtl is I"P"Liy to molt. III addition to the 
postC'rior spimcular prOCl'SS tht'rc flr(' Otht'l' chal"Hctel"s which distinguish 
the thrpp instal·s. 

FIRST INSTAll 

TIl(' fil'St instal'S rang:' from 1.5 to 3.8 mm. in lpngth (fig. 2). TIl(' 
setap an' I'plativply long ill propoltion to tht' body diatnt'tPI', Illuch 
mOl"(' so than in the latl'1" instal·s. Tlw postpl"ior I"t'spimtol'y procpss 
is som('wliat flattpnpd, flnd tht' distfll pnd is rntb('(' smoothly rOllll<il'd, 

FIGUJUJ 2.-First instal', of the n!tl'ci;;~us bulb fly, 2, 3, 3,5 and 3,5 nUll, long, 
.-l to /), rCf'pcctivcly, X 10, 

with a small coniC-HI pl'oj<'ctioll ill til(' ('(llIt(l1' (fig. :n, Thi~ ('('ntl'lll 
proj(l(,tioll is distillctiv(' of titl' first illstnl', Thl' :L\'l'('agp width of til" 
PI'OC(lSS is 0.1:3mm" rnnging fl'om 0,1]4- to 0,14:3 mm, On l'iH'h ~ic:,· 
flnd slightly hplow lhc' po~t(,l'iol' spil'H('ulnl' pI'O('(IS~ i~ n fll'shy clllblike 
PI'OtU\)PI'IUlCC' about as long ns tI\l' spil'H(,lIlal' P(·()('('~S. Efl('h Pl'otu\)l'l'­
nJl('C' is ('ovc'I'('d with sll1nll shol't SpillPS, B(,lIlt'whut Inl'gc'l' thnll thosp 
on thl' body in teglllll('11 t. filld bpll('s nt its (I(HI n 10llg Iwistielik(' spIn, 
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three times as long ns the width of the spirncular process. Another 
pair of setne of about the same length is located at the lateral ends 
of the lobelike fold on the terminal body segment. Although mnny 
of the setae on the rest of the body appear rather long, the longest 
are only about half th(, length of the four bristleIike setae at the 
posterior !.'nd. The J"(,lntivdy long s('ill!.' gin' thc :young larva a hairy 
appearnnce. 

/ 
/ 

.' 

FIGURE 3.-The posterior spiracular proc('ss of a fir"t instar of the narci::;SII:; bulb 
fly, with the adjacent tllb('rcl('s with long setae, X 8. 

Ventrully, six pairs of protubl'r:nH'('S likl' proll'gs arl' I'asily s('('n in 
til(' first instill·. Each of tlH'sl' b!.'l11"s two bristll's, the ('nds of which 
nre cll1'VI'd slightly, pointing bllckwurd. Tht's!.' un' chllractpristic of 
th!.' first 1I1Stl11·. 

SECOND INSTAR 

Th{, lengths of second instnrs (fig. 4) rnng(l from 3.5 to 8.7 nUll. 
TIl(' segm{'ntal s{'tn{' fl}"{' rp]ntiwly short nnd spilwlik{'. Thosp of the 
posterior s{'gnH'nts nTI' n ]itt1(' ]ongl'r thnn thosl' of th(' nnt{'rior sl'g­
ments. Th!.'rl' Iln' 110 protu b{'rfU1c('s sugg!.'sti \.{' of proll'gs. The 
posterior spil'l1cular l)J"oC('SS is nlmost round, nnd is distinctly trun­
cated. Its aVl'rage width is 0.33 mm., with u runge from 0.286 to 
0.386 mID. The tubl'rcll's on ('Ilcb sid!.' of th(, postl'rior spiI'flclllnr 
proc!.'ss arc short, and thl'ir sptal' n1'e spinelik(, Hnd rn tlwr short. The 
totalll'ngth of tubprck nnd <wtn is only slightly mare thnn that of tIlt' 
spira,~ula.r process. 

THIlU) INST,\R 

The lengths of third instnrs (fig. 5) rnngp from 8.1 to 18.4 mm. 
The segmental setae on' rrlativPly wry short nnd distinctly spinplik<.'. 

,110;;81--12-2 
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:-:('C'" I III ill-tar" of tlil' Iilll'('j,,", IlIillJ fly, ,1,1, ri, 111111 .'i 111111. 11l1I~ 
.1 to n, 1'!"I)('('tj\('ly, K 

Third ill,tnr- of thp 1IlIl'('j"lIh hllill Ih', n, I:!, I.;, :11111 IS 111111 lOll.!.!;, 

.1 til I), rp-p('('Ii1'ply, : I. 



BIOLOGY OF NARCISSUS BULB FLY IN PACIFIC NORTHWEST 11 

Those of the posterior segments are a littlt' stouter and longpr than 
those of the main part of the body. There nrc no protuberances 
resembling prolegs. The posterior spirncular process is distinctly 
truncated. Its a,verage width is 0.84 mm., with a range from 0.758 to 
0.93 mm. The posterior tubercles an' short, with short, spinelike 
setal'. The total length of the tubercle and seta is about half that of 
the spiracular process. The cuticular spines arc larger than in the 
earlier instars. 

THE PUPA 

Since the skin of the l1Jnture larva bl'(omcs the case or Ellell within 
which pupation occurs, tIll' externallarvnl rhnraeters nre evidt'llt on 
the puparium (fig. 6). Both ends become shortelled and more rounded 

.A 

B 

FWURE 6.-.'1, PupariUIll before emergence of the narciSSlIs bulh fly, X 7; 13, 
puparium after emergellce of the narcissllS bulb fly. X 7. 
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than in the larval stage, and the ventral side is flattened. The pos­
terior spiracular process of the larva is tJuite distinct iu the puparium, 
and the wrinkles and folds of the larva remilin in evidence. The 
skin becomp.s distinctly hard and unyielding to pressure, and becomes 
dark brownish gray. Several days after the puptlrium forms, a pair 
of respiratory cornua protrude from the upper part of the anterior 
end. The puparium is from 12 to 15 mm. long and from 7 to 8 mm. 
wide. 

THE ADULT 

The adult j\iel'orJon equesfris is a robust two-winged fly with dense 
pubescence (fig. 7). A conspicuous toothlike projection on the under 
side of the fpmora of the bind legs is clHll"Uctt'ristic of the gell us, and 

/ 


FWURE 7.--Adult l1urci!'RUS bulb fly (JJerodo1t eqlles/ris) , Xi. 

it stout spur at the distill (,Ild of the tibia of tllC' hind h'g in the male is 
distinctive for the spe'ei('s. Tht' ('Ye'S an' lnrge, those of the mall'S 
joined in the front, those' of the females separatl'll. Thl' thorax is 
approximately as broad tiS it is long, and tIl(' dorsal ptll-t is arehed to a 
slight cxl('nt. It, of eours(', b('ars the legs and wings. TIlC' wings are' 
trn,nspnI"l'nt, with prOmiUl'Ilt brown v{'ins, and very little eolor c-xcept 
a brownish shading nenr the' bn,se. ViewNI dorsally, the fort, part of 
tlw a,bdonwll is about us broad as tlw thorax, unci thl' Inttl'l' hnU tapers 
to the postc-rior end, whieh is rOllml('d in tIll' malt' and bluntly pointl'd 
in the femnle, Tlw It'llgth rung('s from 12 to 16 mm.-approximatply 
}~ inch. 

Coloration of the' flit'S is strikillg Iwe!LlIst' of thl' ('xt('nsiv(' val'iation. 
The' pubescent body, with its vnril'cI ('o;ors, produe('s It st!'ong l'e'spm­
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blance to a bumblebee, The basic body color is black, and this is 
the apparent color of those portions of the body that are 1lot coverNl 
with dense pubescence, namely, the t'y('S, the ant(,IllHLe, the ventral 
portion of the thorax and abdom('n, and the l('gs, Near pach ('dge of 
the dorsal part of the second abdominal spgrnent is an irr('gularly 
round area of the exoskckton which is brownish orunge, The pubes­
cence on the dorsal area of the thorax and a bdornen is long and 
thick, and varied in color, so that it masks the busic black of fhp 
exoskekton, This is tll(' principal coloration visibk in nature to otll('I' 
forms of life, and it might be considered a mimicry of bees as a pro­
tective measure against birds or otllPr potential enemies, 

Allal}Tsis of the color puttel'lls reveals thr('e trllnsv('rse zonC's, or 
bands, on the thorax and tlU'C'e on the abdom(,ll, The division bet,vr(,ll 
the anterior and middle bUllds of the thorax follows the suture 
separating the prescutulll from the scutum, and tilt' suture b('t\v(,(,Il the 
scutum and postscutellum is the line of demarcation betwl'Pl1 the 
middle bUl1d and the postprior biLIld, On thp ubdolllPn tll(' first band 
CO\"('1'3 the first two a.pparl'nt srgmmts, the middll' band corresponds 
with the third segm('nt, nnd the third zon(' ('xtends to tIl!' tip, Tl:e 
colors of til(' pubescl'nce n1'e black, brownish orange, nlld a pale yellow­
ish gray, Thes(' colors mny be found in many combinations on til(' 
six primary zoues, and this allows an extpllsivc ,nria Lion, DifTc\l'('n t 
writers have used thC' tC'rll1S 1'ulvous, tawny, nnd fC'l'J'uginc'otls to 
describe til(' brownish-orHnl!.p Hhndt', Thc\r(' Ul'(' occusionally slight 
vnriations in tll(' shade, n bit ligilt<'l' Ot' dnri.;w, but chnractrristically 
it mav bC' consirlPlwl ns brownish ornngl' wiih n moderntp brilliancy, 

The; colol's of th(' pubC';,c(,IWC\ a]'(';;lOst UCl'ul'lItply obsC'I'VNI 1jy 
,-ipwillg ti)(l fly lat('l'ftlly to eliminate til(' influ(,IH'p of thp un(]P1'~ying 
black body, Tlw COlOl' v:trintion mny ('xU'nd from an almost nil 
black to a" complt'tp hl'Ownish ol'ilngp," Xo black sp('eillH'nhns I)('('n 
observed with tIl(' abdominal tip black, 'Yhpn til(' I'('mnimkl' of tlll' 
colo I' is black tll(' tip al'('a is gray, EWI'Y olx';(\I'v('(] slwcimen ha\-ing 
tl)(l thornx nIl hlack was He f{'mail', nnd a black front thol'Ucic zone 
hus h('('n notpd only in those f01'111s ill which all three thol'il('ic zones 
were black, Flil's with I.h(' ornng(' shade' of pub('scpnc(' in nll zones 
have 110t bcc'n llUm('rOUS, but nIl those ObSPITN] hnv(' 1>('('11 mnlps, 
und it mny b(' that this combination is a spx-linkN] color vnriution, 
as is thp nll-bluck thorax, Vt't'y Ntrly stu(jpnts of the gl'oup l'sUtb­
lished som(\ of the color-variation forms us sl'pnratC' sp('ei('s, but latpr 
,...-or1\.('l's 'who r('nred adults have eonsid(,I'pd that only OIH' speeit's 
had l)('e11 ilwoh'l'(], Sl'v('rul forms hu 'Tp hC'l'tl eonsidc'I'NI ItS vuridips, 
but these enn hnnlly be tel'm('(1 VUI'ietips in thp strictest intpl'pl'dation 
of the tpl'm, sinet' the' (\vidl'I1el' indieutl'S thnt th(, s('v('rnl forms mate 
irl'l'spectivt' of colol', and that the progeny of any mn.ting, whdlH'1' 
of similar 01' diffl'I'('nt colorings, may bp a hC'tl'I'ogl'110US mixtul'l' of 
color variations, Assuming that thr tl'I1l1 vlll'iety applil's only to 
forms which l'l'pl'oducr tll('mst'lv('s in til(' same form, it is not propp!' 
to apply the term to the ndults of .Jlel'or/on eq7usiris on till' bnsis of 
color, 

POSSIBLE CONFUSION WITH OTHER FORMS 

In the Unitpd Stat('s and Cantle/It no othel' sp('cil's of tht' g('nlls 
A1erodon has been authoritatively I'('COI'd t'd, although a consid('rablp 
number of species n1'(, known to OCCUI' in EmoP(' , The form most 
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likely to be confused with the narcissus bulb fly is the larval stage 
of a lesser bulb fly (Eumerus spp.). The mature larvae of the lesser 
bulb flies are similar in size to large second instal's of M. equestris, 
hence any confusion would concern the smaller sizes of the latter. 
The larva of M. equestris may be distinguished from Eume1'us spp. 
by the dark-colored, very short and stubby posterior respiratory 
process. In the lesser bulb fly larva this structure is distinctly more 
elongate and slender, and is a brick red. Also, a larva of the narcissus 
bulb fly is found by itself in a bulb, and in its younger stages is located 
in a distinct tunnel or burrow, whereas larvae of the lesser bulb flies 
work in groups, and the bulb tissue in which they feed is reduced 
to a homogenous, usually WE't mass. 

LIFE HISTORY AND HABITS 

Life-history studies of the narcissus bulb fly have been conducted 
in the Pacific Northwest for several seasons. This work represents 
conditions as they occur in the lower Puget Sound region-in a 
general way the region between Seattle and Olympia, vVash. Al­
though accurate studies have not been made for all the Pacific North­
weRt, occasional observations indicate that in the narcissus-producing 
areas in northern Washington (Skagit and 'Whatcom Counties) 
growth conditions in the spring are about 1 to 2 weeks later than in 
the lowcr Puget Sound region, while in southwestern Washington and 
in Oregon the spring is more or less in advance of the lower Puget 
Sound area. The coastal section of southwestern Oregon is different 
from the Willamette Valley and Puget Sound regions, as the climatc 
there approaclws the eonditions of cm tral coastal Califol'l1ia. The 
information obtained eoncerning the spasonal history of the narcissus 
bulb fly in the lower Puget Sound region would not then,fore apply 
in detail to southwestern Oregon. It docs approach the conditions 
of the Willamette Valley, lower Oolumbia Valley, and northern 
coastal areas of Oregon, with dUl' regal'd to advancement of season, 
and of the northern eounties of western vVashingtoll allowing for the 

• slight retardation of season there. 

THE EGG 

TIl(' ('ggs of thl' nal'eissns bulb fly an' dt'positl'd singly, often on 
the nl1r('issus folingr npPl'oximatPly at or slightly Iwlow the ground 
levd (fig. 8). F}'('qucntly eggs arc placed in til<' soil clos(' to thc 
nareissus plant. Sometiml's the soil al'ound tilt' plant l1HlY have a 
wid(' ('I'fi{'k or b(l OPC'I! otlH't'\viSl', in which ('v('nt tllt' [('111111e flv baeks 
downward as far as pORsiblc before dC'positing tIll' egg. HC'll(,(, ('ggs 
may 1)(> found on('-qnarter Ot· ollP-lwlf of all ineh bdow till' Roil slll'fact'. 

Information on tlH' ineubatiol1 p('riod haR be('Tl obtailwd und('I' 
oJ'dinal,}, room tc'mppl'fitul'cs. In thl's(' st:udi('s eggi'1 w('r(' }'('moved 
from pottNj BllI'cisRUS plants ov('.I' which adults ,\'PI'(, eng('(1. TIl(> 
Pggs W(,1'(, kept in staekt'(l SymclIse watch g:lassps und WlltC'I' drops 
wel'C' plac('cl 011 the bottom of paeh glnss to lwlp maintn.in humidity. 
A sCl'i(ls of obs('rvn.tions mad(' at Santa CI'lI7.. Calif., in 1926 is com­
pared in tabJc. 3 with data obtained at Puyallup, ·Wnsh., in ] 927 and 
nt Sumllt'l', 'Vash., in 1932 amI ]933. 
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T.IHLI·; :l. FI'( qll('IlC!! di"lri/)lI!io/(.x for inc /11m ti () It 1)( rio"" oi t (jgll of .\/ ( rodO/l
((1"1 ,~Iri,~ liS ()b,~( /'/'('11 ilr dijT"}'(llllflcoli/i,R 

1-:L!~"'lIh'l'n t·d a! VJ:" .. t.f,""I\l·d a! 

I )Uf,!tjoll J )lIralj"u:-:;:anta !'Ul'll, ,"';UflJ- :-:UIII ~fday, ~:UJla 1'1I~ ":- :'tUJl- ;--lUlI
(""rIlZ, Inp, 11I'r. 1It,1'. 'dil~" { 'rUl. 11",. 1/1'1', U~'l' •('"hr., "''''h., 1I'",h., II',,,,, . £":II1!" 1\'oj,1! , \\",11 . \\ ',,,11 •J~ I:!I i J!I:!; UI;t! J',la:{ 1~ I:!" t!I:!7 PI:!.! I,,;n 

".\'>'/Jlft­ .Yrllll- .VJr",. .YllfIJ­ .\"Im. Slim· SI'fh- .Yn",­
'If r 1,(, 'ItT I"r I" r I"t Jjf 1

't. ., I 12 ....:{
III I., I~I: 2·' I !l-; I":i;!:! II ·Il 1.-. " III 

I~I 21,. '.-, Pi 17";1; !IH IC." 
II' ;1~1 1·',1., 

1:1" " \11':111 ,{~I , 71 1ft -; Ill. :-r ~II II ,-;~ I ';"Ilti 

TIl(' dlllntioll of til(' ('!.!:l,!' stnl,!'l' ill tilt' .\"(·till'rl:lllcis is ,;tutl'cl to hI' 
to 5 da,n; (,n. III EIl~dalld 'HOc/SOil II!}) fOlllld til(' ('g'g' ]ll'riod to 

1'llIlg'(' f,'olll 10 to ]5 dll.\"~. hn,;illg- this Oil 0\'('1' i') .\"('111'';' r('('ortis. III th(' 
l~llit<,(l Statl's vnriolls p<'rio<is III'<' l'pportC'd, l/O\\':IJ'(I U{J, /1. 181. 
npplIJ'('lItly r('/'PI'I'illg' to oi>s('I'\'llliOIlS 111 lid (' :It \\'llshillg'tOIl, D, ('., 
]'('cords (hnt til(' ('g'g'S hlltell ill :~ OJ' ..j dnys, \rpig-pl (.j,). dp(illitl.'l.Y 
j'('portillg' Oil olJs(,ITalio!ls III "':Ish iIlfrt 011 , D. C., Stlltf'S th:tt th(, 
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. 
incubation pl'riod und('}' gn'pnhousl' conditions is from 2 to 9 dnys, 
tll(' ll.Vl'ragp bping about 6 dnys. Brondl)('nt (9). as a r('sult of 2 YNlrs 
of obs('rvatiol1s at "'nshington, D. C., stntt's thnt a mllgp of 10 to ]4 
days was not('(1 n t temppmtU/'t's from 17.1 ° to 20.5° C. (62.8°-68.9° 
F.), with an nvprngl' of 12.15 days. In Or('goll 'Yilcox and lvIt>lp (39) 
found that tIlt' mnjority of thl' Pggs hat('ll('d in from 8 to 10 duys, ,,;til 
a rnngl' of 6 to 15 days. It is of coursp praetiC'nlly impossibll' to dupli­
cutl' tll(' fil'ld (,Iwironml'ntnl conditions tllnt (·ggs ('xpl.'ril'ncp. 80il­
surfnc(' tpmpl'mtul'(,s mny 1'isp high in bright sunlight, nnd of courst' 
tlw locntion of til(' Pggs givl's t11pm vuripd nmounts of sllad(" cuusing 
varil'd tpmpl'l'ntun' ('onditions. Somp of thp shortl'st pNiods ob­
s('I'Yl'd by till' writl'l's probably 1'('})I'l'sl'nt unintpntionnl PITors, and 
thp same' is likdy with somt' of tIl<' short('st pl'riods 1'('port('(1 in litl'rn­
tun'. In gl'nl'ral, it appNlrs thnt n 10- to 12-dny pl'I'iod is rpqui1'pd 
for l'mbryologiC'al dpwlopnH'nt in tIl(' l'ggs, nnd this is tlH' upproximntp 
rnngp indicntl'd by tIl(' studi('s of Hodson nncl Brondbl'nt, which Wl'1'(' 
3pplll'{·n tly sufficil'n tly l'xt('nsi\'(' to 1)(' eonsidl'I'PC1 llC'curn tl'. 

TIl(' upwly hnte!tpcl hlrvn of til<' nnreissus bulb fly migmtl's imnH'­
elinU·ly from thl' ('gg to tlH' nnl'eissus bulb. whieh it ('ntl'rs unci in 
which its l'Jltin' d('wlopnH'ntld p(·riod is PHSSNI. 'Yhl'n ],(·udy to 
pupate', tIl(' mntul'(' I:11Tll kan's the' hulb ilnd moy('s upwnl'd to till' 
soil surfn('P. wh('J'(' it c!wnW's to tIll' pupn. To maintuin ImTflP 
undpr obsl'ITntion ill ('onditions (',\PI1 npprooching 110rmill would 1)(' 
pxtn'mply difficult. Ewn if k<'pt in bulbs nlld I'Xlll11ill('d from tinw 
to timp. a s('rious disturhlll1('(' of th(' (,lwirol111H'l1t is in\'ol\'('d UP w('I1 
ns distnrbnncp of tlr(· )111'\'1\(', for thl' bulbs l11ust hl' ('ut 01)('n to 1'Plwh 
til(' !"r1'ubs. To H\-oid this disturbHl1cC' fuctor, InlTol d('\-(·I<'pmPllt lrm; 
1)('('n studi('d by coiketing numiwrs of il1f('st('<1 bulbs nt int(,ITals nnd 
dnssifying tl1<' lllrnw from N1cil Ritmpl(, on til(' bllsis of siz(' itS (Ixpn'ssl'd 
by kngth. A study of til(' chnngl's in th(' siz('s from intt'l'Ynl to i11­
t('rvnl hns fUTl1is}H'd a dist inei ]lid III'(' of th(' d('y('loPllH'11 t of till' 
Inl·VIl('. By this nwthod lI.etunl d('v('lopn1l'llt in notuml ('olHlitions is 
dC'tPl'miIH'd, lind, pnrticulnrly, th(' nH'thod ('Iiminntl's th(' influ(,IH'(' 
of distul'bnrH'(' of til!' ins(,(·t and t'lIyir011I1WlIt which would 1)(' il1\'olnd 
if obsC'l'\'utions \\'('l'(' mnd(1 lIt int('rn1ls on tIl(' snm(' indi"idunls. 

Populntion SilJnp)llS W('l'(' ('oll('('('d nt intl'ITltl;; ('Heh ;;('Hson fl'll111 
19~H to lOaR, indusin·. B('CtlUS(' tI\I' numh('r;; of Inr":i(' ill tl)(· \'Hrious 
slImpl!'H Yllried. til(' proportion of <'Heh sumpll' for l'Heh 11'1l/!th hus 
Il('pn ('lIlculn«ld. to mnk(' nil tlH' ;;nmph·s ('ompnrn.hll'. T1'lu's(' dIll:! 
ilf'(' PI'<'s('ntl'd ill lnbl(, 4. In nil tll(';;P ;;tuclil'H lhl' 2- Hnd :{-l11m. 
Iurnw .l'C'pn·sl'nt til<' fin;t instal', 4- to R-mm. 111lTII(, J'('pr('sl'nt tilt' 
s('('ond instnr, lind !J- to IS-nun. larvIIl' J'l'pr('sl'nt til(' third instill'. 
Typieal population snmpll's Ill'!' illustm (NI in fig-un· 9. 

Jnfpstutiol1 of the' bulbs first Iwcol1"l('s !'vidl'llt Int<' in ~lnY or t'lll'h­
in .JUII(·, nlld ttl(' numlwl' of 1I('\\' InlTtH' iIH'I'l'IlS('S throu/!h ,JillH'. Tlir 
indi\·idunl mU's of d('nlopnll'nt vary considc·l'nbly. und thl' rilng(' of 
siz('s 1)('('ol11('s "pry wi(ll' ns tlu' bl'HSOn progT(lss(ls. S('C'ond instnl'S 
\\'('1'(' first obsl'rnd on ,111ll<' 22, 10:34, .TIll\(, 20, I n:3f>, ,JUIH' 2ii, Jn3G, 
.July S, 1937, nnd ,JUlI!' 2:3, Ig:~X. Th(, first third instill'S W('rt' notpd Oil 

JuG' 25,1935, ,July ~30. lO:Hi. August 12,10:37, nnd l\Ug-ust ii. U)3S. 
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TABLE 4.-Proportions of sizes, based on larval length of llrerodnn eqlll'siris larvae in 
natuml population samples acquired at intervals 

FROl\I EGGS DKPOSI'rED I~ i934 

Total' Proportion of total sample of lar\'8e for cach length in millimeters 
la~ys('1Date of sampling 

sal~Plpi 2 : 3 ! 4 i 5 r.: 7 i 8 i !l 110 : II ; 12 ! 13 , 14 [Iii: Iti II. ! 18 
------1 ,-,-'-,--1- - --:-i--:-,-:-,-,-f-, ­

1934 No. jPcl.'Pel.'Pel.:Pel. Pel. Pel. Pet. Pel. Pel. Pet':Pcth'el. Pel,'PeI.'Pet.'Pel.'Pcl. 

t~l.t~~~t"" I~~ il~~ i'~(3Fl~': lri'f'F:g'!'~~: I~: ;;<~'ll~ i'113'ill~I.·li::I":1:f'''·4' 

Oct. 30 .... ____ 85 5, Ii: 2' 1 l I 5 0, 8, 8 _" ' 
NO\·.30._. ____ .. 91 2, Ii 2, I 4: Ii i 4 13 11:1: 2:1', 20 i r. 
Dec. 31. ..__ "".. 145 5, 8 I I 2: 5 12' 18 ' 19 ! 20' 7 

i 
I1985 ' , , 

83 i . ! 2 5 I I i 3 :1 Wi 19 : 2S j Ii 7n~;.k:·:-····· .., 2 2 2 2 2 4 11 954 4 : 5 I. ' 2°120 
2 , 2' 5 'Apr. 25.... .11i 12 2:~ 4 2 • Ii 2 O. 910 I 4 

!l\lny2.. ,;6 : 14 17 14 2 4 7 4 ,1 ~!: n f Ii J 2 
:-'fay 9. __ , 61i . 12 I. 11 4 fi ,1 :I ,i II ! 1.1 1 9,
l\[ay 16. ___ na 1. 20 14 2 8 , 8 5 :I, I' :1 i 4; 
l\fny 23,_ .if) t. 2!J , 16 2 7 .1 4 r . 
MIIY 31.. '" , 18 21 8 3 8 10:" 2 i 2"!, If)JuncO.... " '.1 ~~ I:: 6 2:1 2:1 10 6 I!! ' :1 ,
June 13".", 30 ! ... 17 10 I!! :1 10 17 17] !li 
Junl·20~._._. 42 ' .. 9 14 22 14 5 9 I. 

June 27.. " 19 .1 i 11 2., ,i 11 5 II 11 " 11 ,i 

,luly5,.. 20 5 10 I 25 ! wi 10 5 JO 15 5 5 ' 

•Tuly II.. _ 28 , .. i 8: 17 I II 14 25 17 4 !.. 
July 18 .... 23 4 13 13 I 13 1:1 i 1:3 18 1:1 ' :Jul)' 21L, . __ 111 5; 5 11 26 27 JIj .i I. 

Aug.IO.• Ii : 6 I. , 18 29, 12: (j!" 
Aug.16 __ 1:1, , 8 2:1 31 an f 81" " 
Aul(.24 .. la : I~l 2:~ 31 
Aug. 29.•__ . II 9 : 18 :~ I J! 2~ i 
Sept. 5 . 16 f) 2.1 19 25, 111 I 6; 
S,'pt.12 7 14 14 Iii i 28 I 15 . 14 
Sept,I9 21 Ii 10 19 , 28 I 2:1 ' 10 
Sept. 26 12 8 17 
Oct. II 20 .1 ~b 5~: ~~ i 10 
Oct. 25 14 14: 14 29 I 43'0' 

NO\t.8 . . l:l i 8, IS 1.1 I 47 1.1 
NO\'.21 _. 8 25 12:18\2.1' 'J,)Dtlc. 6_.~ 9 11 45 22 
Dec. 20•• _ 1.1 ~ 20 :1:1 33: 14 

1936 : 
Jan.27 ... _ 10 j 10 IiO 30 

~"- -
~Feb. 28 .. .. 7 - " . . - ~: . - ., - ' - 4:1 4:1 : 14 

}'HO?I EGG:; DEPOSITED 1:--' 19a5 

1035 
l\!ny 31. 
Jun~ 6_ 
Jun(' 1:1. 
JUll!' ~'O 

a dOO 
I. 11K) ! 
75 '!l :21 

12,1 41 ,r;; 2 
Jum1 27 
July 5 
.July II 
Julr 18 

20f) 19, iT 
272 Hi 72 
2S4 1:1 ' 11,1 
20:1 4 fia 

a 
II 
III 
:1I 

2 
2

10: 2 
July 25 
AU!\'.:l 

2:10, 
2:1H: 

2 
:1 

a7 . !{fi 
IIJ' 2I!, 

HI 
12 ' 

.'i 
W: 

·1 
IfJ 

.. 
!J 

2 
·1 

1 
2, I 

Aug. 10 
Au!\'.W 
Aug. 24. 
AU!\'.2!J 
Sept. Ii 
Sl'pl.. 12 
s,'pt. 19 
Sept. 211 
Oct. 11 
Oct. 2.1 
~oy. 8. 
Nov.21.," 
))('('. ij ..•• 
n~c. 20..... 

IS4 
IIH 
lSi! 
187 
HlS : 
la•. 
1.0 ! 
1111 'm. 
15J 
1:1:1 
87 

151 
154 

11 
: a 

·1 
:1 
I 

20 17 1:1 : 10 14 .. 
1.1 18 l!l 1:1 ' 12 7 
1fJ 11 i 1:1 11 \J 8' 
12 : I') , II 5 8 •8 , H; II, Ii ,I , I)

• 5 !Ii Ii' 4 ~ . 
5 r .. :1 q' 8i -i 
2 , •• • :11 a : 2' 

4 I 2 1 I s: 
2 II: :I 1 
a \ r" 2 :1: 
2 7 .. I 
a r. '1 2' 
:1 2 

a !l I 
.1 ,I I I 
fl II II 4 
fi' II 11 8 
Ii S, 11 !I 
8 II, 7! 8• 7 II S 

r, t!l 8' 8 
a :1 ' .. i :1 
2 :J' 4 : 
4 4 , : I .1 
:I: 2' II 
a 2 , .. 5 
I 2: :1 

I 
I 
:1 
7 
!l 
!J 
!l 
II 
fl 
II 
\1 
7 

11 
8 

2 I 
4 .. 
fl' f) 

7 8 
10 II 
10 17 
II 28 

HI 14 
1:1 HI 
II :12 

1.1 20 
12 H 

I 
a 
1\ 
Ii 

1:1 
21 
27 
2a 
18 
15 
Hi 

I 
2 
2 
a 
Ii 

12 
(\ 

Ii 
[, 
2 
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TABLE 4.-Proportions of 8izes, based on larval length, of l1ferodon equestrislarvae 1'n 
natw'al populaHon samples acquired at intervals-Continued 

FROM EGGS DEPOSITED IN 1U35-Continued 

'J'o!nl I Proportion of total sample of larvae for each length in millimeters 

Date of sampling la~~ae ,-. .,,'
I 
____ Sample!_21~1_41~!_6!-71~I~j~~I-=-I~1~1~1~1~~ 

1986 11 No. IPet.lPet.' pel.1 Pel. I pet'l'pe/. Pet. Pet •. Pet. Pet. Pet.jPet. Pet. Pct.lPrt. Pet. Pet 
Jan. 27... _......... 120 I .... j· ... , 3 2' I _•.•1.... 41 2 2 2!" 11 16133 16 4 

Feb. 28............ lln ......•• 21 8 41_'" .-.. 1 2 2 31:1 6 7 37 22 3 

May28............ 23 .- •• J.- •• "",'" 9 oil"" 9 I 4 18 la 17 1:1 9 I 4 •••.•.•• 

June4••..•.... _... 14 ..•• ' '"•...• 1 7 2<J 14 7 -•• j •• - •• 7 22 7 71"-' _•.•. __ • 
June n ••.•... _•.•• , 2:1 .••• , .... _.•.1 4 22 1 4 -.J 4 I 4 I:J 18, 18 9 .•.. 4 j... __ .• 
JUDe IlL ••• _. __ .••. , IR ........... fi 11' II I""! 6 I 6 II Ifill IH 11 61--'- "-' I--" 


r~un:f5..··'··-·'·1 17 ...•1.....1....1.... , 12112 I -i-I' 61 6 r 17.12 17 6 6 ",+"
/1~.9··· .. -·······1 21""':"1----;"'" I~ Il~! J, £ ~ ~ I ~. 14 .~o. 10 ~ I""i" . 
usy ·····--·····.1 -.•.. -' ..•• ,.-.- / '----I / / I /! 15 .1 I I'; 1 / 

1
'--T--'J.\ I I 

JUl 16•.•••• ___ .•.. 10 •.. -.• .1-"",-" ·--·1---' -- 10 10 ~ ao 110 HI IIU i 20 1.. 1.- ••_I. 
July2:!.· .......... 1 21,... I . _"j 5 5, !I. 9 24 24,2.11"'-1'" 

July 30. """"" ' 81. "'1" 12' 1:1 I 2:; .2'; , 1:1 112j' _....•• 
Aug. 6 ·----···--··1 Iii ,- _.. 13! 13j 27. 27, la _."--I 7 i 
AUg•. 14 ...... - 10 I.' - i .. I 10 I 20 Iao i :10 I IU -...
Au~. 21.._. ___ • II I .' II 27' 46 I 18 I .• 

Aug.~ ___ •. _ ~, _I' " 1!1221'?fii 11 
Sept. 3 ... _. ·1 1/ I _ ,II 41 .1.; I 18 
Sept.H .• ~. I 11 i I 9! 18 2i 281 18 
Hel't. 18 -. -.. ! 20: . I 10 ':11i .10 15 
Sept. 24 ••. - 6 : 17 17 t :1:1 I 17 10 
Ort. 1...... 12 ~ 8 17 i 42 ,17 lfj 
OeLS._._. 11 18j:17i1R 27 
Oct. 15 -~~ - --_. ~"I lR fj 17 i 55 22 
~ct.2~_. I} 9!~~1:~7 18 
~O\·••J -. 1.1 _.: 2.1 ,.,4 2:.'1 
:-<0\'. 19 III 6 : 2.; I .ifl 11
Dec. :1.. - 10 : 10 . ao 1 50 10 

Dec. 17_... . -, i I • 14 . 2i1 I ·Ia 14 

Dec. 31. ... - 12 i _! 8 42, 42 8 


JOin 
Feb. 11. •.. 11 , . 
Feb. 20 ___ .[ : • , IS : 27 1 ~~ 

2.5Mar. 11 J _.! :1IJ0Mar. 25 1 '. 
I 

-------~-

FHOM EnOS DEI'OSI'1'E]) IN ,na6 

1086 
May 28 ...... .[ '1(101 .. [
June ·L_.~. 17 100 _.• ; 
JUlie 11.. '[0 100 
Jllnr 18.. . 115 UK!;.
June 2.5..... 101 • 71 j 27 I 2 I 
July2 .. _. 129 ! :i2 , 5Sl 1 n:
July 9 __ •. ,_ .... _ 

July l(i ....... _ m~ f ~r i~ ~ i ~ 

Jllly211. .• __ .••.• _ 156 :I 4:1: 22 , 22 . 
July 311- •.• _ 1I1S In: :17 I 21 ' 17 ! 

IAug.6 .. II 
.~lIg. 14 .... _ l~~ a ~~ l~! lb :J: a 2
Aug. 21.. ..... ___ .. ' 112 :i I 12 1:1: 14 Ii 4 4 1 I 
Aug. 28••..•. 14:1 0 \I 13. II 4 4 ·1 :·1 
H~l't.. :I. . .••1 127 a n 15 I Ii 4 6 ·1 11Sept. II • 113 7 . 12 :I 2 :1 :1 1S,·pt.18 140 7' i 8 ,1 7 7 ~ i 3 aSept. 24 _ 118 2 8 4 Ii 7 6 9110 4Oct.!.. ... l:l:l 2 5 4 \I r R Iii. 14 :.Oct.8 .•• _...... 88 1 i a :l ~ I 7 q.)! 21) JOOct. 15..... _.• __ .. 12<J 1.5 a l) - 8 17 1ao 7Oct. 22..... """" 109 2 Ii 1 ·1 ii f ~ H lU al IiNov. 5......... _•.. IliO 2 7 2 1 4 

j 

NO\·.19........... . 1:111 2 7 2 ·1 4 ;, IK l~ I ~~ 
Dcc.3 ............ 11.; 3 Ii I: 2 a 8 II Ii I:la [, 

5 


Dec. 17.......... .. k5 I 2 2' 5 '1 
 Ii I 6 13 as 7Dee. 31 ...... . in .~ 2 II aft. a 5 i 5 21) ao 8 

http:S,�pt.18
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TARLE 4.-Proportiop,s of ;;izes, based on larval length, oj j\Ierodon equeslris larvae in 
natural population samples aequi"ed at, l:nicrvals-Continu('d 

FRO1\[ EGOS DEPOSI'I'ED IN 1936-CoIltiIlu~d 

'1'otl\l I Proportion of total sample o( Inr\"lw (or t'at'll I~ngt.h in l.lillimet~rs 
Da!e o( sampling larvae 

in : i 'I'" I I 1 : I I 

sami'l~L.:.J~i_-I_I~L~J..~·_!_~..J~:~:~t::'i~i~!~i~~I~ 
-----!t I 11"1' ,I III 

1987 I No. IPd. Pet.'Pd. Pd.IPet. peUIPct. Pct.IIPet.,pct. Pet. Pc!. pet.l!>ct. Pet.'P('!. Pel. 
F~h.JI..... ." ~51"" ....1 2 '[ II. 2 ..... _II Ii 21 41 7 I 6 IO! 31 1221 I 
F~h. 2.5..... . ..• 1 ',4 __ . · ••.1 3 R, 6 .... •••. 1 3, -I I 4 I 6, 7 9 23 21 I 5 
Mnr.1L ....... "'/ 5:11 •• ,••• ,20 III .... ••• 3 I 2 i 4 8 t 8 I -I I 4 :10 4 2 
Mar. 25............ ~o r" , .... , ... I~ 11~ ....... , 2; 2 5, 2 j' ,';: 2; 5 23 15 I' ~ 
Apr. S•• , ......... 1 04 I .... 4 .1 1.1 I' '1'" -I, 4, 5 I 4 4, 41 4 20 120 0 
Apr. 22.••• __ ••.. , 49,. • 2 6 11 6 ... ' .... , -I 2' 81 8 I 6 4' 19 16, 8 
May 6..... • I 31: 10 19 I 7\.. ..' '10 I 6 3110 3; 13 I 16 I :~ 
May 20.... __ , 19 I 5 1.5 5 I 5 5 I 6, 16 ,21 ... 6 I 16, 5 0 
Jun~3... __ ; 14, 7! 14 ; 22 , .... , 7 ",,22: 21 ,..." ••. : 1 .-1- ..• 

}~~~W::::· .1 l~ I ~~ L~~;.~~.II~ .: ~ .l~:: 1~20·i:::i 7et::: 
Junc2'L~~_~ . 14 7;14;,.j 7j i! ij22 1 2Hj 71 _~"j _.. 1___ .. 


Julyl. ............! Ii .,0'2416: 61 6, 0\2:1.2:!· · .. i .. ! .. .. 

July 8 ............. i 18 II li, 6 li, fi', '11 I 17 • 22 .5 5. ii: .. .. 

July 1.5 ........... i 1i 18: fi' 6 12 12 I 2:1 17 6 ; .... .1 

Jul~'22...... ".•• ' 30 7 7 3 17 ]7 17' 13,13, II 

Jul~' 2iJ... .. 20 ' !... 10 15 5 10 i 15 : 25 llO . 10 ' ... 

Au~.]2.,. 17,. ,J 12. 61 (;,]8 1 29,2:1 
ilt·pt.!I '..... 8: 11,2.5' 25! 2,5' 12! . .o' 
Srpt. 24 .. fi ' .. 17 i 17 I 50 I 16 i 

OcUL.. 8 .. 1 13l 62 I 25 \.... , ... 
Q.~t .. 21 ... 7 ' , .. '" I 43 ~) i ~ 
:-;;0\.5.. ..' (I' ' ... ' ..1.. ··'1 33 50 1 
XO\".IY,... 6 i .. ,.. i"" ..... 16 Iii '. 17 
Drc.2... .. •.. " 1~ 1· ,.... :.•.1.... 40 I 60 
D'·c.l0..... , .. I .... :.. --i 17 50 i 331
Drc.aO... ..1 ti, ,45,33 22 

1938 I 
.Tan.13 ........... 1 8' 13 'I 50 37 

F~h. 3.... ... 7 i 14 57 2H 
F~h. 17 ..... .1 0,••,50 50 
~Iar. 3.... 5.. 40; 60 
~rnr. 17.... 1 100:.' 

-----.:......---..---.~-

1987 
June 10.......... . 7100 .......... . ~-- ~ - - -~:- -_. ~ -~ -- ;----

Jun~ 17 ••• 23 :100 
June 24. ... . 5f] .'::\::::1=:::1100 
July I. .... . 85'08'2. 
July 8 •. 114 Sf. i 0, 5 .... :••.. ; .. . 
July 1,5 103 .11: 2!l ,IS 2 I .... I.... !... ' I. 
July 22. liij :. :13 I' 2:1 I 30 n i 4 II!.. . 
July 211 17:! 20 22: 31 1:3 I 0, 3: 2 
Aug.12 ... .. 154 iIi 8. ~'O I 28 i 18 ; 10! 6 7; 2 1_ ,. 

St·pt.. n .. .. W7 ... i I! 5 I 10, \I! 5 i 5 J8 12 11, 57T's 
R,'pt.24 S5 "1\415'54 "i Ii: JO '15 16 i II 
Oct.8. 121 2: 4! 6 2 7 (I' 7 ill 10; J4 
Oct. 21 81 a: 1 :I 3filJ :11'4 ~i~'lo\"".5 _ 154 8',1 J I :1, 5. _" 
XO\·. 19 J.I0 7, 9, a I 1 a I 3 4 7 
J)(l('~ 2- _ 102 I 7 fi, .... i I' 6, 3 II 
D,·c.W 92 11 7 ,... 
Dl'r.30 .. OJ Ii 0 ~! ~. i: ~. 

1988 

Jun. la. . • 1:12 zll 1".~ll4 :1224 

J'rh. ;I........ OH 2, 2 3! 7 10 2[, 

}'~b. 17..... 60 :100:0122027 

:Mar. :I... 94 ., 1 2' I! 2 2:1:10 

~h~17 ~ 4! Ii :1 0 1.[ ~~I W 

1\far.:U '.M~.~.. 45 ;;! 2 2 2 15 20 
Apr. 14.. ..... ·17 -I 4 (l 0 0 I 17 
Apr. 28 .......... 1 5,'; '",,' r 0 (; i 4 2 I 5! 11 j 7 

).[ay IJ. . ! .18 21~ 3 \I 5 :!i2J3!OI 
May 26 .......... ' f>O 12 HI . i·1 fl 2\.... J.... j 2 2 

JUIl~ 0 .......... r 4:1 4 

Jun~ 2:1. ... "....... i 2,[ 1~' I ~T ]~, \1'8 ,. T~ :1 2 I"" ·-i···· 
July 8 • .. ao ~ ... :II H) Hl: ~~), 24 10 r:I __ 'IC'\::::j -

July 22 21i ·1 : Hi 28 j 2,[ 12 12: .[ I .. .. .... 
•4.lIg.5. .. •• 1 HI i HI , ,[2 i 20 I 10! . . ••• 

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

http:R,'pt.24
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A sepa.mtion of the lnlTIH' into two distincL groups becomes evident 
in the fall months. ~:lost of the lnlTa(' l"t'nch t11l'ir full (i<'v('lopment 
by fnll, which is l't'presented by a size rnngt' of 14 to 18 mm. The 
principnl group is composed of these mat nre In1"vn('. There is a 
grouping of immatuJ"(' second instars which seemingly is held bnck in 
development nnd which shows little chnng<' in Rizt' tlu·ough the winter. 
As the d('wlopm('nt of thes(' smnll('l· huvl1(' is followed in successive 
populntion snmpl('s it is clenr thnt tlll'Y contilltw d('velopment through 
the second Y('tlr nnd do not ('nwrge as adults until the second spring 
llftt'l' f'gg deposition. Then' is nnoth('r grouping which is not so 
distinctl3T s('ptlrntNt ns tIw second instnrs. This.is composed of third 
in~tnrs in tIl(' smn11('r siz('s, nnd in this condition they puss thl' winter. 
J .. conRid('rnbh' numlwl· of tlH's(' uIs0 nppnl'('ntly 1"('1I1nin in the larvnl 
~,tng(' through tIl(' ('nsuing sumlllt'r lind pupate nnd PlllPrg(' the s('cond 
,:,pring nftp]" o\-iposition. '1'h('r(' is a d('finite]"C'tnrdation factor in the 
dl'Yf'lopnwntnl histol".v of tIl(' lUlTnt', nnd thiR will lw fllTth('l" discussed 
in dptn iI. X o]"l11n I dl1V('loPIl1('11 t, I'pprt'st'n ting npproxillHttl'ly 80 })('r­
rpllt of thl' Inn-nl populations studi('(l, is thl'Ough :l l-Yl'nr cyel('. 

In til(' Ilormul (,OUI'Sl' or dl'nlopll1('nt thl' first instnrs ('nt('r the 
t 	 bulbs lutl' in ~lny und throughout .TtI11P, and titp pl'ilk or this instnr 

OCl'urS n PPl'o:ximn tel.y thl' first or ,'uly. Tl'HnSrOrmation to tIll' sl'('ond 
instllr lwgins lntl' in .lUlH' , nllli litl' ]wuk or this inRtnr ocC'urs {'nrly in 
August. 'l'llil'd instnl's nppPllr ('Irdy in August nnd Ih('sp r!1,\'(.lop to n. 
prncti('ttlly llHltUI'l' eondition by Ill(' Inst or O('tolwr, l'pmuin 1I10rl' or 
I(,ss inllctin' througit tit(' wintpr months, unt! II':ln' titp bulbs PHdy in 
tI\(' spring to pupnte. 

Sin('(' tIll' dtltn fo!' 1111'\"11(' o!'igin:tting in U);~(j nr{' titt' most compir>te 
nnd :In' prneticnlly rl'l'f' hom Hbnol"lllul pitURl'S, till' dl'\·plopnwntnl 
itistor.\- or t1ll'S(, ImTnl' wus st'll'etl'd for grHphie prnwlltntion. TIl(' 
tlY(ll'ngp sizp or thp Inrnle C'oll('ctl'(1 on ('Heh ([:ttl' WtlS eulculntl'd, and 
th('s(' ll1{,l1ns lIn\'(' b('<'1l plottl'd on It s(llllilognritbmi(' s('ul(' in figm'l' 
] 0 to dC'll1om,trn tp t itl' t!l'Yt'lopll1l1 ntIl1 t rpncL In figul'(' ] I titt' rlpYl1lop­
1I1(,lIt or tIl<' Inl'Yt1l' in (,Il('it instu!' is similady l'ul('ulu tc'cI nnd plott('d 
in ('ompnl'isoll wit it tIl(' dPYl,joPIl1('lltHI (,lll'Y(, ror thl' InITH(, or nil 
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~ NQRMAL lARVAL DEVELOPMENT 
% 
< 	 ":'_--",- RETARDED OEVELOPMENT. THIRO·1NSTAR TVPE 

~ 2 • 	 .__ . ..L __• RETARDED DEVELOPMENT, SECONOtHSTAR TYPE 

I ____ =_n_~ _________ _
.1 	 , 

FIGL'H}j lO.-···De\·eloplllell! or 11llreisHIIS hll1h fly lnr\':\e of 19:30 origin, ('omparing 
the normal l,.,·car eyele with retarded Hpcolld-instar and rPlarded third-jll~tllr
groupf'. 
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instal's. Because the curves represenf rates of dt'Yelopment the 
logarithmic scalc is used to propcrly present thc trend. 

JUNE JULY AUG. SEPT. OCT NOV DEC JAN. FEB. MAR.. APR. UAY 

FIGURE ll.-Xormal trend in cIe\"elopment of narcissus bulb fly IMyae, completed 
in 1 year, as exhibited by larnlC of 1936 origin. The de\'elopmental trends 
of the three separate instars arc included for compa.rison. 

RETARDED LAHVAL DEVELOPllENT 

Although tU(' normal deH'lopment of til(' bulb fly It1l"\'a requires 
only 1 yC'ar, it has been obseryC'd thil t til(' de\'(·lopnwnt of SOI11(' \tUTtle 

is retarded to !'uch an extent that t1WSf' do Ilot pllpnll' alld transform 
to adults until the second spring nfh'r th(' beginning of their life 
cycle. )'lost published accounts of till' lift' history indicule thut the 
cycle from l'gg to adult rf'qllirps 1 yC'ar. Rderring to conditions in 
Englund, Stocks (~2, p. DO) in 1914 snid: 

The life-cycle of Jferodoll eqllestris is of two years' duration, thl' Iarya. carr.\ ing 
on its destrllcth"l' work from .July onl' year to Fl'bruar~" in the second following 
year, the grub amI pupa relllaining in the bulb approximately 10 months. 

While 110 <In.til Ul"(' pfl'sl'ntpd in support of this stn,tl'llll'llt, nlld it cnll 
hnrdly bf' n,cC('plt'<L ns compll't('ly trup, it is possiblp that this obsprn~r 
mny han' notl'd ('('1"tnin individuals whosp dl'v('loplllPnt didl'equirp 2 
Y('lll'S. 

Bliss (4), nlso in England, rl'port('d in 192fi that ('('rUtin ind iyid uals 
l'('quirpd 2 ypn.rs for tIl(' ('omplption of th('il' ('y<'iPs nlld Ofrpl'('(1 ('yidpllC'1' 
to support his slatPllll'nt. Poos nnd Wl·igpl (2.9), ill 1927, r('port('(l 
that "all dab!' UpOll thl' biology of thp Nnreissus fly in til(' l'nilNI 
States indicatl' that th('r(' is only Ollp g('JH'l"ft tion all Illlfi lIy ." Brondbent 
(9) 1 in 1928, said: 

In studies of this bulb fly continuill!!; o\"er a Jleriod of thre£' ypl1rs from 1025 to 
1.927, we have founrl no eddence indicating that 80m£' larnw of I his species IIIay 
require two years to complete their de\·elopment. 

In his account of 8 Y(>It1'S' studies of this ins('('t in Englund, Hodson 
(19), in 1932, said: 

It can be accepted that tlwn' is not more than onl' !!;l'nern.tion l'ach yl'ar, but 
certain writers Ill,,"e put forward the suggestion that laryac sometimes feed for 
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two seasons before reaching maturity. * * * In the writer's experience all 
larvae, \\;thout exception, mature in one year * * *. 

He considers that the confusion in this rC'spect was causNl by the 
great. variation in sizC's of larvaC' definitdy of tlll' samC' age. Hodson 
reports his observatjol1s 011 sC'vt'ral larvae which WC'I"C' of small size 
during the winter months. NOll(' of tlH'se rl'quilwl a second yC'al· 
for the completion of its developmC'l1t. TIll' d('sC'l·iption of his tech­
niqul' in 011e st'l"ies of larval studi('s is as follows: 

The larvae were periodically rPlIloved from their b\llbs, Illcasllrcd, Itlld returned 
to fresh bulbs, each thus being afforded equal opportunity of fceding alld growth. 

',",hetll('r similar mdhods WNC' used throughout tll(~ studi('s is not 
known, nor is it stated wiwthrr the bulbs containing tiL(' larva(' Were 
placed in soil or kC'pt as dry bulbs. ILis C',"id('11t tIHlt the' (Illviron­
mC'l1tal conditions surrounding tht'st' larYilP W(,I·(' fal" fwm na.tuml, 
particularly if tllt'y W('1·(' r('placC'd in fJ"Psh hulbs I1ft('J" ('Itch OhSPITution. 

Hodson (J 9) stlltC'd furtlwr that it was an "('stahlislll'd fuet that 
quitC' small IfllTlI.e nrc' sonwtill1<'s found ill bulbs during tIw Int(' 
wintt'r and C'arly spring months." This is dl'finit<'ly d('monstmtt'd in 
till' larval dC'vplopU1l'l1 tal studi['s carrit'd out in tht' Pugt't Round I"t'gion 
by means of intC'rvul populnlion samplPs. W11(']"l'l1s Hodson fl1ih'd to 
obs('rv(' that til(' small larvae did C'ontilHJ(' tlwir· dpyplopment through 
a s('cond St'nson, the inte'lTal-population-sampl(' t('("lmiqlH' d('mon­
strllt(IS distinetly that tlwse smnlllnrva(', pussing tlH' winl(>r pl·riod in 
the C'arly phasl's of s('coml-instal" d('v('lopm('nt, pro("('('d in tiH'ir 
f('eding and f,'l·owth through the ('nsuing season. This is ('vid(,l1t in the 
population-sumpk datil, prC's('nl('d in tubl(' 4 nncl in til(' growth trend 
for Ihos(' InrnH' of 1936 origin ns shown in figun' 10. 

Thp obs('r"Ylltions of (Jpwlopnll'nt during the wintC'r Jwriocls HS gi\"NI 
in tublP 4 HI"(' furthC'r summariz('d in tab](' 5 to (Jpmonstmte tire' pro­
portions of o,"pr"Wintl'ring lnrva(' in tht' vllrious d('vpjopml'ntal ~JTOUpS. 
TIll' pr·oportion of lurnll' pussing through thl' first wintl'r ns s('("ond 
inslnrs J"llllgNI from 11.2 to 16.1 pl'r<·c>nt of tIl(' populations. He'sump­
tion of d('wlopm('Jltnl nctivity of till' s('(·ond instars hl'come's l'vid('Ilt 
th(' s('('oncl spring during April and (>ur·iy in ~(ny, trnnsformatiol1 to 
third instal'S b('gilIS Intt' ill ~fny or t'llrly in .JUlH', und tlH' lfll.Tal' 1)p('o111e 
of It sizl' eOllsiderC'd mn.tlIl"C' in August or lat('r. Th('y pass through 
th('i!" s('('ond ",intl'l" liS muLun' JUlTIlI'. 

TARf,E 5.- Pr01JOriion of larl'af' of .![erot/on rqllf's/.ris Ot'('/" ll'i71 ieri1lg (I.~ .~(,colIIl in.~iar.~, 
i1l1mature third in.qtar.~, anri 'lllatllre third ins/aI'S t/uring t/ll' YI'ars J0.'31, to 19.'38, 
inclll.~il'l', at Ol1l1fllJia, Wa.~". 

Proportion or O'"('fwinwrillJ!: Illn'lU' 
ill­

.'-'---T-~-------'-
I Third inslllr 

, ~(l('ond __I__~_"___' 
instar , 

JrnmntuTl' i ,!\'fnture 
.---- ......,--.. --.,.. - - ..----------- --- -----1------­

Perc."t II: Percelll I Percelll 
Oct. 31), 19:14, to F • .'h. 4, 19:1r. 11.2Jj 10.2.'; i is..50 
Oct. 23, lIlai;, to Dec. 20, Wa5 11.4() 1 10.40 i is. 20 
Ort. 22, WaH, to F,·h. 11, I!m . )5.00 t 1.}.14 ' ;5. SG 
Oct.. 21, 1lI:1i, to Feb, 3, Hlas W.12 • 1I.IlO 74.88 
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Throughout the studies of larval development it sOl1le'whnt indis­
tinct grouping of larvae was evident in the overwintering populations. 
These weTe larvae in tILe' eaTly stage's of the' third instaL The' groupmg 
is indistinct because it merges into thr l1latUTe-larYllC' group. An 
analysis of the data. 11as revNlled, how('v('r, that I1UlI1Y of thpsp im­
mature third instal's do not pupate until til(' sN'oncl spring, lmd this 
group may nlso bl' consicil'l'C'd as nJr('ctt'd by T('tal'ciation fnct,)J's, 
During April thC'se imlllature third instul's resumC' acli\'itips nnd grovth 
becomes evidC'lIt. Thl' group bC'C0111l'S 111l'1'gC'ci wilh thC' I'Pt!u'<1ed 
second·,instar larval group lat(' in July und in August. but nppnn'nlly 
they reach mnturity a liLtll' in nclvltnc(' of thp laltN group, As wi:it 
the luttN', the s('('ond wint(,l' is pllssNI ns mntul'p 111\'\'n(', ~rntll1l' 
InTvltP from both tyP('S of l'l'tnrdl,d dpvplopn1l'l1t ,,('pm to Iw nmong th·' 
first to leavp titP bulbs ill till' spring to PUIHtlp, 

In addition to tIl(' population-snmplp studil's, ImTfll' of knowlI siz!' 
hnve ber11 confinrd so thnt ('lllrrg('lIc!' of tIl(' ndults ('ould bl' I'p('orcil'd, 
Larvar of titC' smaliPl' siz('s, s('l('c«'(\ d llring ('Xi1111 inn tion of in j'pstpd 
bulbs. we're rrplacp<l in lIarcissus bulbs whi('h W('I'(' hlll'ipd ill soil ill 
cln.y ilowrl'pols, En('1t pot wns illdividually ('o\'(I]'(ld wilh 11 small 
\\'i1'r-s('.I'('(']1 cngl', and n1l \\'('J'(' plungl'd in soil ulldel' n Inl'gl' ('ngl', 
Th(' bulbs W(,1'(' not c1isturlwd fUl'th('I', DlII'ing thp ppl'iod wh('11 ndult 
emrrg('nCe wns ('Xl)('etNI titl' cag('s W(II'(' ('xluninpd n t fl'Nlupnt ill Ipl'vals 
und thos(' ndults prl's('nt w('n' r('mowd, TIl(' ]'('('01'<101' ndult (,I11Ng(,lIt'e 
is giwl1 in taill<' G, 

Thp cng('s i1lslnlll'd in tll(' wi1l1(,I' of 19:t~-:33 wpn' t'olltilluPci into 
19;35 witl;01lt disllll'hnl1(,p of tilp bulbs 01' soil. Fl'olll tlH' IHlTn(' thnt 
\\'('1'(' (,01lfillNI at thnt tin1l', n1ld \\'hi('h 'W('I'P of H);32 OI'igin, Ih('('e adults 
('l\1(,I'gp(l in 1935, 011(' of litt's!' that htHI h(ll'11 cngNI :\[nl'('11 2H, 198:3. 
wl1('11 4 111m. lO1lg, Hlld O1ll' cng'p<I :\lny :20, 19:3:3, w]1(11I 10-12 111111, 

long, ('mpl'g'('{I .JUlI(, 5, H):3!i; lind tlH' ntlwl', cngpd :\lu,\' 2:3, In;3:3, 
\\']1('11 10 J1Im, long, l'1ll(11'g'('<I :\ lny :n, ]n:3;"j, .. \11 th I'P(I hlld hi b('l'1111 ted 
dUl'illg' I h ('('(' Will IPI'S, 

TIIPse illSllll)('('s show thllt tl\(' j'l'tlll'e1nlio1l of d(I\'pIoPlll(l1lt lllH'y 
('xt(,IHI (WPI' :3 Y(,HI'S in SOllle (,IISt'S. 1t is {'yidl'llt Ihnt su('h ]'I'tlmln­
tiOlI is 1Iol du("lo I'lIilul'(\ of tll(' In IT ill' , liS jlldg'pd h,\' titP sii\(', to 11\11­
tlll'(1 ('nriiel', 1'01' in !\\'() ilISln11C('S llH'Y w('I'(~ in thp tIlil'd instill' whpn 
cng'pel in 10:3:3. 

It has Hot 1)(1('11 possihll' to dl'tl'l'111illl' \\ hnt factol's 111'(1 I'esponsihlll 
for tIll' /,ptHl'dnlio1l ill d('\'l'lop11\Plll. OhSl'ITatilJ1ls ill<licntl' thut tl)(1 
('oll<iitioll is mOl'p pl'('ntiPllt wlwl'(l th(' bulbs hUH' 1)('('11 Ipf'till tht' 
g'l'IJulld fol' 2 01' 1Il01'(1 ,\'(,I1I'S, Abo thl'('(1 np(l<'HI'S to 1)(1 n g'('llI'l'Ul l'P1n­
tiOllHhip l)('t\\'('('ll th!' drying of \1l(' bnsill pInt<' 1111(1 1,('ttll'dnti01I. 
Hodsoll (If)) ('ollsiciPl'pd t1l(' o('C'nRionnl O(,ClIITPII('(, of small s('('on<l­
ins(tU'R lnlp ill th(1 Willl(11' IUld ('ady ill tll(, spl'in~ :lH <fliP to d('si('clltion 
01' slol'ng'(' lIllci!'I' (Ix('('sHi\'(,ly dl'Y ('onditions, It is tIlo1Jg'ht hy tit!' 
Wl'it('I'S thnl LlH' I'l'lnn\('d Iftl'\'I\(' nlny hI' fitosp that hlltch(ld fl'om 
l'ggs lilid <lm'1Jlg thp Illl!'1' plH'l of t1'l(' o\'iposilioH SPIISOII Ilnd lhllt 
(,0l1SPC[11('11 t Iy at 1111 PHd.\' stllg'<' l'lH'Olllll(\l'l'd d I'yillg' ('ond i l iOlls ill t ht' 
bulh liRSll(' Ilssocinlpd wilh tIl(l Il11ll1ll'ing of tlip hulbs, It is nlso 
bl'lirwd tllnt tll(1 ('ollciili01I is asso('ia!t'd 'with ('001 ('Iimll{('s with ('011­

sr{Jurllt inl(' <I(I\'('loplllPnt. of ndul(s, nnd it 1Il1l,\' lIot OCCUI' in \\'fll'1lwr 
climntps, 
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TABLE 6.- Emergence of adults of lVJerorlon equcl'tris from caged laruae 

Laryae 	 Adults 

Indiyiduals emerged 
Date caged and lot when Date emerged

caged 

Length 

:Halo I Female 
I i 

19S1 .1[111. 1933 
Dec.I5.•...•.•...••.•. ...•...• i ~ I Jum'4 ............ . 

IN::-I-;::-

I I : .. -- ....... . 


19se 	 i 
Nov. I •...••••.....•.......... i ~ IMay IL... 1~34 ----' 


19S3 ! 4 {May 14...... . 
Mlly2L ...... . ~ __ • _I 1

Jan.12..•...•..•. "."..... , 	 II .. · 
1an.24 ......................... , ~-5 May H .•.•.. 
 2! I

Do.................. .. 5-6 May 26 ......... . 
 1 i.--.-- ... .. 
Do..................... __ .. ,j {May ll ..... . '.' __ 


I I' .. -- ... ..)\fay 21 .... . 	 .... I
Jan.27............ __ ....... __ ~-5 May 26.... . 
 . 1Ian•••. __ ......... __ ~ May I!. ... . I ..... __ .
l\l8r.28..... . 4 May 21..... __ . I 1 
1\far................. . 12-1a {May J.I ..... I

May 21.. __ ' 

Apr. 1............. . 5 {Mal'l 1. . - ­


~[ay 26. ~ ~ .. _ 
Apr.~ ..• __ .... .. 4 . May2I.... . : 

Apr. 20......... __ 4 • 1{l\TayIL. .. . i 


-0 I ;\ra~' 26.... __ .. 1 I 

Do....... . 4-6 I{MIlY II .. . I I 


May 14. .. . I i 

Do 7 May 21 I
Do•. 1 

Do..... 1')-13 {May 14 


JO JMIl), 21 

- JUIU' (j

Do .. 15 I 1\[ay 14 


Apr.2l.. 4-" {Ma~: I I . 	 :J 
Mil) H ... 1 : 

I
i 19,~5 

Ian. 10, A. 4-0 1'{May 31. __ 	 1 
. June 6 2IIan. 10, B .. 4-51 June f! 	 i 1 

1\IIlY:II 	 1 IIan. 10, (' 	 4-5 June 6{	 2 
I June 2.1 1 1 ; 


Jan. 28 .. 4.r. !{MIlY 22 ... 1 

I I Mllya!. ,

.{l\IIlY 31 .•. 	 :J 
2 

Jlln. 28, A__ .iiJllnt' 6 -~­ .1 
I June II. :

1{"InY :II ••• 	
I 

Jan. 28, n 5 	 I Jun(' 6 " 

j JUIll- 25._. __ __ 
Mar. 2:1, A 4-(' 	 {June 6__.--.--. 1

'jJunc25 __ 1Mar. 23, n. 	 4-0 ~ JlIfll 0._' Mar. 23, ('. 4-6 ; Jun£.) 0 __ _ 
Mar. 2:1, D 4-6 I Jum- (I ... 

Mar. 2:1,E .. 4-6 !{l\[ayal.. 
) 1 JUlleO 

Mar. 25.... 10-14 t Juno 6._ 	 I .. 

THE PUPA 

Very (·arly in tIl(' spring Ow mntUl'e 1111'va leaves the bulb in which 
it hilS doveloped nnd moves upwllrd through the soil until its !tend 
barely protrudes through the soil surface (fig. 12). The lnl'val skin 
hard(,Ds and becomes the pupal enSl' in which the trullsi'onnation to 
the adult fiy occurs. Broadben t (9) stat('s that at 'Washingtoll, 
D. C., in 1926, the pupal period I'llllged from 33 to 50 days with mean 
temperatures (cOl')'('ctl'd for soill'(-lldings) of 53.6° to 60.3° F. (12.0°­
15.7° C.) and thnt in 1927 it l'Ilng('d from 48 to 61 days wi/ih mean 
temp(,l'atures of 53.2° to 55.So Ii'. (11.8°-1:3.2° C.), Hodson (19) 
states that in his ('XPCl'iNICe in England the length of this stagc showed 
marked constallcy, l'anging only hetw('ell 35 and 40 days. He COll­

419581-42-4 

http:l\l8r.28


2G TECHXICAL Bl'LT-En); SOl), L ~, IJI'~PT, OF AGI{ICI'UITIU; 

sid(,I'pd it highl~y p!'ohtlhll', how('\,('I', thnt it might 1)(' pl'OlOllgl'd 1'01' 

an additiollal 10 to 20 dnys, BI'oatl1wnt stnll's that n llll'g!' tl'IllI)('I'n­
tun' ('ltnl':lrtl'I'islir is illdirllt('d ill rOlllll'ctioll with thl' pupill p(,l'iod, 
In lin ('xIH'l'inH'llt al Sumn(,r, \\'llsh'J thp l'('lutioll of tl'mpl'l'atul'p to 
th(' d\ll'utioll of Ih!' pupal pl'l'iod wus studi!'r\ ill 1\):3:3, 'l'lH'inftuPIl(,(' 
of t(,Il1IH'l'atlll'(, is slnlllg, us ill<iicatl'd ill tIl(' dnlll sUll1l1lHl'izatioll 
IH'l'Sl'lll!'d ill Ii~u 1'(' J:{, 

Fl(a'ltt: I:!, Hoil arollnd IHLn'i~,~II' hlllh~ part Iy rl'l1lo\'!'d to J'('\'('al lIar('issl\s blilb 
11,\ j>lIp:LI'ia ill sil II, 
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PUPAL DEVELOPMENTAL PERIOD WAYS) 
1"I(;\'ItI': I;t H.('Ia.tillll~hip or 111l'ltll IPIIIJll'r:ltllrl' 10 1I'II1-!;th or pllpal pl'riod or til(' 

IIltJ'('i"SIiS hl"IJ fly, Tltl' dols r('l'rl'sl'l1l period IIl1'alis or illdil'i<ilmb, 
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In this experiment the range of the period was 33 to 80 days and the 
mean temperature ranged from 50.5° to 63.5° F. These pupal periods 
appear to be slightly greater thun those observed by Broadbent (9)
for comparable temperatures. 

General field stud.ies were made at Olympia, ·Wush., in 1936, 1937, 
and 1938 to determine the season of pupation and emergence. In 
these studies infested bulbs were dug atregularintervals and thepropor­
tions noted of those from which the larvae had migrated. Onl:y mature 
larvae w'ere considered. As the time for expected adult emergence 
arrived, samples of puparia were collected at regular intervals by 
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FIGURE 14.-Sea~on of larval migration ami adult emergence based on samples of 
larvae :wd pupae of the llarcissus bulb fly collected atlintcrvals during 1936,
]937, and 1938. 

screening the surface soil over the bulb rows. The proportion of 
puparia from which adults had emerged was noted. The data are 
presented in tables 7 and 8. The increase in migmtion from the 
bulbs and in adult emergence is plottNL graphically in figure 14. In 
these graphs a horizontal distance between the two curves at any 
point would represent the theoretical dmu,tion for thnt season. It 
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is evident that the duration is markedly lessened as the season 
advances, and it is assumed that seasonal rise in temperature is the 
most important factor involved in the shortening of the period. 

TABLE 7.-Departure of mature larvae of ]}Ierodon equestris from bulbs for the 
purpose of pupation, Olympia, Wash., 1986,1.937, and 1938 

Infested ! Infested I 

Date examined bulbs Lar...ae missing Date examined II bulbs I Lan'ne missing


examined oxaminNlj 

-------1---·1---..----,11--------,----,------- ­

1936 ]<{umber lVn11lber Percellt I 193, Ii Nnw/,er ,'. Number PercelltFeb. 29..._.. __ .... 100 14 14 Apr. 8--""________ 102 i3 
I.' 

72 
l\Iar. 5..... ____... ]00 21 21 22____________ 114 I 89: 78I
12 ___ • ___ • __._ 100 45 45 :Mar 20 _________ .__ 80 I 7~ , 9:1 

... 6519........ _ 100 ~! IJune 3____________ \' 82 \ 82 ; 100 

27. ......... .. 100 64 


Apr. 	 2....__ .. __•• 100 83 83 1988 : 
9 .......... .. 100 78 

16_........... 100 80 ~~ ~~~, lL::::::~:::1 ~~ , ~ : g

23 ___ .. __ .... . 100 82 ~ 17 -__________ 1 44 4 i 9 
30.......... .. 100 88 Mar. :1... ___ . ___ .1 80 19 I ~ 

May i. ........... ]00 91 
14.......... .. ]00 3! AI::::::::::::! ~~ ~~ : 67
94 
21-...... _.. .. 100 92 92 Apr. 14-----------1 82 fH' 74 

I 
28..... _...... ]00 86 86 28 ... ____ . ___ 1 82 , fi8 ' 83 

Mar 11. _____ ""_ 1 134 Ii 12:1 92 
1837 	 i 20 __ ... __ • ____ 104 102 98 

Feb. ll. __ ...... __ . 59 o o \1 Juno H --" -... -- 90 , 90 10025.. __ .... _... 60 11 18 2:l , ... ---.... 70 I' 70 i 100
Mar. 11..___ ....... 45 32 71 

25........ __ .. 54 33 61 

, " 

TABLE S.-Emergence 0/ adults from p'll1Jae of Merodon equ,eslris collectpd in the 
field atintel'vals throllgh the .~pring season, Olympia, lrash., 1936, 1937, and 19;]8 

H 

Pupae Pupae 
Propor· . Propor·

Dato examined lion Date examined I I Uon 
Un· IEnwrgod emerged II rn- . EllIor"Ni emergeli

ent~rged :J 	 emerged : t'>J 

-----.----!---I----il-------·-I---.------ ­
19.~6 IYnm/,er I IV"m/,er Perrent 19J7 ISlImber i Sumber Percent 

Apr. 23 ____ ._______ ~~ I ? 0 Juno!J -. ____ --- 2l· 20 58 

May 3~:::::::::::: Hi 9 3~ ~L::::_:::·:II I i 1~ ~~ 
14 ____ .. ______ 12 13 52 July i____________ 1 • 49 98 

~L:::::::::: J~ ~r ~~ 21 ________ 1 0 i 48 tOo 
Juno 4________ .. __ 3 22 88 1.988 I I' 

11. __ • __ .. __ .. 2 23 92 Apr. 20 .. __ ... _.-1 25 () 0 
17•• _____ .____ 1 24 90 20 ... ,, _____ 1 2.'\ () (J 
25. __________ • 0 25 100 May 4_______ ___ 2·1! 1 <I 

1937 	 l~::·--::::I i~· ~ ~2 
Apr.21. __ •.. ____ . 25 () 0 25 ___ . ____ . ___ ; i' ]8 72 

May ~:~:::::::::: ~g I ~ ~ JUlle L : -: :: -I 19 ~g g~ 

_ 
t_~_::_::_:_::_:_:=_::~___~1~7_)l 31_~3~____~6_g0)~____~_~_-:_~:_:_:_:_:·_::_::~·I_____~~:____~_i~_____I~Junc 	 2.... _..____ .1 

Observations in February and pady in March indicn.te that the 
migrating larvae may not assume the pupol condition for sevcI'al days 
after leaving the bulbs; Inter this period is shorter as the activity is 
increased at higher temperatures. Approximately two-thirds of the 
mature larvae 'were found to have left the bulbs by the end of March. 
The remaining lat'vae entered the pupal stag(' over the whole month of 
April, and stragglers were still present well into May. This may also 
be observed in the data OIl larval-population samples in table 4. 
Many of the later individuals a1'e thought to be larvae that possed the 

http:indicn.te
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winter in a more or less immature condition, resumed feeding and 
development early in the spring, and became sufficiently mature to 
pupate the same senson. Apparently the inclinntion or urge to pupate 
is associated with til(> spring season, sinee mature larvae ha,e been 
observed to continue as larvae through the summer, fall, and winter, 
seemingly waiting for the spring season before pupating. 

THE ADULT 

EllERGENCE 

At time of emergence the adult puslH's against the anterior end of 
the pupiLI case, causing it to bre'Hk along a lint' dose to th(' tlllterior 
respiratory cornua. TIlt' round cap thus bl"Oken off is push('d to one 
side and the fly works its way out of tIll' case. Inunediat('ly after 
emergence the body of the fly is distmded with fluid, the wings al·l' 
lUlexpanded, and the body wall is soft. Til(' fly sl'('ks som(' object 
close by, such as grass or a leaf or other support, climbs up on this a 
few inches above tht' gl"Oun<i, nnd compldl's the tmnsformation to the 
adult by expanding the wings. The body fluids arc t'ject('d, and the 
exoskt'leton quickly hardens. Aftc'r tl1('Sl' final phnses of tmnsforma­
tion are accomplishC'C1 the fly assunu's l"{'guhr adult acti\'iti('s. It has 
been observed that ('mergence a] ways occurs dming the morning 
hours. This corresponds to simill1.r obselTnlions by Bl"Oadbent (8) 
and Hodson (19). 

ACTI\TrIES 

The adult narcissus bulb fly is (]('/1nit(']y a sUl1shin('-lod.1lg insect. 
Its aetivities in the open are lll'gligibk unlrss thl' t('ml)t'rn.ture is nbove 
60° F. It avoids exposed situn.tiolls, pl·l'fl'ITing arNIS more' or ll'sS 
sheltel"rd from winds. Thl' flil's arl' s('ldol11 obs('I·,,('(1 on cloudy days 
unless the temp(·ratlll"l' is rathl'r high. Pl'riods of ('001, rainy ,':l'aUler 
extending over 4 or 5 days pl"obnbly CHuse many of lhl' Hi(,s to Iwrish 
through inability to obtain food. Conlinuous prriocis of sUllny, 
mild wen.thcr are favorable' to adiyity, particulnrly mating nnd ovi­
position. Probably wNttlH'r cOllditions dUl"ing til(' ndult p('riod hn\'e 
fi. strong influcncc on tlH' l'xU'nt of bulb in [('station brcaus(' of their 
e£frct Oil ovipositional aclivity. 

The males are mor(' adive f\i(,I·S than the f('males. In a lInrcissus 
plan ting a fly when first distm·bed flil's a short distance ahead of 
the observer, settling down again 011 fi. 1(,l1f or clod. Sometimes a 
second approach will cause tIl(' salll(' actioll, but usually tll(' s('cond 
or third disturbance causrs th(' H.y to risr vl'rlically it short distance 
and depart rapidly and vigorously straight away in any direction, and 
it is very quickly lost to sight. Ordinary, 1l1ldistmb('(l flight in a 
narcissus planting is usually at It low 1rv('], a frw inches b('low the 
narcissus ll'af tips, with a tende-Jlcy to follow the rows, although the 
fly frequently passrs through or bebn'l'll plants to adjacrnt rows. 
Very rarely individuals hn.ve bcen obst'rved hoyrring--that type of 
flying habit associated with mnny of the Syrphida('. The- fe-w times 
that tItis has been obselyed tIll' weat/wr wn.s wn.rm, over 80° F. The 
flies maintained thems(,lv('s in a rdativt'ly statiollitl"Y position nbout 
2 feet above the ground, and the I)t'riod of ho\'ering ranged between 
10 and 25 seconds. 

The adults art' able to produce a strongly vibrant humming sound, 
but this noise is heard infrequently from flies in til(' OPt'Il. If caught in 
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an insect net or spider \n'b, or held between thumb and forefinger, it 

fly gets noisy, and it is possibl(' that this noisc is iL pmtectiw sound 
associat('(1 with its b('clikc eolomtion, fOl· it is similar to tIlt' buzz or 
hum of II bumbh-bcC'. It is suppost'dl.~~ mtuil' by ,-ibration of thC' 
dorsal part of til(' thonlx, for it is not flssoeiatpd with wing mOW·l11t'lIt. 

"-:-hilC' mllting thC' fiit's producC' II much highpr pitch(·d hum thiLt is 
quitt' charilctt'ristic. It has not b('(,11 de·finitely (kt<'I·milll'd wit(,tht'r 
this particular tOllt' is producC'd by tilt' mal(', thl' f('111alC', 01· both. Tbp 
malt' is YNY Ilctin' prl'cptiing muting. Its usual pro("('durp i.:; to dart 
rupidly from aboyp a slowly flying f('malp, gmsping it in th!' thoracic 
rC'gion, till' pllir tlH'n coming to {"C'st on thp ground or 011 Il horizon tal 
h'ur SUrfll("(" wll('r(' iletulll unioll is accomplisllPd. Aeti\-C'ly flying 
mulC's han' b('('11 ObSC'IT('d on IlUmNOUS occnsions grnsping hon('yb('C's 
just c\('partinf! from fiowprs, which would s('('m to illdicn tp thn t th(' 
fC'malp has no pnrti('ulllr prpliminary caU or otlwr nw:ms of n ttmction. 
This is furtl1('r ('yidpncp of thp clos(' r('s('mblnncp of thC' flips to be'ps. 

TI\(' dumtion of lifp of indiyidual flips unclPr natural conditions is 
difficult to pstima tt'. In cagps, with food ('011 till uously n n1ila hlC', thC' 
fiiC's mn.y lin' as long as 20 days. OutsielP, thp climatic- conditions arp 
importllllt fl1('lOI·S clPtpl"ll1ining tht' IPIlf!th of adult lifp. If conditions 
unfnyol·nbl(' to f('('ding, su('h ns low t(,lllp<'rnttlrps, eloudil1Pss, or pr('­
('ipitation, nrp prolongpd, thl' flips mll.'- suecllmb quiekl.'-. In thp 
Pacific ~orthw('st ,.nwh conditions, lasting a w('('k or mol'(', nr(' 1I0t 
uncommon durinf! ~lay nntl infrpC[uPlltiy o('c·ur during- .JUIH'. Hpnc(' 
tll(' ndult populiLtion mny 1)(' signifienntly nfl'!'ctpd by unf:l\"ornble 

FEEI)!::\"G "ABlT!> 

TIl(' 1l<lult flit's han'})(,pn J"('por(('d as f('('ding 011 a nllllliwr of flO\wrs. 
In Englund, Stoeks (.,21 r('portpd th('fl1 [('('dillg Oil d:lnd(,lion nnd in 
dnfl"odil I)('<ls. IIp also s[aU,d that he hud found t1H'1ll [('('ding- Oil nil 
kinds of flow!'rs in mllSSPS :lIld on fruit blossoms, pnrtieulnri.'- thos!' of 
nppl('. Hodson um wriu's that the fli!'s may oftI'll hI' tnkPn at flowNs 
11l1d tllat sonw prpfprpl\('1' is shown for thosp of \-llI·ious n]('ml)('rs of 
th(' onlpr C'ompositap, notably th!' common dandplioll. Ht' notpel 
nlso thnt flo\\·pring shruhs nrl' yisitl'd ns \\.pl! as thp larg!' pink flowprs 
of Jhsonb,.yantllfmuTil. Osbllrtl (28) n'T)()I·tpd slwcinwns of J/(-{'or/oll 
rqll(..,tri,~ Iwing tnkpil Itt thc' f1owpr:;; of salmolli>(,ITY (Rublls 8jJ('ctabilis) 
nt YaneOllY('r, B. ('. 

In tllp Pltcifie ~orthwpst IlUIHProus ob,wrnlt ions hn n' hp('n 1l1l1(iP 
of tlw fli('s f(·l'dinf! at th(' nowl'rs of vHrious plallts. [n C:tg-l'S thp 
fli('s f('(1 read ily on ClllW-sug-nr solu t iOlls nnel 011 cI il ute· hom'.\'. TIl(' 
f1i('s in thp fipld w('n' nlso notpd [ppding clt'!'p ill flow('rs as thollf!h 
11 ftC' I· Iwdar. On SOIlW o('('nsions thpy WPl'p nppnrl'ntiy [('eding ('n­
tirply 011 poll(·11. To (·hpck tlH'::;(' obsPIT:l tions Oil pol!l'll fppding som(' 
of thc· flit'::; W('I"(' di::;s('cl"<! nnd UH·il" dig-pstin' tmets mountpd on 
micros("op(' ::;Iidps. It wus foulld thnl lllHlly of til(' fii('" hnd ing<'stc'd 
cOllsidprnblp qunntitiP5 of pol!l'll. Thp grnins npP('llrNl to \)(' Pl"ll(,­
ticl111y ullehtll1gpd, (,\"Pll ill thl' I"('cium, so thprp is 50111(' doubt as to 
whl'tiH'r pollC'1l rl'u II.\' ,,<'I"\'I'S lIS food. St udy of thp illgl'st('d poll<·n 
hfls indi(·atpd thnt :\ fly f('('d" on ::;('\'I'ml kinds of flO\\"p!"s, Ilnd thnt 
in di£l·pJ'(·nt lo('ulitiC's ·and nt difl"l'l"Pllt tinws during thl' SP:150n 
flil's would fl'pd on IlY:lilnblp nowprs. Till' pollpll g-ruinB from til(' 
digl'sti\'(, lI·nets of flips hn,\"p I)(,NI IIspd to so 111 I' I'xtl'lIt to ("h('ck ob­
S('ITations of f('('ding on (·prtnill plnnts. 
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The following is a list of the flowers on which adults of 1I1erodon 
equestris haye bet'll observed fel'<ling in the Pacific Northwest: 
Scientific name: Common name 

Agoseris lactinea (N utt.) Greene•• __ ... _____ . 
Cerastiuln arvense L __ •. ____ . _ . ____ . ______ ' _ Field chickweer. 
Claytonia (Montia) sibirica (L.) HoweIL._. _.• Candy flower. 
Crepis capillaris Walls.. __ . __ .. ___ • ___ _ 
Eriophyllllln lanatllm. (Pru!lh.) Forbt's. ____ . _. ',"0011\' sunflo"rcr. 
Fragaria cline/olia Xut,t.. __ _ Wild strawberrL 
HypericulIl per/orat1l11t L. __ • _ St. Johns\\·ort.• 
Hypocltaeris radica/a L... . _. False dandelion. 
Narcissus albaplena. odora/I!. • "'hitt' douhlt' narcissus. 
Potenlilla gracilis Doug\. __ . Potentilla. 
Ranunclilus occideutalis X utt •• _.. _ Field buttercup. 
Raphanlls sativllS L. (cap;ed fticsL • Wild radish. 
Rubus 7Jarvijiorlls Xm·t _. . Thimblebcrn·. 
Sisyrinchilllll idahoen.se Biekllt'li. _ _ Bluc-cycd-gr":l';". 
TaraxaculIllara.:caclllll (L.) Kar"t __ •. Danc\('IiOIl.
Thymus ~p_. _. _. ___ . __ . __ .__ • __ . _. Thymt'. 

:::n only 011l' instanc(' was fin unC'onfi.n('d fly found fe('ding on uny­
thing other than f1owprs. In this instnnC'(' OIH' wns noted nppnJ'ently 
fe('ding on n rip(\ blucklwrl"Y fruit, Rubus sp. 

OYIPOSITION 

Tll<' Il<'ck nr('n of tlw narcissus plant is til<' focal point for the aet 
of oviposition. "Csually the mov('nH'nts or tI\(' l('av('s ill the wind 
caUSe tht' soil to Iw mOl"(' or h'ss op('n IlI'OUIHi th(' neck. As a l'ult' thl' 
female appl"Oaches this l'l'gion by wnlking down n }Par to til(' soil, 
then nlOn's hel'e n.nd tbpl"(" oC'cnsionnlly l'xtl'nding IH'r o\ripositor, 
appan'ntly· ('onsiclc'ring and s(·('king thl' most f:n'omble location for 
placing an ('gg. 8iH' generally bucks down the opc'ning around HlP 
plant, nnd plnc('s tb(· l'gg l'ithel' on till' plnnt its(,lf Ot' in tbl' soil dose 
to the' pinnt. Thl' Pggs al'l' s('ldom mon' than on('-four-th inch bl'iow 
ttl(' soil suri:wP. Aftl'r d('positing an ('gg til<' fly may walk along til(' 
soil sur-fnc(' to Illl ndjoining bulb, but mol'(, commonly she ascends u 
I('n£ a f('w inC'h(,s al1d from th('rC' flic's slowly to nnotl\('l' plant within 
2 01' a f('pt to dc'posit Ilnoth('I' Pgg. In ti\(' fiC'ld 110 fiy bas bN'n notNi 
to clPposit mon' than a single ('gg nt any on(' bulb, but til(' PI'('SC'I1(,(, 
of nn ('gg ut n bulb does not dl't('r anoth('1' fl'muJ(' from dl'positing 
th(,I'e. ~[ultipl(' l/ll'vnl infl'stntion of bulbs, tiH'refol'(" usunlly r('pt·('­
Sl'nts Pl"Og('IlY of difl'pl'l'ut f('mal('s. 

Fl'mal('s pl"Obahly deposit 11 considembl(, numb(,I' of e'ggs l'nch day 
whe'n w('atiH'1' ('onditions an' favorabll'. It is ('xtr('mel.y difficult to 
kl'(,p a singh' individuul unde'r continuous obSl'rvlltion in thl' open to 
determine ti\(' ('xtl'nt of this opl'l'ation, and wlH'n the flies an' cagc'd 
the unnutul'Ill ('onditions often l'('tal'd l'gg dl'position to some l'X­
tent until shortly hefore a fiy dit's, when she mny deposit a considet'­
able numbl'r of l'ggs in a short tinll'. TlH' a\Tem,ge numbe!' of eggs 
dl'posited by cagc,d (l'male's ('c'ce'iving suitable' food was app!'oxi­
mate'ly 80. The maximum number of eggs laid by a singl(' femnle in 
these cnge tests was 174, Ilnd the lnl'ge'st numbl'1' d(~posited by 1 fiy 
in u singlc' day WIlS 102. 

SEASONAL DEVE1~OPMENTAL HISTORY 
PUBLISHED RECORDS 

Information on Vlll'ious phllsc's of the life history of l\lerodon 
equestris has bN'n pn'sc·nt{·d by a number of wl'iters who have stud­
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ied the insect in several regions. As far as can be determined by 
descriptions of technique employed, these studies were based on con­
fined or caged individuals. The comparative seasonal occurrence of 
the several stages in the localities where comprehensive studies have 
been made is indicated in table 9. 

T.~BLE 9.-Comparative seasonal occurrence of the slages of 1I1erodon eqllestri.~ as 
reported from different localities 

Locality Adult Lan'" Pupa 
.--.-----~-l---·---------·-!----·-----·------

Xcthcrlands (0). .. __ .; (?l. ..... --_I May. -. -! :\ruylO:\larch-April i :\furch-April.
England([O) ....___ ...1Apr.20-Jlllyll .. , :\luyintoJllll!' - .• , :\Iuy-.Jllnl'[o:\lurch- 1 April. 

• • • t , ApriL 1 
DIstrICt of ('oh1ln"11\ Apr. 24-Jllnc·I..1 ..... do. .... ..' do. _ .. '''Il\farCh-:\ra~,. 

(8.87). . iI
Orc~on (.S9) ......... _.•• Mar. 27-May __ • Late April into I :\ray to l\lnrclL. __ ... Enrly.:\rnrc·h into 


:\Iny. I ApriL 


-------~----~----

The season of appearance of the differl'nt stng('s in t1wse localities 
is much the same. \Yikox find ~'lote (39) indicated that the spring 
of 1926, when they studied the hiology of this insect in Oregon, was 
exceptionally advanced, and hence the normal period when the stages 
would be e)..'pected to occur would be a little later than the times 
presented in their account. 

SEASONAI_ DEVELOPJIENT IN THE PACIFIC NORTHWEST 

In the lower Puget Sound rpgion till' adult flies first appear late in 
April or enrly in May, dt'pending on climatic conditions. In 1935 fi 
schedule of daily (except Sunday) observiLtions, regnrdle>ss of weather 
conditions, wns followed in the Puyallup Vnlley throughout the period 
of adult n.ctivity, :Mny 7 to June> 27. Six narcissus fields, vnriety 
King .riIfred, were visited ell.eh morning bet\vt'(,Jl 10 n.. m. and noon 
by three of thl.' laboratory stnff, two fie>lds be>ing eov('l'(>(] t'Hch day by 
eaeh obsern'r. The \'isitntions WP1'(' nltl'rnatNI so thnt Pilch fit'hl wns 
visited twice a week by eneh obserV('I'. Exnetly one-hulf hour wns 
spent in n. field, aud the number of ndults obsPl'vpd during that p('riod 
was recol'dNl. The sllmmarizNl data of tl1(>5e studil's ar(' preseuted 
in table 10. Two fiplds were noticl'ubly mol'(' heavily infested thun 
the otl1('1' four, and the datu of thes(' two fields hn.v(' been compluNI 
with tpmpemture menus and preeipitation reeords in figure 1.5. It is 
very noticeable that tI\(' incr('ases in ndult npppal'fineps are assoeintpd 
with tempel'lltul'(' peaks. 

Further informntion on the sensollul oeeUrl'ellCe of udults wns 
obtained from records made of til(> ('mergence of ndults within 11 large 
sCI'('('n cnge covering infested bulbs placed in the soil the' pr('cNling full. 
The data obtained nrc presPl1tpd grllphicnlly in figurp 16. 

TIl(' cage-emergpnce data eOl'l'('spolld ill n gf'IH'1'nl WiLy with till' field 
obsel'vations exc('pl that flies \\'('1'(' obsl'l'ved ill tlIp fipld senrnl dnys 
in ndvance of cnge PJ1wrgpnc('. The p('nk of ('m(>rgl'Il(~e occlll'l'l'd during ,. 
tIl(> p(·riod from ~11ny 20 to 27. During this prriod tilt' IWllk of activity 
in the fipld was also obS(>lT(>(L A s('eondnry I)PHk of ('nll'rg('nc(' in tIl(> 
engp wns not('d lit the' ('nd of ),l:ty nnd t1)(1 first fpw days of .JUTlP, nnd 



BIOLOGY OF NARCISSUS BUT.B FLY IN PACIFIC NORTHWEST 33 

this compares with I), field activity peak from June 3 to 6. Stragglers 
emerged throughout the month of June and reduced numbl'l"S of adults 
wl're notl'd in the fidds during the snme period. 

TARLE 1O.-N1I1fzber oj adults oj Jlerodon equestris observed in six fields oj King 
Al.rred narcissus dl/ring the period of adult activity, Puyallup River Valley, 1.935 

l)utl\ or Adults observed in t1cld- jTemp. i""('nther conditions at limeoh~{'r 10 n. m.--­or obse"'ntion~ .--l'/'otnlvnlioH 'to 1~ Ul.: A : B C J) l:' 

cp.
o ~ 75 pf'rc(lnt ('loud)" 5(j~59
7 i Cl~llr, light breeze ___ .. (~)-ii5 


6-HOO
~ )" ci(/~~~iilOJ;;~n-t~'~ "'-jnd_ wH2 o4 
10 Cloud)-, brief sunshiIll' _ . __ 52-.ili I 

11 : 75 p~rt'Cnt; cloudy, IighL wind. 51--M 

13 1 Clenr, light brcc7.C ., tin-73 I 

14 ; US7.y, light breeze.. .. IH.-GO : 

15 ; Rain prc\"ious night, 50 perC('nt 


, cloudy, light wind. _. 51i-flO i 0:o 1: 1 i o 01 2Iii Moderately bs7.Y, Ii~ht br~C7.L' 57-Ill 4 I o 1 o o 0, .;17 Cool, cloudy, light. wind_ . ~. ~ ~~_ i .1:1-5i 0, 0' o! o o 0, o<. I 

1~ CI~llrcd at 10 B. m., light bre('7.o .. __ •. _, 5!i--6J Il Ii 
21J Clear and bot all day cX('{'pt 10: 11) n. m.-: j 

OJ 7 1~ 2 W 
12. m., 75 percent cloudy, bree7.c. i2-'i"i ·13 3- 101 3 ! - I 

n I 12821 Partly cloudy, warl1l. __ ... __ ". 67-70 25 ;, 16 : I ~ ,7 101122 Cool, i5 percent cloudy. wind. . ... 1)1-1;3 0, 0; 1 - I23 Cool, 80 percent cloud\', lirht breeze ___ 2 ~ I 0; 0: ~ t 7'!!J Clenr, moderate wind' _ _. _" :~=~~ i U: 2, 5- .1 1 ~ I 35~5 Thin clou<l." li~ht breeze .. G:!-ljO i Ii 4.i27 Clenr, light breez(L ~" _ _ _ (>I-7i ~: 8 12 
8: 

lQ 
5 

., 
~i 

i 1+12.'\ High Cog brenking lit 11 n. m., Ii;:ht 
br(ie1.e.~ .. _... ~_ . ___ ._~~ ."~ . ___ _ 5ft-05 : o 2 9 0' 2-I 14~>9 Cloudy, cool, Quiet... _.... . __ ,i9-r,o I 0- 1>'o o o o o:\0 Cloudy. cool, drizzle 9:'jQ LO JO n. m. 5.';..50 : o oo­ u n cii o31 Cloudy, cool, threntening. 55-f~ i IJ Il o o 0' o (jJnlll' 1 ' .....do .....____ •.. fiHi.5, () o 0, o 0; o II3 Clear, moderate \VirJ(L. {}lj·i2 : ~i 13 0' 2 ~, :\ fJ74 ('lear, IIuiet... __ ... ". . i2-iH 23 19_ 4~ ·1 ~ 5 68,r; Clear, light breczt·, 10 n. 111., 1Il0d('rnt.(" 

wind. 12m.... '. _" 77 ·kl 
 33 17 5 6 ? j 7 i5Ii Clenr. light hrccz~ _ . 1'(J~h7 - (i(j '27 0: a H: 112 , Cloudl-", Cool, modt1rnw wind ~ H.i-til) o ' () o o " u o oS :ihowcr 10 a. 111., ('/oudy J I::10, clenr 

10:30, lIIoderaLe wind __ . 1,1;-70 
 3" I fi 2 I 4;'

11) Cloudy, light bn'<'z~. (i(j~·70 o o () () o 0- U11 _do _", __ ,., IH·-I,g , :1 I o 0' 0' o12 CloUdl', show('r 9::10 n. III. _ lhHi!i II 3! o o o 0'1:1 : 80 IJCrC!'nt cloudy, Ii!;ht breezl'_ tW;·70 J3 [. 
o 

].I' Show('rs ______ . __ ... ____ •• II o 2 J, 27
.i7·.511 o U o o Il 0; o15 ! Cloudy, cool, moderate wind. . 59--1;4 o o o o U U' UIi Clo\Hly early, cleared nt JO::~J a.IlI., Ii!:ht 

Wind _.. __ • _ n:Hl!J 1 6! (:; ('I (I) 7IS Cloudy. shOWers . . 1)2-6(; o 0:.. II19 : Partly cloudy, cleor IO:W n. m., wind (\2-1;(1 II o I20 , elenr.lIght hrepze. _____ ._. .._ ... tih-74 10 ! fl 2121 ' ....do••• __ ...... . 13 •70-H >i, 212"2 8hower ... _~~ ~. . 1;0-6:\ 0- t)
24 ClolJdr ..... ~ ~"r 61-67 0' II () 

o 
25 Clcnr, moderate hrc(lzc", 

_. 

.. rlli-71 ; 10 :1 - la~>(j Clear, light hreeze .... 71-75 , g' :1 ]2
27 Partly eJoudy, breeze. 71H!-I : J 7 II!?S Cloudy•. _ __ •.•• fiU-H7 I 0' o o 

'1'0(111 '492 28~ SN: 1,074 

1 ()bSlII\'utions dlsconlfnul'd. 

The prill('ipnl pt'J'iod of ('gg Ut'l)()sition would llatul'll11y correspond 
r1osl·ly to tIl<' I)(,llk of udult netivity. Entranee of lan-ac into the bulbs 
would follow tlw pl'nk of adult activity by abOllt 10 to 14 dnys, the 
timl' l'('quirpd fOl' incubution. IIJ 19:35, nurcisSllS bulbs wen' examined 
nt we('kly int('ITnh; "HpJ' ApI'il 25. SOl until Ma,y 31, whe1l three were 

410llS1 4:!·---·-1I 
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found, w('re young iurnw dd('('\l'd jn Ih<' hlilbs. Approximn I Ply 
('qllulllumbers of bulbs w('rt' (\xnrnilll'<l ('licit w('('k lind til(' Ilurnlwrs of 
new lnrvn.c found were ns follows: 

Date: NII-Ill/Jer of Jlett' Iflrl'flC 

May at a 
.June Ii 17 
.Tune la .. 75 
.June 20_ L25 
.Julle 27. 200 
:July 5_ ... 272 
.July 11 284 
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In the usunl dl'yt'iopnwntnl proc('ciul'(, the lnrnw grow to mnture 
size by the lute pnlt of S('pt('mb('r or N\l'I~- ill Octob('I', TIH'sl' ImTnp 
l'l'mnin more or l('ss inndiv(' in til(' bulbs throughout the wint('l', 
Eurly in spring they lpuvt' thr bulbs and lllOn' dmH' to the soil surfnc(', 
wll('l'l' they pupate, Aftt'r the chnngl's which OCClll' within til(' pupni 
C!lS('S huye bet'n completl'tl thl' ndult flips pn1C'rgl', 

Thosp lurvnp whose dpvl'lopnH'nt is l'('tnrckd during t1tp first s('uson 
oY('I'wintpl' pit1wJ' ns pndy sl'Pond instill's 01' ('nrly third instnl's nnd 
1'('SU111<' dl'Ydopnwnt in 'tiw following spring, 1'll('s(' ..Nteh mnturp 
sill(, dUl'ing tlli' s('('ond summp1' nnd spl'nd thl' sC'C'ond wintpl' liS Il1ntm'p 
InrYllPwithin til(' bulhs, which thpy 11'11 n' N:rly til(' n('xt sprillg to pupntp, 
Figul'(' 17 Pl'('SPIl ts a d iugl'nmmu t i(' ('ol1lpnriSOIl of tl](' nOl'mn I d('\'plop­
l1H'nt of til!' IlUITissus bulb fly with two typl'S of l'ptnrdC'd (\P\'('lopnwnt 
l'('pn'sPllll'd by thp O\'PI'\\'illtl'l'ing: Sl'('OIl<l lind thinl instill'S, 

FOOD PLA \TS 

Publislw<\ UC('ounts dPfding with the' nnl'cissw:; Imlb th' I'('('ol'd n 
n um bpI' ()f bul bous plan ts ns~ hosts, Com pilat ions of pul;lislH'd host 
I'p('ol'ds W('I'(, PI'PSI'Il «·d by ~[ncDougnIL (2.n in 101:3 IIlld £<'I)'PI' (1 f') 
in 1014. Hodson (It)) in his I'('port 011 til<' inspct 1'l'f('l's to Frypr's list 
of hosts und ndds 1~'ul'.IIchs und (la/antlllls, Poos Hnd "'l'igpi (2.9) 
li:;;t s(,\'PI'n! host plnll(s ('ompih·d from \'nriolls I'dl'I'('!1(,('s ill AII1('I'iC'1l1l 
:Inri Ellroppnn lilpJ'Htlll'(', til(' only OI1('S not inellld('(1 b~'nodson b('ing:
IriN nncl lil ips, 

Th(' lists of ins('cts intl'I'(,pptpd by 111(' plnnt qllllrnnlinp units of thl' 
CnilC'C1 Statps Dppnrtnwnl of Agl'icultllJ'(' I'll I'll ish ndditionnl host­
pIn n t f'('('ords, According to thl's(' I'('('ol'ds (from I H];j to ]f):30) Inl'\'I1<' 
of Jhl'lJr/oll sp, linn' 1)('('11 intPI'C('pt('d in Ylu'iollR hORls ns follows: 

,Sumba (If
11o... ! plnllt: III/eruption"

,·llliulIl cefill I 
.II//(/TI/Ilis bd/adoltllrt nJS, (l I
(/a/mzllws "p. ii 
madiallls "P I 
"yacillih liS "P (j 
£achel/fllin "p 1 
Lellcojlllll "P Ii
L!/cori,s "p _. I 
.t/l/seari COI/lOS/UIi l('iplll\illil 2(iS
S(/.rci,q,~IIS SJl. _ !),i I 
Ornitlw(fallll11 sp r 
Scilla "P 2 
SII~r11ber(fin llliea 
TIIliJla l"p •. 

ASSIIllI('(lly, pl'neli('nlly nil til('S(' l'{'('ol'ds I'dI' I' to In 1'\'11 I nunel\:, 
Almost non(' of titP pllhlish('d U('('Ollnts of plnnts nttnek('d illdientp 
that posiliy(' dptl'l'milll1tion of Sj)('(' iN; WIIS obtninf'd by l'pilTing of 
adults, Hl'll('P ('ompl('h' nSRUrnll(~(' (,l1Ilnot Ill' hnd thnt J1erlidoTl 
eq11l'8tris wus nlways (hI' sl)('('i('s iJwolnd, 

~rost l1('('oullls indi('utp t.11l1J nlLl'C'isslts is thp onl,V host of g('I1(,1'U1 
importan('l', inf('station in thl' oUH'rs Iwing mo1'P oj' Ipss iIlCid('lItfl1. 
No l'('fC'I'(,I1('(' to Jhl8CCll'i cmn08um liS n host hilS I)('('n notpd oth('1.' thil,1I 
tltr in tpI'('C'ptioll 1'('('OI'(\S listpd, bu I th(' Inl'gp 11 II III bpI' of ill t<'1'('('pliolls 
indicntrs thn.t this hulb must 1)(' ('ol1si(\C'I'('d us nn impOl'tUllt host. 
'I'l)('sp i11[('sl('(\ bulbs camc' from lUdy IIlld Mo1'0('('0 , It is possihlp 
thnt til(' sp('ci('s in vol v ('(I in this host rnily 1101 1)(' equfstl'is, 
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Extensive larnll infestation was obsl'rved by the writers in a stock 
of potted H11Jpeasirum hybrids in western "Washington wl1ich were 
moved from u greenhousp early in ).[uy and plunged in soil outside. 
The extensiveness of the inf(lstntion indicated that these plants were 
w'ry acc('ptubk to tll(' nurcissl1s bulb iiy. A grow(lr in tlH' same r('gion 
reported that u,pproximat('ly 10 p('rc('nt of n plunting of 2,000 LlIcoris 
squamigera, bulbs W('J"(' (IPstro:nd by bulb fly IUITUl'. From a, home 
gnrdell in tIll' PlIget Sound nrl'U infl'stl'd iris bulbs und bulbs of l"allota 
ZJ11r]nlrta WP]"P brought to til(' lnboratory one fall. 

Gl'I1l'rnl pxp('ril'IH'(' indicnt<'s that narcissus is tIl(' most important 
host, but it is probnblp thnt if Ilip]JM8trwn bulbs Wl're grown in a 
rpgion wll('rp th(l lly is Pl'('Sl'11t s('rious infestation might be ('XPl'ctNl. 
Furthc·r information 1"('ga)"(1 ing tilp stn tus of Jlu8cari C()m081Wl would 
1)(' d('sirnbIP. ",Yhil(' s(,l"iolls infpstutiol1 may b(' pXIH'ril'IH'('(1 in some 
of till' otil('l' hosts it is prohnhll' that til(' infl'stntion rC'portp{1 for most 
of ti1('s(' wns more or I(,ss u("cidpntnl, und th('Y lll'l'd not 1)(' c-onsidNpd 
ns gPlll'rnlly sllbjl'C'l to in£('stntion. 

Th(· s(,Yl'rnl host plnllts )"('cor<l('(1 bdong to tll1·p(' plnnt fnmili('s, ns 
follows: 

Jrid:l(,(>:lp ([ rb family, 
ataciiolllS 
Iris (bulhou" IYJl('I" 

"\ IIlnn"llida('(>u(' (Amlln'lli" fami! \"J 
.. i ilia ryllis . . . 
Ruryc/(s (Bri:-barH' lily) 
J/ipwas/rulIl tinduclp" lI(lbrallt/!1I.~)
Lel/cojl/l11 
LlIcoris 
Xarcissli,~ 
SlembNgia II/Ira 

l"allola purplJrClI c.~('arboroll~h lily) 


Liliaceae (Lily fumilYi 
Alliu-m Cf}J(! 


Gal/onia ISlIIlllll(>r hYll('inlh) 

IIyacinli!lls 

Lac/iowlia 

Lilillll! 
J/uscari COIIIOSIWI 
Ornitlw(Jalllll! 
Scilla, 
TlIlipa 

,\ATUlE OF J;\JCRY 

LAH\"AL ATTACK 

Injul".\' to its host is dOIl(, hy the lHlTfl of the' nnrcissus bulb fly, 
which nttacks til(' bulb imnwdintPiy nftpr it hns hntdH'd nnd £('('(15 on 
tbe bulb tissue until mil tUJ"(' und r('udy to pupnt(', Th(> C'gg is (h'posited 
on or dos!' to the bulb folillgp npproximntcly n t tIl(' soil surface, which 
mny b(' 2 to () i11el1(':; nbon' thp bulb prop<'I·. Thp Il(,wly hntelH'd IIll·va 
is actively gl'otropic find mov('s downwnrd through thl' soil, following 
the foliagC' to tht' bulb nnd thpJ) moving nrouncl the bulb to the' basnl 
pInt£'. It has bp£'n J"l'Cogniz(>d thnt til(' bnsnl pll1t(> is tilt' customary 
region of initiallm'vnl nttllCk. Obs('lTn tions of many l"PC£'lltly aUnc-ked 
bulbs hay(' bp('n c1nssifi('(] Ilccording to til(' 10("ntiol1 of the (,11II"11I1C(>, 
nnd th£'s(> till ta nrc pr('sC'n tpel in tabl(> 11. 
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TABLE ll.-Regton oj entry into nardsslls bulbs by newly hatched larvae oj l1ferodon 
eqllcstris, Olympi(t, IVash., 19.'36 

Date 
, [n root ring: nctwN'n sinh I In other 
: and clIntl'r plRl'Cs

--------------------'------------­
...Yumber ~\·umller 

May 31.. ____ ..... _.. _. __ 3 ' 0 o 
Ji \ () , oJunc6•• _. -.­la ..•.. _..... ___ __ 71 , 4 r o 

20•• ________ _ 121 ' :l II 
2'-____ . __ 2()2 , ·1 '1------'---------­

2'rotnL . 11 

1 TJurvn ent(lrcd center of hasal plnw, 1 tulll. from n d(\(ll~·l'(1 an'n. 

2 Lan~n cntl'rl1ci hulh through rottltd portion pre\'iouslv inf('slt'd with Jr. eqlll'slri.IJ, lind wus in 5enll\ nd· 


jncclIt to this [rnss ncnr ccnh'r o[ Imill. • 

These observations (h'monstmie thut till' root I'ing around tIw 
periphery of th(' basal plate is the usual J"('gion of pntl'),. Figure 18 

.. ,!. 
'.(~<"i.:.... 

':».it:l,' 
. '<'~1 

~i 

FIGURE IS.-Cross section of base of narcissus bulb revealing placc of cntry of 
a larva of the narcissus bulb fly in root. ring, X 3. 

illustl'llt(>s 11 typicnl I'nt\'llll('e hol(· I'N'pntly mudl' in tIl(' root UI'(,11 of 
the basal plate of a bulb. :Entl'un('(' lwtwl'('n It sInb and the ccntel' 
of fl, bulb is sOInt,times observed. This O('('lII'S in th(', mother-bulb 
type where tIH' sInbs UI'(, SOIlH'whnl s<'ptLl'tlted hom tlH' (,l'ntl'Hl portion, 

http:eqlll'slri.IJ
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and the laryae in theil' downwnrd migration appal'pntly get lwtween 
these parts of the' bulb, This tYI)(' of ('n tnU1("(' is shown infigur(' 19, 
In the course of th('s(' Ohsl'ITations It fl'w bulhs WN(' ('11('otrntt'red in 
whieh lan'ill PIl tnUl('l' wus just Iwillg dl'l'('tl'd, WIH'n ('xallliIH'd und('r 
magnification it wus lIotNI thnt thl' hUTil hnd nppal"l'ntl:v stnrtpd its 
f('(ding in a root tissue' I)('fol"(' m(J\-ing upwHnl into th!' buill. In 
figtll'(' 20 thl' root torn by UII ('ntl'ring hln'a mn~' I)(' ;;('('11, \rhethl'r 
or not th(' InrnlC' act unllv stnrt ill n root ('olrld 1I0t 1><, OhSl'I"\'l'd in 
most ('asps, but thl' locatiolls of most of thl' l'lItl'UlI(,(, hole'S ill the 
root-ring HI'l'n coillcidl'd with 1'00ts, nlld it is ('oll:;i<ie'l'l'ci probnbh' that 
tht' t~'pi('nl nH'thod of Plltrnl)('p is to stnrt (,11 11 root alld follow it 
illward, Thl' llntul'p of thl' tisslI(' of till' IJllsnl platp also would 
str('ngthpll this supposition, for lIll' !'Oot ti~,su(' would IH' of SOIll('wJlnt 
sofU'r eonsistl'IH','- thull tIl(' SlllTouIHling Illlsni plntp tisSIIl', 

FU:I'IU; J!), -EIl(rnlll'(, of a HIJltlll larnl of tlw lIar('issuH bllib fly illto lilt' basal 
plat(' of a mot 11('1' IHlII> h('l \\'('('11 ('('lIiral portion alld sinh, Tlie ;:lnll has I>('(.'ll 
pulled off to r(,\'p:l1 til(' nalun' of llip ('lItry, >< .'>, 

O('C'nsiollnlh- II bulb is l'1I(,Olllltp!'l'd in which a lalTu hnd f('d 011 thp 
Olltl'!' s(,III(·s, 'This typl' of f('pding is sl'ldoll1 lloti('pd ill tht' ('ill'!i('!' pllrt 
of til(' S('tlSOIl. but Intl'!', us till' out!'!' s('ull's dr.\' dtll'ill~ tll(, stomgl' 
S('l1son, th('illju!'y is mtlwr notic('llbll'. TI\(' IlllTIt f('('cIs within II 

sillgit' s('nll' fo!' sonJ(, tillH', tUIlIl('ling hu('k nlld forth (fi~. 21). nnd 
the' Inr'Ynl path nplwn!'s \'PI'Y sil1lillu' to min('s llWti(' ill 1(,11\'('i; h.\- 1t'llf­
mining ins('cts. 

In th(' mol'(' usunl 1l1ltllll('r of ttlnn('ling. nftt'r n IUITil has pntl'!'l'd 
th(· bnsnl plnf(' through 11 roof it ,·llllllg!'S th!' dirl'f'tion of its pnth to 
a mol'(' horizontal philP nlld )'('gills It t ullll!'1 whi('h t('IHls to follow 
the root ring fOl' il wllill' hut ('nntunlly mllY lpud nnywh(·l'<' in the 
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FI';r'HE :W, :'IIiHIl lana flf llip tlar('i~~l1;- hllih III 
1I:tf"('i;-~I!;- bllll, Ihroll:..11 It 1'001, IIhkh 111(' 1:11'1:1 
hplo\\ I Ill' "1111),' Ii, 

IJll:;lIl ti,,~lIt, (fi!!,:!:! I, Till' ti"";lIl' ';IIIT()llrldil1~' till' [IIIIII(,IIII'('(HIII'" di,;­
('olor'('d for 11 r:ndill"; or [III) or' tl",(,(, (illll''' tlrl' tlllllll'l'" <I ill 1111'[1'1", III 
nllllost nil (':l-;I'S tlt(, 1111"\"11 1"1'11111il1" ill tltl' 1):1,;:iI plntl' 1IIIIil 111'(1'1' its 
Ii I"S t 1Il1l1 t _ !-iOOIi n 1'1 1'1" III (' -;1'('( 1Il( I i 11-;1 :11' pl'l"iod I )('I-d 11-; lit (,I:t 1"1':1 JlI"O('(·(·d,; 
IIp\\'IIJ"(1 ill[o till' ,,;(,,:11' pO/'lioll or 1111' IlIilh !/j~, :?:~) :tlld 111('1'(' ('oillilllll''; 
ilS fl'C'd i II!!:, (,ld:II'!!:ill~' Ihl' IlIIITO\\' , :llId d('"II"()\'ill!! n I'('IT !'(lIhi<l('I":lbll' 
:lJ IlO II II I o'r I"dh I'i,.;,.;ir(' by Iltl' lillll' il h['('(lrlll'~ 111;11111'(' lii~,:?1 i, 
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The injury to the basal plate is s('rious, for this region is morpho­
10gicaHy the stem of thE' plant and th(' d('struction of it, or portions 
of it, intE'1'f(,l'es seriously with tht' t1'a11sfer of nutriment from the 
roots 01' stol'age of 1'(,S(,],Y('S in tIw scnles, Smnll('r hulbs al'(, 1ls11ally 
completely destroy('d by tl)(' Inl'ntl nitnck, but in Iarg(']' hulbs, pal'-

F[(:rRE 21.---.:\Il:'illg by yOUllg lul'Yll(' of till' llureissus hull> fl," ill till' OIlier seule~ 
of llul'cis>'us iJulbs, 

tiC'ulnrly 1l10thl'r-hulh ty])PS, tlll' injury is oIt('n COllc(,lltrHtpd in it slab 
or 011(' sidl' of tht' hulb, alld till' j'('mnindpl' of tilt' bulb /'l'rnuins sound, 
OIt('n portions of thl' hnsal pInt!' mn," 1'!'l1utin sound, and from tll('se 
un'us snlilll bulbs may r/('\"('lop fl'Olll ndnntitious growth POilltS, Slleh 
bulbs t'C'quirp Sl'\"C'I,td Yl'urs to rC'ueh normal sizC', nnd in eOlllll1t'rciul 
hnndling HI'(' usuully diseHrd!'d us substnndard. 

Infestatioll of n IHtl'cissus bulb is indieHtpt/ l'xtt'rnnlly by it dC'pl'f'sst'd 
pOl,tion of thp root rillg nrollJld tht' basnl pIaU', Th(' tissue SlllTOllIHI­
ing til(' poin t of u (tuC'/;: 1)(,I'OIlH'S durk brown, nllc] this dis('olol'n lioIl 
ext('IHls OVl'I' Ull ilTl'guIlll' HI'PH of scull, tiSSllC' udjuC'C'nt to tht' sllIlkpn ( 	 pnrt of tllp ]wl'iph!'ry of th(, bnsul piat(', Th(, ll('('l'osis of the tiSSll(' 

p,, 	 associntrd with til(' lnl'nd f(·('{lillg is rl'spollsibl(' for tli!' sUlIk('n and 
dis('olorrd condition. I t is ('vidl'nt Hs SOOIl ns tli(, bulbs tU'(' mntlll'(, 
nnd nt filly tilllI' throughout th(> storflgl' Sl'IISOI!. Shortly [t/'tel' a larva 
('ntt'rs a bulb th(' rools in the' fln'lt of (lnt l'It/lC't' die alld h('('onw shrivrit'd 
and brown, Afh'l' til(, bulbs fil'C' dug prnctienl l'xnminntion is facili­
tated by el(,llning th(' bulb has(ls with n In'ush or hy n. light sCl'Uping 
with a knifr hIndf'. 
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FI(;nn: 22. ('I'OSS "pelioll of basal plat!' of llal'eiS""" hllih I'('\'palillg ('xl!'l1si\'(' 
I lIl1l1!'lil1g Il\' a lan'it uf t Ill' Ilal'('i"sll~ Illlill 11,\' \\'lIiell lias \lrael il'ally l'll('in:l('d 
111(' Imslll plll\(', / 2, 

\1 L'LTII'LE L \ H\ .\ L I ,FE';'!' \'!'IO'i 

Ollh' I 1:ll'nl is ('0111111011'" rOlilld ill 1111 illr('st('d 11:1I't'i""lI" ll1dl>, 
(k(':lS~()lllIlI~', ho\\'('\'('I', I>lIll>~ 111'1' Ilot('d witlt :.? or 11101'(' lal'\'lIc', III 
III(' ('OIIl'SI' oj' lil'l,-hislol'Y oiJs('I'\'atiolls, ('olltl'ol ('XllI'l'il1lC'1l1", 1I1ld ill­
rl'staliol1 SIIl'\'I'\'S :t ('ollsidl'I'lIl>ll' Illlllll)('1' of illr('slt'd hid"" 1t1l\'1' I)(,C'II 
I'Xnl11ill('d, 1ll'lh('sl' stll(li('s tltl' PI'I',,('Il('(' oj' 11101'(' thall I IlIn'a ill n 
bllll> has alway" 1)('1'11 \'('('0 I'd I,d , Thl' Ili~I)('st 1111111",,1' oj' InlTa(' I'olilld 
ill :I sill~l(' I>lIil> \\'IIS X, III llli" sil1~I,' O(:"IIITI'IH'I' 11)(, 11I1'"a(' \\'1'1'(' ill II 
11101/11'1.' hili" of tll(, \'lIl'i('I\' Twillk with :.? 11I1'~(' sla"s :llId 11 11ll'W' 
('('1111';)1 s('('liol1, ;) Inl'\'ll(' hf:il1g" ill lh(, ('('1111'111 pOI:tiol1, :.? ill (1I11' sin": I 
ill tlif' nlhl'l', ()1I1' bldb was ol!sl'l'\'c,d \\'illl (j 1:II'\'al', alld I IJIIIIl Iws 
b('1'1i llo\I'c1 wit It ;" Th(, total IIl1llll)(,I' of illl'",,! c,d Indl!" ('ollsicll'l'l'cI 
ill tltis stlldy was :2·~,()·I:2, 'I'1)(,s(' ('olltailll'c1I11I'\'1\(' as follows: 

XliII/Ill r ullJIIJlni\"11I111)('I' .. f lan'Il" PC'I' I>ldl>: 
I ::!2, ·I!!I 

I, axn 
III 

IX ,. I 
Ii I 
X_ I 
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FIGURE 23.-Vertical section of narcissus bulb indicating thc 1Il0Ycrilcnt of the 
young bulb fly larva into thc scalc tissuc abovc the basal plate, X 2. 
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FlGt:RE 24.-\·erticnl scction of lIurcissus bulb reyeulillg extem,iYe injury result· 
ing hy the time the bulb fly lnrn\ has reached maturity, X 2. 
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ECONOMIC IMPORTANGE 


Losses of narcissus bulbs han' bppn l'('pOl'tpd nt various times in 
major narcissus-growing l'Pgions. Bos (5) stntes thllt alrpndy in 1847, 
nnrcissus '-"('I'e suffering so much from tlw IIllTne of J£erodon, nenr 
HllarlpIU, thnt thp llPW mnlndy of thpsp bulbs wns thf' subjl'ct of dis­
cussions nt thp 1l1Pl'tillg$ of thp X etll('dnnds Society for thp develop­
m('nt of tIl(' industry. 

In Englnnd it wns rpportNI (2) in lSHn thttt n Cornwnll grower had 
to dpstl'oy s('yeral thousHnd bulbs of Xarciss1l8 gtella, iY. g{orio8a, and 
othpr \-nridies. ~[IlCDOUgllil (24, p. S.95 J, refNTing to Gl'PIl t Britnin, 
SIl~TS: 

In different part;; of lh(' rouniTY gn'al d<':'truetion of Xarci:,,,us bull);: hM been 
reported, and t he adult fli(':' ha \'(, now and again b('('n caught in large numbers. 

Yerl'llll (36) Ildds: 

lUauy otll('r r('cords ha\'(' 1>('('11 gin'lI in I'('cpnt ypar;; of ;.:imilar dama/!e don(' near 
London ami in other districts 11'11('1'(' hilibs arc' ('xt('w,h'cly culth'at('(l. 

H('witt (18) ill 1911 snys: 

In Briti;;h Columbia, it i;: noll' a ;.:('riou;.: Pt'''t of bulbs, alld Mr. A. E. Wallace 
reported it a;; attacking lIarci~,;u;; and daffodil blllb" npar \'ictoria, B. C., about 
50,000 bulb;; lut\'ing b('pn dp"troypd in thp y('ar. 

Trehpl'l1(' (34), ref('ITil1~ to Britisll Colu.mnia, !'('porlpd in 191.5: 
During the pa:-:t "prill!!; r ob"en'pd an (,xtraordinary bad attack [rom this insect 
ju:'t outside til(' city limits of \":111('011\,(,1'. * * * Furtl)('rmor(', Mr. Tom 
Wil';OIl, Dominion fnsp('ctor of fndiall On'hards, ill forms mc that I(',;s thun 1 
ppr cent of a lar!!;(' lH'd of dllffodils * * * at Yal!', 150 lI1il(';; inland, lI1:1tur('(i. 

In 1932 Hodson (19) n'pol'tNI: 
At thp prpscllt tinl(' cOllllllPrrial grow('r,.. ill Britaill arc' flll'pd wit h yearly lo;;ses 
of lIlany thou"and" of jlollnd" worth of \'alw.I)I(' bulbs as It din'C't outcome of 
fly infe;;t at ion:' * * *. 

Tll('s(' I'eports, whitt, 1I0t \'('ry specific, reflN'( th(, g('IH'rI11 im p!'('ssiolls 
of the gTOW('I·S. DPlnilpd dntn. of tIl(' netllHI nmount of illfestiltioll is 
gencrnlly Jncking. III th(' Pllcific )\ol,thwest snmplillg of comll1el'cilll 
stocks for inf{'stntiol1 hns \'('1'11 followed for n Hum!wr of V('I\I'S hy the 
SUlIll1er, "~l1sh., lnbol'lltory stnf!'. III tllp enrlier Yl'IU'S the sluripling 
was on n sOll1('whnt hnpluur.nrd bllSis, but heginning in 19a:~ It d{'finite 
plnn of snmpling WHS ndopted wIIPr('hy tlH' ('esults obtl1il1('d would be 
Oil 11 compnl'llhle basis, hoth for loC'nlity nnd for },(>nr. Out of this 
deyeloppd n. defillite illf('statioll SlIITl'y whidl coY('red the mnjor pro­
duction IU'('IlS in W{,S(t'!'I1 "~nshillgtoll and wpstem OJ'('gon. Snmpling 
was restricted to the yuril'ty King AlfJ'('d, ns it is tlH' principill \-nl'iety 
gl'own nnd call 1)(' found in pl'IlcticnlIy ('\-eIT commel'riul plnnting. In 
this YllriC'ty exnminlltiOIl WItS ('Pstriet('(l to the double-nosed bulbs, 
which constitute the pl'i11eipnl ('ollllll<'l'cini grlldp sple('«('(1 for mnrkl't ­
ing purposes. Thus th(' infhll'IICP of vnrictnl nnd bulb-size factors wns 
diminn.tNI ill the sU!'\'('y. 

The usunl pJ'lIetic(' in'lntlb hfllldling- is to grnde tilP bulbs J'oughly 
when tlH'Y 111lvc dried 2 w('('ks OJ' lllore nf'tl'J' th(, digging. This gmd­
ing sppamt('s the ('oll1lllPl'cinl sizes frolll the plnnting stock. The COIll ­
mercial size's lIlny he sepnm(Nl to somc' (':dl'llt in this first g!'llding, 01' 

mny be group('(1 togl'tiwr find grn(h'd morp eX!letiy II second time. 
li'sul1Hy th(, bulbs b(ling- gl'llded 111'(' CHlTi('d hy n. slowly moving belt 
in front of stwel'lll workprs 011 th(' sidps of 11 grnding tnbl(', The dump­
ing of miscl'lllllH'OllS c!'lltes of bulbs onto the hplt mix('s the stock 
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rather thoroughly, making it possihI<· to splect snmplPs for pxamina­
tion which approach a tl"lH' l"Ppl'C'sentation of the condition of the stock 
as a whole. Sometimes tIl(' cOIlnnpl"cinl sizes arp again mixpd in the 
counting oppration, w11pr<' tli<,y al"P again handlpd as in gl'adil1g and 
counted from the table into contninpl"s. Aft('l" /wing gmdN\ tIl(' bulbs 
are stacked in shallow trays for furtlH'1" drying. Tl'll snmplps of 100 
hulbs each wpre cxamilwcl for infpstation if tlH' stock had hppn gmded.
In a few instancps ",hpI'p tlll' stocks had llot hl'l'll gmdpc\ 40 slunpips 
of 25 bulbs pach w('rp ('xaminpd. Not more than a SiIlgh' sample' wns 
taken in anyone stnck of tmys, ('XCl'pt for a ft'w smull stocks. The 
results of this infestation RllITPY arp givpn in tabk 12, l111d tllp loculi­
ti('s repl"l's('ntc'd nl"(' shown on tIll' map (fig. 25). 

,. 


FlGrnE 25.-Map of 'Ya~hin~l.\Jn ami Ore~l)ll, with It)cIlIiUc~ ,\"la'r(' illfCf'tatiOIl 
slIn·py .,halil's II'pr(' IIlII(h' indkatN) by dolli. 
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Previous to 1934 the extuninn,tions were somewhat scattered nnll 
insufficient to be used as a bnsis for genernl T('presentation. The 
infestation data for 1934 and the following yeal's haw been weighted 
according to the sizes of the plnntings l'l'pl'('seutNL, nnd genel'nl aver­
ages calculated for \" nshington nnd Oregon nlld for til(' combined 
areas. Thus til(' figurN, for 1939 J'('pn'sC'nt stocks of King Alfr('d 
totaling 19,660,000 bulbs in "'\Yilshinglon, of which G(:i9,G:34 we}'e in­
fcsted, assuming that tIll' infl'stn tion found in till' snm pips wns 1'('])1'(' ­

s('ntntiyc of tb(' ('nlin' stock. This nmounts to n g('I1('l'ul in('rnge 
inf('stntion of 8.41 pl'l'c('nt for til(' Stntc. Lik('wisl', in Oregon, in 
1939, the samplt's T('pr('sentNI stocks totnling 12,2.:';5,000 bulbs, of 
which 472,670,01' a.so IWl'cl'nt, \\"l'1'(, culrulntp<l ns infl'stcd. 

Th(' wcightl'd l11l'iln infrstntioll ill 1H'l'('('ntng('s for Wushington nnd 
On'gon for til(' Y(,UI'S 1934 to 1940 an' showlI in blblP 1:~. 'l'Ill' figurl's 
for 1934 arC' sonH'what bimwd bl'cuus(' of n pr('pond('l'nncl' of C'xnminn­
tions in th(' PlIynllup YuH!'y distl'jet, wh(,I'(, illfl'stalion wns sOI1ll'whnt 
high that Y('lU'. Thl'I'p is H gl'IWl'ul rUlIg(' betw(,('11 nPP1'oximntPly 2.;') 
p('l'cen t n nd 4.ij 1)('1'c('n t from ,n'HI' to :'l'Ul'. 

T.HILE 13.-W('iflh1ed 1Il('(Ln inJI'slalioll oj 1I11/'r£S.~/lS blllbx ill W(J.~hill(lloll alld Oregoll,
/.'1.1.1 !,IJ 

.\ yt'nlf,!t' jnrt'~lnl iOIl of nnrc+.::-;us hulhs dllrinJ,! YNlr-

I!I:\[ I\la;, tu:IH HI:{i was l!I:!U 1940 
--.~ --,--- ­

1~t'rt't"lIl Pln'flJt Parl'1I1 PlrCf1l1 Puanl Pl'(cenl Parent 

Wn'hin~lon 
 S.02 :1. ~I 4. H 2. liS :I.•0 3.41 : 4.80 

Ofl'IWIl 
 a 11:1 2.0:1 'I.fil :1.111 ~). -12 :I. Sfi 7.7} 

"~n~hinf!ton nod Ort'!!OI1 ('()IIlhinl'(l 
 !i ;,1 2. ~1 .,. :1:l 2.h2 I. IIi :1. ;,~ 5.'"'S 

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

1'1\(' lotn! nUllllwl' of bulbs in ('omnH'l'cinl plnntings in thl' two SHIll's 

is ('stimntl'd as nO,oon,noo in In:Hl. Till' 1Ill1l1bl']' of' inf('s('(\ bulbs ill 

l!):~n is ealclilalt'll as a,222,OOO. Till' \'nlul' of this qUllntily of bulbs 

would 1)(' 1)('l.w('('n $75.000 lllld $R:i,OOO on n tOIllJ:H!'(' busis. 1t i~ 

fUI'IIH'1' l'stilllatl'd thHt lhl'l't' Ul'!' nppl'oxill1u\('l~' 2fi,OtlO,OOO Ilnl'cissus 

hulbs in nOIl('OIllIll('"I'l'ilti planlings, pl'illcipally of an ol'llaml'ntHI natln'p, 

pitll('l' in hOIlll' gal'dl'lls 01' pUl'ks. 'PIH' inl'l'stalioll in Ulis t,vpl' of 

plnntings is dl'('idl'dly highl'I' Ihan in ('0 III ml'l'cin I lil'lds. and n mini­

mum of 10 1)(,I'('('nt of til (,Sl' hllibs may 1)(' ('onsidl'I'l'<1 illfl's(pd, 0]' a 

lolnl of 2':iOO,OOO. TIl(' l'l'plnc('Jlwnl \'alll{, of thl'sl' infl'slt'(l bulbs 

would hl' nppl'OXimat(lLY $iiO,OOO. Tltlls, lIl(' lolul valli<' would 1)(' 

0\'(']' $12ii.OOO, A consl'l'Yal i \'l' Pill illln I p of thp Y(,HI'I,v dUllIng(' III 

tlH' two Stat('~ wOIII(L Iw $RO,OOO lo 'S lOO,OOO. 


FACTORS l,\FLlK\CI'\G DEGREE OF I\FESTATIO\ 

PIIEFEIIE!'OCE FOil '\ ·\IICIS~l'S V..\IIIETIE::; 

Th(, numl)!']' of Illll'!'issus Ylll·idil''; is so IUI'g:(' lhal it ]H'PC'ludps nllY I. 

pl'ficlicnl ('ll'ol'ls to ('YI\IIIII I(' t IH'il' l'('lu t i\'C' illlSC<,ptihil itic'S lo in f('stn­
lion hy Jfl'l'o!/ol/ ('qll('st/is. In \'nl'ioll~ nl'lie\('s ('oIH'('ming (hp insl'(,t, 
slntl'l1H'nls nn' fn'quI'nlly I'IlC'olllllt'l'('d thnl III<' flips npPul'C'nll,Y fnyol'pd 
c('J'lnill \'lu·il'ti('s. Hodson (UJ) ~lnt<'R Ihut h(' WUS IIna"!(' lo filld con­
firmation of u stlggC'stion Iltn t (,(,I'(n in \'n I'ip! ips 01' lypl'S Wl'l'(' mo]'(' 
slIs('C'ptihlc nnd \wli('\'('d I hn I (ht' ('I'itic'ui rHeln]' wns almosl ('(,I'lHinly 
the' ('usc 01' difliC'ully with which till' /lit'S I'ollid nPPl'olu'h lh{' bulbs 
fot' OYiposi (ion, 
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In th(' laboratory planting ilt SUIllI1('l' a numb(·l' of Yal'idi('s have 
be(']] lllldf'], cultivation pnch VPHI' and in most sC'nsons thl'sP havp be(,11 
('xamiJwd to ddprrnilw tht" amount of inf('stution p)'(\spnt. In th(' 
dnta for tIl(' ypnrs 1930 to 1939, pn's('nt<'tl in tnhh' 14, tlll' val'i(.tips 
n1'(' nrmngl'd pach Y('nl' according to dl'(,l'l'llS(, ill infl'stntion, Thp 
infpstntioll in nllV Y:1l'iptv Yfu'ipg ('onsidpl'Ublv from Y('llr to y('al' , 
On(> varipty, Twi'nk. gl'pnlpd to hI' IH't\Yily infl'stpd y(:fil' nftpl' YNll' , 
('XCl'pt the' first ~'l'nr it wns illClll(iPd (1933), w1l('1l only n small lot 
wns grown. Tn til(' 1934 \":1 p01'-hpn t SP1'ips 40 )('1'('('11 t of thp block 
of Twink bp('uIl1l' illfl'Stc'd. Gol<lPn S('('ptn' Oil 011(' si<ip of Twink 
,,-ns only 7 Pl'.1"(,(,llt inf('st('d unci ~IH.il's(i('. on tIH' OtlH'l' sidl', only 4 
lw]wnt. JI1 19an thl' ilIf('stntioll of l;{ lots (:')0 hulbs pnch) of Twink 
pJnntl'd mol'l' 01' h·ss n( 1'undom throughout til(' lilhorntoJ'~' plHnting 
rongpd from :3S to 72 )W1'(,(,lIt ns follows: 3X. 44, 44, 46, ti2, 52, :')2, 54, 
,')(i, ;')(j. GO, (Hi, 72. Th!' llWHlI infl'stntj'lll of (h!'s!' lots wn::; 5:3.21Wl'(·('nt. 

T.\ ALE J.j .'. [ nfl ,~la/ ion b!l [orl'(/( of JIr'rot/on ('qll(.~lris 0/ l'(/rio/(,~ narl'i.~S1/S Imrieties 
ill [alwra/orllillol, SIII/IIU/" W({.~h" lfJi3()d[/ 

(,llls~i- Billbs
Yt'nr nnt! \ ariC'ty fient IOn ~111"pst ..(,tYllt,l I'., t 

If}.](J nrf JlJ.')jJ "' Pln'tlltPrinrep:o: 1(' lI!.a .\1 nrlll" 1(' 2ft 5(lold~n ~pllr In !I.n Twink 111 12,7 ...V'arCUNOJ,'! '''J(lfllllonilis pluw,It" 10 Kin!! .\Hn·([ III ~.OYi(·torill 1(' ';. Ii 
Empf\TCJr In .1. ti 11M;
:lir Wnrkill 2n ;l.:l 

LnUn'll~ Ko.\.«', 
 .. .Ii '-nl1or Jwnt tr£lflwd ::PriliS 

1,1,11 Twink 111 ·111.0:1[01'1110 ~1. .,I<- EWIH'ror In 2'1.0tlnldl'n H(·lllll~· 1(. H1,1 At'Tfilitl' In 20.11l'ir Wmkin :!n 12.·1 :';ir Frnn('b 1lrnke In lS.0JYaTri;~:lll,'f "Ttlfflllonills plt11lo<1" III II. 7 f.nUf{':ll(' Ii 17.11Sulphur PhOPllh Ill,.,10 Ortll1~1' Cup 17.0Goldf>11 Spur In .... il ~I inistpr THlmn "III 10.0Crn'nllies In ,.. Lh<ing~loJl Ih 15.0Ernpf\ror In ;. ~ ~ir \\·HI kin 2n Ili.OKin!! ArrrNI In T.o) Tllt'Vil'sl In 15.0Sprjn~ 0 lor)" 1(' li.·1 'rr('ssi'rn' In 11.0PrnH'l'pS 1!' fj,() .;\l'lwlotJ}; S 10,0'l'rp5.""('f\'{· In ;j.~ PIH'ifi(' Spur In 10.0TAHJr(>n~ K (lSH'r ~ 5.ft \~ic'lorin 1(' litO:lriniswr Tolrr II la :1, :2 ll"PJlY 1(' !I.OYictorin 1(' ·1 Y Kin!!Alfrl'd In !UI 
LII('iJl!tlS :!n (1,0fO.tE (lrnnil Solt'il ,ror ·>;.0Will Nnrl('lt " 2b ::W.V (ioltll'l1 S('('pln' 7 7,0001<1011 Il(>OIlI), It, ~.i. n ~pring (; lory Ie- n.oiiirWn!kln :2n W. -; LHllrf'n~ Koslt,'r >, S.OOrnn~w cup .. I~.II (; lury of ~nsstlnh('ilJl It,n(;soris :n, 

~ 

4.0
II.I! ;\lnJpstic .•. ,1.0Kinl( Alfred II> II.I

Trc:-:'s(lrn' III III. Ii IHIEW[l(lTOr III H •• r; 

:lHnist('r Tnlll'n In !1.I1 
 Ol'lwrnl stork
Hohert N),<1('1I1111111 III '''.11
Lord Kil('lwlI('r ,III ... Tn)s~I'r\·t· In 41,1\'it·torin jp 5.'; f;pril1~ Olory Ic- ·10.0MnJrstlc ., rdl :';ir ""'It kill 2n :li.nAdmirll! ion (Helios) 

O(lld('n f;]1ur 
, " I, I \'i('lorin le' :\7.3

III :1.2 'I'wink HI :\0.6>;ir Froncis llrok(' III :t!l EIIJJwror .. 111 aO.1Narci.mls poelirll., flare /lleno III a,1 Kill!(Alfn·r] In 2;'.8Narcissll.' orlnr"., ri/i/llloslls . 2 . .'\ ,JUliet !I 18. 9Frnlls IIlIls ., :?,(j Narci.""", JOlIlJuil/a ,';mJ//1J' 11 15.0Olory of ~l1s~(\nll(iifII 1(' 2, I (1 lory or ~nS$Nlht)irll 1(' 5.6 ..,-rarrlsMlt II '/HnlfloniuJI pil1l1l,.f' III 2.11 SarciS"lts /lolliru.'J/I}f(' 11/cllo 10 5. If;i!,'('r 81'111' 1(' :!.II 
JVurC;:l.'fUX 1}{)(lirm! (nllliw,_ !I H J!M/i
Nprinl( (lInn' 1(' 1,) Twillk III ·13.Sl.nllrrns KOS((lT ., !I King Allml II. 24.0 

~('P l()()tnnl"~ at NHl of tnlll!'. 
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TABLE 14.-Infestation blllarvap, oj jlferodon equestris of various narciss11s varieUes 
in laboratory plot, Swnner, IVash., 1930-39-Continued 

I ! ! 
, ("Ias~i. I Bulbs L I, fi("Cllasltl~oi-II:' .BulbsYear and variety I ficatlon ' Yl'Rr and ,-oril'(.\." 	 I 
I tYllt' 'infested 	 i type Imfesle< 
, lit"' I 

--.------.-----,---:---. --------------!---I-- ­
1956 Percent I: 	 I , PercelltTwink__ • _______ '_' .... ". 10 46.4 I Kin" Alfred . In 14.2i In I 9.' I Juliet _ 	 9 H.Of,l~fo;~~r.c~l~::::::.:: • ___ .. _.1 Ie I 7.2: Minisl('rTnlll:n 	 la 6.0 

Minister Talma_ ... __ ... 
Glory of Snsscnbcirn ._. .-.. l~ I ~:~ I'!' 1939
Sir Watkin.. _....... __ _ 2a 1. 2 Lndy Moore !lb 56.2

_oj ! Juliet... .. . 9 53.4 
1937 I Twink ____ . . 10 5:1.2 

Twink._ .•_____ . __ II 10 :l1l.O , Golden Sceptre . . 7 52.5 
King Alfred __ ._. _ -- " In 19.6 if ("b~erf.ll~ness. )() 40.0

Ii ~!Ie F!rsL__ . 	 In 46.0 
I~S8 'leIOrlll ______ .... lei 45.7 

'I'wink. __ ....... _._ .• 10 2!1.5 !1, Aerolite _' __ . __ In , 42.6 
Sir Watkin ...•. __ .". . i 28 26.;- I' Glory of Snsscnheirn... Ie 42.0 

ISir Francis Drake • la 25.0 ! Lucinius.... . 2n 41.0 
Lady 1\[oorc l 3b 20.'; 11 'Livinf,!ston_" _ ,. Ib ~6. i 
The First. _ ..... III 20.0 1/ Sl~ Watkin.___ 2n 26.0 
Lh·ingston ••. Ib 2O.n I, Km/( Alfn'II. .. ___ la 16.4 
Yicturia .... .. , Ie 18.0 :1 Mini"tcr Tlllma _. III 14.0.... !Aerolite... . .. - In 	I W.O Mrs. Ernstll. Kreln!,e. Ib 3.0 

I 
~ 

1 As grouJled by The Royal HorticlIlturnl Soeiet~' in Classified List of DnlTodii Xarnes. 

In various plantings the infestation in several varieties has been 
noted, and tllC'st' data are presented in table 15. The limited number 
of varietil~s in yolved in the examinations does not permit definite 
conclusions, but tlwre are indications that possibly certain double 
varieties, including Twink, may be morc susrcptibll' to infestation 
than other varietips. Goldpn PhoCllix (ButtC'l' and Eggs), a double 
type, was thC' most ht'avily infestpd varipty in thp Olympia pla,nting ~n 
both years of sampling. The vari('ty CIl('erfuirl('ss, also a doubl(', 111 

the 1939 laboratory planting dev('lopC'd 49 lwrrent infC'station. 
ParullC'ling it in tll(' lU'xt row the varipty :Mrs. El'I1st H. Kr('lagp 
devC'loppd only 3 pprc('n t in fpstution. Rpgur'ding inft'sta tion in 
doublC' variC'tiC's Hodson (19) states that-­
iII the Tamar valley those growers who specialise in the colourless "Double white" 
frequently filld this more seriously dama~ed than coloured cups such as "Ornatus" 
and "Horace." 

TABLE 15.-1nJe,~tation oj na,l'cisRlls bulbs by lIferodon eqllestris in various plant­
ing,~ in western Wllshingt011 

PUYAT,f,{JI'. 1928 

- IClnssi. 1 nulhs II 	 .--_.\ CIU.<si.! nulbs 
Nnnw or '<Brit.'ty ficul ion; inr('st· Nome of "nril'ly flcntion infest· 

I tyP(' I; I'd i 	 type' I ed 

-.---.-.-.-----:. ----;::~:y-------.- ~--.-----1---: I'crrtJIt 

"Varci$,,,,s pottirll,' onwtus (j i 20. I :1 \'il'lllrill l h' i b.2 
Sir Wntkin. . . 2n 1:1. U if Em(leror. I In I 4. r, 
Narci,~u3 .. Tdamonill3 ple1ll1s'" 10 7.7 II Kln~ AlfTl'<i I In 4.2 
Glory of Sassenheilll __ .__ 1(1 fI.llli Lllurc'n~ Kusll'r 8 4.0 

Golden Spllr. ___..___.. _ In i Ii. Ii :; Spring (JIor~'_~:.._ .....___ ....__._~_.__I~.. 3. !I 

OLY.M 1'1"\ , 1U:11 
~~~.~-" .---.~~~- - > -----~----..... -

Golden l'hornlx 	 In 5.510 21.·' II King AJrr(''' ..
Emperor..... __ . , ", .. ' In 10.2 OJory of 8118S('nll('lnl Ie 5.0 
.lVarci88rl8 "Tr/a11l01l;U3 plclItla". 10 10. S Ooldl,'n Benut" . I~ Ii. 0 
Princeps....... . Ie j II. () 11 \\','nrdnl(' p(·d,'ctloll . Ie :I.r, 
Olympia" •. In i.2 

----------- -'-------_._..--- -------'---- ­
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TABLE I5.-Infestation of narcissus bulbs by Merodon equestris in vari01ls plant­
ings in western Washington-Continued 

OLYMPIA,1032 

Golden Phoenix _________________ _ 10 39.0 Golden Spur. __ . _________________ _ In 18.S 
1a 32. i ;Narcis:lU8 u Telamoniu8 plenus" __ 10 IS. 1Stella. __ . ________________________ _Ie 32.5 2b 16.3~i.:e:;I~~~ ~ === ======= == ===== ==::=: Elvira. __________________________ _Laurens Koster_____________ _ 8 28.3 S 13.0 

P!lci~c Spur_____________________ _ Princeps__________________ - _______ ,In 26.7 Ie 9.3 
!\arcl88u8 recurrU8 _______ . ______ ._ 9 10.2 

I 
'1'ACOMA, 1932 

Emperor_______________________ --II 
In I, 47.211 KingAlfred------.---------------l 2:l.9Vietoria________________________ --I Ie 44.4 Golden Spur _.________ . ___ . _____ _ ]8In I 10.1 

SUMNER-HOME GARDEN, 1032 

King Alfred _____________________ _ 2:l.1 JUlieL___________________________ 1In 9 10.0Emperor_______________ . _______ _ III 22.3 Mllrthn -------------- -- __________ 1 Ie 8.2Dosoris__________________________ _ Jr.. Ii Sprmg G1ory ________ . ___________ _:Jb Ie 5.0Tresserve_. ______________________ . 11.S Golden Benuty__________________ _In Ie 4.SFrans Hals_____________________ __ 8 ILl ! 

SUMNER-HOME GARDEN, 10:14 

l' ! 

King Alfred _____ .------ __________ 1 In ) -.1_••S :1Ilomperor.--E .. ---.- .• --.-----.-.--I 
~Dlurci88UJJ porlirus Orl1!Itu.'t._______ _ 9 56.5 Spring G1ory ____ •• ___ •__ • ___ . __ •. 
N. odoTUs rugulos//8_•. ___ ._. ___ •• , 50.0. Trcsservo .. ___ . --- --~-~----~------- t7 I I , 

1 As grouped by 'rhe Royul llortieullurnl Soeiet~· in Clnssified JJist of Daffodil Nnm(\s. 

In general it may be cOllsiderNl that the infiu{'J)c{' of th{' varietal 
factor on the degree of infestation is rath{'l' minor and is considfU'ably 
overshadowed by environmental faetors which infiu{'nce the activities 
of the adult flies. 

BULB DEPTH 

Sev('ral experimC'nts were conducted to determine whether planting 
depth might have some influencc on th{' infestation of the bulbs. 
Throughout this discussion the terms bulb depth, planting depth, and 
depth arC uscd interchangeably to designate the distance of the base 
of the bulbs from the soil suriac{'. 

In the first seri{'s bulbs were planted in boxes at d{'pths of 6, 8, and 
10 inches, and by ke('ping the soilleve} with th{' top of the box the 
depths were maintain('(l constant throughout th{' gl'owing s{'ason. 
Larvae w(lr(' allow('d to hatch in til(' laboratory and then w{'re eith{'r 
placed on the leaf slightly below till' soil surface or allowwl to drop 
down a emck 11 ('l1r the l('a,v{,s. Later tIl(' bulbs wel'l' dug and {'xamined 
for infestation. A total of 525 larvae wel'l' plae{'d in the soil OYer 369 
bulbs. Infestation wns found in 53 bulbs. The proportions of these 
in the s('vC'rallots is pl'{'s('nted in tabh· 16. 

TABLE 16.-Jnfe.~tation by larvae of 1I1erodon eq1leslri.~ of narcissus bulbs planted 
at variolls depllt.~, SlImner, Wash., 1933 

Larvne ,
Planting d('J)lh (lncho~) Bulbs entering Infestntion 

hulhs 

Number Number Percent 
0............. __ ._._. 15.; 26 17 

8_ ••_••• _...... _.... _ ........ j 102 J8 18 


-" . ­10 ..... _•• _......... , .......... _ 112 JO 9 


--------~----.~---~..-~.•.-.. -----~----'----
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In the second series comparison was made of the effect of depth in 
two types of soil, a peat and a silt, both of which are commonly used 
for narcissus growing. In this test eggs from caged adults were placed 
against the foliage of the bulbs at the soil surface, and after maturity 
of the bulbs they were examined for infestation. The results of this 
examination are given in table 17. 
TABLE 17.-Injestation by larvae of il/erodon eqllestri.~ of narciss!ls bulbs l)Zanted at 

variolls depths in peat and silt soils, western Wa.shington, 1934-3':; 

. '~'-~;,:--r"-" Lnnne I 
,-----~-~~"--1 [nfllstu- _ ..__._~_.-..-.~ Tot.alBulb d~pth 

! lion Innn!(inches) 
'~~~\~l'- fnf("st(\u. ; Alive ~ri!'!'im~ 11 rnortn1Lt~t 

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

...YumlJer ~\"'ulIIl)t!r Percent .IYfll1l /JU _YulIl'leT Perunl 
2;- .~ 32 

6 ........................... SS 21 2-1 2i1 I 5 
01 .......................... . U2 2.=i 17 


.,22 11) 2il8............. . O:j 2il 

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

fil; ~a I'j 2iJTotal ....................... .. 2ia 21 


IX SILT, lII:ll 

II 12 -; 1 36 
6......... _ . 17 W 15 2 12 
8............ _. .~ 1:1 r. :1 25 

4............. . 


----.-~.--. 

1'otol. ... :Ifj l'i 2S .~ 22 

24 12 33 
'1'otal at 6 inches ~~ ~l2 :15 3 S 
Totnl at S inrl1l'~ !!' 

Total at 4 ineh~~ 31\ 20 

III 22 n 21 
. ­

--~--

IX <'I LT, W:l.; 

6......... _ ITi" n3 lei 22 

8 ....... . 17 :1S !I W 

10........ . ·W 
 ·47 :1 6 

'fotnl 4(1 27 Ifi 

IX FI~; Lll \\'['1'11 ,,[' H I'.\C g I.E \' g LAX IJ II 11.1.1'; D, 1935 

5H (soille\·cli....... . :1I IS 21 
9~~ (soil hillEd) .. . ~,i 17 :?3 

I I'rcsumnbly d<'lld nnd '0 Tl'tOrdl'll. 

A third s('ries of U'sts wns mnde ill H)35 compnring plllnting d('pths 
of 6, 8, and 10 incllc's in silt soil. In this seri('s ('ggs obtnined from 
caged adults Were placed on the' neeks of bulbs. TIll' dntn nre also 
presented ill tablc 17. 

A somewhat difl'('1'('nt test was mad(' with bulbs growing in the Inb­
orntory planting to determine the pfl't,ct of kl't'ping tIlt' soil hiliI'd up 
around the necks of the bulbs. '"llis in eel"ect WflS n tl'st of tIl(' 
influcncc of bulb depth. In six plll"llllp] I'OWS thrpe scctions, ('fleh 10 
feet long, wet'e marked. J~llrly in tlw spring as tlw ]pnf tips wcrt' 
breaking throllgh the soil the wintpr hilling of altt'l"lIu tt· bloeks wus 
leveled. Dming the growing Sl'llson thl' soil was eurefully muintnilled 
on a hilled ol'le\'pl husis Ilccording to the plan. !'\o Ill·tiHrinl infestu­
tion was attemptpcl, depPlldpnc(' hping plnced on nntul"1l1 infestntion. 
In this series th£.>l·c were nil1e seetiolls of bulb !'Ow in ('nch of the two 
types of cultll1'e. At digging tinH' I:ht' Iln-mgl' depth of the bulbs in 
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each section was determined, and all the bulbs in each section were 
examined fcu' infestation. The an'ragc eil'pth of the bulbs with leyel 
culture was 5h iuchl.'s, and the bulhs wherl.' the soil was kept hilled up 
wprl.' at an aYl.'rag(' dl.'pth of 9% incl\('s. Th(' infestation data obtainl.'d 
in this tl.'st nre summarizl.'d in the lowcst block of table 17. 

Throughou t tll('SC s('n'ral expl.'rinH'll tal sNics the indications nrl.' 
that planting dl.'pths within prncticallimits (not more than 10 inches) 
do not affect the degrcl.' of infestation. In the one Sl.'ries in which a 
4-inch depth was t('sted the nnturallarnll mortality resulting at this 
shttllow c]('pth was much grl.'at(,l" thAn in tIl(' bulbs at grcatl.'r depths. 
This may hayl.' bl.'pn associatl.'d with an (,Ilrlil.'r mnturity of the bulbs 
and consl.'qu('nt earliN drying Ollt of tl1(' basal tissu('. 'Further tests 
would b(' d('sirabl(', howl'nr, to dl't('nninc whethl.'l· this was due to th(, 
shallow depth almlt' or w}wth('l" other fnrtors might hllye hel.'n im-olycd. 

SOIL TYPE 

In Ol1(' of the experiuwnts for bulb-planting depth two typl.'S of soil 
were usc,d. Ol\(' type, a peat soil, ohtninl'd from a bulb fm'm, is a 
true pl.'at, with 11 rather low proportion of inorganic constituents. 
Th(' other type was silty in natuf"(', of ri,-er-deposit formation, ratlH'r 
high in sand. Thp infestntion that d('n'loped in the bulbs in this 
pxperinwnt is tabulntc,d in slImmllrizt'd form in the first tW{) total 
lil1('s of tnbh' 17. 

TlH's(' datu indicutl' that gn'lltC'r infestutions deYl'lop on pent soil 
than on silt. How('n'I', as therc arc ll1mwrous soil typps this tpst is 
hardly mOl"(' thnn u ge'nC'rnl indiClltion that soil typt' mil)' he n fnctor 
of SOllW infl\ll'I1C(' ill the infestution of lll1rcisslls hulhs by IlllTae of 
Jlerodon f'jUf8il'i8. . 

LOCATIO:--' l:-i !;'IEU) 

OhS('ITnlions llllY(' indiclltpd thnt bulbs ill murginnI nrt'flS of nnr­
cissus plnnlings Iipp('nrNI to he' mOf"(' l!('n"ily infl'stNl thun the' bulbs 
ill tIll' morp c('nlrlll portions. ('('rtuin illfl.'stutioll dUI!l hun' IWPll 
studipd ill cOlllH'ctioll with mapped plnntings to dptl'rminc the' ('Xl<'llt 
of tllP marginal in flu (,llCP. 

Tht' Ilti>(;mtor.,' plltll ling n t SUllllH'r, 'Yush., for tIl(' S('/lSOIl of Hn 1~;t2 
illC'ludl'd II hloek of e:qwrinwnlnl toleralle(' 1('sts. ~lost of It l"('Ct:lll­
gulflI' hlock 70 fp('l hy 140 f('('t was plalltNI with 25:3 lots of narcissus 
bulbs, whi('h W('f"(' nll 1"I'('P of lalTHI infe'stution Ht tin1£' of planting. 
TIl<' in fl'stnt ion of 24(i of t h(' 2;);3 lots WI1S dPic'rminC'd nIld this informa­
l ion IllIlPIWd. TIIP blo('k was nrbi trnrily ZOlH'd in to 9 more or I('ss 
concpntric Will'S, Ilppr(IxiIllatply [) f('('t wide'. Z011(' 1 is the' lH'riplwr.Y 
of tIl(' af"('11 nnd ZOIH' 9 thl' c('n tral ZOIl('. TIU' inf('stlttioll percell tngcs 
for cach of the' ZOIH'S is prpspntNI in tuhl(' IS. 

'l"Afll,E IS.--lnfcstalion b!llarv(lc ()f Jlerodon eqll.estri,~ illll(lrcissll,~ Ijillb.~ (II .'illmnrr, 
___ ..... .. JI:(IS!I:!.i~'!:'!!!~....Jf!0.!i(!.t!!.~tlc~ordilIJ1J!!'Jlo.~ilion ~1l pl'llltillfl. ___...... _ .. _ 

I
Bulh, 

In(",IfI- 11I('Sln-Z',II!" ",n. ZOIU'SO. ­tic)t1 tiOIl 
Total In (,"1 ("(/ Towl In('gl('(( I.- - ~~--

Slim/JeT ,.\·umIJf.T } 'accJJ , SIl",lirr 1\....um IJer rucent.,I 1,3m IH7 la.s H62 42 4. -I 
~ 1,724 121 ;~ 0 I 1; if,() .1'; 4.S 
:l I.:m lIS 8.S !I 1100 !.~~ 3.2 
4 1,1126 bS :l.G ..--­-~-,. 

[I. I.:!:!:l flll fj.-'! 'rotHI 11,10-1 6.4il'!' I
U I, III 49 4.4 

-.--~'" --~-----~""".----~- ...........--'.-------.....-----. I 
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It is evidcnt from the data that there is a distinct concentration of 
infestation in the outer zone (l\ o. 1) and that the infestation beconl(>S 
lower as the central areas al'C approac1l(>cl. An analysis of distribu­
tion of tho infestation 11l 11011(' K O. 1 show{'d tlw northern edge to 
hilve an infcstntioll of 28 pf'rcent [mel the southern ('dge 21 perccnt, 
whereas at till' Wl'stern edge of the planting the infestation was only 
6 percent. 

In a comm(-'reiul plnnting contailling seY(-,THI ...-arieties, OIH' variety, 
Songl1lJ, WflS samplC'd for infestiLtioll in 193:3 according to distnnce ' 
from tlw field ('(lgt'. Th!' TOWS ran nIl tll(' wny ncross thc planting, 
and tIl(' three TOWS of this vnriC'tv wen' in tllP central block. Each 
sample reprl'Sl'ntelL nbout 50 fl't'l of row taken at the stntl'd clistaneps 
from the pnds of thl' rows. Tlw infcstatioJ] obs!,lTed was as follows: 

III(f"ln/inn,
Location of sllmple: 1Jerretl/ 

A. WestcdgcuffielrL____ _ .. 23.0 
B. 120 yards fl'oJU wcst cdl!;l' _ . 4. 7 
C. 2.30 ~'ards [rom ,,'cst edgp . . . . . 4 
D. 400 yards fl"Oll1 wcst edge. •..8 

Snmph' D was :1t tit<' npproximntc' ('('lIter of (he entir(' plnnting. 
As in till' prl'violls ('nst' tilt' infl'stnlion on lhe ('(Lg<' of tll(' plnnting 
WitS mudl h('H.-it"r thu1l that in tlw mort' (,I'ntrnl portions. 

Infestntion in n. modprnll'-si%l'd plantillg WitS stu(liNl in 19;32 by 
f'xnminntion of snmp)ps of bulbs dug ilt Y:1rious pIncl's throughout 
thp aTelL 'I'll(' planting wus lnid out in tIl(' "lwpp of a IPltpl' L. TIl(' 
long llxis, I'xtp}Jllillg ]lorth llnd SOUiJl. wns bor(i!'l'1'I1 on tIl(' el1st by II, 

woods of l11ocLl'mtl'ly thi('k s('('ond-growth fir, sloping i1WUY from th(, 
hulb field itJld s!'pnrntl'd hom tll(' hulbs b,\' 1I strip of grHs" itnd w('cds 
rnnging in width fl'Oll1 10 to 25 ynnls. All nJl:llysis of til(' inf('stntion 
dntn hilS bll('n mndl' 011 (IH' busis 01' pOFitioll in rPlntioJ) to tIH' (,:ls(l'm 
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OISTANCE FROM WOODS EDGE OF PLANTING (YARDS) 

Fwt:ln: 2!i. RpllltiOIl lll'lw('('/l dpgrl'<' of illfpHtllt ion h.\· ;1/cl'o£ion ('que~tris and 
distluH:(' frOlll (>[Ig(' of plantilll!; lldjltl'l'nt to \\'ood:;, Olympia, \\'aRh., 1002. 
The cin'll's reprl'R('nt til<' It\'pragl' iuf(.'::;illtion of th(' Slllllpll's eXIUllint'd Ilt the 
distances as indil'utt'di til(' Im'us of the' ItLr~er drell's arc proportional to the 
!lumber of bulbs e:mlllinNI and the Ilr{,IIS of the shad('d ill/WI' cil'des lIrC pro­
portiollal to the Ilumhl'l' of !tin'ap found. 
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edge, adjacent to the woods, and a very distinct influence of the woods 
on the distribution of the infestation is evident. The infestation is 
shown by varieties in table 19 and presented graphically in figure 26. 
TABLE 19.-Infestation by lYJerodon equestris in narcissus samples at lIariolts 

distances from woods at the eastern edge of a planting, Olympia, TVash., 1932 

Infestation in samples selected at distances in yards from cast.rn, or woods, cdge 
of planting 

Variety 
I I I ' ' j I I 

7 12 I 25 I 35 85 I 150 I 200 I 220 I 245 255 I 270 285 300 

Golden Phocnix.... (1~. pr~ 1!!.~c/~II':~~t::l P1i 1~c/:·k~l~k~I:.1 ~CI:: P:lf '~~I=: .~~I:: :~~l:: 38 ...•.... 20 I 15 I..... I··· I···· ill! b ...•...•........ 

Narc;s8usrecurvus.. { 22 .•.• I .. I ... I 19! "1 ... I··· . I 12 09 ...- •..• • •.• 

G Id Spnr { '27'::::1 ·26 I·····" -151'·:: .:: I··· 4: .18! .~ I : ::, ::: ... :: 
o en ·······1 ..._..-. ··1 28 ....... I···· I ..... '1··' "1 . . -I"· .... 


EIYira..•......... :{::~;. ::::1 ::: :.·:::·1 ~ I .•.~ 1 .~~ ,'.:: I .:.: :.: . ! ::: ::'1 :::: 
I .... .... i· . I····: 16 i·· -1· '1· . . ~.... I· .. . , .... 

Stella •...•.•..._+:::: .::: ~~ i.::: i. 1?:::: ;..::: ,:: I::: i·· i::.::.::1 ~ 
Princeps.••••..... !{ :::··-1 2~ i'2i 1 I::: /.:::!'a-! ~ 

) -+ ~ ~. _. 11 i -- - I- - _-: - _ - _ I 3 
J\rllrcissu" "Tela· I{.... .".j 22 .... 27: .. : I 11 i ·.".1.""

manilla plell1)sH __ ~ _~T~ _~I_ 2; 19 t ~ -- I --- __ j l~ !___ M 

,,,,,d, ..... ··1.! " ". .... !! : ••. :'-1.1: 
Pacific Spur. ". L.: ~~, l~. ,'0: .. I :;:::!:::::: 
Emperor l··· ,;0: 14. r 34 ... I •• • ••••••••• 

Laurens ~~st~:~~~'IC: 49! 50 j~~: ~~ ;:;.;;;;:~~ 

All edges of a. field do not necessarily exhibit increased infestation. 
The marginal influence is considered as being associated with two 
phases of adult bulb fly !labits. The adults feed on pollen and 
nectar of various flowers and must search for these in areas outside 
the bulb planting. Aiso to a large extent, the adults' nocturnal 
habitat is in brushy or weedy growth, sometimes ndjacent to the 
planting. occasionally at some distance. Consequently the adults 
are away from the narcissus plantings frequently, and it is quite 
natural for the femnles when approaching plantings to stop for ovi­
positional activities more frequently at the margins than in thc inner 
areas. 

A further factor of influcJ(j(~ is the presence of windbreaks of any 
sort close to the edges of, or within, plantings. These cause condi­
tions favorable to the ndults, and the consequent concentration of 
the flies is reflected in nn increased infestation in that immediate 
protected area. 

BULB SIZE 

In a number of instances bulbs of mixed sizes were examined for 
infestation. In these cases the bulbs ''''ere gradcd before examination 
and the data recorded separately according to the gcncral grade size. 
Such elata, which represent cOlTesponding size groups from individual 
bulb lots, are presp-nted in table 20. In this tabulation the sizes have 
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been grouped. in two classes, termed large and small. The classifica­
tion "large" includes the double-nosed grades and some mother 
bulbs. The term "small" refers almost entirely to round bulbs. 
The data compare the infestation of large and small sizes in 38 lots 
of narcissus bulbs examined during 7 seasons. The infestation of the 
large bulbs was 12.48 percent and of the small bulbs 7.10 percent. 
In 29 of the 38 lots the infestation of the large-sized bulbs was greater 
than that of the small-sized bulbs. 

TABLE 20.-Comparative infestation of large and small sizes of narcissus bulbs by 
Merodon equeslris, 'lcestern };Vashinglon 

Lar~~ hulhs Smnll hulhs 

Yenr and Yariety l-E.xalll~~:::C<l : In~es:~! III[~sted 1 111 [.',sta­E.xam. I.
i tnlld, i tum 1 mecl tlOnI ,____!____I___:___l ___I______ 
iii I I I 

1931 II i\Tl(,mIJ~~ ! lVumlJer i Perr~nt ( l-tU11lE&! i Number Percelltj 

Emperor__________________________________ l,9?, r 143 I :.3\ ,-: ' 14 I 1.9 
Golden Beauty________________________ . __ , 1381 8. 0.8 9, 31 3.2 
Golden Spur_. __________ ._ ..... __ • ________ , (;74 59 I 8.8 1, H7 98, .;.6 
King Alrred _____________________ . __ . ___ .. _, 2,012 I 48 '.' 2.4 4,771 i21 J.ii 
MinisterTalma _____ . _________________ .... : 614 2!1 I 4.71 101 8 7.9 
SirWatkin __________________ .. _________ il;.;: 85 ~ 11.1 118 1, .8 
Spring- Glory _____ ... _.. ______ ._ .. _.... __ 214 i 13 I 6.1 86 2 i 2.:1 
'Press(1rve., __ ~_~~ ___ .. __ ._~_._~~~. __ 1481 5i ~.4 Hi!) 81 4.7 
Victorin... ___ ... ____ .. __ . __ .. _._._ 3.540, 178' 5.0 i 6,149 20G 3.4 

1932 
Emp~ror (J\l)l _______________ .... _ __ ~ __ ~ _i 750 43 5.7 48.; 26 I n.·t 
Emperor (R) ..... _. ________ ..... 255 169 6G.3 100 H2 H2.0 
Golden Spur (Gl- ______ .... _.. _.... 2. (JO(J tm 3 .• 1 3,900 , 82 2. l
Golden Spur (R) _______ . ___ .. ____ . 340 , 17_ 1 -tiS !IO 

I
58 18.0 

----.--."King AIrred (L) ______ 210 12 5.7 436 59 13.5 
Do 338 !!:J 6.8 1.080 74 n.n 

King AlCrc,I(Uj :::::::::::::: ::::.:-' 300 5 1.7 .;00 17 I 
I :l.4 

Laurens Koster.. ___ .. __ . __ . __ ...... .m : 3 .6 564 2 I .4--	 ,Pacific Spur_. ____ .. _____ .. _ ... --- 48ii 84 17.3 45fi 48 I 10..;
Sir Watkin ___ .. - ________ .. ___ --- 81 32 39. ij 199 31l 1;;.1 

1933
King AIrrcd (Ll) ____________ . 	 I313 19 6.1 ) 389 8 2.1 
King ~\Irre<l (L2) ___________ 181 25 I 13.8 lIiO .; 3.1 
Kin~ AIrrcd (L3)._ .... _____ -.".-.-._- 287 I 23 8.0 21fi Ii 2.8-- I 	 IKingAIrred (TA) .. _________ -."---_ ... --- 203 25 : 12.3 2~5 1IJ 4.4 

~ o 
lij__ e _._. ________Tressen'e_ . ~ - - --- ----~ .. - 106 , 26 , 15.7 275 ii.5 

1934 i,Glory of Sassenheim ______________ .. ____ . 515 I 33 6.4 I 31B : 1fi 4.4
King Alfred _____ ... ___________ ....... 1,441i I 352 24.3 1. 480 285 10.1
Sir Watkin _______________ . __ 	 : :

487 2;{2 47.0 79 22 27.8Spring Glory _________________ --~ -	 I ,221 lOt 4.5.7 JiO li8 32.4
'rresservc______ ~ . _______ . ___ ... _._. 139 80 :ii.1I IIIll , fiS 29.1Victoria _______________________ . 	 i8/;9 ,'!li , 3ti. 5 i 331 72 21.8I 

1985 
[ , i i 

Kin~ 
King AIrred 

AIrred 
---~ 

920 214 23.3 ! 422 Il!l I 28.2(L) ___ .. __ 
(W) 	______ ::::_::::-- :14:l 27 7.9 I 220 Ii , 2. ;­

-- -- ------ --' ~. - ---. -- I 
i'ewink_~ ____ 	 128 74 57.8 i 527 211 40.0 

1938 	 I I 
King AIrre<l .. _.. __ . _.... ____ • ___ • 1,010 i 82 8.1 i 238 , 0-

i
, 11.3_I 

Minist~r 'l'ulme...._.... _________ _ lfiij , 11 I 6.7 ' In3 ! 10; G.1
·Pwink _______ .... G3 !17-1 [ 99i 5fl.9! 1i5; 36.0.. ---------------------- I 

. I I1037 ' King Alfred ___________ .______ •_______ _ :118 I :12 I' 10. 1 j 37 ! ·1 : 10.8 
fl'\vink_._ < .. _ ~_ ., ~,. __ ~ .. ~~ ___ ~~. ~~_. <_ 18ij i 85 I 45. II : :un ! liB : 30. Ii

:---i---,---:---:---,---TotaL _____________________________ ! 23,420; 2,923!. - '28.182! 2,001 1 .. 

Meanrelntlvcinrestation .. _____ "":- -::-1"'_ ----I 12.48-:=-____ :-: __ . __ .(- 7.W ., , 

I Letters in parentheses refer to tIu' laboratory codl' llitrt'r('ntialing stocks o[ the same vuriety. 

An analysis of variance waS made in ol'dC'l' to show definitC'lywhetlwl' 
these differences in infestation w('r(' due to chancl' vUl'itltion or to a 
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real association between infestation nud bulb siu'. This nnnlysis 
determined that the. 111Qan difi'el'(,l1ce of 5.8 had II stflJldut·d ('ITO}" of 
1.3, which made it evident thnt the bulb sizl' hnd H hi~hly sigtlifiennt 
effect 011 infestation. 

It is Yery pl'obnblP thnt thl' fnct thnt the larg('r bulbs hUH' more 
leaves nnd growth shoots than till' smnllC'r bulbs is l'('spollsiblt' for the 
greater infestation. This larger number of ICft\"(,s would be conduci\"(' 
to moI'l~ <'gg deposition. 

~ATUHAL LARYAL MOHTAUTY 

Larval mortality is discuSSl'd by Hodson (19) but ltiH t'l'fl't'l'nCl' i::; to 
lUortnlity of lw\vly ('l1wrgNllnlTIll'. C~)t1trnry to his ObSl'ITHtion thut 
"pre111n.tur(' dl'fl,th is ypry ran' Oll('l' a lal'Yll has Plltt'l"l,d n bulb nlld 
survived thl' first few wt'l'ks," it hns be('11 obs('l'v('(l in till' Pncific 
Northwest thnt n ('onsidl'rubll' Ilulllbl't' of Inl'\"tl(' sU(,(,llmh ufi('1' nn 
appm'l'nUy suc('essful initintioll of bulb uttack. Bulbs in whieh sueh 
mortality occurs exhibit typical l'xtl'l'I1nl busnl symptoms of infl'stn­
tion. Wlwn th(' bulb is sf'etionl'd till' eout's<' of thl' Iun'a ill the bnsHI 
plHtl' is quitl' clistinet, and morl' 01' It'ss of till' basal-platt' tiSSUl' nnd 
soml' scull, tiSSll(' is found to ImV(' hl'l'11 kiI1('d (fig. 27). ('sunlly the 
f('('(ling und Hccompnnying 11('(,1'osis of bulb tissul' HI'l' suf!ieiently ('x-

FWUHE 27.-VerticaJ Rection of a narcissus bulb, demonstrating extcnt of bulb 
injury caused by a larva of Ml'rodon eqlle.~tris which was unsuccessflll in main­
taining itself for more than a few wccks. 
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tensiv(' to dt'stroy at least oot' growth region of tlw bulb. Ach'cn­
titious buds mtl,y develop around til(' injurNl arpa, according to the 
nmount of henlthy basal-platt' tissue rt'maining, but flow('r production 
is d('finit('ly impairNI, nnd tilp bulb growth clops not b('com(' normnl 
until tlw spcond y('ur of ('nsuing growth, OI" lutl'r. Obs(,lTations indi­
cutc that ('IlyiI"onIlWnlnl conditions 111'1' probnbly r('sponsible for this 
phenom('non. In sonll' InstallC('S Itlrvn(' hllye b('('n obsprv('d cnught 
b('twl'l'n tlw sicks of tl1('il' tUllIwls by nn nppnn'ntly TU pid growth of a 
COTky nalun'. 

To ddprmilll' lhp infiuC'll('(' of ('0 III Illl'I'('inl handling nH'thocls nnd 
c('Ttnin PIlvironnwntnl ('on<iitions a blo('k of bulbs of th(' nlridy 
Oold('n Phopnix, known (0 bl' I'n th('r h('nvily inf('stpd, wns dug nnd til~' 
bulbs pln('('d in tht' conditions to 1)(' ObSt'lT(,(1. Fin diff<'r('nt (,ondi­
tions w('r(' r('pT(,spn tNl ns follows: 
(I) Rtored in a ;;hpd, protectpd froJll rain bUI wilh frpp air circulation. 
(2) 	 Stored in a field stuck of trayl', RubjPctprj to !'omp occu;:ionul light rains, but 

not exposed to dirpct sunlight. 
(3) 	 Buri('d in It light sand,\' loam, conluining pnough l11oi"tllre to be in good tilth 

bllt not particularl,\' w('t, and no alt(,lIlpt madt' 10 k('pp til(' soil damp. 
(,1) Rtored in moi;;t pput 1II0RS in II box. 'I'll(' Iwat lllO":i< waR maintained in Il dis­

tinctl.\· damp condit iOIl, Illld at lll(' tin1(' of !'xamination np\\' rools s('''Prlll 
in('ll('s long werp COlli mOil. 

(.')) 	 Block of bulhR Ipft 1I1ldllg 1I1ltil lll!' Pilei of Ihp I)('riod of the t('~t. The li!!ht" 
sandy i<oil Wile; dry at tIl(' lilll(, this i<lUnpl(' \\'Ili< dll/!:. 

TIl(' bulbs \\'('1'(' dug (('x('ppt lot fi) on .Tllly 10 nnd inllllNlint('ly 
ph)('('d in thpir t('st situations. TIH'.v \\'PI'I' ('xnmill('(1 for infpstntion 
d tiring till' fil'sl 10 dnys of S('p(('m h('r, n nd Ihc' r<'slIits obtn inNI from 
1IH' <,xnminntion nn' ::;lImlll:lI'izpd in tnb1(, 21. 

T,\BU: 21.~ ,lhrta!ity of lar/'af> of Jhror/oll eque,~tri,~ occurring in lulb,~ subjected 
to /'Ill'ious ,~lorage conditions 

~tornf!p ('C ndilioJl 	 Lan'al •morlalilr 
Towl AlII" Dr,," 

(J J ~lw(l s'nrtll.W 
(2) Vi"I" stn('k 
I~I Buri",1 in ,ill loom 
1.1) In moi:;! Jl!'nt 
i!i} Lpn in ~oil 

I\"'"mlJu 
:!:!() 
1m 
I~O 
240 
:HO 

.'''"l1wher 
~l 
ft.1 

1117 
1;;1 
2.f.i 

""',,mb,,',
la, 
.".j 
7!t 
"'!U 
1I.i 

Parl'lIl 
fi2.:l 
f,fi. i' 
,10,11 
:Ji. I 
27 !J 

TIt(, diff('('('Il(,(' in l'('slIitilW lllol·tnlitv Iwl \\'p('n stOI'lWP in til(' sh<'d lllld 
in n li<,ld stuck is sllwll, nl1(1 tll('I'I' \\'ng litll<' difr<'('('II('~ in tht' mOI·flllil.\' 
in t1lP two lot::; hUl'i('d ill silt soil lind in moist IWllt. 'rhl' difl'('!'l'lIc(' 
I)('(\\'('('n tmy storngl', (I) lind (2), nlld soil "stol'ngl'," (:~) nnd (·n, 
is mnl'kpd, Also, til(' sllmpll' whi(·1t wu::; 1I0t dllg IIntil thl' {'lid of th!' 
('xpPI'inwlIlnl,Wl'iod Itlld tit!' l<'lIst IIIMfulily, qllill' n bill!'ss tllnn thost' 
bulbs dllg pnl'liPl' nnd I'('pillel'd ill soil. This illdie-ule's lhat n distul'b­
nn('(' fn('tol' is nsso('int('(1 with di~g-illg thnt ('UlISp!; II ('PI'lilin IlmOllnt of 
In 1'\'111 mOl'tniitr. 'I'h(' flldOl' of (lI'yillg in slol':lg<' nlso S('(,IllS to 1)(' 
impol'tnnl in ('nusing mortulit.". 

li'ul't1H'1' ('xlwl'inH'ntni wOl'k \\'ns C'onductpd to dplNmill(' thp infiu­
<'nee' of lilp stOl'llg<' ]wl'iod nnd of til!.' dig-ging dnlC'. ~n()lpl('s of 
bllibs of :'V(U'('ig8/1,~ 7'1'('11,.,.118 W(,I'(' dug at WPl'kly inlplTnls fl'om nil 
IlbUll<iOll<'d plUlllilll! ill whi('lJ 111(' bulbs hnd I)('('n in tllp gl'ound 
at Ipnsl 4 y<'IU'S, Eneh snmpl(' \Vus stOl'<,d at tilp Inbornlol'~T fol' 1 
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month after it was dug and wus th(:'llthorou~hl:YIllix('d und di\"ided into 
two portions. One hulf wus exuIlliJwd fOI' mfestution und lurnil mor­
tality and the other hnlf r('pluced und lipId in stomg(l until thp end of 
the storage spuson (lutp in Sept('mbpr). A sumllliUT of the duttl is 
p reSPll t eel in tu ble 22. 

TA BLE 22.-XaluraI1l10rtalily oj larvae oj .11erot/oll (qlles/ris in .~[l1I1]Jles oj narcissus 
bulbs dug at !ceekl!J intervals and exa //lincd 1 //lonlh a/l!'r digging find at lhe end 
oj lhe storage season, 81llnner, Trash., 19;16 

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

:'>fortnlitY in Yari- ;\rortnlity in Yari-
OilS Storu~(' ll('ri· In('rNl~N] (jUS storn~~ PHi- II1('fNIs:C'(1 
o<ls from dn«' of IJlOf- (d~ frolll <llIte lJf mur­;\1 or- :'>Iur-Dat!' (Ii!!!!in!! (0 (~nd (ality in Jlllt" dig:ging: to elld talitr intnlitr in tality inof ofstom~(' storage of of ~torag:(' Stomgt:­

st()ra!!~ :;.tora~n.~di!!- to th~ <iil!- --"-_ .. - to the
.~--.~-~-'---- ~---f(lr I [or I ;:ing !'nllof J!in~ ('n(lofmonth monlhA(tual th,' :\c·tulIl till'~ICJr- ;\Ior­stornp-(> ~(lnFon ~tormw spn~ontality tnlity

Jll'fiod fJ(·rioel 
-~- --~--- -~ -- - .._---- .------"- ~~-<----
JluaTti 11'«1" PaCflll }~t Trott Pu((,,' W((!:.! Parmi }JuCf:lll 

JUIlP 24 so) (.I un 14 .\I1(!. 12 ~l X b9 to 
July I \/4 12 !I~ 4 19 , b9 12,. " ~ 12 U, Ii 2H .~O 7 ~3 

I,; 12 tl,; 1" :-:f.'pt. 2 ;) 88 
22 is " Il g.! Hi If 4 );5 
2H 79 H) 91 12 1, :! iU 

A!lIr· oj mol !I ~, W 23 2 713 

P 

---~-~---

In this t'XIWrinH'llt small darkly st:lil1('d al'('ns ill th(, root-ring al'Ptl 
of thp basal pInt(' W('I'(' ('onsidl'J'('d as hn dng bC'l'll (':tusNI by lInSlI(,C'C'SS­
fullun-al attack, ll.nd su('h spots W('I'P (,OlIllU,d ItS ('ns('s of Inn-ul mor­
tality. Also, thl' bulbs, huying bl'l'1l ill th(' ground 1'01' 401' 11101'(' y('al's, 
W('1'e niltlirnlI~- smnl! lind driN\ quickly nftl'1' thp digging. Th(,st' two 
fae-tors W('I'(' lnl'g('\y rpsponsibk for tll{' YPI'Y high morbility l'Pport('(\ 
throughout this sl'ril's of tpsts. Thl' mortality uftl'l' 1 month of 
storngr' following tIl(' digging vari(,d iIT('gulnl'ly, nlld th('J'(' is no indi­
cation thut tIl(' digging dutl' in its('1f pXl'l'tC'd ully influ('n('(' on mOl'tnlity. 
Tilp mortnlity nt tlJ{l l'nd of tIl<' stol'ngl' ~wnson is higlH'st in thost' lots 
dug (llll'li(lst, nnd n d(,(T('nsing tn'nd is indi('at('(] in this part of the dntu. 
Thus l'nrIi('l' digging dutt's ('X(')'t a cprtnill nmcHmt of influeu('p bN'nusl' 
of til(' eonseqlH'nt iIH'I'('aSp in thp stomgp })(,I'iod. Th(' study in<iieutps 
that tIl(' pndi('1' pnl't of the In.lTnl lifl' is tIl(' IllO!,(' cl'iticnl ppl'iod. 

Through sf'v('ml SPtlsons of til(' hUTul-dn'plopnwll t studies, snmph's 
of infested bulbs W('l'e ('olkett'<i n t inil'l'nlls frolll Ull llndistllrbl'd 
'flnrcissus planting. 'Yhpl1 th('s(' bulbs W('I'(' l'xnminpd for inf(>stntioll 
notn.tions W('I'P mn(\e of those' bulbs in whi('h Inrnt! nttuek hud uttnill('d 
nn upptu'('ntly satisfnetory start but in witieh no IuI.Tne could })(' 
10C'ni('(1. Y('I.'.Y slight symptoms indieilting possiblP fnilure of InrYlH' 
to bC'C'oml' w('II ('stn blislH'd w('r(' not ('onsidprN\, us tlH'l'C' w(,),p no in t('r­
grading dpgrN's of injul'Y, nnd su('h wl'y slight injul'Y would indiC'ntc' 
that the lul'Yl1. hn.d only pnl'tinlIy pntp!'('d the' bulb tissup. The'diffi­
eulty of intc'rprpting such symptollls nftp!, n eOl1sitiel'flblp lnpse of timp 
made it Ildvisnbl(' to ignorl' this type'. Thl' typP oIilljury C'onsidl'l'ecl 
sufficipntlv l'xtN}siV(' to be' inelucl('d in tlH' dntt1 of tublp 23 indicutpd n 
minimum-fN'ding p('riod of 2 01' 3 w(,('ks, und the' lurn11 bun'ow could 
t'llsily be discerned, Tht' clnttl (,OIH'('l'ning thp mortnlity obs('l'nd ill 
these intrn'n11nlTnl SIUllP\(oS nrp summnl·ilwd in (ublt' 23. 
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TABLE 23.-Seasonal occurrence of nuturalmorlalily of lemme of 111erodon eque8tri.~ 
in narcissus bulbs dug at interllals eluring the season of wincipflllurv(1l activity in 
Olympia, Wash., 1.93/i to 1938 

LARVAE OF 19:15 OIUOIN 

Lnrnu' considCfC:(\ -- LnrvllP cnnsicil'fI!ci 
Lon"al Lllr\,111 , 'I'otlll Towl

Da!r lJlor· 1)1I1~ mor·Inr\'!lC larvur8uc·t...·ss- (. nsu('· tnlily SUCt'(Is..~. tTnStlC­ t>!lhy 
[ul el'ss[ul [ul cl'ss[ul 

19.~5 .Yumbcr .VlI.mlu:r ;.Vumlll'r P('rCl'lIl /.?S.5 ~VllmlJer lV-umher Pnreu( 
~r8Y 31 :! :! n .0 ~l'pl. I) 272 108 i4 27.2 
June Ii 17 17 o .0 12 IIX) t:Ii HZ :11.2 

1:1 ili 75 (I {) HI 222 liO 52 2:1.4 
20 125 125 o .0 26 li5 119 fm :12.n 
2i , 2(}fj 20ti o .0 Ort. II 210 lai i:I :14,8 

July 5 272 272 o o 2.1 221 141i 7.1 :1:1.11 
284 284 () .0 No". 8 212 laa ill :1•• :1l~ I 21. 203 14 n.5 21 I4R 87 iii 41.2 

25 2iO 2:l0 40 14.S Dl'r. H 214 1.11 Ii:! . 21l.4 
Aug. a I 281 , 2:18 4:1 15.3 20 21,1 If;! lUI 28.4 

10. 2:li ' lSI 5a 22.4 

Ifi j 238 1114 44 18 •• 1 ' 19811 

24 j 231) ISR 20.0 I Jlln. 2i 210 !)() . 42.0 
21li 221 18i 34 1.5.4 Feb. 2S 173 5- :12. U 

4. 
' 

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

1iiS6~~---

-~i I--~IA{,~~6~1--~-- ~~-I·-
~IIIY 28 4 112 21i IS.H 
Junr 4 .o! ZS, IIlI 14:1 :IR 21.0 

11 40 .U Srpt.:J' li2 : IZS 44 2fi.ti 
I. o I 

18 !15 o .0 II 158 113 ; 45 ' ZS.5 
25 , 101 o .0 21 H/2 140 5" 27.1 

July 2 1:10 I .1-; 24 140 118 ! :11 ; 20.S 
» la:1 , II ,0 Or!. I llii Ijtl j :\4 20.·1 

16 lau ' Ii 4.:1 S 120 26.7 
2:1 1(;5 !I I). Ii 15 liB 12H i 

:a5 
12 1 

21.3 
ao 170 II Ii. I " ')0 ISO 71 I :m. " 

Aug. Ii, 155 I. 11.0 ~n\·."" i Wfi IOUIliO I 4f, i 2:1.1 
i 

T.AHYAE OF 11I3i ORWI=' 

II/ii--I-' -ili.~7 
June J() 0 .0 ~llpt. !I lai Ill. all 21.0 

2a () .0 24 105 X5 211 ; Ill. 0 
2,. ' .51i i fin II .0 ()(·l. S 148 121 , ~; 18.2 

Julr I 85 S5 0 .11 21 WJ HI IX ! IH.2 
8 ~ lili ! 114 2 1.7 No,', r. IS-I 1M :10 IIi. 3 

I.~ : 121 lOa IS 14.9 Ill. 20.1 : 140 ' "Ii • 27. a 

Ii i -~I • 

.., IHIi i 175 ~I 10•• I)l'c. 2 142 i 102 ,Ill 28.2
2ii: IIXI 17a I. K!I Hi 127 92 I afi ' 27.H 

Aug. 12 liS 1M 24 1:1.5 

1,,\ It\' A I, OF IU:1S ORIGIN 

J9.~8lii/if-
July S : I'S 1fl2 III Aug. :11.4 

22 i j\!(J Hft 4fi it¥ i 

From tlll'S(' dutu it il' R(,PII that til(' 1:1I'vnl mOl'tality Lwgills ('I1eh 
St'tlSOTl nbollt th(' middh' of ;Tuly nllcl inel'N1St'S Ill. IJ, fnil'ly l'v('n rnte 
until tlw middlp of S('ptpmiH'I', wlH'1l it nppt'ill'S to ['('neh lUI n.ppl'oxi­
milt<' l(lv('l. 

'flH' ('xtNlt of nutul'HI mOl'tality hilS nlso b('('11 t\pt.PI·milwd ill mnlly 
('ommpl'eiill stO('kR of nlll'('isslIS bulbs in lh(' pl'ineipnL blllb-pl'odueing 
ItI'pltS in WIlshingtoll und Ol'('goll (fig. 25). This illfol'mntioll has bl't'll 
obtllilwd in ('onn('dioll with tilt' inft'stu,tion smv('y whieh has b('('11 
eltlTiNI out for st'vt'l'al st'nsons. Bulbs I'xhibiting sympt.oms of infl'sia­
tion, obtuint'd fl'om thl' SUI'VPy snmpling of doubl(HloSNI King Alfl't'd 
bulbs, W(,I't' Cllt. op('n to (/t'!<'l'milH'bhl' IIl.rvul Stilt us. Th(' datll nrc 
presented in tnbk 24. 
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T.\BLE 24,-Natural 1IIortality of larllae of llJerodon equcstris in c01ll1llercial slocks 

of narcissus bulbs, double-nosed size, variety King Alfred, grown in Washington
and Oregon, 1931,--3.9 
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Although the data from tlw s('\'('rnl stocks fll'C' hurdly compnrtlblC' 
b('('uusc of til(' gr('nt ynriution in such ('onditions llS digging dute, 
t,"Pl' of storage, dimatC', dut(' of ('Xtllninfltioll, p{c" flritilnll'tieul I1wuns 
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have bl'en calculatl'd for (,{tch yNlr to furnish all indicatioll of thC' 
iLpproximatC' mortality occurring ill thC' diff('l'C'llt ypal·s. TIH'se 111l'allS 
arC' as follows: 

Year: .I It'll II oj IIllluTIl/mortlllilv perrrn/II!lI" 

1934_ 32 
1935 __ 42 
193(i .. 2() 

321931-. 
.j 1193~L. 

J939 __ 38 

It is ('vidf'nt that ill th(' PueiHc NOI·thwpst n Y<'I'Y Hppn'einblp pro­
portion of tIll' lurYilP thnt ('nh'r bulbs Hn' not ublP to continu(' tilpil' 
cI('v('\opm('nt to 1l1ntUl"ity. TIH' fnrlors inyolYNI in this phl'lIonH'lIon 
hnvl' not bN'n dl'finit<'ly <IdpI'millNI, but thf'y HI'(' prineipnlly ('ondi­
tions of PlIvironnH'lIt. Thl' moistlll"P nSlwcl of thl' f'lIyirolll1lPlIt is 
probnbly till' most: impol'tnlll. Possibly thl' fudors il1YolYl'd in 
l"PtnrdnJion of lurvnl dl'n'lopnwlIt may 1)(' tlH' snlll<' us thos(' illYolVl'd 
in lfilTUI mortality, but with till' I'l'tnl'dt'd Inl'\'I1<' b('illg subjt'etNI to 
tiH' ('ollciitiollS ill kss('1' dq~rN' of intl'nsity thHn thost' IUITUt' thnt 
su('cumb. 

.'\ATCRAL E:\EMIES 

Y('ry f('w nntuml PIH'lllif's of til(' narcissus bulb fly htl\·(' 1)('('11 
ObSl'I'vPci. Oe(,Hsionnlly, in tilt' ('ourst' of ('oliPetillg plipul slll11pl('s, 
pllpurin hn\T(' b(,(,11 found with til(' PlId bl'Okt'n olr nnd pillchNI unci the 
('olltt'nts gone'. III n I('w inslnn('Ps whl'n birds hnv(' foulld pnlry into 

FIOna; 28.~Pllrnsit(' NIt('mb()bill,~ ubdo/llirU/li,~ ('IlH'rging from PUllUl'illlll of the 
11lU'('iRfillfl bulb fly. X 5. 
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cages, pupae eaten by them have been left in this same condition, so 
it has been ussumed that such pupada found in the field show tlu' 
results of feeding by birds. TIlese have been noted so infrequently 
that it docs not apP('ar to be a fuctor of any particular importance. 

Only once hus a parasit(> b('('u found attacking the narcissus bulb 
fly. In 1927 at Sumn(>r, Wash., a qnantity of bulbs that had been 
forced in a gr('('nhous(' wen' dumped outside· during tll(> latter part of 
February. Larya(> in tIl(' bulbs migrntC'd to tll(> surface of the pile of 
soil und bulbs, ",l]('r(> tlwy pupate·d. TIH' soil surface was examin('d 
und 206 pupnria w(>re eollect('d. Thes(' w(>r(' kept inside to furnish a 
supply of adults. El(>\'('ll irluH'umonid parasites enwrg('d from thps(> 
puparia (fig. 28) nnd th('s(' W('rl' dl'tl'rminNl by R. A. Cushmun (11) 
as Rhembobiu8 (PhYfla(/pu(m) abdominaiis Pro\'. Exnmination of all thl' 
pupuria hom this lot thnt fnilC'd to pl'oducC' adult bulb flips rC'vpalNl 
that 16 others hnd b(,(,11 pal'nsitiz('d but til(' parnsitc ndult had fuil('d 
to ('nH'rge. Thus a totnl of 27 of tll(' 20n pupa(' coll('ct('c\, or 13 ppr­
cent, W('I'P pnrnsitizC'd. All ndult idllH'umonid which Imd ('m£'rgNL 
from a pupnrium of EUlfIf'r1l8 sp. in Snnbl Cruz, Cnlif., in 1926 was 
also dC'tprmin('c\ b.Y Cushmnn ns th£' snnw speeips. This pnmsitp hns 
not b('('11 pncoun tC'r('(1 sinep, howC'\T('r, llOr has any t'yidell('e of nll~' 
otll(>r pnmsiti(' 1'01'111 b('('n ohtalIH'd in til(' ('ours(' of th<' studies. 

SU;\BIARY 

The narcissus bulb fly has h('('on1<' on(' of thc·. major inspet })(lsts 
('onfrontillg the rC'(,pntly pXpUnd(ld JHU'('issus bulb industry in tb(' 
Pacific X ol'thwC'st, and losses a 1'(' (,X})('I'ielleed (\\'PI'Y spaSOll by pruc­
tically en'ry O'row(·r. . 

Thl'('(' lalT~l instal'S al'P indieaU·d by tIl(' siz('s of the indi\"iduuls 
aud thr widths of th(' spiru('ulul' PI'O(,(,SS(·s. TIl(' skin of thp mutul'l' 
Inn'a hardens to form tht' pupal CUSC'. 'I'll<' adult bpll.l's It strong
I'('s('mblullc(' to It bumblej)('e. 

The cIggs arc laid ut the bast' of tile' foling(' 01' ill n ('ruck in the soil 
nearby. The incubation j)('l'iod is gen(,I'aUy from 10 to 12 duys. 

N ol'mally the nareissus fly I'('q uil'es 1 ypal' for tho deY<'lopmrn t of 
a gt'nerution. Nrwly hatchpcl lUITae mtrr thl' bulbs IMC' in )'lay and 
in JunC' nnd dewlop through titl'C'e instal's to maturl' size by late 
Sl'ptC'mbl'l' or Octobrr, passing thl'ough tlw wintt'l' as larvae still 
within tIl(' bulbs. The mature 1111'\,:H' kU\Te tht' bulbs t'arly in spring 
and pupatC' clost' to tIl(' soil surfuct', and the adults ('merge in )'Iuy 
and ,Julle. For somC' individunis, Inl'Yill dC'y('lopmC'nt is retarded 
during the first summer, so th(·y puss tlil'Ougb the first wintcl' as C'arly 
second instal'S, or I(>ss frequ(·ntiy as enrly third instal'S. These ini­
matul'(' lanTae cOlltinup developm('nt during til(' s(>(>olld spring and 
summl'l', reaching matur(' siz(> in the middle of or late in summ(>I', 
I't'maming as larvae in the bulbs through th(> sP('olld wint('l' and puput­
mg the next sprmg. . 

Larvae attack bulbs immC'diatc'ly aitPI' they 1IIIV (. hatched, usunlly 
<'Iltering through the root ring in to tlw basal plate, wllt'l'c t1H'y f('ed 
for some tim(', tUllll('ling through tilt' tissu('. Latpl' tll('Y bun'ow 
upward into the seakl'cgion, ('v('ntually cOllsuming a lnl'ge palt of 
the bulb. Usually only onc lar'va is pl'('sent in It bulh, but occasionnlly 
two may be present and rarely thr'e(' or foul'. Singk recol·ds of fin', 
six, nnd (light Inrvne P(ll' hulb have beell Ilot('d. 
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XaJ"rissus is th(' principnl hORt nfl"!'("t('(I (,(;OI1OllJi('nl\~', hut jnfl'stn­
tion has b('('11 l"('('orc\t,d ill n numht'r of hulbolls plnllts, nnd SOI11(' of 
tll('s(' mn.y b('COI1W hosts of g"(,IH'I'nl importnll(·('. 

TIl(' gl'lH'rnl n\-Nng"p inf('stntioll of llnr("issus in til(' Pn("ilie Xorth­
W('st has rfl IIgN\ bd\\'('('n 2.f> Hlld 4.f> P('I"(,{,11 t during til(' St'nSOlls of 
1934 to 1940 nnd th(' "Hlu(' of 1I1l' illf('st!'d hulbs ill this J"('giOll i" 
('stimn.t('(1 nt $80,000 to $100,000 (,Heh ~-l'nl". 

Xo positin pr!'f('J"('Il('(' for pn!"tieulnl' IInrciss1Is "uri('lil's hns hl'('11 
ObS('I"\'(,(\, ulthough llldiculiollS hnyp 1)('('11 noll'd thnt thp fly IllnY 
prd('l' c('rtnill ,'nl'idi('s und('r (·('!"tnin ('onditions. ., 

D('pth of bulb plnllting :llld t~'J)(' of soil ill which bulbs n/"(' W0\\"II 
infiu(,IH"(, to son1(' <'xll'llt 01<' nmount of il1f('stntion. Illfl'stntiol1 
hus b('(,11 obs('I"\"l'd to 1)(' morl' illl(,llsP Oil th(' margins of plulltings 
thnn in the' ('('l1tml fln'nf;, and infl'stntion hilS h('(,l1 obsl'lTl'd to lw 
distinctly gJ"('flt!'r in Inrg(' th:m in bulbs of slllnl\('J" siz(', 

An impol'tnl1t propol"tiol1 of InLTn(' su('cumh to cl'rtnin illflul'Il(,(,S, 
prpsulllahly (,lwil"onl1wntnl, ill tIl(' ('arlit'r stng('s of dl'vt'lopllH'nt. Til 
COtnllH'rcinl stocks tl1(' proportion of tllis nntul'lll InlT:d ll1ortnlit~­
hns nY('rng('d 1)('1\\'('('11 25 nnd i}1 1)(,1"('('nl. of til(' 11I1'\'nl' SU('cl'ssfuliy 
('ntpl'ing tiJ(' 1>\llbs. 	 . 

Only OlH' im;lnn('(' of pnl'flsitizntioll hns h('(,11 obs('I"'l'd, inYolyinl! nn 
iclllH'ull1onid, Rhonbobiu8 abdomina/is. Bil'ds Illil}' possihl~- fil1d 
:Inri d('stl'o~' n sl11nli nllmlwl' of p\lptH'. ~nt\ll'nl (,lll'JIlil's hn,'(' lIot 
yPl bl("OIlH' n. fn('(or of impol'tnlH'P in til(' Pn('ifi(' :\ol'thwpst. 
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