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Technical Bulletin No. 744 : March 1941

. UNITRD STATES .l
PEPARTMENT OF AGRICUETIRE
- WASHINGTON, D. €,

Life History of the Sugar-Beet Wireworm

In Southern California’

By M. W. Broxuw, sssistant enlomologist, Division of Truck Crop and Garden [nsect
I'nvestigations, Burean of Entomalogy and Plant Quarantine '»
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INTRODUCTIGN

The sugar-beet wireworm (Limonius californicus (Mann.)) ? is the
most important soil-inhabiting insect pest of sugar beets and lima
beans on the Pacific coast. Its destructiveness is also wel known
to growers of potatoes, vegetables, alfalfa, and bulbs. Because of
the variety of crops attacked and the nature of the injury the losses
caused by this speeies are difficult of estimation. Inj ury to sprouting
sceds usually results in large losses through a reduection in stand, or
involves the added expense of replanting. Growing plants may be
killed or badly injured and their growth stunted. Often potatoes or
root crops are so badly damaged that they are rendered unmarketable
or require grading before being fit for marketing, In 1919, in Ventuara
County. Calif., alone, out of over 90,000 acres planted to lima beans

! Received for publivation January 18, 1540,

1 The writer expresses his appreciation to Roy E. Campliwll, entomeloxist in charge of the truck erop snd
garden Insect labaretory of this Bureau at Alhambea, Calif., under whose immedinte supervision these
biglogical studies were epndlugted, for heipful suggestions, eritic!sing, amd assistance during the investigation
and in the preparation of the manuseript.  Appreelution Is aiso extended to J. €, Eimore of the same lahorz-
tory for the assistance eiven in photggraphing the various insect stages,  The writer i= nlso greatly indebtert
to &. F. Howland, K. D. Sloop, and . Henne for thelr valuable aid in carryiog oot the Hfe-history invest-
gations. C, 8. Guy contrilmted materially by drawing the eraphs nnd nszistioe in the field work. ” Thanks
nre due to Verngn L. Woolley of Veoturs, Calif., for makiog collevtions of adnltz imder malva teaps In

1932, 1933, and 1534,
? Order Coleoptera, family Elateridac.
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over 20,000 acres were estimated by the agricultural commissioner to
have been damaged to the extent of from 10 to 100 percent, the loss
amounting to $300,000. In Los Angeles, Orange, and Santa Barbara
Counties the damage annually ranges from 10 to 50 pereent.

In 1914 Graf (4} of the Bureau of Entomelogy, published a pre-
timinary report covering his investigations of the sugar-beet wireworm
in southern California during the period 1909-12.7 The project was
resumed by the Burcau in 1924, the investigations at this time being
concerned primarily with the use of fumigants and baits in an offort
to obtain & practical control.  In that year Camphell (7) published &
report on the use of caleium evanide as a soil fumigant for wireworms,
and 1n 1926 {2} his paper on concentrating wireworms by haits before
fumigating the soil with caleium eyanide. This method of control
with ealeium evanide has been found the most practieal so far devised
and is being widely used for controlling wireworms in the truck-crop-
grawing areas of California.

Without a thorough knowledge of the life history of this species,
however, no definite statement could be made regarding the length of
time after treatment that protection was afforded. In addition. the
high cost of production together with the drop in the prices of agricul-
tural products necessitated further reduction in the cost of control.
For these reasons the Alhambra iaborutory of the Bureau of Ento-
mology and Plant Quarantine of the United States Department of
Agriculture undertook a study of the life history, under southern
California conclitions, of the sugar-beet wireworm, in an attempt to
reveal any unusual features in its life history that might be taken
advantage of in combating this pest af a lower cost.  These studies
were, of necessity, performed principally in the laboratory or in out-
duor cages, supplemented by such observations on the developmental
staces in the field as were possible in view of the habits of the species
under consideration. A report of the results of theseinvestigations
from the heginnine of the studies in 1929 until the close of the season
of 1934-35 i= presented in this bulietin,

DISTRIBUTION

According to Van Dvke (9 Limowius ealifornicus iz disteibuted
throughout the irrigated arcas of the Pacific Coast States.  [n Cali-
fornia it is especinily abundant in Los Angelez, Ventura., Orango,
San Bernardine, Riverside, Santa Barbara, San Diego, and Saera-
mento Counties.  Graf £4) reports that the insect alsn oceurs in Invo,
Alonterey. Alameda, Marin, Eldorado, and Lake Counties.  Addi-
tional records obtained from specimons in the collection of the Cali-
fornia Academv of Sciences at San Francisco include Medoe, San
Jonguin, Mendocino, Contra Costa. San Mateo, Napa, Santa Cruz,
San Luis Obispo, Tulare, and Calaveras Counties (fe. 11,

The subspecies aceidentalis Cand. is more prevalent in the inland
sections of California and farther to the north, Specimens in Van
Dyke’s collection have the followine loeality labels: Los Angeles,
Palm Springs, Tejon Canyon, and Pase Robles: and there are also

- some from Sonoma, Placer, Trinity, and Shasta Counties.

2 [alig oumbets in parentheses refor o Lulormitire Cugeed, p, 57,
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No extensive scouting to determine the complete distribution was
possible, so the actual infested aren may comprise many counties
other than those mentioned above.

NATURE OF INJURY

The injury to most crops by Limonius californicus is from attacks
of the larvae on the germinating seed soon after it is planted (fg. 2),

Frogure 1.—Distribution of the sugar-beet wireworm in California. The counties
from which the insect has been reported are shaded.

or to the young plant shortly after the seed has sprouted (fig. 3). The
larvae may cat the entire contents of the seed, leaving only the empty
husks, or destroy only that portion containing the germ before moving
on to another sced. Observations have shown that injury to seed is
esnpcially severe where germination has been retarded by unfaverable
s0il conditions, The stems of growing plants are burrowed into below
the surface, leaving only fragments of the stem to support the top
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(fig. 4}, Qceasionally plants that are well rooted will recover from a
light attack. but in most cases the plant is killed cutright.  While
lighter infestations are charneterized by a few missing plants here and
thure over the field, it is commen in cases ol severe infestation to find
spots ranging in size from a few square feet Lo an acre or more with
all plants killed (g, 57,

Potatees are damaged mainly in two ways, (1) The planted seed
picces are burrowed into and injured, sometites to an extent that
necessitates replanting: and (2) feeding punetures, or “stings,” in the
mature tuber cause them to be sorted into a lower grade, or elassified
as culls (fig. 6).  Damage to sugar beets s to the voung plants, which
may be killed outright (fir, 7) or the taproot cut off so that an inferior
beet develops (fig. 83, Injury to hulhs begins as soon as they are
planted. and often is severe enough to prevent proper growth,  The
larvac also feed on lima beans and on the stems and roots of lettue,
cauliflower. tomato, corn, alfalfa. wheat. and melons, killing or stunt-
ing the plants.

Fiuvie . plaut in the center i~ wilting aft-r an attaek by a
s r-heet wirowornm,

In =onthern California, injury to erops may begin carly in February
and continue throughout the spring and hnte into June. " Where irviga-
tion is practiced, along the cool coastal wreas, severe injury may be
expeeted even throughout the summer.  In unirrigated districts high
urface temperawures accompanied by the drving out of the topsoil
eause the larvae to descend to lower depths, where apparently there
1= little feeding.  With lower temperatures early in the fall, they again
migrate toward the surface to resume feeding.  Damage W=t lly
ceazes about the middle of Oetober, as then soil temperntures have
dropped sulliciently te eause inactiviey.

This species seems to show aw preference for, and is ususliy more
injurious in. soils ranging frons sandy to beavy loun. The degree of
acidity or alkalinity of the <oil does not appear to be a Tactar in the
activities of this species. Experiments eonduetd in 1832 <showed
that the rate ol hatehing and the aetivits of newly hatehed larvae were
not retarded inthe least in soils with o hydrogen-ion coneentiation aa
low ax 3.5 Furthermore, it was found that when newly hatehed
Jarvae were ecanfined In outdoor engies in soils ranging from pH 4.0
to pk 3.0 for a period of 9 months, thex setually inereased in weight
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Ficrae 5. —Lima bean field () and sugar-beet field f showing large wroas
where the plants have been destroved Dy the feeding of the sugar-beet wire-
worti.
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Ficrre §.—Feeding punctures of the sugar-beet wireworm on a potato.
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os rapidly as those confined in ncutral soils. Ficld expertiments in
which sulfur (8) was used in guantitics ranging from 300 to 10,000
pounds per acre proved effective in lowering the hydrogen-ion con-
centration of the soil but failed to reduce the larval population and the
damage to the planted potatocs. MecDougall (6, p. 716), in a survey
of wireworm-infested fields in Quecnsland, found that larvae of
Lacon variabilis Cand. inhabited soil ranging from pH 3.9 to pII 5.8

s ks .

e i L t.f.'- . T
ireworm injury to young beets {Graf).

Fioere §—Typical sugar-beet w
and that parts of any field inhabited by this species wore usually more
acid than the remainder of the field.

DISSFALINATION

Females as well as males are strong, vigorous fliers, and arc especially
active on warm, clear days. The maximum distance which individunl
beetles can fly is largely determined by the temperature, the wind
velocity, and whether or not the ficld of flight is covered by vegetation,
Marked females, which had been liberated on a warin day in & fallowed
field near El Mounte, flow toward a field of mustard and were recovered
there a few minutes later ahout 100 yards from the point o. iiberation.
Adults normally fly with the wind, but they ecan fly with little difii-
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culty against a light breeze. During strong winds, such as prevail
along the coast late in the afternoon, adults cease flying and erawl to
thie basc of plants or under clods for protection.

Ficld and oviposition studies show that normal activity for this
species oceurs when the soil-surface temperature ranges between 75°
and 80° F. Whoen the surface temperature drops below 70°, less
flying oecurs, and below 63° very little activity has been noted.
Adults were scarce during cloudy weather and on days following
rains.  The beginning of their activity each day is of course governeﬁ
by temperature. Very few beetles were collected before 9 a. m. or
after 4 p. m.

Errect oF Cuors o Dispersion

Observations in the field bave shown that adults are attracted to
alfalfa or green eover crops because of the lower temperatures prevail-
ing there and for the shelter whieh such erops afford. Quite fre-
quently temperatures on the soil surface in the sun have reached as
high as 1053° F. in February and 123° in March, while at the same time
the temperature on the soil surface in alfalfa fields was from 20° to 30°
lower,  Studies in 1932 showed that 60 and 20 pereent of a group of
malos and females. respectively, which had been resting on the sides
of their oviposition eages, succumbed on February 27 when the tem-
perature on the soil surface in the sun remained at 1039 for one-half
hour.  In fallowed fields, therelore, when temperatures arve in excess
of 00° on the surface it is natural to expeet an immediate dispersal
e ficlds containing alfalfa or eover crops.  Additionnl proof of this
was demonstrated when liberating marked individuals of both sexes
on an extremely hot day near o group of maiva traps.t Al the beetles
took flight immediately in the direetion of the piles of malva, where
they were revovered a few minutes later, none remaining on the sur-
face o undoer the clods where liberated.  That oviposition occurs in
alfalla felds is shown by comparative population counts made in
December 1933 in plots of corn and alfalfa in which adults had been
confined the year previous.  The count in the alfalfa plot showed an
average of 24 larvae as compared with 10L6 larvac per square foot in
the eorn plot.

On the basis of this evidenco, the importance of alfalfa ficlds as
bresding areas for this speeies cannot he underestimated, when control
measures are attempted.

Foop NoT a Factor 15 1ISpPERSION

Observations by Graf () have shown that adults favor old beet roots
for food and feed Dehtly on alfalfa, Johnson grass, and wild beet rools.
In addition, the writer has observed feeding punclures on slices of
potatoes and large numbers of adults on rhubarb flowers, apparently
feeding on the pollen.  Bhruring the 4-vear prriod that oviposition
atudies were conducted no food was provided the adult pairs in their
respective containers.  1n most cases these speeimens were alive after
all ndults in the field lnd died,  Apparently no relutionship between
food and dispersal exists. and, as Graf has stated, the feeding of the
adults, from un cconomic point of view, may be diaregarded.

CThese Teaps eonsisted of Ioose piles of il M afen pareiffora T4 Boet odinomee ter, plaeed 100 feg apart
10 R lew eXGIVREs.
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DESCRIPTIONS OF THE STAGES
TaE ApULT
(Fig. 9, A)
The original description by Mannerhcim (7, p. 238) appeared in

1843.  Van Dyke (9, p. 840) redescribed the inscet in 1932 in a key
as follows:

Clypeal margin not distinetly notehed and depressed at middle, head and pro-
notum more or less aeneous, anterior pronotal margin but slightly lobed at widdla,

Fi6ure 9.—Elaterids commonly found in fields in southern Californie, £ 4:
Ay Limenius californiens; B, Melanotus lonqulus; C, Anchastus cinereipennis;
D, Aeoleus livers; and E, Cardiophorus tenebrotus.

elytral intervals not earinnte apically; species in general robust and nor markedly
narrowed either in front or behind. . .. oL . ... 33

38. Species in general black with head and pronotum aeneous, elvtra souietimes
hrown, distinetly pilose; second antennal scgment slightiy longer than broad,
third still longer and subeylindrical, together longer than fourth espeeially in the
female; elytra finely striato-punctate, intervals broad, flat and distinetly and
irregularly punctured; length 8.5-12 mm. Pacific States__.californicus (Mann.)

According to Van Dyke there are three color phases of this species,
the black or typical phase, the brownish or reddish phase, and the
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dark orange phase or subspecics oecidentalis. The last occurs farther
north and more inland in the hotter sections, The examination of
large numbers of adulis taken under malva traps in Ventura County
over g period of 3 years showed that approximately 4 percent of the
beetles collected were reddish and the remainder brownish to black.
Occasionally a few of the brownish or reddish adults were collected
in Orange and Los Angeles Counties, but the majority were dull brown
ot black. The adults reared and reported herein were entirely of the
black or typical phase of Limonius ealifornicus.

Tee Ece i

The cgg is ellipto-eylindrical in shape. Both ends are broadiy rounded and
resetnble each other. AJleasurement of 30 cggs gave an average length of 0.69
mm, and an average width of 0.3 mm, The lengeh varied between 0.63 and 0.735
mm, and the width between 0.473 and 0.33 mum,

THE Larva
(Fig. 10, &)

The nearly mature larva * % *  jg subevlindrieal in shape and shiny, waxy
vellowish-brown in coler.  The segments are very minutely and sparsely punctate.
The head and venter are flattened dorzally and darker in color.  There is a light
dorsal stripe on the posterior end of each segtnent with the exception of the venter.

The head is depressed and considerghly narrower in front. The mandibles are
strang, notched, deep brown in color, changing to black at the tip.

The first thoracie segment is broad and long, being about equal in length to the
venter, The other thoracie segments are short, being about equal in length to
the first iwe abdominal zsegruents. The remaining abdominal segments are a
little longer and quite similar. The legs are short and armed with heavy, short
brown spines.

The abdominal segments are slightly eonstricted where they join oue another.
There are from two to four hairs on the lateral side of each segment,  The spitacles
are hrown, conspicucus, and are situated in a poorly defined, light lateral stripe.
They are slightly nearer the anterior end of the segment,

The venter is depressed dorsally, with raised edges. It is sparsely hairy around
the edge. The caudal noteh has a amall tooth on each side pointing slightly
upwﬂrd and backward., The margin of the noteh varies from deep brown to
tlack.

The average lengih of the mature lacva iz from 18 to 21 mm,, and the width
is from 2.3 to 3 mm.

TaE Puea
(Fig. 11)

When first formed the pupa is opague white, but after a time the eyes show
through as pale, dusky, blue spots.  About this time the thoracic segments become
a pale waxy vellow, but no other ehanges take place until shortly before emergence,

The pupa very much resembles the adult beetle in shape, exeept that the ab-
domen is slightly longer in the pupal stage. The head is beat forward slightly,
and each aaterior angle is armed with a long, heavy spine, which tapers regularly
to a peint.  The mouth parts ure conspicuous, The anteone are Iaid along the
margin of the head on the ventral side, and their tips are behind the tibixe of the
second pair of legs.  On the underside of the hend and near the prothorax are two
short, heavy spines, There are also two short, stout spines on the dorsal side of
the hearl near the posterior angles,

The case covering the springing apparatus is plainly visible between the anterior
coxe.  ‘T'he leg eases are folded similarly to those of other Elateridie.  All of the
posterior pair, excepting the tarsi, are covered by the wing cases, which are curved
arcund and alinost ineet on the venfral side, af the distal end of the third abdoeminal
segnment.

¥ Treseription of pgg, Ineva, and pups nuoted from Gref (4, pp. fi-16¢,
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ELATERIDS® ASSOCIATED WITH THE SCCAR-BEET WIRL-
WORM

Although Limonius californicus is the predominant wireworm in
southern California fields, several other destruetive elaterids are fre-
quently encountered {figs. 9 and 10). The larvae of the different
speeies are readily separated by the shape of their anal segraents, as
is shown in figure 12. Probably the most important of these is
Melanotus lon_;uius (Lec.) (figs. 9, B; 10, A; 12, B), an claterid largely
restricted in its dlstubutlon to western Vuntlll‘ﬂ County, but which
also occurs in Los Angeles County, in the vieinity of El Monte. The

Firaure 11.—Pupa of Limonius californicus, ventral and dorsal views, < 4.

adults (fig. 9, B), which are easily distinguishable by their shiny black
elytea and guick movements when disturbed, are active from the 1st
of April until June. Mlales of this species averaze 10 nmm. and the
females 11 mm. in length.  The larvae are reddish brown, eylindrical,
and much more active than L. californicus.

Aeoleus livens (Leel) (figs. 9, D; 10, : 12, DY, reddish i in color, and
with large dark spots on the lhom\ nnd t']\'lm {fig. 9, [}, is very com-
mon from the middle of February until May in all areas inhabited by
Limonius ealajorm'mm The male averages 6,5 mm. in length and the
female 8.5 mm. The larva (fig. 10 ("), waxy white with a brow nish
head and thorax, has a more Hattoned hody than the other species
encountered,

Anchastus cinereipennis (Eseh.) (figs, 9, (510, D; 12, € is the smali,
light to dark-brown, and very active elatrcid which appenrs early in
March, The adults range frem 4 to 6 mm. in length,  The larva is

¢ Determinations by I O, Van Tyke.
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pale yellow with brown head and reaches a length of 12 mm. when
mabure.

Cardiophorus tenebrosus Lec. (figs. 9, E; 10, E; 12, E) is black, 7 to 8
mm. in lengtk, and common in alfalfa fields during February, Mareh,
and April. The larva, whitish with & brown heud, is extremely deli-
cete and difficult to rear. If picked up in the center by forceps, both
ends of this species hang down in & stringlike fashion.

Limonius canus Lec. and L. infuscatus Mots. are also known to be
present in southern California.

Figore 12.—Lateral and dorsal views of anal segments of ; -1, Limonius californicus;
B, Melanotus longulus; C, Anchasius cinereipennis; D, Aeoleus livens; and F,
Cardiophorus lenebrosus.

LIFE-HISTORY STUDIES

TEMPERATURE RECORDS

Alr temperatures were obtained by means of a thermograph placed
in a Weather Bureau shelter 3% fect above the soil surface. A thermo-
graph was alse used for recording the temperatures in the basement
of the insectary. Soil temperatures were measured at the 4-, 8-, and
12-inch depths, weekly recording thermometers being used. The
mean monthly air, basement, and soil temperatures for the period
from June 1930 to December 1934 are shown in table I and figure 13.
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TapLe 1.—23Mean monthly seil, basement, and air! lemperatures {°F.} Alhambra,
Calif., 1930~ -34

1934

Ttem { Jan. | Feb. Mar. Apr.: May *Juiy . Sept. . ;.\ov.f Dee. Mean

Seil, 4-inch depth.
Zoil, 8-inch depih.
Sail, 19-iteh depth
Basetnent

Afr...

[ gapas
el b B O Oy

fodl, d-inch dephi .
Zoil, lnel depih.
Snil, 12-ineh (iopih
Busrment. . -
Al e

=00 e 42

Sotl, 4-inch depth.. 46,0 §0.8
Foil, 8-foch deptls © 43,3 485
Zgil, 12-inch deprly. 45, 5ﬁ 0
H?S( fnent . . ]

S de g

Agil, 4-inch doprh_ .
Zoil, B-ineh depth.,
Spil, 12-inch dl:pr.h
Bysement..........
Abr oL

7
- v
i
¥

EEikCe
C=RT RS Ty

i

Spil, d-inch depth. - 33,4 &7
Hoil, S-inch depth .. 53.7 L%
Zoil, 124{nch depihi. 3.5 56
Basement..._...... 62.% 63,
X | - - A B <

=1almpul

B
=L e )

1 Instroment 384 feet {rom suil surface in standard Weather Burest shelter.

As shown by the annual means, the seil temperatures at the different
deptbs did not fluctuate widely in the successive years. At the 4-ineh
depth the lowest annual mean recorded was 66.5% F. in 1932 and 1933,
and the highest was 68.2° in 1933, Temperatures at the 8-inch depth
wore also consistent in the different years, ranging from a mean of
64.8° in 1931 to 68.1° in 1934. Temperﬁtumq at the 12-inch depth
ranged from 64.6° in 1931 to 67.9° in 1934, Maximum monthly soil
tennpe:atures at ﬂH depths except the 8- and 12-inch depths in 1938
were recorded in 2aly of 1931, 1932, and 1933 and in August of 1034,
Tholo“osttmnpmmtmos:huﬂ“Vtx(uan in January. An average
of the soil temperatures at all depths showed that 1934 was con-
siderably warmer and 1931 cooler than the other vears.

Except for 1934, there was only a slight variation in the mean annual
basement tvmpemtuw“ The lowest was 67° F. in 1931 and the
highest 69.9° in 1934. Temperatures in the basement were generally
lower in Januar ¥, and the highest were recorded in July and August.
During the 4 years there were onlv slight differences between the mean
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MONTHLY MEAN TEMPERATURE {*F}
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Ficurs 13.—Monthiy mean temperatures in the basement where life-history
studies on the sugar-beet wireworm were carried on, in comparison with the

soil temperatures at the depths of 1, 8, and 12 inches in tile-cage plots.
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temperatures of the basement amd the mean soil temperatures outdoors
at the 4-, 8-, and 12-inch depths,

Alr temperatures were the highest in 1931, averaging 63.0° F. for
the year, and the lowest annnal minimum was 58.8° in 1933,

As this investigation dealt primarily with the sugar-beet wireworm
in the irrignted sections, the data on precipitation have not been
considered.

Tue lee

DEPTH IX SOIL AND PLACES CHOSEN FOR OVIPOSITION

During the spring of 1932 studies were conducted to ascertain the
depth at which oges are deposited in moist and dry soils.  Series A
consisted of four glass tubes, each 1% Ly 7 inches in length, which were
packed firmly to within 1 inch of the top with soil sifted through a
60-mesh screen and containing 14 percent of moisture by weight.  In
series Bl 3 inches of soil with 14 pereent of moisture was packed in the
hottom of the tubes, on top of which was put 2% inches of soil con-
taining 5 percent of moisture. A fertile female was then placed in the
top of each tube, and vials were securely stoppered and placed in a
constant-temperatare enbinet a1t 70° F. Alter 3 woeks the tubes were
marked outside in inch divisions, and each half inch of soil was
removed and washed through a sieve and the eggs earefully counted.

The results, as Hustrated in figare 14, show that in the tubes with
moist soil nearly 50 percent of the vggs were deposited in the firat
inch, whereas in the drier soil no oggs were recovered at this depth,
During the examination of these tubes it was noted that the soil with
the 5-percent water between the 2- and 24-inch depths had absorbed
a small quantity of moisture from the damper soil,  Undoubtedly
this explains the presence of 2 fow eges above the 24-inch level,  As
most of the eges were depositod below the 2-inch depth. it appears
that femaies, when compelled to do so. will burrow to a depth of 4
inches or lower te oviposit. in order to provide the eges with an
optimum of moisture during their incubation period.  No observations
were made ou the depths of cegs deposited in the field.

The presence or absence of vegelation does not appear to be s factor
n the selection of sitea by ovipesiting females, as the majority of
ima bean ficlds that are heavily infested are continuously under ¢lean
cultivation and void of vegetation during the oviposition period,
Firmly packed, heavy =oils appear to offer no resistanee, as these
crack readily after vains to a depth of several inches.  These eracks
or crevicez are not only utilized as places for oviposition but offer
proteetion to the females during high temperatures and strong winds,
As shown in the experiment, the drier soil vontaining 5 percent of
moisture was readily penctrated by the females for a <depth of 2 or
more inches =0 that they might oviposit in the moist soil underneath.
There is little likelihood, however, that oviposition would be hindered
by a low meisture content, as during the period of female activity
the swrface soil in most of the hean and sugar-heet fields is kept moist,
vithor by rains or by irrigation.

The oviposition studies in the laboratory and observations in the
field indicate that loose soils ranging in moisture eontent from 10 o
18 pereent are preferred by the adults as places for cao depozition.
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INCUBATION PERIOD

Incubation records were obtained from eggs which bad been depos-
ited in salve tins two-thirds full of fine soil conta’ning approximately
12 pereent of moisture.

The eggs were sifted from this soil on alternate davs and the date
of fl(‘[’)(}a!tlf)n of that group of vges marked as of the day preceding.
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Fiavre 14, —--I)epth- al whirh egEgs were (I(‘pmlted in the =oil by aduliz of the
sugar-heet  wireworm, Athambra, Calif.s 1, Seil containing uniformly 14
pereent of moisture; b’ =oil with 14 perc('nt of meisture at the bottom (e and
o pereent at the top (b).

As time for hatehing approached, and thereafter until hatehing tind
ceased, the eggs were washed from the soil each day.

Records on the duration of the incubation pertods for 068 eggs laidl
during the period February 20 to May 6. I"HI which hatehed over a
p('nod of 63 days from March 30 to May 3 inclusive. showed clearly
the variation in the incubation period and 11-5 relation 10 temperature,
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For instance, an average of 37 days was recorded for the eges laid in
February under a mean of 61.5° F., and when temperatures in March
inerensed to 64° the period was shortened to 30.4 days.  Temperatures
during April and May were still higher.  As a result, the average
length of the period was further decreased to 27.4 and 24.4 days,
respectively.  The seasonal extremes of incubation were from 23 days
in May to 46 in February. Temperatures during the 4-month period
averaged 63.9°, and the incubation period averaged 32.6 days.

Iu 1932 hatching began on March 22 and continued for 79 days
until June 8, the records being based on 2,356 eges deposited between
February 24 and May 10.  Beceause of the slight monthly variation in
temperature during the incubation period, little difference was
recovded In the average length of the period in the different months,
The minimum of 26 days occurred in February and the maximum of
34 days in February and March.  The average for all cggs was 29.3
days.

The incubation records for 1832 showed that in this year cggs were
lnid between February 28 and May 9 and hatched over a perod of 65
days between April 53 and June 8. The monthly weighted mean
ranged from 36.8 days for eges laid in February, when basemoent tem-
peratures averaged 64.1° F.to 20.0 days for eggs laid in Muay when the
temperature increased slightly to 86.1°.  Average temperatures for
Alarch and April differed only 9.5°.  As a result there was less than
1 day’s difference in the nvernge length of the incubation period during
these 2 months.  Individual records for the season showed that the
egg period ranged from 27 days in May and June to 41 in February
to April, the average being 33.7 days.

A summary of the incubntion records for the 7,602 eggs unider obser-
vation during the seazons of 1931, 1932, and 1933 is presented in table
2, and graphically in figure 15, The greatest range in the length of
the average incubstion period vecurred in 1931, from 37 days for eges
deposited in February to 244 days for eggs laid in May.  Basement
temperatures during the 1932 senson were abnormally high and short-
encd the period to an aversge of 20.3 duvs, The averazes 32.6 and
33.7, obtained in 1931 and 1933, respectively, may be considered
fairly representative for the duration of the incubation period in the
bhasement {rem year to year,

TABLE 2. Nummary of luboratory incubelion records of rggs of Limonius californicns
for 10321-33, \Hmbra, Callf,
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It will be seen that in general the incubation period is longest for
the cggs laid in February but graduaily shortens as the tempernture
rises through March, April, and May.,

INCUBATION IN SUNNY AND SHADED LOCALITIES

Most of the fields in infested loealities are under elean eultivation
during the period of beetle activity, and the topsoil is usually low in
moisture to a depth of several inches. TUnder these conditions adults
oviposit below the dry layer in the moist soil (fig. 14). To compare
the lengths of the incubation period of ecggs deposited in soils exposed
to the sun and those in soils in the shade with the records obtained for
eggs kept in the basement, salve cans containing newly deposited eges
were placed at a depth of 2 inches in ground exposed to the sun and in
ground constantly shaded, and covered with » layer of dry soil. Re-

n

TLMPERATURE [F)
[+)]
w

o
[=3

b
[+]

FEQ . APR. Mav FER. MaR  apPR Ay FEB MAaR.  APR
A A S

1931 1932 1933
Frauvne 15.—Length of the incubation period of cggs of Limonius ealifornicus in
salve cans compared with the mean hascinent temperature at the Alhambra,
Calif., laboratory, 1931-33.

cording thermometers were installed to measure the soil tempernture
2 inches below the surface in the different localities.

At this time of the year there was but a slight difference in the
average temperature 2 inches deep in a soil exposed to the sun and the
temperature in the basement.  Soil temperatures during the incuba-
tion penod of eggs deposited on February 28 averaged 67.6° F., or
0.6° higher, and for eges deposited March 11, 71.5°, or 3.8° higher,
than those recorded in the basement for February 25 7 and March 11,
The duration of the egg stage for the enrlier-deposited eggs nveraged
29.9 days, and for the later-deposited eggs 26.2 dnys, as compared
with averages of 29.5 and 29.1 days, respectively, in the basement.

Temperatures at the 2-inch depth in the shade were low (62.4°) and
as o result the incubation period was prolonged to is much as 50 days.

! As only 2 epes were deposited on Fobruary 28, In the basvinent, the teeards for the limepes deposited an
February 25 were used.
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Tur Linva
DEVELOPMENT AL PERIOD

Beeause konowledge of adult behavier and of the necessary renring
technigque or equipment was lncking, the rearing studies begun in 1929
were not so eomplete s could be desived. Fertile females collected in
the field were placed v moist, fine-mesh soil in L-ounce =alve cans and
confined in the laboratory basemoent (fig. 16), where they were allowed
to oviposit unmolested,  After several weeks had elapsed, the soil in
the salve cans was removed daily amd examived under & binoculnr
microscope for newly hatehed Iarvae,  When these were found, they
were transferred individue i to other salve cans containing fine-mesh
soil and 3 or 4 kernels of wheat.  Later, as the larvae increased m

Ficurre 16, - Basement roam in the Allsaabra, Cabif, labormtory where sagar-beet
wirewoerins were reared o salve eans,

size. they were Ted 8 to 10 kernels of wheat monthly, depending on
the season.

A total of 45 larvae that hatehed late in the season (Nay 27 to
June 123 were used in the rearing studies begun in 1929, The duration
of the developmental periods is 2umo arized in the first 3 Fnes of table
3. Beven larvae died lenving only 38 to show completed recordas.
Five of the deaths occurred in the secondd yeuar,

The first pupation oceurred August 21, 1930, During August and
September, 22 individuads completed developinent after an average
larval period of 4649 davs. Fourteen of the remainder pupated
between Augnst 26 and October 68 in 1831, and 2 in August 1932,
alter average larval periods of 8308 und 11675 days, respeetively,

The larvae used in the rearing studies of 1930 wire ohiained by the
same procedure as used in 1920, X totad of 368 Lirvae were under
observation at the beginning of the study, bat 63 died, 41 in the sceond
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year. The eggs hatehed late in the season, between May 8 and 22,
and the larvae were fed 10 kernels of wheat monthly throughout the
year. A summary of the data pertaining to these rearings also appears
i table 3.

TABLE 3.-~Durntion of the developmental periots of te sognr-beet wireworm in the
laborutory, \hamben, Calif,, 192031

- _ . .
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The first pupation in this group oceurred in the sccond vear on
August 20, 1831, and the last 1 that year was on October 27, The
first and last adults in 1931 appeared on September 5 and November
30, respectively.  Of the 534.6 percent of total larvace that matured
for a 2-year cyele,® over 53 pereent were males.  Pupations in 1932,
which totaled 25.5 pereent of the original larvae. began on August 7
and continued until October 7. The first adult was observed on
Augusi 31 and the last on November 7. Males again predominated.

In the period Sepiember 12 to October 1, 1933, seven individuals
completed development for a 4-vear evele, and between September 26
and October 1in 1934 the three remaining larvee matured. completing
a 3-year eyele.  The larval period of 1,593 days undergone by one of
the latter was the longest recorled during these studies.  Among the
4-year Inrvae the majority were females, while all the 5-vear larvae
were females.  Although the speecimens that wmatured in 1933 and
1934 were exeeadingly large larvae, they delayed pupation until late
m September of cach year, after the majority of the smaller and
vounger larvae in other rearing experiments had already entered the
pupal stage.  One would expeet that these larger or older larvae
would pupate carlier in cither July or August.

The data for the 1931 group differ from those for the groups of 1929
and 1930 not only in including the vgg stage, but also in that larvae
which had hatehed about a month rarlier than was the ease in the two
previous years were included.  Probably the most surprising discov-
ery was the fact that a few of these carlier-hintehed Iarvae pupated
the same year, for a l-vear life cevele.

The studies of growth woere made on 100 individuals that hatehed
during the period Mareh 30 to April A, inclusive, 1931, from eggs

*The phapsed rite frots the cor oo che apgwearnte of tle ol s e springe of the ~eeomed vear wanlil be
approximately 2 yenrs,
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deposited from February 20 to 28, inclusive. Each larva was fed 10
kernels of wheat monthly during the year. One of the 3 individuals
that matured in 1931 hatehed on April 2 and pupated on August 21,
after an clapsed period of 141 days in the larval stage.  This was the
shortest larval period recorded during these studies.  All 3 specimens
that matured in this year were males, Pupations in 1932 began on
August 11 nd terminated October 9. The adults, mules of which
were slightly in excess, were obtained throughout the period August
31 to November 8.

The 2 specimens that matured in 1933 for a 3-yvear cyele pupated
on September 26 and October 2 and transformed to male adults on
October 16 and 24, respectively. Pupations In 1934 occurred on
August 20 and 21, and the 2 females emerzed for a 4-year exele on
September 7 and 9. respeetively.  Fourteen of the 100 larvae died
without pupating, 7 in the first year and 6 in the second.

Another rearmg series begun in 1931 consisted of 250 sugar-beet
wireworms that hatched between Mareh 27 and May 26, from egygs
deposited in the period February 20 to April 27, The individuals in
this group were also fed 10 kernels of wheat monthly. Twenty-nine
of them failed to reach maturity, 13 and 14 dying in the first and second
yoars, respeetively,

The outstanding fact in this experiment, the data for which are
shown in the Inst 4 lines of table 3, was the farge increase of individuals
completing development in the first year. In the group of 100 just
discussedd only 3 percent matured in the Hrst yvear, whereas in this
experiment, in which larvae of approximately the same age were used,
18.8 perecent completed development in & 1-yeur exvele. No sex deter-
minations were made on the latter, but owing to their small size if is
believed that the majority were males.  The first pupation eceurred
on August 28, or after an approximate period of 5 months from the
time of hatehing.  Pupation continued in 1931 throughout Septem-
ber and terminated October 10,

Of the 163 larvae that matured in 1932 for a 2-year evele, the first
pupated on August 22 and the last on October 24, The former
transformed to an adult on September 12 and the latter on November
21.  In this group males were slightly in excess.

Pupations in 1933 of the ¢ight individuals completing development
for a 3-year eycle began later than usual, on September 12, and ended
October 18, First and lust beetles were taken on October 5 an
November 13, Females outnumbered the males 7 to 1 in this ease,
The remaining three larvae that matured for a 4-year eyele in 1934
pupated between September 23 and Oetober 14 and these emerged
as two females and o male between October 16 and November 7, in-
clusive. In this as well as in other experiments although all the
indivitluals that matured in 1 year were from ecarly-laid egys, indi-
viduals also were found in the 2-, 3-, and 4-vear cyeles fram the
early as well as the later-produced eggs. Tt is apparent that under
favorable conditions, especially of temperature, growth is accelorated,
but it is also apparent that within any group under similar condi-
tions there is considerable individual variation in rate of growth and
size.

The proportions maturing after life cycles of 1, 2, 3. 4, and 5 years
are shown graphically in figure 17,
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The duration of the larval period in the foregoing salve-can rear-
ings averaged 170.6, 504.6, $46.2, 1,225.0, and 1,589.6 days for those
maturing in 1, 2, 3, 4, and 5 years, respectively.

Basement temperatures during the larval period were in general the
same each year, averaging 67° or 69° F. throughout the entire year,
but they naturally averaged higher (71.8°) for the records of those
larvae that completed development in 1 year and did not pass
through 2 winter,

The beginning of an attempt to record  gor——- T e
the different molts and the amount of .
wheat eaten by larvae in completing de-
velopment was made in 1931, Owiny to
the difficulty in ascertaining whether the
kernels had been eaten or destroyved by
fungus, this latier phase was discontinued
until time permitted weekly instead of
monthly examinations. Owing to the
minute size of the earlier exuvia and the
difficulty in locating these, the keeping of
molt records was not begun until July 1,
after which both larvae and molted skins
were of such size as to be readily percep-
tible in the soil,

For larvace completing development in
the second year, the number of molts re-
corded from July 1 averaged 6, for the
third-year individuals the average was 7
molts, and for those maturing in 4 years
the average was 12 molts.  An examina-
tion of the data in table 11 for larvae
that matured in 2 vears shows that
possibly 4 molts were missed. The av-
erage number would then be approxi-
mately 10, 11, and 16 molts for [arvae
completing development in the second,
third, and fourth wears, respectively.
More accurate records were  obtained
by & different method and these are : 3 43
given later under approprinte headings. TIME REQUIRED TO COMPLETE

Since the previous rearing studies LIFE CYCLE (YEARS)
indicated that when the larvae hatehed Fioene 17.~ Proportions of
early in the season a greater number of  sugar-beet wireworms of the
them 1x'q{11d pupate the first year, owing f:{”{;,‘.‘;g*fﬁ*%,‘gé“';‘f,f;‘?&i‘i”‘éiﬁilt
to the extended period of feeding, it was pleting the life eycle it the
desired to obtain ‘additional data as to  indiezted numbers of yoars.
the offect of time of hatching on the
rate of pupation in the first and in later yvears. With this in view a
number of larvac of the brood of 1932 were segregated into 3 well
separated groups aecording to their date of hatehing,  Group 1 con-
sisted of 40 larvae that hatched between March 23 and 30, from eggs
deposited in the period February 24 t0 28, The 40 larvae in group 2
hatched between April 15 and May 26, from eggs deposited between
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March 17 and April 28, Group 3 consisied of 39 larvae hatehed on
June 8 from ecggs deposited on Moy 10.  Each larva in the different
groups was fed 10 kernels of wheat monthly. A summary of the
results appears in tables 4 and 5.

TasLe 4—Duration of the developmental periods af 8 groups of sugar-beel wire-
worms hatched et different times in 1932, reared in salve cans, and fed 10 kernels
of wheal monthdy, NMhambre, Calif.

EARLY-HATCNEDR GROUP (MARCH Z3-50
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In the early-hatehed group three larvae matured as males in 1932
in & 1-vear cycle, whereas in the two later-hatched groups none com-
pleted development the first year, apparently owing to the shortened
feeding perind. Pupations in this group in 1932 began August 30 and
terminated September 13,
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Tanwe 3—Summary of pupations, morlality, and sex ralios of the 1932 broud of the
sugar-beet wirewerm, Alembra, Colif,, 193.2-35
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UPhe sex doterminations were not maude until after some of the adults had been lost or destroyed by
fungns,  Consequently the sex ratlo was based on the individimis whose sex coull be established ot the
pime of exgiination, snd does pot in all mstanecs represent the total putober of adolts that emerpil,

Early hatching of larvae appeared not to accelerate the rate of
pupation in the second year, as the pupation percentage in 1933 was
even lower for the early group than that recorded in the two later-
hatched groups. In this year the earliest pupations occurred on
August 20 in the intermedinte- and {ate-hntched groups, aud the last
pupation was on Qctober 2. The adults, almost evenly divided
between the sexes, eimerged in the period September 12 to October 24,

In 1934 the percentage of pupating individuals was slightly greater
in the early-batched group than in the others, The earhiest observed
pupation recorded during these studies occurred on Junc 13 in the
late-hatched group. This specimen transformed te adult en July 2.
The last pupation was from the intermedinte-hatched larvae, on
QOctober 9, and the last adult emerged on October 31, In this year
females predominated over the males in oY} groups.

In 1935 pupations of the rematning larvae, which belonged to the
early- and intermediate-hiatched groups, began fater than usual, on
September 18, and terminated October 9. All four specimens, which
emerged between October 12 and November 5, were females.

A summary of the pupations in &l groups shows that of the 119
Inrvie at the start of the experiment the majority, or 37.1 pereent,
matured in the second, and 16.8 percent in the third vear. Group
totals showed that 80 percent of the early-, 85-percent of the inter-
medinte-, and 74.4 percent of the late-hatehed groups completed
development, The sex ratio {or the entive brood was 46.6 pervent
males and 53.4 percent females.

Apparently pupation of sugar-beet wireworms takes place during the
usual period regardless of the time of hatehing. This is verified by
the fact that not only the average but the maximum and minimum
durations of the larval period in the different years were less for the
second and succecding vears in the fate-hatched groups than amoeng
the early-hatehed larvae.
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EFFECT OF QUANTITY OF FOOD ON RATE OF LARVAL DEVELOPMENT

In previous wireworm-rearing experiments 10 kernels of wheat were
given the individual larvae at each monthly examination. Later feed-
Ing studies showed this quantity to be adequete. During the first
year of larval life, in July, August, and September, the number of
kernels eaten monthly in several instances reached a maximum of 17,
the monthly average ranging from 12.1 kernels in July fo 154 in
September. Averages slightly in excess of 10 kernels were aleo
recorded for October of the second year and for May of the third year
of larval life.

An experiment was started in March 1930 to determine the effects
of small as compared with large quantities of food on the rate of pupa-
tion. The results are summarized in table 8. Groups 1 and 2 con-
sisting of 10 aud 15 larvae, respectively, were fed individually 1
kernel of wheat monthly, and the 25 Iarvae in group 3 were fed 8 ker-
nels of wheat monthly. The results of this experiment show that the
rate of pupation is lessened when only small quantities of food are
availeble and that the larvae are capable of existing under such
adverse conditions for 5 or more years; also, that they pupate readily
when their food supply is increased.

TaBLE 6.—Effect of various quantiiics of food an the rale of lareal development of the
sugar-beel wireworin, Alhambra, Calif., 1950-54

Larval devebypunent and srortsiity dats for—

Hens e e e - —
Group ! . Groupar Cirgup 4t
Pupations: Numher Percent Nuniber Percent Nuraber Perceint
1931, B-venr ¢yeln ool e L e L (I 1] i by 4 0
WED, Sveareycie ... .. ... . 13 [+ I 2 13.33 2 a0
1933, 4-vear oyeie, .. 0, a a a 1 i N
1831, S-year evele. 3 30.0 ! I A ! +.0
Mortality . ._. ... o L 2, i 10 MhF 7 o
Continued to 1935 or later_ ... G0 ano ] o 4
L ORI SR T IS 1+ B LR, % BUR - S 1V N

| Fed 1 kernel of wheat cach per month from «date of lintehing,
? Fed a7 epoun 1 uptil March 1934, after whicl: fed B kernels each per mont.
¥ Fed § kermels of wheat each per mooth from dace of hatehing.

To determine further the effects of various quantities of food on
the rate of development of the sugar-beet wireworm, » series of 138
larvae that had hatehed between Mareh 23 and May 4 from eggs
deposited between February 24 and April 3, 1832, was divided into
3 groups and fed individually each month as follows: The 30 larvae
in group 1 were fed 10 kernels of wheat monthly except during the
period between October 1 and March 1, when the soil was ¢hanged
monthly but they were given no food. This period of starvation of
the larvae in salve cans was intended to resemble & similar condition
in an infested field void of crops during the winter. The 30 larvae
in group 2 were supplied with an sbundance of food, 20 kernels each
month; while those 1n group 3, totaling 78 larvae, were fed the usual
10 kernels of wheat monthly.

The results showed that the majority of pupations in all groups
occurred in the second year and that the pupation percentage In
group 1, although fed 10 kernels monthly and starved during the
winter period, was identical to the percentage obtained in group 2,
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fed 20 kernels monthly. The pupation percentages in the third year
were very similar in the 2 groups. Group 3, fed 10 kernels monthly,
had a lower percentage of second-vear pupations but an increase in
the third year. When the percentages of pupations for both vears
tn all groups were combined it was observed that the percentage in
group 1 was slightly higher, totaling 90, as compared with percent-
ages of 86.7 and 82.1 m groups 2 and 3, respectively. Althougl:
deprived of food for a period of 5 months, the mortality of larvae in
group 1 was 10 percent as compared with 17.9 percent in group 3
which were fed 10 kernels continupusly. The evidence presented,
though meager, indicated that a monthly diet of 10 kernels during
the period when larvae are most active is as advantageous to larval
development, or more s0, as a diet of 10 to 20 kernels of wheat fec
monthly thronghout the vear. In other words, there would be no
retardation in the development of larvae inhabiting fields not cropped
during the winter months if suffictent food were available during the
spring and summer,

Of the 138 larvae used in these studies, 78, or 56.5 percent, matured
the second year and 39, or 28.3 percent, the third year. A total of
21 larvas, or 15.2 percent, succumbed. Bexes were equal the second
year, but more females than males matured the third year. There
was less thon a day’s difference in the average lengih of the larval
period for the 2-yvear-cycle individuals in all groups. The avernge
larval period for the 3-year-cyele specimens ranged from 884.6 days
in group 3 to 901.5 days in group 1,

To substantiate the studies begun in 1932 on the elfects of various
quantities of wheat on the rate of pupation and the duration of the
larval pertod, a similar experiment was begun in 1933 on a much
larger scale. In this experiment 450 larvae that had hatehed early,
at an intermediate time, und late in the season were =egregated into
3 groups of 150 each and fed individually each month as follows: The
larvae in group 1 were fed 10 kernels of wheat, larvae in group 2 were
fed 20 kernels, and larvae in group 3 were fed 10 kernels, except for
the period between Qctober I and March 1, when the oniy treatment
was a change of soil each month.

Each of these groups was further divided into lots of 50 each accord-
ing to the dates of hatebing, Ooe lot in each group hatehed between
April 3 and 14, from egys laid between February 28 and Mareh 53 an
intermediate lot hatehed between April 23 and 28, from eggs latd be-
tween Marcels 21 and 28; and the third hatelied between Muy 20 and
June 8, from eggs deposited between April 16 and May 9.

The results, as to the ¢duration of the stages, were similar to those
obtained in the studies of 1932, which were on a smaller acale but with
the same quantities of foml.

There were very slight differences in the number of individuals com-
pleting development in the 3 groups fed different guantities of wheat,
and larval development was not retarded in the least when foml was
not provided during the winter months, nor was development accelor-
ated by the continuous feeding of 20 kernels of wheat per month
throughout the year. This indicates that the feeding by Inrvae dur-
ing the winter period 1s neghigible and consequently thewr development
is not hastened by the presence of food in nny yvear of their life in the
period from October through February, inclusive.

Contrary to previous results, the tune of hatehing of the larvae tn
these studies appeared to have had no effect on the rate of pupation
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in the first year. The 20-kerne! group had 4 larvae that matured for
it 1-vear cxvele as contrasted with 2 pupations in each of the other
uroups.  This small number was due possibly to the lower tempera-
ture that prevailed in the basement during April and AMax of 1933,
which retarded feeding anel, subsequently, the development of the
larvae during thelr first year. Temperatures in the basement during
the spring and summer of 1934 were well ahove normal, resulting in
increased food conzumption and in 4 greater pereentage of second-vear
pupations than was recordoed in previous studies.

The duration of the larval period for individuals of the 1-, 2-, and
3-vear eveles varied in the different groups aecording to the time of
hatehing.  In the early hateh the average for inclividuals of the 1-vear
exele in group 2 was 205 days, whereas in the intermediate hateh 1
II](]I\ ilual in group 1 matured after 190 days and for the 2 specimens
in group 3 the average was 154 days. One 1- -vear larva in group 1 and
1in group 2 of the later-hateh larvae completed their tl(‘\'(']()plﬂ('llt in
136 and 150 days, respeetively.  The duration of thie larval period for
the 2-vear-eyele -«p((imvm m group 1, fod 10 kernels continunusly,
ranged from 515.8 days for the carly hateh to 501.8 davs and 472.1 <Ln”
for the larvae hatc']ml.f.t at an intermediate time and Iate in the senson.
The averages deereased accordingly in the other groups from 519 to
510.7 and 476.7 dax= in group 2, and from 509.5 to 498.2 and 469.6
days in group 3, for the early-, intermediate-, and late-hatehed larvae,
respectively. A zimilar deerease is shown for the individuals com-
pleting development in the third year of larval life.

The duration of the larval period in the group starved durmg the
winter averaged slightly less than in the other groups fed 20 and 10
kernels eneh month,  This further corroborates the evidence presented
carlter, that winter feeding does not hasten the growth of the lurvae
or the subsequent rate of pupation in any group.

TARLE T.—=Summary vi pupubions, lureal mortalities, and sex retios of the 1533

brood, eariy-, Trdermediate-, and fate-halched sugar-beet wireworms; 10 specimens
in cach of fhe nine lote: Ahawdea, Colif.

GROTE L FED W KERNELS OF WEHEAT MONTHILY
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-¥ear eyele. 1] f 1 2 [ 2 2 L4 & ol
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Traal + e M [ AL M s w2 i~ oY
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1433 I i [t] i n ] L} 1
431 = 1] i 3 K 4 ~ T
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asminaten ar Didows ot i all israness repncsent thee tatad nembeer of aeladr 1Tee e §
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TabLE T.—Summary of pupations, larval wortalitics, and sex ratios of the 1953
broad, early-, intermediale-, and Inte-haiched sugar-beet wircworms; 30 specimens
in each of the nine lols; Althembra, Calif —Continued

GROUP 2, FED M KERNELS OF WHEAT MONTHLY

H upation and mortalivy data for indi Sex ratin

Ltem: : I 5 :
Hatchod Hatched ! atchoed L
Apr. 510§ Apr TS Aoy 2= ) Males

Fe-
inales

1
i ' .
Nuwm-1 Per- Nwm- Per- Num- o Pee- o Nunt-
Pupations: her et ©ober o cenl ber
1949, I-yearevele. ... 3 - 1 ’

1034, 2-voar cycle. :

1933, $-year evele.

Total, e

Total o oaeaia

Continuing as larvae to 136
GROUP A FED 10 KENNELS OF WHEAT MONTHLY
[Excopt perioed from Oct. 1 1o Aar. L, inclusive] $

Pupalinna:
1583, I-year eyele
1074, 2-%ear v o
1935, &yenr oyele

Larval mortality;
13 ...
1934 -
1935 ...,

Ceontinuing as larvae to 1935 . )
FTOTAL-GHOUTS 1, %, AND 3

Fuparlone:
A3, 1-year eyele . 1.3
1944, P-vear eyele. | St M7 : T
1933, 3-year eyvele. . 3 .4
430 +I0 gt
Larval mortality: CoTmm T
L% S it

1 L =7 ¥ i

Ceontinuing as larvae to 14936

1 Spil changed monthiy anly.

The larval mortality was low, with a range of from 8.7 percent in
the 20-kernel group to 6 percent in the 10-kernel group.  The greatest,
mortality was in the carly-hatehed and the least in the intermediate-
hatched group.  For all groups. the mortality, resulting either from
improper handling or from natural causes, totaled 34, or 7.5 percent.
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EFFECT OF CONSTANT TEMPERATURES ON RATE OF DEVELOPMENT

In the studies on the effects of constant temperatures on the larvae
of Limonius californicus ordinary insulated wooden cabinets were
employed. Heat was furnished by incandescent lights under thermo-
static control. No attempt was made to control the humidity. The
larvae held at 70° F. were fed individually 8 kernels of wheat monthly,
and those of the group confined at 80° were fed 10 kernels semi-
monthly. All stages of the insect in these rearing groups were held
at their respectwe group temperatures Data pertmmn,_., to the
rearing of the various stages of L. californicus at these temperatures
are shown in tables 8 and 9.

TabLe 8.—Duration of the developmental periods of the 198! brood of the sugar-bee!
twireleorm, at constant temperatures of 70° and 80° F., Alhambra, Calif.

AT CONSTANT TEMPERATURE OF 70° F,

Duration #f peried

L(He cy(ile
YenArs ; i 3
Euy Tarval !0 Prepupal | - Ege. Iarval,

Fupal | 8od pupal

: : |
. Daps Dirys 1 Dy 1I Days Daysx

Maxirmum. .0 21 -1 . B ¢ I8 <1

Minimum. ., - 18 roOLEY T ! {188

JAversge..... . 1RS20.4 0 163.8x51 ) S.240.5 0 17.020.2 0  %0A T+

1
Maximum . 5 bt ' a5y 5 T [

\Illummu L 14 [ 31 i
Average.. ?21.3_;_0_-15 505.947.2 | 03608  I3E0.3 | 346,347

{\Innnmm g - CO Com L0GT

385

Minimum 19 - i c 2 tooux
Average .. ..o' 19.00.0 ' %M. 5EIA, L5300 L5203 | $45.0214.8

AMaximmm o 4 C 1,283 T : | 1,34

b JMinimum ... 19 - 1, 60 i 1,300

AveTage. . 1 IR B2 R g i L2F53220 0 63308 LT0.2 1,315

AT (.“O\'SF\\T 'E‘F\[[ I-‘R_-\'I‘URE OF 80° F.

I 3aximum. .. | 5 14 18 T
Ainimom, 1 174 K] HE b4 5

. .-\\'ornge.-..-..-’ LSO LS 2624 3.8 66205 1566020 242

1...

: Maximum._...0 17 s ;N = - 51
2 ‘ 99 ) Minimum____ Y ) o E -

AAverape L D L 30, 445.800,6 © 54404 0 16.8L0.2 0 HE 14

B [ S o0 CoT 14 . o3

1 Frepupal perigd included in larval period,
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TaBLE 9.—~Swmmary of pupalions, moerialities, and sex ralios of the 1931 brood of
the sugar-beet wireworm reared at constant temporainres of ¥0° and §0° F., Al-

hambra, Calif.
REARED AT 70° F.

T

! ! Sex ratio
Tupations antl lurval

morialitios i

Males - Femnles

1
Pupations: I Numiber Pereent |
1931, L-year cycle [} 12 4.
1832, 2-vear eyele. .. ... ool oL 5 52
1933, 3-venar cycle__._ :
1934, 4-yearcvels .. ... .o .

Pereent + Pergent

s T
a

Pupntions:
1631, J-yeareyvele .o L. ...
1932, 2yearcyele . ... ..
1933, 3-year exule

The 50 individuals reared at 70° F. hatched in the period March
17 to 23 from cggs deposited between February 22 and 28, 1931,  As
might be expected, the average duration of the various periods was
very similar to that obtained in the 1931 series reared in the basement
at a slightly lower average temperature. In comparing the rate of
pupation with that of the latter group, it was found that with the
exception of the third and fourth years the percentages were fower
than those recorded for the basement-reared series.

Of unusual occurrence was the recovery of a prepupa on February
8, 1932, This specimen pupated on February 17 and transformed to
adult on March 23.  All remaining individuals pupated normally in
the different years,

In this group the duration of the egg stage ranged from 18 to 29
days and the pupal period from 16 to 26 days.

The 50 larvae held at a constant temperature of 80° F. had hatched
on March 10 and 11 from eggs deposited during the period February
22 to 24, 1931. Apparently this temperature was especially favorable
for larval development. The larval mortality was also low, totaling
7, or 14 percent. Most of the pupations in the first year occurred
later than usunal, in October and November, thus extending the length
of the larval period to an average of 216 days as compared with the
averages of 159.7 and 171.3 days for individuals s ared in the base-
ment during the same year (table 3). Starting on February 22 in
1932, larvae pupated spasmodically throughout the spring and summer

246232—11— 3
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until September 8. These abnormal pupations shortened the average
length of the larval period for the 2-year-cyele specimens to 445 days,
whereas for the basement-reared larvae averages of 527.4 and 520.5
days were recorded. The 1 specimen continuing to 1933 completed
23 observed ® meits, finally pupating on October 25 after 960 days in
the larval stage. Both the ege and pupal perieds were shortened
considerably, the former ranging in duration from 14 to 17 days and
the latter from 12 to 20 days.

In the group held at 70° F. and in the 1931 basement serics pupa-
tions oceurred over a period of 4 vears, whereas at 80° all but one
of the larvac had completed development or succumbed at the end
of the sccond vear, This shows that the higher temperature in the
cabinet held at 80° tended to aecelerate development, while at a
constant temperature of 70° the rate of pupation and the duration of
the larval periods were more in accord with the results obtained
when specimens were reared in the basement at varible temperatures
ranging from a mean of 71° to G68° in the first and later years. The
daily variation in the basement was from 3° to §° with a seasonal
variation ef from a minimum of 30° in November to a maximum of $0°
in Julv. Both these extremes occurred in 1931.

EFFECT OF BIFFERENT KINDS OF FOOD ON RATE OF DEVELOPMENT

Since the sugar-beet wireworm is not restricted to any one food it
was decided to determine the effects of different kinds of food on the
rate of its development. A series of 150 larvae that had hatehed be-
tween April 23 and 28, 1933, was divided equally into 3 groups and fed
individually as follows: Group 1 larvace were fed 1 lima bean, group
2 larvac 1 kernel of corn, and the Iarvae in group 3, 10 kernels of
wheat eacly, at monthly intervals. All larvae were confined in salve
cans and held in the basement under identical conditions, except for
food. It was observed at cach examination that neither the corn, nor
the wheat, nor the lima bean had been entirely consumed, so appar-
ently a surplus of food was availuble at all times.  The results of this
study are summarized in table 10.

Tanng 10.—Effrct of different foods on the rale of decelnpment of the sugar-beet
wireworm

Pupation and mortality doara when iudieated
fond wis supplicd monthly

Went e e e

: . A w kernels of

L tirma hean t kernel of corn whent

AT Fer- AY TS Fer- Num- Fer-

1*upnlinn: ber cend her cenf T cent
1033, l-veareyeic. ... ... L.o.0 0 L .. U] A1) il LN 2t
1034, 2-yoar exele _.. R .- A A 11 =80 2 LR
1835, d-vearevele . L. L L L Ll e R n .0 3 Al 3 [N}
Total. oo ae o crian. - [ . B ) 0 .11 i g2 1
Continuing aslarvae n 1835 .. ..o . . ... A a1 2 & 6o
Larvol mortality, 1933-35, fuelasihve. ... ... .. © U 1%, 41 b4 Tl 1 on
etal. L i icmm e imemiacaae i 16011 M) LN Bl [tHl I

i Tossibly 5 of the earliec molts were misserl.
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Owing to the heavier mortality only 72 percent of the original
number pupated the second year in the lima-bean group, as compared
with 88 and 84 pereent in the corn and in the wheat groups, respectively,
There was only one pupation the first year, that in the whent-fod
group. A summary of the pupations to the fall of 1935 shows the
corn group with the highest pupation pereentage, wheat next, and
lima beans third. A few individuals in cacly group continued as
larvae inte 1936.  Although the experiment was on too small a scale
for basing definite conclusions, the results indicaie that there is prob-
ably little if any difference in the rate of development of the sugar-beet
wireworm on the three kinds of food. 1t is difficult to sav whether
the large mortality in the lima-bean group was due to the use of this
type of food or was the result of improper handling.

The size of the resulting adults would indicate that both corn and
wheat were far superior to lima beans as food for wirewortns, since
10 males that had been fed on corn during the larval stages avernged
in weight 41 mg. cach, and 10 fed on wheat 47 mg., as compared with
32 my. for a like number of adult males that had been reared on lima
beans.  The females were heavier, averaging 70, 66, and 56 mg. cach
n the corn, wheat, and lima bean groups, respectively.

SIZE OF WIHEWORMS IN HELATION TO AGLE AND TIME OF PUPATION

It was observed that the Tarvae which hatebed on May 21, 1930,
anel had been confined in a flowerpot and fed corn at intervals, varied
in length when examined 7 months lnter on January 1, 1931, As
many entomologists have used length as a basis for estimating the
age of elaterid larvae, it was deemed advisable (o separate 30 of these
Lo 2 equal groups measuring 6 and (2 mm. in length, respeetively.
These were confined individually in salve eans and fed 6 kernels of
wheat monthly. The number from each group that completed
development in 1931 and 1932 was practically the same except for
one less R-year-eyele individual in the 12-mm. wroup. The length
of the Tarval period for the 2-vear-evele individuals in the 6-mm.
group averagel $67 days as compared with 438 days for the 12-nim.
group. For those completing developments in 3 years the averages
were 835 and 842 days in the G- and 12-mm. groups, respectively
The preportion of sexes in the G-mm. group was 5050, and in the 12-
mm. group 60 and 40 percent males and females, respectively. The
resulls indieate that the length of Tarvae has no significant relation
te the time of pupation, nor can it he used as & criterton for estimating

e,
QUANTITY OF FOOD CONSUMED BY LARVAE AT IFFERENT STAGES OF GROWTH

To determine the number of wheat kernels eaten monthly, and
when the least and when the most serious damage could be expeeted
in the field, cight larvae that had hatebied on April 15, 1932, were
confined in individual eontainers and supplied with six kernels of
wheat at pach weekly examination.  The inspection of whenat at such
frequent periods made it possible to determine necurately whoether or
not each kernel had been destroyed.

As shown in figure 18 the number of kernels caten monthly varied
according to the changes in temperature.  Above 70° F., larvae were
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exceedingly active, eating on an average from 6.1 to 15.4 kernels
monthly. The lowest average was 1 kernel when the tempersture
avergged 60.3°. The greatest numbers of kernels were caten by
larvae, 3, 4, and 5 months old, during the months of July, August,
and September, although it had always been thought that firsi-year
larvac were incapable of doing much injury.  In view of these results,
however, they are undoubtedly responsible for a large share of the
damage to vegetable crops planted in the fall.

The number of wheat kernels consumed by the 2-year-cycle larvae,
all of which matured as males, ranged from 99 to 118 and aversged
106. Of the 2 larvae completing developmens in 3 years, the male
ate 209 and the female 228 wheat kernels.

MOLTING

To obtain records of the molting of larvac of Limoenius califernicus,
newly hatehed larvae were placed singly in tightly stoppered 1- by 3-
inch glass tubes with a thick plaster of paris bottom. These fitted
tightly into holes provided in a lavge plaster of paris block. To
insure an optimum meisture within the contuiners, the block was
wetted at 3- or 4-day intervals., The food consisted of a small picce
of the starchy portion of a corn kernel which had been left soaking
overnight. The containers were examined on alternate days for
molts an to replenish the food supply. A binocular microscope was
neeessary until the third instar was reached, but aftor this the larvae
were of such size that the cast skins could be detected with the naked
eye.

During the first 2 or 3 months the larvae were extremely delicate
and readily susceptible to attacks by fungi; also, 2 heavy mortality
resulted when the containers became ecither too dry or overmoist.
After the fourth instar the larvae were transferred to i-ounec salve
cans containing 60-mesh soil and three or four kernels of moist wheat.
By sifting the fine soil through a 60-mesh sereen the east skins could
easily be detected.  Additional food and new soil were provided at
each weelkdy examination.

NEMBER AND DUHATION OF INSTARS

‘The number of larval instars in the case of § sugar-beet wire worms
completing development in the second year ranged from 10 to 13
(table 11). The number of instars wouki have been considerable loss
had developmens$ been completed in 1 vear, or more if they had ma-
tured 1n 3, 4, or 5 years.  Of a series of 25 larvae hatched in 1030, and
which had been fed individually 1 kernel of wheat monthly, 1 larva
continued to and died in 1934 after completing 22 molts.  Another of
tlie same series which pupated in 1934 completed 19 molts.  Owing to
difficulty in locating the earlier molts in this scries the first 5 or 6
were missed, so it 13 possible that these larvae, whick were reared
under adverse conditions, had undergone from 25 to possibly 30 molts.
There appears to be no relation between the number of nstars and
the sex of the resulting adult, since I specimen thet completed develop-
ment in 10 instars was a female and the 1 with 13, & male.
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*Cante 1V.—Duraiion, in days, and number of instars of 9 sugar-beet wireworms
reared ot Alhambra, Calif., 1988-84, which completed development in 2 years
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The length of each individual stadivm depends primarily upon the
temperature and the quantity of food avni&able. At high tempers-
tures larvae are very active, feeding voraciously and growing rapidly,
but when the temperature drops, their activity and growth are
retarded.

Observations were made on the growth of the same larvae that
furnished the data for table 11, and the average length of the wire-
worm and width of the head capsule were recorded during cach
instar period as shown in table 12, For comparison the head-capsule
widtl as computed by Dyar's lnw are also given.

"PapuE 12.—Lengih of Inreae and size of head capsule of the sugur-beel wireworm
: ; i !
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During the period of the first 6 instars between April 5 and Novem-
ber 23 the larvae increased from their [nitiel length of 2.7 mum. to an
average of 13.8 mm., indicating that growth was exceptionally rapid
duving this period. This is also confirmed by the records of kernels
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caten (fiz. 18), which shows that the largest quantity of {ood was
consumed during the first year of larval life, especially during the
months of July, August, September, and October.  The duration of
the instars was also shorter, ranging from an average of 26.1 to 30.3
davs. With a drop in temperature during the winter and with less
feeding the latter part of the first and during the second year, the
average duration of the seventh and succeeding instars was lengthened.
AMolting continued very irregularly in 1934, causing considerable
overlapping of molting dates and a wide variation between the maxi-
mum and minimum records. With the longer intervals hetween
instars the length of the larvae increased in proportion until the maxi-
mum of 26 mm. was reached.

Owing to the rupturing of the exuviae directly in back of the head,
considerable difficulty was experienced in obtaining aceurate measure-
ment of the head capsules, especially in the later instars. For this
repson  measurements were discontinued after the tenth instar
MeDougall (5) in a recent paper reported simiilar difficulty with Lacon
variabilis Cand., and found that measurements of the ventral mouth
parts were more dependable in determining larval instars. A study
of tlie observed head-width measurements as completed. however, indi-
cates that these are in elose agreement with the theoretical dimensions
caleulated by the application of Dyar's law.

SUMMARY OF DEVELOPMENTAL STUDIES OF WIREWOHRMS [N SALVE CANS

As shown by the data in various rearing experiments in which
different quam{it:eb and kinds of food were used, the larval fife of the
sugar-beet wireworm s extremely variable, ranging from 5 or 6 fo 53
months in duration. OF larvae that hatehed on the same date t\nd
were fed the same kind and quantity of food, some pupated early and
some fater in the same year while others continued in the larval stage
for several vears. Often iarvae 2 or 3 years of age would <loltx}
pupation untii late in October, whereas larvae that were maturing in
1 year pupated ecarlier, in August or September of the same year.
The factors governing the lonrfth of larval life ave difficult to determine,
Apparently tmnpomturo cannot be considered, as all individuals were
reared in the basement under stmilar conditions of temperiature.  Nor
is soil moisture a factor, as the optimum of 14 percoent was closely
adhered to when the soil was replenished in the salve cans at ench
monthly examination. The food was treated the same, usually
soaked in water over night before being used the following cla\ Evi-
dently different kinds of food are not concerned, as irregular pupstions
also oecurred when lima beans and corn were used.

Table 13 shows the average durations of the larval period of 1479
individuals reared in salve cuns, and which mntuu-cl i from [ te S
vears, Owing to the late hatching of the larvae in 1929 aned 1930,
none of these completed development during the first vear; in .uldltmn,
the average life span of these larvae was shortened as (mnp.tmi with
others that had hatched carlier in their FOSPECtive Reazons.
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TasLE 13.—Average duration of the larval period of sugar-beet wireworms, which
matured in from ! to 3 years when reared in salve cons, Alhambrae, Calif., 1820-35

1-year eycla 2-yenr cycle Fvenr pyele 4-year eyvele d-year eyele
Year T
ssrf:l;-lt?d e Avarngs ! Averngo Rec- AVErsge Ree- Averige Ree- Avernge
Iarval ords Incval ords Inrend perjod orils neyn
] period poriof period period
N Num- ANum-
Doys ber Days ber ber
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97. 2 1l | 870.6 0 a..
oraver-| : ! !
age ..., 61 IFLERLD 1,193 502843, 4 | 204 | 85T B 4 18 ¢ 1, %3.8+£5.3 31,880 711
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112 specimens continued as larvae to 1936

In all cases the larval periods of the individuals developing into
females averaged shightly longer than those of the larvae that de-
veloped inte males, In the 2-year-cycle group 407 male larvae
averaged 506 days in the larval stage as compared with an average of
509 days for 386 female larvac. The average duration of larval life
for 48 males that matured in the third year was 861 days, and for 66
females 871 days. In the fourth year the average larval period was
1,225 days for 4 males, and 1,239 days for 8 females,

The numbers of sugar-beet wireworms reared in salve cans com-
pleting development cach year during the period 1929 to 1935, inclu-
sive, arc shown in table 14. As previously stated, the absence of
1-year-cyele individuals in 1929 and 1930 was due to the late hatching
of the larvae.

TasLe 14.—Numbers and percentages of sugar-beet wireworms reared in selve eans
compleling their development in different numbers of years during the perivd
1929-35
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112 specimens coutinued as Inrvae fo 1934,

There appears to be considerable variution i thie pereentages of indi-
viduals pupating in the different years. Espeeially was this true in the
1931 series, which had 14 percent maturing in the first year, and in the
1933 series, which had a pupation percentage of 96.1 in the second year.
Apparently the high temperatures that prevailed throughout the
spring and summer of 1934 stimulated larval feeding and inereased
the number of pupations as shown. In the third year the percentage
maturing ranged from 2.2 in the 1933 series to 36.8 in the 1929 series.
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The latter also had the highest percentage of maturing individuals
in the fourth year,

Temperatures in the basement during the period of these rearing
studies ranged from & monthly mean of 57.9° F. in January to 79.4°
in July of 1931.  The lowest daily minimum was 50° on November 24,
1931, and the highest maximum was 90° F., recorded on July 26, 1931,

OUTDOOR REARING STUDIES
For outdoor rearings unglazed drainage titles were used as cages

{fig. 19). These were made by cementing two 6-by-12-inch drainage
tiles end to end. They were set vertically in the ground 23 inches

Freurg 19.—Unglazed tile cages used for outdoor rearing, showing sereen tops in
position, Alhambra, Calif.

deep so that 1 ineh remained above the surface for the attachment of
screcn cages. To prevent the escape of the lurvae one-half inch of
plaster of paris was poured into the bottom of each tile cage and
allowed to harden. Soil of a sandy loam texture was taken from
infested ficlds and screcned and then placed in the eages and fumi-
gated with carbon disulfide. Fine-mesh screen tops were attached
prier to the emergence period to prevent possible oviposition by stray
claterid adults. Twenty-five small larvae were put in cach eange.
They were first fed wheat, but as they grew older their dict was
changed to corn.  Usnally 15 to 20 kernels were provided at intervals
of 6 weeks during the spring and sumumer and every 2 months during
the winter, when their activity lessened. The maoisture content
of the soil wns kept as near the optimum as possible by frequent
irrigntion, It was necessary to remove and sift the soil in the different
series after transformation, to remove either the 1-, 2-, or 3-year-cyele
adults present. In 1931 the cages woere taken up and the soil pushed
out so none of the larvae were injured.  In later vears a trowel was
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used to remove the soil, which caused some larval injury as noted
under handling mortality in the differcnt years. Recording thermom-
eters were used to record the temperature at the 4-, 8-, and 12-inch
depths. Further details regarding equipment and methods of rearing
sugar-beet wireworms in outdoor eages are explained by the author
in another article {8),

The life-history studies outdoors in 1931 were based on the activities
of 750 larvae that hatehed in May and were confined in 30 tile cages.
The examination of all cages in the fall of 1931 resulted in the finding
of 2 adults (males) that had completed development after slightly more
than 5 months in the larval stage. Over 61 percent of the total larvae
were found missing, leaving 288 individuals continuing inte the second
year. The second examination in November 1932 showed that 8
percent of the original number of larvae had matured for a 2-year
cycle and that 28.8 percent had succumbed. Of the 12 larvae reniain-
ing, 5 matured in 1933 for a 3-year cyele and 7 died or were enten.

The proportion of sexes for all years totaled 55.83 percent males
and 44.7 percent fermales. During the 3 years a total of 683, or 91
percent, of the larvae either died from natural causes or were the
victims of canmibalism, This large mortality, expecially in 1931,
may be attributed to the high soil temperatures, which on July 26
reached a maximum of 110° F, at the 4-inch level, 96° at 8 inches, and
88° at the 12-inch depth. The mean soil temperatures at all depths
were considerably higher than those recorded during the first vear in
the brood studies of 1932 and 1933.

The 1,025 larvae used in the tile-cage studies in 1932 were segregated
into 3 groups according to the time of their hatehing, group 1 having
hatclied between April 1 and 15, group 2 between April 15 and 23,
and group 3 between May 2 and 6.

The first examination, in November 1932, showed that the number
completing development the first year decreased aceording to the time
of hatching, from 18.1 percent in the early-hatehing group 1 to 2.7
and 1.1 percent in groups 2 and 3, which hatched later. Dissections
showed that the sex ratio of these individuals was 63.6 percent of males
and 36.4 of females. The mortality was highest (98.9 percent) in
the group hatching late in the season and lowoest (64.6 percent) in
the carly-hatched group. A total of 808, or 78.8 percent, of the
larvae were found to be missing.  Of the 119 larvac removed from the
cages, 18 were injured, leaving only 101 for observation in 1933,

In that r.ar 9.9 percent of the original number matured in group
1 and 3.5 percent in group 2 for a 2-year cyele. No larvae remained
in group 3. The proportion of sexes of these individuals showed
females slightly in excess. Only one larva in cach of groups 1 and 2
continued into 1934 for a possibie 3-year cyele.

In summarizing the number completing development in all groups,
it was found that 9.6 percent of the larvae matured in 1932 for » I-year
cycle and 5.8 percent in 1933 for a 2-vear cycle. The sex ratio of the
adults was in the proportion of 54.9 and 45.1 percent males and
females, respectively.  Over 84 percent of the larvae used were found
missing or were injured.  Mean soil temperatures were high during
the lifc of the 1-year-eycle individuals and lower where development
required 2 yvears for complotion.
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Studies of larval development outdoors in 1833 were based on the
activities of 2,000 larvae that had also been segregated according to
early, intermediate, and late hatching dates, and placed in 80 tile
cages, ‘The larvae in the respective groups had hatched between
April 12 and 21, between April 29 and May 10, and between May
12 and 19.

The examination on November 1, 1933, further substantiated the
results obtained in the 1932 series, mainly for the reason that the
greater percentage of larvae that matured for I-vear cycle were
found in the early hatched group. Although there was only a few
weeks' difference in elapsed time between hatchings, 5.9 percent of
the larvae matured in the early hatched group as compared with 1.1
percent in the intermediate and none in the late hatched group.
Only 21.1 percent of the I-vear-cycle adults were females, indicating
that female larvae, with few exceptions, require n longer feeding
periodl to complete their development. The mortality during the
first year was the lowest recorded, ranging from 42 percent in groups
1 and 2 to 33.3 percent in group 3. The total mortality was 815, or
40.7 percent of the ornginal number. A total of 85, or 4.7 percent,
of the larvae in all groups were injured curing the process of removing
them from the cages, leaving 1,019 larvae for exnmination in 1934,

On completion of the 1934 examinatiory on November 1, it was
found that 21.4 percent of the larvae had matured in group 1, 16.8
percent in group 2, and 20.7 percent in group 3, for a 2-year cyele.
Of these 44.5 percent were males and 55.5 percent females. The
mortality in all groups totaled 388, or 26.4 percent. Six of the 34
remaining larvae were injured, leaving 28 to be returned to the cages.
Of these 21 matured in 1935 for o 3-year eycle and 7 succumbed.

A summary of all groups showed that 3.5 percent of the larvae
matured in 1933 for a I-year cyvele, 19.8 percent matured in 1934 for
a 2-vear cycle, and 1.0 percent in 1935 for a 3-vear cycle. Of the
489 mdividuals that matured, 44.5 percent were females. The mor-
tality totaled 75.4 percent, being slightly lower than that recorded in
previous years. There was a difference of only 2° F. in the soil
temperatures ot all depths in the I-yesr-cyele groups, and a difference
of 0.2° during the second year.

Table 15 gives the summary of the life-history experiments intile
cages during the period 1931 to 19335, inclusive. As was the case in
the salve-can rearings, the greater number of larvae that matured
during the first season was found in the early hatched and the least
in the later hatched groups. A similar decrease was noted for the
larvae completing development the second season. Although the
tile-reared larvae were in constant competiton for food, they had a
greater percentage of individuals maturing the first yvear than did the
lnrvae confined individunily in salve cans. It is possible that soil
temperatures, whieh averaged from 4® to 5° F. higher than in the
basement during the season, may have been the principsal factor re-
sponsible for the difference in the percentages obtained. A further
comparison shows that the majority of the tile-reared larvae completed
development in 1 and 2 years, only a few continuing to the third
vear, whereas the greater percentage of the salve-can-reared larvae
matured In 2 and in 3 vears, some even continuing for 4 or 5 years
before reaching maturity.
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TaBLE 15.—Summary of life-history studies of the sugar-beel wireworm in lile cages,
Afhambra, Callf., 1931-35
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Of the 3,775 larvae used in the tile-rearing experiments, only 714,
or 18.9 percent, completed development; 2,940, or 77.9 percent, were
either the victims of cannibalismn er died from natural causes; and
121, or 3.2 percent, were injured by handling.

Daily minimum and maximum soil temperatures were fairly con-
sistent in the different years. From 1931 to 1935, inclusive, minimum
daily temperatures at 4 inches ranged from 35° to 44° F.; at 8 inches,
from 37° to 48°; and at 12 inches, from 41° to 50°, Maximum tem-
peratures recorded at 4-, 8-, and 12-inch depths were 110°, 96°, and
88° in July 1931. In the period 1932 to 1935, inclusive, the highest
daily temperntures at the 4-inch level ranged from 98° to 101°, at 8
inches from 91° to 92°, and at 12 inches from 87° to 88° F.

DURATION OF THE PREPUPAL PERIOD

To ascertain as accurately as possible the time of pupation in the
salve cans, the larvae were examined at 3-day intervals beginning
about the middle of July, and thereafter throughout the pupation
period. At each such examination the larvae that had entered the
prepupal stage, as indicated by inactivity, shortening of the body,
and enlargement of the middle segments, were placed in a depression
on top of the soil in salve cans, where they were observed daily until
pupation.

The prepupae, as well as pupae, are delicate, helpless, and readily
susceptible to attacks by a fungus and by bacteria. In many in-
stances the prepupae would be completely entwined by strands of
hyphae, but if these were removed or washed off, pupation would
occur normally. Mites ** also were frequently observed feeding on
injured or dead specimens, apparently in the role of scavengers.

As shown in table 16, the earliest prepups was obtained on May
29, in 1934, and the latest on October 23, in 1931, The vearly aver-
age duration of the prepupal period ranged from 6.4 davs in 193( to

1% According to H. E. Ewing, these miles ace migratory nymphs of some speciss of Tyrogiyphlae, prab-
ably not parasitic.
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9.4 days in 1933, and for the 4-year period the average was 7.6 days.
Females remained in the prepupal condition for an average of 8.6
days as compared with 7.4 days for the males.

Tarvg 16.—Duration of the prepupal period of the sugar-beel wireworm in salve
cans, Alhambra, Calif,, 1931-84
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TIME OF PUPATION IN SALVE CANS

The time and duration of the pupal period during the 4 years 1931
to 1934 was obtained by combining the data from all pupations in the
different rearing groups, regardiess of the quantity or kinds of food.
Individual records were then segregated according to the weekly
period in which the pupation occurred. The temperature records
included in the time of pupation were obtained by averaging the datly
temperatures in the basement rearing room for each week., Tempera-
tures for the durition of the pupal period consisted of an average of
the daily mean temmperatures in each week from the date of the first
pupation to that of the last transformation to the adult.

The first pupation in 1931 occurred on July 22 and the last 98 days
later on October 27 (table 17). The season was marked by the
occurrence of unusually high temperatures hoth outdoeors and in the
basement, and this was undoubtedly responsible for hastening larval
levelopment and subsequently the beginning of the pupation period.
Referning to figure 20 it is observed that two distinct peaks oceurred,
one during the weecks ended August 25 and September 1 and one for
the week that ended September 22, Temperatures advanced sharply
in the week preceding and during the time in which the first peak
oceurred, after which they declined and continued low during the
period of the second peak.” In the latter case it does not appear that
temperatures were significant, as the rate of pupation increased
rapidly even though temperatures were on the decline,  The rearings
in the salve cans showed that 4- and even s-year-old larvac pupated
Inte in September after the majority of the younger larvae had already
entered the pupal stage, thus indieating that the first peak was not
the result of pupations of older larvae. Sex identity also does not
appear to be of any conscquence, as both male and female pupations
occurred irregularly throughout the season.
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Ficune 20.—Time and rate of pupation of the sugar-beet wireworm in salve
cans as compared with mean basement temperatures of the laboratory, Alham-
bra, Calif., 1331-34.

TasLe 17,—First and last records of pupation of the sugar-beel wireworm in salve
cans, Athambra, Calif., 1931-34
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Low temperatures in the basement rearing room prior to the pupa-
tion period in 1932 not only retarded larval development but appar-
ently delayed the beginning date of pupation to 2 wecks later than
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in the previous years. The pupation period extended over a period
of 79 days from August 7 to October 24, inclusive. The majority
of pupations were recorded between August 26 and September I,
with a gradual decline starting on September 29 (table 18).

Tanre 18.—Time of pupation of the sugar-beet wireworm in selve cans, Althambra,
Calif., 193134
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_ tOgespeeiinen pupated on June 13, beeoming an adult an July 2, and unother paapated on July 13, becom-
iy an wdule on August 1.

In 1933 the first pupa was obtained on August 16 and the last 72
days later, on October 27. Temperatures were similar to those re-
corded in 1932, the average for the pupation period being only four-
tenths of a degree higher than in the previous year. Nearly 60 percent
of the pupations occurred during the 2-week period September & to 22.

The first pupation in 1934 occurred on June 13 and the next on July
13. These were the eurliest pupation records obtained during the 4
years. Btarting on July 26 the number increased gradually until the
peak of pupation was reached in the week ended September 8. Nearly
67 percent of the pupations eccurred during September. Weekly tem-
peratures during the season were [airly high, averaging 74.8° F., whicl
was four-tenths of a degree below the average obtained in 1931.

The swmmary for the 4 years was based on 1,525 individuals which
pupated over a period of 14 weeks during the interval from July 22 to
October 27. This summary shows that over 88 percent of the pupa-
tions occurred during the 6-week period August 19 to September 29.
As the length of the pupal stage is approximately 21 days, ploughing
for the destruction of pupae would then be most effective if done on
2 occastons, on or about September 5 and 25.

TIME OF PUPATION IN THE FIELD

The data on the time of pupation in the field were based largely on
thie records obtained when making population and depth studies at
intervals during the summers of 1931, 1932, and 1933,
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In 1931 two newly transformed adults were recovered at the 9-inch
depth in a barren field near Temple, Calif., on July 31. As the aver-
age length of the pupal period is approximately 21 days, these indi-
viduals probably pupated on or about July 10. In 1932 the first pupa
was taken on August 6. They were very abundant on a comfield near
El Monte and in tile rearing cages on August 30. Probably the most
unusual and unaccountable discovery was the finding of a pupa on
December 27, 1932, in a corn plot adjacent to the laboratory. Records
for 1933 show a prepupn recovered on July 3 near Temple. This
specimen pupated in the basement on July 10 and transformed to an
adult on July 31. Of nine pupae taken in the same area on July 10
the first adult was obtained on July 21, and the remainder between
July 26 and August 3. Though meager, these records indicate that
pupation in the field begins early in July, the majority of pupations
probably occurring during August and September, and the last about
the middle of October.

DURATION OF THE PUPAL PERIOD 1IN SALVE CANS

The duration of the pupal period in salve cans during the years 1931
to 1934, inclusive, appears in table 19, These data are based on the
same numbers of individuals shown for each week in table 18.

TanLy 19.—Duralion of the pupal period of the sugar-bect wireworm in salve cans,
Athambra, Calif,, 1831-34
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The abnormally high temperatures in the basement rearing room
during the period of pupation in 1931 shortened the pupal stage to an
average of 18.7 days and a minimum of 13 davs. The groups that
pupated during the week of July 22 28 and the 2-week period between
August 12 and 25 experienced the highest temperatures recorded
during the 4-vear period of these studies, and the average length of
the period was from 15.1 to 16.7 dayvs. A maximum of 34 days for
the pupsl period was recorded during the week that ended Octobor 27
when the temperature dropped to a low of 66.2° F.
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The seasonal average for the pupal period in 1932 was greater by
seven-tenths of & day than the average of 22.6 days obtained in 1933,
This slight variation may be attributed to the one-tenth of & degree
difference in temperature, which averaged 72.2° in 1932 and 72.3° in
1933. The range in 1932 was from 16 to 33 days as compared with
& range of from 19 to 26 days in 1933,

TEMPLRATUAL {'F)

WL AN

e,

T g
JuLy AUGUST SCPTEMBER OCTOBER

Frovae 21.—Duration of the pupal period of the snpar-beet wireworm as com-
pared with mean basement temperatures of the laboratory at Alhambra, Calif,,
1931-34.

The pupal period in 1934 averaged 20.5 days and ranged from an
average of 16 days for pupations occurring during the week ended
July 28 to 26 days for pupations in the week October 7 1o 13.  Tem-
peratures over the entire 14-week period averaged 73.8° F.

The summary shows that for all years the duration of the pupal
period ranged from o runimum of 13 days to o maximum of 34 doys
and aversged 21.4 days. Iigure 21 presents these data graphically
for cach year.
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FACTOWS AFFECTING THE DEPTH OF PUPATION

The depth at which larvae pupate is determined prineipally by the
type of soil, its moisture content, the position of larval food prior to
pupation, and soil temperature,  Depth studies compleled on August
30, 1632, i1 a cornfield uear El Monte, Calif., showed that over 64
percent of the pupne were In the first 6 inchies and the remainder
between the 6- and t5-inch depths.  The shallowness of these pupa-
tions was apparently due to the Taverable temperature provided by the
corn foliage, by un optimum soil moisture of about 12 percent at all
depths, and by the presence of food near the soil surface. Siftings
made on the following day in an adjoining fallowed field showed that
the majority of the pupations had occurred between the 12- and 15-
inch depths.  In this ease, however, the soil was exceedingly dry,
ranging from a moisture content of 3.6 percent (dry weight) in the
Hrst 3 inches to 9 percent between the 12- and 153-ineh depths,

DEPTH OF PLPATION IN OUTDOOR CACES

The depth of pupation in outdoor cages was determined by con-
fining 25 large larvae in each of 8 cages, early in Mareh, so that there
would be sufficient time for the larvae to feed and to orient themselves
prior to pupation late in the summer. Corn was added at intervals
of & weeks and the eages irrigated when necessary. A series of these
cages were seb up each spring during the years 1929 to 1932, inclusive.
As the majority of pupations occur in September, the cages were
removed and examined cach vear during this month.

Tlhe procedure consisted of first breaking the tile cages in half ' and
then forcing out and sifting each inch of soil after it had heen sliced
off with a large knife. The results for the different years are shown
in tabie 20.

Tanne 20.--Depth of pupation of the sugar-beet wireworm in tile cages, Ahambra,
Calif., 1329-32
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Although considerable variation existed in the depths at which
pupation occmled there appeared to be only a slight difference in
the mean depths i in each of the 4 years.

THE ApuLT
EMERGENCE IN THE FIELD

Datn on the first and last appearances and on the abundance of the
heetles in the field were obtained by sweeping alfalfa with an insect
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Ficvre 22.—lelative numbers of adults of the sugar-beet wireworm collected
by sweeping in alfalfa fields at given intervals, Temple, Calif.,, 1930-33,

net on alternate days, if weather and time permitted, for a period of
153 minutes between the hours of 1t a. m. and 1 p. m. The results
obtained during the seasous of 1930 to 1933 inclusive are shown
graphically in figure 22.

In 1930 the first adults were collected at Temple, Calif., on March 8,
and adults were active over a period of 82 days, until \Inv 28, Thv)
were most abundant during the 2-week period ended March 31




52 TECRXNICAL BULLETIN 744, U. 5. DEPT. OF AGRICULTURE

In 1931 emergence occuired earlier. Adults were taken on Feb-
ruary 17 and in small numbers until March 1. The peak of collecting
occurred between March 1 and 15, and the last adults were caught on
May 26. On February 4, 1931, R. E. Barrett collected over 50 adults
of Limenius californicus under codling moth bands on walnut trees
near Ventura, Calif. Tt is believed that plowing in or near the groves
liad brought these adults to or near the surface, where they were ex-
posed to higher and more variable surface temperatures. This may
have been responsible for some activity, and with a peried of lower
temperatures they had crawled under the bands for shelter.

In 1932, in the vicinity of El Monte, adults first appeared on Feb-
ruary 20 and were active over a period of 85 days, until May 14.
Males were taken at Venturn on February 23; at Smeltzer, on alfalfa,
and near Buena Park, on rhubarb blossoms, on February 24. The
numbers of adults collected per hour at Temple during the 2 weekly
periods ended Mareh 15 and 31 averaged 214 and 227, respectively.
These were the highest records obtained during the time of these
studies. In Orange and Ventura Counties the peak of emergence,
based on experiments with malva traps, occurred during the week
ended Mareh 25.

In 1933 Mr, Barrett collected two females and one male under moth
bands on February 1 near Ventura. A number of males were swept
from alfalfa near Temple on February 17. Females were collected
near Pomona on February 21, under malva traps near El Monte on
February 22, and on alfalfa near Temple on March 30.  Tn the vieinity
of Alhambra the adults were active over a period of 90 days, until
NMay 17, Although the records for 1933 are incomplete, the peak of
emergence probably oceurred in the period Mareh 16 to 31, Malva
traps in Orange C'ounty yielded the greatest number of heetles during
the week ended Mareh 25, and in Venturn and Los Angeles Counties,
during the week ended April 1. These field studies were discontinued
after that date.

The summary for the 4 vears (table 21) was based on the collection,
by sweeping, of 8,199 beetles during a total of 80 hours. Nearly
60 percent of these were collected in March.  With the exception of
1931, the peak of adult collecting in the field cecurred between Mareh
16 and 31.

VanLe 21, —8uwwmary of thr data on collections of adnits of the sngar-becl wireworm
in aifalfa fields, 1930-33

Adubts collisgied
*eri Colleer- .
Yerind ing preoriond

" Total Per Baur

Honre  Number  leerage Preeent
Ful, 17-28 . e . . . e 2y iy il 0 14
Mar, 114 . . i 3, 6hG 44 0 L6
Mnr. LB-3] . . . . e e 21 3.0 I

Apr. 1-15 .. HS i, 452

Apr. I6-an

May 1-15 .

ey 154

Total or average.
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Mild temperatures during the winter of 1933-34 were responsible for
an earlier increase in soil temperatures and for an emergence in 1934
beginning from 2 to 3 weeks earlier than in previous years. Males
were taken on alfalfa near Artesia and El Monte as early as February
5 and females on February 21, In the heavier soils near Huntington
Beach, males did not appear until February 12. The few records
obtained by sweeping indicated that the adults were just as abundant
as in previous vears, there being no noticeable reduction in their num-
ber as a result of the exceptionally heavy ruinfall, which totaled 19
inches during the period from December 13, 1933, to February 6, 1934.
Malva-trap collections in Orange County, in 1934, showed that the
peak of emergence occurred in the week ending March 18, In
Ventura and Los Angeles Counties the lurgest numbers were collected
between Mareh 19 and 23.

In 19335, as & result of an exceptionally mild winter, males appeared
on zalfalfa in the sandy soil sections near El Monte in Los Angeles
County on January 25. This was the earliest date of emergence to be
recorcled. At Huntington Beaeh, Orange County, males first ap-
peared on February 1. No records are available for the females n
either of these localities,

MONTHLY DEPTH RECORDS OF OVERWINTEHING ADULTS

To ascertain the position of the overwintering adults in the soil each
menth prior to emergence, o group of tile cages (fig. 23) containing 253
large larvae each were set up in the springs of 1930, 1931, and 1932,
The corn used as food was replenished at intervals of 6 weeks, and the
moisture content of the soil was kept as near optimum as possible by
frequent irrigations. Air temperatures and the temperatures in the
soil at the 4-, 8-, and 12-inch depths were recorded during the ex-
periment. Usunlly 4 to 6 tile coges, depending on the number of
adults recovered, were removed and examined on the last dav of each
meonth beginning with August and continuing to February, To avoid
the possibility of adults emerging prior to examination, the February
croup of cages was examined on February 20, The procedure was to
break eacht cage in half on the cemented line and then force out an
inch of soil gt a time to be sliced off with a knife. The beetles and any
larvae remaining were recovered by sifting each slice through a sereen
having 16 meshes per linear inch. Data on the depth of pupation
were also obtained by these studies. The numbers of adults recovered
at the various depths during the different months and vears are shown
in figure 24, and these data, together with the soil aml iir teruperatures,
appear in table 22.
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TFicure 24.—Depths of adults of the sugar-beet wireworm in tile cages from time

of tronsformation in the fall to emergence in the spring, Alhambra, Calif,,
1930-33.
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TaBLE 22 —Monthly records, showing depth of occurrence in the sotl of overwiniering
a{iults of the sugar-bect wireworm in file cages, Alhambra, Calif., 1851)-33, inclu-
sive

FALL AND WINTER OF 1030-31
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The beginning and rate of movement of the adults to the surface
depend entirely on soil temperature. Significant changes in air tem-
perature usually affect the soil temperature at the 4-inch depth in
from I to 2 hours.” At the 8- and 12-inch depths, however, the re-
sponse mey not be felt until late in the evening, or on the following
day, depending on the degree of the air-temperature changes.

The date obtsined in 1930 showed that there was but slight varia-
tion inghe mean depths of occurrence of the adults between August
and December, inclusive. It is observed also that the minimum and
maximum depths are fairly consistent cach month. The fact that
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many of the adults were found intact in their pupal celis would indi-
cate that but little movement surfaceward had taken place even as late
as December. Therefore, the depth at whick the adults were recov-
ered in this period could be considered as thieir normal depth of
pupation. Although mean soil temperatures for January at the S-
and 12-inch depths were lower than in the preceding month, air tem-
peratures advanced sharply beginning en January 24, eausing an in-
crease in soil temperatures at all depths. Undoubtedly this sudden
change was responsible for the movement of the adults from 2 max-
imum depth of 19 inches to within 12 inches of the surface. The
average depth on January 31 was 6.9 inches. Air temperatures
continued to rise during February, resulting in a substantial increase
mn soi temperatures at all depths, which accounted for the presence
of all the adults in the upper 6 inches, and at an average depth of
1.8 inches on February 20. The first emergence of the adults occurred
on February 24,

In 1931 both the mean and maximum depths of the adults were
less in comparison with the previous and later yvears. This is difficult
to understand, considering the fact that soil temperatures for August
and Septetaber averaged considerably higher than for the same
months in ecither of the other years, and that under such conditions
pupation should occur at even lower depths. In this case probably
the soil temperatures were not high enough to have had any effect
on the larvae prior to pupation, or else, owing to the extremely warm
summer, the larvae had become accustomed to the high témpera-
tures that prevailed. A sharp drop in air and soil temperatures
during November was followed by even cooler weather and subse-
quently lower soil temperatures during December and January.
Although the results for the latter months showed the occurrence of
the adults higher in the soil, it is believed that no movement surface-
ward of these individuals had oceurred. With a rapid rise of air and
soil temperatures during February, the examination on February 20
showed that all beetles had moved from a maximum depth of 12 inches
te within ¢ inches of the surface, and that the average depth was 3
inches. Emergence in 1932 began on March 1.

In 1932, except for September 30, the records of the occurrence of
the adults in the soil during the months of August to November.
inclusive, were very similar to those for the same months in 1930.
The soil and air temperatures were also about the snme. The results
show that the beetles were nearer the surface on December 31, oven
though soil temperatures at all depths were on a decline. This
movement continued during January, when temperatures were even
lower. On several oceasions daily maximum air temperatures in
December and January reached 78° and 83° F. This was responsible
for a slight rise in soil temperatures and subsequent movement on
the part of the adults, as shown.

As In previous years, air and soil temperatures at all depths during
February 1933 increased rapidly, bringing some of the heetles to
within I inch of the surface and giving an average depth of 6.5 inches
on February 20. In the emergence cages adults appeared on the
surface on that date,

These data indicate that adults generally remain in their pupal
cells at an average depth of 10.5 inches until November 30, During
December movement surfaceward begins even thongh the air and soil




58 TECHXICAL BULLETIN 744, U. $. DEPT. OF AGRICULTURE

temperatures at all depths are on the deeline. In spite of still lower
temperatures during January the adults continued to move surface-
ward from an average depth of 9.1 inches at the first of the nionth to
an average of 7.5 inchies on January 31, A considerable inerease in
soil temperatures during February hastened their rate of movement
and brought all adults to within 11 inches of the surface on February
20, when the average depth was 4 inches,

A cheek on the sex of the adults removed from the tile cages ut
various depths on January 30, 1933, showed that the average depth
of the males in the seil was 5.4 inches as compared with 9.8 inches for
the females (table 23). Examinations made on February 22 in both
1932 and in 1933 showed the mean depth of oceurrence of the males
to be 4 and 3.5 inches, whereas the females were 6.1 and 7.8 inches
below the surface. respectively. An average of both vears also shows
that the female minimnm. maximum, and modal depths of eccurrence
in the soil were greater than for the males. It is believed that the
females require a higher temperature to stimulate activity and move-
ment surfaceward. The results of these studies explain the earlier
appearance of the males in the field, in tile cages, and under malva
traps.

Taswe 23, Depth of eccurrence of male and female adulls of the sugar-bect wire-
worm in tile cages an Jan. 30 and Feb, 22, Ahambea, Calif., 1932 and 1933
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EMEHRGENCE FHOM TILE CAGES

Early in the summer of 1930 preparations were made for obtaining
data on the emergence of adults during the next season. A group of
the tile cages (fig. 19) used for outdoor rearing studies (p. 411 were
used. Each tile was flled with stertlized sifted soil, and a small
quantity of corn and 25 larue larvac of Limoenius californicus were
buried between § and 12 inclies deep.  Larvae confined in this manner
had sufficient time to feed and to orient themselves normally before
entering the prepupal stage. Except for occasional irrigations and
the attachment of 18-mesh, cy¥lindrical, removable screen tops (fig.
19}, no further care was required. During the emergence period the
beetles were removed twice daily, usually at 12 m, and 5 p. m.  In-
struments enclosed in a standard Weather Bureau shelter were used
to record the temperature of the air and of the soil aé the 4-, §-, and
12-inch depths. The results obtained in 1931 proved so satisfactory
that larger series of cages were set up in the 4 succeeding vears.
A record of the number of larvae introduced and of the adults re-
covered each year appears in table 24
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TawLE 24.—Number of larvae of the sugar-beet wireworm introduced and adulls
recoveredd from (e emergence cages, Aihambra, Calif., 1331-33, inclusive

1842 1433 134 1935 Toral

[tem 1w

Coages emproyl e nutnher % k L BN
Larvne introdueed . i 25 E FE ) Tl
Larvoe that fafled o pupage . do . a8 K fid L%}
Lurvae destroyed or divd e 31 T Al 58 1
Emereed as adules R o 146G 5 238 ER
Ermuvrged . . o . BUroent L] K L6 L5 43.2

As the rate of emergence is governed by temperature, the data
covering the years 1931 to 1933, inclusive, together with the mean
so1l temperature for each week at the 4- and 8-ineh depths, are shown
graphically in figure 23.

Emergence of the adults of the sugar-beet wireworm in 1931 began
on February 24 and extended over a period of 38 days, until ApriT 2,
The peak of emergence occurred during the week ended March 12.
It is probable that the slight increuse in soil temperatures hetween
February 12 and 19 furnished the stimulus for the appearance of the
adults, for during the following week, when emergenee started, a
decline in the mean temperature is noted.

Beginning in 1932 a careful record was kept of the sex of all adults
removed from the emergence cages (fig. 26). The first male emerged
on March 1 and the first female on Mareh 4. Males were more
numerous during the first and second weeks but were surpassed by
the females in the third week of the emergence period. The peak
of emergence for hoth males and females occurred during the week
ended March 19. Male emergence terminated on March 24 and
female emergence on April 3. The bectles emerged over a period
of 34 days.

In 1933, males first appeared on February 20 and females on
February 28. The males again predominated during the frst 2
weeks but were outnumbered by the females in the third and later
weeks.  The peak of emergence for the females was reached in the
week ended Mareh 19 and for the males the week following, March
20 to 26.  Emergence extended over n period of 44 days, unul April 4.
The last female was collected on April 3.

Emergence in 1934 was not only early but also differed from that
of previous years in that both males und females were taken on
February 13. As in the past, males continved to outnumber the
females in the first, second, and in this case even the third week.
The peak of male emergence occurred hetween February 27 and
Marceh 5, and for the females during the period March 6 to 12, For
hoth sexes together the peak of emergence was recorded during the
week ended March 5. With the recovery nf the last female on
March 28 andd o male on April 2, emergence in 1934 lasted over a
period of 49 days, '

In 1935 emergence of males and females began on January 30,
reached a seasonal peak during the week endod March 19, and termi-
nated April 4. The total period of emergence was 65 days. Both
air and soil temperature means at all depths for December 1934 and
January 1935 were the highest recorded during the 5-vear period of
these studies and apparently were responsible for this carliest appear-
ance of the adults.  Mean soil temperatures during the first 4 weeks
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Ficunk 25 —Time and rate of emergence, by weeks, from tile cages of adults of
the sugar-beet wireworm, Alhambra, dullf 1931-35.
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of the emergence period, terminating February 26, were in general
similar o the temperatures obtained during the same weeks in pre-
vious years. Beginning on February 27, and continuing for the
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Freore 26.—Time and rate of emergence, by week, of males and females of
Limonius ealifornicus from tile cages, Alhambra, Cnlif., 193235

APRIL

remaining weeks of the cmergence period, soil temperstures were
unususlly low, causing an extended emerzence period, as shown.
Males were more abundant than females during the first 4 weeks,
the situation being reversed during the fifth and remaining weeks of
the emergence period. Males terminated their emergence on March
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EFFECT OF S0IL TEMPERATURE OXN BEGINNING OF EMERGENCE

A study of the mean soil temperatures for December and January
at the 4-, 8-, and 12-inch depths during the period 1931-35 (table 23)
reveals the fact that the date of first emergence is entirely governed
by the temperature during these 2 months,

TasLe 25.— Effect of soil temperatures in December and Jannary vn time of adult
emergence of the sugar-beel wirewsrm in {ile coges

Alean sofl temperatures al— :
R et e e o [ate of firs
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102 s T . e 3. 506 il 3.4 el AL Jan, M0 Jan. 30

TIME OF DAY OF EMERGENCE

To determine the time of day that the adults emerge from the soil,
collections were made daily at 2-hour intervals from 28 tile cages
over a pericd of 36 days, from February 21 to March 28, 1934.

As shown in table 26, the heaviest emergence for both sexes occurred
between 11 a. m. and 1 p. m. and the lowest between the hours of 3
and 3 p. m. Very few adults were found on the surface during rainy,
cloudy, or cold days. Apparently a slight daily increase in tempera-
ture in the first few inches of soii is essential for emergence to occur.
No emergence was noted after 3 p. m. or hefore 8 a, m.

TasLE 26,—ftecord of the daily emergence of adulty of the sugar-beel wirewvrm al
2-hour intereals from tile cages, .Hhawbra, Calif., 1534

Emergenes : Proporiion of total
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EMERGENCE BASED} ON MALVA-THAP COLLECTIONS

The results of the malva-trapping 2 experitnents in n 3-nere infested
field near El Monte, Calif., in 1933 revealed additional facts on the
beginning and rate of male and female emergence in the field. These
data, based on daily eollections {rom 10 malva traps during the period
from February 19 to April 30, are shown graphieally in figure 27, The

1t Zop fpatnote 3, p. 9,
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daily mean air temperatures taken 3} feet above the soil surface are
also showm.

As usual, males were taken earlier, on February 19, and the first
female on February 22. Males outnumbered the females 16 to 1
during the period February 19 to 28, and over 3 to 1 between March
1 and 15. From then on the females surpassed the males in numbers
until trapping was terminated on April 30. The majority of females
were collected during the period from approximately Mareh 21 to
April 5. The influence of temperature on the rate of emergence is
well illustrated in figure 27.  When high daily temperatures prevailed,
the number of adults collected on the following days increased; and
when temperatures declined, & decrease in their number is noted.
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Ficrre 27.—Number of males and females of Limonius californicus eaptured
daily in maiva traps, with the daily mean air temperature, El Monte, Calif., 1933,

RIBERNATION OF ADULTS

Graf {4, p. 33) states that after the sdults appear on the surface, a
secondary hibernation takes place. This begins about the middle of
February and continues to the middle of Mareh. As his remarks are
accompanied by the statement that the weather during the period
was cold and c?oud}-' with occasional showers, it 1s possible that this
hibernation was only of one season’s occurrence.  During the period
that these studies were conducted there were frequent rains and cold
spells which lasted for several days. On these occasions the adults
sought cover under ciods and debris, but with warmer weather their
activities were resumed. The cage-emergence records and field-col-
lecting data reported herein show conelusively that a secondary hiber-
nation does not exist. It shows that there is a gradual emergence of
arlults and that their numbers increase as the season progresses.
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PROPOHTION OF SEXES
SEX RATIO BARED ON ADULT EMERGENCE FROM TILE CAGES

The records of adult emergence from tile cages during the years
1932 to 1935, inclusive, showed that males ontnumbered the females
during the first 2 weeks in 1932 and 1933 and during the firat 3 and 4
weeks in 1934 and 1935, vespectively. The situation was veversed in
the remaining weeks of the emergence peried, but for the entire season
of each of the 4 vears the females considerably outnumbered the
matles.  This preponderance of females cach year was apparently due
to the {act that only large (presumably mature) larvae were selected
for use in the emergence cages, as these would be the meost ceriain
to pupate.  Asshown later {table 35), the weight of larvae which trans-
formed to females averaged 91 mg., while those maturing as male
adults averaged 57 mg., so most of the large larvae selected would
naturally mature as fomales.

SEN RATIO BASED ON DISSECTION OF BEETLES CCOLLECTED UNDER MALVA TRAPS

The data on the sex ratio of the adults collected under malva traps
in the years 1932 to 1934, inclusive, were based on the daily dissection
of from 25 1o 100 beeties from colieetions made in Los Angeles,
Orange, and Ventura Countics.

In the Orange County field there was In 1932 o gradusl inerease
from 36.6 percent females at the beginning of the season to 78.2 pereent
during the week ended Aprit 8. Collecting in the Ventura field was
begun 2 weeks later than i Orange County, during the week ended
Mareh 25, The female pereentage was then 53.7 and by the end of
the season had increased to 65.1 percent.  For the entire season, the
Orange County and Ventura felds averaged 70 and 542 pereent
fomales, respeetively.

Adult trapping in 1033 began on February 10 in Los Angeles County
and on Mareh 5 in Orange and Ventura Counties. Tn Los Angeles
County the pereentage of {fomales ranged from 5.9 for the week ended
February 25 to 86.7 for collections made from April 23 1o 28,
The average for the season was 504 pereent females.  In both the
Orange and Ventura County fields the percentage of females increased
as the season progressed.  Dissection of beetles from the former field
showet an average of 74.2 pereent, and for the laiter field 48.9 pereent
fomales for the season.

In 1934 the traps were sel out too late to cateh the first males, and
by the time trapping had begun females were already in the majority,
the lowest percentage of females for the season being 55.2 in the Ven-
tura Aeld.  The highest vecorded was 100 pereent in the week ended
April 15, in Orange County.  For the three fickls the average pereent-
aze of females ranged from 65.5 in Ventura County to 80.8 in Orange
County,

Table 27 presents a summary of the sex ratio based on the dissection
of 10,056 beetles from all fields during 1932, 1933, and 1934,




LIFE HISTORY QF THE SUGAR-BEET WIREWORM 85

Tanve 27 —S8wmmary of deta pertaining lo sox ratic af adults of Limonius califor-
nicus collected under malva {raps, 1932-34

1942
Week endetl-- T e e B
(ples  Feomdes  Tom) Females  JMndes Fomales ;. Towd Fetuales

1wy

Nuwber  Nuwber | Numbn Pecemt Number  Number  Number  Percent
Feln, 25 . . .. . 2 2, 3o
Mur. . Lo 48 i i
Apr il . 9 il 36,7 LT 325 ; 552
Marty L (] 1] 4 ot : L H
Mar.23 0 L L 37 - aET ol 5 TH
Apr. . . f 247 ot ’ 53
Apr, N . 2 T : i, o4 . 605
Ajpe, .. . a7 148 3. qi; : Ha
Apr. 22 .. . . . . i N 4%
A 2 . L 3 15

“nlid hil) i, 413 2,45 3,75

1421 : Wiz 54

Msles Fommles . Total Pemnoles  Mnlos ; Femmles  Total | Females

- Number  Nummber « Number  Percet  Number  Number  Number Pereent
R R . H¥d 2 4

4 52

S5 1,672

14538

I, 360

1543

Afnr. 4 o .

Mar. ! 230 560G .
Mar. N 243

Alur, 25 1)

Apra i £k

Apr.s . fis 2064
Apr.la .. . . 33 a Fik]
Apr, 22 . .. . I 75 )
Apr. 3 . . : 13

10, {}5.6.

uE

A=t
LI DT BN

oalnp=]
HEGBRZ e,

=

Total . . 1, U4

=
~r

SEX RATIO HASED ON SALYVE-AY AND TILL-UAHGE REARINGS

A summary of the data coneerning the proportion of sexes based on
the disseetion of 1,603 adults reared in salve-can and tile eages dur-
ing the period from 1930 to 1934, inclusive, shows thal the males
greatly outnumber the females when development is completed in |
year {table 281 For those maturing in 2 years the proportion is
more even, hut for those maturing in the 3-, 4-, and S-vear eyeles a
considerable incresse in the percentage of females is noled.  Exeept
for the first year, for which no explanation ean be offered, the figures
showing the proportion of sexes in tile eages are comparable with those
obtained in the salve cans,

TavLe 28 Proportion of scxes of sugar-beel wireworms of oifferent maluring age
reared in salve cans and fle coges, Athumbrea, Calif,
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MATING

In the field mating usually takes place on the day of emergence
between the hours of 9 a. m. and 3 p. m.  Mating seldom occurs on
cool, cloudy, or rainy days, or on days when strong winds prevail, but
in favorable weathér sexes emer ving simultaneously from tile cages
were observed to mate immediately,

In the laboratory, with temperatures ranging from 75° to 83° F.,
newly emerged or reared adults were tuken i copulation at all hours
of the day.  Although males have been observed to mate several times
with the same female, one mating 13 adequate to insure [lertility
during the life of the female.

PREOVIIOSITION PEKRIOD

As determined from 67 records (table 29y, the duration of the pre-
oviposition period for females reared in salve cans and tile capes,
confined in the basement during the years 1931 to 1933, inclusive,
was found to average 5.7 days, with a maximum of 14 and a minimum
of 3 davs, The length of the period for the adults reared in salve
cans averaged 5.2 days, or 0.9 of a day less than the average obtained
for the adults that had been reared in tile enges vutdoors,

Tarre 20— Preovipasition period of adulls uf the sugar-bedd wireworm reared ia
salve cans and lide cages umd laler confined cither {n the basewment vr in onbidonr
aviposition coges, Alhambra, Calif,, 1937 3}
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Averages obiained ontdoors in the sup and in the shade during the
seasons of 1932 fo 1934, inelusive, are frirly consistent and pmhnhl\
are indicative of the normal length of the period in the fickd from
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vear to year. Soil-surface temperntures in the sunny and shaded
Jocalities varied widely in 1932, but this did not seem to have affectod
the length of the period to any great extent. The results indicate
that the more constant temperatures, such as prevail in the busement,
are more effective in shortening the preoviposition period than the
wider daily variations which oceurred outdoors.

An examination of all outdoor records in the sun showed that the
length of the preoviposition period is governed by the date of adult
cmergence and becomes shorter ns the season progresses.  For
instance, the length of the preoviposition period for females emerging
between February 14 and 28 averaged 144 days.  For those emerging
between Mareh 1 and 15 and between March 16 and 30 the averages
were 10,3 and 8.5 daxs, regpectively. Irequent dissections showed
that cgg development was more complete . the females emerging
near the end of the season, thus substantiating the records shown.

On the basis of all outdoor studies the duration of the preoviposi-
tion period would average 11 days, with a maximum of 20 nod a
minimum of 5. This is of special significance when trapping measures
against the adults are considered. It inditcates that no deposition
would be likely to occur during the first 5 days and but little there-
after up to the eleventh day after emergence.

OvIPOSITION
TRCOHNIGQUE U=ED IN ORTAINING OVIFORITION RECORDS

In obtaining oviposition records, males and females that hasd been
reared either in salve eans or in tile eages were confined Immediately
after mating in I-ounce salve cans [illed two-thirds full of fine soil
containing approximately 12 percent moisture by weight. The soil
was removed cach day and washed through a 60-mesh sercen until
the first cggs were recovered.  Thereafter, the soil was washed und
the ege removed at weekly intervals until oviposition ceased. This
same procedure was followed when qutdoor oviposition enges were
used.  The cage container was {illed with GO-mesh soil to within
three-cighths of an inch of the top and placed in moist earth so that
the soil, adults, and eggs deposited would not be aubjeeted to desie-
cation. A series of these cages was set up in 1932 in an alfalfa plot
to determine the effects of shade.  Another series was exposed directly
to the sun in 1932, 1933, and 1934, By the use of weekly-recording
thermometers soil-surface temperatures in hoth loealities were obtained
ench senson.

GVIPOANTINN [N THE BAREMENT

Oviposition records in 1931 were based on the activity of 18 females
that had been reared in salve cans andd of 10 females renredd in tile
cages; in 1932, on 11 females reared in salve eans and 10 reared in
tile cages; and in 1933, on 4 reared in salve eans snd 13 in tile eages.

OVIFOSITION BY SALVE-raN-REARED ADCLTS

The salve-can-reared females in 1931 were mated from February 14
to 19, inclustve,  The length of the preoviposition period hind rnged
from 4 to 8 days and averaged 4.0 duys.  Owing te comparatively low
temperatures, which averaged 61° F., oviposition was extended over
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79 days, from February 17 to May 6, inclusive. The duration of the
oviposition period of individual {females ranged from 16 to 75 days
and averaged 39 days. Over 61 percent of the eggs were lnid during
the first week and 124 percent in the second week. One female
oviposited over u period of 11 weeks; the remuinder completed egg
deposition by the end of the eighth week. The number of eggs
deposited ranged from 89 to 294 and averaged 191.2,

The females used in 1932 were taken in copulution during the period
Mareh 2 to 18, inclusive, and began laying eggs in [rom 3 to 8 days.
The average length of the preoviposition period was 5.5 daws and the
range for the oviposition period from § to 35 days, averaging 25 days.
Of the total egus deposited, over 56 pereent were laid during the first
week and 25 percent more by the end of the second week.,  Individual
ege totals ranged from 122 to 372, the average being 262.7,

In the 1933 rearings pairs 3, 4, and 3 were observed in copulation
on Mareh 31, 4, and 17, respeetively, after having already mated on
February 22, Whether this is of common occurrence is not known,
The records show no appreciable difference in the number of eggs de-
posited or in the length of the oviposition period lor observed second-
muated pairs and those not soobserved. The lengthof the preoviposition
period for this group averauged 6.8 days, with & maximum of 8 aml a
minimuin of v, Owing to low initial tempertures only 34.7 percent
of the total cges were lnid the first week, which was the lowest recorded
for the first week during these studies.  This was followed by the high-
est second and third week's productions for the basement sertes, 27.4
and 17.2 percent, respeetively,  Individual records of eggs deposited
ranged from 397 to 543 and averaged 468.8.  The length ol the ovipo-
sition period ranged Trom 42 to 63 duys and averaged 52.

OVIPOSITION BY ADULTS #HOM TILE-CAGE REARINVGS

The tile-reared females that emerged between Mareh 6 and 31, 1931,
were mated on the day of their emergence,  First oggs were obtained
on Mareh 11 and the last eggs 52 davs later, on May 2. The pre-
oviposition period had averaged 7.9 days with an individual variation
of from 6 to 14, The oviposition period ranged in length from i4 to
42 days amd averaged 28.9.  Individual egg totals ranged from 123
to 233, with an average of 177.3.  QOver 62 percent of the eggs were
lnid during the first week, 21 percent the second week, and the remain-
der in the following 4 weeks,

The longevities of the males and females in this group, living under
g moean temperature of 63.5° F., nveraged 235 and 43 days, respee-
tively, as compared with averages of 43.1 and 548 days for the
salve-ean-reared males aond females Biving unsder o mean temperature
of B1°,

The 16 pairs reaved in tile cages and ovipositing in 1832 emerged
and mated between Rareh 14 and 20, For this group the length of
the preoviposition period aversged 3.5 dava and that of the oviposi-
tion period 26.6.  The range Tor the former was from 8 to 6 days and
of the Iatter front 14 to 42. An average of 221.4 eggs were deposited;
62 and 24 pereent of the tolal were Jaid in the fisst and second weeks,
respectively.  Temperatures in the basement during the activities of
these adulls averaged 68° F., which was shghtly higher than usual.

The beetles of the tile-cage-reared group in 1933 were mated during
the period Marelh 4 to April 15 and began laying eggs from 3 to 10
days aftor mating.  Oviposition continued over a period of 38 days,
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from March 12 until May 8 The average length of the oviposition
period was 20.6 days and the range from 14 to 49 days. The rate of
egg production was comparable to that of other vears, with 61.7 per-
cent laid during the first week and 18.6 percent during the second week.
Individual egg records ranged from 213 to 359, with an average of
273.7. The longevities of the tile-reared males and females living
under a mean temperature of 64.8° F. averaged 23.6 and 428 days,
as compared with 53- and 63.4-day averages, respectively, for the group
reared in salve cans under o mean of 63.6°,

SUMMARY OF OVIPOSITION RECORDS OBTAINED IN BASEMENT
The numbers and percentages of eggs deposited weekly by females

reared in salve-can and tile cages during 1931, 1932, and 1933 are
shown in table 30 and graphically in figure 28,

TABLE 30.—Summary of the numbers and percentages of eggs deposited al weekly
infervals in the basement by salve-can and tile-reared adulls of the sugar-beel wire-
worm, Alhambra, Calif., 1981-38
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It 1s noted that the females reared in tile cages deposited more eggs
during the first week than did those reared in sﬁve cans, This may be
accounted for by the fact that the former emerged and mated later and
oviposited over a slightly warmer period as shown by the average tem-
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Fievre 28,—0Oviposition by adults of the sugar-beet wireworm in salve cans in
the laboratory basement: 4, By individuals that had been reared in the base-
ment; B, by individuals that had been reared in tile cager outdoors,  Alhatnbra,
Calif,, 1931-33.

peratures for the two groups during the different years. The decrense
in the number of eggs deposited in 1933 during the first week in the
salve-can-reared group was caused by a period of low temperatures
which retarded oviposition considerably.




LIFE HISTORY OF THE SUGAR-BEET WIREWORM 71

The totals of the ovipesition records for the 3-year period show that
57 percent of the 16,220 eges were laid during the first week, 20.8 per-
cent the second week, and 10.6 percent duung the third weck after
oviposition began. The shortest period was 5 weeks in 1932, and the
longest extended to 11 weeks in 1931.  The carliest oviposition in the
Q?senllent was on February 17, and in cutdoor cages in the sun on
March 3.

QYIPORITION IN CAGES EXPOBED TO THE 5UXN

Gviposition records outdoors in the sun in 1932 were based on the
activities of three females reared in salve cans and mated on February
26 and of six tile-reared females which emerged and mated in the
period March 4 to 21, inclusive.

The egg-laving perlod was mazl\ed by unusually high maximum
soil-surface temperatures ranging from 107° to 118° F‘, which were
responsible for the death of 3 males in the cages shortly after mating.
The preoviposition period ranged from § to 17 days, with an average
of 11.2 days. First and last eges were obtained on March 3 and April
25, respectively. This group deposited 1,684 cggs, the average per
feinale being 187.1 and the maximum 559, which was not exceeded out-
doors during the period of these studies. Over 52 percent of the eggs
were deposned the first week and 24 percent the second week. Asa
result of the high maximum temperatures the adult life was shortened,
in comparison Swith the records obtaiued in the following yvears, to an
average of 17.9 days for the males and 39.1 days for the females.
Although free adults in the field would disperse to shaded localities if
temperatures such as shown in these studies prevuiled, the results
indicated that even under such adverse temperatures females will
survive readily and deposit most or all of their eges.

Oviposition records for 1933 outdoors in the sun were based on the
performance of five females reared in salve-can cages and nine females
reared in tile eages that mated in the period February 22 to March 36,
inclusive.

From u female taken in copulation on February 22 first eggs were
obtained on March 9. Owing to the favorable temperatures oviposi-
tion continued later than usual, to May 18. The length of the pre-
oviposition period decreased 9s the season advanced, from 13 days
at the beginning to 5 days toward the end of the season, with an
average of 10.4 days for the period. The 14 females deposited 3,362
eges.  The average was 283 eggs, the maximum 399, and the minimum
90 egge. Male and femmnle longevity avernged 36 and 53.4 days,
respectively, and the lenegth of the oviposition period averaged 33.5
days. Appamntlv the lower temperatures on the soil surface were
eﬂech\'o i lengthening the various periods, as indieated, and in
inereasing the avernge ezg production over the records obtained in
other years.

Outdooer oviposition records in 1934 were based on the activities of
13 females which were reared in tile cages and emerged in the period
Fohruary 14 to March 23,

From n female mated on February 14 first eggs were obfained on
Muareh 4. Ege laying continued until April 28, For this series the
preoviposition period averaged 11.6 days, the minimum was 5 days,
and the maximum 2. The oviposition period ranged from 7 to 35
and avernged 24.2 doys,
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Individual egg totals decreased considerably over the records
obtainedin previous years, the average being 142.5 eces. Other fuctors
than temperature, which showed 2 elose similarity to avernges obtained
in former yeurs, were apparently responsible for this decrense. Fifty-
six pereent of the eggs were laid during the first week, which was the
highest in this series; also, practically all the cgws were produced during
4 weeks, ns compared with 5 weeks in 1932 and 7 weeks in 1033,

The pairs used for oviposition studies were also observed for lou-
govity. The average life peried of the males was 23,5 davs and of the
females 43.5 days.

OVIRGSITION OUTDOORS [N TPHE 21HADE

Five of the eight females confined in the shade of alfalfn and in-
cluded in the records in table 29 had been reared in salve cans nnd
were taken in copulation on February 26, 1932, The remaining three
which were reared in tile cages mated on March 8, 1 1, and 29, respee-
tively. The length of the preoviposition period ranged from 5 to 14
days nnd averaged 10,9 dnys.  Ege laying continued over a period of
82 days, from Murch 8 until May 28, inclusive. Of the 1,552 oS
deposited, 34.5 percent were Inid the first week, 28.5 the second, and
17.3 percent more the third week. Individunl oviposition records
ranged from 95 to 362 and avernged 194 exps.  Beeause of the favor-
able temperatures in this location, the oviposition period wus length-
ened to an average of 35.9 days; and also the adult life, which averinged
28.4 days for the males and 43.9 duyvs for the fenmales, wis longer than
usuzl.  Oviposition continued over » period of 8 weeks, whereas in

the sun it was only 5 woeks.

SUMMAMY OF OUTDOGR OVIFORITION HECORDS

Combining the 3-vear records of oviposition outdoors ttable 313 it
is imumediately evident that tempernture is the inportant fetor gov-
erning the rate of oviposition.  This was especinlly noticeable in ) 432,
where in the sun deposition eontinued for 5 weeks, over » period when
the temperatures averaged 71.2° F. as compared with 8 woeeks in the
shade, where the mean was (64.3°. The number of eggs deposited the
first week in the shade was also less than in the sun during the «if-
ferent years.  Oviposition terminated in the sunny loeation on Aoy
18, and in the shade on May 28, 1t is noted that the pereentage of
eggs deposited during weeks 1 to 5 in the sun did not vary grently
during the 3 years, and that the pereentages for the 3-vear period cor-
respondled closely to those obtained for the groups of feinales that were
reared and that oviposited in salve eans in the haserent. Figure 29
presents graphieally the egg-deposition records in the son and shade
locations during weeks | to 8, inclusive.
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FigTne 29.—Percentages of eggs deposited weckly by femmnles of the sugar-beet
wireworm ontdoors in sunny and shaded locations, Alhambrs, Calif., 1932-34.

TaBLE 3l.—Summary of the numbers ad percentages of cgas deposited weekly by
adulls of the sugar-beet wireworm reared in <alve cans and tHie cages in san angd
shaded locations ouldesrs, AAthambra, Calif., 1932- 34
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OYIFOSITION RECCGRDS OF ADULTS OF KNOQWN AGE

Additional oviposition studies were conducted in 1934, salve-can-
reared adults which had compleied develepment after 2, 3, and 4
rears being used. The females in the thiree groups were mated on
March 2 and were confined In salve cans without food.

According to the records obtained, little variation occurred in the
average number of eggs deposited by the females from larvae complet-
ing development in 2 to 4 years, inciusive. The averages ranged
from 494.3 for the 2-year-cycle to 551.8 for the 3-year-cycle females,
with 539.0 for the 4-year-cycle. It was unfortunate that 1-year-cycle
beetles were not availible so that the comparison could have included
all ages. Being small and less weighty, their total oviposition would
undoubtedly be inuch less than recorded for the older females. The
smallest number. 382, were Inid by o 2-vear-eycle beetle, The
average number of eggs deposited by this group of 2-, 3-, and 4-year-
cycle aduilts and the maximum of 704 eggs laid by a 3-year-cycle
female were the highest records obtained during the years in which
oviposition studies were conducted.

OVIPOSITION AL CONSTANT AND AT BASEMENT TEMUIERATURES PRIOR 1O TIME OF
NORMAL ¥FIELD EMERGENTE

By confining doermant salve-can-renred adults in a constant-
temperature cabinet for 1 week at 80° ., twe pairs were ebtained in
copulation on January 16, 1932, 5 weeks before the appearance of the
adults in the field and 7 weeks belore the first females emerged from
tile cages.  All the adults appeared very sluggish and displayed little
inclination to attempt mating, but another pair was obtained in
copulntion on January 20, several on January 23, and more throughout
February. Attempts to obiain matings previous to these without
artificial heating proved unsuccessful.

To determine the effects of various temperatures on the beginning
and rate of oviposition, a number of pairs obtained in this manner were
confined in constant-temperature cabinets at 80° and 90° F. and in
the basement. The results of these studies are shown in table 32,




TanLE 32— Oviposition records of salve-can-reared adults of the sugar-beet wireworm in 80° and 90° F. constant temperature cabinets and in the
basement prior to time of field emergence, Alhambra, Calif., 1932
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Tn the 80° group the first eggs were obtained on January 20 and the
last on Mareh 13, nge deposition extended over a period of from 7 to
28 days, or over an avernge period of 20.6 days. The preovipesition
period rimged [rem 4 to 17 davs snd averaged 6§ days. An average
of 265.2 cggs were deposited, a minimum of 83, and a maximum of
447.  Apparentiv this temperature was [avorable for adult activity,
as all the females laid their entire quota of eggs, none being ebtained
by dissection. Of the total ewgs deposited, 50.3, 30.2, and 16.3
percent were lald during the first, second, and third weeks, respee-
tively. The first eggs were laid 6 weeks earlier than the normal
oviposition in the outdoor cages. The longevity of the males m this
eroup averaged 24 days and of the females 28 days.

The 5 females confined at 90° F. were obtained in copulation
between Junuary 19 and 29 and laid eggs during the period Junuary 23
to February 28, Evidently this temperature was less favorable than
80°, as the oviposition period was shortened to an average of 15.4
days, and the preoviposition period to 5 days with an individual
variation of from 3 to 10 dayvs.  In sddition, the lives of the male and
female were shortened, averaging 16,6 and 21 davys, respectively. The
rate of oviposition was hastened, over 68 percent of the eggs being lad
during the first week, which was the greatest weekly percentage
recorded during these studies, and 30 percent during the second week.
Individual egg totals were low, ranging {rom 72 to 296 and averaging
150.8.

Only 3 pairs were available for obtaining ovipusition records at
basement temperature.  Although meager, these data showed that
fs a result of the lower temperatures oviposition occurred over a
much longer period than was the case at higher temperatures,  The
average here was 37.3 days as compared with 15.4 davs at 90° I, and
20.6 days at 80°. The lives of males nnd females were also lengthened
to 37.6 amd 45.6 days, respectively.  Apparently the artificial heating
tended to stimulate adult activity for severnl days, as the preoviposi-
tion period averaged 7.3 davs. which was near the records obtained
in the two higher-temperature groups. The pereentages of epgs
deposited totaled 54.3 and 15,1 during the first and second weeks,
respeetively, and the average number {or the group was 214.3 cggs.

DBELAYVEDR OVIPOSITION

Additional studies showed that it was also possible to delay mating
anel oviposition to nearly 4 months after all normal adult activity had
ceasod.  In this experiment ndults which emerged in March 1932 were
coufined in contatners filled with soil and placed in o constant-tem-
perature eabinet held at 40° Fo On September 3 these adults were
removed to @ jarin the basement, where netivity was again resumed
and several pairs were obtained in eopulation.  One female deposited
41 egws helore death ocenrred on September 24, The resulting larvae,
normal in all respects, were not given the usual eare and died severnl
woeks later,

FROTNDITY

During the 4-vear period in which oviposition studies were con-
ducted both in =alve eans and in outdoor cages the average number of
eges doposited per fenuile was 2681 ttable 33y, The total number of
cggs deposited per female during this period ranged from 51 to 704,
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the latter number being deposited by a 3-year-old, salve-can reared
female in 1934. A summary of the yearly averages shows that 1934
was the most favorable for wireworm reproduction, at least in regard
to the number of eggs produced. In this year the average was 360.3
cggs as compared with 308.2 in 1933, 219.5 in 1932, and 186.2 in 1931.

Tasue 33.—Fecundity of sugar-beel wireworm adulls reared in salve cans and Hle
cages when confincd in salve eans inihe basement and in oyiposition cages cutdoors in
sun and shaded locations, \Mhambra, Calif., 1931-34
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It is observed that the salve-cun-reared females whicl were larger
and heavier deposited on an average more eggs than the small females
reared in tile cages. It is believed that the average of 228.6 egas as
obtained for the latter would be the approximate avernge e produc-
tion of adlults which as larvae had inhabited soils eropped only a por-
tion of the year, as in sugar-bect and lima-bean ficlds.  Because of the
more Tavorable conditions of soil and food in salve eansg, the adults
which as larvae were reared therein would, as shown, have a greater
average cgg~leposition record than females reared in tile cages where
soil conditions were less favornble and keen eompetition for food
existed,

Owing Lo the high temperatures prevailing outdoors in the sun, sev-
eral of the beetles dird before their normal quota of vggs were depos-
ited, this being especially true in 1932, This assisted considerably in
lowering the average female egg eocord for all years outdoors in the
stin.  The small size of the tle-reared females available for the ovipo-
sition studies of 1934 in this location probably aceounted for the low
average of 1425 In the shade of alfalfa, where optimum tempera-
tures prevailed, the average was 104 egus per femaloe,

DURATION OF THE OVIFORIIION PERIOQD
In summarizing the oviposition records ol females reared in salve

cans and of those reared in tile eages durine the 3-vear peried 1931- 33,
it is observed that the ovipoesition period for (he tile-reared group
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averaged 28.5 days, as compared with an average of 36 days for the
group reared in salve eans {table 34).  Apparently this varintion was
due to the fact that most of the tile-reared females emerged, mated, and
oviposited later in the season when temperatures were much higher,
In addition, the high soil temperature which they encountered in 1heir
migration surfaceward would undoubtedly also assist in shortening
their period of activity. In the two groups the longest oviposilion
period, 75 days, and the shorlest, 8 days, were for salve-can-reared
females.  In the sun the avernge ranged from 24.2 davs in 1934 (o
33.3 days in 1933, The average in the sun for the 3 years was 28,
with & maximum of 56 and a minimum of 7 days. For females con-
fined in the shade the duration of the oviposition period averaged 35.9
days, or an increase of 7.9 days over the average obtained in the sun,

Taste 34.—Duration of the oviposition period of adully of the sugar-beel wireworm
reared in salve-can and tile cages, when confined in oviposition cages in the basemend
and in sunny and shaded localities ouldoors, \thambra, Calif., 1931-34
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HARDINESS OF THE BLEETLES

The beelles are noted for their hardiness and for their ability to
withstand excessive handling or unfavorable weather conditions.
Very litlle mortality oceurred among the thousunds of reared adults
that had been earried through the winter in salve eans for use in these
studies.  Morcover, as shown by the oviposition and longevity
records, these adults deposited, on the average, more oggs and re-
mained glive as long as the adolts reared in tile cages, that had not
been subjected to handling.

Females that had oviposited in ovenmoist soils in salve eans would
occasionally have particles of muoddy soil attached to their tarsi,
which made movement difficult, but even this did net retard the rate
and amount of oviposition.

Of 150 aduelts that had been removed from their pupal cells in
Howerpots and placed In tile cages 6 to 12 inches below the surface on
December 3, 1930, 100 emerged in 1931, This showed that the redis-
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tribution of adults prior to emergence did not affeet the time or rate
of their appearance the following season.  Emergence in 1931 from the
group of enges containing adults that had not been disturbed began on
February 24, and the peak was reached on Aarch 11, The disturbed
adults emerged and veached (heir peak on the same dates. This
indicates that plowing during the winter months and the subsequent
redistribution ol the adults in the seil wenld nol likely alter the time
and rate of theie emergence the following spring.  The experiment
further demonstrates the hardiness of beetles in being able 1o with-
stand unfavorable conditions, such as prevailed after their transfer to
the eages, and the ability of the majorily to emerge when confined in
this muannoer.
VASUATION 1X THE WEIGHT OF ADULTS

It was observed that considerable varintion existed in the size of
the adults collected in the field or reared ot (he laboratory.  Alales
and females that had completed developinent in 1 yesr woere very
siall, usually only balf as large as those which matured after 2 or
3 }’l‘ilh. A number of \t‘(‘lghlnga made eacl season on newly trans-
formed adults showed that the salve-can-reared males that matured
m 1 ovear averaged 28 mg. in weight as compared with 47 and 49 me.
for the 2- and 3-year-old males, respectively.  The males reared in
tile cages were still smaller, averaging 21 and 25 mg. after 1 and 2
yeurs in the larval stage, A similar variation occurred witlt the
females, except that these were all heavier, inereasing from an aver-
age of 38 to 82 mg. by thoe third year, after which no signifieant increase
in weight was noted.  Where there is considerable competition for
food, 28 in tile cagoes, it is natural to expect a lighter weight as com-
pared with adults that as larvae had been confined individually in
safve cans. Adso, lorvae that complete their life evele in 1 year
would be expected to transform o small adults, constdering the short
duration of their feeding period,

To obtain additional date on the clfects of vanous gquantities of
food on the weights of larvae and adults, 0 number of weighings were
made of individuals in the rearing series of 1933, consisting of 3
groups fed 10 and 20 keenels of wheat monthly, and 18 kernels monthly
except from October 1 to March 1. The larvae were weighed on July
3, 1934, and she same when adults 2-vear cyele) shortly afier they
vmm"{-d in September and October of the sime vear. The resulls
are viven in table 33.
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Tarue 35.~~FEffect of variows quantitics of fond on the length and weight of mature
larvae of the sugar-bect wirewnrm 'rc(_m'd in salve cans of the 1933, 3-year-cycle
growup, and on the weight of the sume individuals after emergence as adulls, Alham-
bra, Calif., 1933-34
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These datn show conclusively that the weight of the larvae prior to
pupation and that of the adult are governed by the quantity of food
aceessible during the larval period.

LOXCGENVTTY OF ADULTS

The data on longevity cover only (he length of life of adults from
time of mating until death, amd do nol inelude the undetermined time
ol adult life spent in the soil Trom transformation in the summer or
(a}l to emergence. which ranges Trom 5 to 6 moenths.  Tmmedintely
after pairs had mated they were placed vither in salve cans and con-
fined in the hasement or 0 oviposition caves which were set up out-
doors.  The containers were (illed two-thivds full with soil that had
been vun theough o 60-mesh serecn and which contained approximately
12 pereent of moisture by weighl.  No foed was proviled i either
kind of containers during the Life of the adults. The soil was examined
anel ehanged daily until the fivst ezgs were obtained and thereafter
at weekly intervals until death of the adults.
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The length of life of adults varied considerably, depending on the
temperature in the loeation in which the pairs were confined (table
36). Basement temperatures during he seasons of 1931 and 1933
were cspecially favorable for lengthening their Life period, whereas
excessively high temperatures in 1932 eaused considerable early mor-
tality. The comparison for the tile-cage-reared group was not so
striking, but this will be explained later.

TavLE 36.—Longevily of adulls of the sugar-beet wireworm from mating to death,
whea reared under different conditions, Athambra, Calif., 193131
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Adults confined outdoors in the sun in 1932 appeared also to have
been affected by abnormally high maximum temperatures which pre-
vailed during February and earcly in Mareh. Males espreally were
less resistant to the heat, as is shown by the 2-day record, the shortest
in all groups during the 3 vears.  During periods when high tempera-
tures prevail it is natural to expect an adult migration to ficlds con-
taining cover crops or alfalfn.  To determine the longevity of adults
seeking such shelter, oviposition eages were set up in an alfalfa plot
ndjacent to the lnboratory, the results of which are shown in tabie 36.

Most of the adults reared in salve cans were mated in February nnd
carly in March, whereas the greater number of the tile-reared ndults
emerged and were mated from 2 to 3 weeks Iater and lived during a

MeunE 41—
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period of slightly higher temperatures. In addition, the higher tem-
perature of the soil in the tile cages, especially near or on the surface,
which the adults would encounter as they migrated upward or after
they had reached the surface, would assist in shortening the life of

tile-reared adults.
SEASONAL HISTORY

The seasonal history (Bg. 30} varies from year to vear according 1o
the temperature in the different loealities and the type of soil.  In
the more sandy soils, which respond quickly to temperature changes,
emergence of males has occurred as early as February 5, followed by
females on February 13. In the heavier soils males have appeared
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Ficune 30.—Sensonal history of Limenius californicus in southern California.

lDULT% )

on February 20 and females on Mareh 1. The peak of cmergence in
the field generally oceurred between Mareh 16 and 31 and in the tile
cages hetween Mareh 3 and 19, Emergence in the cages terminaled
on April 4. Mating usually takes place immediately after issunnce
from the soil

In the laboratory basement egg laying began on February 17 and
in outdoor cages in the sun on Mareh 3. The peak of oviposition
oecurred between Mareh 15 and 31 and terminated on May 18 in the
sun, and on May 28 in the shade. Hatching continued over a period
of 78 days, from March 23 until June 8.

A few of the earlier-hatched tarvae completed development the same
season and the majority matured the scecond year, but some of the
individuals under observation required 3, 4, ot 5 vears. Qutdoors
in tile cages the pereentage maturing the first vear was considerably
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higher than with those reared in the laboratory basement. with a
correspondingly lower percentage of second- nnd third-year individuals.

The first pupa was recovered on July 22 and the last on Octobuer 27,
the peak occurring during the period from September 16 1022, Newly
transformed adults were obtained from August 12 until November 21,
I{ not disturbed by cultural practices, the aduolts remain in their pupat
cells until Deeember. During this month movement surfaceward
begins, with fhe males slightly in advance of the females.

NATURAL CONTROL

Gral () lists numerous birds as cnemies of adults of the sugar-beet
wireworny..  Among these the California shrike {(Lanius ludoricianus
gambeli) was Tound to be the most important. The carabid Calosoma
cancelfetum Escli. was especially valuable in destroying the beetles
that had accumulated under old beets for protection.  Frequently
several of these earabids, with the remains of Limonius ealifornicus
adults, would be found underneath malva traps used in trapping the
adults. X number of these carabids weve placed separately in battery
jars and supplied with a surplus of olaterid beetles.  Over a period of
50 daxs between Mareh 26 und May 14, 1934, the number of wireworm
adults destroyed daily ranged from an individual average of 2.6 to 4,
with a minimum of 1 and a maximum of 19.  The greatest number of
wireworm adults killed was 202 per battery jar, and the least 130.
These same predators also destroved an average of 20 host larvae
per day per battery jar.  These lurvae had heen introduced near the
enid of the emergence period when beetles wore scarce,  Gral (4)
alzo found this apeeies with the remaing of injured wirew orms in the
fiekl.  The carabids were observed in the field throughout the entire
emergence period.

Reared adults were frequently Tound attacked by fungus but none of
the thousands colleeted in the field appeared to be affected.  Heavy
riins are of little value as o controlling faetor.  Adults that had been
trapped under malva placed in shallow pits were deenched by a 2-inch
rainstorm over a 2+-lour period, hut these appeared normal and very
active when examined on the Iollowing day.

The larvae, being inaccessible and. in addition, heavily chitinized,
seemed to be entirely free from attacks by internal parasites. Both
Graf (5 and the workers at Alliwmbra, Calil,, have exained thou-
santls of larvae without [finding a single parasitized individual,
Along the sen const gulls and erows lollowed the plows in Inrge nume
hers, apparently feeding on the wireworms hrought to the zurface.

Fungi and bacteria destroyved a small number of the larvae and
pupac conflined in salve ¢ans, but they were never observed on ield-
collectod material, Eeas woere freguently attacked by fungi in salve
eans, especially when the Iatter and the soil bad not been ~terilized.
The bacteria or lungt were not identified,  Larvae confined in thower-
pots and n tile eages were often found heavily infested with mites
(family Tvroglyphidacy, but these appeared nat to have atfeeted the
Tarvae in the least, a2 they fed and olted normally.

Probably the most valuable predacious enemies of the sugar-heet
wireworm are the larvae of Psiocephale frontalis Cole idipterous
family Therevidac), These predators are long, slender, and whitish
and, being =oil inhabiting, they are frequently mistaken for wire-
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worms. They picree the heavily chitinized integument, usually near
the middle, and suck the body juices. Ten therevid larvae collected
in the field between May 18 and 27, 1931, were confined individually
with wireworms in salve cans. Together they destroyed 33 wire-
worms between May 18 and the time the individuals began pupating
on June 1. Twenty-one therevids collected in the field on March 16,
1933, killed 70 mature larvac of Limonius californicus over a period
of 50 days. One individual killed 9 wireworms. The therevids used
in these studies were almost mature when collected.  Judging from
the number of wirewnrms killed during the short time the therevids
were under observation, they are undoubtedly respensible for the
death of a laree number of wireworms in the field over their entire
larval period. TFurther investigations are being conducted on the
habits and biology of this insect.

SUMMARY

The sugar-beet wireworm is distributed throughout the irrigated
arcas of all the Pacific Coast States and causes severe Injury to sugar
beets, lima beans, potatoes, and many other vegetable crops. Damage
to most of the affected crops is caused by the feeding of the larvae on
the germinating secd or on the young plant. Wireworm injury to
potato tubers often causes them to be classified in a lower grade.
Secd potatoes may be burrowed into or injured by the larvae to such
an cxtent as to neeessitate replanting.

Injury to crops may begin ecarly in February and continue through-
out the spring, and even during the susnmer in fields under irrigation.
With a decline in soil temperatures in the fall, larval activity is
resumed, with resultant damage to crops as late as into October.

Dissemination of {his species is mainly by flight. Winds may
assist in carrying the adults considerable distances.

In moist top soil 30 percent of the eggs were laid in the first inch,
whereas when the surface soil was low in moisture most of the eggs
were laid between the 25- and 2-ineh levels.

The incubation period for eggs deposited in February averaged
35.1 days, for March-deposited eges 32.2 days, for April-deposited
eges 30.7 days, and for cggs deposited in May, 27.2 days. The
range of the incubation period was from 23 days for eggs deposited
in May to 46 days for eggs deposited in Febroary. Eggs hatched
over a period of 77 days, {rom Afarch 23 until June 8.

The duration of the larval period In salve cans averaged 171.1,
502.8, 857.8, 1,233.8, and 1,589.7 days for those majuring in 1, 2, 3, 4,
and 5 years, respeesively.  Males had a slightly shorter larval period
than the females.

A constant temperature of 80° F. accelerated larval development
and eaused irregular pupation, whereas at a constant temperature of
70° development and pupotion were in accord with the rearings con-
ducted at basement temperature.

There was no difference in the rate of development of sugar-hect
wireworms fed lima beans, corn, or wheat. A group of larvae existed
on a monthly diet of 1 kerne! of wheat for a period of 4 yvears.  When
2 portion of these larvae were fed 8 kernels of wheat in the spring, all
pupated by fall, whereas in the group continued on 1 kernel per month
a few pupations occurred, bat the majority continued as larvae into
the next year.
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No significant relation existed between the length of lavvae and the
time of pupation, nor can the length of larvae be used in estimating
their age.

Larvace 3, 4, and 5 months old consumed, on an average, more food
during the months of July, August, and September than at any other
time of thelr life period.  Although small, they apparently are respon-
sible for a Iarge share of the damage inflicted to fall-ptanted vegetable
crops.

The nuinber of instars ranged from, 10 to 13 for wireworms supplied
with an abundance of food and eompleting development in 2 years
under favorable eage conditions. Under adverse cage conditions,
1larve died after completing 22 moits in the cowrse of a 5-vear eycle.
During the first year of larval life activity was greatest and the dura-
tion of the instars shortest.  With less activity during the winter and
in the following year, the average duration of the instars was increased.

Of larvae reared in salve eans and fed various kinds and quantities
of food, 4.1 percent matured in the first year, 84.7 percent in the
secondd, 13.8 percent in the third, 1.2 percent in the fourth, and 0.2
pereent in the fifth.  In outdoor cages 4.5 percent matured in & 1-yeav
eycle, 13.7 pereent in a 2-vear cycle, and 0.7 pereent in a 3-vear eycle.
A totul of 81.1 pereent of the larvae reared in outdoor cages were
either the victims of cannibalism or died from natural causes or
injuries received when handled. Aore of the carly-hatched larvae
matured the first year than of the late-hatehed, in both salve cans and
outdoor cages.

The prepupal period avernged 7.6 days. Females remained in the
prepupal stage for an average of 8.6 days and males 7.4 days. The
carliest pupation in salve cans occurred on June 13, in 1934, and the
inst pupation on October 27, n 1931 and 1933. The seasonal peak
ranged in different years between September 1 and 22, The pupal
period ranged from a minimum of 13 days to & maximum of 34, and
averaged 21.4. In outdoor cages the average depth of pupation was
10.5 inches, the minimum depth 4, and the maximum 21

Emergence of adults in the field was ohserved as early as January
23 in Los Angeles County and February 1 in Orange County. The
peak of emergence, based on sweepings of allalfa, occurred In the
period March 16 to 31,

If not disturbed by cultural practices, the adults remained until
December in their pupal cells in the seil at an average depth of 10.3
inches. During December a movement surfaceward hegan, and by
January 31, adults weve found at an average depth of 7.5 inches.  On
February 26 they were found at an average depth of 4 inches.  In this
movement upward males precede the females by several inehes, {bus
accounting for their earlier appearance in the &eld and in outdoor
Cages.

The beginning of adult emergence 15 governed by the soil tempera-
fures during December and January.  Low temperatures delayed the
appearance of the adults to Mareh 1, whereas high temperature.
causcd the earliest omergence (January 25).  Although the pesk of
emergenee each vear varies with the temperature, all such peaks
gecurred during the peviod from February 27 to Mareh 19, Males
were always more numerous during the first portion of the emergence
period.  Adult cmergence during all the vears when the observations
reported in this bulletin were under way terminated April 2, 3, or 4,
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The proportion of females increased with the length of the larval
life, from 7.1, 48.7, 59.4 and 66.7, to 100 percent for individuals reaved
in salve eans and completing development in 1, 2, 3, 4, and 5 years,
respectively. For those reared in outdoor cages, and completing
development in I, 2, and 3 years, the percentages of females were
32.2, 55.3, and B0, respectively,

The duration of the preoviposition period cutdoors averaged 11
days. In the basement the average for females reared in salve cans
was 5.2 days and for ontdoor-cage-reared females 6.1 days,

Females reaved in salve cans and outdoor cages and confined in the
basement after emergence deposited 37, 20.8, and 10.6 percent, or o
total of 88.4 percent, of their eggs in the first, second, and third weeks,
respectively, after oviposition began. Outdoors in the sun, the per-
centages of eggs deposited were 50.8, 22,5, and 11.5 respectively, or &
total of §4.8 percent for the first 3 consecutive weeks.

Dormant adults reared in salve cans and exposed to a constant
temperature of $4° F. for 1 week mated and Iaid eggs 6 weeks previous
to normal oviposition in outdoor cages. Adults emerging dwing
Mareh and held at a constant temperature of 40° mated immediately
when removed on September 3, and deposited fertile cgas.

In the basement the earliest egge deposition was on February 17 and
in outdoor cages in the sun on Mareh 3. Oviposition terminated on
May 18 in the sun and on May 28 in the shade. The average number
of eggs laid was 268.1, and the maximum of 704 eges was laid by a 3-
vear-cyele female rearved In g salve-can cage. Adults reared in out-
door cages averaged 228.8 cggs as compared with 346 eggs for females
reared n salve cans. Outdoors in the sun the average number of
eges Iald was 208.3.

The average oviposition period in the basemoent for females reared
in outdoor cages was 28.5 days and for females reaved in salve cans 36
days. In oviposition cages in the sun 28 days was the average and
in the shade 35.9 days. The average for all years was 31.2 days, the
maximun 75, and the minimum 7 days.

Male longevity averaged 29.8 days and female longevity 46.2. The
maxima were 81 days for a male and 81 for a fomale. Adults reared
in salve-can cages lived longer than those reaved in outdoor cages.

Listed as important enemies of the suear-beet wireworm are Celo-
soma bectles, birds, fungi, bacteria, and dipterous larvac of the fumily
Therevidae.
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