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DEPOSITORY

:Life History of the Wireworm Melanotus

Longulus (Lec.) in Southern California®

By M. W, Svong, essislant entomologist, and A, I, HOWLAND, junior entomologist,
Bicision of T'ruck Crop and Gurden Inscct Inpestigutions, Burenu of BEnto-
mology und Plant Quarantine Agricwllurel Research Administration
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RELATIVE IMPORTANCE OF THIS WIREWORM

“The wireworm Melanotus longulus (Lec.) ® ranks next to the sugar-
Béet wireworm (Limonius californicus Mann.) (8)* as a serious pest
obvegetable and grain crops in southern Californin. The larvac of
this species damage germinuting seed, either by eating the entire con-
telits or by destroying the germ. The larger seeds, especially all

e
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varieties of beans, corn, melons, and wheat, are most susceptible to
attack. Roots of growing plants may be caten off or the larvae may
Eurrew in and up the center of the stem, causing the plant to wither
and eventually fall over. Older bean plants often withstand this
form of attack, but the quality and quantity of the beans produced
is lowered, owing to the wealkened condition of the plants. Many
lima bean growers whose ficlds are heavily infested are compelled
to replant all or portions of their fields each year, and oceasionally
these second plantings are badly damaged and the yields greatly
reduced. Growers experience anvther large aunuval monetary loss by
the planting of additional seed. Years ago from 50 to 70 pounds of
lima beans were plunted per acre, but now, because ot greater damage,
this quantity has been increased to 90 to 110 pounds per aere. The
larvae damage young sugar beets by severing the taproc(s and also
feed on the older beets up fo harvesttime, Potato seed picces may
be injured severely and later the tubers may be burrowed into, ren-
dering them unfit for marketing. The larvae also feed on the stems
and roots of tomatves and cruciferous crops, causing considerable
damage.

Meianotus longulus may be found in all types of soil, both irri-
gated and nonirrigated. It often attacks lima beans on steep hill-
sides where the soil is extremely dvy during the summer and early
fall months.  Siftings made in irvigated beanfields daring the spring
of 1932 and 1933 in Ventura County showed that an average of 24
percent of the larvae recovered were V. longulus and the remuinder
were Limonius californicus.

Because of the importance of Mielanofus longulus, life-history
studies were begun in 1931 at the Alhambrva, Calif., laboratory of the
Dureau of Entomology and Plant Quarantine of the United States
Department of Agrienlture and were continued duving the period in
which the life-history studies (§) of the sugar-beet wireworm were
conducted, up to 1937, A report of tliese investigations is presented
in this bulletm.

DESCRIPTIONS OF THE STAGLES #
Titg Apurr
(Fig. 1, B

MALE

Lengih 812 mm ;. width 2.2-3.2 mne. Form elongate parallel, inlegumont
mderntely chining; color above bhrown to dack red-brown, beneach very little
lighter, bat antennae amd feps lighier than vest of bhody. Vestituve brownish
grity, modorittely long above, longer beneath, Int nol obseuring shiny surtace.

Head guadvale, conesely umbiliente!y puneiurved; frons slightly convex nt
vertex ro flat betwoeen eyes, and semewhar coneave nesr elypeal margi, whiel
is slirhily rellexed and prodoecsd over nasale; nasule narrewed by deep Literal
pits which ave indegentenr of anfennal Dmpressious; antennae only slightly
longer than prowstum af posterior Etreral angles second aud thivd sepments of
simitr =hape, thivd only slghtlr Tonger, second il thivgd (egeihior aboeut same
length as fourth, which iz trinngular amd move setoge, fourth to tenth riangular
und secose, last segment oblbng-oval, theee thines ag long as wide: maudibley
witlt dedpr olongnie pits nont base,

¢ Deseriptions of lurva, mm, wnd aduelt by Merton ¢ Lane and Morpee T, Lanzhester,
of the Hvisien of Track Urep and Garden Lisect Investizations, Dorept of BEntomology
and Mgt Chaaedine.




Figore 1.—The wireworm Mclanotus longulus. 4, cge, X220 B, larva, X6:
@, Mandible, dorsal view; b, head eapsule, ventral view; ¢, spiracle, €, pupa,
X5, D, aduall, X6.

Pronotum about as wide as long, widest posteriorly, sides usunlly straight, eiiher
parallel ar slightly nurvowlog from unear pnsferior angles to ene-fourtl: from
anterior margin, then arvcuate te anterior angles; pesterior angleg straight, pro-
dueed and stightly divergent, wirh strong carvina extending nnieviorly about
one "3 .rth length of pronotum, stighrly divergent inwnrd from margin, busal
mé-afin Impression moderawe and short, sulei of basal nurrgin evident and pae-
pllel; surfaer modecaiely, densely, shallowly umbilicate-punetate, punctures
legs dense on summit, more s0 ou sides.  Scutellum flat, slightly oblong, densely
punceate and pubeseent as on suminit of pronoiuny.,
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Blyira as wide a8 pronctum at posterior aaogles and about three times as long,
sides paraiiel {o posterior third, slightly arcnate to apices, which are rounded;
striae shaliow, with moderately deep, oblong punctures, intervals fint, with two
irregular rows of fine punctares.

Propleura densely, deeply punctiate with oblong punctures; sternepleural plote
exenvated and flared in front, grooved mearly onpe-half gistance to procoxae;
posterior margin of proplearae with vectangulur noteh near produced hind
nogles, which arve usuully rectangular, Prosternum moderntely densely and
deeply punctante, except prosternal lobe, whicl is prominent and nenrly impune-
tnte; muocre fat mwl punctate between coxae, Metnsternum and abdomen mod-
erately finely, yparsely punctite, exeept on sides, where punctures become deeper
nnd oblong, nod on last segment, which s deeply, densely punctate.

FEMALE

Lenglh 10-18 mm., width 2.8-3.8 mm.  Differing vevy little from male in coloy,
angd only stightly larger; thorax somewhat more couveX in general and with
sides more rounded in most spechinenyd ;) anfennae slighfly shorter than thorax,
middle Fegments shovter than in male aud whoily lacking the ercct pubescence
on inner margin of fourth to eleventh segments which is always present in males
and can be used to distinguish sexes in this genus,

LeConte (4) described this species in 1853 from specimens collected
near San Diego, Calif., the type now being in the Musenm of Com-
parative Zoology, Cambridge, Mass. Other materini examined was
all from southern California, as follows: Ventnra, April and May
{Stone) ; Temple, March and April {Stone) ; Santa Ana, April; Palm
Springs, May; Burbank, Pasadenn, May; Victorvilie, June; Provi-
dence Mountains, San Bernardino County, April; Avalon, June;
Warners Springs, May; and Indio, dlarch.  Specimens from Avizona
and southern Utah in the Lane collection ave probably ihis species,
Lhe nnly difference being the smaller size and lighter-brown color.

In 1881 LeConte {5) also described M clanotus variolatus from spect-
mens collected nt San Pedro, Calif. {Bache). The type of this species,
also in the Muscum of Comparative Zoology, is a female, and is prob-
ably the female of 3. longuius. B ovegonensis, deseribed by LeConte
(43 in 1853 from Cregon, will have to be considered a distinct species,
owing to differences m distribution and in the male genital organs.
The nedeagus of the type male is distinclly different from that of
A, longulus, the outer angles of the lateral Iobes in M. eregonensis
being elongate arcuate without semblance of angulation, with the
middie lobe slightly broader and blunter at the apex.

No specimen of typicxl Melunotus orcgonensis has been seen from
the southern Californin aven where A, longudus is common. On the
other hand, M. longulus apparently does not occur north of Tejon
Pass, Kern County, Calif., except possibly along the coast. M. ore-
gonensis is found in both the San Joaquin and the Sacramer to Valleys
northward through Oregon and Washington, and eastward ato Idaho
and northern Utah, Individueals of this species vary exceedingly in
size, color, and form, but the differences appear to be only those of
degree due to envitonmental factors of food and climate.

Tue Ece
e 1, )

Beg grayish white, becoming duarker as the embryo develops: ellipso-cyiindrieal
angd with the ends Broadiy roundod; egeshell smooth, elnstie, nnd ot casily
ruptured. Leungth 0.49-0.54 min., average 051 mm, ; wideh (.36-0.38 ., avernge
0.37 wmm.  {Avernge of 15 moessurements.)
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LIFE HISTORY OF THE WIREWORM

Tue LArva
{?e 1, B)

Torm slender, eylindrical, nearly uniform in widih: cotor yellow-brown, durker
at both tips, shiny, Begmentation apparent as transverse striations; legs seldom
visible from above; mouth parts, antennae, or body armature not especially
¢vident.

Head capsule flatiened, blunt, with single-pointed nasal projection; mandibles
with both distal and proximal ‘obes, the latter small; stipites widely separated
by postinbium throughout length; zntennae reduced, last sepment mindte; eyes
absent.

Body scierotization uniform; the slender, parallel-sided laterotergite uuited
to the tergire by a suture, separated from lhe sternite by g narrew membranous
ribbon; paired secondary atrinl cluimbers of spiracles visible, small, daik, and
loented i tergite near aoteroluteral ecorncr; on each segment n trangverse darls
ine, becoming somewhat scalloped on postorior segments, encireling body ante-
rior to spiritclies, not evident o Interotergites; on cach side at u distance [vom
lateral margin approximately equul to width of Iaterotergite and immedintoly
posterlor to the trinsverse ling n smadl, dark, pigmented aren with 6 to 10 iongi-
tudinal ridges; these dark aveas inereasing in size on posterior regments and on
ninth ademinal segment enlarged to nearly fwice the nember of vidges ; o narrow
longitudinal groove iu the iutegument oxtending from lateral end of vach area
two-thlrds of distance to striated portion of segment, senreety apparent in any
thoracic segmenta

Coxae croet, protrnding; nearly as heavily armed posteriorly as anterioriy;
legs woderale to small, distnl segments {n repose Iying ngninst lateral serface
of coxae and entirely Lidden from above.

Ninth abdominal sepmoent slightly dorsoventrally depressed ; selevotivation
heavier than on othor segments exeept head, and roughest of any; four longi-
tudinal, neavly paralled grooves on dorsal sarface extending posteriorly from
near transverse line approximately one-half distunce to cod of zegment, two
avislng near middles of extended dark arens of vidges, and two near mesal ends
of snme areas; laferal marging unifovmly narrowsd, less suddenly constricted
anterior to Iuternl angles of tip than in spechnens of oregonensis and clmnuIis
(GylL). Tip blunt, angles not acute, even In the niddle anrgle or point seidow less
than o right angle In Lirge larvac, younger stages more acutely angled; dorsal
surface immediately anicrior to three-ungled tip frequently convey, seldom with
o longitodinal median greove,

The larvae of Melanotus oregonensis from Walla Willa, Wash.,
appear to be more coarsely roughened on the ninth abdominal segment;
than . longulus, also move depressed and grooved anterior to the
tip, more restricted laterally anterior to the fateral angles, and with
all angles, especially the median one, more ncute. The Jarva of A,
communds, as tlustrated by J. A, Xyslop in unpublished drawings,
differs from that of M. longulus by having a blunter, shorter ninth
abdominal segment, less narrowed to the choniders of the tip. Un-
determined delanofus larvac from North Carolina shosw forms with
the ninth abdominal segment blunter and forms with this segment
much narrower than in V. longulis,

Tite Pura
(Mg, 1, €}

The pupa of Welunotus longulus s free ov exarate. similar in ap-
pearance to the adide but with the appendages immovable and visible,
as though through transpavent coverings.  Although a distinet stage,
the pupa shows gradund changes from the pure white, waxy condition
of i fivst appearance to o davkened, hardened condition just prior {o
ity transformation to adult. This darkening first appears in the tips
of the mandibles, in the shading of the eyes as viewed through the
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shield of the pronotum, and in the tarsal claws. The four pairs of
pupal gpines appear to be movable and somewhat vaviable as to the
direction in which they point,

Measurements varinbie, slightly in exceess of those of resultant adult.  Nearly
pure white during development, darker priov fo trunsformation to adult. Head
withdrawn into prothorax o base of antennie, eyes covercd; antennae resting
agninst propleurae, approxlmately as long as in ndult; mouth parts exserted
and developing graduelly, Prothorax with prosotum, prepleurae, and pro-
stornum distinguishable.  Pronotum avmed with three pairs of large, eloogate,
and peinted spines which seem tw he charsetoristie of the pupal stage in the
Elateridae ; anlerior paiv near anterior margin of prototum and dovsad of cyes,
Jateral paic near Lips of posterolateral angles, and medial pairv in angles formed
by pesterior margin nud medial basad groove,

Legs normal, held as when feigning death in the adalt, first fwo pairs visible,
protarsi over mesocoxae and redching mesotarsi, metnlogs hidden hy wings except
for tarsi. Mesothorax and metathorax visible dersally, partially hidden venbrally
by legs and wings, completely hidden laterndly by wings,  BSurutellom evident
dorsally in posterior two-thicrds of mesothorax, oval. Elgtva and wings clasping
body closely and exteuding posteriorly aogd ventrvally; wings nearly hidden by
elytra except near poing of attichment aml near tips, whiclh extend beyoud
elytra nearly to meet just posterior to metasiernum.

Abdomen exiended, with nine visible segments dorsally, the first seven bearving
paired spiracles, (e ninih with another pair of pupal spines at extreme postero-
laterai angles ns on pronotum.  Only the last seven abdmninal” segments visible
ventrally ; fifth visible veniral segment evident as last visible ventrat segment of
adult; last segment Learing ventrally (e buds of the genilalin—two protuber-
unees for the female and three for the male. ’

REARING TECHNIQUE

Rearing experiments were carried on in file cages out of deors and in the
1aberatory in a well-insulited cement bazement where temperatures elosely approx-
imated prevailing autdoor remperarures bolow the snrfact. Immediately npon
hatehing, the lavvae were confined icdividoally in 2-ounce salve cans containing
moist sifted soit (12 to 146 pereent by weight ) and 10 kernels of moist wheat, Ar
monthly intervils the soil in the salve cang was changed and the required amount
of moistened wheat was added. When the Inrvne reactied the prepupal stage, aa
indienred by enlarged mwiddle segmoentg, shovtening of the body, and inaetivity,
they were placed in smali depressions mage by prossing the fhanb into moistencd
goil in the sibve enn. Pupae were confined in the same manuer. Exumionation
of these prepupie or pupae was then made daily until pupation or adult teans-
formmtion oeenrrod. The dates of neeurronee of Lhese slages, along with the date
of wilntt transformation, swwas weiiten on the lids of the salve rany,

Newly trausformed woinlls wore provided with an arctifieia] pupal cell construeted
gimply by prossing the poing of 4 peoeil into the firmly packed moist soil with
whicli the cans were flled.  The coli opening was then eovered over with o small
amount nf woil so ng to retard drying out of e cell wall and to diseourage move-
ment of the adutt (o the suvface, whoere it wonld e more snsceptible to attack by
fungl forming wederneath (he salve-ean fid,  Adnlis confined in {his manuer
passed the winter with only light mortality,

In rearing larvie ont of doors, two unsiazed drain tiles (6 inches in dinmeter
and 12 inches long} wors cemented together end to ond and huried vertically in
a trench 2 inches deep. 'This allowed 2 inches of the top to remain ahove the
s0il surface so that sereen cages could he aftached, and alse prevented debris from
washivg in afier rains or frrigaiions.  After installntioun of the cages, the soil
was replaced and Armly packed down. To prevent oseape of the Inrvae, the
hottem of the {iles was filled with o halt-ineh layer of plaster nf paris and, after
arying. the enges wore fled with sifted seil provieusly fumigated with carbon
disnlfide.

In general, %5 newly hatehed larvae were placed in each eage near the 12.inch
deptly; then o small unoant af eorn wis ulded ac ilferent leveds s the soil wilk
repliteed.  The larene wore fed monthly from FPebrnary (o Octeber and at G-woek
intervals daving fhe winter months, when Inteal activity hand lessened.  Screen
cuges wore fusialled doring (he flight period so as (0 prevent possthle aviposition
by ofher elatorids.  The molsiure content of the soil was maintained ns nenr the
optitnum ax possible hy irrigations gt various infervals throughont (he year,
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Temperafure records at the 4-, §-, and 12-Inch depths were obtained Ly vsing
recording thermometers of the 2-pen type, and standard Weather Burean hydro-
thermographs were used to record {he temperature and humidity in the bascment
and out of doors, Additioual details as to the preppeation of seil for oviposition,
methaod of obtaining oggs, and constraction of outdoor oviposition cuges nre given
In an eariler publieation (7).

Lenhet (10) in 1839 criticized the salve-can and tile-cage mothods
of rearing wireworms and recommended earthenware flowerpots
{probably 6 by 8 inches), which he used for rearing larvae of Zoris-
tonotus whierii orn. The writers realize that both the salve-can
and tile-cage methods of reaving wiveworn have their disndvantages,
In the former the larvae do not have suflicient space to ovient them-
selves cither vertically or Iaterally when subjected to temperature or
moisture changes. and when the latter method is used the mortality is
so great through cannibulism that (he original series must confain
at least 2,000 to 3,000 larvac if significant lite-history data are to be
obtained on the individuals completing theie lfe eveles after 3, 4, or 5
years. The flowerpot fype of eage couid not be used because during
the summer and winter the larvae of this species burrow deeper than
the ordinary depth of flowerpots and, if so confined, would be subjected
to higher temperatures, and possibly (heir rate of development would
be aceelerated as a result,

LIFE-HISTORY STUDIES
Tug Ece

DEPTII IN SOIL AND PLACE OF QVIPOSITION

The depth of oviposition was determined by using 3- by 12-inch
lile cages containing loosely wacked, meist 60-mesh so1l and 10 adult
pairs of wireworms in each cage, These cages, after being provided
with suitable sercen tops, wece buried ont of doors on May 20, 1931,
Examination on June 15 consisted of removing and washing through
a §0-mesh sieve cuch square inch of s0il to a_depth of 4 inches, and
then eavelully counting the eggs in cach sample.

On the basis of results obtained under eage conditions, females of
this species deposited T2 pereent of their eggs in the first {top) inch
of soil, 18 percent in the second Inch. 7 percent in the third, and 3
percent in the fourth. ‘There was no epportunity to conduct field
tests to verify (hese findings.

As adulis in the field emerge during April and May, at a time when
the ficlds are being enltivated extensively and when optimam soil
moisture prevails, the females shonid have no difliculty in selecting
suitable places for oviposition. Whether the presence of vegetation
influences the selection of oviposition sites is not definitely known.
There may or may not be vegetation present, for the dale of plunting,
in the cage of lima beans, may be anywhere between April 15 and June
1, depending on location, temperalure, and soil molsiure,

INCLUBATION PERIOD

The time rvequired for the incubation of egas of Welanotus Tongulus
depends largely on temperature. Oplinwum moisture is also impor-
tant, becnuse it the soil is too dry, the eges may beeome desiceated, and
if it is overly meist, fungl become common and sometimes Kill an
entire group of oggs,
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To obtain incubation records, the eges were removed from the
oviposition cage on the day following their deposition and were placed
in satve cans half filled with moist 60-inesh soil. Each can contained
from 10 to 20 eggs a short distance apart. A smell quantity of soil
was then added as a precautionsry measuve against fungl, which
usually start growih underneath the salve-can lid. As time for
hatching approached, the soil was removed daily, washed through a
60-mesh screen, and the larvae, if present, were plaved in individual
containers. ‘Fhe unhatched egas were veturned to the salve cang and
examined each day thereafter until all hatehing had ceased.

The incubation data for 1932 were based on 1,458 eges which were
deposifed in the period April 12 to May 19 and hatched between May
13 and June 18, Temperatures in the basement during April and
May were fairly uniform, varying only 1° F.  As w result, there was
only & 2-duy difference
in the mean period of
B incubation in these
months, The maximum
incubation period was
38 days in April and
the minimum was 26
days in May. The sea-
sonal average was 31.7
days.

In 1838 hatching be-
gan on June 2 and con-
tmued until July 8, the
o 3 B - records being based on

T ABR, v av WAL e A v 1,700 cogs laid between

1932 =3 1934 April 23 and June 8.
qur;? 2. —TLengih of the incubation period of egoy O\‘-'ing to low basement
of MHetunofus langnlus in salve ¢ans, as coinpared ” . : .'
with the mean basement temperature ar ghe CCMperatares in API%I
Alhambra, Cadif,, lnhoewtory, 1032-34, and May, both the max-

imum and average in-
cubation periods were the longest recorded during these studies. The
maximum was 43 days; and the average, 39.5 days, was recorded for
eges deposited in Apuvil. Iigher temperatures prevailed in the base-
ment during June and, s a result, the period of incubation was
shortened to an average of 27.9 dayw.

The records of incubation for 1934 were based on 168 eggs, laid
between April 10 and May 20 and hatched in the period May 15 to
June 17, Temperatures in the basement during incubation were
higher in 1934 than in previons years (average, 72.56° T.}, and in
consequence the average incnbation period was shoriened to 25.5
days. The shortest ineubalion period recorded was 25 days. Fipure
2 shows the effect of temperature on the duration of the incubation
period during 1932, 1033, and 1934,

@

-3
o

o
[

« TEMPERATURE ['F]

TitE LARVA
DEVELOPMENTAL PERIOD

The lavvae of MHelaparus longulus were rearved in galve cans in an
insnjuted bazement which responded very slowly to changes in tem-
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perature. Conditions here approximate somewhat the natural en-
vironment of the insect. The temperatures in the basement during
the period of these studies (1931-37) ranged from a minimum of
46° . in December and January to 88¢ in July, August, or Septem-
ber. Average yearly basement temperatures ranged from 67.0° in
1931 to 69.9° inm 1934, S..1 temperalures out of doors at the 12-inch
depth reached the maximum of 88° on July 26, 29, and 16 in 1931,
1932, and 1933, respectively. Afaximums of 87° were reached from
Aveust 18 to 18, 1933, and on July 31, 193+, The lowest minimum
soil temperatire at the 12-inch depth was 41° on December 15, 1931.
Daily minimams of 43°, 45°, 31°, 48°, and 44° were recorded in
Junuary of the successive yeats 1932-36, inclusive. Average yearly
temperatures at the 12-inch depth were uniform, ranging from 04.6°
in 1931 to 68.4° in 1936,

The eges of the 1931 series were deposited by field-collected beetles
between May 4 and June § and these hatehed in the period June §
to July 4, 1931, During the fivst summnier these larvae developed
very slowly and by September averaged only ene-fourth inch in
length. As a result, none of the larvie matured in the first year.
Early and throughout the spring of 1032 they consumed much
greafer quantities of food and by June appeared to be Jarge enough
fo pupate. Later, on July 10, the first prepupa was obtained, and
this specimen pupated on July 18. Pupation in the group con-
tinued throughout Angust, and by September 10 a total of 24, or
5% percent, of the original group of 41 had completed development,
all for a 2-year cycle® (Table 1) The first transformation to
adult in this sevies ocenred on August 9 and the last on October 8.

Panig 1. —Duration of the developmental periods of the 1531 brood of Melanotus
tongufus at Alhambra, Oalif., 183154
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Of the remaining larvae ia this series, 8 pupated in 1933 and 5 in
1984 for a 3- and u d-year eyele, respeelively, Of the original group
only 7 succumbed. Pupation 1n 1933 occurred between August 2%
and September 20, These pupae transformed to adults between Sep-
tember 22 and Qetober 13, In this group the lavval perviod averaged

¢ The elapsed Hme from harelilng of the erg to the death of Lhe adult in the apring of
the second year would ve allglitty aver 2 years

GoUBHE—t———10
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804 days and the period from egg to adult averaged 861 days. Pupa-
tion in 1084 began and terminnted between August 2 and September
26, and the (ivst and last adults were obtained on August 24 and Octo-
ber 21. An average of 1158 duys was recorded for the duration of the
Iarval period, and from egg to adult an average of 1,218 days.

EFFECT OF QUANTITY OF FOOD ON RATE OF LARVAL DEVELOPMENT

In the field wireworms are constantly being subjected to a variety
of unfavorable conditions any of which may adversely affect the
duration of lurval life. The most important of theso is a deficient
food supply, the lack of or an excess of soil moisture, and extremes in
teinperature. Graf (2) kept 7 Lavae of Limonius californicus alive
for over a year without food, and 1 individual of 1his series remained
alive for almost 2 years, Idven greator larval longevity occurred
when the quantity of foed givon cuch larva was redueed from 10
kernels to only 1 kernal of wheat per month.  OF a sories of 10 larvae
of the 1930 brood fed in this manner. 7 died between 1930 and 1936, 2
matured in 1834 and the 1 remaining larva died in August 1938, after
completing 8.2 years in the larval stage.  These experiments indicute
that wireworms can exist and may also complete development on very
small quuntitics of food. Since unfavorable conditions of maisture
and temperature may occur at irregular intervals and as wireworms
usually avert these extreme conditions by migrating to lower depths,
the question of foud appears to be cspecially significant in affecting
their rate of development.

To obtain additional information on this phase, n series of larvae
ol the 1932 and 1933 broods of Helunotus longulus were divided into
3 groups with 23 larvae in cach (except in group 3 of the 1922 szeries,
which hid 34 larvae) and were fod various quantitios of moist wheat.
Lavvae of the 1932 series hatched in the period May 14 to June 13
Trom eggs deposited between April 12 and May 15, Those of the 1933
serios hatehed later, between June 2 and July 6, from egus doposited
between April 23 and June 8. Al groups contained an cqual number
of early- and late-hatehed lIarvae. Lmrvae ia group 1 of each series
were fed individually 10 kernels of wheat monthly between March 1
and Qctober 1, this being the period of greatest Jarval activity in the
field, and then 2 kernels monthly during the winter, when the larvae
were least active. The Invvae in groups 2 and 8 were fod 20 and 10
kernels per month, respectively, from the time of hatehing,

No larvag in cither brood series completed development in the frst
year of their existence.  When the wireworm Limonius californicus
was reared under similar conditions, an average of 4 percent matured
the first year, bul beetles of this species emerge and oviposit earlier
than does Mclanotus longulus, and the laevae, therefore, are subjected
to a longer period of activity prior to pupsalion late in the summer
ov in the fall.

In the brood series of 1932 the first pupation occurred in the group
Ted 20 kernels on August 4, 1833, Pupations in all groups in 1933
terminzted on September 14, In the sevies of 1938 the first pUpPA was
obtained in group 1 on July 23, 1934, and the Iast in group 2 on Sep-
tember 9. A summary of the pupations in both broods and groups
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showed that an avernge of 28 percent of the larvae matured for a
9-year cycle.

In the third year (servies of 1932) the first pupa was obtained in
the 20-kernel group on Juue 10 and the last pupation occurred in
this same group on August 31. Larvae completing development in
the series of 1938 for a 3-year cycle began dnd terminated pupation
in the period between August 2 and September 23. These records
of eurly and late pupation weve obtained in the 10-, 2-, and 10-kernel
groups, respectively, The feeding of different quantities of wheat
did not appear to have aflected the rate of pupation significantly, as
the percentages obtained for both broods were similar. A total of
the 8-year-eycle pupation for both broods shows that 30 percent ma-
tured in the 2- and 10-kernel groups, 34 percent in the 20-kernel, and
28.8 percent in the 10-kernel grouyp.

Lavvae completing development in 4 years in the series of 1932
began and ceased pupation on August 3 and September 28§, and in
the series of 1933 between August 4 and September 28, Only a few
pupations oceurred in both broods, + in group 1, 2 in group 2, and
13 in group 3, or 12 percent of the total number of larvae veared.

A few lurvae remained in all groups to complete development in
§ years. Of these, » total of 4 pereent matured in group 1, 2 percent
in group 2, and 1.7 percent in group 3. The longest larval peried
(1,885 days) observed during these studies occurred with the pupa-
tion, on August 2, 1937, of the remaining Javva in group 1 of the
brood series of 1932,

Because of the limited number of individuals that pupated in the
different groups each year, it is difficult to say whether the rate of
pupation was affected by the feeding of various quantities of food.
A total of the pupations in the 2 broods shows that 72 percent ma-
tured in the 2- and 10-kernel groups, 68 poreent in the 20-kernel
group and 813 percent in the group fed 10 kernels of wheat con-
tinuously, indicating that 10 kernels was sufficient for nccelerating the
development of larvae of this species. It was observed, however, that
the mortality was greater in the other groups, and had not this been
the case more would have pupated and the total percentages would
have equaledd or exceeded that for the 10-kernel group. The main
difficulty wilh the feeding of 20 kernels was that this large amount
of food tended to favor the growth of fungi in the soil, and the ex-
cess growth undoubtedly helped to cause part of the mortality shown.

Of the 159 larvae under cbsevrvation in this experiment, a total of
28 percent matured in 2 years, 31 percent in 3 years, 12 percent in 4
years, and slightly over 3 percent in 5 and In 6 years. A larval
mortality of 25.8 percent oceurred in both broeds during the 6-year
period of these stndies.

EFFECT OF STERILE AND UNSTERILE FOODS ON LARVAL BEVELOPMENT

In rearing experiments sfarted prior to 1933 the food commonly
nsed to feed the wiveworms was wheat. Wheat was used mainly be-
enuse it softens readily when soaked in water, and when sprouting
peeurs in the cans the pressure eserted by the young shoots is not
strong enough to remave the salve-can lids. When larger seeds were
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used, such as corn and lima beans, many of the larvae were either lost
or desiccated by the drying out of the soil after the lids of the salve
cuns had been pushed off T)y the sprouting seeds. Since it was de-
sirable to determine the effect of these foods on the rate of wirewarm
development, the germ of the larger seeds was killed by boiling the
seedls in water for about 10 minutes, to prevent germination in
the cans.

In this experiment, 25 larvae of the 1933 brood of Melanotus longu-
fus were used, and each of these was fed 1 sterile Hma bean monthly
from time of hatching. Of unusual occurrence in this group was
Lhe fact that none of the larvae pupated in 1934, 1985, or 1936, whereas
in the group of 73 of the 1933 brood, which were fed moistened wheat,
32 percent matured in 1934, 29 percent in 1935, 8 percent in 1936, and
8 percent in 1937. It was observed in these different years that the
sterile-bean-fed larvae developed very slowly and wore considerably
smaller than those reaved on wheat.

On May 1, 1036, the 17 lurvae vemaining in the sterile-bean series
were segregated into 2 groups. Eight larvae were continued on the
sterile-bean diet; while the diet of the other 9 was changed to 1 un-
sterilized lima bean monthly. In the Jatter gvoup 8 pupations oc-
curred between July 14 and September 1, 1036, and 8 succumbed in
1936-37. In the sterile-bean group 3 individuals died, only 1 pupated
in 1938, and 4 continued as larvae to 1939 for r possible 7-year cycle.
Weighings made on October 2§, 1936, showed that the weight of the
remaining larvae in the sterile-bean groups averaged 37 mg., and of
those In the unsterile groups, 81 mg. This shows that in a period of
& months the larvae reared on unsterilized Iima beans more than
doubled their weight over the more slowly developing larvae fed on
sterile beans. Recently similar experiments (9) were conducted with
Limonius californicus larvae and with these the same results were
obtained, which appears to be conclusive evidence that wireworm de-
vc]gpnicnt and pupation are retarded when sterile litna beans are used
as food. -

EFFECT OF CONSTANT TEMPERATURES ON RATE OF DEVELOPMENT

To determine the effect of higher temperatures on the rate of larval
development, 2 additionu) series were veaved in constant-temperature
cabinets held at 70° and 80° ¥. The 20 larvae held at the lower
temperature hatehed in the period June § to July 4, 1931, from eggs
deposited between May 6 and June 8. The larvae in this group were
fed 10 kernels of moistened wheat monthly. The temperature at
which these larvae weve held averaged less than 1° higher than in the
basement and, because this variation was so slight, their period of
papation oceurred at approximately the same time as in the 1931-
brood group reared in the basement. The number of 2-year-cycle
individuals that matured, however, was greater by 13 percent than in
the basewment group, but there were fewer pupations in the second
and third years (table 2),
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Tasie 2—Summary of pupations and mortalities of the 1531 broed Melunotus
longulus reared et consiant temperatures of 10° and 80° 1., Athambra, Calif.

Tupatlons und iarval mortalitios of M.
lonprulus

Heared at 700 F. Reorad 6t 56° T,

Tupations: Nuewber | Pereent ;| Number | Percent
1631, L.yenr eycle O i 0
1032, 2-yenr oyele o2
1633, 3-year cyelo
1, 4-year cyelo

8
) I , 35 | 0.9

As shown in table 8, the average duration of the larval period for
the individuzrls completing development in 2 years was 424 days, or
only 4 days longer than the average obtained for Iarvae reared in the
basement where the temperature extremes ranged from 52° to 81°
and averaged 69.1° F. An average Iarval period of 779 days was
obtained for the individuals maturing in 3 years, and of 1,169 days
for the one individual that matured in 4 years,

TaBLE 3—Duration of the decelopmental periods of the 1831 brood of Mclunotus
longulus, b constant temperatures of 78° and 806° F., Alhambra, Celif.

AT A CONSTANT TEMPERATURE OF 70° F.

Prurstien of perlod

Lifn .
oyela In:]létsid- Ttem

{yoars} Larval' |Propupal| Pupal Eﬁft':;{;g}-

Nuuber Days D Days Days
MMaxiiowm k 40 a8 515

Allnhunam......... 400 24 452
ANCrnEe. e X 2.7 . 255 478.2

[.\{nximum s12 l 1 o0 870

Minimum.. . 3 54 o] briagt]
Average.... . 7.7 ! . 8317
28 | 3,008,411 2 1,222

1

AT A CONSTANT TEMPERATURE OF #° F,

3134311152 A 26 276

22

I

1 Includes propupal period,

[Mnximum. .............. 23 447 lg

AVOTIEC. ... .._.._....,--I 30.5 3314 1 51

The 80 larvae reared at a constant temperature of 80° F. hatched
between June 2 and 27,1931, and were fed 10 kernels of wheat at 15-day
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intervals from time of hatching. As usual, no pupations occurred dur-
ing the first year of existence, but in the second year 20 individuals
pupated between March 15 and May 27, 1932—from 4 to 5 months prior
to the time of normal pupation. Ove of these transformed to adult on
April 1. The 2 remaming larvae pupated on August 31. With this
group a total of 73 percent completed development in 1932 and 27
percent succumbed (table 2).

The shortest larval period recorded for this species cccurred with
the pupation of two larvae on Maxch 15. Table 3, which gives the dura-
tion of the developmental periods, shows that the Iarval period of this
group ranged from 276 to 447 days and averaged 331 days. At this
temperature the length of the pupal period averaged 17 days, or 7
days less than the average obtained for rearings at basement tem-
peraturse,

SUNMMARY OF DEVELOPMENTAL STUDIES IN SALVE CANS

As shown by the summary of the rearings conducted in salve eans
(table 4). there was considerable variation in the number, of individuals
completing development each yeur in the diffevent broods.

anne 4 —Nwembers and percenteges of Melunotus longulus, rearcd in salve cons,
completing their development in different wwnbers of years during the pericd
I931-37 +

. Individuals completing develppment in—

Year garies
Wiy staried’ i

2 yenrs : 3 years i

4 yoars 3 years 6 yerrs Total

{ 1
I'Perceut Number :

TR . B
I 3 T B4

t i b i

MNumher Feresit Number Percend - Number: Percent | Numwher
G - 5. Lhi 8 1 .
21 agr ey 422! W
2t a4 1 o7 G

i i
b

Tolal....] 09 l N Cosss] m. 1A 4 L .G . 152

Also, it was observed that larvae that hatched at approximately the
same time, and lived under identical conditions of food, temperature,
and moisture, completed development in from 2 to 6 years. Similar

raviations ocenrred when the life cycle of the sugar-beet wireworm was
studied (8), and Hawkins {§) experienced the same vesults when

rearing larvae of Agrictes mancus {Say) in Maine. The greatest
varintion oceurred in the 1931 brood, as in this group 7L percent
matured for a 2-year cycle, whereas in the broeds of 1932 and 1933
only 33 and 44 percent, respectively, completed development. There
was but slight difference in the percentages of 3-yeav-cycle individuals
in the broods of 1932 and 1933, but the 1981 brood had a much lower
percentage than either. It appears that when food is plentitul, over
50 percent of the lavvae of this species complete their development
during the second and third years and a few larvae of the sume series
may even continue into the fourth, fifth, or sixth years before com-
pleting development. ]

According to the data in fable 5 the average duration of the lavval
period is fairly consistent in the different years. Since pupation
within years occurs over an average period of 54 days. considerably
move variation than is shown might be expected.
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Tapre 5 —dverage larval period of Uelanctus longulus larvae that matured. in
from 2 to 8 years when reared in gselve pans, Althumbra, Calif., 1931-87

2yrar cycle | F-year eycle 4-yoar cyela I S-yenr cycin G-year cyele
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GUTDOOR REARING STUDIES

The tile cages used for outdoor vearings of Melanotus longulus
larvae were seb up as deseribed under Rearing Technique (p. 6).
Each cage was stocked with 25 larvae and o supply of wheat.  After
the second month the lurvae were fed corn, because this grain sprouted
more slowly, therefore was nutritive for longer periods. As this
species does not produce I-year-cycle adults, the Arst cage examina-
tion was delayed until October of the second year. At this time the
adults were removed and the remaming larvae were returned to
the enges. The same procedore was followed in the third and fourth
years. Dala pertaining to the rearing ol the broods of A longulus
of 1932, 1938, and 1934 ave shown in table 6.

Taseg §—Swnmary of lfe-history stadies of Melanolus longulug in tile coges,
e bra, Calif., 1832-37

. i
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A summary of the outdoor rearing studies {table 6) shows that of
1,066 larvae under obrervation over a G-year pericd, a total of 361,
or 33.9 percent, matured ax adults in the proportion of 47 percent of
females and 53 percent of males.  Nineteen, or 2.8 percent, were kitled
when the soil was being removed. and 686, or 643 percent, cither suc-
cumbed or. becaure of being crowded, were the vietims of eannibalism.
Ot the original 3 groups of kureae, 314 percent completed developnent
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in 2 years, 1.9 percent in 3 years, and only 0.6 percent in 4 years, Based
on the actual number of survived larvae, these data show that 92,8 per-
cent matured in the second year, 5.5 percent in the third year, and 1.7
percent in the fourth year,

A summary of the basement rearings in snlve cang (talle 4) shows
that 45.4, 35.3, 15.8, 2.6, and 0.6 percent of the larvae matured in the
consecutive years 1 to 6, inclusive. The more rapid acceleration in the
rate of development of larvae in tile cages may be attributed, perhaps,
to the higher daily temperatures that prevail out of doors during the
spring and early summer months, as it is during this period, if food
is available, that wireworms make their greatest growth,

The average mean soil temperatures recovded at the 4-, 8-, and 12-
inch depths from the date the larvae were placed in the cages to No-
vember 1 of the s-cond year were 74°, 702, and 70°, averaging 71° I, ;
ta November 1 of the thivd year, 65°, 69°, and 69°; and to November 1
of the fourth year the temperature recorded at each depth was 68°.

DURATION OF TIE PREPUPAL PERIOD

Prior to pupation. the larvae enter the prepupal stage and, in this
condition, may be identified by their inactivity, shortened bodies, and
enlarged middle segments.  The prepupae are enclosed in an earthen
cell about three-fourths of an inch in length, formed by the larvae
before they enter the prepupal state, .

Asshown in table 7, the Hrst prepupa was obtained on June 5, 1834,
and the last on September 21, 1935, The duvation of the prepupal
period varied with the temperature, ranging from an average of 7 days
in 1937 to 114 days in 1936. The average for all years was 8.5 days.

WapLe T.—Duration of the prepupal period of Melanolus tongnlug in galve cans,
Alhambire, Calif., 1832-87

Males amd ieroales

Avorage
Prepupal dates length of

Reecards perlod

First Last

July 10 Toly 31,
July 23 3
June i
2] Tuly 24
duly 2o .o
{ July 27,

TIME OF PUPATION 1IN SALVE CAXNS

The time of pupation in salve eans wus ascertained by examining the
older larvae at 3-day intervals beginning about the middie of July and
continuing throughont the pupation period. Larvae which then
appeared to be of the prepupal fype were placed on top of the soil in
a depression. where they were observed at daily intervals until pupa-
tion oceurred. During the G-year period 14982-37 the earliest pupation
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in salve cans oceurred on June 10, 1934, and the latest was on Septem-
ber 28,1936, Even when the abnormal pupation in June was excluded,
the longest period of pupation was 67 days in 1934 and the shortest
was 42 days in 1937.  TWith the exception of the results obtained in
1935, most of the pupations in all the years occurred in August, 65
percent taking place in that month, 25 percent in September, and 10
percent in guly. .

DURATION OF THE PUPAL PERIOD IN SALVE CANS

Data on the duration of the pupal peried for each month of the
different years are shown in figure 3. The temperatures given are an
average of the daily mean basement temperatures from the date of
the first pupation to that of the last adult fransformation in each
month,

The duration of the pupal period varied with temperature. For
instance, when basement iemperatures avernged 76.9° F. during An-
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Ficuee 3.—Duration of the pupal period of Melanolus longulus, 18 compared with
menn basement 1emperitures at Albambra, Calif., 1232-36.

gust 1936 the pupal period averaged only 20.5 days, whereas during
periods of low temperatures, as in September 1933, when temperatures
averaged 72°, the duration of the pupal period increased to an average
of 28.6 days. A summary of all records shows that during July, when
temperatures averaged 76.2°, the duration of the pupal period ranged
frem 22 to 25 days and averaged 23.2 days, The same average was
obtained in August when temperatures averaged 75.1°, but the range
was greater—irom 19 to 32 days. Slightly lower temperatures oc-
curred durving September (72.8°), and this was responsible for an
increase in the mean to 26.5 days and in the range from 22 to 32 days.
Over the 5-vear period 1932-36 the pupal period averaged 24.4 days.

EFFECT OF SOIL CONDITIONS, WAXNDLING, AND CULTURAL
OIERATIONS ON SURVIVAL OF PUPAE

Althongh pupae and prepupae are extremely delicate, they are not
g0 susceptible to adverse conditions as would be supposed. The larvae
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experience no difficulty in pupating in extremely dry soils, as on several
ocengions pupation and emergence of the adult were observed in salve
eans containing soil unchanged for over 2 months and dry to the point
of being powdery. Some mwrtality resulted when the soil was overly
wet, but this was due to the increased growth of fungus in the sulve
cans. It is doubtful whether any appreciable mortality would result
in the fieckl from this condition, as therve the pupae would be confined
in their pupul cells, in a move protected state. On one or more oceasions
practically all pupae or prepupae reared in salve cans were dumped
vigorously inko a sereen, from which they were picked up with tweezers
and placed in a depression on the soil vurface. The mortality from
such freatment was negligible,  Considerable mertality of pupne may
result from plowing, either through injury or exposuve. Shivek (67,
in experiments couducted in Idaho, found that plowing to a depth
of 8 or 9 inches during the first week of August killed approximately
75 percent of the pupue of Limonius.

Dead or injured pupae and prepupae were oceaxionally found to
be heavily infested with mites! but these appavently “were only
seavengers and not of the parasitic type,

DEPTII OF PTUPATION

The depth of popation was determined by confining 20 Jarse or
mature Luievae in egeh of 4 tie epres (6 by 24 inches) containing
samdy loam =oil, eariy in June. Corn wazs added at the thue of their
confineient and at G-weele Intervals therenlter. The soil within
the cages way kept as nexe optimna condition as possible by ocea-
sional irrigations. The ciges weee taken up late in September, and
each 4 inehes of coil was removed separately and sifted to ascertain
the depths of the various stages. At the time of ¢xamination adults
as well as pupae were ol and, as these adults wore recovered in
their pupal cells, the revords periaining to thelr depth in the soil
were inehided with thore of the pupac.  Apparently most of the
Iarvae bad died or had sucenmbed to eannibalisim. because of the
120 larvie confined in the ecages only 48 completed development and
only 4 remained. That this 1sect pupates over a rather wide range
of depths was Indicated by the following results: 21 percent ot the
pupae were recovered between the 6- and S-inch depths, 29 peceent
between ¢ and 12 inches, 23 percent between 18 and 16 inches, 8
percent between 17 and 20 inches, amd 19 pervcent between 21 and
24 inches,

Tue Aveer

EMERCENCE IN TIIE FITLD AND FROXM PILE £ACES

The adults of Melunotus longdus are unlike most elaterids in
that they very rarely appear on the suvface on brighl sunny days.
Iimergence in file cages oceurrved stfier the sun had become Tess intense,
vsnally after 4 p. m., whereas on cloudy days they were recovered
throughont the day. storcting abwut 11 a. w. A few adulls were

FAceonding to I X, Ewing, thege mitos are migratory aymiphs of some spocies of
Tyroglyphidue, probably nor parasitie.
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collected in the field on alfalfe Inte in the morning, but the larger
collections were made late in the afternoon. Emerged adults that
remained overnight in tile cages were found under small elods or
sticks on the following morning, and these, especially the males,
would delay resumption of activity until late in the afterncon.

Data on outdoer emergence were obtained by using unglazed tile
cages as described previously (7). Early in the summer 25 large
mature lnrvae and a small quantify of corn were buried in each cage
between the 6- and 19-inch depths. Larvae coufined in this manner
had sufficient time to feed and to ovient themselves prior to entering
the prepupal stage. The cages weve irrigated at mtervals during
the summer and fall and, prior to beetle cmergence, were fitted with
18-mesh, eylindrien], removable sereen tops. During emergence the
beetles were removed daily, uxually about 5 p. m.

In 1931 emergence of Welanotus longidus adults from tile cages
began on April 14, Soil temperatures on April § and 9 reached a
maximum of 929 I at the 4-3nch depth, dropped to 82° on April
10, and to 77° on April 14, the day of initial emergence, The higher
temperatures carlier in the week apparentiy supplied the stimulus
for the appearance of the beetles on April 14 During the first 3
weeks the rute of emergence increased gradually but was retarded
in the fourth week, ended May 10 by low temperatures in the previ-
aus week.  The peak oF emergence took place duving the week ended
May 17 and the lurgest daily emergence was recovded on May 1L
Emergence in 1931 extended over a period of 49 days and terminanted
on June 1 (fy. 4).

T the field adults were falken on April 30 near Temple, Los Ange-
les County, Calif.,, by sweeping alfalfa. A few were collected in
this same locality on May 9 but none on May 26 or 25,

Records of adult emergence from tile cages were not available for
cither 1932 or 1933. Near Ventura in 1932 a single adult was col-
Jocted on March 19 under a malva trap ® used in trapping adults of
Limonius californicus. A few were taken in these traps each day
{thereafter until the end of the month. DBeginning on April 6, and
conbinuing to April 20, large numbers of Doth males and females
were trapped. In Orange County the first adulls were collected
under malva traps near Smelzer on April 14, on alfalfa in the viein-
ity of El Monte, Los Angeles County, on Aprit 16, and in larger
numbers near Temple, Los Angeles County, on May 15,

Tn 1933 malva traps wore set out in an infested beanfield at a
loculity in Ventura County for the purpose of trapping Limonius
californicus adults (7). These same traps were used for emergence
studies of Melunotus longulus, Table 8 presents u summary of these
data, haved on the daily collection of the adults during the cntire
egmergence period.

As determined from malva-trap records, beetle emoergence in 1933
started on April 6, reached a seasonal peak during the week
ended April 26, and terminated after a period of 42 days, or during
the week ended May 17,

#Traps consisted of loose piles of Matva parvifere L., & feet in dinmeter, placed 100 (et
aparct In shinllow sxeavatisns,
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TastE B.—Xelanotus longulus aduits coltected weekiy from malvg treps, Venlura,
Calif., 1833

Drate {1633) Aduits coliceted Date {1933) Adults collected

Number Number | Peeent
Apr. 612, i1 2, May 4-10 29 7.0
Apr. 13-19 ! May 1327 __ £ La
Apr, 2018 .

Apr, 3y-Xfay 3. N 418 100.0:

At Alhambra one male was taken in a tile cage on April 5 and 2
male and female were taken on May 12 and 20, respectively.
In 1934 emergence records were again obtained from tile cages and.
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in that year they were based on & total of 25 beetles, which emerged
aver a period of 20 days between April 6 and 25. As shown in
figure 4, the pesk of emergence occurred from 2 to 3 wecks earlier
than in 1931 or 1935. This may have been due to higher soil tem-
peratures carlier in the season, which accelerated the movement of
the adults in the soil. Females appeared on April 18, approximately
2 weeks after the beginning of male emergence. The sex ratio of
the adults that emerged was 52 percent males to 48 percent females.
Near Ventura adults appeared slightly earlier, as they were taken
under malva traps on March 29. Iomales colleeted and dissected on
April Lt were observed to be heavily laden with eggs.

In 1935 aduli-emergence records from tile cages were more com-
plete, being based on a total of 203 beetles, which emerged over a
period of 36 days between April 18 and May 23, In the week prior
to emergence, soil temperatures at the 4-ineh depth renched a maxi-
mum of 70° on several occasions and 75° ¥. on the day preceding
emergence. On the duy of initial emergence, the maximum was 79°
and on the day following, 81°. Apparently this sudden rise in tem-
perature provided the hmpetus for the fiest appearance ot the beetles
on Aprit 18, During the st week of -mergence males only were in
evidence and they also outnumbered the females during the second
and third weeks; however, females were more mumerous in the fourth
and fifth weeks. As shown in figure 4, there was a decided drop in
coit temperatures during the week ended May 3, but this did not
appear to have affected the rate of emergence. In all other weeks
the rate of emergence increased or decreased aceorvding to corve-
sponding changes in temperature. As to sex, the issuing beetles
were in the ratio of 60.1 percent males to 39.9 percent femules.

Records for 1836 show that only five adults emevged from a group
of tile cages containing a series of 1934-brood Mclanotus longulus.
These were all males, end they emerged in the 3-day period April
17 to 21,

SEX RATIO

The data on sex ratio of the adults collected, based on the dissec-
tion of 404 beetles reaved in salve cans and tile cages in the period,
1931-37 (table 9), show that there was a gradual increase in the per-
centuge of femnles as the length of the life cycle was increased. Over
the cntive period of development, however, the proportion of males
and females reared in salve cans was about equal, whereas in the
tile ehges males weve slightly in excess.

Tapne Q—Proportion of scees of Melonotus longnlus of diffrreat maturing aye,
reared inosalve cans and e eapes, Mthawhea, (Calif., 1931-37

ii:mr:‘t] in malve cans, Reared in tile capes
Portsd i Larval staaw “yearst "~ '
Todal + Females - Totel | Fomales

tNwmher | Prereend
P

i, R
iy S

Number [ Pereent
s ]

B4
WL
Xy
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MATING

Mating usually takes place late in the afterncon on the day of
emergence. More matings were observed on cool, cloudy days than
on bright, sunny days or when higher temperatures prevailed. One
mating appears to be sufficient, as females mated but once have de-
posited the normal number of fertile eggs.

PREQOVIPOSITION PERIOD

The duration of the preovipesition period for females confined
in the basement and in outdoor cages is shown in table 10, The aver-
age for 26 females was 10.7 days, with a maximum of 29 days in
1933 and a minimum of 2 days in 1931. Tt is noted that considerable
variation exists in the averages obtained in the basement in 1931 and
1933. This was due, as was the case with Zimondug californicus, to
the difference in time of matings in these years. In 1931, when the
low average was recorded, the females emerged and mated in the
period April 13 to June 4, and in 1933 on April 14 and 15. In 1931
several of the late-emerged females began egg deposition in from 2
to 3 days, which gccounted for the low average shown. There was
alse considerable varintion outdoors in 1934 and 1935, but this was
probably due to the difference in temperature and to the limited
number of individuals under observation.

Tanne 10.—Precuiposition period of adulis of Alelanotus longulusg reared in salve
cans and tile cuges and laler confined either in the basemeni or in ocutdoor
oriposition cages, Alhambra, Calif., 1981-35

REARED IN TILE CAGES OUTDOORS

Average
Average | mesn base-
Year Confired during evipositlon | Tetel |preoviposi-| meng or
perind in— reeands | tion period | sofl temper-
siurs
Number Dags °F,
A Basement ool g 4.1 658
__. Outdoos cagea.. - 4 9.5 V57,5
L S T, [ 7.3 167.2
1
REARED 1IN SALVE CANS IN BASEMENT
5 S Basement .« ccicee e - 5 15.2 8.8
Grand tolal or aversst. ... ..., i ______________________________ =% 10.7 66.3

¥ Temperatures at $-inch depth ba soll,

OYIPOSITION

In obtaining oviposition recovds, females reared in file cages were
mated on the day of their emergence. When adults reaved 1n salve
cans were used they were removed and mated at the time of first female
emergence in outdoor ecages or in the field. Tairs obtained were
confined and allowed {o oviposit cither in l-ounce salve cans in the
basement or in specially constructed outdoor oviposition cages filled
with B0-mesh soil with a moisture content ranging from 12 to 18
percent, (Ary weight). TFach day thereafter until eggs were found,
the soil was removed, washed throngh a 60-mesh sieve, and fresh
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soil was added. After oviposition began the soil was washed and
the eggs were recovered at weekly intervals. An earlier paper (7)
gives additional information and methods of constructing oviposition
cages. Table 11 presents a sumwmary of the oviposition recorvds of 26
females during the years 1931 to 1935, inclusive.

TasLEe 11, —Duration of the oviposition period, ulso fecundity and percentapes of
egys leposiled ai weekly infervals in e dusement and in cutdoor cages hy
suive-cun- and tile-reared Melunotus longulus adults, dthambra, Calif, 198135

Egps lnfd during indicated
week of eviposition pariod

maopn
per

Loesation of
1ype of rerring vago oviposition

Averngo
Lemparniura
Avernuen opgs de-

wslted

Fenales
fem

- h I

Per- Per-! Per P
‘cent cent cenl
Jjar]1d 1
4h 0517 T
IDpds |2 17
61§36 A ...

’Jl‘l:rh:\lt'.lrl'wt‘rﬂga!1 i ' 28 lﬁl 7

i
i

! Fromn date of maling to termination of oviposition,
1 Avernge megn soll temperature at $-inch depth.
* The oversges are welghted.

In 1931 oviposition indoors was based on the egg-laying activities
of & fomales which emerged from tile cages and were mated in the
period April 15 to June 4. Despite low maximum basement tempera-
tures, which ranged from 61° to 68° F., 1 female began ovipositing
on April 19, less than 4 days after mating. Oviposition by this group
continued over & period of 70 days until June 27. The extent of ovi-
position of this species in the different weeks is closely related to the
records obtained lov Limonius californicus. As shown in table 11,
more than half the total number of eggs were laid during the first
week, with diminishing numbers in the second, third, and fourth
weeks, Individual egg totals ranged from 75 to 185, averaging 134
eges. DBasement temperalures were fairly uniform throughout the
entive egg-laying period. No oviposition records were obfained in
1932,

In 1933 complete oviposition records were obtained for five salve-
can-reared females confined in the bagement. In this group, which
mated on April 14 and 15, two females deposited eggs 9 days later, on
April 23, Oviposition continued over a period of 58 days, until
June 19,

One female in this group had the longest preovipoesition period
recorded during these studics. Mated on April 15, she deposited her
first eggs 29 duys later, on Muy 14, This female also deposited the
Jargest number of eggs, a total of 473. Maximum temperatures in the
basement during the activities of these females ranged from 59° to
8° I, the average (66.3°) being similar to that recorded in the studies
of 1931

As iy vsnally the ease, the greatest number of eggs was laid during
the first week, a decline was noted in the second, and slight inereases
in the third and fifth weeks, One female reversed the procedure
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of egg deposition in that most of the eggs were laid during the fifth
weels,” It was observed that total egg deposition per female greatly
surpassed the individual records obtained in 1931, and this may have
been due to the fact that these femuales were larger, having originated
from older and congiderably larger larvae than those used in the
earlier studies.

Pairs used in ontdoor oviposition studies in 1934 were confined in
metul eages having plaster-of-paris bottoms and filled with 60-mesh
soil. Thegn were imbedded about 2% inches deep in moist soil in o
sunny cexposure.  Owing to the Iack of recording instruments, tem-
peratures at the bottom depth of the cages were not obtained in either
1034 or 1935, hence the mean temperatures ordinarily recorded at the
4-inch denth in the sun have been ineluded.  Naturally these tempera-
tures would average slightly lower than prevailing temperatures
nearer the surface. This group of 6 females began ovipositing
on April 15 and continued to do so over a period of 46 days, until
May #3. The avernge egg deposition was lowered somewhat becnuse 1
femar, died prematurely and, when dissected, was found to contain
293 eggs.  Contrary to resulis obtained in previous years in the base-
ment, the adults in this group, because of their ecarlier emergence
and the possibility that their eggs were not fully developed, depos-
ited most of their eggs In the second week, with the numbers gradually
decreasing in the thivd. fourth, and ffth weeks.

Oviposition studies in 1935 were again conducted out of doors
in cages lovated in a sunny exposure. 'The records were based on six
females which emerged from the tile cages and mated between April 26
and May 9. Egg deposition in this group began on May 11 and termi-
nated 82 days later, on June 11. This was the shortest oviposition
period re: orded during these studics.

In combining all salve-can-oviposition data {table 11), it is noted
that the greater number of eggs were luid during the first week after
oviposition began, and this was also true out of doors in 1935, An
exception to this occurred ount of doors in 1934, when most of the eggs
were laid during the second week. The percentage totals of the first
and gsecond weelk in each location, however, show a close similarity
in the rate of egg deposition. In salve cans over 68 percent of the
eggs were deposited in this period, and in outdoor cages T1 percent.
About 15 percent of the eggs weve Iaid duving the thind week in ench
location, amd from that time the percentages decreased, Oviposition
cut of doors terminated during the ifth week and in the basement
during the seventh week.

During the 4-vear period in which oviposition studies were con-
dueted. both in salve cans and in outdoor cages, the average number
of cuas deposited por female was 173, the maximum 473, and the
mininum 31, The salve-can-reared fomales, being larger becanse of
being subjected {o an excess of food as lavvac, deposited more eggs
on an average than did the smaller, Hie-reared adults. One femaloe
from the salve-can group depesited the maximum of 473 eggs.  Tewer
ogas wore deposited out of doors beeause of the higher temperatures
which preeailed, causing some of the beetles to die prematurely.
Altoeethor a total of 566 eoes was obtained by dissection; and if these
were inelnded with the fotal nmmber of eggs deposited, the averago
rate of egg deposition would be incrensed to 193,
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The duration of the oviposition period varied according to the man-
ner of rearing the females and to their Jocation during egg deposi-
tion. Femasles reared in salve cans and confined in the basement,
where low temperatures prevailed, oviposited over a considerubly
longer period than the females reared in tile cages and confined in
outdoor oviposition cages. Temperatures were higher ont of doors,
and this would naturally tend to shorten the Jongevity period of these
females. They undoubtedly also would be affected by the high soil
temperatures which they would encounter in their movement surtace- -
ward prior to emergence in outdoor cages. The records show a max-
fmum oviposition period of 49 days in 1933, & minimum of 6 days in
1931, and an average of 22 days for the 26 females under observation.

LONCEVITY OF ARULTS

Data pertaining to the longevity of Melanotus longulus, ns shown
in table 12, conceran only the life of the adults from time of matin
untii their death in salve cans or in outdoor cages, which were used
for obtaining records of oviposition. ‘Fhe life of the adult in the
soil may range from 7 to 8 months, depending on the time of adult
transformation in the fall and emergence in the spring.  No food was
provided the adults in their respective containers, since this species
has never been observed to feed.

Records of male longevity in 1981 were misplaced, hence only the
duration ¢of female life is shown. Although the mean temperatures:
of 1931 and 1933 in the basement weve similar, the longevity of suive-
can-renred females averaged nenrly 25 days longer in 1933 than for the
same sex reared in tile cages in 1931, The maximum duration of
Iife was also longer by 11 days, and the minimum by 26 days. These

Tanie 12-—Longevity of adulls of Melanoins longulus from mating to death, when
reared under different conditions, Althambra, Celif., 1931-85
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extreme differences in longevity may be attributed to the variation
in temperatures in the two locations in which the adults were con-
fined during their dormant peried.

The longevity of salve-can-reared males in 1933 ranged from 23
to 63 days, averaging 41 duys. ITFor males reared in tile cages and
confined in outdoor oviposition cages, the average duration of life
was 22.3 days in 193¢ and 22.7 days in 1935. Tile-renred females
remained alive ovor ar average period of 38.3 days in 1934 and 34.8
daysin 1835. The longest vecord of female longevity out of doors was
49 days and for a male 35 days.
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Froors H—Scusonal history of Melanotus longuins, in gsouthern California
daring the period 1931 to 1087

SEASONAL HISTORY

The seasonal history of Melanotus longulus {fig. 5) was based on
field and laboratory studies at Alhambra and on the data obtained
from malva traps in Ventura County. The seasonal history varied
considerably from yenr to year, depending on precipitation, tempera-
ture, soil types, drainage, and the kind of crops grown in the different
localities. In 1932 adults were collected in Ventura County as early
as March 19, wherens in 1935 in Alhambra adults did not emerge
from cages until April 18. In other years emergence in cages oc-
curred during the first 2 weelks of April. The peak of emergence
in most years took place between April 13 and 26 and terminated by
the end of May. Aduils mate immediately upon issuing from the
soil. Dissemination of this specics is mainly by flight. Both males
and females, even though the latter may be {wavily laden with eggs,
are strong, vigorous fliers. They are especially active on cloudy
days or late in the afternoon on bright sunny days. During periods
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of strong winds adults cease flying and crawl to the base of plants
or under clods and debris for protection.

Egg deposition began as early us 2 days and as late as 29 days
after emergence. The average preoviposition period was 11 days.
In laboratory cages first eggs were obtained on April 15, 1934, and
the latest date that eggs were obtained was June 27, 19281, Of the
4,505 eges under observation, 42 percent were deposited during the
first weel after oviposition began, 28 percent during the second week,
15 percent in the third week, 7 percent in the fourth week, 6 percent
in the fth, and 2.3 percent in the sixth and seventh weeks.

T'he frst larvae were obtained on May 13, May 15, and June 2 in
the years 1982, 1934, and 1933, respectively. 'The latest hatching
date was July 6, 1983. Although larvae were reared under identical
conditions of food, temperature, and moisture, their rate of develop-
ment in the different years varied considerably. Of a total of 200
farvae reared in salve cans on various gnantities of wheat, 76 percent
matured and 24 percent succumbed. Of the surviving larvae, 45 per-
cent matured in 2 years, 35 percent in 3 years, 16 percent in 4 years,
2.6 percent in § years, and 0.7 percent in 6 years. None completed
development the first yoar in either salve cans or tile cages.

A total of 1,066 larvae were reared in file cages, and of these 626,
or 64.3 percent, succumbed or were the victims of cannibalism. Of
the larvae that matured, 92.8 percent completed development in 2
years, 5.5 percent in 3 years, and 1.7 pexcent in 4 years. The more
Tapid acceleration in development of these individuals was attributed
mainly to the higher temperatures prevailing out of doors during the
early part of the spring and sammer,

The first pupation in salve cans occurred ou July 18, 1932, and the
latest record was on September 28, 1936. Ten percent of the larvae
pupated in July, 65 percent in August, and 25 percent in Septeraber.

The first aduit transformed on August 12 and the last on October
28. The adults remain in the soil in the pupal cells during the fall
and winter and emerge in the spring.

NATURAL CONTROL

Except for the carabids Calosome cancellatum Rsch. and C. semi-
{aeve Lec., which have been found feeding on the adult, and birds—
as listed by Graf (2. pp. 46-47)—which also destroy larvae, pupae,
and adulis of Lémonius californicus during plowing operations, no
other important enomies of Melanofus longulus have been observed.

SUMMARY

Earept for the carabids Calosoma cancellatwm Bsch. and C. semi-
Fornicus in impovtance as a pest of vegetable and grain crops in
southern California. The larvae not only destroy germinating seeds
but also burrow into and kill growing plants and damage potato
and root crops. Lima bean growers whose fields are infested plant
an additional 40 to 50 pounds of seed per acre, and cven then there
ave times when replanting is necessary in order that a satisfactory
stand may be obtained. This wireworm and the species L. californs-
cus may also be vesponsible for the “thinned-out” condition observed
in sugar beet, tomato, corn, lettuce, and alfalfa fields. DBuased on
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counts made in lima bean rows, the larvae of 3, longulus comprise
about one-fourth of the wireworm population in beanfields,

Dissemipation is mainly by flight, both male and female beetles
being strong, vigorons fliers, especially active on cool, cloudy duys.

In moist soil, as shown in data obtained by confining beetles out-
doors in oviposition cages, females deposit over 70 percent of their
eggs in the fivst inch, 18 percent in the second inch, 7 percent in the
third, and 3 percent in the fourth.

Judging by experiments conducted in salve cans, the duration of
the incubation period was fonnd to vary according to the changes
in temperature in the different months and years. Individual records
of incubations were from 25 to 45 days, averaging 81 days. The
shortest monthly average was 25.5 days for eggs ﬁeposite( during
April and May 1934, when temperatures averaged 72.5° ¥., and the
longest monthiy average recorded was 39.5 days for eges deposited
during April 1933 at an average temperature of 66°,

Of three broods of larvae, rearved in salve cans in 1931-83, hatched
between May 13 and July 6, and fed various quantities of wheat
nionthly, 45.4 percent matured in the second year, 335 percent in
the third, 15.8 percent in the fourth, 2.6 percent in the fifth, and 0.6
percent in the sixth year. Because of the slow rate of development
of these larvae during the first suxnmer, none under observation had
completed development in the first year. The average duration of
the larval period was 433 days for the 2-yeur-cycle individuals, 803
days for the 3-year cyele, 1176 days for the 4-year cycle, 1,547 days
for the 3-year cycle, and 1,885 days for the one individual completing
development in § years.

Of a total of 1,086 larvae of the broods of 1982, 1933, and 1934,
reared in outdoor cages, only 34 percent matured as adults. A few
were killed when the soil wus being removed for examination, but the
greater number either succumbed or were the victims of cannibalism.
Higher soil femperatures outdeors in the early spring and summer
accelerated larval development, as these rearings, based on the total
number of adults recovered, show that 92.8 percent matured in the
second year, 55 percent in the third, and 1.7 percent in the fourth

ear.

g Larval develepment was accelerated and pupations oceurred pre-
maturely when larvae of this species were confined in salve cans at
a constant femperature of 80° F. At 70° larval development and
pupations sere in accord with the rearings conducted at basement
temperature, Larvane fed on sterile lima beans in salve cans de-
veloped much more slowly than those fed on fertile moistened wheat.
The groap fed on sterile lima beans, with the exception of one pupa
in 1038, failed to complete development over an slapsed period of
7 years. .

Judging by records of individuals confined in ealve cans, the dur-
ation of the prepupal period was found to range. according to the
changes in temperature, frow an average of 7 duys in 1937 to 11.4 days
in 1936, and the average for all years was 8.5 days. The earliest pupa-
tion in salve cans ocenrred on June 10, 1934 and the latest was on Sep-
tember 28, 1936, The longest period of pupation was 68 days in 1034,
and the zhortest was 42 dave 1n 1437, %)\‘m- a period of 6 years. the

- average period of pupation was 54 days. A summary of all pupations
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showed that 10 percent of the larvae pupate in July, 63 percent in
August, and 25 percent in September. The duration of the pupal
period ranged from 19 fo 32 days and averaged 24,3 days. In tile
cages pupae were recovered between the 6- and 24-inch depths but the
greater number between the 9- and 12-inch depths,

Adult emergence in the field, as determinec{ by coltections made in
malva traps and by sweeping slfalfa, occurred as early as March 19 in
Yentura County and in laborntory cages on April 6. The time of peak
emergence in cages varied with the temperature in the different years,
and occurred within the period April 13 to May 17, The latest date
of aduit emergence wis June 1.

The durntion of the preoviposition period in eages for females
reared in salve cans and in outdoor cages ranged from 2 to 29 days,
averaging 10.7 days. .

Females confined in cages ont of doors began egg deposition on
April 13 and those in salve cans began on April 19, Oviposition ter-
mimnated in salve cans on June 27 and in outdoor cages on June 7. The
peak of oviposition occurred in the second and third weeks of May.
Females confined in salve-can cages in the basement deposited eggs af
the rate of 50, 19, 13, 4, 9, 8, and 0.4 percent in the consecutive weeks
1 te 7 after oviposition began, whereas in outdoor cages the percent-
nges were 30, 42, 15, 11, and 2 in weeks 1 to 3, inclusive,

The minimum fecundity for females confined and reared in outdoor
cages was 31 egas, the maximum was 303. and the average was 149.
For the larger females reared and confined in salve cans, the number
of egas deposited ranged from 117 to 473, averaging 194, The avernge
fecundity of all females under observation was 173 egygs.

In the basement, where lower temperatures prevailed, the duration
of the oviposition period in salve cans was lengthened to an average
of 40 days, whereas in outdoor cages at higher lemperatures the period
wins much shorter, averaging only 18 days. For all females the
oviposition period ranged from 6 to 49 days, averaging 22 days,

Males reared in cages outdoors remained alive for 22 days after
emergence, and females for 37 days. Lower temperatures prevailed
in the basement and, as a result, the longevity of males was increased
to an average of 41 days and that of the females to 46 days. The
maximum longevity record for males was 63 days and for females
66 days.
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