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NOTES ON FALSE WIREWORMS WITH ESPECIAL REFERENCE
TO ELEODES TRICOSTATA SAY 1

By JAMES W. MCCOLLOCH,A88istant Entomologi8t, Kansas State Agricultural
E:xperiment Station

With the establishment, in 1915, by the Department of Entomology,
of project No. 100, dealing with a study of those insects injuring the
roots and germinating seeds of staple crops, the writer undertook a
study of the available species of the tenebrionid genus Eleodes.

There are'two primary reasons why this group of insects was chosen
as a part of this project. First, practically nothing is known concern-
ing the life-histories of the various members of this genus. Swenk
(1909) partially worked out the life-history of E. opaca ,Say, and
Hyslop (1912) gives a short synopsis of the life-history of E. letcheri
vandykei Blaisd. According to Gebien (1911, pp. 242-252), the genus
is a large one, containin:g 123 species. Eleven of these species have
been recorded from Kansas. Second, the beetles of the genus Eleodes
are native insects confined pri~cipally to the semi-arid regions west of
the Mississippi River. In fact, only three species, tricostata, opaca,
and suturalis (Wickham, 1899) have been recorded east of Kansas.
In Kansas, they are t:ypical of the native prairies and farther west
they are found in the sage brush areas. The gradual breaking out
of these prairies is depriving these insects of their native food and is
forcing them to feed on the more succulent cultivated crops. Just
how' successful the different species are in becoming adapted to the
new conditions is an interesting problem. E. opaca has already be-
come a serious pest of wheat in Kansas and Nebraska. E. letcheri
vandykei has appeared in cultivated fields in the Pacific Northwest,
and, in 1913, E. extricata var. convexicollis Blaisd. was found attacking
grains in ly.Iontana.

The life-histories of several species have now been studied at the
Kansas Experiment Station and that of E. tricostata will form the basis
of this paper. Reference will be made to other members of the
genus, especially when they touch on the species under consideration.

ECONOMIC IMPORTANCE OF THE GENUS

It i"sonly within recent years that the false wireworms have been
recognized as pests of growing crops. Blaisdell (1909, p. 29) states

1Contribution from the Entomological Laboratory, Kansas State Agricultural
College, No. 32. This paper embodies some of the results obtained in the prosecu-
tion of project No. 100of the Kansas Experiment Station.
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that as far as he has been able to determine, species of this genus are
neither injurious nor beneficial, unless the larvre are in some way
troublesome. Riley (1884, p. 90) records the adult of E. quadricollis
Esch. injuring the foliage of grapes in California. This species is said
to have destroyed 35 acres of grape vines. Bruner (1892, p. 12)
found E. tricostata injuring cabbage:s and other garden crops at Lin-
coln, Nebraska. Swenk (1909, pp. 332-333) gives an account of the
serious damage done to planted grain, especially wheat, by E. opaca
in western Nebraska. Hyslop (1912, p. 75) states that the results of
three years' work demonstrate quite conclusively that the false wire-
worms are among the most destructive insects to recently planted
wheat and corn in the Pacific Northwest. E. pimeloides Mann. and
E. letcheri vandykei are discussed especially in this regard. Webster
(1912, p. 32) reports E. sulcipennis Mann. feeding on the larvre of
alfalfa weevil and E. suturalis Say eating chinch bugs. Essig (1915,
pp. 290-291) records the adult of E. omissa borealis Blaisd. as feeding
on the leaves of apricot, orange, plum, and watermelon. Cooley (1916,
p. 154) has found E. extricata var. convexicollis Blaisd. very abundant
in Montana and in several instances seriously injuring newly sprouted
grain.

The above references comprise most of the known reports of the
injuries by this genus. That more is not known concerning them is
probably due to a number of factors. The larvre closely resemble the
true wireworms and considerable confusion has resulted. Much in-
jury attributed to wireworms, especially in the seIni-arid regions, is
probably due to the false wireworms. The larvre are subterranean in
their habits and move with great rapidity through the soil, hence it is
often impossible to find them at work. The adults are largely noctur-
nal in their habits, and although they may be extremely numerous in
a locality, they are seldom found without a diligent search.

ECONOMIC IMPORTANCE OF ELEODES TRICOSTATA

The data on the econoInic importance of E. tricostata are very meager.
Wickham (1890, p. 86) states that it feeds on the roots of grasses, and
Bruner (1892, p. 12). found it seriously injuring cabbages and other
garden crops at Lincoln, Nebraska, and states that it was doing more
damage than cutworms. He also says that it is a general feeder upon
the prairies and on weeds in the field. Hunter, Pratt, and Mitchell
(1912, p. 51) list E. tricostata among the insects incidentally associated
with the cactus plant.

In Kansas, tricostata appears to be confined almost entirely to the
native pastures where the larvre feed on the roots of the various grasses
occurring there. Practically all the adults and larvre collected in the
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field have been taken in such situations. A few larvre and adults
have been found in wheat and corn fields, but the data thus far col-
lected indicate that this species is a pest of our native prairie grasses.
In the laboratory, however, the adults and larvre feed readily on ger-
minating wheat and corn and there seems to be no reason why this
should not occur in nature. The adults also feed freely on young
wheat plants growing in the cages.

DISTRIBUTION

E. tricostata is one of the more widely distributed species of this
genus. BlaisdelL (1909, pp. 38 and 107-108) records it from Texas,
New Mexico, Oklahoma, Utah, Kansas, Nebraska, Iowa, Idaho,
Montana, Colorado, Wyoming, South Dakota, and British America.
Say (1823, p. 262) gives the type locality as Missouri and Arkansas.
Wickham (1899, p. 60) says it extends as far east as Independence,
Iowa, where he found it in September on a broad, dry sand-flat along
the Wapsipinicon bottom. Stoner (1913, p. 81) records taking
E. tricostata at Fergus Falls, Minnesota, in 1911. This is the first
known record of a species of Eleodes being taken in that state. In
Kansas, this species is distributed over most of the state. Popenoe
(1877, p. '36) says that it is common throughout the state and the
collection of the Department of Entomology contains specimens from
all regions of Kansas except the southeastern part.

METHODS OF REARING

In carrying out the life-history study, the writer found the following
methods successful in rearing each of the different stages. Eggs were
placed in small vials closed with cotton plugs and kept in the field
insectary under outdoor conditions. The larvre on hatching were
placed in one-ounce tin boxes containing slightly moistened soil and a
small amount of bran for food. As the larvre became larger, they were
supplied with germinating wheat instead of bran for food. During
the summer, it was necessary to change the soil in these boxes about
every ten days, but in winter when the larvre were rather inactive, it
was changed about every three weeks. The pupre were kept in the
same boxes in which the transformation took place. The adult beetles
were confined in pint fruit jars, containing about an inch of dry soil
and a little bran.

With the exception of the eggs, all stages were kept in the cement
cave previously described by the writer (1917) where the temperature
more nearly approximated subterranean conditions. During the
summer months, the temperature of the cave varied from 70° to 80° F.
With 'the approach of cold weather, the temperature gradually fell
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until early in March when it was about 40° F., after which time it began
to rise slowly. The results obtained in the life-history work in the
cave coincided closely with the field observations maqe throughout
the year.

DESCRIPTION AND LIFE ECONOMY

THE EGG.-The eggs (PI. 5, A) of E. tricostata are bluntly ovallongi-
tudinally, and circular in diameter. They vary in length from 2.2
mm. to 2.5 mm. and are about 1.2 mm. in diameter. The eggs of this
species are much larger than any so far described for the genus. Blais-
dell (1909, p. 496) states that the eggs of all species of Eleodes which
he has examined are about 1 mm. in length. The freshly laid eggs
are white in color with no surface markings. As development takes
place the color changes to a light creamy yellow.

When deposited, the eggs are coated with a sticky solution which
causes a thin layer of dirt to adhere to them, making them hard to find
in the field. They are laid singly, although several may be placed
in the same cavity. In the rearing cages, the females seemed to pre-
fer dry dirt for oviposition as practically all of the eggs were found in
the driest dirt. In oviposition, the female excavates a cavity one-
fourth inch to three inches in depth and deposits from one to four
eggs, after which she fills the hole with dirt.

In hatching, the young larva splits the egg shell at the end and down
the side about one-third the way. The larva usually emerges head
first but it is not unusual for the reverse to occur. The egg shell ap-
pears to be broken by the larva arching the body and this may cause
the shell to break at either the anterior or posterior end. Whell the
larva emerges head first, the process requires a very short time, but
when it emerges with the posterior end first, several hours may be
consumed in emerging, and, in some cases, the larva may be unable t~
free the head from the shell.

The length of egg stage was determined for 300 eggs in 1915and 4,800
eggs in 1916. The following table gives the essential data: '

INCUBATION PERIOD

Date ~~i~:I Min. Days I Max. Days I AverageDays

1915 300 10 30 14.5
1916 4800 6 46 14.0

The length of the egg stage varies with the season of the year. Eggs
laid during July and the first half of August hatched in from 6 to 11
days. Mter the middle of August the length of the egg stage increased
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rapidly until NovemLel' when it was about 46 days. In 1916, the
first eggs were deposited on July 10 and tl:e first ones hatched on
July 16. The last eggs were laid October 12 .md the last egg hatched
November 20. This gives a period of 133 days that eggs were to be
found.

THE LAR,VA.-Very little has been written concerning the larvre of
Eleodes. Gissler (1878, p. 19) gives a meager description of the larvre
of E. gigantea Mann. and E. dentipes Esch. Blaisdell (1909, pp. 497-
499) enlarged on the description of dentipes ar d gives a working basis
for the description of the various larvre of thu genus. Hyslop (1912,
pp. 78-81) describes the larvre of E. letcheri var.dykei and E. pimeloides.
In many ways the false wireworms resemble jhe true wireworms but
may be readily distinguished from them by t~ e fact that the antennre
of the Eleodes larva are clavate and longer. The false wireworms also
show a much greater activity than do the trUE wireworms.

On hatching, the larva (PI. 5, B) of E. tri!Ostata is 3.75--4 mm. in
length and creamy white in color.' After thl first moult, the larva
changes to black in color and this color persillts, except immediately
after moulting, during the rest of this stage. .:n this respect, it differs
from any of the described Eleodes larvre. Wh ~n full grown, the larva
is about 35 mm. in length.

The larvre are subterranean in their habits, being found during the
summer and fall from one to six inches or more below the surface of the
ground. I t is not uncommon to find them un,ler stones on grass-land
but so far the writer has never observed theIl on the surface of the
ground. They burrow from place to place, ft eding on the roots and
seeds of plants and probably, to some exten~, on decaying organic
matter. In the vicinity of Manhattan, the Il,rvre appear to be con-
fined to the native grass-land and practicall~' all larvre found have
been taken in such situations. In confineme lt, however, they feed
readily on germinating wheat and corn, on bra 1, roots of grasses, and,
to some extent, on manure. In addition to tb.is, they often feed on
their cast-off skins and on larvre that have die:! or are in a weakened
condition.

The length of the larval stage was determined for 111larvre in 1915
and 1916, these ?ata being summarized in the following table:

LENGTH OF LARVAL STAGE

Year No, of Larvre I Min. Days I M.IX, Days I Average Days

1915-1916 51 252 291 267
1916-1917 60 68 332 292
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Eli'od,.s lrimslala ~:IY. .\, e/!:p;;B, larva; C, pupa; D, adult.

Plate .'}
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Most of the worms reached the next to th~ last moult during the
summer and fall and passed the winter in this oondition. From the
first of November to the first of March they fed but little and were very
ina.ctive. Commencing the first week in March, they began feeding
again and moulted during April or May. The first larva pupated May
27 and the last larva on June 30. Field data bear out this study.
Practically full-grown larvre were found in the grass-land during early
April. These moulted and pupated about the same time as those
reared. It is interesting to note that five Jarvre, hatching from eggs
la.id early in July, 1916, pupated during October and November. The
average length of the larval stage in this case was 77 days. Before
pupation, the larvre enter a semi-pupal or quiescent stage, which lasts
from five to ten days. During this time they do not feed and are very
inactive.

In rearing the larvre, it was found that they made their best growth
when placed in boxes containing soil with bran and wheat for food.
When fed on decaying matter and roots they made a much slower
growth and in nearly every case failed to reach maturity. About 200
larvre were reared in boxes containing nothing but dry bran. Most of
these lived from three to six months but they made very little growth
and moulted only once.

THE PUPA.-The pupre (PI. 5, C) are white in color after transforma-
tion and are 15-19 mm. in length. As development proceeds, the body
color changes to creamy yellow and the mandibles, legs, and antennre
become dark in color. At the end of 14 to 16 days the mandibles and
claws show a deep reddish-brown color.

Pupation took pJace in the spring of 1916 during the last week in
May and the entire month of June. The first larva pupated on May
27 and the last one pupated June 30. Maximum pupation occurred on
June 4. The pertinent data on the length of the pupal stage are shown
in the following table:

LENGTH OF PUPAL STATE

Year I No. of PUPal I Min. Days Max. Days Average DaYB

1916 49 11

I
22 19.4

1917 32 13 45 17.0

In one case, a larva pupated October 14, 1916, and the adult issued
November 28, giving a pupal stage of 45 days. Another individual
pupated October 23, 1916, and passed the winter in this stage, dying in
April, 1916.

THE ADuLT.-The adult beetles (PI. 5, D) are oblong oval, black,
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and clothed with shart setifarm hairs, each arising fram a puncture.
Each elytrabears three distinct castre which are mare ar less caarsely
muricate. The female is rabustly ablang, the elytra usually being
widest at the middle. A tuft af ardinary piceaus spinules accurs an the
tipaf the first jaintaf the anteriar tarsus; the secand jaint is unmadified.
The male differs fram the female in that the bady is mare aval in shape,
the elytra usually being widest at the base. There is a slight modifica-
tian af the first twa segmE'nts af the anteriar tarsus. The males are
13-20 mm. in length and abaut 6.5-10.5 rom. in width, while the
females are samewhat larger in size, being ·14-22 mm. in length and
7-11 mm. in width.

In the life-histary studies, adults emerged fram the pupal stage June
16 and cantinued to emerge until July 10, the maximum emergence
accurring abaut June 24. Field studies coincide very clasely with these
results. During the early part of June, it was almast impassible to.
find adults in the field. Beginning about June 20, however, adults
became numerous and mast of them were af a bright colar and the
bady saft, shawing that emergence had just taken place.

E. tricostata may pass the winter as an adult as well as in the larval
stage. During March and April af 1916, several adults were faund
hibernating in spherical cells under rocks. The mortality, hawever,
is very high, varying from 50 to. 95 per cent. The writer has never
been able to. abtain eggs fram these averwintering beetles.

While mast af the adults emerged befare June 24, mating was nat
abserved until July 7, when it became general in many af the cages
and continued until the middle of September. The first eggs were
depasited July 10, three days after capulatian was nated. Egg laying
cantinued until Octaber 12, at which time the beetles became inactive
and appeared to. have entered hibernatian.

Thirty-ane mated females, canfined in cages containing about ane
inch of sail, depasited a total af 5,464 eggs ar an average af 176 eggs
per female, with extremes af 103 and 262. The largest number of
eggs depasited by a single female during a period af 24 haurs was 51.
The average periad af ovipasitian for this experiment was 48.8 days,
the langest being 75 days and the shartest 24 days. An average af
3.7 eggs were laid an each day. The average number af days an which
eggs were laid by each female was 23.6, with extremes af 11 and 37 days.
The average number af eggs laid was 8.

The prapartian af sexes was determined far 1,257 beetles callected
in the field during the summers af 1916 and 1917 and the males seemed
to. predaminate, since anly 551 of the beetles collected were females
while 706 were males. Approximately the same prapartian af sexes
has prevailed in the rearing wark.
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The habits .ofthe beetles have been studied t.o a limited extent in the
field. All .ofthe Eleodes are mQre .or less nQcturnal .orcrepuscular and
tricostata is n.o excepti.on. They may be f.ound abr.oad early in the
m.orning and t.owards evening .or .on cl.oudy days. During the day-
time, hQwever, they are generally f.ound 1lft1derracks, b.oards, lags and
manure where they are rather inactive. Once the caver is rem.oved,
h.owever, they run with great rapidity. Feeding, mating, and egg
laying take place generally at night, bath in the field and in the rearing
cages.

The adults have been fQund feeding in the field .on Solidago, Eu-
phorbia marginata, prairie clQver, and evening primr.ose. In the lab.ora-
t.ory, they fed .on bran and s.oaked wheat in preference t.o any .other
f.o.od supplied. They als.o fed readily .on gr.owing wheat plants, es-
pecially when the plants were .only a few inches high. S.ome.of the
beetles fed sparingly .on r.o.ots and leaves .of grasses and .on decaying
.organic matter. They are als.o cannibalistic t.o same extent, feeding
.ondead beetles .orth.ose in a weakened c.onditi.on.

The beetles .of E. tricostata live far a lang peri.od. One female c.ol-
lected early in July, 1915, lived until May, 1916, while many beetles
maturing in June, 1916, lived until June and July, 1917. The l.ongest
peri.od thus far rec.orded is far a female that lived 391 days. There
seems t.o be a tendency far the females t.o live langeI' than the males.
Blaisdell (1909, p. 29) rec.ords keeping adults .of E. dentipes alive far
.over f.our years.

LENGTH .oF LIFE-CYCLE

The length .of the life-cycle n.ormally .occupies ab.out .one year,
Taking the average length .of the vari.ous stages, it required 328 days
fr.om the time the eggs were laid until the adults emerged. In the same
way, using the minimum length .of each stage, the life-cycle was 85
days, and taking the maximum length .of each stage, the life-cycle
was 423 days. . ,

PREDACEOUS ENEMIES

The members .of the genus Eleodes are nat preyed up.on by a large
number .ofPl'edace.ous enemies. This is pr.obably due t.o the fact that
the adults .ofmast .ofthe species secrete an .oily liquid having a strang
.offensive .od.or. This is th.ought t.o be a pr.otective secreti.on as it is
excreted .only when the beetles are disturbed. Gissler (1879) describes
the glands which pr.oduce this fluid and states that they are f.ound i,q
b.oth sexes. Willist.on (1884, p. 169) says that E. tricostata seems t.o b~
dev.oid .of these secreti.ons. -

Blaisdell (1909, p. 29) says that skunks will feed .onEleodes and that
chickens dev.our them readily as d.o the gr.ound .owls. The butcher
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birds impale them on thorns. Hyslop (1912, p. 84) states that the
records of the Bureau of Biological Survey list thirteen species of birds
as feeding on the adults of Eleodes. Barrows and Schwarz (1895, p.
64) found Eleodes in the stomach of crows in Kansas and Nebraska,
and they state that these b~tles fulfil most of the requirements of in-
sect food preferred by the crows. Judd (1898, p. 25) records the log-
gerhead strike as feeding on E. tricostata and Beal (1900, p. 70, and
1911, p. 40) has found specimens of this species in the stomachs of
the crow blackbird and the red-headed woodpecker.

PARASITES

Very few parasites have been found attacking any of the Eleodes.
Bruner (1892, p. 12) records eggs of a tachinid on the elytra of tricostata
and opaca. Riley (1892, pp. 211 and 2i9) records a braconid parasite,
Perilitus sp., from E. suturalis. Hyslop (1912, p. 35) found a nematode
worm infesting the abdomen of a beetle. He states that the worm
nearly filled the abdomen. Ellis (1913, pp. 282-283) describes a
gregarine (Stylocephalus giganteus) obtained from E. hispilabris Say
and Eleodes sp. During the past summer, the writer found this same
gregarine in the alimentary tract of tricostata and opaca. Aldrich
(1915, p. 245) reports a Sarcophaga larvipositing on E. tricostata, E.
hispilabris, and E. obsoleta Say.

On August 7, 1916, a number of hymenopterous larVal were found
in one of the tricostata cages. On examining the beetles, they were
found to be coming out of the anal slit of a male. Shortly after emerg-
ing they spun silken cocoons around the edge of the cage and pupated.
The adult parasites emerged August 16 and were found to be Perilitus
eleodis Viereck.l This same parasite was reared from E. opaca on
August 23.

A red mite, Trombidium sp., was found on a number of beetles col-
lected July 3,1917. These mites were attached to the legs and to the
various sutures on the ventral side of the body. The beetles were
placed in a cage but the mites soon disappeared and none of the beetles
died.

A little life-history work was carried on with Perilitus eleodis and it
might be of interest to note some of the results obtained. The larVal
emerge through the anal slit of the beetle and seek a place to pupate.
As they move from place to place they leave a trail of silken thread
and, where large numbers of larVal emerged in a cage, the soil was often
webbed together. Shortly after emerging the larval construct silken

1Determined by Mr. A. B. Gahan, of the Bureau of Entomology, U. S. Depart-
ment of Agriculture.
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cocoons in which they pupate. In spinning these cocoons the soil is
webbed together, making it difficult to find them. In the rearing
work, the larvre would not construct cocoons unless there was soil
present. The length of the pupal stage was determined for several
hundred parasites and was found to range from 8 to 15 days, with an
average of 9 days.

On emerging, the adults are rather active but make little effort to
fly. On placing the parasites in cages containing adult beetles, they
were found remaining close to the ground and apparently trying to get
under the beetles. Shortly after introducing parasites into the cages,
the beetles became frantic in their movements, running in every direc-
tion. The parasites could be observed clinging to the legs of the beetles
and were apparently trying to oviposit in the abdominal sutures and at
the junction of the legs and body. The parasites did not appear to
mind being run over and carried around by the beetles but seemed
intent on gaining hold on the ventral side of the abdomen.

Actual oviposition was not definitely observed and, owing to the
chitinous integument of the beetle, it was impossible to dissect them
and find the eggs. For this reason the length of the egg stage was not
determined. The length of the egg and larval stages combined aver-
aged about 12 days, with extremes of 10 and 18 days.

Large numbers of parasites may infest a single beetle, and as high
as 1241arvre were secured from an individual. The average number of
parasites bred from a beetle was about 50. It is interesting to note
that the beetles live from 12 to 48 hours after the larvre leave the body
and maintain most of their normal activities up to the time the parasites
leave. One female deposited three eggs the same morning that she
yielded 124 Perilitus larvre.

The efficiency of this parasite in the field was not definitely estab-
lished. In 1916, as high as 50 per cent of the beetles collected in
August were parasitized, but, from the data at hand, it would seem that
the average parasitism is only about 5 or 7 per cent. Of the 932 beetles
collected in 1917, not a single one was parasitized.

PHYSIOLOGICALRELATIONS
EFFECTOFHUMIDITY.-Most of the species of the genus Eleodes are

confined to the semi-arid regions of the United States west of the
Mississippi River. They reach their greatest abundance, both in
species and individuals, in those areas of little rainfall. As has been
stated elsewhere in this paper, only three species have been authen-
tically recorded east of Kansas. Owing to the wide distribution of
E. tricostata, however, it is probably not as greatly influenced by mois-
ture conditions as most of the species.

5
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In the life-history studies, care had to be taken at all times to keep
th~ cages moderately dry. When adults were placed in cages con-
taining moist soil, oviposition de()reased, and when they were placed
in cages containing both moist and dry soil, they showed a great pref-
erence for the dry soil. The larvre developed best in a slightly moist
soil. When the soil was too wet to crumble nicely, the mortality in-
creased greatly.

Blaisdell (1910, pp. 64-65) makes some interesting observations on
the effect of moisture on the adults of Eleodes in general. He says that
the individuals making up the specific aggregate do not necessarily
breed true to any intraspecific degree of sculpturing, as this is wonder-
fully influenced by environment and food supply. The beetles that
develop in an exposed or arid region where the body fluids are reduced
to a minimum by evaporation during the latter stages and especially
after the pupal skin is shed will have'a comparatively smooth form of
sculpturing. Conversely, beetles developing in a protected or moist
region where the body fluids are conserved will have a more strongly
punctured or strongly striate form. The dominant form of sculptur-
ing is therefore determined by seasonal conditions, a hot, dry season
producing a large number of the smooth forms and a cold, wet season
the more strongly striate and punctured forms. There will also be a
varying per cent of intermediate forms produced.

EFFECTOFLIGHT.-The larvre of E. tricostata are negatively photo-
tropic. When placed on the surface of the ground they immediately
burrow into the soil. In all the studies so far made, larvre have never
been found on the surface of the ground. The adults, like most of
the species of Eleodes, are generally nocturnal or crepuscular in their
habits. They seek to avoid light in the field by hiding during midday
under rocks, logs and manure, and also in burrows of other animals.

MEASURESOF CONTROL

E. tricostata has not as yet become of sufficient economic importance
to warrant any extensive experiments on control. The use of poisoned
bran was tried, under laboratory conditions, on the adults with good
success but the larvre lived for weeks on such a diet. With most of
the injurious forms of Eleodes, it has been found possible to control
them by summer fallowing the ground. This is a procedure that
could be followed in western Kansas to a good advantage. Rotation
is also recommended in some cases since the beetles are wingless and

. move only on foot. Hyslop (1912, p. 87) records his experience in
treating seeds with various poisons to destroy the larvre. Five or six
poisons and repellents were used, all with negative results ..
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SEASONAL IRREGULARITIES OF THE CODLING MOTH

By LEROY CHILDS, Entomologist and Plant Pathologist, Hood River Branch,
Oregon Experiment Station

This paper includes a brief resume of the observations that have been
made relative to the behavior of the codling moth at Hood River,
Oregon, during the years 1914, 1915, 1916 and 1917. The work has
been conducted for its applicable value chiefly, in order that the local
orchardists might be supplied with first hand information on the sea-
sonal progression of this insect's activities, which would enable them
to more intelligently and satisfactorily apply their lead sprays. Not
being a major project, the investigation lacks. many details that would
mOre clearly demonstrate the very wide seasonal variations in the life-
history of this apple insect from one year to another.

The two most important points that have been brought, out in this
study are, first, the very decided variation in the emergence of the
broods from one season to another and its necessary influence on the
timing and applying of sprays in order that control may be entirely
successful. Secondly, the investigations indicate that sweeping
recommendations given out often in the form of spray bulletins from
a central or distant station are far from meeting the requirements in
codling moth control in the different apple growing sections of the
Pacific NorthweE't where vast ranges of conditions are found at rela-
tively short distances. These ranges, due probably to temperatures,
varying on account of altitudinal, coastal and interior influences, are
such as to warrant seasonal studies of the insect in the different sections
in order that a comprehensive knowledge of the insect's activities be
available for the use of orchardists in their control measures. Until
such stations of study are maintained we can el'Cpecta great deal of
trouble from the codling moth in the Northwest. The variation in the
life-history of the moth, which influences the timing of sprays, has been
found to be of more importance in the control of the second generation
of worms than the first brood, as in the ca~e of the latter, conditions
which retard vegetative growth uS\lally directly influence insect activity
with a result the standard spring applications-usually a combination
insecticide and fungicide-can generally be effectively applied by fol-
lowing a prearranged spraying program.
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