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The Wheat Stem Maggots of the Genus 
Meromyza1 in the Pacific North,vest2 

By L. P. UOCKWOOD, SARAH K. ZnDllm:.rAN,' and T. U. CHA~mERLtN,' 
e1ttol/l.oloui8t,~, Dit'isioll 0/ Cereal tL'Ild jl'ol'llUe Insect In'V('.~tiIJatioIl8, jJ·/I.r('un 0/ 
Hntomolouy ulld j>lallt i)/wr(lIItinc, Agricultural R.esell'l',:!/. lldmill·istrlltioll 

CONTENTS 
Page Pag!' 

SUIllnulry •••••• I 1 1,lf .. histol'Y •.• , •. , ••.•.••••••• ,... 11••••• I • • • • • • • • • • • • 

Intl'Ocluction •••••••••••.•••.••••••• 2 J'fcI'olllyza pl'atOl'l111l Meig. ••••••••• 11 
Sprel~~, lIeasonul.fornlll, und synonym,l' " .JlenJ/II//::1I Ill/ltatl'i;" (I,.) .......... 11 
l'II('llIc coast RIH)C!l'H "."., •• , •• ". :3 Heasollal liist(II'Y , ..•... , ..•••• ,.... 12 

..Ifcrolny;:a pratol'uIII illelg... ,...... a ;Irel'o III Y::I1· pratorlllll ilIelg. , •• ' ••• '. 12 
.lferollllJza Hilltatl'i,,· (f,,) ,.', •.. ," 5 Mr'/'ollllj::11 ~1I1.tlltl'iw (I,.) ....•..... 1a 

Distributlon •••••.•••••.•.•.. ,',.,. G XIIIIII':lI ('(I II tl'll I ......•.••• , ••. , ••• , 15 
Host plants lint! t!umllg(l .. , , , .. , , , , , . 7 ('ollt"nl IllpaSlll"'S •••••• ,.... • •• •• ••• 16 
TypeR of injury ." ••• " •••.•• ,.,.,. 10 J.I tl"'11 til.·" cited ..............•••... 17 

SUMMARY 

Two ~cies of i11cronlJjza occur in the Pacific Northwest, 
ill!;J)mto;';rlU Meig. and ill. 8altatrim (L.). I<jach has seasOlUll color 
fo~s. lOs, probable that Loth species are genemlly distributed ovcr 
th't.i,J.rea, Ernt ilf. 8altatl'i,c seellls to be 1 imited to localities that havc an 
av~gc Uil1UUl precipitatioll or 15 inches or morc. The host plants 
of ,k9th aO the Gralllineae in general, but in this area i1f. saZtatl'iJJ . 
ChL@lgcs q;!,L·jng-sown wheat in April and .May more commonly than 
domE Jil. l~to'I'wn, which infests grasses, more often than grains. 
in ~Ia.y a~June. Sel'iow; outbreaks ofilf. saltatl'im Imve occasionally 
OCCUlTed on wheat ill EUI'ope and ,Asia and in the Pacific NOl-tln\'est. 
Three types of injm'y to wheat have been noted. Both species may 
become factors of importance to growers of grass seed. 

jJfel'07n,ljza 8altat I'i;).' elllerges about 3 weeks earlier in the spring than 
does 111. prato/'tun. The fact that both species select the youngest 
host plants ttvailable accounts for the greater damage to spring-sown 
wheat by i1f. saitatl'im. J}f• .sattatriw has but one complete generation 
in n, year, 'whereas i1f. prato'l"u1n has two. The average developmental 

• 0.'(\(,1' LliptC'l'Il, family ChloropIdae.

"NlllJlI1ltted fv.' publicatioll iIlarch 15, lO,/(j. 

a ~('P Keen : r('~igIH.'d. 


• 
• '1'he writers wish to thank DOll C. Mot(" of 0l'!'!;01l State College, nnd TJ. G. Snllt~. 

exh~llfiion PllloJllologlst of tlw Htutl' Collegt' uf \\'usllillgtt )Il, rOI' pPI'Uli$Rion to I'PCPI' to thpliO 
C(J1:l'('~jlol\(lpllt'(I and Curtis \Y. Hilhrosky, of ,\Ikhlglln Htatl' CollPgt'. fIll' l11aklng II\'ullahl(' 
to tlwl11 nlld (ll'I'mltting thelll to "(~fl'l' to hl~ unpubllshe<l \\,0"" 011 th" gl'lIl1~ .I/,'rollly::a. 
l~orl11(," 0" prPH('llt "tiso(-lateM, WhORl' lln[lllblislwd notes lIn\'p IIpl.'n llst'd and to \\'hom the 
writers express Il[lP"(!Cllltlon 111'(' CHell W. en'pl, [,'ranI, n, COl<', allll ,\I"x :\1. Itl'eliel·. 'rhe 
MI"""'IPH \\'en' (1"I1\\'1I lIy ;\l't:Illll' Cushllllln, R,-I!'ntilie ill list I'll tOl', Ph'lslolI of [ni<c('t 
IdI'll tilka tion. 
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period observed fol' 1.1[. 8altat1vtw, from egg to adult, was 76.5 days, 
from late in April into July. The observed mean developmental period 
for the spring generation of ill. prat01'U;m was about 85 days, in May, 
June, and July, but that of the summer generation may be as short 
as 30 dltyS, in July Ilnd August. 

The summer emergence of flies of both species takes place in July. ' 
Flies of llIeromyza saltatr-iw estivate 30 days or more before oviposit­
jng, and die early in October. Those of .v. pratorum oviposit in July 
Itnd August 011 whatever host plants are available, lI,nd the fall emer­
gence occurs in September, but some of the flies are in the fields until 
about October 15. Since little. if IIUY, wheat is up until after October 
15 in the Pacific Northwest, neither species seriously damages fall ­
sown Wheat. Self-sown grains and the grasses are usually all the 
hosts thllt are available Itt that time, nlthough·in some seasons second 
growth of grain cut prematurely for hay is an important over­
Wintering host in some areas. The number of available winter host 
plul1ts depends all late-summer precipitation, and every recorded out­
break "'ns preceded by ahove-normul})I'ecipitation in August or early 
in September', Weather conditions are ,the principal factors in natural 
contl·ol. and pnl'llsites fl.;>- ()f negligible importunce, especially in semi­
arid regions, whel'e the most extensive outbreaks have occurred. 

The plowing-under of volunteer lind second-growth wheat before 
April, the dose pasturing 01' plowing under of nearby grasses, and 
the seeding of qlliekly mattll'ing ,·tll'ietil'S of spring wheat are recom­
lnended In years whell IIl1 outbreak is threatened. 

INTRODUCTION 

Many notes on the wheat stem maggots of the genus 1J[eromyza have 
been aecullllllated at the },'ol'est Grove. Oreg., labol'lltory of the Bureau 
of Entomology and Plant Quarantine during the last 20 years. These 
stem maggots attack the Gmmineae and ha.ve occasiollalIy caused 
considemble loss lo grain gl'O\n~rs of the Pacific ~Ol·thwest. .Although 
but little is known cOllcernillg the extent of injury to gl'asses. these 
maggots arc IL potential thl'(lItt to the expanding grass-seed industry 
of that l·egion. The pllrpose of this bulJetin is to make Ilvllilnble to 
other workers the in formation that has been obtained. 

SPECIES, SEASONAl, FORMS. AND SYNONYMY 

The genus 1llel'omyza appears to llllve few authentic species. These 
species al'e dillicult to identify by the chul'actel's heretofore used by 
taxonomists. and this difliculty has undoubtedly caused considerable 
confusion in distributional recol'ds and probably nlso in records of 
host plallts and damage. 

:Material in the genus illcl'o7l1.}/Z(l ~h'om the Pacific Northwest was 
originally determined by J. M. Aldrich in 102:2-23 as ill. ameri('ana 
Fitch. ill. p/l~lCtifel' Becket" and 11[. 11.ig1'iz'entl'ls Mncf!. In a letter 
dated February ~8, 1024:, Dr. Ahh'ich stated that a larger lot of spl'ri­
mensfr~m the Pacific XOl'tlnn'st. was "nicely didded among all the 
N, A. species except that you did not send a typical amel'i('IJ,na." He 
included a Im\lHls('l'ipt (n'y for sl'pnl'ating the North American species 
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known at that time. In this key he incHcated that he considered 
amU'Lcana Fitch It variety of 7J1'tltO'i·u'm Meig., as did Malloch (13).r. 

Dr. Aldrich also stated that but for the recedil1~ fuce, jlavipalpu· 
Malloch is "not otherwise dbitinct from amelicana und I think not 
more than It variety of it., ns jntm'~rades occur." His key separated 
j.lfel·omyza into two groups-one with pale-yellow palpi, only the tips 
qf which are sometimes a little infuscated, and one ",it'h black palpi. 
These characters served the writers very well for separating their 
northwestern material into two I.;{roups which they now consider to 
represent two species only. In lus letter Dr. Aldrich also said: "It 
would be most intel'esting to lind ont whether any of the 'species' are 
seasonal forms of othel's; there are so many color variutions that I 
should not be sUl'prised to learn that this takes place. * * * ('0]01' 
of the abdomen is of very little account, less than thflt of the thorax, 
1 think." 

Vul'ing the pl'epal'lltion of this bulletin in 1943, the writers had 
considel'llble cOl'I'espondl'nce with Curtis 1Y. Sabrosky, of Michign,n 
!::itate College, un Iluthority on the Chloropidae. Professor Sabrosky G 

has given the taxonomy of the genus j.l/el'olltyza considerahle study, 
with special emphasis on morphologieal characters rather than on 
COIOI" and liftS seen It great deal of mat('rial from all parts of North 
America. He considel'S' M. (tnl('/"irana Fitdl to be a distinct species, 
basing his opinion on the i'orm of the head, and considers i1f. flavi­
palpis Malloch (U) find jJ/. UneoZa CIII'I'l\n' (8) to be synonyms of 
;1/. prato/'wn Mc·ig., of wll ieh he had EUl'Openn specimens for com­
parison. He also expresselL the opinion that i1f. amel'icana does not 
occlIr in the Paci Ik Northwest. 

PACIFIC COAST SPECIES 

For separating the two species of i1Ie)'Om yza referred to in this 
paper the following key limy be lIsed fo~' freshly caught specimens: 

1.. Hasle color ~I'('ell (solllrtllllNI buff in SU!11trWI' forms); maxillary pulpl 
SI(lIl(I£'I', l'o(\llIw, plli(' gl'P(>1I 01' relio\\', (Jlllr tiu,' tip,; sUlJJetlmes II little infuseuted 
.•••••••.••••••.•.••..•••.....••••••..•• , ••.•••........ Twa tor/l/l~ ~Ieig., p. 3. 

~. Busic colnr brown; IlJaxilllllT IHllpi l'lu\'ale, black .....•................ 
.•••.•......••.•............••••••..•.................. ..~alt(lt/'ix (L.), p. 5. 

For sketell('s of the' Hide', ,'ie'w of tile hpacls and the maxillary pnlpi 
:'N' figul'P 1 (Ji in A and IJ). SeusOlla! colol' Y:ll'iatiollS in both sp~cies 
wi!! b(' dis(·uHsecllntpl'. It i:::; tite opiniol\ of the authors that the size, 
and pel'lul})H a!HO the' ('olcmllion. of .J/l'l'omyz{t pJ'{ltoJ'll1n were atl'ected 
bv tile host plant;; Oil "hi('11 tilt' spcC'inH'lls wel'e procIueecl. These host 
p'lants ranged fl'OIll s!l'lldel'- to {'OIlI'S('-H(elllnled Gramineae. 

~b:I{Q-'fYz.\ l'I(,\'I'OHt::\[ ~[eig. 

;:'peC'imens ('olledNl in the Pilei/it- XOl'tliwt'st: are of the form de­
5('l'ibcd as iI/NOIIL/12ft tl£u'iprtipis by ~rall(Jl'h (J,J). This form has 
grecllish-white, I'odlikc llIaxillal'Y palpi (fig. I, IJ, p) and when alive is 
IH'p<iominnntly gl'('t'll, l'x('ept on tiJC' ([OI·HUIl\. In the spring the (IiI'S 

~ I tulle 1I11lllh!'rs tn plu','nlh('RI'S C(·fpl· 10 Litl'I'lItllrp ('IINI. P. 17. 
i'f'I'llP:-H.l sll1(lip.~ hnd nul ht!pl\ (10 111 PIPl,(I(1 wl1('O I l t'ut"""''''III" ~nhro:-;I\y' WitS ('ullp(} to \\"nl"UuH.' 

dllty with Ih,. \'. S. ['ullllt' lip/dIll S!'I'1·\('f'. 
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P_-t' 

.A 

• 

FlOUR.: l.-A, Heau of Jleromll::a lIaltatri:r, side view: IJ, head of M~ pmtOl'IlIII, 
side view; a, dorsal uspect of head und. thornx of M. lIa/trltrix; D, Ilorflul • 
IISpect of hend and thorux of .1[. pratorlll1l; 11, mllxllhlry rlllplIS; 1', vertiCIII 
trillngle. 



p-

A 

Il'JOUIt~~ 1.·<-.1, UNlIl (lr ;\U:rolilf/::tt ,'O(lllt,-;W, silh' view; B, h(:ill1 o( J1£, fl"II.tor'm~, 
slell' \'Iew; C, dOl'snlnspi!('t of hend nlHI thornx of M, /lul/a/dw; D, dOl'slIlllspcct 
oC h(~lId lUl(l thornx or .11, (lm/Of/IIII; I), 1Il11Xlll:II'Y )1111)1111;; t', vCI'Ut'II1 tl'lnngle. 

7·1117117-«·17 
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that l'mCl'ge carlil'st ILre much lhu'ker than the typical ones, and have 
wide. blltck stripes 011 the dorSlIlll of the thomx, while the dorsal 
sclel'itcs of the abdomen am mostly dark brown, except for the pos­
terior m:n'gim;. The writers h:we II, vel'y few specimens thnt barely 
sltow fUSCOllil spots on the tips or the paJpi and SOllie that show the 
Yerticlll triangle (fig. 1, V, L') faintly outlined with brown. Flies that 
emerge in ,J uly lllld August lLl'C 0 Eten or It I ight-buff color (colonial 
buff, Hidgway/ Rfter (it'ying») anel the dOl'sum of the abdomen is 
mostly light-colored, except that It median dark stripe is usually well 
defined. The green coiol'Btion fades mpidly in collections, and some 
specimens bN'ome brow11. 

On the Klamath Marsh in south-c('lltral Oregon, ut nn elevation of 
flbollt 4,500 feet, specimens that wm'e I'ecognized in the living stute 
us green J.I!eromyza pl'atoi'un/, nvel'llged smaller and much darker than 
those found elscwh(~re. Nendy nil these specimens had distinctly 
ills('oUS 01.' blllck tips on the l'odlike palpi, but in two specimens these 
pnlpi were entil'ely pale, while the vertical triangle ranged from 
being outlined with bl'Own to ill1 brown, except for It pale spot in the 
anterior angle, as in ill. .saltaiJ'i;c form nigrive-ntl'is Macq. Also as 
in tJlltt forlll, the dOI'$um of the thorllx is sometimes so infuscated as 
to obscul'e cOn\ph::tely the pale intel'stitilll Ill'CaS between the black 
stripes; and the entil'c dorsum of the abdomen, except the posterior 
lllllrgins of the sclel'ites, is blackish brown. These color vllriations 
are similnr to those ohsel'Yed in ill. saltCttri.l',' therefore, it is believed 
that these specinlenH .from the Kl:lIl1nth Mat'sh al'e i1/. pmto7'um. This 
sedes of specimens shows much 1I10l'e val'illtion than nny other 
collection. All these forms-melanic, green, and buff~probably nrc 
.1/. pl'atOl'um. 

MF.ROl\[YZA SAI.TATRL~ (1.1.) 

In the Pacific NOl,thwest this brown species, in which the clavate 
maxi IIa !'y ptt! PUH is a Iways black (fir' 1, .d. p) and the pleural spo~s 
arc stl'onglj' Iltal'ked, 1m::> tlm:-e CO(OI' forms. ilfe7'omyza saltatrl;)' 
fOl'm lI.if/I'i I'en! ris '\facq. is t1J(~ typic:a I f01'1ll emerging in April both 
ens! nJld ,,'('sf 0 f til(' Cascllde Mountn in~. In western Oregon this 
f01'1ll usually ha:; the bl'()wninteJ'stitial areas between the black 
:;tl,jPt·:.; on till' dOl'SlIll) of the thol'ax eOll1pletely obscured by fuscous 
bla('k (HidgWllY), and th(', "(,I'tiC'al tl'iangle .is Jllostly brown (fuscous, 
HidgwaYl. ('x('ept fOt, a pale spot in the apical angle. 

'East or tltt' ('u:;t'u<1(' ~Iountllins tIl<' .Iight-bl'own :interstitial areas 
Oil th(' t hOl'IlX II I'P oftell .IlIOl'(~ ('\'i(]('l1f. t hough narrow, approaching 
the IWXt fOl'IlI, 11/ rll,[/ill(Jta Beth .., (4). Dark fOL'ms are the first 
f1i(,s to (,I\l('l'~(' ill till' "pl'i ng neal' FOI'(':;t (lI'oYe, Ol'eg., and forms 
IIp)>,!'oi\chillg' IIlfll'[linata ami nbolli likt> \a:;tl'l'l1 qregol~ specin~ens 
are l'lil'(·1 \' ('ollt'('(('<1 t hel'e ll('a I' t ill' end of the SPI'lJ1 fT-f1lght period, 
a:-; tIl(I\' ''''l'I'l' Oil :'IfaY ~a and .Jllne .~, l!)~a. ill, ~((lt(ttJ'i,t' 1'01'111 

J)1II1'(!h;a{fl Iws tltt' \'el'(il'al triangle pale yel1o\\' brown (honey yellow, 
Ridgway) with II bla('k o('('llaL' :;»ot, and tlte yel't1<-l1l triangle is 
ourlillNl br n distilH't dadt :;tl'eak, while the black thOl'aciC' stripes 
a I'l' well :;rparnted fl'OIll cneh other by the yellow-brown interstitial 

< llllIlIW\\" It. ('1)I,OIt "TIXII\lIlI~\\I.1 ('111.011 >;OlH:SI'l"ITl'm:. 013 pp., IlIu~. \\'I\shlll~.
toll. ,,(' III I:.! 
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!treas. This is the most common !;UIllIII('I'-genel'lltion forlll emerging 
in .July west of the Cascade MountainH, Illthough th('l'(~ is some 
intle/'I'gmZdtirtlg, tofthe lI('xt [t'~f~'III. PI'.tM/('ltileG~f) llkckett}' (4). t' I ' I 

i • Sa· a l'lJJ . 01'111 PUll(' tlC'I' \ 19. '" lUS' 10 Yer ,Iell ti'lang e 
bull' (deep colonial bulf. Hjdgway) with a black ocellllr spot; while 
the dlll'k stJ'ipes of the thorax Ilre red. hlllek only Itt [ront Ilnd 
1U1ITowly on. each side· neal' the llotopleul'Ill suhn'es. In many 
specimens or this form most of the dorsum of the ahdomen is light­
colored. This is the most eommon for111 emet'ging in .July east 
of the Cllscade Mount.ains Ilnd is oC(,llsionlllly foulld in .July or 
eady ill .August west or these moun~nim;. 

M . .saltail'iJJ hl IH'et\omillllntly brown, never green, und avel'llges 
SIn1l1l CL' than tlw gl'eell Ol' bull' M. prato/'IUlI. 

In April lD2·l Miss Keen observed the emel'gence lind subsequent 
mutlll'ity of It fly in the lubol'lltol'Y. "'h(~11 it ellwrged, lit !) a.m., 
the head wus lemon yellow, with red-brown eyes, the outline of the 
vertical triangle and part 01' the antellnae and. palpi wem blllck 
01' neal'1y so, the thol'llx wns light yellowish bL'Own with three dark­
bt'own'stt'ipes, th(' abdomen was brilliant green, and the legs were 
yellowiHh lit bll!::ie and g-rayish beyond. The t'llOl'IlX lind abdomen 
gt'aduall.y dnrk('ned: by 11 ::W a,lII. the vertical triangle began filling 
wit h fusc'ous, and by fi ;:W P,III, the dOl'~um or the thol'llx and tlw 
"Pt,tical b'iangle W('t'l' O"('I'C'ast with i'uscons, as is typical for 
,11r:rolllf/zcL Nal/all'i,!' '/'01'111 ni{lril'('11f1'i8. These changes indicate the 
s('quellet~ of' C'010l' devplopnl('nt alld may sug-gest an ('xplanation for 
the (\ifl'cl'l'lIt eolor fOl'lIIs foulld ill this spedes. 

In cag-cs 011 young wheat ill the lahoratory it waS proved that 
Jle~'om.llza sult.atl'i,)" fOl'mSJlUlI'{linata allel j>llllrti/r'}' arc color forms 
of nigJ-ivenll'is. All til(' cag-es ",eL'e started late .in April or early 
in )lay with the dark. spring--emerging- form, 'Iligl'il'entl'is, and in 
.Jllly o/l'spl'i ng WCl'l' produced as follows: 1I1m'ginala, 27; inter­
IIwdiitte. 10; PIlI1('ti/l'I" R. )[esnil (14.) considered uigl'j /Je'lItl'i8 to 
b(' the tnC'lallic, wintel' \'01'111 or fll. 8(lltatl'i,l' and sUlIed that ill. 
r('l'alilllll HC'ut., dt'sl'l'ihNl /'I'om Finland. waS identical with the sum­
II\PI' r01'1Il 01' .1/. sall((tri,!' in FI'nn('C'. Bnlachowski and )Iefillil (5, 
pI. .1:) illustrated thl'l't, ('0101' /'orms, none of whieh appeal' to be 
tiS <In I'l~ as the f;pl'i n:.rfol·ll1f; fl'OIll \\'('St(,I'1I Ol'('g-Oll. Apparelltly 
tC'lIIpel'lIiurC' 01' hUlllidity. 01' both. ntl\'d the pig-nt('lIlatioll in this 
spc(.'ies. anel also iu .11. Jll'at()J'I/lI/, af; .\'I<lri('h (l) 8uggesll'(l is the 
ease in ('aodonfa c/f.llosaliN (T..OI'W). It S(,(,1118 C'yid('nt t hnt the nallle 
for nil the abovc-lIl('ntiolled brO\\'il forms with blnck clavate, p:t1pi 
should be ..1[• .~altatl·i,l.'. 

DISTR1nVTJON 

Llf(1)'011/ Ijza jJ)'{ttol'um has bel'n 1'('('ol'(le<1 from gllropc and w('stel'l1
8i b(>l'in. '~H bl'Osky statpd ill tOITPSPOlld('Il('p t hnt: ht' had spl'l'i 1111'IlS 

fl'ol1l "'fishing-loll, OI'('gOIl, ('ali fOl'llin. lind ('I:th, alld 1'1'0111 liS fa I' 
('[lst nl; nOl'thel'n Miehig-all and w('stern Kansas. ill. liu(lo/(r. ClIl'l'llll 
(8). whi<'h SaiJl'osky cOlIsid('I's to i)(. this sp('(~i('s. WIH; dpsl'l'ibed 
fl'om "I,'ol'r Simpson. XOl't hwt,~t '1\'l'I'itol'ips. ('1111111111:' 

TIIC' \\Titt'I's IIn"(' ~pN'illll'ns fl'OIll 1.11(' following lo('alit i('s : Ol'{'g-on 
-~\lbIlI1Y, ('ol'nLilis. f)1·C'Wl'l'.\'. E1:.ril1. FOl'pst (:I'()\'('. naston. IllIhll'I'. 
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K1amnth )[ill'sh (n melanic form). La Grande, McMinnville, and 
TilllllilOok: "rnshi ngl 011-)[01S0Il, Ol'()\'iIle, 'Wuteryi lie, nnel Yakima; 
Idalto-G \'llIlg-l'\'i Ile~ 

In the EUI'OPl'lIll.litPl'atul'e il/C!/'oJII!/z(t, Mtltatl'i,"I) has been recorded 
from EUI'()[)(I lind .Asia as fal' east as the .\ll1lU' region. In XOl'th 
America, whcl'e t he. records ha va bel'n ('on fused by misiclenti fication, 
this speci£>s hus beNt recorded as 'follow!;: Ben vel' nivel', Alberta 
(11, p. 91fl), olI, flla/'ginata; Montana (7), i1!, 'Ilifll'il'('tlil'i8, Essig 
(9, p. (I/O) l'ecol'ded 1lI~ pUllctijel'fl'ol11 tlIP Yakima Ytllley (in 1mU) 
on the alltilol'ity of Cole lind I~ovett, but the latter authors (6', p..JJ6) 
men! iOIl only .If. rt1llcl'il"(mct ns pl'esl'nt in theYukima Ynlley .ill lUW, 
and the preselit wl'it£>\'S have n specimen (.HikeL' mount of an illjured 
whcat culm and n fly) which was col1cctl'd and lIIountcd by Cole 
at. that time and Inbeled "Me/'oll/yza (l1/1('/'i(,UIICl Fitch, .A.htllnullI"a II('y, Yakima, F, R. Cole," This HI ceimcn is the bun: f01'1lI of 
.If, pl'a/rJl'lUII, It is ,H'obnble that the fOl'lll commollly :found 011 

hlll('/-!I'acis la "'liS in ('II ifol'lJia (9, p. (j 10) was th is species also. 'fhe 
SPPC11I11'1I 1'{'('OnIN[ by Snb1'O..,ky (1'i", Pli '21,j~JJ(j)fl'om Kansas IlS 

.If. //IuI'If/nala had .rello\\' palpi and waS l)I'obably not ill, 8alta.t/';,}." 
Bl'eket' '(4) gnn' the following' loealitie:-l iol' .If, pUIl('ti/er: Moscow, 
Idaho. Pllllman. "rash.. IIIH[ Battle ('I'el'k, )li('h,; for ,1f. 'Iligl'h'elltl'k' 
~[os(,o\\" ltlnho, and Pullman. "·flsh.; 1'01' .If. m(l/'gilla/a,: Moscow, 
Idaho, nnd ('tll'\'nllis. Ol'('g', Hc~'kel"s I'N'ol'll :fI'OIll HattIe Cl'c(·k 

appelll':> to bl' ill ('I'I'OJ', and the pl'csent wl'ilel's hnve beell ullllble to 
lind nil" allthellti(' I'('l'ol'{l of the OC'C'IIl'\'CIW(' or ,ill. 8altall'i.{' east of 
~'Iontalin 01' ,\ Illt'lta. 

Tlw Wl'ift'I's Ita n' spl'einwns of i1/('I'OJlI,Ij.zrt ,vdt(lt;'i,l', listed accord­
ing' tofOI'II1, 1'1'0111 thl' following' [o(,ttlitil's: ni[ll'i!'elltl'i8, Orcgon­
COl'vallis. DI'p\\,sP,Y. Elgin. FO\'l'sl 01'0\'(', (inston, Imbler, and La 
(h'lIndc; )[on(ana·-.\I'!('e (C. ,y, ('1'('1.'1 .IIIIIP 1-1:. 1!H7); JJUl/lginata, 
O\'eg'oll-.\Ibun,r, Canby, EIg'in. FOI'('l-lt (;I'O\'C, (~aston, Imhlel'. lind 
LII Ul'and(': Idnho-(lmllge\'illt>; pllIleti/a. Ol'eg'on-li~lf!'ill. Fo\'csi 
OroyC'. llllbll'l'. alid La (ll'a I1dl'. 

[II II SIlI'\'C',Y in 1!)~1 inju!'y by .1f('/'oll/llZ(/. to sprh:f!' whent (with 
litlll' doubt ~'nuspd by .If. sa/talri,I') was obseL'\'ed m fields of the 
g'I't'a I. 'Y!H'n t B(,1t: or l'nsl:el'n"rash i11g'lolI w!tp\'c\'er the n\'('I'altre 
1I1llluai pn'('ipil'lltioll appl'()Xilllah'd ~o ineilcs 01' more, especially ne:Il' 
lilllb('I'. ~() si!!'.ls 01' it \\'PI'(' obsl'l'Yl'd in wheat fields whcl'(' the 
a \'l'I'ttg(' allllllllf pl'l'l'ipitat ion was Il'~s thall 15 im'hes, Jf('J'{)JII!Jzo 
jll'I1!(JI'IIIII, hOl\'t'\'PI" is knm\"ll (0 ()('('nl' in il'l'ig'ntNl sC'C'lions and ill 
Illtll'",II('s \I IH'I'(' tl1l' l\\'l'I'Il!!,t' allllllal pl'l't'ipitation is less than 15 illtlll's. 
and flit'S 111H,\' spl'l'tld 0111 1'1'01\1 ~;U('ll lll'l'a;.;, l'speciallyin yenrs when 
tltl' precipitatioll in .\lIgllst is abo\'(' nOl'lI1al. 

H():-iT PLAYfS A:\O nA~I;\GE 

Jfn'OI1lI/:::ll wt/llt/ri./' and .Il. /1/'It!OI/I/l1 han' nll'ie(l host plallt~ 
n1l1OIlg 111(' (ll't1l11 illl'IIl', Btl lal,!JO\nd,i llnd "1l'~11 iI (,j. /1. lJl()) l'e('ol'(lt'd 
.If, pl'Il/orlWI fl'OI11 .11/1I/WpM/1I (/'S(/IIIIIW) IllTl/ul'ia L, in 1<'1':111('(', 

Tilt' I> 1'(':-('11 [ ",!'itl'I'S hnn' I'l'tu'pd .If, /11'11/01'/1111 frolll whcat. btu'ley. 
nn!! f/I'IJIlIlI,'< uirillli/I/'\" .I look. lind .\1'11, .II. ,("tllll·i.)'IIll~ 1)('('11 1'('('01'(1('(\ 
ill I hI' 1':ul'opP:ln litp)'nllll'l' as m'('tll'l'in!!, in \\'hl'I1(, I'Yl', Iml'l(')'. oats. 
,1(11'011/11'011 J't'/)/ /I, I L.) Bl'llll\'.. 1-'1'81111" O"illll L .. • I/O/ill'III'II'\" /11'11/1'/1' 
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sis L .. species of Poa and fjadyli.s, and timothy, 'We have reured 
M, 8altatl'ix from wheat and Lolillin pel'enne L: 

The following host plants lilt \'C been observed to be damaged by • 
"[('J'omllza Jan'ae 01' lul\'e hnd i.lfe,'oJll,l/za eggs on ther!'l, but in many 
case,s the species was not detel'mined: Barley, rye, timothy (rarely), 
Lohtll/l, peretl./le, Agi'opYl'on ,'epen8, onts (r\(rely), Poa 'I/e~'vo,~a 
(Hoole) Yusey (includillg oll/e.ya€' Piper) (Grande Honde VtllIey~ 
Ot'eg,. detel'lI1ine~l by F; "Y, Gail). i1fuhlenbel'[lia a.~pel'ifolia{Nees 
and Mey,) PUl'oclI (!) ('Forest Grove)JlO1'dewn nodo8wnL, (Grande 
....tollde \"aIley, determined by F. W. Gail), Poa pl'atell.~i8 L, (Klamath 
Marsh and neal' Klamath Falls). 

There have been inciit'atiolls that in the Pacific Northwest 
illel'omyzu pl'atorul/I breeds lIlore ('01l1mo111y 011 grasses than on grain 
in .May alld .Jl!lle, alld 011 vollllltee!' and early fall-sown grain, as well 
al:; 011 g:'Ill:;ses, III the l:;lIlnmer and fall. 1.1/. 8altati'iaJ commonly breeds 
011 whellt ill April and May alld on grasses and early volunteer and 
second-gl'O\\'th ~l'I\in late in the SlIIIIl1Ier. The discovery of the host 
relationships of the respective species \S complicated by the fact thnt 
specific chamcters for the lan'al stages hli.ve HOt. yet beeli found; 
henl'e theL'e is lIIuch confusion as to the identifieation of the species 
and their hosts at dilterl'nt periods. 'l'hese obscurities might be 
deared liP by extensive rearings from identified host plants. 

!;l'riolll:; d~lIlH\ge to wheat O('t'uI'!'ell ill the Gl'llnde Honde \'alley. 
Cnion ('ollnty, Oreg., in lH:H. The lute .\. L. Lovett and the Hl>nior 
w!'iter fOllnd illfestations ranging from 10 t·o i5 pel'eent of tl\(' tillel's 
ill i ndi viti lIa I Hehls of spl'il\~-S()Wll w hea t on .rline :\0, lH:21. •\t- the • 
Same tillle fall-sown "'heat sllOwecl ()lily ~ to ;\ pl'l't'ent of infested 
Clllnis with white hends. The average' d~\II\age to spl'ing-sown wheat 
was l'stimllt(>tI (by County ..:\gricu1tmal .\gent II. (T. Avery) at 25 
Pl'I'{'l'lll \'l'(luetioll in the crop for tlu:. cOllnty. The worst infested 
fil'lds yil'lded 1:3 to Ifi buslwls pel' U('I'e. llLollt one-hl\lf of It normal 
('I'OP, nol withstanding otherwisefu\'ol'able ('onditions. Of 116 
J/l'i'omy:m (\i(>s rl'al.'ed from infested wlll'at tillcI's t'ollected during 
Uris ollibl'l'ak n.1Il1 plal'NI in ell Ie I'WfI('(' ('ages without soil, only one 
was :II. Pl'lItOI'IIIII. the I'(>st lwing .11, 8a/tafri,I'. In addition to the 
J/('J'olll,lJza. till' following DiptN'll wel't' l'l'al'l'{l: (J8rinellu 11·it (L.) 
val', llitidi,,,,~illla ()[(!ig.) i: j./[adiz(t (,11/('1'('(1 (Loe"') (determined by 
C. '\Y. tinbl'osky) 4, 

. On ;JlIne ~2. 1l>2a, t'onBidel'nhle llamagl' by il/e)'{JlHi/za ]nJ'yne to 

Wh(>llt tillN'!'i and to In'I'l(('ls ill tll(· Itt'ads of ,:pI'illl!-SOWll 'whl':d WHS 


observ(>d in :2 fi(·lds in tieogl!in's \Yalll'Y \\,eHI' of (ias/on, Ol'l'!!. Fl'om 

('uhns ancllwads ('0111.'('\.(>(1 in thC'Sl' fieldR. IOO .II. s((/tatl'i.{', c~ .1/. (',,'a­

tm'lIm, alld 1 O,'l('iJ/(//(' //'It yal'. lIifidis.'IllII(t \\'('1'(' I'('at'ed,.\ 11 t lOS!' 


l'('aJ'ed fl'om ~lanlagNI wheat Iwa.ds \\'PI'(, .II. 8altatl'i,l'. On .JlIlll''j. 

U)2i. :n P(>I'('l'llt of til(' til1l'l's on II whl'at plot s('elll,(J oil )f:H'('h 21) at 

I;'ol'est (11'0"(' W('1'(' illfested with ,ller(}//Ii/za laITal'. :lIJd .1/. sa1tah'i.?' 
ltdlllts were l'l'lIt'ed fl'om this lIlatel'ial. .I/I'l'olll,ll,w. d:unage to late 
fnll-so\\'n \\'heat \I'll::! l'onspi('l1olls in n slllall fi(>ld in Honel Bin·J' 
Valley, Ol'eg.. Oft .fUll(' :H. 10:27. and al~o on ,'oluntt>er wheat (;'10 P('I'­
('ellt of the lil\(>I'Hinf('sted) nenl' Whitl' :-;1I1Il1nn, ,Yash, Some damage • 
to ~pl'inl!-sown \\'hl'at PJso o('('ul'l'(!cl in rnioll ('Ol1nty ~ Oreg., in .Jline 
IfJ:Zi, 011(> (,;ll'\y spring--Bown field having ~5 pel'('Pl1t of the tilh'l'ft 
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infested. On May 25, 1028, Von C. ~rote, of the Oregon Agricultural 
l'~xperiment Station, reported (in cOl'respondence) dtlnlllge to sprillg­
~own Wh/!'llt nellr Drewsey, Harney County, Oreg. His correspondent 
stated that 50 percent of the wheat had been destroyed. Specimens of 
flies sent in for determinlltion f~'Olll this outbreak were 16 jJ!. 8altat'iiw, 
2 ill. pmtol'uln, nnd l1'lwumutolnyia glaol'a (Meig.) ; hence it seems 
JH'obnble th!lt most of the damage in this case was caused by the fil'st­
Ilamed specIes. 

Damage to wheut ill the 1Val'ner Yalley of Lake County, Oreg., 
was reported on .July 10, 1!)40, t1u'ough Dr. Mote, und that illCi'oJnyza 
was the cause WitS confh-med by spel'illlens of wheat with white heads, 
showing typical iJICl'01nyza injury to headed culms. The owner stated 
that from !\ to ,1 percent of till' whent WIlS so dalllageci. L, n. Smith 
)'eported to tlw United States Extension Service that Ull outbreak of 
wheut stem maggot (Jc('ItI'I'l'd in eh'lIl1t County ill .1 line 1IH1. He stated 
1 hilt H. L. 1,TeiJstel' tiU \I' SIH'{'illl(>ns of the insect that caused the cllunllge 
and i<i('ntified it liS Jlel'ollli/zit. 

En)llOllIie dalllllge to gl'ain by llb"OIlli/Za 8(lltatl'iJ) has been l'e­
pOtted frequently in Europe !llld . ill ~ibl>I'itl, mostly by Russian 
\\'Ol'I\("!t's. Hakhlllllllinov (/5) statl'd titat, owing to dry conditions, 
J/. nir/J'ivenli'i8 is not usually It set'ious Pl>st', although it was unusultlly 
abundant ill 1H2:t Hnkhllltutino\' and In(/uichenko (10) reported 
that about 50 pel'cl'nt of tlw cal':; or winh'l' wheat 'were damaged in 
the ~llI()lensk lIl'eain 11)27, :Ind thllt the I'psulting loss was from 30 
to ~IO percent of the gl'llin. "ereschagin (19) reported that from 28 
to 30 pel'cent of the wheat plants in the Anllll' Hl'ea. in the Hussiall 
FIlI'East. were often dalll:lged by this spet'ies. 

The wl'iters' obsel'\'ations indit'ate that ,II/'I'omi/za 8altatl'i,~J is by 
fa I' the most important species ('ausing dalllage to \\'hent. especially 
spl'ing-sown wheat, in tIl(' Pacific Nortll\\'(~st but that seriolls out­
breaks al'e not comnlOIl. The paucity of references to ill. pl'atol'ltln 
in the EUl'opean litel':\tul't'. in comparison with those to i1l.•mlt((tl'i;l~, 
ind ica tes tha t t hiti is II Iso t I'lle for EII1'ope a nci Asia. 

I.l/£!I'OIlli/Z(l pl'atol'llIil llllly ('n usC' a ppreciable damage to unseasonably 
late spl'ing-so\\'n witt'at in the Pad tic Northwest, as it did in experi­
IIll'ntal wheut plots at ('OI'\'tlllis, Ol'eg'., in August 1020. It mtlyalso 
dlllllage eal'ly filII-sown whl'at in the fan. ('ole ahd Lovett (0) I'e­
POl't(>c\ 1 PC'I'('t'nt of "",hill' head" dumage to \\'heat in the Ahtalllllll 
''''alley, near Yakilllll. 1Ya:;h., in H)1!) by this spedes, and the white­
iteatl.injul'Y to wheat ill Lake COllnty, On>g .. inl!HO. in centl'al1Yash­
ingtoll in Ul·~,l (l'l'pOl'led by L. U. ~lIIith), and in Dt'schlltes Coullty. 
Ot't'g.. in 10M (t'l>POl'tNI by Ik Mott' in cOt'l'espondence) may have 
hePIl l'am;l'c1 by this Rpl>('ies. Bade)' Illay be damaged'by one or both 
species of J!aQIl/!lzll, 

On l\[ay :.W. 10a7. (;ll'ge IlllllliJt'I'S of tl dal'k fOl'll1of il/eromyza pl'a­
tOI'll/J1, wem swept hom Poa /II'atl'/1Ri8 on the Klamath Marsh in 
Oregoll at nn ele\'atioll of ·l,5()() fpeL and tht'l'e \\'t'I'C llIany white heads 
on the billegl'llss ill .Iun(>. ..\ gt'OWl>t' at Klalllath .Falls, Oreg., who 
had extensive sel'd nwadows of bllll'g'I'ass, stat(>d that about 10 percent 
of the h('adl'd culm:; in his meadows sho\\'ed white hends. As factors 
otht'I' than ill('1'om,lJza. Illay calise white head in bluegmss, it should 
h{' «(>1 ('I'1lI j n(>d \\' IlI'th(>I' tit is ('ond ilion .is I)J'l'{lomi Hant Iy due to i1lel'O­
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tIIyza ill festat iOIl. 011 the other haud, no investigatioll hits e"81' bee/l 
made of the jllf~!:itatioll of IlIlhellded cllhus of bluegrnss 01' othel' 
gl'usses, ulld. by analogy with .llerotnyza infestatioll of wheaL this 
might ('lIuse 11111('1\ 1\I01'l' sel'iolls damage than white IH~nd. IJ. G. Smith 
hnH Htnted (in (,01'1'(,8pOII(len('e) that COll1Ity .Agl'icnltu1'Il1 Agent 
O(·ol'ge.:\L .Delany, ofGl':lnt County. 'Yash., reported that illcl'omyz(J 
infllstn(ions (pl'esumnbly white hends) were ()bSl~r"ed in nearly ever), 
stand or crested wheatg'l'ass fl'Olll ,Yilson ('I'cek to ('onlee Dam in 
lfHl. The extent of (i:llnnge to gl'llssesby Jlel'omyza and other 
genel'a of Diptel'a should be detl'l'mined. The growing of various 
grnssesfo1' seed is It rttpi(l1y expanding indllsh~y in O,'egon and lVllsh­
i ngton Ilnd illel'om yza It lrl'ady llIay be, 01' may become, an important 
facto1' in gl't\sH-secd prodllction. 

TYPES OF INJURY 

fnjury to wileat by ~J//!I'om,l/za pl'atol'/(I)1 and M . .~altatl'i.1' is of two 
t'OIlIl1WI\ tyPt'H. 1YlwIl youllg tillel's al'e attacked befm"c the culm i;: 
\\'t'11 fOI'IlI~'tl, (iIt' l'cutl'lll shoot is cut otf by the fee<lillg of the. lan'u 
inside t.he I ill(,I'. 'I'll<' slroot \\'ithel's and turns rellow, then browl!. 
})J"'clucling thc posHibility of head formation. am(enmtually the tillel' 
die's. This type ot~ injm'.r bee-Hille edd(ltlt in cages 2i; days aitel' 
.II. lira/urI/ill l'ggS W('I'{, laid (,July 18 to August 13\ 1!)B3) , nlthoug-ll 
wilting- of the terll1illal lel\'f WI\S Iioted within 13 days, when the laryae 
mmit han' l.Jl'l'l\ )'ather small. This if; till' type of damage that F01'bef' 
(J{I) nnd ,relJstcl' (20. III'. 4,j-.;/) I'eported fol' J/. americalla as OCC\11'­
ring in tlw fall ill the ~liddlt' West. alld is the type found in May 011 

Hpl'ing-sowll wiH'at in the Pacific Sorthwest. ""hen headed cnlms are 
attad,ed. the ('lIti1'c hellllis ki Ilcd and l'ellla ins neal'1r white (nctltully 
bull') anel elllpty of k('I'I)(~ls lWl'allst' tile lalTal' hnw s~'n'I'('(l the "essels 
of tlrt' Htenl neal' the last node before 01' sliOJ'tlr Ilftet' the wheat head 
('IlIt'I'ged hOIll till.' iJOot and l)l't'OI'l' it bloHSOIIIl';I; while the rest of the 
t'UIIll, below the node. is green. I II be'ardell wheat the awns lire stiff 
ami dry and 1III\'e It ehal'lld'l'I'islie SP1'PIHlillg Ilppeal'llll('e instead of 
being hl,lll ill II norlllal upl'ight positioll. Both these types of injury 
al'l' tieHl'I'.ibed and well illllsll':ltl'<1 by .\11('11 & PllintCl' (.J) in their 
!lllpel' on till' wlll'at stelll maggot ill KaJlslls. ~illdlal' injury O(,CII1'S on 
rye', blll:le),. and t he graSSl'S. 

111 lidditioll to the two ('OJl)1lI01l tYPI':'; of jnjUJ'Y to wheat whil'h ha \'(' 
bC(ln dl'sel'ibed. )(1\X )l. H('ell('I' Ol)('e ohsPI'\'NI Il\l'Yne 011 \\'l1('lIt .1ll'lIl1s 
that 11lId elllel'w'l! "I'OI11 tlu.' boo!, bloSSOIll('fl. alld bl'gnn to fOI'll! seed. 
)Ian,\' flowers, glUlIIl':; 1111(1 H11. had. been <it'Hlro,\'cd, alld the heads hall 
It "('I'Y l'ug-g'ed appeal':tIJ(.'t'. Oil SOlll(> hends ul)ollt half the head. fl'om 
the tip dO\\'lI, had bNm (\('5tl'O,\'('(I: 011 otht'I':; comparnth-ely i!ew flowers 
neal' the tip wCI.'e damaged. This type of injut'Y was noted on early 
spting-sown wheat in :::icoggin's Yalley, west of Gaston, Oreg., on 
,June 22, l!):?a, and waS caused by lnn-ae of illeromyza 8([Ztatl'i.1..'. 
)Iesnil (14) mentioned injury by M. saltall'b: to wheat ears of It type 
:.;ilUiln1' to that lwted by the present writ(,l's. and Balachowsky and 
_'fNmil (;j, pl. Ii) illnst mtcd it 1111<1 sini('d thai suell injul'Y is frequent 
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in 1!'1'IltH'e, ~\'Idl'it'h (.3) noted somewhnt similar injm'Y to wheat kel'~ 

• nels by larvae of 08('illel{(l (08('illi8) li'it (L,), 

LIFE HISTORY 

~h;IW~[Y;ZA l'IlA'I'OHDl Meig, 

It was ohs(,l'YNl that in westerll Oreg'oll Jlel'oln,llza pmt01'lwl. 1'('­

mnined in the pllpnl'iulII as long' as:20 to :J:2 days ill the spring' (April 
11 !O .~[ny tal. bill only!) to II days in .July, The period for illt'll­
bntlCHl (If thtl l'g'f!S WIIS iJ to 7 days bt,twel'n .Aug'nst:20 and Septelllhl~I' 
:2, alld is 1lllllolll)l.edly IOIlg'el' in ~[ay, '1'11(' total pl'l'io(1 -frOlll eg'g' to 
adult Wl\l:i HI to HH days on wheat in l'ag'l'H l)(>twl.'('n .• \pril 2(1 and .Tllly 
:H. 10:.!;3; :.!!) to :1Ii dnys between ,July:21 lind .\ug'ust :W, l!):Wj and 48 
to -W days bel wt'('11 .\.Ug'Wol{ 1. and Sl'ptl'llIber :21). 11):.!3. 

)[EH()~IYZ,\ S.\t.T.\'I'mx. (L.) 

TZIlig'anlwy (18) g'HY(' tltl' itH'ulmtiOlI l}PriOlI I'm' IlH'l'g'g'S us:3 to 10 
days a,nd sta ted that Iht, spt'i Ilg'- anl! SUI\1IIlI'I'-g'pnl'l'n t ion females laid 
fl'olll W to Hlll'g'g'S. lie also stated that adults (,I' tIll' spl'ing' g'enel'll­
tion li\'l'(1 I·~ to no dnYH rtl1d Ihoi:i('. of till' i:iUlllnWI' g'l'Ill'l'ntiOIl slig'htly 
lO1lg'l'I'. that 1'1t(' pupal jWl'iod of the HnlllllWI' g'l'lll'I'atioll Instl'll ~fj tlaYR. 
:I lid tlw (,(llll plei t' Iife cyele 01' Ih is g'l'llI~l'n t iOIl I'eflll i l'ed a bout 50 days. 

• 111 ID:2a tIl(' O\'(,l'Willtl'I'Nl 1III'YI\e :,pl'nl I'l'OIll 1(\ to 28 llays in the 
PII\lIIl'illlll in Ihelnhol'Htol'Y in Apt'il and )[a,)'. In cages Oyet' young' 
wltl'a tnt FOI'l'st 01'''''(' ~ fellla ll'i:i 0 I' Ih is sp('ei('s. whieh l'merg'etl Oil 

.\pl'il I~. 1!):!i. laid all nWI'lIl.!l' of r.s l'g'g's l'aeh ill :H l1a~·s. The eg'g's 
hatt'hNl ill abollt 10 days. 'I'hl' ('olllpll'le life eyele l:ll'1t(>d fl'om GO to 
no dass. 'I'll(' IIlPlln 1'01' all 1'l'III'illg''' ill the period l!l:2a to 102D was 
7(i.:i dllYs. Thlls. t hI' Ii I'l' (',\'('Il' ill On'g'on is mol'l' Pl'OlollgNl than ill 
Hllssi:l. pl'ol)l\bl~' l)(,I':llIs(' of lowl'l' 1I1('lIn temperatlll'es in Sllll\lll('l'. 

Thl' ('g'g'S of .I/1'l'olll/IU{ s(/lta/I'i.I' :l1't' uSllnlly laid on the sheaths that 
('OYI'I' lIte stl'llIS. Iwal' the g'I'OIlIHI. bllt sonwtillll's on thl' ll'aY('s neal' 
tltl' lig'lIlt's 01' 1II1<1l'I' till' slll'lIths lIg'aillRt the Stl'IIIS. The eg'g's appeal' to 
h(, indisting'lIishnbll' f1'01l1 thosl' of .II. {l/1I('l'ir'((i/{l and i1I. Pl'atO/'IlIII. 

Ordinarily ollly 1 to +eg'g's al'l' found on a sing'le tiller. bnt in the 
10:.!L outbreak ill the (;I'all<l(' Hontle "alll',\' ill {'lliOIl ('ounty. Oreg.• 
:2001' mol'l' ,Pg'g'i:i wel'e pl'esent on a sing'le wheat tiller. ('xtending' from 
gl'ound 1l'\'('1 to :2 int'hes nt' more nboye the, g'I'OUl1(l. and sometimes 
o\,(~I.'lappil1g like. shil1~les, The ('g'g's of il!. pl'ato/'lull al'e laid in 
:-;imilal' loeatiol1~, but it \las been the writers' illlpl'ession that this 
specie::; lays its ('g'g'~ on tIll' leaves 1110l'e often t!UII1 dOl'S ,J/. 8(1Ztat/'i:J}. 

• 

The larYH on hatehing' l1Iakes its way to the point where the last 
It'llI' ('Illel'/!l's from the "h£,Hf. and then crawls down to the node, 
\\'hl'I'e it f('eds illside tlt(' shoot, seYering' the vessels to the shoot just 
a boyl' the node. The writers hn \'e obsel'yed inclil'a tions t hat an in­
di\'idllld lan'a mily 1l\(l\'C from one till('l' to :lnothel'. destroyin/! both • 
ns .\ lIell a ntl Painter (.J) noted in the CHse of M(',/'omyza ameJ'irall(l, 
Tlw j1upm'iulll is fOl'lIlNI bt'tw('en the shpalhing' leaf and the shoot. 
IIsually not fal' from whel't' the shoot (lIllPrg'l's from the sheathing leaf. 
ns (lilh('rtHol1 (1.2) notpd 1'01' .11. f/I//I'/'iNIJ/{f. 
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SEASONAL HISTOHY 

MEROJ\rYZA PUATOUUJ\! Meig. 

ill el'omyza pl'at01'uln passes the winter in the larval stage in the 
steIns of the host plants. necords kept by the authors show that pupa­
tiou took plape from April, to May D. In the insectat'Y adults from 
overwintered larvae emet'gec. from April 27 to May 31. According to 
records of systematic sweepings, adults first llppeared in tlw fields 
neal' Forest Gt'oye, Oreg., on the following dittes: ,June 15, 1!)2~ (It 
Into senson) ; April 26,1023; Apri128, 1924; Apri1 27, 1926 i April 27, 
1027. In 1923 adults were not swept inllUlllbel's until May 16, ttnd the 
Jlight was nenrly Oyel' by ,Tun!! 15. Flies emerging at this time COll­
gregutecl on the latest spring-sown grain they could find, and also on 
gl'HSSCS. They showed n decided preference for the younget' plants; 
thus, on May 16, ID23, Hi \\'ero swept from it smll 11 plot or late spring­
sown -wheat, but only 1 was swept from fall-sown wheat nearby, The 
eggs, usuHlIy bid on the lea\'(~s, hatched in auout 10 days. In ID23, 
ia the labol'lltol'Y, the lilrrae of the spring generatiouliegan to pupate 
about July ,1: nnd u(~gan to emerge on July Hi. In the field this 
ellleJ'gl'llcc reached [t pettk about August 1, when the flies were abun­
dant on yolunteer barley on creek-bottom land. In cages started 011 

,July :21, 1D26, with 4- to (i-inch wheat tl'llllsplanted from outdoors and 
o.... iposited on about 10 days before, the first adult of the second genera­
tion elllerged Oil August II) a1l(1 emergence continued to August 26 i 
but other adults, from lal'\'ae dissected from this materinl, emerged 
as early as August 'i in cells ill the labol"atory. In 1D23 cages started 
with adults on young wheat seedlings on August 1 produced adults 
from tleplemuel' It to 2!l. These records niford definite proof of a 
second genel'lltion of i1I. prato/'wn in this llrea,; however, flies 
emel'ging in ,July would find 110 grain on which to breed, and even 
grasses in It suitable conditiollfor breeding would usually be scarce 
becallse the SUllllllel'S ill the l~aciHc XOI'th\\'est nre llormally dry. 
PrOUtlUiy the only available host plants at this time would be on 
irrigated lnlld, in Swampy arens, 01' on land that had been under 
water until lale in the spl"ing. Adults were swept in cOllsiderable 
numbers from IJ 1'(/1/1 /(,8 cul'inatU8 ( q on creek-bottolll bnd on August 
20,1D25. The seasonal histol'Y of JI. I'mto/'IIJII ill the Padfic North.. 
west is practieally the same as that whil'h FOI'bes (10) found for 
ill. alll('J'icana in lllinoi!). 

Flies or the fall flight frequent the Yolullteet' grain Imd grasses 
that have SPl'llllg up following" the first fall rains, which normally 
OCCtll· ill Septc'lllbl'l' in the Pacific X Ol·th west. These flies are at the 
peak of theit' auulltlmlce in Septelllbel' (Septelllbct· 11-13 in 1!122), lind 
can be taken with lin insect net ulltil well into Octobel' (Odobel' 17 
for the last flies hI 1!)22). The progeny of these flies pass the ",intel' 
as larvae. Lat'vae that hatched fl'om eggs laid as early as August ~O, 
l!)~:), ill a cage ovet' B"011/ UN ('w'inafu8 did lIot Jll"Oduce flies until May 
lU. 1!)26, Ovel'wintel'ing on wheat was also observed, and larvae 
probably ovel'wintt'l' on barley anc1 various grHfises. 

• 


.' 


• 
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l\{mw)[YZA SAIJrA'rRlX (L.) 

• Like JUeromyza p1'f1.to'r!t7n, 111. saltahix passes the winter in t.he 
larv!d stage in the stems of the host plants. These larvae begin to 
pupate in March and early in April. The writers have pupation rec­
ords of ovel'wintereci larvae as follows: ~\. well-colored pupa taken 
from volunteel' wheat on April +') H)2~t, emerged as an adult on April 0 
a.nd pl'obably pnpfltecI as eal'ly as March 26; prepuplle taken Trom 
volunteet' wheat on Mlll'eh ;'16 and April 7, 1027, emerged as adults on 
April 10; fl'Om thl'ee pl'epupae taken from LoNum pe1'enne ,)fl l\[al'ch 
:.W. 1027, the first adlllts \\'PI'e out on ~\pril 12, According to records 
of frequent sweeping:,;, the IiI'st adults appeal'ed in the fields near 
FOl'est Gl'ow. on tIll' following dates: May 23, 1022 (n backward 
season); April I·~. If)2:3: .\pl'i1 D. IfJ2.~; ~Ial'ch 20, 1!)26 (,m early 
season): ..April 12. J()27: .• \pl'il 2~. 1fJ2D; April 11, 1D30; April 23, 
1!)~1: Ilnd ~'rH I'eh 1!). I!)~l·~ (an exeeptionH11y en I'ly season). 

A ('ompn I'ison of thpsp I'e('ords with those for Ill. p,'ato),1t7n shows 
that the nl'Rt appen I'll IW(l of )If, .'Ialtat,'l,?,' in the fields was from 12 to 
32 clays (,rith a 111PHII 01':1 ",ppks) earlier than that of 11/. pNltol'llm, 

• 

Adlllts of the RI)J'ing el1H'I'gl'IH'P of il1e,'olll//za. 8altatl'lrr "'Pl'e most 
abundant on Apl'il :Z;i in 1!)2:1. Apl'il 24 in 1!)2.J.. April 2!l in 102(\, 
ApJ'i1 H in U)27. and ApJ'i1 :Z(j in 1!l2!), III 1!l2:~ '}f, l'l'atOI'III/1 adnlts 
olltnllmhel'ed thORP M ,}f, 8(t/lrd"i,/' for the f"il'st tilll{' Oil l\IH" 1(\, 11f. 
sal/rtf"i:/' dl.'('linl'd I'npidly tht'I'l.'a HpJ'. thp last flips oT this spP('ies bping 
taln'l1 on .JlI1H' R, Feillall.' fliPR of the Rl)J'ing gpnl.'l'ation al'e often long­
Iivrd, Tn 1!l:Z~ onp of fin' femalN; in a ('agp lived ()3 days, F.lies 
eltlE'l'gi Ill! in ~r:\I'('h and .\ pril ('ongl'ega te on spl'ing-sm\'n wheat, 
seeclpcl at tlH' 1101'111111 timp. both past nnd ",est oT the Cascade l\fonn­
tuinR, Thpy Rho", a 1)J'pfpl'Pl1ce Tor the younger wheat, but al'e some­
til11('s fl\\'Ppt" in Rom(,l1Il111bpl's in ~\pril fl'om wheat seeded in N'ovembel' 
OJ' lateI'. and the IntpRt tilll'I's of fall-sown ",11l'at are sometimes in­
fpstl'd \yith InlTae, 

'I'hl'l'l' ifl littl(' dOllbt that tllC ndiyity of ndlllts oT 11fer'olllJ/za. 8alta­
tl'i,~'in spl'illg. apPJ'oximat('ly :~ "'l'pks pal'1il'I' than that of ill, 
1)J'(ti())'tIlIl. is I'psponsiblp fOl' thp faC'!" thnt this sl)('cies is mOl'e damag­
ing to spl'ing-smn1 ",hpnt. sppd('(l at the nOl'lIlal time. than is 111, 
jJJ'atol'/(1II, In tIll' Pacific: XOl'thwest by the time the lattel' Rpeeip,; 
(lI1lPI'gpsin 11111111>PI'8 slleh when t is too En I' along to be attraetiye to 

• 

t IWIl1, 
Th(' l'ggR hntC'hed in abont 10 clays in Apri1. In 1023 larvae of tIll' 

spl'ing gl'I1C'l'lItioll Iwgan to pnpate in cllges about .Tllne 2-1: and con­
tinuerl pllpa! illg lIntil .July 10, In ('ages ovel' ,,·hent. adults wel'e j)1'O­
duced as follows: In 1!l:Z2 from .July ;} to .July 1(\, in ID2i3 fl'om .Tnly 
1~ to .ruly :zri. in l!l:zn hom .Tllly 3 to .JlIly 20, Hnd in 1!)27 TI'OI11 .TlIly 
1 to .\lIgllst :~, In thp field, 01' from lipId-collected mnterial. nrlnhs of 
th is gpnpl'at ion were first found ns fo11o,,"s: In 1!)21. .Tune ~o (La 
Umndp); in l!l22 .•Tnly 3; in ID23, ,Tuly 10; and in 1n2,~.•Tnne 30, 

The. ne,,,I,, eme1'gecl adults of i1fel'om,1Jz([' 8altatl'ira did not Iny 
eggs on l)J'oiYt'I'('d.whpnt seedlings at once, as (lid the Hies of .If, 1"'((_ 
tomm, but l'Rtil'att'tl fol' It consid(,l':lble pel'iod, In cuges oYeI' spring 
\yheat in 1021, flips that el1lel'gt'd about .Tuly 17 ,,'pl'e fed dilutpcl honey 
and remained alive. but showed 110 signs of reproductive netiyity up 
to .\uguRt 11. when tlte whl'nt sl.'pdlings hurl dirrl, On Srpt('J)1bel' r; 



m!lting and oviposition were observed in this cage, and the first flies 
(probably llIales) died, This indicated un esti nltion period of about 
45 to 50 days, InW:22, in a cage. over late spL"ing-sown wheat of a 
true winter habit of gl'owth, adults emerging up to .July 8 began to 
lay eggs before August 15, when some eggs had just hatched, As­
sUllling that 7 clays wel'e spent in the egg stage. the estivation period 
waS about 31. days, In IH2:3, in cages over sl'edling wheat of n spring 
habit of /!l"owth, seeded in .July. flies thnt had emerged up to .July 
16 (beginning ;July :3) laid eggs by August 2, after nn estivation 
period 0·[ 3D days, but in this case the host plants were entirely suit ­
able, In 1!)2(i, [Cilia Il' flies wel'e offel'eel cut wheat stems in vials at 
I'('glllrll' intervals, and those fl'OllI a cage wherl' mating had been ob­
se.l'\'NI on .July 16 estinlted 38 days (~rom ,July 19 to August 26) 
heforc they be~un o"ipositing, In the same year flies placed in. ,a 
('age o"el' seedhng wheat under a hntel'll globe on July 12 laid then' 
fil'st eggs 011 August 13, an estivation period of 32 duys under ideal 
host-plHllt conditiolls, In 1929 flies that emerged between .July 17 and 
,July 26 laid their first eggs Oll September 30. an estivution period of 
(l(i days or more, but Spptembel' was it yery dry month, One of the 
fcmall' flies in this cage livcd83 clays, One female, probably unmated, 
('merged Oil .July 18,,11)27, and was kept ali"e in lL vial until January 
13, l!)~B, a period of 179 days, 

It secms evident that there is a natural estivation period of at least 
a month, and USUlI lIy UIQl'e, in the adult stage or llJe1'mnyza saltatriw 
in the P:tcifie North\\'pst·, as ·was noted in Hussin (15), Adults cannot 
be colleeted in thc fields after about August 1, but in case of precipita­
tion late in the summer they again become abundant about September 
1, ·Where the flies pass this estivation period is unknown, The peak 
of the fall flight at l"()l'est Groye came about September 7 in 1!)22, on 
Septembl'r 27 in 1 H2!3 (a very dry August uncI September, when this 
species was scarce), on September 11 in 1925, on August 27 in 1926 
(precipitation \\'a:-; Il\uelt abo\'e nOl'null in August. beginning on the 
17th), and on ~('ptenlbel'!) in 1\)27, The fall flight. of this species, as 
indieated by pel'io<1ie swecpings, was finished on October 3 in 1922: 
on Oetobl'l' 12 inl!J23. on October 1 in 1925, on October 2 in Hl26, 
and Oil O('tobel' 1 in 1927, Our cage experiments also showed that 
there is but one complete generation in a year, even though adults 
can be swept in numbers ill three well-separated periorls. namely, from 
l\hl'ch to )[a,\', in .July, and in September, 

The peak 0 f t he fa 11 flight a:ld the end of the flight period of L1leJ'o­
'l1IYZ(l prato/'IIIII, wll ich has two COlli p letl' g'l'nemtions pel' yl'U 1'. nre 
about t,,'o weeks Tater than those of .1[, saltatJ'i.r. which has but one 
compll'te genl'I'uliulI 1)('1' year, HC'IIl'e, as fall wheat is rlll'ely sl'ecled 
before Octoher ill the ·Willamettl' Yallpy, OL'cg.. there is no chance 
for ill, 8altatl'i..{' to breed 011 call-sown wheat in the fall. It must be 
restricted. therefore. to yolunteer grains, sl'conc1 gt'O\Yth on pre­
maturely cut g'l'Hin, an<1 tltp g'msses, ('nlps:-; there are rains in Aug­
ust or early in tleptenlbel', there is \'el'y little. if any. yolunteer wheat 
before the laHt of tll1ptember Ot' early part of October, and even 
grnsses in it suitable condition 1'0[' breeding of the insects may be 
scarce ancllocal. On the otileL' hhnd, there is some chance of ill, pl'a­
tOI'utn getting into faU-sown gmin if this is seeded before October Ii), 

• 


• 


• 
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• 
Tzuigankov (18) stated that in Poltava, in the Ukraine, the 

overwintered -generation of Mer01nyza saltat1'iw emerges during the 
first 3 weeks 111 May and the summer genel'ation emerges early in 
July. He noted tllltt flies'of the summer generation lived longer than 
those of the overwintered generation, and stated that the oviposition 
period of the summer generation lasted 2 months. Rakhmaninov (15) 
stated that the larvae of M. nigl'ivent"is hibernated in self-sown 
plants. .Adults appeared at the beginning of May, and towllrd the 
end of the month eggs were found, m:tinly on the leaves of autumn­
sown wheat, though a few were also found on spring-sown wheat and 
barley. A second tlil?ht of adults took place ne!tl' the end of June. 
These individuals l:tld eghl'5 in August and continued. to oviposit 
throughout most of September. 

NATURAL CONTROL 

• 

Ooelinidea meromyzae Forbes (determined by A. B. Gahan) has 
been reared by the writers severnl times from overwintering Mm'o­
1Ilyza, larvae in pupada in March and .April. This is a parasite of 
both species. .An external pa L'llsite. ill if'l'obl'a('on 'IlIcl'ornyza Gahan, 
was renTed in AI~ust from illei'omyza p,.afO}·ulllt larvae taken from 
barley at Forest ,-hove on .July 26, l!):2a. 'I'll(> writenl failed to rear 
eitlH'r of these species .from heln'ily illft·sh·1i wheat eollected in the 
Gl'allde Ronde Valley on. .June 30. H):2L This colledion produced 
It few miscellaneous parasites, some of wllieh, notably several 
Eupteromalu8 sp. llnd It few Eupelm1l8 allynii French, may hn.ve 
('ome from til(' spring- generation of ill. 811ltatl'ix. It is very doubtful 
whethel' parasites are facto.rs of mueh importance in natural co.ntrol 
of 111('}'O/ll !/za, at least in the a1'ea east of the Cascade .Mo.untains. The 
fungus llmp!lw1}w,~('ae (Fr.) Co.hn. sometimes killed adults in cages, 
and IInd(,l' humid conditio.ns probably kills some in the fields. 

The principal fado.rs influencing the abundance of .iUel'01nyza 
8altatl'i,'{', and probably also of ill. pmtOl'lUn, are doubtless climatic. 
This i>:; particularly true in the semiarid area of the Pacific NOl,thwest 
enst of the Cascade .Mo.untains, where t.he most :"!erio!1s o.utbre!tks of 
iI!('/'01l1.!/ZCL have occurred. Unseaso.nably early rains hl August bring 
up an abundance of volunteer g-l'ltin, second-growth gi:lt!n in areas 
cut p1'ematul'ely fo.1' h:ty, and :tn abundant new growth of grasses. 
These host plants aJl'ord opportunities fo.r the production, late in the 
summer, of large numbers of 111erOlnyza larvae, which will give rise 
to a heavy flight of flies in the spring. 

The great o.utbreak of i.JIel'omyz(t 8aZtatrim in the Grande Ronde 
Valley in 1£)21 was preceded by unusually heavy rains in August and 
early in September'1!)20, which interfered with harvest, and thespl'ing 

• 
o.J 1021 was co.o.l and miny. An abundance of early volunteer wheat 
was scattered throughout the fields, and much stcond-growth wheat 
had co.me up in the mnrgins of the fields that had been cut fo.r hay 
in .June 1020. All the::oe had been heavily infested by l1fel'omyza in 
the fall of 1920 and had produced g-reat numbers of flies in the spring­
oJ 1021. In all o.ther o.bserved or repo.lted outbreaks (!f123 in 'Wash­
ington Co.unty, Oreg,; 1027 in"Vashington, Union. and Hoo.d River 
Counties, Oreg.; 1928 in Drewsey, Oreg.; 19-:1,1 in central 'Vashington) 

http:conditio.ns
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'IH'ecipitlltion had been heavy in the preceding August or September, 
There is therefore some basis for forecasting such outbreaks in the 
Pacific Northwest. • 

In the mOl'e humid area west of the Cascade Mountains these 
species do not ilppelu' to fluctuate so greatly in numbers from yenr to 
year as they do in the semiarid area, Serious I1fe"'07nyza injUl'Y west 
o.f the Cascades is l'Ilrc, and there are no records of Ilny widespread 
olltbreaks, It therefore appears that serious outbreaks are most 
likely to occur in the marginal areas, which are less fa vorable as 11l1bi­
tats fOl' the species than !Ire the more humid nreas. The observntions 
of Hakllll1!lllillov (15) in the Union of Soviet Socialist HeplIblics 
suggest the same hypothesis. 

~t'he writers observed, in the Gl'Ilnde Honde Yalley nnd elsewhere, 
that low, poorly (ll·tlined, swnmpy spots Ilnd marshes are foci from 
which LI/ei'omyza spread into nearby lields, Ilild ill seminl'id arens such 
places IU'e probably habitats whel'e 111et'omyza can survive, even where 
the n\'el'tlge anl1lHd precipitation is less than 15 inches. 

111cl'omyza Itu'yae that lu:e well up in the stems Ilre probably killed 
by Sevel'C cold, but those in the Cl'OWIlS of the plants probllbly surdve. 
At FOl'est U.·o\'e on .Jallluu'y 16,10:2·1:, following a minimum tempe1'll­
tlll'e 01: 4° F. on .January 1, Miss Keen found live dend i1lel'omyza 
lan'ae in tillers in clumps of volunteer wheat and £h'e living larvae 
in the lowest part of the stems near the roots, under 1 inch of snow. 

CONTROL MEASURES • 

Other writers, notably Forbes (10), Webster (130), and Allen and 

Painter (;3), have observed that sorne Y!lrieties of wheat are more 

severely inj ured by ille/,omyza'amel'icana than others, early maturing 

\'arieties being least infested. 


A. 1.. Lovett and the senior writer observed that in the great out­

break of Jlel'om.lJza 8altatl'i,"/: in Lnion County, Oreg., in 1921, the 

cady maturing spring-wheat Yllriety Htu'd Federation was very little 

damaged by i.IIl"'OIllYZ(l larvae, while the midseason variety Goldcoin 

(FortyfolcL) was \'eiT severely damaged. Hence in yenrs when 1m 

outLlI'(\ak of il/('/,oll1yza threatens, qnickly maturing- varieties of spring 

wll(\at should be sown. At the same time it waS notcd that fall-sown 

wheat was yel'y little injured, and this injury was allllost all of the 

white-head type, while spring-sown wheat was badly damagetl in 

the ludlelUIl'<l-t illt-t· stage. Both ill. saltat I'i.l! and ill. jJl'CttoJ'um select 

the YOllnge:lt wlll'nt available for 'Jl'eeding ill Apl'il and ~Iay. In 

,,'('stel'lI Ol'egoll wheat is sometinles seeded late ill No\'ember or in 

the \\'intl~I' Illonths. Such wheat usually shows more iJJaomyza injury 

in .Julle thall dON; wlleat sceded at the nonllal time, in October. 


In \\'('stern Ol'cgon, the fall f1i~ht of illeJ'oJll!/za saltatJ'iJ: is oyer 

before any whent is plantNJ. ThN'c mny be some fall infestation by 

iJJ. pratol'llI/l, but little wheat is up until after Oc,tober 15, and by that 

time tllP fall (tight of this speciC's is practically o\'er. Ht-n('e fall 

dll(I1)IilW'1 by, il/~)rOJlI~!/lza illithle Par·il1c Nol'thwest,its tn~gli.gibtlle. 1"> 'f'.

n tie )aSIS o· mow N ge o.f i11('/'om.IJza 8Cl. II ,'I,).' III IC' aCI1C 
Northwest, it is l'ct'oll1lllt'tlded that all YolunteC'r whellt Ilnd all sC'('oncl­
growth wheat in areas ('ut cady rOt' hay he plowed under soon Ilfter 
han'est. 01', if left, be plowed unde .. in ~rn ..('h, before the spring flies 
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emerge in ApI'iI. .No vol11ntec~' wheat should Ill' allowed to cOllie up 
in ficlds that arc to be seeded, bcfol'e" tim nomml tilllcforfnll seeding; 
In the 1021 out.brcak in, l:T1ion COllnty, Ol'eg.. it was eviderit that the 
gl'eat abundance of M, 8ultatl'i;i! could be tl'llced dil'ectly to tIm IUI'ge 
numbel's of eady \'01l1ntee1' wheat [>Iants. which wm'e sCllttel'~d 
th1'ough Itll the fnll-sown fields, ane to ahulldnnt sct'ond growth 
that. had sprung lip afte1' the August 1!)20 mins in t.he fielll 1II111'gins 
that had been cut for hay, 

All gl'llss in the vicinity of gminfields should Ill' plowerl 01' pllshll'ell 
elosely ill August. lind Septl'mbl'I' 01' tlll'lIl'l\ IIndl'" ill ~11lJ'(~h 01' l'IIl'ly 
in Apl'il, because in some areasgl'llsses nIHY PJ'OtiUI'C enough ;)fe/'()­
lIl!/Z(t flil!s to damage" will'at growing nearby, 

It is pl'obable that till' above-mentioned PI'I~l'IUltiolH; nl'('tl hI' takell 
only in years when p"l'('ipitation is Ullllsultlly IlbllndlUlt ill August. 
01' (,'/11'1)' in Sl'pt.l'mbl"·, I f damage by either Ol~ both species ofilfe"l'o­
myz(f, shQuld l'\'cntllall,r UP sudi as to I'equil'e t'ontJ'OI measures on 
grass-seed meadows, fUJ'th('I' I'psean~h will he necesslll'y to ascertain 
whut ITHlIlSUI'"S would be etrecti\'(', 
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