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SUMMARY

wo sg:cies of Meromyza oceur in the Pacific Northwest,
Mopratosem Meig. and M. saltatriz (L.). Hach has seasonal color
fos. 1&ds probable that both species are generally distributed over
thg grea, @t M. saltatris seems to be limited to Jocalities that have an
averpge wgpunl precipitation of 15 inches or more. The host plants
of both agp the Graminene in general, but in this area A, saltatriz
daffinges gpring-sown whent in April and May more commonly than

doge Jf. v@atorum, which jufests grasses, more often than grains

in May o ®&& June. Serious outbreaks of AL, saltutriz have cecasionally

occurred on whent in Kurope and Asia and in the Pacific Northwest.

Three types of injury to wheat have been noted. Both species may

become factors of importance to growers of grass seed.

Meromyza saltat riz emerges about § weeks enrlier in the spring than
does M. pratorum. ‘The fact that both species select the youngest
host plants available accounts for the greater damage to spring-sown
wheat by M. saltatriz. M. saltatriz has but one complete generation
in a year, wherens . pratorum has two. The average developmental
'_";”0.:-1.]{;:" Diptern, fnnlly Chloropidae,

snbmbeted for publicaticn Mareh 15, 1636,

A Nep Ween; resivoed,

+ e writers wish to thank Don C. Mate, of Oregon Stpte College, nnd L, G. Bmith,
exbension entomeioglst of the Ntee Coliege of Washington, ov permissisn to refer ro their
corvespoitistier el Curtis W. Nabrosky, of Michigase State Collepe, for maklug avilinbie
to thein mnt permitting them to refer to bis upnpeblished work on the genus Herpm gz,
Former of prosent associntog, whose unpublishod netes hinve beon ugeed nad to whom the

weiters exprogs npprecialion, are Ceelt W. Creet, Franis [ Oodo, and Max M, lecher. The

skolehox  were denwn by Acthor Coshman, sclentilic instrator, Divislon of  Fnsect
Teenrillenthon,
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eriod observed for M, seltatriz, from egg to adult, was 76.5 doys,
rom late in April into July. The observed mean developmental period

for the spring generation of M. pratorum was about 85 da §, in May,

June, and July, but that of the summer generation may be as short
15 30 days, in July and August. -

The summer emergence of flies of both species trkes place in July.
Flies of Meromyza saltatriz estivate 30 days or more before oviposit-
ing, and die early in October. Those of Y. pratorum oviposit in July
and August on whatever host plauts are available, and the fall emer-
genee occurs in September, but some of the flies are in the fields until
about October 15, Since little. if any, wheat is up until after Qctober
15 in the Pucific Northwest, neither species seriously damages fall-
sown wheat. Self-sown grains and the grasses are usually all the
hests that are available at that time, although-in some seasons second
growth of grain eut prematurely for hay is an impertant over-
wintering host in some avens. The number of evailable winter host
plants depends on late-summer precipitation, and every recorded out-
break was preceded by above-normal precipitation in Aungust or early
in Septeinber. Wenther conditions arethe prinei pal factors in natural
confrol. and parasites ar« of negligible importance, especially in semi-
arid regions, where the most extensive outbreaks have occurred.

The plowing-under of volunteer and second-growth wheat before
April, the close pusturing or plowing under of nearby grasses, and
the seeding of quickly maturing varieties of spring wheat are recom-
mended in years when au outbrenk is threatened.

INTRODUCTION

Many notes on the whent stem maggots of the genus Meromyza have
been accumulated at the Forest Grove. Oreg., lnboratory of the Bureau
of Entomology und Plant Quarantine during the last 20 years, These
stem maggots attack the Geamineae nnd have occasionally cansed
considerable loss Lo grain growers of the Pacific Northiwest, -Although
but Tittle is known concerning the extent of injury to grasses. these
taggots ure o potential threat to the expanding grass-seed industry
ef that region. The purpose of this bulletin is te make available to
other workers the information that has been obtained,

SPECIES, SEASONAL FORMS, AND SYNONYMY

The genus M eromyza appears to have few authentic species. These
species are diflieult to identify by the cliaracters heretofore used by
taxonomists, and this difficulty has undoubtedly caused considerable
confusion in distributional reeords and probably alse in records of
host plants and damage.

Materiad in the genus Meromyze tvom the Pacific Northwest was
originally determined by J. M. Aldrich in 1922-23 as M. americana
Fiteh, df. purctifer Becker, and M. nigriventris Macy. In a letter
dated Februavy 28, 1924, Dr. Aldrich stated that a larger Yot of speci-
mens from the Pacific Northwest was “nicely divided among 21l the
N. A. species except that you did not send a typical wnericana.” e
included a manuscript key for separating the North American species
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known uat that time. In this key he indicated that he considered
americana Fitch o variety of pratorum Meig,, us did Malloch (13).5

Dr. Aldrich also stated that but for the receding fuce, flavipalpis
Mallach is “not otherwise distinet from americand and I think not
more than n variety of it, as intergrades occur.” Tis key separated
Meromyza into two groups—one with pale-yellow palpi, only the tips
of which are sometimes a little infuscated, and one with black palpi.
These characters served the writers very well for separating their
northwestern material into two groups which they now consider to
represent two species only. In his letter Dr. Aldrich also said: “It
would be most intecesting to find out whether any of the ‘species’ ave
sensonal forms of others; there are so many color variations that I
should not be surprised to learn that this takes place. ¥ * * (olor
of the ubdomen is of very little nccount, less thun that of the thorax,
L think.”

During the preparation of this bulletin in 1943, the writers had
considerable corvespondence with Curtis W. Subrosky, of Michigan
State College, an nuthority on the Chloropidue. Professor Sabrosky
has given the tuxonomy of the genus Meromyza considernble study,
with special emphasis on morphological characters rather than on
color, and has seon w grent deal of material from all parts of North
Anerica.  He considers 3. wmerirana Fitch to be a distinet species,
basing his opinion on the form of the head, and considers . Havi-
palpis Malloch {13) and M. lineols Curran (8) to be synonyms of
M. pratorun Meig., of which he had Buropean specimens for com-
parison. Ile ulso expressed the opinton that . emericana does not
oceur in the Pacific Northwest,

PACIFIC COAST SPECIES .

For separating the two species of Meromyza veferred to in this
paper the following key may be used for freshly eaught specimens:
1. Dasie eolor green (somefhmes buff in summer forms) ;) maxiliary palpi

slender, rodilke, paie green or yellow, only the tips sometimes o Httle fnCesented
....................................................... pretoram Meig., p. 3.

For skelches of the side view of the heads and the maxillary palpi
see fhruve T g in oL and £2). Seasouad color variations in both spacies
will be discussed Jater. 10 is the opinion of the wuthors that the size,
and perhaps alse the coloration, of Weromyza pratorum were aficeted
by the host plaats on which the speeimens were produeed. These host
plants ranged from slender- Lo conrse-stemmed Gramineae.

MeroMyza pravorRUM Meig,

Specimens colleeted in the Pacific Northwest arve of the form de-
seribed as Heromyza fluripadpis by Malloch (£3). This form has
greenish-white, rodiike maxillavy palpi (fig. 1, 22, ) and when alive is
predominantly green. exeept on the dorsum.  In the spring the {ljes

B iralle numbers In parentheses cefor to Litecrotore Ui, p, 17,

T Plese stodnes b not been Samgdoted wlen Pralesaor Sabrosky wia enlien o warehme
duty with the . R Pablle Hegtth Servies,
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Ftauri 1.—A, Head of Merompyre sallatriz, side view, B, hend of M. pratorum,
slde vlew; €, dorsal aspect of hend and thorax of M, saltatriz; D, dorsni
aspect of head aud thorax of M. praternm; p, wmaxiilery pralpus; », vertical
triangle,
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This corrected page is to be inserted in Technica] Bulletin 928, The
Wheat Stem Maggots of the Genus Meromyaa in the Pacific North-
west, s a substitute for page 4 to show the maxillary palpus (p) in
figure 1, A.

Piquks 2.- =0, Lleau] ol Meromipza sallatrim, skle view; B, heml ol M. pratorum,
side yview ; O, dorsnl nspect of hend and thorax of M. gultatriz; D, dorsal uspect
of hoad and Lthoeax of M. pratorsm; p, maxilary palpus; o, veetienl trinngle,

TAGTRT=- 1T
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that cmerge eartiest are much darker than the typical ones, and have
wide black stripes en the dorswin of the thorax, while the dorsal
sclerites of the abdomen are mostly dark brown, except for the pos-
terior murgins. The writers have u very few specimens that barely
show fuscous spots on the tips of the pudpi und some that show the
vertical triangle (fig. 1, D, v) faintly outlined with brown, Flies that
emerge in July and August are offen of light-bufl color (colonial
bufl, Ridgway,” after drying), and the dorsum of the abdonien is
mostly light-colored, except that a median dark stripe is usually well
defined. The green coloration Fudes ra pildly in collections, and some
speetmens become brown,

On the Kiamath Marsh in south-centrai Oregon, at an elevation of
aboui 4,500 feet, specimens that were recognized in the living state
us green dMeromyza pratorum avernged smaller and much darker than
those found elsewhere. Nearly all these specimens had distinctly
tuscouns or blaek tips on the rodlike pulpi, but in two specimens these
palpi were entirely pale, while the vertieal trinngle vanged from
being outlined with brown to all brown, exeept for a pale spot in the
anterior angle, us in M. saltatriz form nigriventris Macg. Also as
in that form, the dorsum of the thorx is sometimes so intuscated as
to obscure completely the pule interstitinl arens between the black
stripes: and the entire dorswin of the abdomen, except the posterior
marging of the sclerites. is binckish brown. These color variations
are similar to those observed in . saltatriz; therefore, it is believed
that these specimens from the Klamath Marsh nre 7. pratorum. This
series of specimens shows much more vavintion than any other
collection. Al these forms—melanic, green, and buff—probubly are
A, pratorum.

Menodyza savrarrix (L)

In the Pncific Northwest this brown specics, in which the clavate
maxillary prlpus is always black (fig, 1, -, #) und the pleural spots
are strongly marked, has three color forms., Meromyaa saltutriv
form wigriventris Macq. is the typieal forn emerging in Apri] both
enst and west of the Casende Mountaing.  In western Oregon this
form wsually has the brown interstitinl areas between the black
stripes on the dorsum of the thorax completely obscured by fuscous
black {Ridawav). and the vertical trinngle is mostly brown (fuscous,
Ridgway ). except for a pale spot in the apical nngle,

East of the Caseade Mountains the light-brown interstitinl aress
on the thorax are often more evident. though narrow, approaching
the nest foem, marginota Becker (4). Duric forms are the Hrst
fMlies to emerge in the spring near Forest (irove, Oveg., and forms
approuching marginate and about like castern Oregon specimens
e varely collected there near the end of the spring-flizht period,
as they were on May 23 and June -+, 1923, ¥, saltatriv form
miryinata has the vertieal triangle pate yellow brown (honey yellow.
Ridaway) with « black ovellnr spot. and the vertical triangle is
outlined by w distinet davk streak, while the black thoracic shripes
are well separnted feom each other by the yellow-brown interstitial

FAanwW AT, Bl £0LOR STIVGYROS AN cnnoe NUMENCLATINE. 3, Uios,  SWashing.
[T T S IR THY
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areas. 'L'his is the most common sumner-generation form emerging
in July west of the Casende Mountxins, although there is some
intergrading to the next fovm, punctifer Becker {(4).

M. saltatriz form punctifer (fig. 1, ') has the vertical triangle
bull (deep colonial buff, Rjdgway) with a black ocellar spot; while
the durk stripes of the thorax wre red. bluck only &f front und
nrrowly on each side near the netopleural sutures, In many
specimens of this form most of the dorsum of the aldomen is light-
colored. This is the most common form emerging in July east
of the Caseade Mountains and is oceasionally found in July or
carly in August west of these mountains.

M. saltatrie is predominantly brown, never green, und averages
smaller than the green ov balt M. pratorun.

In April 192% Miss Keen observed the emergence and subsequent
maturity of u fly in the laboratory. When it emerged, at 9 aan.,
the head was temon yellow, with red-brown eyes, the outline of the
vertical triungle und part of the antennac and palpi were black
or nearly so, the thornx was light yellowish brown with three darvl-
brown stripes, the abdomen was brillinnt preen, and the legs were
yellowish at base and gravish beyond. ‘Uhe thorax and abdomen
grachutlly darkened: by 11:20 wan. the vertical trinngle began filling
with fuscous, and by 5:30 pan. the dorsum of the thorax and the
vertienl triangle were overcast with fuscous, as is typieal for
Meromyze saltatrie form nigriventris, These changes il'l(\i{.‘:ltc the
serjuence of color development and may suggest an explanation for
the diflerent color Torms found in this species.

In cages on younyg wheat in the laboratory it wuas proved that
Mevomyza saltatriv forms marginata snd ppnetifer arve color forms
of nigriventris. All the cages were started late in April or eawrly
in May with the dark, spring-emerging form, nigriventris, and in
July effspring were produced as follows: wmerginete, 275 inter-
mediate, 103 punctifer, 8. Mesnil (74) considered nigriventris to
be the melanie, winter form of A, selfafrie and stafed that 4.
eeraliven Reut,, described from Finland, was identical with the sum-
wer forn of M, saftafrie in France,  Balachowski and Mesnil {4,
pl. ) ilusteated three color forms, none of which appenr to be
as durk ns the spring forms from western Oregon.  Appavently
tempernture or liumidity, or both, atfeet the pigentation in this
species. and also in M. praforwm, as Mldrich (7)) suggested is the
ense in Ceeodonfa dorselts (Loew), 1t scoms evident that the name
for all the aboveauentioned brown forms with black clavate palpi
should be .M. saltairiv.

DISTRIBUTION

Mervamyza pratorum has been recorded from Fuvepe and western
Qiberia.  Sabrosky stated in cortespensence that he had specimens
from Washinglon, Ovegon, California, s Ulah, and from as far
cast as northern Michigan and western Kansas, M. Zineole Curran
{8}, which Sabrosky considers to be this species, wus deseribed
from “Fort Simpson, Northwest Territories, Canada”

The writers have specimens Trom the Tollowing localities: Oregon
—Xbany, Corvallis, [hewser, Elgin, Forest Grove, Gaston. Tibler,
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Klamath Mursh (a melanic form), La Grande, McMinnville, and
Tillaniook : Washington—2Alolson, Qroviile, Waterville, and Yakima;
Iduho—Grangeville.

In the European literature Meromyza saltatriz has been recorded
from Burape and Asia as fur east as the Jonur vegion. In North
America, where the records have been contused by misidentification,
this species has been recorded as follows: Benver River, Alberta
(14, p. 210, M. marginete; Montnnn (7Y, A, wigriventris,  Lssig
(9, p. 610) vecovded J. punetifer from the Yakimu Valley (in 1019)
on the nuthority of C'ole and Lovett, but the latter authors (6, p. JJ6)
mention only M. wnerirena as present in the Yukima Valley in 1019,
and the present writers have a specimen { Riker mount of an injured
whenf culm and a {ly) which was collected and mounted by Cole
nt that time and Inbeled “Aferomyze anicricana Titeh, Ahtanum
Valley, Yakima, F. R, Cole” This sy ecimen is the butf’ form of
JEoopratoron, It is probable that the form commonly found on
bluegrass lawns in Californin (9, p. 610) was this species also. The
specimen recovded by Sabrosky (47, pp 273-2{6) from Kansas as
A omarginate ad yellow palpt and was probably not 3, saltatriv.
Becker (4} gave the following localities for M. punetifer: Moscow,
Fdaho, Pullan, Waghooand Battle Creele, Mich.y for M. wigriventris:
Moscow, Tdaha, and Pollman, Wash.: tor M. marginata; Moscow,
Litho, and Corvallis, Orveg,  Becker’s record from Battle Creek
appents (o be in errer, and the pregent writers have been unnble to
lind any authentiic record of the occurrense ot J. seltafriv east of
Montann or Alberta.

The writers have specimens of Merompza saltatrie, listed accord-
ing to form, from the following lowlities: aigriventris, Oregon—
Corvalliz, Drewsey, Llgin, Forest Grove, Gaston, Imbler, and La
Grande; Montana-—XArlee (C. W, Creel Jome 14 1917) 3 marginatu,
Oreron—N\lbiny, Canby, Elgin, Forest Grove, Gaston, Imbler. and
La Grande: Idaho—Grangeville: punetifer. Qregon-—Elgin, Forest
Grove. Imbler. and La Greanele,

In o survey in 121 injury by Meromyze to spring wheat (with
little doubt caused by M. salfatrie) was observed in Helds of the
wrent Wheat Belt of eastern Whashington wlerever the average
pununl precipitation approxinmiced 20 inches or more, especially neav
timber, No sigas of il were observed tn wheatficlds where the
avernge annual precipifation was less than 15 juches.  Meromyzo
pratocin, however, ix known (o oceor in ievigated sections and in
mavrshies whiere the averaee anouald precipitation is less than 15 iehes,
il flies miny sproad ont Drom such areas, especially in yesrs when
the precipitation in Mugust is above normal,

HOST PLANTS AND DAMAGE

Mervomyza sultuivie and M. preforwse have varvied host plants
amone the Cheminease, Balachowski and Mesnil {70 g0 977 recorded
Mo peddorwn Leom CInmmophile \Psaninay arenaria Lo in Franee.
The present wrilers have reaved o pradorune Trom wheat, barley.
widd Aremree enrinabus Hookoand Ao, O sellbad via Tas been recorded
in the Lurapean Literature as oreurring in wheat, rye, barley, onfs.
Nepropyran eepens V1LY Beanv, Foxlucd aeiva L Hopeeurus praten -
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sie L., species of Poa and factylis, and timothy. We have renred
M. saltatriz from wheat and Lofiwmn perenne 1.

The following host plants have been observed to be damaged by
Alevomyza iarvae or have had Meromyze eggs on them, but in many
cases the species was not determined: Barley, rye, timothy (ravely),
Lolium perenne, Agropyron repens, oats {(ravely}, Poe wnervosa
(Fook.) Vasey (including olueyue Piper) (Grande Ronde Valley,
Oreg.. determined by F. W. Gail), Muklenbergia asperifolie {Nees
and Mey.) Parodi (1) {Forest Grove), [ordewm nodoswm L. {Grande
sdonde Valley, determined by F. W, Gail), Pou pratensis L. (Kiamath
Marsh and neay Kiumath Falls).

There have been indications that in the Pacific Northwest
Meromyza praforum breeds morve commonly on grasses than on grain
in May and June, and on volunteer and early fall-sown grain, as well
as on grasses, in the sununer and fall. 3, seltatriz commonly breeds
on wheat in Aprit and May and on grasses and early volunteer nmd
second-growth wrain late it the sumnier. The discovery of the host
relationships of the respective species is complicated by the fact that
specitic chavacters for the larval stages have not yet been found;
henice there is nuch confusion s to the identificntion of the species
and their hosts at different periods. These obscurities might be
clenred up by extensive rearings from identified host plants

Seriong damage to wheat occurred in the Grande Ronde Valley.
Union County, Oreg,, in 1921, The Iate \. L. Lovett and the senior
writer found infestations ranging from 10 to TH percent of the tillers
in individun! fields of spring-sown wheat on June 30, 1921, At the
same fme fall-sown whent showed only 2 to 3 percent of infested
culms with white heads. 'The average dantage to spring-sown wheat
was estimated (by County Agrienitural Agent IL (& Avery) at 25
percent reduction in the erop for the county. The worst infested
fields vielded 12 to 15 bushels per acre, sbout one-hulf of a normal
crop. nolwithstanding  otherwise favorable conditions. Of 116
Meromyza flies reaved from infested wheat tillers collected during
this onthbreak and placed in emergence cages without soil, only ane
was M, pratorum, the rest being M. saltafrie. In addition to the
Meromyza. the following Diptera weve veaveil: Oseinelle frit (1.}
var, nitidissima (Meig.) T Hadiza cinerea (Loew) {determined by
W, Sabrosky) 4

On June 22 1923, considerable damage by Meromyze larvae to
wheat tillers and to kernels in the heads of spring-sown whet was
observed in 2 fields in Scogein's Valley west of Gaston, Oveg. From
culms and heads collected in these fields, 106 M. saltatrie. + M. pra-
torum, wad 1 Oseinclla frit var. aitidissime were reared. Al trmse
reared from danmged wheat heads were M. saltairie, On June 7.
1927. 31 percont of the tillers on a whent plot seeded on Mareh 29 at
Forest Grove were infested with Werom yze tavvae, and M. seltulrviz
adults were veared from thix material. * Merwmyze damage to late
fall-sown wheat was conspienons in a snimll field in Hood River
Valley, Oreg., on June 21, 1927, und also on volunteer wheat {50 per-
cent of the Uillers infested) near White Salmon, Wash, Some damage
to spring-sown wheat nlso occurred in Union Coungy. Oreg., in June
1927, one carly spring-sown field having 23 perceut of the Hillers
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infested. On May 25, 1928, Don (. Mote, of the Oregon Agricultural
[ixperiment Station, reported {in correspondence) damuge to spring-
sown wheat near Drewsey, Inrney County, Oreg. His correspondent
stated that 50 percent of the wheat had been destroyed. Specimens of
flies sent in for determination from this outbreak were 16 A1, saltatriz,
2 M. pratorum, and 1 Thewmatomyia glabra (Meig.) ; hence it seemns
probable that most of the damage in this case was caused by the first-
named species,

Danmge to whent in the Warner Valley of Lake County, Oreg.,
was reported on July 10, 14, through Dr. Mote, and thut 8 eromyza
was the cause was confirmed by specimens of wheat with white heads,
showing typiceal Meremyza injury to headed culms. The owner stated
that frem 3 to 4+ percent of the wheat was so damaged.  E. (5, Smith
reported to the United States Kxtension Service that an outbreak of
wheust stem maggot occurred in Grant County inJune 1941 TTe stated
That R. L. Webster suw specitnens of the insect that cansed the domage
nnd identified it ws Jerompyza,

Eeonomic danmge to grain by Meromyza seltatriz has been ve-
ported frequently in ldurope and in Siberia, mostly by Russinn
workers, Rakhmaninov {/9) stated that, owing to dry conditions,
M. nigriverteis is not usunlly a serious pest, nlthough it was utisunlly
abindunt in 1923, Rakhmaniney and Induichenko (76) reported
that ubeut 50 percent of the eurs of winter wheat were damaged in
the Smiolensk uren in 1927, and that the vesulting loss was from 30
t 40 percent of the greain,  Vereschagin (/9) reported that from 28
to 30 pervent of the wheat plints in the Amur wren, in the Russian
Ifar Iiast, were often dumaged by this species,

The writers’ observations indicate that Meromyza saltalriz is by
far the most important species causing dathnge to wheat, especially
spring-sown wheat, in the Pacilic Northwest but that serious out-
breaks are not common. The paucity of references to A/, pratorum
in the Koropean literature, in comparison with those to . saltatria,
indicates that this is also true for lurope and Asia.

Meromyze pratorum nay cause appreciabie damage to unsensonably
lute spring-sown whent in the Pacilic Northwest, as it did in experi-
mental wheat plots at Coreallis, Orveg., in August 1920. It may also
damage enrly full-sown wheat in the fall. Cole and Lovett (G) re-
ported 1 percent of *white hewd"” damage to wheat in the Ahtanum
Valley, near Yakima, Wash., in 1919 by this species, and the white-
head imjury to whent in Lake County, Qreg., in 1940, in central Wash-
ington in 11 (reported by Lo G, Swith), and in Deschutes County,
Oreg.. in 1934 (reported by Dr. Mote in correspondence) may have
been cansed by this speeles. Barley muy be damaged by one or both
species of JHeromyza.

On May 26, 1937, lavge numbers of o darvk formy of Weromyza pra-
forum were swept from Pea prateasie on the lamath Marsh in
Oregon at an elevation of 4,500 feet, and theve were many white heads
on the bluegrass in June. .\ grower at Klunath Tfalls, Oreg., who
had extensive seed meadows of bluegrass, stated that about 10 percent
of the headed culms in his meadlows showed white hends.  As factors
other than Aeromyze may eause white head in bluegrass, it should
be determined whetlier thiy condition is predominantiy due to Mero-
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myza infestation. On the pther hand, no investigation has ever been
made of the infestation of unheaded cubns of bluegruss or other
grasses, and, by annlogy with Meromyza infestation ‘of wheat. this
might eause mm'h more serious damage than white head. 1. G, Smith
has stated (io caorrespondence) that County Agricultural Agent
(ieorge M, .l)el:my, of Grant Clounty, Wash., reported that Meromyza
infestations (presumnbiy white heads) were observed in nearly every
stindl of erested wheatgrass from Wilson Creek to Coulee Dam in
1941, The extent of damage to grusses by Meromyza and other
genera of Diptera should be determined. ‘The growing of various
grasses for seed 1§ a rapidly expanding industry in Ovegon and Wash-
ington and Jferomyza already may be, or nny hecome, an important
fuctor in grass-seed production,

TYPES OF INJURY

Injury to wheat by Meromyza pratorum and M. salfatriz is of two
vcommuon types. YWhen yonng tillers are attacked hefore the culm is
well formed. the central shoot is cut off by the feeding of the lurva
nside the titler. The shont withers and turns yellow, then brown.
precluding the pussibility of head formation. and eventually the tiller
dies. ‘This type of injury became evident in cages 35 days after
Joopreatprnnt egig were laad (July 18 to Auwust 13, 1933), although
wilting of the tertninal lent was noted within 18 days, when the larvae
must have been tther small. This is the type of damage that Forbes
(1) and Webster (20, pp, 45-77) veported tor J. americane as oceur-
ring in the full in the Middle West. und is the type found in May on
spring-sown wheat in the Pacific Northwest, Wihen hexded culms nre
.tlt.wl\mi the entirve hewd is killed and remaing nearly white {(netually
bulty and empty of kernels beentse the lavne have severed the vessels
of the stem near the last node before or shortly after the wheat head
eerged from the boot and before it Blossomed ;s while the rvest of the
eulm, below the node, is green,  In hearded wheat the awns are stiff
and dry and have a characteristic spreading appesrance instead of
being held in o normal upright position.  Both these types of injury
nre tlcsm:hod and well l“\lhll.lit‘il by Allen & Painter (4) in their
paper on the wheat stem maggot in Kansas, Similar injury oceurs on
rye, burley, nnd the grasses.

In addition to the two common types of injury to wheat which ]mw
been described, Max M. Recher onve observed Tarvae on whent hewds
that had emerged from the boot. Blossomed, and began to forn seed.
Many flowers, glumes and all, had been destroved. and the heads had
it very vagued appemnnee. On some hends about half the head, from
the tip down. had been destroyed : on others comparatively few flowers
near the tip were damaged. This type of injury was noted on early
spring-gown wheat in Scoguin's '\':1]]0}-, west of Gaston, Oreg., on
June 22, 1923, and was caused by Iarvae of MWeromyza saliairi.
Mesnil (74) mentioned injury by M. seltatriz to wheat ears of a type
similar to that noted by the preseni writers, and Balachowsky and
Mesnil (5, pf. 7)) illustrated it and stated that sueh injury is frequent
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in France, Abdrich {2) noted somewhat similar injury to whent ker-
nels by larvie of Oselnelle (Oseinds) frit (L),

LIFE HISTORY
Munoayza rravonvy Meig,

It was observed that in wesiern Ovegon Meromyza pratorum re-
mained in the puparinm as long as 20 to 32 days in the spring (Apri)
11 to May 13} but only 9 to i1 days in July. The period for incu-
bation of the exas was 5 to 7 days between Mugnst 20 and September
3, and is nmlouﬁtedly longey in May. ‘The total period from egg to
adult was 81 to 88 days on wheat i vages bebween April 26 and July
24, 1923 29 to 36 davs between July 21 and Mugust 26, 1926; and 43
to 19 days between Mugust 1 and Septentber 289, 1923,

Menoavza sasrariix {Ia)

Tanigankov (78) gave the incubation period for the eges as 3 to 10
days nad stated that the spring- sid swnmner-generation fenales lnid
from 10 to 60 ezes. He also stated that adulis of the spring genera-
fion lived 14 to 60 days and these of the sunmer generation slyghily
fonger. that the pupal period of the sunmer generation Lasted 25 days,
and the complete life eycle of this generation reguived sbout 50 days.

i 1923 the overwintered larvie spent Trom 16 to 238 days in the
pupasinm in the laboratory in April and May. In cages over young
wheat #t Forest (rove 2 females of this species. which emerged on
April 12, 1927, laid an average of 5N eggs each in 32 days, The egps
hantehod in about 10 days. ‘The complete life eyele lasted from 60 to
90 days. Phe mean for all rearings in the period 1923 to 1929 was
165 duvs. Thus, the life eyele in Ovegon is more prolonged than in
Russin. probably heenuse of Tower mean temperntures in summner.,

The eggs of Jeromyza saltatrie are usually Inid on the sheaths that
vover Lhe stems, near the ground. but sometimes on ihe leaves near
the Tigules or under the sheatbs ngainst the stems. The egps appear fo
bhe indistingnishable from those of M. americane and 3. pratorum.
Ordinarily only 1 to 4 egus wre found on 2 single tiller. but in the
1921 putbreak 1 the Grande Ronde Valley in Union County. Oreg..
20 or more eggs were present on a single wheat tiller. extending from
ground level to 2 inches or more above the arotnd, and sometimes
overlapping like shingles. The eggs ot M. pratorwn ave Taid in
similar locations, but it has been the writers’ imipression that this
species kays its pgyes on the leaves more often than does M. saltutria.

The larva on hatching makes its way to the point where the lust
leaf emeries trom the sheaf, and then erawls down te the node,
where it Feeds inside the shoot. severing the vessels to the shoot just
above the node. The writers have observed indicutions that an in-
dividual Tneva may move from one tiller to snother. destroying both,
as Allen and Painter (3) noted in the case of Heromyza americana.,
The puparium is formed between the sheathing leaf and the shoot,
psually not far from where the shoot emerges from the sheathing leaf,
as Githertson (12) noted Tov . americana.
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SEASONAL HISTORY -

Meroayza paaToruar Meig,

deromyza pratorum passes the winter in the larval stage in the
stems of the host plants. Records kept by the nuthors show that pupa-
tion took place from April 7 to May 9. In the insectary adults from
overwintered larvae emeryred from April 27 to May 31. According to
records of systematic sweepings, adults first appeared in the tields
near Iorest Grove, Qreg., o the following dates: June 15, 1922 (a
Into season) ; April 26, 1923; April 28, 1924 ; April 27, 1926; April o7,
1927, In 1923 adults were not swept in numibers until Muay 18, and the
flight was nearly over by June 15, Flics cimerging at this time con-
gregated on the latest spring-sown grain they could find, and also on
grasses. They showed a decided prefevence for the younger plants;
thus, on May 16, 1923, 16 were swept from a small plot of late spring-
sown wheat, but only 1 was swept from fall-sown wheat nearby, The
egres, usually Jaid on the leaves, hutched in nbout 10 days. In 1023,
i the Inborvatory, the larvae of the spring meneration Legan to pupate
nbout July 4 and began to emerge on July 16. In the field this
emergence reached a peak about August 1, wlhen the flies were abun-
dant on volunteer barley on creek-bottom land. In cages started on
July 2101026, with - to G-inch wheat transplanted from outdoors ancl
oviposited on about 10 days before, the first wdult of the second Qenert-
tion emerged on August 19 and emergence continned to August 26;
but other adults, from lurvae dissected from this material, emerged
us early us August 7 in cells in the laboratory. In 1023 cages started
with adults on young wheat seedlings on August 1 produced adults
Trom September 11 to 2. These records afford definite proot of u
second generntion of A, pratorwm in this arean; however, flies
emerging in July woéuld find no grain on whieh to breed, and even
grasses in n suitable condition for breeding would usually be scarce
becwuse the sumumers in the Pacific Northwest ave normally dry.
Probabiy the only available host plants at this time would bé on
irvigated Tond, in swanpy aress. or on land that had been under
water wuntil lade in the spring.  Adults were swept in considernble
numbers from Zromuy curinatus (1) on creek-bottom land on August
20, 1925.  The seasonul history ot J. pratoram in the Pacilic Northe
west is practically the same as that which Forbes (10} found for
M. americane in llinois,

Flies of the fall flight frequent the volunteer grain and grasses
that have sprung up following the frst full rains, which normaily
oceur in September in the Pacilic Northwest. These flies are af the
peak of their abundance in September (September 11-18 in 19223 and
an be taken with an insect net until well into October (October 17
for the last flies in 1922}, The progeny of these flies pass the winter
us larvne. Larvae that hatched from egus lnid ns early as Augnst 20,
1925, in « cage over Bromus carinatus did not produce flies until May
L, 126, Overwintering on wheat was ulso observed. and larvae
probubly overwinter on barley and various grasses.
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MeroMyza sarrarrix (L)

Like Meromyza pratorum, M. saltutriz passes the winter in the
larval stage in the stems of the host plants. These larvae begin to
pupate in March and early in April, The writers have upation rec-
ords of overwintered larvae as tollows: A well-coloreg pupa faken
from volunteer wheat on April +, 1924, emerged as an adult on April 9
and probably pupated as early ns March 26; prepupae taken from
volunteer wheat on Mareh 26 and April 7, 1927, cmerged as adulis on
April 10; from three prepupae taken from Loliym perenne un March
29, 1927, the first adults weve out on April 19, Aceording to records
of frequent sweepings, the first adults appeared in the fields near
Forest Girove on the following dates: Mny 23, 1922 (a backward
season}; April Fh 1923: Apeil 9, 1024 Maveh 280, 1926 {an early
season} : April 120 1927 April 28, 1929 April 11, 1930; April 28,
19315 and March L9, 1934 {an execptionnily early season),

A comparison of these vecords with those for . pratorum shows
that the first appearance of J/. saltatriz in the fields was from 19 to
32 days (with 2 mean of 3 weeks) earlier than that of A/, pratorum.,

Adiddts of the spring emevgence of Meromyza saltatriz wove most

~ubundant on April 25 in 1923, April 24 in 1924, April 29 in 1926,

April 14 in 1927 and April 26 in 1929, In 1993 7. pralorem adults
outnumbered those of M. saltatrie for the first time on May 16, M.
suléntriz declined vapidiy theren fer. the tast flies of this species being
takenon June 8 Fenwmle flies of the spring generation are often long-
lived. Tn 1923 one of five females in 2 cage lived 63 days, Flies
emerging in March and Apeil congregate on spring-sown whent,
seeded at the normal time. both enst and west of the Cascade Moun.
faing, They show a preference for the younger whent, but are some-
fimes swept in some numbers in April from wheat seeded in November
or Iater, and the latest titlers of tall-sown whenat nre sometines in-
Fested with farvae,

There 1s hittle doubt that the activity of adults of Meromyza salta-
friz i spring. approximateiy 3 weeks earlier than that of A,
pratorum. s vesponsible for the fnet that this species is more damag-
g to spring-sown wheat. seeded nt the nernml FHme, than is J7.
praforum.  In the Pacific Northwest by the time the latter species
emerges in numbers such wheat is too far along to be attractive to
them,

The eggs hatched in about 10 days in April. In 1923 larvae of the
spring generation begnn (o pupate in cages shont June 24 and con-
tinued pupating notil JJuly 10, In cages over wheat, ndults were pro-
duced as follows: ¥ 1922 feom July 3 to July 16, in 1923 from July
12 to July 25, in 1926 from July 3 to July 20.and in 1927 from July
1to Mugnst 3. In the field. or from field-collected material. adults of
this generation were first found as follows: In 1921, June 50 (L
Geande) : in 1999, Judy 35 in 1923, July 19 and in 1924, June 30,

The newiy emerged aduits of Meromyza saltatriz did not lay
egas on proffered wheat seedlings af once, as did the flies of 3. pra-
fornm, but estivated for a considerable period. In afres over spring
wheat in 1921, flies that emerged nbout July 17 were fedd dituted honey
and remained alive but showed no signs of reproductive activity up
to August 11, when the wheat secdlings had died. On Septenber 5
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mating and ovipesition were observed in this cage, and the first flies
(probubly mules) died. This indicated an estivation period of about
45 to 50 days. Lo 1922, in o cage over late spring-sown wheat of a
truc winter habit of growth, adulis emerging up to July 8 began to
lay egus before August 15, when some eggs had just hatched. As-
suming that 7 days were speat in the egy stage, the estivation peviod
was about 31 days. In 1923, in eages over seedling wheat of a spring
habit of growth, seeded in July. flies that had emerged up to July
16 {heginning July 3) laid eggs by August 2, after an estivation
period of 30 days, but in this case the host plants weve entirely suit-
able.  Tn 1926, femule fiies were offered eut wheat stems in vials at
regatlur intervals, and those from a cage where mating had been ob-
served on July 16 estivated 38 days (from July 19 to Augmst 26)
before they began ovipositing, In the same year flies placed in a
eage over seedling wheat uander a lantern globe on July 12 laid their
first czgs on August 13, an estivation period of 32 days under ideal
host-plant conditions. In 1929 flies that emerged between July 17 and
July 26 taid their first egos on September 30, an estivation period of
66 days or more, but September was a_very dry month. One of the
female flies in this eage lived 83 days. One female, probably unmated,
eterged on July 18,1927, and was kept alive in o vial until January
13, 1928, a period of 179 days.

It seems evident that there is a natural estivation period of at least
a month, and usually wwore, in the adult stage of Meromyza saltatria
in the Pacific Northvest, as was noted in Russia (75). Adults eannot
be collected in the Helds 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 Forest Grove came about September 7 in 1922, on
September 27 in 1923 (a very dry August and September, when this
species was scarce)., on September 11 in 1925, on August 27 in 1926
(precipitation was much above noemal in August, beginning on the
17Eh ), andd on September 9 in 1927, The fall flight of this species, ns
indicated by periodic sweepings, was finished on Qctober 8 in 1992,
on October 12 in 1923, on October 1 in 1923, on October 2 in 1926,
and on Oetober 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 in three well-separated periods, namely, trom
March to Muy, in July, and in September.

The peak of the fall flight and the end of the flight period of Mero-
myze pratorun, whieh hag two complete generations per year. are
about wo weeks later thun those of I/, walfatriz. which has but one
cemplete generation per year, ITence, as fnl]l wheat is ravely secded
before October in the Willamette Vatley, Oveg.. there is no chance
for 8. saltatrie to breed on fall-sown wheat in the fall. It must be
vestricted. therefore, to volunteer gruins, second growth on pre-
maturely cut grnin. and the grasses. Unless there arve rains in Aug-
ust or early in September, there is very litile. if any, volunteer wheat
before the last of Scepteniber or early part of October, and even
grasses in a suitalle condition for breeding of the inscets may be
scarce and locul. On the other hund, there is some chance of J/. pro-
torum getting into fall-sown grain if this is seeded before October 15.
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Tzuigankov (18) stated that in Poltava, in the Ukraine, the
overwintered -generation of Meromyza saltatriz emerges during the
first 3 weeks in May and the summer generation emerges early in
July. He noted that flies of the summer genevation lived longer than
those of the overwintered generation, and stated that the oviposition
period of the summer generation lasted 2 months. Rakhmaninov (75)
stated that the larvae of Af. nigriventris hibernated in self-sown
plants. Adults appeared at the beginning of May, and toward the
end ot the month eggs were found, mainly on the leaves of autunin-
sown wheat, though n few were also found on spring-sown wheat and
barley. A second flight of adults took place near the end of June.
These individuals laid eggs in Angust and continued to oviposit
- throughout most of September,

NATURAL CONTROL

Coelinidea meromyzae Forbes {determined by A. B. Gahan) has
heeri reared by the writers several times from overwintering #ero-
myza larvae in puparia in March and April. This is a pavasite of
both species. An external parasite. Microbracon meromyza Gahan,
was reared in Auwgust from Meromyza pratoram larvae taken from
barley at Forest Grove on July 26, 1923, The writers failed to rear
gither of these species from heavily infested whent collected in the
Grande Ronde Valley on June 30, 1921, This collection produced
a_few miscellaneous parnsites, some of which, notably several
Fupteromdlus sp. and n few Lupelmus aoflynii French, may have
come from the spring generation of M. swltatriz. 1t is very doubtful
whether parasites ure factors of much importance in natural control
of M eromyza, at least in the avea east of the (ascade Mountains. The
fungus Lmpusa muscae (Fr.) Cohn, sometimes killed adults in cages,
and nunder humid conditions probuably kills some in the fields.

The principal factors influencing the abundance of Aeromyza
saftatriz, and probably also of 8f. pratorum, are doubtless elimatic.
This is particularty true in the semiarid area of the Pacific Northwest
enst of the Caseade Mountains, where the most serions outbreuks of
M eromyze have ocenrred.  Unseasonably early rains ia August bring
up an abundance of volunteer grain. second-growth grsin in areas
cut. prematarely for hay, and an abundant new growth of grasses.
These host plants afford opportunities for the production, lute in the
suinmer, of large numbers of Meromyze Iarvae. which will give rise
to a heavy flight of flics in the spring.

The great ontbreak of Meromyza saltatriz in the Grande Ronde
Valley in 1921 was preceded by unusually heavy rains in August and
early in September 1920, which interfered with harvest, and the spring
of 1921 was cool and rainy. An abundance of early volunteer wheat
was scattered throughout the fields, and much second-growth wheat
had come up in the margins of the fields that had been cut for hay
in June 1920, All these had been heavily infested by Aeromyza in
the fall of 1920 and had produced great numbers of flies in the spring
of 1921, In all other observed or reported outbreaks (1923 in Wash-
ington Clounty, Oreg.; 1927 in'Wushington, Union. and Hlood River
Counties, Oreg.; 1928 in Drewsey, Oveg.; 1941 in central Washington)
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precipitation had been henvy in the preceding August or September,
‘There is therefore some basis for forecasting such outbreaks in the
Pacific Northwest.

In the more humid area west of the Cascade Mountains these
specics do not appear fo fluctuate so greatly in numbers from year to
year as they do in the semiarid uren. Serious Meromyze injury west
of the Cascades is rave, and there are no records of any widespread
outbrenks, it thevetfore appears that serious outbreaks are most
likely to oceur in the marginal areas, whicl: are less fuvorable as habi-

tats for the species than are the more humnid nreas. The observations
of Rukhmaninov (73) in the Union of Soviet Socinlist Republics
sugost the same hypothesis.

“Che writers observed, in the Grande Ronde Valley and elsewhere,
that low, poorly drained, swampy spots und marshes are focl from
which eromyza spread into nearby Helds, and in semiarid areas such
places are probably habitnts where Me:*om_;‘-'a can survive, even where
the svernge annuul precipitation is less than 13 inches.

Mcromyza larvae that ave well up in the stems ave probably killed
by severe cold, but those in the erowns of the plants probabiy survive,
At Forest Grrove on Janunry 16, 1924, following & mininun tetpera-
ture of 4° I, on Junuary 1, Miss Keen found fve dead Meromyza
larvae in tillers in clumps of volunteer wheat and five living larvae
in the lowest part of the stems near the roots, ander 1 inch of snow.

CONTROL MEASURES

QOthier writers, notably Torbes {10), Webster (£0), and Allen and
Painter (4), have observed that some varieties of wheat are more
severely injured by Aleromyzu’americana than others, early maturing

arieties being least infested.

A. L. Lovett and the senior writer observed that in the great out-
break of Meromyza seltatriz in Union County, Oreg., in 1‘))1_ the

early wnturing spring-wheat variety Haed Federation was very little
damuged by Jh*ranuzu larvae, while the midseason variety Goldeoin
{Tor t) foldl) wus very severcly damaged. Hence in years when sn
outbreak of M erom yza threatens, qulcl\l) maturing varvieties of spring
wheat should be sown. At the same thne it was noted that fall-sown
wheat was very littie injured, and this Injury was almost all of the
white-head type, while spring-sown whent was badly damaged in
(he unberded-tiller stage.  Both M. seltatrie and M. pratorum select
ihe youngest whent available for breeding in April and May, In
western Oregon wheat s sometines seeded lnte in November or in
the winter months. Such wheat usually shows more M eromyze injury
in June than does wheat seeded ot the normal time, in ()Ltober

In woestern Owvegon, the fall flight of Merompyza saltutriz is over
before any wheat 13 planted. There may be some fall infestation bj
M. pratorem, but little wheat is up until after October 15. and by that
time the fall flight of this species is practically over. Tlence i.tll
damage by J[('mmyza i the Pucitic Northwest is negligible.

On the basis of lnowlutge of Meromyza saltatriv in the Pacific
Northwest, it is recommended that all volunteer wheat and all second-
growth wheat in areas cuf early for hay be plowed under soon after
harvest. or, if lef, be plowed undler in March, before the spring flies
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emerge in April. No volunteer wheat should be allowed to cone up
in fields that are to be seeded, before the normal time for full seeding.
In the 1921 outbreak in Union County, Oveg.. it was evidernt that the
greal abundance of M. seltatriz could be traced dirvectly to the lurge
numbers of early volunteer wheat plants. which were scattered
through all the fall-sown fields, :Ii!dl to abundant second growth
that had sprung ap after the Aungust 1920 rains in the feld marging
that had been cut for hay. ‘

All grass in the vicinity of grainfields shonld be plowed or pastured
closely in August and September or turned nndey in March or enrly
in April, because in some arveas grasses may produce enongh Mers-
miyza flies to damage wheat growing nearby.

It i probuble that the shove-mentioned precautions need be taken
only in years when precipitation is unusually abundant in August
or early in September, 1§ damage by either or both species of M ero-
myza should eventunlly be such as to require control mensures on
zrass-seed mendows, further research will be necessary to ascertain
what measures would be effective.
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