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INTRODUCTION

Two different species of Harmolite have boen described under the
name dralicy, one by Fiteh (3)® in 1859 and the other by Riley (15)
In 1882, Harmolita tritiel (Riley, not Fiteh) is now known 6 be a
synonym of Il grandis form minuta (Riley), and the record of H,
triticr from Washington Territory in 1882 hy Riley (16) and also
that from southeastern Washington by Riley and Howard (7) deal
with H. grandis minuta. The record by Webster (18) in 1906 of the
presence in southwestern Washington of a species suspected of heing
£, iritiei probably referred to I, raginicolu (Doane), which at that
time hind not been recognized as a distinet species and whicl for many
years las been found rather generaily distributed over western
Oregon and Washington. _

. The true wheat jointworm (Harmolila tritici (Fitch)}* was first
found ip the Pacific Northwest in 1926, in two small areas in the

TTRecelven! for publication Marceh §4, 1941,

2 The anthior gratefully acknewlodpes the assistanee nd sdvice of L. P, Rogkwaoo? in the conduet of tho
wark aud the prepaeation of the tnne seript; Lie eooperation of W, 7, Uhillips; 1he sssistanee of Max A Ree-
her,whose snTveys in econeelbon with Lh:"h(*ssian By nued the wheat mipdeo Buve seeved 48 na adidizionnd cheek
ot the distribution of the Jointwarm: and of I X, Vorter who, withou! compensstien, from [129 to 1935,
totk wenther records in the Molalla, Ore., disie’ o1, manddp ﬂi;ser\'mimis o thie juinlworm, aitd save voluable
counsel on veriows matlers.  Delorminalions of maiy of the parssiies by A 35 Gahan s ©. F. W, Muese-
beck are wisn much appreeiatedl.

¥ Tealic numbers in paventheses refer 1o Lierature Cited, p. 47,
1 Grder Hymetioplers, family Borviomicoe.
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Willamette Valley in Oregon. These arc the only areas in the Pacific
Nerthwest in which 1t is known to oceur. It is with the study of this
insect and its parasites and their dispersion in these areas that the
present bulletin is concerned. The investigations covered the period
from tbe fall of 1926 to the fall of 1934.

It is not known Low or exactly when the whesat jointworm was
introduced into the Willamette Valley. The time of introduction
was probably shortly before 1926, as is indicated by the small size
of the colonies and the heavy infestation near the center of each colony
that year. Further evidence that the introduction was recent Is
furnished by the many collections of wheat stems in connection with
hessian fly work which were made in the Willamette Valley inter-
mittently for many years and intepsively for 8 years previous to
1926. These collections did not reveal the presence of the jointworm.
Frequent surveys made in western Washington and less frequently
in eastern Washington and Oregon belore and after 1926 show with
reasonable certainty that the jointworm is not even sparsely distrib-
uted over those areas. The presence of many of the species of pora-
sites that occur in the Eastern States suggests that the insect was
probably introduced into the Willamette Valley in infested straw
from regions where these parasites were common. Some of these
parasites, however, were found on native species of Harmoite in
prasses and on the hessian fly, and it is possible that these species
were already present at the time of the ntroduction ol the wheat
jointworm.

The Willamette Valloy is a large and fertile district of varying topog-
raphy, with wooded or partly cultivated hills, flat prairies, and rolling
hillocks between. It lies between the Coast s7ud the Caseade Ranges
in Oregon and ascends in a southerly directiun from about the latitude
of Portiand to a short distance south of Co' tage Grove. The climate
is humid, and most of the precipitation oceurs as rain in the fall,
winter, and spring. The summers are dry especially the months of
July and August. In general, precipitation is heavier in the more
elevated portions of the valley and decreases from the north to the
south, ranging from 77,17 mches at Headworks, located in the hills
east of Portland, tn 46.23 inches at Forest Grove, 38.07 at Salen, and
37.79 at Eugene. Scvere cold weather may occur for short periods
in the winter monihs, especially in December and January, when
rarely zero or lower temperatures may occur, but for the most part
the winters are mil<l.

The wheat grown in the Willamette Valley is but a small portion
of the total grown in the Pacific Northwoest, but it is an imporlant
crop on miost of the farms of the valley. The two separate joinbworm
infestations now cover considerable arcas in this valley; and although
the inscct spread rather slowly during the 8 years following the dis-
covery of Lhe original infestations in 1926, it is believed that eventually
it will invade all the main wheat-growing areas west of the Cascade
Mountains. Doubtless the inseet can exist also in the great wheat-
growing districts of castern Washington and Qregon, but 1t seems
unlikely that it will ever become abundant there because the methods
of wheat culture practiced in those sections, which include clean sum-
mer fallowing over very large areas and some stubble burning, are
unfavorable to ils increase. Iarmers throughout the Willamette
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Valley and elsewhere in the Pacific Northwest should be able to recog-
nize the work of this insect in order to cope with it when it appears
in damaging numbers or in territory hitherto uninfested.

DISTRIBUTION OF THE JOINTWORM IN OREGON

Figure 1 shows the distribution of the jointworm in Oregon in the
fall of 1934.* Both colonies, for the most part, extended eastward
from the right bank of the Willamette River. The northern, or
Molalla, colony or infestation occupied most of the cultivated land
of Clackamas County and the northwestern portion of Marion County.
In 1928 the jointworm crossed the Willamette River in the Mol o

.I —|
oy———
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Freune 1.—Jointworm distribution in Oregon in the fall of 1934. Small, inner
oullines show the original infestations jin 1926,

colony at a point about 4 miles cast of Wilsonville. At that par-
ticular point the boundary remained practically stationery for the
next 6 years.  This colony was roughly oval in shiape and at that time
was about 32 miles long and 24 miles wide.

In the southern, or Lebanon, colony most of the flas country of
Linn County east ¢f the Willamette River and south of Albany is.
infested. At the svath end the infestation crosses the river and
extends for a short distance into Lane County. The colony in 1934
was roughly oval, extending north and south and bearing slightly
northeast and southwest, and was approximately 33 miles long and
16 miles wideg, .

! No work has beent dons on the wheat joinbworm in Oregon sinee the anthor lett there in 1935. Slnca-

that time, ascording to information reevived from E, A. Forter in Septeinber 1438, the whest jointworm hng.
been very scarce in Oregon, even fno the center of the Molails colony,
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In the infested areas of Clackamas, Marion, and Linn Counties
wheat is an important erop and has a definite place in the regular
rotation with red clover, oats, or oats and vefcl, and in some cases
with a row crop, which most frequently is corn or potatoes. In
Clackamas end Marion Counties the clover is usually planted in
February in the fall-planted wheat, but oceasionally it is planted with
barley or winfer gray onts. On less fertile soils the clover is sometimes
planted alone. On the “white lands” of Finn County alsike clover
is often substituted for red clover. In 1929 the yield of wheat for the
three counties was as {ollows: Claclkamas County, 462,459 bushels
from 16,253 acres, or an aversge of 28.5 bushels per nere; Marion
County, 730,425 bushels from 26,525 acres, or 27.5 bushels per acre;
Linn County, 482,908 Dhushels from 21,873 acres, or 22.1 bushels per
acre. Ior the Willamette District the yield for 1928 was 4,105,895
bushels from 158,857 acres, or 25.8 bushels per acre.  The yield for
the whole of Oregon for that year was 21,499,977 bushels from
1,074,800 acres, or 20.0 bushels per acre.®

DENSITY OF INFESTATION

The methods used in determining the density of mmfestation in
varieus fields were in generzl similar, but they varied in details
according to conditions and the immediate purposes. On the sample
farm in the “sample farm avena,” which will be discussed Iater in con-
nection with various studies, and on farms in the immedinte vicinity
of this farm the count from stubble eolleeted soon after harvest was
used  Although binders ehielly wore used during the period of the
investigation, the stubble for the most parvt was left high; so usually
the lower 3 joints and sometimes the fourth could be observed.
If the feld was small, 50 stems in a drill row were taken af each
25 or 50 paces; il the Geld was large, at caeh 100 paces. The first
noint of collection was some distance in {rom one corner of the field.
Usually 500 to 1,000 stems were talken in each sample, Frequently
other samples were taken later in the same fields for other purposes,
but these were not used fo establish the percentages of infestation,
since sheep and cattle grazing in the stubble after harvest often broke
down and trampled the stubs to such an extent that determinations
of the infestations in Inte samples were nob considered so accurate as
in the earlier ones.  These records wers used, howover, as chiecks on
the carlier determinations, and il any large discrepancics were observed
the populations could be lurther investigated.  Diserepancies of any
importanee woere ravely shown, however, and this indicated that for
all practical purposes the sumples were accurate.

In ficlds not in the immediate vicinity of the sample farm, and in
fields oulside the sample-favm area, most of the snmples talen were
smaller.  The main purpose of many of the collections made outside
the sample-farm area was to determine the yearly dispersion of the
adults, and if jointworms were found readily only a small number of
stems were examined, usually not less than 100 or mere than 300,
although ficlds of speeial intevest often were sampled more thoroughly.

€ Frpm pecorils of erops produelion for he Stale of Oregod for Tie year 9029, by Paul O Newman, agrical-
tural stotisticing.
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In this type of survey usually 10 stems were taken at a time at poinis
fairly close together and well distributed over the field. Samples
relating primarly to dispersion were taken at any time between har-
vest and the initial emergence of adults the following spring.

The density of infestation in the various fields throughout the two
infesied aress between 1926 and 1934 showed considerable variation.
Table 1 shows the average infestations for the Molalla colony for the
years 1927 to 1934, inclusive. This average was taken from fields in
the areas that had been infested for some time and does not include
fields near the borders of the eolony, which in most cases would be
lightly infested. It should be explained that as the colony increased
in size it was necessary to examine more fields near its borders than
was the case earlier, in order to determine the boundaries, so some-
times fewer fields were examined in the main part of the colony.
Thus for 1931-32 fewer ficlds appear in the table than for the previous
years. These were located near the middle of the colony, or in the
area that had been longest infested, and fields lying between the
ruddle and the borders of the colony, which had been more recently
infested, are not included. It is belicved thevefore that the infesta-
tions shown for 1931-32 are higher than they would have been if
approximately the same number and the same diversity of fields had
been included as in the previeus years. The infestations shown by
some of these fields mean considerable loss to the crop.

TasLe L—Infestalion by the wheat jointworm in the Molalln, Oreg., colony, 1927-84

: Range in Cuims . | Rubgein [ Culins
Fields | svosiation | wiestend Flelds | jnrastation | lnfested

Pereent Pereent MNumber Peregnt Percent
1.0-20 k) i o 6t

51 13.9-80
1,598 af 31 0-7)

&
3. -66 58 33, ... W 16.0-70
e o

0.0~ 0.5

b g-91 58 i

t Only 1 Mield hod an jnfostalion above 28 pereent.

Table 2 indicates the history of the infestation in the heart of the
Molalla colony from 1928 to 1934, inclusive. Fields listed in this
table, except those noted, were in the neighborhood of the ficld in
which the jointworm was first found and where infestation was high
in 1928. An extensive study was made of the jointworm in this
sample-farm ares to determine the trend of the infestation and the
effect on it of the climate, the parasites, and the farm practices. Since
the data are relatively more complete on this area than on the rest
of the eolony, table 2 should give & more aceurate history of the
changes in population than table 1. TFields in this table denoted as
nearby were all within o radius of approximately one-half mile of the
sample field. Those denoted as more remote were between ¥% mile
and 3 miles of the sample field. Since wheat rarely is planted in the
same field for 2 years in succession, the fields compared from year to
Yyear were only occasionally on the same plot of ground. More fre-
quently, but not always, they were on the same farm.
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TaBLE 2.—Culms infested by the wheat jointworm on forms in the sample-farm areq,
Molalla, Oreg., 1928-34

Locatlon 1028 1928 1930 1931 1032 1033 1934

Percent | Pereent | Percent | Perceni | Percenf | Percem BPereent

Bample Beldo.. 325 01.0 gL.2 60.0 47,4 %3 1.

earby fiolds____ . 330 63.0 8.3 08.2 o 8.4 V]

L5 L U IR 91.9 2.5 133 516 3.0 0
Do ___.____.. [ D 2.4 [0 R P DU 4.5
0 S S, 3.2 [ 101 35 DRSOV SUIVRIUPRI PSRRIV SRR
More remote. ... 210 T [ A, OB focaeoanan W5 | .
L 98.1 018 17.5 7.7 45,2 25.3 8.5
AVOIUEO o e oo L7 63,5 5.3 62,1 43.8 25.3 4%

The highest infestation was reached in 1929, Infestabion in the
sample field has decreased since that time, with Iarge decreases in 1933
and 1934. In other fields there has been a more or less irvegular but
decided decrease. These vaviations arc to be oxpected, since the dis-
tances of the fields examined from unburied stubble, as well as the
infestations in the stubble, varied from year to year. The averange
infestation for the area was lower cach year after 1929, except in 1931,
when it was slightly higher than in 1930.

The infestations in the Lebanon colony have not been followed so
thoroughly as were those in the Molalla colony. Although the reduc-
tion in infestation here has been similar to that in the Molalla colony,
the infestation has not been se high. The maximum was 80 percent,
found in one ficld in 1928, As in the Molalla colony, there were great
decreases in 1933; and in 1934 no infestation whatever was found ex-
cept in o field at the southwwestern border of the colony, which showed
an infestation of 1 percent.

The conditions that brought about the greatly reduced infestations
of 1933 and 1934 began in December 1932, when low temperatures
without a snow covering killed most of the fall-sown wheat, together
with much clover in the stubble of the previous scason.  Winter-sown
wheat, of which there is, relatively spenking, considerable in this region
and most of which is planted in February, survived. Infested stubble
in which the clover was killed was plowed under early in the spring of
1933, and to compensate for the loss of the fall wheat much spring
wheat was sown. This in many cases developed too late to becoms
mnfested by the jointworm. In the spring of 1934, therefore, much of
the stubble unburied ab the time of the issuance of the jointworm was
uninfesied, or only lightly mmlested, and such fields of 1932-33 fall-
sown and winfer-sown wheat stubble as remained were widely seat-
tered and had infestations below normal.  The few adulfs issuing over
o wide area from the few fields of lightly infested stubble resulted in
an infestation in 1934 still lower than that of 1933.

SEASONAL HISTORY OF THE JOINTWORM

The adults of the joiniworm, which superficially resemble small,
biack, flying ants, begin {o issue from unburied stubble during the last
3 weeks of April or the first 3 weeks of May, and emergence may con-
tinuc until the latter part of June, The {emales place their eggs only
in the walls of jointed stems of wheat. These eggs hateh in about 2
weeks, producing minute, whitish, translucent grubs, or “worms,”




THE WHEAT JOINTWORM IN OREGON 7

which feed in individual cells on the sap of the plant until the stems
become dry. During this time the grubs molt several times, increase
in size, and change in color, until at harvest they are approximately
three-sixteenths of an inch long and one-fifth as broad, and yellow.

The grubs lie in their hard-walled cells until the first part of OQctober
when some of them pupate. Pupation of all individuals is not com-
pleted until December. The pupae remain unchanged over the win-
ter and until shortly before emergence, when they turn jet black.
Shortly after becoming black, the time varying with weather condi-
tions, the pupae cast their skins, and the newly formed adults gnaw
small cireular holes in the walls of the stems and crawl out.

The time of emergence of the adults in the spring varies consider-
ably. From 1927 to 1934, inclusive, the time of the first emergence,
as determined by sweeping and examination of the stubble, ranged
from April 5 to May 19. Field and laboratory observations have
shown that the time of emevgence is probably influenced more by
tempergture than by any other single external factor. In = labora-
tory room kept warm dwring the dayhime, o fow adults have been
induced to issue as early as December 24, probably within a month or
two after pupation. In the field, emergence is early in warm, sunny
springs and late in cold, cloudy springs. From 1930 to 1934, inclu-
sive, weather records, including maximum snd minimum tempera-
tures, precipitation, direction of the wind, and the character of the
day, were kept at the northern infestation near Molalla. Attempts
to correlate tho issuance of Harmolila tritici with effective tempera-
tures accumulated during the winter aund spring, summing up degrees
of mean temperatures above 40°, 43°, 45°, 48°, or 50° F_, while show-
ing plainly the accelerating influcnce of warmth, have not established
any close correlation in the case of any of the temperatures mentioned,
In years of late emergence there has always been a doficiency of accu-
mulated temperaturc up to approximately April 1, compared with
years of early emergence, but this deficiency has been more than made
up, in the years of late emergence, by higher temperaturcs between
April 1 and the time of emergence. In other words, if mean tempera-
tures alone determined the time of emergence of H. tritici it would
have occurred earlier in these years than was the case. The effect of
femperafure on cmergence, howover, seems to be more cumulative
than immediate or transient. High temperatures did not produce
emergence unless there had been o counsiderable carly accumnulation of
effective temperature, and relatively low temperatures did not pre-
vent it provided there had been such an accumulation,

There scems to be little relation between the time of first emergence
and precipitation, within the range oceurring in the Willamette Valley
during the emergence period, except that first emergence has been
associated most frequently with brief dry periods or occurred on deys of
little measurable rain. ?[t is probable that Harmolita trifici issues
more readily from stubble moderately dry then from stubble bearing
contact moisture. It is not improbable that emergence is related to
the date of pupation the preceding fall; but since pupation among &
whole population takes place over a considerable poriod of time, and
it would be difficult in the field to determine the exact date of pupa-
tion of any number of individusls, it would be difficult to demonstrate
the existence of such relationship in field material.
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Cool, rainy weather subsequent to the firat emergence of Harmolite
trifici prolongs the emergence. Warm, sunny weather has the oppo-
site effect. In 1927, when the first adults issued on April 25 (rather
early) and this date was followed by cool, wet weather, females were
swept from growing wheat 37 days later, and stubble examination on
this date indicated that, in some flelds, only about one-lhalf of the
total adult population had yet emerged. In 1928, when the earliest
issuanee was followed by warm, sunny weather, sweeping and stubble
examinations indicated that emergence was practically over within 23
days after the fivst adults were taken. It is rarely possible, howaver,
to obtain in the field clear-cut records of the effect of the dillerent
weather factors on the whole emergence period, since most periods
exhibit variable combinations of temperature, moisture, and sunshine.

The period of emergenee and, consequently, the period when females
are abroad, is Important because of its relation to the infestation of
wheat. Late-planted spring wheat as well as thie spring-formed tillers
of fall- and winter-sown wheat escape attack almost entirely. In the
Willamette Valley most of the adults apparently disappear before the
spring wheat is sufliciently developed to be aceeptable to them,
whereas the fall- and winter-sown wheat, with the exeception of the
spring-formed tillers just mentioned, has proved aceeptable during the
8 years of the investigation. This situation apparently differs con-
siderably from that in the Fastern States, where most of the adults
appear to he active during the peviod when late-developing rather than
early-developing wheats are in a suitable condition for oviposition

DISPERSION

The males and [emales of Harmolite tritici issue from the stubble
during practically the same period, although a few males usually
emerge belore the fivst females.  In warm, sunny weather the females
immediately leave the stubble fields and may be taken from nearby
fields of growing wheat when only & small propertion have issued.
Males and females ave readily taken in stubhble as long as females are
1ssuing, or unfavorable weather has hindered the females’ departure.
In fair weather males may still be found there toward the end of the
period of emergence and later, after the females have entively dis-
appearcd.

Observations in the spring of 1027 furnished the hest example of
the effect of cool, cloudy, wet weather on the movements of the females,
since there was then an abundance of unplowed stiabble as well as
growing wheat and an absence of other discernible factors allecting
their activity. Tn that senson 11 days clapsed after the first issuance
from stubble belore the first lemales were taken from growing wheat,
They were at no time swept in abundanece from growing wheat, exeept
the volunteer swheat in stubble, and hath males and [emales were
present in large numbers in stubble fields of all times.

In contrast with these conditions, in 1928, when it was warm and
sunny at the time of the first issunnce and subsequently, females were
conslantly shundant on growing wheat, and stubble yielded males
almost exclusively.

It should he emphasized that when cool, rainy weuather follows the
first issuince, the emergenee and oviposition period is prolonged. [tis
believed that this fact explaing why henvy infestations, especially in
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those fields located clos» to stubble, sometimes follow springs that
might be considered unfavorable to rapid emergence, dispersion, and
oviposition.

The distance that Harmolita trifici can travel in a single flight is
not known. Phillips (8, p. 24) states that they may be carried o mile
or more by the wind. Much sweeping and many days of observation
in the field during the flicht periods of the years 1927-34 indicate
that only & small portion of the total populatior fly as far as thatin a
season, and that migration for any considerable distance is accom-
plished by o series of much shorter flights. Even in warm periods the
movements seem to be by shorter flights than might be expected. It
is probable, however, that certain factors may increase the distance of
migration from stubble. In warm, sunny westher during the period
of adult activity, and in the absence of growing wheat in the imnmediate
neighborhood, distances greater than 1 mile might be covered in 2
series of short flights in search of wheat, but observations are indefinite
as to the extreme limits of migration.

Some iden of the nature of migration of the females from stubble to
wheat may be gained from data obtained in sweeping an 18-acre field
of growing wheat in the spring of 1929. This field was long and nar-
row, extending north and south, and was remote from stubble exeept
for one small field adjacent to its northwestern corner, which undoubt-
edly was the main source of the jointworms that infested the field.
On Junc 3, 19 days after the first adults had issued and stubble
examination had indicated that about three-fifths of the flies had
emerged, sweepings of 10 strokes each were made in all parts of the
field of young wheat. The adults caught were almost exclusively
females.  Figure 2 shows the shape of the field, the number of adulis
caught per 10 strokes, and the general locations in which they were
taken in the field.

Adults were much more numercus along the north edge of the field
than elsewhere, and the numbers decreased perceptibly along this
border toward the east and away from the stubble. More adults
were found along the west side than along the east side, and they
decrensed in numbers along both these lines southward away from
the stubble. Such findings 19 days after the first emergence would
indicate slow movement away from the stubble and througn the
whest. The spread of the females from the single source also is
indicated io some extent by the determination of postharvest infesta-
tions throughout the field. These infestations were mot so much
lower in the portions of the field farther from the stubble as might
have been expected from the results of the sweepings on June 3, doubt-
less because the adults were active long enough after that date to
ensble them by easy stages to infest the southern part of the field
rather heavily. The final percentages of infestation in the various
parts of thd field are also given in figure 2. In this connection it
shouid be pointed out that 1929 was a year of heavy infestation
throughout both colonies; and while, except for the small field men-
tiened, there was no stubble close to the field swept, the abundance
of heavily infested stubble in the colony in general doubtless furnished
part of the adults which infested this particular field.

During the flight period adults of Harmolite iritici are frequently
tnken from oats and other crops, where they stop temporarily during

321881——41——2
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migration to wheat. In 1927, a cool, wet season when migration
from stubble was slow, adults were teken from oats throughout the
fight period and sometimes in considerable numbers. Apparently
the flight from stubble is at random except as influenced by winds,
frequent stops and departures being made until wheat is reached or
the adults die. Woods, towns, and rivers serve as obstructions to the

170 7105

Myy Mg Myp 20,529 |, 6

o

APPETNRATELY
18 ACRES

i.m YOS

Ficunre 2-—Diagram of wheat field adjacent to a stubble field, showing the
numbers of adults caught per 10 strokes of a net and the_percentage of ultinate
infestation in various parts of the field.

flight. Infestation in isolated fields in wooded districts vsually is
light even though the wooded district is in the heart of a colony.
Reasonably open and fairly large areas in woods may become hewif;
infested, since after the insect becomes established sufficient stubble
and growing wheat are present to permit normal migrafion from
stubble to wheat within the area.
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ENLARGEMENT OF COLONIES

METHODS OF STUDY

Several methods were used to determine the yearly boundaries of
the colonies from 1926 to 1934, inclusive. The infested aress were
delimited as accurately as possible shortly after they were discovered
after the 1926 harvest, by examining stubble at wvarious distances
and in different directions from the field in which the infestation was
first discovered. Considerable care was taken in later years in cover-
ing the fields in the vicinity of infested fields remote from the original
infestation. After these fields were covered, the distance between
the fields studied was increased. The stubble was examined et any
time between harvest and the following spring. After one survey of
each season the infested fields were located on deteiled maps, and
each succeeding survey was made In terrifory previously omiited,
special attention being paid to those areas where, on the basis of
previous surveys, the jommtworms were to be expected. In this way
the greater part of the Willamette Valley was covered each year.

The distribution of the jointworm was also checked by sweeping
growing wheat and stubble fields in the spring during the period of
adult activity, beginning in the localities where the jointworm was
found in stubble examinations. Fields were swept from one to several
times each season, & sweep of the net being taken at each pace through
the field. The number of sweaps in each field ranged from 150 to
1,600 at each sweoping. In the strictly scouting work the number
of sweeps was rarely less than 300 unless the adults were picked up
very quickly. That the sweeping was thoroughly done is indicated
by the large numbers of other species of Harmolile that were collected.
These species included H. wsaginicole {Doane), H. lolii Gahan, H.
holci Phillips, and others, which, although rather widely distributed,
were usually thinly scattered over the oreas infested by them. The
general plan of mapping the infested areas from the results of sweeping
was essentially the same as in stubble examination.

In addition to the sweeping and examination of stubble, a search
was frequently made in June slong the fentatively established bound-
aries of the colonies and elsewhere for fallen wheat straws. If any
were cbserved they were examined at once for jointworms,

The final boundaries of the colonies are based on findings by all
three methods. Esch of these methods proved useful. The seareh
for fallen straws was especially productive in 1929, when there was
considerable lodging of wheat. Although the use of the several
methods has hindered the classification of the data on o comparafive
basis, as would have been possible if the method of stubble examination
had been used oxclusively, the combination of methods is considered
definitely superior for the specific purpose of delimiting as closely as
possible the jointworm colonies each year,

Tue Movarta CoLony

The infestation in the Molalla district in 1926 was discovered on
July 29. At that time it eppeared to be roughly circular in outline
and ahout 10 miles in diameter and lay between Molalla and Hubbard
end extended to a point 2 miles north of Marquam op the south and
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2 miles south of Canby an the north. Although the first season’s
work appeared very thorough and it was believed at that time that
the boundaries set were fairly sccurate, the large extensions in 1927
and 1928 and the rather slow progress since the Iatter year render
this doubtful. As investigations progressed it became evident thet
1t would be practically impossible to set cxact limits to the insect’s
distribution in any single sezson in country traversed by many streams
and confeining many woods and no large unbroken aress given to
the cultivation of wheat, and that the most acenratc boundsries of
the colonies would probably be thosc established theoretically from
records of the previous several years as to fields infested and the
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¥Figure 3.—Map showing the original extent of tie Molalls colony in 1026
and the ares oeeupicd cach succeeding year through 1934.

mtensity of the infestation. The orviginal Molalla colony and the
arca occupied cach year afterwards through 1834 are shown in figure 3.

This colony by the end of 1934 was approximabely 32 miles long
and 24 miles wide. It had spread most rapidly northeastward and
southwestward untif it encountered obstructions in the form of woods
and wasbe lands in the southwest and woods and hilly country in the
northeast, After that time the spread was slow in these directions
and faster westward, in which direction there were fewer obstructions
to its progress, .
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If the boundaries set in 1926 are considered as nccurate, the length
of the colony increased 1% miles per year in opposite directions.
During the same period the colony widened scven-eighths of o mile
per year in opposite directions.

If the 1928 boundaries are considered as the true ones for that
year——and in the writer’s opinion they are more nearly correch than
were those assigned for 1926—the colony lengthened from 19 miles
to 32 miles in 6 years, an average of 2% miles per year, or 14, miles
m opposite directions. During the same period it widened from 17
0 24 miles, an sverage of 1% miles per year, o1 %» of a mile in opposite
directions, These last figures show thaf, although yearly records
would Indicate oceasionsl migrations for considerable distances, the
gverage extension of the infestation in any one direction at most
has been but little over & mile per year.

In Moy and June, when scouting for Haermolife {ritici was done
largely by sweeping, it was observed that on the clear, warm days,
when conditions for migration were most favorable, the ground
winds were novtherly, and that on cloudy or reiny doys the ground
winds usually were southecly. It is probable that thesc winds influ-
enced .the northerly and southerly trend in the migrations, but the
topography and vegetation of the country were also favorable to the
migrations in thiese directions.

Tue Lesanowy Corony

The aren occupied by the Lebanon colony is, in geneeal, {latter
and less wooded than the Molalln aren. Tt would seem that the
necurate determination of the boundaries of this colouy from year
to year would have been easier than in the Molalla distriet, but this
was not so because of the searcity of purve stands of whent i some of
the large arveas, and the many fields devoted to the production of
grass, hay, oats, and other crops, in any of which voluntecr whent
might occur. Nevertheless, in spite of these differences the history
of the culargement has been similar to that of the Moelalla colony.

The presence of the jointworm in this scetion was first noted late
in the fall of 1926, but the boundaries that year were not determined.
By 1927 the colony was found to lie south of Albany, extending from
Lebanon to o point 1 mile cast of Tangent. It was 8 miles long and
5% miles wide, the long axis lying in o northeasterly and southweslerly
divection. TIigure 4 shows the limits and loeation of the Lehanon
colony from 1927 to 1934, inclusive. No separate boundaries are
shown for 1934 because no extensions were found that year.

In the fall of 1934 the Lebanon colony was 33 miles long and 16
miles wide. Assuming that the boundaries given for 1928 arc correet,
in the following 6 years the colony increased in length from 15 to 33
miles, or 18 miles, an average aof 1% miles per year in opposite dirce-
tions. In width it increased from 8 to 16 miles in 6 years, or 8 miles,
an average of % of & mile per year in opposite directions. The topog-
raphy of the country and the location of the ozigingl colony evidently
prevented the equal spread in ail directions, in some years most of
the totnl increase apparently being in one direction and in other years
in other directions, Most of the movement has been southerly and
westerly, probably on account of the prevailing winds on days fnvor-
able to migration, but erlso because by 1927 the colony had been
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ares otcupied each succeeding year through 1934,

Ficore 4.—Map showing the limits of the Lebanon colony in 1927 and the
was the sume as in 1933,
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checked on the east by foothills of the Cascade Range and on the
north by the wooded broken country of the Santiam River and its
tributeries. It seems probable that the scattered wheat in the more
open country around Halsey and southward forced the insect to make
longer than normal migrations in search of wheat.

Figure 4 shows that in 1933 an infestation was found northeast of
Irving on the Pacific Highway about 9 miles south of the southern
boundary for 1982. This infestation was on the left bank of the
Willamette River. In the writer’s opinion the jointworm must have
been present in the region north of Coburg for some years, but, owing
to the scarcity of wheat in that section, was rare and widely scatbered
and consequently had not been discovered.

RATIO OF MALES TO FEMALES

Owing to the fact that males tend to remain in the stubble fields
and the females to scatter in search of growing wheat, it is Impossible
to obtain by sweeping any reliable estinates as to the relative num-
bers of males and females 1o the total emergence. Records of issuance
in the laboratory, however, should be accurate, for although tho males
are more fragile then the fomales and it appears that the mortality
just before emergence from the stems is a little higher among them
than among the females, the same appears to be truc in the field, and
%h?dproportions shown in the laboratory should be applicable in the

eld.

Records of issuance (table 3) from various lots of material from
1926 50 1933, exclusive of 1931, show that females generally outnumber
the males. For the whole period 59.8 percent of the specimens reared
were femgles. It may be noted in this table that the perceniage of
the females in the large emergence of 1928, 60.2 percent, was vory
close to the average for all the years.

TaBLE 3.—Emergence of adulls of Harmohic tritici from cages in the lahoralory,
1826-3%

Hinles Fomales Muales Fomnles

Number Pereent MNuwmber | Number | Percent
5 . 14 7 72,3

076 , Ot L2 4 376
1,184 N 5.1 7L 449¢ 5G.6
1,847 3 #0.2

170 59.7 - 5 178 .73 6%. 8

830 6.7

OVIPOSITION

Since under favorable conditions the females leave the stubble fields
soon after emergence and most of the males remain there, it is prob-
able that mating is accomplished soon after the emergence of the
females. Practically all the cggs are fully developed ut the time of
emergence and the preoviposition period is short, although this time
has not been accurately determined by the writer. Since the Forest
Grove, Oreg., laboratory is located outside the infested territory, it
was not advisable to bring adults to the laboratory at the proper time
for breeding work in cages, and all bservations upon oviposition and
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related subjects were made in the field and on ficld materinl. Even
when females were very abundant in the field, only a small portion
of them scemed to be attempting to oviposit, and, in spite of the many
days spent in the field during the flight period, in only & small number
of cases was oviposition actually observed. In these instances, how-
ever, the procedure of females 1 oviposition was the same as noted
by Phillips (6). On some days when many females were about, no
oviposilion scems to have been attempted.

In this bulletin the term “joint” is used to refer to the internode
rather than to the node of the culm. It is probable that the joint
selected for oviposition is usually rather soft, but it is not necessarily
short; in fack, it may be well formed and fnrly hard, as ovipositions
have been observed i the long joints.  The great number of examina-
ticns of infested wheat made during the cight seasons previous to and
including 1934 would indicate that in the Willamette Valley most of
the eggs are placed in the second and third jeints, whether the season
is early or late, and not, as might he expected, only in the higher joints
when the wheat is high.  The description ol two specific attempts to
determine this point in the field will serve to illusirate conditions as
the writer found them.

In 1932 some geod wheat 16 to 24 inches in height, examined on
May 10, ov 4 days alter the first adults had issued, showed that the
first joints were all long and hard, the sccoud joints practically all
hard (one exception in the sample), the third joint varying from hard
to soft and ¥ of an inch to 4 inches in length, and the fourth joint
and those above all soft and short.  If hardness of the jeint prevented
oviposition, practically no infestation would have heen expeeted in
the second joint, limited ovipesition in the third joint, and heavy
oviposition in the fourth joint and above. The findings, however,
were not inaccordance with these expeclations, since 500 stems rxam-
ined just before harvest showed 63 second joints, 190 third joints, and
34 Tourth joints infested.  These infested joints were in the sirong
muain stems and not in the late spring tilters, sl were, therelore, in
the snme class of stems as those examined on May 14,

On the same date, May 10, males and leniales of Flarmofita tritici
were introduced into Gwo eloth field cages containing uninfestod wheat
from 3 to 4 lect high, at a time when i all probahility the soft joints
wore the fourth jont or above.,  Examination of these stems af hoar-
vest showed infestations as lollows: First cage: Second joint, 11; third
joint, 31; fourth joint, 3. Second cage: Second joint, 12; third joint,
43, fourth joint, 4.

In considering these figures it shoulidl be borne in mind that maost of
the oviposition in the field would have taken place during 2 consider-
able period alter the day on whicl the green wheat was examined,
cluring which time the jonts were lengthening and hardening eapicdiy,
I the enges this wonld be true te a lesser axtent, sinee adulls of only
one lot were introduced and these could have laid their eges within o
shorl time,

Although oviposition in most ol the wheat exemined aceurred prin-
cipally in the second and third joints, cccasionally there was more
than the usual oviposition in the first and fourth joints. With one
or two exceplions, these variations from the normal ive been slight,
and in most ¢ases have given little indication of the kind of joints
preferred. In 1932 one field more advanced in growth than most of
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those in the vicinity showed much more oviposition in the first joint
than in any of the others. This might indicate a preference for the
harder joints, but there is evidence against this view. The one most
notable exception to the general rule was a field in the Molalla district,
which in 1931 showed practically all the infested joints to be above the
second and most of the infestation to be in the fourth joint. This
condition was general over the field and did not apply to a few plants
only in & small area, as is usually the case with such variations. The
previous history of the field was unknown, but its condition when
examined approximated that of other fields in the vicinity which
showed most of the oviposition in the second and third joints. No
satisfactory explanation of this occurrence has been found.

The tendency of the jointworm infestation in field wheat in the
Willamette Valley to be concentrated for the mnost part in the
second and third joints might be explained by assuming a phenological
relationship between the period of emergence of the adults and the
development of the wheat. That some such relationship may exist
is indicated by the tendency in Virginia and elsewhere in the Eastern
States for the infestation to be heaviest in the late wheat, As these
observations and many others on field wheat between 1926 and 1934
indicate, however, there seems to be a rather wide range in the stage of
development in which fall- and winter-sown wheats are acceptable for
oviposition in the Willamette Valley, Most of the selectivity shown
there is in the avoidance of late or, for thie most part, spring wheats,
In this may be found a possible explanation of the many observations
in the Eastern States that indicate that poor wheat is preferred for
oviposition; for if late wheats were preferred in the Willamette Valley,
as they appear to be in the Eastern States, the wheat making the least
vigorous growth would be the most heavily attacked.

EGG CAPACITY OF THE FEMALES

To obtain definite information as to the reproductive ability of
Harmolita iritici, two lots of females taken from stubble in cages
were dissected and their eggs counted. The females were taken within
8 day or two after emergence when inspection showed that practically
all their eggs wero fully developed. In 1928 aceurate counts of the egg
contents of 199 females were obtained. The maximum number of
eggs per female was 124, the minimum 33, the average 84.3, and the
mode 99. Eighty-eight eggs occurred the next largest number of
times, namely, 7. There is evidently great variation 1n egg capacity.
In 1929, 84 females were examined and their eges counted. The
largest number of eggs found in a single female was 155, the smallest
51, and the average per female was 98.2. Egg capacities of 107 and
102 oceurred most frequently, namely, 5 times each,

Early in these dissections it was observed that in general the egg
capacity is correlated with the size of the female although some excep-
tions were noted. Inasmuch as the size of the female is determined by
the size of the larva which produced it, fecding eonditions during the
larval period may be a determining factor in the reproductive ability
of the adult. If sueh is the case, females issuing from poor wheat
having thin-walled stems wouid be expected to have low egg capacities.
The only evidence that is available to support such a theory is in the
dissections just discussed. It is known that the females of 1928,

321881--41——3
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bhaving an average capacity of 84.3 eggs, came from relatively poor
wheat, wheress those of 1929, having an average capacity of 98.2
eggs, came from streng, vigorous wheat with heavy stems.

Jf 90 eggs is considered as the average capacity of all females issuing
over 4 series of years, which is roughly the average of the 2 years repre-
sented by the dissections, and approximately 60 percent as the average
of the totnl issuance that are females, then the potential rate of
reproduction of Harmolita frifici with 1 generation per year is 54 to
1. TFor various reasons actual increase in the field cannot approach
this. In Oregon parasitism salone, as shown later, would at times
reduce this rate of Increase to about 15 to 1 and small samples have at
times indicated o reduction to about 5 to 1.

DEVELOPMENT AND FEEDING OF THE LARVAE

The incubation peried of the egg in Ovegon has not been determined
by the “)friter. In the Eastern States if is said by Phillips to be 10 days
8, p. 4)-

The writer studied the Iarvae only in the field, and the development
was not followed so closely as would have been possible in lzboratory
breeding. Phillips made detailed studies of the larva, and adequate
figures of the first and last stages were given by him (9). Tt will
be sufficient here to state that the larva molts three or four times before
reaching maturity. The first instar is minute, frail, whitish, and
{ranslucent. It is subeylindrical, tapering at each end, and has a
protruding head. The mouth is located below and back of the apex
of the head. In specimens examined by the writer there has been con-
siderable variation in the shape of the protuberant head, ranging from
the bread conical type shown in Phillips’ drawing to a very sharp
conical type. This variation is probably due to the apparently
flexible nature of the protuberani parts. The smallest first instar
mesasured by the wriler was 04582 mm. long and 0.0790 mm. wide.
This one was probably just out of the egg. The largest was 0.8058
mm. in length and 0.1738 mm. in width. The latter was doubtless
about ready to molt. Asshown by the figures, the ratio of the length
to the width is variable. The mature larvae are yellow, cylindrical
and have o hemispherical head. They vary considerably in size,
the maximum length being about 6 nm. and the minimun: 3 mm. or
less. The inteymediate stages are very similar to the last except for
size, and the color seems %o become more yellowish at each molt.
The setae are small and incouspicuous. The mandibles are small,
triangular in outline, and brownish.

Owing to the long period during which females are abroad and ovi-
positing, the [irst instars may be found in growing wheat over a eonsid-
erable period, especially In a cool, rainy season when issuance from the
stubble is prolonged. The best records for occurrence in field whest
were made in 1928, a scason when the adulis were present for a rela-
tively short period. The first fivst instars were taken on May 24 and
the last newly haiched one on June 286.

Most of the observations on the feeding of the larvac have been made
in field material and incidental to other work., Examination of this
materiel indicated little or no rasping of the plant tissue by the larvae
at any time. Newly hatched larvae have always been found bathed
in the juice of the plant and frequently in cclls at least several times
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the size of the larvae. DLarge larvae usually occupied the whole cell,
and the juice was not so much in evidence; but even in these cases no
frass was diseernible in the cells from gross examination under the
binoeular microscope, and the walls of the cells appeared smooth and
more or less polished. Apparently the larvac feed until fully grown
almost entively on the juice which Rows lnto the cells,

In field material in Oregon the time required for o gall? to hecome
well formed varies considerably, galls containing second instars some-
times being imperfectly formed whereas others containing first instars
may be well formed and, {0 external appearances, complete. Some-
times prominent galls are not formed at all, but in Oregon field wheat
prominent galls appear to be of more frequent occurrence than any
other type.

The writer hias stated that galls are somelimes formed before the
hatching of ths ege (2, p. 4). This assertinn was hased on the state-
ment of Phillips (6, p. 144) and various observations on field material
Small first instars have frequently been taken from well-lormed galls
and on two oceasions the minute larvae had, to all appearanees, just
issued from the eggs, having the shells adheving to them. While no
unhatched egg bas been disseeted from o well-formed gall, it seemed
reasonable that in the case of thie two larvae just mentioned gall forma-
tion had begun before the hatching of the cggs. Kggs have ocea-
sionally been located in the stems by pale, oval spots of about the shape
and size of jointworm cells.  These have appeared {0 he the hegin-
nings of cells and the gall tissue surrounding them.  Well-formed galls
have frequently been apened in which neither larvae nor oggs could be
found. While it is probable that remains of cggs and [irst instars could
be overlooked in some cascs, their abscnce was so frequent that it
seermed more Likely that no egzs had been laid and that the stimulus
which produced the galls had been received {rom punclurves by the
fernales in attempted ovipositions,

Phillips and Dicke have since shown thal in wheat, in cages in the
East, galls arc not forimed until afler the egg has hatched (11), unless
the loss of polarity which appears in cells above the eggs 1s accepted
as the beginning of the jointworm cell and associated gall tissue
(11, pp. 869, 871); and they state that the larva does not issue from the
shell at once but feeds for some time through the hole in the shell {17,
p. 869). The loss in polarity in the cells above the egg may be in part
responsible for Lthe fermation of the pale spots which have been ob-
served on the surface of the stem over the eggs and the feeding of the
larva from within the shell may aceount for the two small larvae found
in the well-fermed galls mentioned above,

VARIETIES OF WHEAT AFFECTED

The varicties of wheat generally zrown in the Molalla district during
the period of this investigation were White Winter, Wilhelmina (White
Holland), Kinney, Rink, Prohibition, Jenkin, and others. Kianey,

T There is & Inek of uplformily in the use of Lerms referring Lo the galls and cells formud by Fermelita
fritici.  Sonetimes Lhe ward *uall is used to melude the whole gall formaten in up inlernede which sor-
rounds a gronp of larvae in colis,  Sinee stmall grils see formed by siogle wevne, and the gall formatiof ina
whole of & Iorge pert of on (nternode seerms to be eanstd Ly oonerging of the gell Hasue surronadiag single lar-
vag, Lhe wriler restricls the tersn "gell” Lo the gail forsmilion nronnd an fudividun! cell, and the whoio gall
strizetizre in &0 fgternode is referred Lo 18 a groun of galls,  Such definilion will facilitate description of the
growth of indlvidont cefis am! the surrounding gall tissue,
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Foisy, Rink, and Jenkin’s Club are spring wheats, but in the Wil-
lamette Vallay they are usually planted in the fall or winter. All
these varieties are considered to have strong, straight stems, but there
is much difference among them in the toughness and thickness of the
wall of the stem. Kinney, which was grown more generally than any
other in the sample area of the Molalla district, has an unusually hard,
strong, and tough stem, especially for some distance above the nodes.
In all the varicties mentioned, however, the wall of the stem is thick
enough to permit the formation of firm, thick-walled cclls and to insure
a plentiful supply of sap.

Field studies over a period of 8 years have given no indication of
the sclection or avoidance by the jointworm of any of the wheats
mentioned or of others grown in the infested territory; all varicties at
one time or another have suflered considerable infestation. In some
scasons differences were shown in the infestations in the different
varicties, but similar differences have alse been shown in fields con-
taining the same variety. In short, all the apparent seleclion ob-
served was correlated with the development of the wheat, the location
of infested stubble, and the population of adult jeintworms in the
vicinity, and could not be attributed to the variety of wheat grown.

In their study of the oviposition of Harmolita tritiei in relation to
the development of the wheat in Virginia, Indiana, and Kansas,
Phillips and Dicke (11, p. 868) [ound that the meristemic regions of
the stem in Kansas wheat were “in a hardened condition and unsuit-
able for oviposition at the time of emergence of Harmolita tritici;”
but, since . tritici docs not oceur in Kansas, they estimated the prob-
able time of emergence from the time of emergence of H. grandis
form grandis. They suggest fucther (77, p. 868) that the condition
of the merislem in Kansas plants eould he'due to varictal or climatic
differences. When the writer studied the distribution of the wheat
jointworm in Gtal in 1931, the only infesiations he found were con-
fined to Turkey wheat near Toocle, Tooele County. The principal
varicties of wheat grown in Kansas [or many years have been Turkey
and its derivatives. 1t would appear, therefore, that the conditions in
the stems of Kansas wheat which render them unsuitable for oviposi-
tion by Fl. trifict are the result of climate rather than of the varietics
of wheal grown,

INTURY

Injury to wheat and losses to the crop due to the jointworm are
cnused: (1) By & weakening of the stems through reduction in their
diameter ab the base or top of the group of galls so thal considerable
falling may oceur, especially if high winds prevail when the wheat is
tall and heading; (2) by a reduction in the number of kernels per head
and (3) by a reduction in the weight of the individual kernels. In
the Willinmette Valley, during the § years previous Lo and including
1934, loss caused by the falling of stems was not considerable except
in 1928, when lieavy inlestations, with large numbers of jointworms
per infested joint and high winds in June, caused considerable wheat
to fall out of reach of the binder.  The reduction i the weight of the
kernels and especially in the number of kernels per head is diffieult
to estimate. It bas been observed that in the Eastern States the
jointworm prefers poor wheat in which to oviposit. If the poor stems
within a field were selected for oviposition, comparisons of the weight
of grain from infested and uninfested stems would greatly exaggerate
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the injury for which the jointworm was responsible. In Oregon, ex-
amingtion of stems sometimes showed the poorer ones more heavily
infested, but this condition always proved to be strictly local within
the field itself; and if eareful examinations were made of all parts of
the field, portions would be found in which the good stems seemed to
have been preferred.  Apparently theselection in these cases depended
on the stage of development of the stems at the time the ovipositing
females were present and nob on the quality of the stem.

Only one case has been cbserved where conditions threughout a
whole field indiested a preference by the jointworm for any particular
kind of stems. In this casc it was the strong stems and not the weak
ones that were most hieavily infested. In the writer’s opinion, the
strong stems were in & condition more favorable for oviposition at the
time when the greatest number of adults were in the field. In fall-
and winter-sown wheat, as previously stated, the late spring tillers,
which arc the poorer ones, were more {requently uninfested than
infested. These tillers usually produced heads, and their inclusion
in the weighings tended to reduce the difference in weight between
infested and uninfested stems. A few of these late tiliers could be
found infested ab any time, however, and these were probably ovi-
posited in by the females last in the field.

It has seemet! to the writer that the contradictory conclusions of
various entomologists as to the injury caused by different species of
Harmolita may have resnlted from failure to recognize that apparent
cases of sclection may have no conneetion with the quality of the
wheat stems, the stand of wheat, or the vaviety. Tt is more probable
that the character of the stems infested depends mainly on the develop-
ment of the plant at the time when most of the ovipositing individuals
are present. That errors of this kind have been made is indicated
by the disagreement among Russian entomologists regarding Har-
molita eremita (Portschinsky), a pest of rye in Russia. Balachonow
(1} states that a comparison of grain frem imjured and uninjured
plants proved that the species is of no economic importance on rye.
Ponomarenko (14) states that the species is very injurious and thas
the loss is not easily apparent because only the strong straws are
infested. Medyakova {4} claims that this species is of no economic
importance and that only stems that are aiready thin and poorly
developed are nttacked.

In his estimates of injury Phillips, by matching heads from infested
and uninfested stems as {o length and comparing the weights of the
wheat from these hends, avoided the errors that would be caused if the
jointworm selected poor stems for ovipesition. I'rom illustrations in
Phillips’ article {7) the writer estimated that these losses ranged from
12 to 30 percent (approximately), nccording to the number of joints
infested per stem. In a later article Phillips (8) stated that the wheat
from infested stems was inferior to that from uninfested stems, but he
did not make clear whether most of the loss in weight was due to a
reduction in the number of kernels per head or to & reduction in the
size of kemels. Since heads of equal length would tend fowsard zn
equal number of kernels, it would seem that most of this loss of weight
might be attributable to the smaller size of the kernels.

The writer considers thet the injuriousness of Harmolita trilici
has been clearly demonstrated by Phillipe. The present work was
supplementary to his, and an effort was made to learn the effect of
the jointworm on the number of kernels per head as well as the size
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of the kernels. The method used throughout the work was as follows:
A spotin a field was selected, nniform in character, which preliminary
examinations had shown to contain about an equal number of infested
and uninfested culms. The whole sample was taken from the one
spot, including all the tillers of all the plants. The plants taken
were thus equidistant from, and similarly oriented fo, inlested stubble,
and were in a similar stage of growth, of similar stand, and on similar
soil. Variations due to the conditions of the stand or its position with
regard to stubble would thus be eliminated, and any selection made by
thie jointworm in this wheat would apply only fo the individual tillers
of the sample plants, which as stated has been manifest chicfly in
avoidance of the late small tillers which produce small heads.  In other
words the samples were {rom poor stands, {air stands, or good stands
of wheat; and the eftect of the jointworms, as determined by the weight
of the samples, was upon that one kind of wheat. The sample weights
are figured on the basis of 100 heads of the wheat from each classificn-
tion, that is, uninfested, 1 joint iniested, 2 joints infested, and 3 joints
infested. It was not cxpected that these results would be more than
approximate, but i¢ was felt that the averages obtained over a servies
of years would demonstrate injury, if any occurred, and give & fair
estimate as to the amount.  The percentage of reduction in the various
samples weighed during the years 1928 to 1933, inclusive, and other
data are given in table 4.

Tanuy 4.— Effect of extent of jointworm fufestalions an the yield of wheal in the
Willamette Valley, Oreg.
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Table 4 shows that, with 1 exception, all lots from infested stems
showed 2 loss in weight. In the single exception, concentration of the
jointworm in strong stems was so obvious that it would have been
easily discernible even to the most inexperienced observer. In the
cases where 2 joints were infested there was a greater loss of weight
then in those where only 1 joint was infested, and in the 2 cases where
it was possible to secure weights of 100 heads from stems with 3
infested joints there was a further loss. Ip 3 instances the heads from
uninfested and infested stems were matched as to length and in all
cases the grain from the infested heads weighed less than that from
the uninfested heads. The average loss in 5 years with 1 joiné infested
was 13.5 percent, in 4 years with 2 joints infested it was 26.5 percent,
and in 2 years with 3 joints infested it was 44.2 percent.

In 1933 a record was made of the weights of kemels and the num-
bers of kernels per head from uninfested and infested wheat in several
of the preceding samples which bad been kept on hand in the labora-
tory. Table 5 shows that there was a loss in the weight of the kernels
of each sample, but that the greatest loss was in the number of kernels
per head.

TanLe 5.—Fffect of cxlent of jointworns infestation in wheal on the weight of Kernels
and the number of kernels per head, Willameite Vailey, Greg.
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CONTROL OF THE JOINTWORM

The investigations in Oregon indicated no methods of contrel that
have not been recommended previously. The writer, however, was
able to check the utility of some of them. Crop retation can be more
readily modified for purposes of jointworm control in western Oregon
than apparently has been possible in the Eastern States. It is believed
that effective cooperation among farmers to this end can be more
readily obtained if the extent of the damage thab the jointworm can
do is definitely demonstrated; for however familiar the farmers may
be with the habits of the jointworm snd with methods of controlling
it, they are not likely to adopt remedial or preventive measures to
reduce an injury the extent of which remains obscure. On scveral
occasions beavily infested fields in the Molalla district have produced
as high as 35 bushels to the acre, which was satisfactery to the growers
until, as a result of studies of the effect of the jointwoerm on yield, it
was shown them that from 20 to 30 percent of the potential yield was
lost because of jointworm feeding.

The considerable information obtained on the dispersion of the
insect, its reproductive capacity, and its habits in general, previously
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considered in this bulletin, is important in its relation to the effective-
ness and interrelation of the parasites and other factors in natural and
artifictal control.

Apparently in western Oregon *he habits of the insect are some-
what different from those in 1ts eastern arvea of distribution, and cli-
matic contrel is not the same. In Ovegon the jointworm does not
select poor wheat in which to oviposit, and summer-killing and winter-
killing of the jointworm larvae and pupae in the stubble are relatively
unimportant.

Narurat CoNTROL BY PARASITES

If consideration of the large but varviable loss among the adults
attendant upon their spread to new fields is excluded, parasites appear
to be the most important factor in natural control in Oregon. The
various species of parasites and their relation to jointworm control
were studied continuously between the discovery of the jointworm
there in 1926 and the fall of 1934. Although the intensive study of
the parasites as a group and their effect on the jointworm may be con-
sidered more or less complete, gencral observations to determine their
status from year to year and life-history studies of certain species
sitould be contimued.

The problem of the parasitization of the jointworm has been attacled
in two ways, (1) by a study of the lile histories of the various species
and (2) by a study of the combined elfeet on the jointworm of all the
species. Since the life histories of many of the Jointworm parasites
have been studied elsewhere under controlled and ficld conditions,
most of the study in Orvegon has been upon the combined effect of all
the parasites on thie jointworm from year to year and the effect of
parasitization of cach species upon the others,

The Life-history phase has been studied largely by ficld ohservations
on the various species of parasites and, to some extent, by breeding in
the lahoratory. The sccond phase has been investigated by dissection
of infested joints, usually in stubble, from sclected ficlds at various
times of the year and the determination of the extent of parasitization
and the species involved.  Considerable preliminary study was made
of the eggs, larvae, and larval molt skins and head capsules of the
parasites, and of the jointworm cells after they Tiad been occupied by
various parasites, so that the speeies in the cell could be determined
with a high degree of accuracy at all stages of development and even
after emergence. Some crrors in determination doubtless were made,
but these ave theught to have been relatively rare and mostly in con-
nection with issued parasites or fivst-instar parasites, some of which
werc crushed in dissection. In practically every case where there was
doubt as to identity, only some rare species was concerned so an occa-
sional error affected the recorded percentage of parasitization by any
one umportant species very little, and the percentage of parasitization
by all parasites combined not at all.

As is well known, it is very diflicult if not, impossible to obtain an
abselutely aceurate picture of parasitic activity in the field by field
observation, by rearing parasites in cages, or even by eaveful dissection
of ficld-collected material. The last method is probably the best, but
changes are taking place in the ficld more or less continuously, some-
times with great rapidity, and beesuse of the vast amount of work
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involved it is practically impossible fo exsmine enough materisl from
any one source &t sufficiently frequent intervals to obtain all the desired
irformation. In the case of the wheat jointworm this problem is par-
ticularly difficult because of the predatory activities of the parasite
Eurytome parve {Phillips), which not only devours many cggs and
small larvae of Harmolite trities in green wheat but also may confinue
to destroy large jointworms and other parasites in stubble. It should
be pointed out, therefore, that while the writer belioves that data such
as those given later in table 6 are as accurate as could be obtained
and more extensive than usual, the destruction for which the parasifes
were acbually responsible during the complete life cycle of H. tritici
was doubtless greater and probably considerably greater than that
indicated by the figures.

The tables and charts which appear in this bulletin in this connec-
tion should be considered from the foregoing point of view. In spite
of their limitations, however, it would be unwise to neglect a careful
study of these dats and pointless to disregard the additional destrue-
tion of jointworms which, as the investigation progressed, the writer
observed to be effected in various ways, merely because it proved im-
possible to devise any means of measuring this additional destruction
exactly. It should not be presumed that because the figures obtained
from stubble examinaiion do not and cannot be made to tell the com-
plete story of parasitic activity, they are inaccurate. They represent
very closely the conditions of parasitization at the time the collec-
tions were made, and only by a careful study of these collections, in
conjunetion with others from growing wheat, and by careful study of
the habits of the parasites can some comprehension of the real value
of the parasites be aftained,

In 1926 and 1927 the infested joints were taken from various fields
in the Molalla and Lebanon districis. From 1928 to 1933 the joints
were taken from a sample area about 5 miles west of Molalla, which
comprised two adjoining farms on similar soil.

Stubble of 1926 was examined in the fall, winter, and spring of
1926-27. The maferial dissected consisted of 154 infested joints
which contained a total of 1,545 individusal cells, an average of 10
cells per infested joint. The most important parasite found in this
material was Dilropinofus aureoviridis Cwid. Parasitization by this
species ranged among the different lots from 7.8 to 51.5 percent, with
an average of 22.8 percen$. Other parasites, the most common of
which was Fupelmella vesicularis (Retz.), increased the average para-
sitization to 23.7 percent.

Stubble collected hetween July 5, 1927, and April 27, 1929, had 170
infested joints, which contained a total of 1,569 cells, an average of 9.2
cells per joint. Dilropinotus aureoviridis was the most numerous of
the perasites, parasitization ranging from 0.96 to 58.9 percent and
sveraging 18.0 percent. The low parasitization of 0.96 percent was in
a relatively large sample taken July 5, 1927, before many adults of
D. aureoviridis bad issued from the overwintered stubble to parasitize
the jointworms in the new wheat. If this collection were omitied
from the cslculations, the average porasitization by D. aureoviridis
would be 26.7 percent. The parasite Buryloma paree was first ob-
served in these collections. It, together with o few eupelmids, raised
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the average parasitization fo 18.8 percent with the July 5 collection
included and to 27.7 percent if that collection is exclnded.

In 192f a more systematic study of parasitization was begun in the
sample area of the Molalla district. It was the intention to make
collections from a single farm, but as suitable wheat was not grown
on the selected farm every year, it was necessary in some years to
collect from an adjoining farm. Both farms were on similar soil and
were similarly operated.

Three collections were made of 1928 stubble, one just subsequent
to harvest, one late in the fall, and one the following spring shortly
before the emergence of the first jointworm adults. Since the collec-
tion from the sample farm during the first year as well as supplemen-
tary studies showed practically no winter-killing of the jointworms or
any of its parasites, or any material difference in parasitization be-
tween the Iate-fall and the early-spring collections, spring collections
from the sample farm were omitted after the first year, and the effect
of winter-killing’ was checked by studies of various supplementary
collections.

It was desired to dissect about 2,000 galls in each examination, and
with an average of 10 cells per infested joint, 200 joints would have
been sufficient. Owing to variations in the extent of infestation and
in the number of eells per infested joint, however, 2,000 cells were not
always obtained in a single collection. In August 1932 a supplemen-
tary collection was made to obtain the desired number, but by this
time changes had taken place in the extent of parasitization by some
species. In general the field was covered systematically so that the
sample would be representafive, but someiimes most of the joint-
worm infestation was coneentrated in certain portions of the field, so
more of the examined material came from these portions than from
others. Table 6 shows the parasitization in the sample ares from the
post-harvest examination of 1928 to late in the fall of 1933.

TaBLE §.—Puarasilizaiion of Harmolita trilict in stubble on the sample farm, Molalla,
Oreg., 1928-383
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In reviewing the data in table 6, which are graphically represented
in figure 5, several important facts are noted. In figure 5 the Harmo-
tita line is based on the difference between 100 percent and the per-
centage of total parasitization. Parasitization by Diiropinofus
aureoviridis inereased unti the fall of 1930, when a maximum of 50
percent was attained. After that there was a gradual decrease in

arasitization by this species until & minimum of 10.5 percent for
ate fall parasitization was reached in 1933. There was always an
increase in parasitization by D). aureoviridis between harvest and late
in the fall which, according to studies of its seasonal history, probably
was brought sbout by additional oviposition by adults of the first
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Ficure 5.—Perrent population represented by Harmolie tritici and its parasites
in stubble on the sample farm, Molalia, Oreg. The percentage of H. trifici
deatroyed during its complete life eyele by all the parasites enmbined and
especially by BEuryloma peres, was actually greater than that indieated here:
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emergence and by some of the second emergence as well. Parasitiza-
tion by Burytoma parva was low from 1926 to 1930, inclusive, although
there was some increase in 1930. In 1931, the year following the
maximum parasitization by D. aureoviridis, there was a large increase
in parasitization by E. parva. After that there was a more gradual
increase which accompanied the decrease in parasitizetion by D.
aureoviridis, The highest total parssitization, 71.9 percent, was
attained in 1932, :
From conditions in the 1932 stubble and the numbers of Hurytome
parva abroad in the spring of 1033, a heavier parasifization by this
species was expected In the 1933 stubble. Winter-killing of wheat
in December 1932, however, and late planting of spring wheat, as
well as the plowing under of stubble in which the.clover had been
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winter-killed, probably reduced the host population to such an extent
that . parve could not function most effectively. Since Ditropinofus
aureowridis parasitizes E. parva readily, it is doubtful whether the
inerease In parasitization gy E. parve was the chief cause of the
decrease in parssitization by D. aurcoviridis.

It may be noted in table 6 that the general increase in parasitization
has been accompanied by a decrease in the average number of occupied
jointworm cells per infested joint, although this decrease cannot be
correlated directly with the extent of parasitization each year. This
reduetion in num%er of cells per joint, which accompanies a consider-
able reduction in the total jointworm population, may be s direct
result of increased parasitization. It should be pointed out, however,
that o part of this reduction in the number of occupied cells per joint
is more apparent than real and, as already mentioned, is caused by the
predatory habits of the larvae of Burytoma parve, which sometimes
enter more than one cell and destroy more than one larva. Since the
average number of living and destroyed jointworms, as well as of the
various species of parssites, is based on ‘the number of parasites,
jointworms, and issuance holes present at the time of examination,
the additional jointworms destroyed by single E. parva larvae, or
their cells, are not included in table 6, and consequently the sverage
number of occupied cells per joint given is somewhat lower than the
true original number. These facts were brought out by the more
thorough study of the cells which was conducted during the few years
previous to and including 1934, which indicated that earlier examina-
tions had failed to give an entirely correct idea of the original condi-
tions of parasifization and the subsequent activities of the parasites
in the material. The fall collections of 1931, 1932, and 1933 illustrate
conditions shown by these more careful anslyses, but beginning in
1930 all important coliections were studied in this manner.

In the fall of 1931, as shown in table 6, 1,750 jointworms and para-
sites or their issuance holes were found. Careful cell examinations
showed, however, that 148 additional jointworms had been destroyed
by Burytoma larvae that had entered more than 1 cell, so the original
number of jointworms present was 1,898 and the average number
of cells per infested joint (or original jointworms per joint) was
8.8 instead of 8.1, the figure given in the table. The examinations
also showed that 148 additionsl individuals of Eurytoma parse had
been destroyed by some of the other parasites present, acting in s
secondary capacity, chief among which was Ditrepinotus aureomridis.
The original parasitization by E. parse was therefore 38 percent instead
of 32.8 and the total destruction of jointworms by that species (includ-
ing those destroyed by Eurytoma entering more than 1 cell) was 45.8
percent. Since the jeintworms which were destroyed by Rurytoma,
which were in turn killed by secondaries, were accounted for by the
secondaries which were present at the time of the examinations, their
destruction did not alter the total parasitization, but the Hurytoma
which entered more than 1 cell increased the total destruction in the
original number of jointworms to 70.1 percent, instead of 67.5 as
given in table 6.

In the fall collection of 1932 it was shown that the original number
of jointworms present was 1,780 instead of 1,662 and the avernge
number of cells per infested joint 6.7 instead of 6.2. The original
parasitization by Huryfoma in the original Harmolife population was
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49.4 percent and the total destroyed by that species (including those
which entered more than 1 cell) 56.1 percent. The total destruction
of Harmolite by all species of parasites was 73.7 percent.

Similarly, in the fall collection of 1933 the original number of
Harmolita present was 1,978 and the average number of cells per
infested joint 6.8. The original parasitization of Burytoma was 53.1
percent and the total destroyed by Eurytoma 57.5 percent. Furytomae
which had enfered more than 1 cell increased the destruction of
jointworms to 66.8 percent.

The foregoing analyses of three fall collections show that only a
small part of the decrease in the number of cells per joint over a series
of years, insofar as this can be revealed by stubble examination, could
be explained by the predatory activities of the Huryltome larvae.
Nevertheless, as studies of the activities of the parasite in green wheat
show (see p. 25), there seems to be no way of finding out exactly
how many jointworms any single Eurytoma larva has destroyed.

Infestation in the sample field in 1934 was so low (1.5 percent}
that no study of parasitization could be made there. Two small
samples werce obtained from fields in the same general locality, one
in July and the other in November. The first field showed 2 total
parasitization of 60.3 percent, of which 9.4 percent was by Ditropinotus
aureoviridis, 47.7 by Eurytoma perve, and the remainder by Fupelmus
allynii (French) and Decatoma amsterdamensis Gir. The late-fall
sampic from a field with 6 percent of the straws infested showed o total
parasitization of 83.2 percent, of which 37.8 percent was by Ditro-
pinotus aureoviridis, 30.2 by PBurylomae parva, 117 by E%:pelmus

allynii, and the remainder by Bupelmella vesicularis, Decaloma emster-

damensis, and others. FEuryloma larvae that entered more than one
cell increased the total destruction to 90.1 percen't, the highest yet
found in Oregon. Since heavily infested stubble was very searce in
1934, it'is believed that the inerease in parasitization by D). qureoviridis
shown here was caused in part by the adult parasites which issued from
various grasses, especially velvet grass (Folcus lanatus L.) and
Elymus, where it parasitizes Harmolita holei Phillips and . oregon
Phillips (10, pp. 19, 14), and that the incrense on the part of Eupelmus
allynit was caused by those issuing from the hessian fiy.

Samples were also obtained in 1934 from & ficld at the southern
border of the Molalla colony in July, August, and October. These
showed an average total parasitization of 52.4 percent, 33.5 by
Burytoma parea, 13.5 by Ditropinotus aureoviridis, and 54 pereent
by eupelmids, Decatorna amsterdamensis, and undetermined species.

The few samples obtained in 1934, while small, were sufficient to
indicate thet the reduction in infestation by Harmolite had rveduced
the percentage of total parasitization very little if at all. It scems
improbabie that this will be further reduced oven if Harmolite trilici
should remair scarce lor some vears to come.

Although the work in Oregon has given rather complete data on
the extent of parasitizalion in a limited area and over a period of
years and these data are believed to give a reasonably accurate picture
of the parasitization, the existence of other controlling factors which
seem unmeasurable malkes an estimate of the exact value of the
parasites difficult. Valid inferences, however, can sometimes be
drawn from data which are but roughly quantitative.
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To obtain as aceurately as possible the increase or decrease in the
jointworm population in the sample field from year to year from the
data given in table 6, the average number of cells per infested joint
must be considered as well as the percentage of the culms infested
(table 2}, and a figure obtained for each year that will represent in a
relative sense the actual population of the ficld. Thus, beginning in
1929, when the population was highest in the sample field, the samples
showed a culm infestation of 94.6 percent and an average of 13.8
galls per infested joint.® By using 100 culms as the unit from which
the actual population was obtained, a figure sufficientiy large to permit
adequate comparisons with years of smaller populations is obtained.
Thus out of 100 culms, 94.6 percent, or 94.6 culms, were infested,
and this number multiplied by 13.8 gives approximately 1,305 as the
number of occupied ceﬁs per 100 cuﬁns, which may be considered in
& relative sense as the population of the field. Cell occupants, how-
ever, consist of parasites as well as jointworms, and this figure cannot
be taken as the jointworm population in the fall of the year, when
heavy parasitization has taken place, but may be considered as the
spring jointworm population before parasitization.

In 1929, with » fall parasitization of 35.4 percent, the fall jointworm
population would he 64.6 percent of 1,305, or approximately 843.
Since in Oregon there has bheen but slight winter mortality of the
jomtavorm in unplowed stubble, the latter figure represents approxi-
mately the number of adults, both females and males, that would
issue from 100 culms and be capable of reproduction in the spring.
As expiained under the section on ege capsacity, the potential rate of
increase for a general population of Flarmolite tritici is 54 to 1. The
potential offspring of the fall population of jointworms would thus
be 45,522, and the cffective rate of reproduction for the original spring
population of 1,305 would be 34.9 to 1. It may be seen that the
effective rate of reproduction here is inversely proportional to the
porasitization.

Similarly, in 1930 the sample ficld, with an infestation of 91.2
percent and an average of 8.8 oceupied cells per infested joint, had a
cell or spring jointworm population of approximately 803, or 61.5 per-
cent of the 1929 spring population. With a fall parasitization of
55.3 percent, the fall population of jointworms was 358.9, or 42.6
percent of the 1929 fall population (843), and the potential rate of
reproduction in the original spring population was reduced from 54
to 1 to a theoretical effective rate of 24.1 to 1.

By continuing these calculations for the later years figures are
obtaincd on which figure 6 is based. This chart represents the 1929
spring jointworm population and the fall jeintworm population of
that year as 100 percent, and the populations of the later years as
percentages of the populations of 1929, The percenlage of parasiliza-
tion and the rate of reproduction after parasitization are alse shown,
Although parasitization could not be studied in the sample field in
1934 because of low infestation by Iarmolite tritici, an ostimate was
made of the relative population of I{. tritiei for the spring of that year.
This is based on an infestation of 1.5 percent in the sample field snd

! In theso calculalions it fa nocessary Lo eonsider each Infosted eulin ns containing only ono fnfested joint,
sinee the detertninations of culm {ofestation were moda n the flelid and st other tintes than Lhe dizseetlons,
and no counis of the number of inlestad Joints per codm were mnde nt these times.  Sinee, in penvral, the

number of infested lolnts per stom diminishes with k dimiuishing percentage of infeste:l straws, tho aclusl
reduction in population botween 1920 nod 1034 must have been greater than is shown in Lhe figures,
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the assumpiion thet the number of occupied cells per joint was the
same as in the previous year, i. e., 6.8 percent. This would give 10.2
as the Harmolita population per 100 culms, which is 0.78 percent of
the spring jointworm population of 1929,

From figure 6 it is seen that beginning in 1929, with a 100-percent
population and e parasitization of approximately 35 percent, there
has been a steady decrease in the jointworm.population. The effec-
tive reproductive rate has remained below 34i9 to 1 and the declining
rate of reproduction and, in general, the declining population have
been accompanied by an increase in parasitization. However, even
at the highest degrec of parasitization (in 1932), the cffective rate of
reproduction was 15.2 to 1. It is apparent, therefore, that without
the influence of other factors the steady reduction in population would

t Ly T

——— GPRING JOINTWORM POPULATION {PERCENT OF THAT OF 1529}

\ — o ALl JOINTWORM POPYLATION [PERGENT OF THAT OF 192%)
\\ .o~ PERCENT PARBSIVIZATION N FALL

! = =~ REPRODUCTIVE RATE AFTER PARASITIZATION

N\ e

PERCENT OR RATE

™~
N

1929 1530 133 32 333 1334

Ficure 6.—Trends in jointwerm poputations, parasitization, and reproduction
rate from 1928 to 1934, inclusive, as indicated by stubble dissection. 'The
extent of destruction of Harmslila Irilici by parasites during its complete
life eycle was doubtless greater and the rate of reprodiction less than that
shown. Spring and fall jointworm pepulations in suceeeding years are shown as
percenteges of the spring and fall populations, respectively, in 1829,  Actual
percentages of parasitization are shown.

not have occurred. Because of the slight winter mortality of the
jointworm in Qregon and the practicaﬁly complete emergence of
individuals successfully surviving the winter, this reduction apparently
oceurs during the flight period. In other wovds, out of 35 females
which issue in the spring, an average of about 1 succeeds in. findio
whent and depositing its full quota of eggs. There were no ma.rkeg
departures in weather conditions in any of the years considered except
in December 1932, when unususliy cold weather without a snow
covering killed much fall- snd wintersown wheat. This freeze
affected most the jointworm populations of 1933 and 1934, but omit-
ting these years irom consideration there remains sufficient evidence
to indicate that under normal conditions of wheat culture very heavy
mortalities of Harmolite oceur,
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Such being the case, it would seem that under some conditions a
parasitization of 35 pereent in an infested area nm.y be sufficient
to put the jointworm population on o descending scale.  As previously
stated, it 1 impossible to measure with exactness tho effect of para-
sites in field control of insccts because of the multiplictty of other
unmeasurable controlling agencies, and no pretenses are being made of
having deneso. N evert-holess, with an insceb that shows a decrease
in population under conditions where encugh adults issue in the
spring to allow, theoretically, o 35-to-1 increase, it is obvious that
any pmamtuat;on which reduces by one-half, one-third, or even less
the normal potential reproductive rate of 54 {0 1 is nnpoztnnl., What-
ever the errors in measurement may have been, they ave certainly
less sericus than leaving factors only roughly measurable out of
consideration entirely, a practice which sometimes leads to assertions
that parasitization musé reach some sueh percentage as 98 or 89
before it is of value. To contrel completely the Jombworm alone,
parasitization theoretically would have to reaeh 98.15 percent, bus
from the foregoing it is obvious that no such parasitization is neces-
sary under ficld conditions. It might be supposed that, since the
data discussed are those taken from the sample ficld only, they ave
valuable only as o history of the population of that field, but supple-
mentary studies of parasitizetion and population in other fields
throughout the Molalla colony show that the history of the sample
field s cssentially the history of the colony and that conclusions
drawn from the study of the fleld may be applied generally to the
colony.

SEAsONAL H1STORIES AXD HABITS OF THE PARASITES
Eeryroya rarva Phillips

Prior to 1931 Huryloma parva was of slight imporiance as a parasite
of Harmolila iritict i Qregon, the hz«host parasitization found before
that {ime heing 7 percent, "In 1931 parasitization by this species
mereased very .tbluptl_\' to npproximately 36 percent. The Inghest
parasitization found i faiv-sized collections was 61 percent in the
July colleetion from the sample field in 1932, hut ihis was higher than
the average for the field of that year, which was 52.5 pm(oni and the
average was practicaily the same in 1833.

The life history of this species has heen given and the egg and the
various astars deseribed and llustrated by VPhillips (7, Briefly,
there is o single genervation annually.  The adult places ils ogps in the
walls of the wheat stem in or hear 2 jointworm cell oregg.  Ovdinazily,
alter dovouring the cgg or newiy hatched ]omt\\'mm the parasite
larva feeds on plant tissue undil it is full-grown, but i'l'oquvnll}r, afler
it attaing large size and the wheat stems are deyving, it cuts ils way
from one cell to another and devowrs sochr other Inrvae as are
encounlered, Ik remains in the stabble in the last instar,

It scems possible thet the newly batched lavva ol Euryiome paree
could destroy large jointworms and also large Iarvae of other parasiles
provided they were slung to quicseence i}y the adult Burytoma. In
the ficld, however, this must oceur rarely if a$ all because, in spite of
the thousands of cascs of parasitizalion by It peree observed by the
writer, neither the destruciion of farge lnrvae by small parasite larvac
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nor the stinging of large larvae by the adult Eurytome has been ob-
served. Apparently the stimulus for oviposition by E. parsa is sup-
plied only by eggs or newly hatched larvae or a recent oviposition
puncture of Harmolita tritici, and the destruction of large jointworms
and their parasites occurs only after large larvae of E, parve assume
& predatory role and scek out and devour them. Since previous
activity on the part of H. tritici is required before E. parve will deposit
eggs, the latter must be regarded as o true parasite, the larvae of
which have become adapted to feeding on plant as well as animal tissues
and which in their later instars may become predators,

The jeintworm cells occupied by full-grown or nearly full-grown
larvae of Eurytoma parea arve usually larger than the normal cells of
Harmolita tritici owing to the feeding on plant tissue or excavating
in a search for animal food by the parasite larvae, and considerable
quantities of frass are found seattered through the cells, especially
when the larvae cut from one cell to another, In wheat approaching
maturity the presence of I, parraisoften easily detected by the external
appearance of the cells, which are lavge and uvsually pale and cut so
close to the surface of the stem that only a thin layer of tissuc remains.
The question naturally arises whether under these conditions E. parve
is not doing more damage to the wheat than F. #ritiei alone would do.
As indicated above, however, it would seem that little additional
damage is done to the wheat kernels, since most of the enlargement
of cells and the tunncling by £. parre appear to take place after the
wheat is drfring or approaching maturily. Nevertheless, other things
being equal, it scems probable that, on account of the cell enlarge-
ment and tunncling, lodging of wheat in fields infested with A,
tritict that is heavily parasitized by E. parca would be greater than
would be the case in ficlds in which FL. tritiei was lightly parasitized.

In the field Euryloma parre pupates sometime belween the middle
of March and the middie of April, depending on weather conditions.
The first emergence of the adults is usnally from several days to
approximately 2 weeks later than the first emergence of Harmolita
tritic, bub in 1933 the first emergence of the two insects apparently
took place on the same day. Adults may be taken from the field
from 1 to 2 months after the first emergence.  In a year of late emer-
gence they have been swept from the field as late as July 13, and eggs
may have been laid until that date. The parasites have been found
ovipositing and very numerous about June 13, but the peak of abund-
ance is usuaily reached before that date. From 1931 on, with the
exception of 1934, aduits, both males and females, have been very
numerous it the sweepings, and in 1933 and 1934 they exceeded
H. tritiei in numbers at all times, TIssuance, in cages, from stubble
of 1930, 1932, and 1933 totaled 3,921, of which 2,171, or 55.4 pereent,
were females.

Under the discussion of Natural Control by Parasites many records
are given of more than one jointworm having been devoured hy a
larva of FHurylome perse. 1In relatively few cases was the aciual
destruction of any of those larvae seen, but empty cells with tunnecls
leading ultimately to a cell oceupied by a single Furytome larva
indicated that this larva had moved from one cell to another, destroy-
ing such other larvac as were in its path. In some cases it is possible
that it was not Harmolila tritici but other Furytomae larvae which




34 TECHWICAL BULLETIN 784, U. 8. DEPARTMENT OF AGRICULTURE

were destroyed, but if so the Zurytoma larvae were destroyed in very
carly stages, as in very few cases were remains of large larvae of
E. parve found in cells occupiced ov traversed by larvae of L. parea,
Frequently the ccll in which E. perre was found occupied a space
thut would normally accommodate two or more cells of I1. tritici.

In the study of these cells and tunnels the guestion frequently
arose as to whether what appeared to be 2 single cell occupied by
Eurytome parve might not have represented more than one Harmolita
coll with all iraces of parlitions obliterated by the feeding of £. parre.
In the writer's opinion this aclually occurs, bub as 16 was impossible
to determine the number of cells originally present, it was necessary
te record only the cells aclually seen in whole or in part. It was also
consistently noted throughout the dissections that in an infested jomnt
parasitized by several Euryloma larvae the total population, including
parasites and jointworms, tended to be less than in unparasitized
joints in the same malerial.  This reduction in number was often
greater than could he accounted for by the records of additional eells
entered by single Furytoma darvae.  The inference is that some of the
Earmolite wore destroved when they were so small and the cells so
soft or imperfeetly formed that no traee of the Harmolite or its cell
remained.  If so, then . peree is o much betler destroyer of £
tritict than the rvecords of parsitization in table 6 show, and o large
part of the reduction in the number of cells per joint which has
accompanicd the inerease in parasitization is directly attributable to
the work of this parasite as well as o the loss of ffarmolite adults
during migration, as suggested in the diseussion of the eflect of para-
sitizalion on population.

Dissections of green wheat containing cges and young larvace of
Harmolita tritict and Furytoma parve add weight Lo the above inference.
For example, on May 31, 1934, 5 inlested joints taken from a sample
of 89 stems were dissected with the lollowing resulls: Jeint 1 contained
2 oggs and 10 larvae of B, paree.  The larvae were found in small
poclets scattered in the wall of the stem without relation to the cxact
location of the joint-worm cells. There were also U (irst and 1 second
instar of H. frifict, the first instar being in a well-formed cell.  Joint 2
contained protuberant galls in which nothing could be found. Joint
3 had 5 eggs and 15 larvae of 2, parse.  As many as 4 larvace were
[ound in or near a single cell; in this case two larvae were dead,
apparently destroyed by the ather two.  In many instances no trace
of Harmolite was [ound, but in one eell bwo Furyiome larvae were
found destroying a single Flarmolile. When Furylome larvae wero
found in the jointworm cells, minnte tunnels were seen lending from
the pocleets in the wall of the stem in which the Eurylome cgas bad
been placed. This joint also contained 4 Harmolite larvae, 1 [irst
instar and 3 second instars, with an cep of Muryivme near each.  Joint
4 rontained 11 larvae and 3 eoes of £ parva.  All were in 5 cells as
follows: (1) 1 first andl 2 second instars, (2) 1 first instar and 1 egg, (3)
9 first and 1 secorel instar (&) 2 first instars, (5} 2 first instars and 2
cges. A sixth cell contained miseellancous eggshells.  Joint 5 con-
taincd 1 minute first instur of Hfarmolita iritict with a sharply protu-
Berant liead in a strongly protuberani gall near a node.  There were
2 other empty cells.

Since, ns shown in the dissections just described, the eggs of Fury-
toma parve frequently are laid in abundance more or less promiscuously

é)
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throughout an infested joint, and the hatching larvae tunnel freely in
the walls of the stems and feed on plant tissue, jointworms, and its
own species, it is evident that no exact record of the numbers of joint-
worms or parasites destroyed in their early stages is shown by any
stubble examination. It appears even more difficult to guess cor-
rectly from the appearance of the cclls and the larvae in green stems,
while the larvae are hatching and still small, what will be the ultimate
fate of any Harmolite in infested joints parssitized by E, parra. In
this connection a determination of parasitization made later in the
season in the field from which the above stems came showed a parasiti-
zation by Hurytoma of only 30.2 percent and an average number of
cells per infested joint of only 6.3.

According to the laboratory records Burytoma parva has not been
reared from any other species of Harmoliia inhabiting grains or grasses
in Oregon and, so far as has been determined, no primary host other
than H. tritici has been found elsewhere.

DiITROPINOTUS AUREBOVIRIDIS Crawford

The life history of Ditropinotus aureoviridis has been published by
Phillips and Poos (12), who also gave drawings of the egg and the
larval instars. The sessonsl history in Oregon differs somewhas from
Phillips’ account. Here the parasitc passes the winter in the joint-
worm cell as a full-grown larva, the first pupae are formed sometime
between the first of June and the last week in June, and the earliest
emergence occurs from the second week in June to the first weelk in
July,  Most frequently the earliest pupation was in the first half of
June. The earliest emergence recorded was June 7, 1928, and the
latest the first week in July in 1929,  The exact time of first emergence
in 1929 is not known, but by June 20 of that year no pupae had been
found. In all other years some pupac were found before June 15.

Considerable accumulations of effective temperatures apparently
have little effect in aceclerating the pupation of overwintering larvae
of this species. Confinement of infested joinis in the laboratory under
conditions of warmth which brought cut Harmolita tritici and Fury-
toma parva very early had no similar effect on Ditropinotus aureo-
wiridis. In fact, emergence of D. aureoviridis under these conditions
was consistently later than in the field, most of it cceurring after the
middle of July. Apparently in the overwintering generation of larvae
a long diapause is en infrinsic necessity little influenced by ordinary
climatic conditions. It is possible that after 2 considerable period has
been spent in diapause high temperatures may secelerate emergence,
especially after pupae have been formed. From 1929 to 1932, in-
clusive, there appeared to be some correlation botween the time of
emergence in the field of host and parasite in that early or late emer-
gences of H. fritici were followed by corresponding early or late
emergences of I). aureoviridis. 1In 1933 and 1934, however, when the
latest and carliest emergences of H. iritici over the S-yeer period
ocecurred, first emergence of D). aureoviridis occurred on the same date.
It is apparent that all the factors influencing the emergence of D.
aureoviridis cannot be explained by the climatic records on hand,

In this discussion and in those following in connection with the
life history of other jointworm parasites, a generation is considered $o
begin with the first egg and to end with the last adult, The first
generation of any season is considered $o have begun when the first
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eggs have been Inid Ly the adults emerging from overwintering stubble,
although. as will be apparent from what loliows, all adults of Ditro-
pinotus gureoviridis and of some of the other parasifes in the first or
spring emergence are not of the same genealogical rank.

Ditropinotus aureoviridis has one complete and & partial second
generation per year in Oregon.  Adults emerging from overwintering
stubble in the spring lay their eges in the jointworm cells in growing
wheat, and these eges begin the first generation.  Usually, however,
there is only a small emergence of adults from this wheat the same
year, most of them emerging the following spring.  In these instances
the single generation is not completed until the following spring, in
which case adults of the spring emergence belong to the first generation
of the preceding year, The emergence of the relatively few adults
from the new wheat the first year begins sometime after the middle of
July and increases in August and Seplember. Females of this
emergence lay eggs in the jointworm cells in stubble and thus begin o
second generation.  Apparently all the larvae from these eggs become
full-fed the same season, but no adults of this generation have been
observed to issnc belore the following spring. It is appavent, there-
fore, that adults of the spring cmergence, or for that matter of any
other emergence, are not of the same genealogical rank. Thai the
occurrence of a single complete and a partial second gencration per
year is the rule with D. qureopiridis in Oregon is also shown by the
following facts: In stubble colleeted and examined in the latter part
of duly or later there were always many nmore larvae than emergence
holes of thal species; and if larvac were laken from growing wheat
Lefore there had been any emergence whalever frem it and wore
reared in wooden cells, only a few changed Lo aduits that season, most
of them remuining over the winter as hibernaling lnrvae to emerge the
following spring or summer.  These habits were manifested vepeatedly,
except in one experiment where hreeding was conducted in ficld cagns
and & much lrger emergenee of first-genoration adulls occurred the
first vear than is customary in the field.

The conditions of this experimoent were as follows; [n the spring of
1929, hefore any adults of Harmolita tritiet or Ditropinotus eureoviridis
had emerged, 2 cloth eages enclosing approximaltely 4 square leol each
were ereeted over winter wheat growing in the field. Eleven days
affer the first adults of 77, fritied had issued, 20 females and 14 males
of this species were placed In eneh of the eages.  As soon afterward as
sufficient adulls of I3, aurcoriridis from overwintering larvae could be
obiained from the leld, 20 fomales and 5 males of this parasite were
added to | eage, Tt should be understood at this point that while
most of these adults were of the first generation of the preceding yvear,
they laid Uhe eggs of the first and not the seeond generation of (he
cuarrend year,  Whoen first-generation adnits of I, aureoriridis issued
i the first eage, 22 females and 4 males of these woere added to the
secoind enge. The essenlial dala [rom the rearings are given in table
7. it may be noted that in the first cage 89, nr 75.4 percent, of the
118 tolal emerging adolis of Ditrepinotus issued in the sumnier or fall
as first-generation adults that year.  This, to Judeze from ficld studies,
18 a much larger proporiion than oceurs in field material.  T{ may also
be noted thab J2 awreoviridis formed the Inegest part of the total
issuance from these slems, namely, 118 [rom o total issunnce of 188, or
62.8 percent. This shows o higher parasitization by this single
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species than has been observed in the field. From cage 2 there was
no issuance in 1929, that is, 2 second generation was not completed
that year. There was a small emergence from this cage the following
season and a large emergence of H. irifici.

TasLe 7.—Emergence of Dilropinelus avreoviridis Jrom Harmolite tritici in field
cages in Oregon

iI Cage 1 Coga 2

: I
fiarmotite - Ditropinolus Tiarstotita Ditropinglur
iritici aureoriridia frifiet aursaviridis

! Flaced
s in cage

| .
{ Emerged! ; Emerged
: I

] 1 Mnles

Fomnles
Treinnles
Fomnles

May s 10m

Joly 3, 1920 : ..

Aug, 20, 1520 e .- P .

Fallof 1929 . ... _l.o Ty L [ J0SORN SR S
a

Spring of 1935
Juiy 1920

Totatemergence... ... | ..." 3030 couie i 103 |1

Contrary to the observation of Phillips and Poos in the East
(12, p. 413), males of Ditropinotus aureoviridis normally oceur in
Oregon in both the first and second emergences, although they are
always in the minority.

Emergence of Ditropinotus aureoviridis from overwintering stubbie is
prolonged in both the field and the laboratory, but it appears to cover
a longer period in the laboratory. A few first-generation adults have
been known Lo issue in the field before all the overwintering generation
had issued. On account of the usually small size of the second
emergence and its overlupping with the first, it was impossible to
obtain by sweeping any definite records of its first appearance or
duration. It is usually possible to catel adults in varying numbers
by sweeping at any time between the first issuance of the overwintered
generation and the advent of freezing weather in the fall,

As shown in table 6, there was always an ingrease in parasitization
by this species between harvest time and late in the fall. This
increase was probably due to oviposition by adults of both emergences.
Observations in the laboratory indicate that females of Ditropinotus
aureoviridis have greet difficully in penetrating with their ovipositors
stubble of any of the varieties of wheat grown in the Molalla district.
Many examinations have shown that ezgs and small larvac of this
species are scarce in stubble late in the summer and in the fall.  These
two facts suggest that the increase in parasitization occurring between
harvest and fall is the result of a small proportion of successful oviposi-
tions taking place over a long period of time. The cage experiments
just discussed illustrate this situation to some extent. When 20
females and 5 males were placed in a cage of uncub green wheat
infested with jointworms, offspring to the number of 118 wore obtained,
but when 22 females and 4 males were placed in a cage of stubble
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after the jointworm gsalls had hardened, only 7 females and 1 male
resulted. The low issuance in the latter case was not caused by
mortality during the winter, as dissection of a sample from this lot
the fall before showed o very low parasibization.

Cells occupied by Furyloma parve are larger and thinner walled
than the normal jointworm cells and would be more easily penetrated
by the ovipositor of Ditropinotus eureoviridis. ‘This probably aceounts
for the high secondary parasitization of E. perva by D. aureoviridis. .
Phillips {9, p. 751) has suggested that B. parea is not readily parasit-
ized by secondaries owing to its great activity and strong jaws, which
would enable it to destroy the first instars. The writer has found,
however, that in the case of D. aureoviridis as well as in that of
Eupelmus allynii the Furytoma appavently isstung to quiescence before
oviposition, a frequent habit among external hymenopterous parasites.

Ditropinotus aureoviridis is frequently a secondary parasite on pupae
and unissued adults of its own species and occasionally on the larvae.
As o secondary parasife it feeds more commonly on Euryloma parva
than on any of the eupelmids, but its prelerence is difficult to determine
since in most of the years of the investigation Z. parva was much more
numerous than all the cupelmids combined.

In a sample collected August 16, 1933, Ditropinotus aureoviridis
was secondary in 32 out of 151 cases, 28 through Eurylome parve
and 4 through D. aurcoviridis. In a sample collected in the same field
on November 8, 1933, it was sccondary in 53 out of 201 cases, 52
through Z. parva and 1 through Furytoma sp. (probably phoebus).
In a coliection of Oclober 28, 1933, it was secondary in 56 out of 337
cases, all through . parra. There were other samples in which
secondary or lertiary parnsitism through its own species was much
higher than in these cases.

In Orezon, Ditropinotus aureoviridis has heen found as a primary
parasite also on Harmolita grandis from wheat, IL holci from velveb
arass, and H. oregon from Klymus. Phillips and Poos (12) reared it
from field collections of I, vaginicola, H. grandis, H. atlantica Phillips
and Emery, and H. secalis (Fiteh).

LorsLventa vEsicOLARTS {Relaius)

The cupelmid parasites of Harmolita tritici, as shown by table 6,
have played & minor role as destroyers of this pest. In the eadier
years of the investigation Fupelmella vesicularis appeared to be the
most abundant eupelmid, but during the later years Bupelmus allynii
and Calosota metallice CGalian increased in importance while E.
pesicularis declined.  Fowever, with the prevalence of low parasitiza-
tion by all three species, no striking differences were apparent.

Under the name of Fupelminus saliaior (Lind.) Phillips and Poos
(13) have doscribed and illustrated the egg and larval instars and given
the life history of Fupelmelle vesicularis. In the laboratery these
guthors have bved the species through six generations in 1 year.
No continuous breeding work was done by the writer, buf ib is evident
from rearing and dissection of fickd material thet no such number of
generations oceurs normally in Oregen.  From material collected in
July there is frequenily a parlial emergence in July, and also later
during the same year, but there may be no emergence [rom similar
material until the next July or later. In the field this species emerged
earlicr in the spring than Ditropinetus aureoviridis, Tupelmus allynii,
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or Calosota metallica, sometimes by the middle of April, and occasion-
ally l1))9‘1113113ized larvae or pupae of these species in the overwintering
stubble. It seems possible, therefore, that some of the adults issuing
from the new wheat in July may already be the offspring of adults of
the first emergence. Since early emergence of this parasite does not
occur from Harmolite hosts in the laboratory, it seems probable that
those individuals emerging eurly in the field come from puparia of
the hessian fly (Phytophage destructor (Say)). In collections made in
August and September 1t is also more common to find immature
larvae of Eupelmelle (as well as of Hupelmus allynii) than of D.
aureoviridis. These facts suggest that the number of generations
per year may be more variable than is the case with D. aureoviridis.
As is well known, this parasite has a long list of hosts, including
the hessian fly, many species of Harmolita, and other species among the
Diptera, Hymenoptera, Coleoptera, Lepidoptera, Homoptera, and
Grthoptera. In Oregon, in addition to the hessian fly and H. iritici,
the author has reared 1t as a primary paresite from H. holci, H.
oregon, H. grandis, H. phalaridis Phillips, an undetermined Harmolita
from timothy, and as an external parasite of the cocoon stages of the
dock weevil (Hypera rumicis (1..)). It has also been found as & second-
ary or tertiary parasite of H. ¢ritici on most of the species considered
here, but usually on Eurytoma paree or Ditropinotus aureoviridis.

Evurerymus annyNir (French)

Phillips and Poos (12) have described and illustrated the egg and
larva]l instars and have given the life history of Fupelmus allynii.

These authors have reared the species through five generations in a
yeoer. In Oregon there appears to be only one complete and a partial
second generation per year in the field. In the laboratory the adults
of the first complete new generation begin to emerge in August, con-
tinuing to do so through September and Qectober. A part of them do
not issue the first year, however, but pass the winter as full-grown
larvae and begin to emerge in August of the second year, continuing
emergence through October. In the field adults mey be taken as
early as the middle of June. Some or all of these may be from the
hessian fiy.

‘w’his species is parasitic on e large number of other species of
Harmolite. Phillips and Poos (12) list nine Harmolita hosts and two
others of the genus which are probable hosts. In Oregon, in addition
to H. tritici and the hessian fly, it has been reared from H. holci and
an undetermined Harmolila from timothy. It is also frequently
secondary on H. tritici through Dilropinotus aureoviridis, Furytoma
parva, and other eupelmids.

CavrosoTa mMETALLICA Gahan

The parasite Calosole metallica was 2 minor one among the eupel-
mids. Its habits are similar to thoseof Bupelmus allynii, both as to the
time of emergence in the field and in the laboratory and in the number
of generations per year. The larva is similar in habitus to Bupelmella
vesieuloris and Bupelmus allynii, The first instars while alive are
difficult to distinguish from E. vesicularis and E. allynii because of
their small size, but later instars are easily separated by the absence
from C. metallica of the heavily sclerotized and toothed labrum.
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In Oregon Calosota metallica has been reared from the hessian fly
and from Hormolita tritici, H. holei, and H. grandis. In addition it is
& seccondary parasile of H. dritiei through Euryioma parve and
Ditropinotus aureoviridis.

DrcaToMs AMSTERDAMENSIS Girault

The parasite Decatoma amsterdamensis was first observed in Oregon
in 1833, when it was reared in the laboratory from stubble of 1632
wheat from the Molalla distriet. It had increased in number by 1934
but was still scarce. None were taken from the field by sweeping,
Such larvae ns were observed were external on the host. Becouse of
its recent appearance and searcity no thorough study of its seasonal
history could be made. There appeatrs to be at least o partial second
generation, since some adults issued from new stubble in August, In
the Inboratory this species issued from overwintered stubble as early
as April 1 and as Iate as May 23. The winter is passed as a full-grown
larva in the jointworm cell. Although appavently it is normally a
primary parasite, it has been reared os 2 secondary through Zurytoma
parre and was found as a tertiary on Ditropinotus eurecmridis.

The full-grown larva is somewhat swollen in appearance, whitish,
and in unstained specimens mounted in “liquid of Faure” and ex-
amined under a low-power microscope appears smooth with no pro-
nounced Dbristles or setne. The mandibles are strong and heavily
chitinized and possess a strong basal tooth. The mandibular arch,
labrum, and labinm are very lLightly sclerotized. These characters
distinguish the full-grown larva from lsrvae of Euwrylome perve,
Ditropinotus wureowiridis, or any of the three cupelmid parasites
previcusly discussed.

Lurvronma rrosnus Girault

A parasite that has appeared ravely in jointworm cells as a parasite
of ITermolita tritici and Burioma parve is Furytoma phochus. Tt was
most numereus in stubble from one field in the Molalla distriet in 1933.
The larva of this species resembles Decatoma amsterdamensis rathor
closely in that it is also whitish and has strong mandibles with o basal
tooth and wealdy sclerotized mandibular areh, labrum, and labium.
It ean he distinguished from that species, however, by tlic presence of
& moderate number of setae and hairs.  In {he laboratory a female
from the field, after stinging the hosts to quiescence, laid five eggs on
larvae of 8. parve, three on one on October 2, 1933, and two on
another a day or two later. No other eggs were obfained although
the female lived until October 23. Three of the eggs hatehed in 2
days, and one of the Inrvae was seen to devour one of the unhatched
CEES.
“One of the three completed larval development in 15 days after
hatching, cast ifs meconium in 19 days, or slightly less, pupated in
about 24 duys, and issued 56 days after hatehing, The adult, a full-
sized female, died within a few days without laving any eggs,

Orusnr PARASITES

A few pteromalids, probably of several species, have been reared from
jointworm cells. Some of these eamefrom cages containing stubble, and
it could not be determined whether they were primary parasites or not.
Others were removed {rom the galls and reared in wooden eclls. From
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examination of the galls from which they were taken, it did not appear
that they had destroyed larvae of Euryfoma parva, Ditropinotus
aureoviritdis, or any of the eupelmid parasites, but host remains were
were nob found. Remains of jointworms are easily overlooked or lost,
especialty if the larvae are destroyed while small. It seems probable,
therefore, that they were primary parasites in the cases observed.
The larvae of these species, so far as noted, are whitish, appear some-
what swollen, and possess weak mandibles without basal teeth and a
weakly sclerotized head capsule. The bodies bear some minute setae.
'This combination of characters will serve to distinguish them from
the other parvasites discussed,

Unfortunately most of the adults obtained were males, and their
exact determination could not be made. One of the species, however,
doubtless belongs to the genus Fupteromalus.

ArTIFICIAL CONTROL

No methed is known of destroying the wheat jointworm in growing
wheatwithout also destroying the erop. The available control measures
are therefore preventive rather than remedial. Plowing under of the
stubble, in the fall, winter, or early spring prior to emergence of the
adults, is the most practical method of contrel. To be entirely effec-
tive, however, the plowing under of most of the stubble in an infested
neighborhood would be necessary. This can rarely be effected, and
the degree of success is dependent on the extent to which the farmers
will cooperate to this end. In some seasons there may be some emer-
gence from stubble which might be brought to the surface in the spring
by disking or harrowing of the land for other crops, such as eorn or
potatoes, but issuance would be so slight as to be almost neligible in
any case; and ordinarily very little stubble is brought to the surface
by these operations if it has been properly buried.

EXPERIMENTS WITH BURIED STUBBLE

Plowing under of wheat stubble has not been generally recommended
as & control measure, since prevalent crop rotations frequently have
made it impracticable. Date on this subject have been given by
Phillips (7, pp. 18-18; 8, p. 25).

When the writer began work on the jointworm problem there was
littie published information as to the fate of the jointworms after they
were plowed under, and Oregon farmers soon raised the questions as to
whether spring plowing of the stubble was effective in control and
whether there would be any issuance from stubble which had been
plowed under in the fall, part of which might be brought back to the
surface by replowing or cultivation in the spring. To settle some of
these points several experiments were conducted in the fall and winter
seasons of 1926-27 and 1928-29.

On October 21, 1926, two lots of wholly infested stubble were buried
et depths of 4 and 8 inches in the soil at the edge of an infested field
in the Molalle digtrict. At intervals during the winter some of this
stubble was dug up. One portion of each Iot was dissected, and an
effort was made to determine the number of living and dead joint-
worms as well as of the parasite Ditropinotus aureoviridis. Another
portion wag placed in an emergence cage and the subsequent emer-
gences recorded. At that time it was thought that it would be possible
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to- distinguish in the dissections the living, hibernating insects from
the dead ones. In some cases this was possible, but comparison with
the emergence from material corresponding to that examined showed
that the mortality was always underestimated.

As there is much rain in the Willamette Valley during the winter,
the buried stubble would be in. & moist condition for so long a time that
sooner or later even the most resistant gells would be penetrated.
Water in the cells bleached the pupae and caused them to swell.
These swollen pupae usually showed no movement but many of them
proved to be alive. It was lmpossible from microscopic examination
to be certain that the insects were dead until they had lost their
turgidity and had become flabby, but comparisons with the issuance
records indicated that many of them must have been dead before
this condition was reached. The parasite Ditropinotus aureoviridis,
which hibernates as a larva in the jointworm cells, was much more
rvesistant than Harmolita tritici. Therecord of dissections and issupnces
for the two seasons is given in table 3.

TABLE 8.—Resulls of evaminations of wheal siubble buried at different depths and
recorded emergence from caged lots of stmilar matersal

WHEAT STUBBLE BURIED 4 INCHES DEREP

Tissecled material Later emergence (roin caged material

Diate of Ifarmotita Ditropinglus Inrmolita Ditrapinotuy
remavol | Wheat tritici aureeiridis Wleat tritici aureovfridiz

from soil | joiots foluts Other inseots

mined Livin '!De d |Living] Dend caged | Fo- Males | Fe-
g Deud | Living males | males

Alales

Num- ; Nita- Nuwm- | Nwm- | Num- | Newm-
Nymberp  ber U Number] ber ber ber

34 [ PRI DR R
40 ' 10 1L G
33 10 0 ai .

Mar, 17, U 10 g 0. 0 | Fupelmelie pe-
| senderiy 1),

WHEAT BLE BULRIED § INCIIES DERP

1528

Jan, 10, ___ : T Eupelmelio ves-

Fob, 21 ) . {cufariz {1).
ob, 21.. .. 0.
MAlar. 12 i 4 40 k 4 A pleromalid.

Iz, " vesicidaris

Eiu"y!oma
parve (<),

WILEAT 5TUR

1887

Jan I10__ . i . .
Feb, 3..... . k Dupeimelia ves-
irntarix {2).
Culosoln wmetal-

fien (17,
Fab, 6. : Pleromalids
2.

Mar, 17.__
Mear. 30....

1 1 parasitized,
1 Probably some alive,
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Examination of this table shows that in 1927 there was but slight
emergence of Harmolila tritici from the stubble removed February 26
and none from that removed March 17, Eight females of Ditropinotus
aureoviridis issued from stubble dug up as late as March 30. In 1929
no jointworm adults issued from stubble left buried until April 3, but
six issued from thei left buried until April 17. Eight times as many
Ditropinotus females as Harmolita females issued from this last lot.

On April 17, 1927, 50 infested joints were buried to 2 depth of 8
inches in the field and covered with & cloth cage. On the same day 2
cages, one covering approximately 1 square foot and the other cover-
ing approximately 4 square feet, were set up over bheavily infested
stubble that had been buried by plowing in the preceding fall. In the
spring of 1929, 50 infested joints were buried 6 inches in the soil and
covered with & similar cloth cage. Frequent examinations until late
in the season showed no issuance from the stubble in any ol these
cages.

These experiments indicate that in some seasons all the jointworms
in stubble buried in the fall are killed long before the normal time of
issuance of the jointworm but that in other seasons a small portion
may survive unfil about the normal time of issuance. Consequently
there might be a slight emergence from stubble brought to the surface
of the ground by farm operations in the spring. The held experiments
also indicated that the adults failed to make their way to the surface
of the ground from buried stubble even if the stubble is buried shortly
before the normal time of emergence. 1t may be noted that in these
last experiments all the stubble buried in the spring was buried by
hand in order to confine within & small area & much larger number of
jointworms than would be found in field-plowed stubble and thus have
2 better check on emergence. Observations indicated that the plowed
stubble offered less opportunity for escape of the adults than the hand-
buried stubble, chiefly because the soil in a plowed field settled evenly
and compactly while in the hand-buried stubble it tended to sotile
unevenly and occasionally away from the sides of the holes. Lt is
believed therefore that since none issued from the hand-buried stubble
the possibility of emergence from well-plowed stubble is even more
remote.

Although no records are availabie of the rainfall for the years 1926
to 1929 in the Molnlla distriet where these expertments were con-
ducted, the records for Forest Grove, where Tainfall is sirmilar, show
41.72 inches of rain irom November 1926 to the end of March 1927
and only 21.52 inches for the corresponding period in 1928-29. It
seems probable, therefore, that the jointworm galls in buried stubble
became saturated eartier and vemained so longer in 1926-27 then in
1928-29. 'This probably explains why the jointworms were all dead
by March 17 in 1927 and a few survived until April 17 in 1929.

An objection to the plowing under of wkzat stubble is the custom
among farmers of using fall- or winter-planted wheat as a nurse crop
for red clover, but the clover could be planted with grains other than
wheat, Winter barley is considered by the Department of Farm
Crops of the Oregon Agricultural Experiment Station to be a better
purse crop for clover than wheat, and Winter Turf (Oregon Gray)
oats is also considered good for this purpose. Neither of these erains
is attacked by this or other species of jointworms in Oregon. Careful
planning on the part of farmers should enable them to substitute one
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of these grains as a nurse crop for clover; in faet, this is frequently done
with no intention of controlling the jointworms. An alternative is to
plant clover alone. This alse is a fairly common practice in some
localities, especially in sections where the soil is not the best and does
not hold moisture well during the dry summers. Since it has been
demonstrated that the jointworm is so injurious, some such system of
crop rotation should be adopted in the arveas now infested. Tf this
were done, the wheal jolritworm problem would be practically
eliminated.

In spite of these recommendations many farmers still leave much
wleat stubble standing. In these cases it is advised that all wheat
be planted as far away as possible from the stubble. 'This is not
recommenced as a method of complete control, but the writer feels
that this practice would reduce infestations, especially in those sea-
sons when the weather is unfavorable for migration and when unplowed
stubble is not abundant. To mainiain the jointworm populalion a&
2 high level an abundance of stubble and suitable growing wheat appear
necessary.  Therelore, counting on the valuabie worl of the para-
sites, the plowing under of as much stubble as possible and planting
of wheat as far {rom unplowed stubble as possible arve likely to be
mere than paid for by reduced iufestations and better crops.

BURNING THE STUBBLE

Since jointworm galls are usually well above the ground, clean burn-
ing of the stubble is effective in destroying the jointworms, In the
Willamette Valley stubble as well as strawstacks are [requently burned
merely to get rid of the trash or to avoid the difficulty of burying high
stubble by plowing. Stubble usually ean be burned clean if desirved,
but sometimes farmers do not attempt to burn a field completely.
While burning of a large portion of the stubble of a field makes sub-
stantial reductions in the number of jointworms surviving, it could
be burned completely with o little more-cffort, and this 15 advised.
Since there are many woodlands and much valunble property in the
Willamette Valiey, extreme eaution should be exercised in burning
stubble.  Soil conservation and crop-rotation practices now being
recommended must alse be considered in connection with the burn-
ing of stubble for the purpose of reducing jointworm infestations.

It has been reported that the rough treatment given jointworms in
straws passed through threshers is so great that few adults issue from
them (3, p. 274). This is probably true, but living jointworms have
been found in threshed straws in Oregon, and when determined effort
is heing made 1o control jointworms the strawstacks should be burned
to avoid possible infestalion from them. However, since most of the
jointworms are left in the stubble in the Willametie Valley and much
stubble is left unburied, burming ol strawstacks would have little effect
upon whole jointworm populations under present condibions.

Cooperation among farmers in joinlworm conirol is cssential if con-
irol according to any of the recommended methods is to be made
most effeelive,
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SUMMARY

The wheat jointworm (Harmolite tritici (Fitch)) was first found in
the Pacific Northwest in 1926 occupying two small areas in the
Willamette Valley of Oregon, one near Molalla, Clackamas County,
and the other near Lebanon in Linn County. How and when the
jointworm was introduced into this region is not definitely known,

Tn the infested areas wheat is an important crop and has o definite
place in the regular rotation with red clover, oats, or oats and vetch,
and in some cases With a row crop, frequently corn or potatoes.

Tafestation in the northern, or Molalla, colony was heavy early in
the period of investigation but by 1934 the average infestation of
this ares had declined to 3 percent. The trend of the infestation
the,h:.ao;;ithern colony was similar, but the early infestations were.nob
so high.

Emergence of Harmolita tritici apparently is influenced more by
temperature than by any other single external factor. Emergence 1s
early in warm, sunny springs, and late In cool cloudy springs, although
& considersble accumulation of effective temperature in the late win-
ter months is necessary to induce emergence.

Records of emergence of Harmolita tritict in cages from 1926 to 1933,
inclusive, indicate that approximatcly 60 percent of the total ave
females,

Dispersion from stubble in the spring is slow in cool, rainy weather
and rapid in warm, sunny weather. Males tend to remain in the
stubble fields at all times, but the females generally disperse by means
of short flights, and their progress is very stow through fields of grow-
ing (}vhea-t. Flight appesats to be at random except as influenced by
winds.

Study of the enlargement of the colonies indicated that the aver-
age dispersion was a little over 1 mile per year.

Oviposition in wheat in the Willamette Valley was largely confined
to the second or third joints, whether the season was early or late.
Fall- and winter-sown, or the early developing, wheats rather than
the spring-sown, or late developing, wheats were preferred for ovipo-
sition, with the result that in Oregon the good rather than the poor
wheat was more frequently heavily infested.

The average oviposition capacity per female from 1927 and 1928
stubble was 84 and 98.2 cggs, respectively. If 80 eggs is taken as
the average capacity per female, the potential rate of reproduction
of Harmolita tritici from n general population is 54 to 1,

None of the varicties of wheat grown in the Willumette Valley
seemed to be preferred or avoided by adults for oviposiion.

Jointworm feeding in wheat reduces the size of the kernels and the
number of kernels per head. The greater loss is in the number of
kernels per head. The average loss by both means for gulms with
one infested joint from 21 fields was 13.5 percent, with 2 infested
joints from 6 fields 26.5, and with 3 infested joints from 2 fields, 44.2

ercent.
P Detailed studies of the parasitization of the jointworm in & limited
ares near Molalla, Oreg., between 1928 and 1934 indicated that if
the potential rate of reproduction of Harmolila tritici of 54 lo 1 is
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reduced by parasites to a theorctical effective rate of 85 to 1 or lower,
destruction exerted by other natural factors was sufficient to place
the jointworm population on & descending scale. Predatory habits
of the larvae of Furyloma parve Phillips made 1t impossible to measure
with great aceurrcy the total destruction caused by all the parasites,
but it was doubtless greater than that indicated by the available data.
It is apparent that bigh parasitization was instrumental in reducing
the jointworm population between 1929 and 1934,

The most effective parasites were Furyloma perve Phillips and
Ditropinotus aurcoviridis Crawford. The former has o single genera-
tion per year. Eggs arc laid in a jointworm cell or in the plant tissue
outside the cell. Newly hatched larvae burrow through the tissues
and devour larvae or eggs of Harmolile tritict or other FKurytoma
larvac they may encounter, After the Ewrylomo has destroyed the
jointworm or other larvae in the cell it feeds on the plant tissue.
Upon approaching maturity it frequently tunnels from one cell to
another and destroys the occupants, IDitropinotus aureoviridis, in
the Willamette Valley, has one complete and a partial second genera-
tion per year. The host may be H. #ritic], K. parca, another D,
aureoviridis, or some other species. Other parasites of lesser im-
portance were Lupelmelle vesicularis (Retz.), Fupelmus collynii
(F'rench), Calosota metallica Gahan, Decatoma amsterdamensis Girault,
Burytome phoebus Girault, and some undetermined pleromalids.

In the Willamette Valley most of the jointworms in fall-plowed
stubble are dead long belore the normal time of emergence of the
adults. In some seasons a fow may survive until aboutf the normal
time of emergence, and if some of the buried stubble is hrought to
the surface by spring cultivation there may he a slight emergence,
In experiments with burying by hand the adult did net issue [rom
buried stubble even when it was buried shortly before the lime for
emergence.  Apparenily, therefore, carly spring plowing of stubble
is ahout as eflective as fall plowing in destroying jointworms.

Since red clover frequently is planted with wheat as a nurse crop,
muclt stubble is left standing and this is a constant source of infesta-
tion.  To avoid this situation, winter barley or Winter Turf (Oregon
Gray) oais should be substituted for wheat as a nurse erop for clover.

Where stubble lias not been plowed, ellorts should be made (o
plant wheat as far as possible from infested stubble.

To avoid burying high stubble, some Tarmers burn their stubble
ficlds, a practice whicl kills the jointwarms in them. If this is dene,
burning should be so thorough (hat no standing stubble is left.  There
is little dillieulty in burning the stubble ecompletely.  As there is mueh
valuable properly and many woodlands in the Willamette Valley,
extreme caution should be used in the burning of stubble. Con-
sideration should also be given to the soil-conscervation and crop-
rotation praclices recommended Tor (he distriet concerned before
burning of stubble is resorted to.
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