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THE MEAL WORMS

g v B. T. Corron, Senior Entomolagist, Divisior of Stored-Product Insecls, Bureau
e of Entomology: With technieal deseriptions of the mature larvae by R. A,
8r. Georas, Associale Entomelogist, Division of Forest Imsects, Bureau of

- Entomology
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BHE 8 Bwek

The meal worms have long attracted the attention of both scientists
and laymen, owing to their usefulness as food for birds, reptiles,
fishes, and small mammals in zoological gerdens, aguariums, and
elsewhere, their desirability jor anatumic:ﬁ and genstical research
{for they are large in size and easily reared), and their destructive-
ness as flour, meal, and grain pests.

REVIEW OF LITERATURE

Moufet (18)! as early as 1634 and Ray (21) in 1710 referred to
the yellow mesal werm. Frsch (9) in 1721 described and illus.
trated its various stages, commented on the usefulness of the larvae’
as food for nightingsles and other birds, and gave a short account of
his observations on the life history of this meal worm. Im 1758
Linnsuus {5) named and described it as Tenegbrio molitor,

Judging from early eccounts, the yellow meel worm was much
more abundant in Etrope in those times than the closely allied dark
aeal worm, which was described by Fabricius (8) in 1792 as T.

bscurus. Joyeuse (12), De Geer (11), Letreille (14}, Sturm {(29),
furtis (7), Westwood (33), Taschenberg (30), snd many others
sublished short, interesting accounts of one or both of the meal
worms, but little accurate biological information was published prior
to the observeations of Riley (22) in 1883. He found that eggs of 7.
molitor laid on Maey 29, 1876, hatched on June 5, one larva molted
for the first time on June 15, and had molted 11 times by May 3 of
1318 following year, when it died. A second larva had molted 12 times

tltalic numbers in parentheses refer to * Literature cited,” p. 36.
AT7——1




2 TECENICAL BULLETIN 95, U. 5§, DEPT. OF AGEICULTURE

bg?June 10 of the following year, when it also died. Three larvae of THNER
obscurus, from epgs hatcied April 30, 1876, were rearved to adultdl
One molted 11 times by August 30 of the same yoar, pupated Januaryl
" 20, 1877, and finally emerged as an adult bestle February 7, 1877388
The other two molted 12 times and attained the adult staie on Feb!
ruary 18 and March 9, respectively. Al were kept under the sam{li
food conditions. k.
Chiftenden in 1896 (5, 6) gave short general accounts of the mea}
worms and included observations on the egg laying of 7. molitor]
Kau {20} published some interesting observq,tions in 1915 on th¢

T. molitor pupeted before May. The duration of the
of 54 specimens of 7. obscurus ranged from 4 to 24 days. -

The most comprehensive work on the biology of tﬂe mesl worms¥§g
with which the writer is familiar hes been done by Arendsen Hein,
the results of which have been published in articies appearing in 1920 °
(2) end 1923 (3). In conducting experiments on variations occiuTing
in the different stages of the meal worms, he mede many observations
on their life histories. He found that under favorable conditions of
food and tcmuperature both species would breed uninterruptedly the
year round, the larval period averaging frora 6 to 8 months, and thet
female beetles of T\ molitor lived from 89 to 132 days.

References to the snatomy and morphology of the meal worms
are numerous but will not be noted in this bulletin, a long list of these
and other references to the mesl worms having been given by Gebien
fn 1911 (10).

SYNONYMY

According to Gebien (10) Tenebrio molitor L. has but one synonym,
. molitoria Fourer, No synonym is listed for T. obscurus Fab.

DISTRIBUTION AND ORIGIN

Both species of mea] worms are cosmopolitan in distribution. The
dark meal worm, Tenebrio obscurus, was considered by Curtis {M, Lint-
ner (16), and early writers as a native of Americs, and to differentiste
it from T molitor, the yellow meal worm or Europesn meal worm,
they called it the American meal worm. In all probsbility both
species are of European or Asiatic origin. In regard to their dis-
tribution in North Americs, records kept by the United States
Bureau of Entomology indicate that T. molstor does not breed freely
in the South but prefers the cooler climate of the more northern
States. Figure 1 shows the localities from which reports have been
received by the Bureau of Ent,omologfy of the destructive abundance
of this species from 1881 to 1927, inclusive. As will be noted, only
ons complaint has been received from a State south of Virginia, that
one coming from North Caroline. Recc:ds of 7. sbscurus would
i]}:lﬁdicat% thet it breeds freely in practically ell parts of North Americs.?
(Fig. 2. :

.} The writer Is indebted to F. H. Chittenden and I, A. Hyslop, of the Bureau of Entomology, for man
distribution records.




m MEAL, WORMS .
" ECONOMIC IMPORTANCE

The meal worms, although the lazgest of the insects that infest
stored produéts, are not-nearly so destructive as scme of their smeller
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Fia. 1.—Loczlltles in the United States (rom which spécimens -of Tenebrio molifor have been
received during the pericd from 1881 to 1027, inclusive . .
associates. They are nocturnsl in habit and frequent dark -places,
breeding in refuse grain, coarse cereal, and mill products that accu-
mulate in dark corners, under sacks, In-bins, and in similar places
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Fra, 2.—Localitles in the United States from whioh apecimens of Tenehriv obscurur huve besn
recsived durlng the peried from I881 to 1927, inclusive

whers they ere not often disturbed. They are fond of moist sibulat.ions

and are often found among bags that are slightly demp. The larvae
are active and not infrequently wander-into strange places. They
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heve been found in bags of fertilizer, bags of salf, boxer of soda ash,
in ground bleck pepper, and other unhkely places.” The larvae in
infestad cereal foods are occasionslly accidentally swallowed by human
beings. One such case was recorded by Acrely (1} in 1799, mnother
by Kiley end Howard (23) in 1889.

A ruther interesting ghost story with the yellow meal worm in the
role of ghost was recor(%ed by Riley and Howard (24) in 3389.

A guest in & hotel in Rhode Island was awakéned ane pight by a scratching
sound that a‘ppa,rentl){ emanated from a pincusbion on the dressing table, After
spending & sieepless night the guest reported to the landiord that $he room was
haunted. Investigation resulted in the discovery that the pincushion was lifer-
ally alive with beeties. The cushion had beon made sbout four yesrs eaclier
and had been filled with coarse shorte. The beetles, which proved %o be Tenebrio
molitor, had been breeding in the cushion until they became so abundant as to
attract aftention by their gtruggles,

A rather unusual cese of damage sttributed to Tenebrio molifor
hes been reported by Scott (28), who states that perforations found
in lead from the roof of & disused bakery are thought to have been
mede by T. molitor, living larvae and pupse of which were found in
closs proximity. The writer is inclined to doubt this. Full-grown
larvae are occesionelly found in the timbers of infested grain bins,
but so far as the writer has observed, only when such timbers are
rotting and soft. :

Meal-worm larvae are used as food for many smsll birds, amphib-
ians, reptiles, young insect-eating animals, carnivorous srthropods,
and fish. In aguariums and zoological parks, where there are many
bungry mouths to feed, ‘.iey are in great demand. Their popularity
as fish bait mouy be surmised from the statement made by a fish-barb
vendor to the writer that he cowld use “half a billion” of them
snnually.

Menl worms are sold by the hundred, by the thousaud, or b
the pound, and the business of rearing them is very old. F;‘iscg
(9) more than 200 years ago referred to their use as foed for nightin-
gales and other birds, and meny of the early writers gave directions
for rearing the larvae for that purpose. More recently Wolf (84)
in, 1905, Krefft (I13) tu 1907, and Megusar (I7) in 1912, discussed
the uses of the meal worms for feeding purposes and have given
minute directions for resring them. %o highly have.they been
valued as food for birds that according to Philippi (19) Tenebrio
molitor was intreduced into Chils solely for the purpose of rearing
the larvee for bird food.

LIFE HISTORY

At Washington, D. C., the meal worms normally pass the winter
in the larval state. The adults emergs in the spring and early summer,;
live for two or three moenths, and die. In the natural state there is,
therefore, only one full generation s year. In the laboratory an
occasional individuel of Tenebrio obscurus completed its develop-
ment from eg§ to adult in as short & time as four months, trensform-

ing in June, July, or August instead of waiting until the following
spring; on the other hand, & number of individvals of the same
species required two years to complete their development, although
a_% were resred under the same conditions. Under similar conditions
no specimens of 7. molitor completed their development in less than
10 months, and slightly more than half of the specimens reared
required two years to complete their development. When reared in
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an incubator with continnous favoreble condiflons of temperature,
moisture, and food, both species bred uninterruptedly the year
round snd all stages were obtainable et any time.

THE EGG

The eggs of both species of meal worms ars oblong-oval in shape,
opaque, milky white, and shining. Eggs of Tenebrio obscurus
{fig."3, A), messured in the laboraiory, ranged in length from 1.4 to
1.5 millimeters end in width from 0.60 to 0.66 millimeter; those of
T. molitor ranged in length from 1.75 to 1.80 millimeters and in width
frotn 0.60 to 0.70 millimeter.

INCUBATION PERICOD

The inenbation period of the egg of both species of meal worms
varies considersbly, being influenced chiefly by temperature. The
data in Table 1 indicate the length of the egg stage of Tenebrio
obscurus when the aversge mesn tempersture ranges from 65° to
88° ¥. When the average mean temperature ranged from 80° to
88°, tha incubation period ranged from 4 to 7 days, whereas with an
average mean tempersture of 65° the period was lengthened to 17
and 18 days. In like manner Table 1 shows the length of the egg
stage of T. molitor as determined by the writer when ths average mean
temperature ranged from 66° to S8°. When the average mean fem-

srature ranged from 82° to 88° the incubation period ranged in
ength from 4 to 6 days, whereas with an average mesn temperature
of 66° to 70° the length of the period ranged from 10 to 19 days.

TasLe l.—Incubation period of meal-worm eggs
TENEDRIO ODSCURUS

'
Average | h Average
Date Langth mean N Dauta Lengt il b
No. | ege whs | DOIROBE 10000} pomra | No. | egg was | D288 19f RS tempore-
iaid eriod | Lare for fi inid ariod | ture for
i periad 0 P poriod
I3 — |
1923 Days L oA : B3t 023 Dags e P
Mat. 16 & 34
Mar. 2 4 83
Apr, 2 8 B2
Apr, 4 8 23
Apr. 5 ] 83 .
Apr, M 5 83
Apr. 18
Apr. 24
May T 18 5
Muy 11 i3 @5
May 14 17 i}
May 18 18 65
Myy 21 7 &5
juna 2 1B 25
Jupna 6 i7 b5
Jung 17 fis
1023 Days | ° & °F
Juna 23 ] iG
June 25 b 75
Jupa 38 4
July 3 &
July i1 &7
July 7 & 56
Jaly N & &
laly 15 [ B8
July 17 0 05
July 20 1} 70
Junly B i 70
Aty 10 B 73
Ang. 13 [0 i3
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Fia. 3.—Tenebrio obevurus; A, Eggs, X 12; B, full-grown larvs, X 3; G, pupa, X 4; D,
eriul bsatle, X 4
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THE LARVA

The larvae when newly emerged from the egg are white and between
2 and 2.5 millimeters in i&ngt;h. They begin af once to feed and soon
scquire a yellowish-brown color. When fully grown, the larvae of both
species are about 1 inch to 114 inches jin length. They are easily distin-
guished by their characteristic color. The larva of Tenebris obscurus
(fig. 3, B) is dark brown, shading to much darker brown towsrd each
end and at the articulation of each segment. The larva .of T. molitor is
bright yellow, shading to yellowish-brown toward each end and at the
articulabion of each segment. Immedistely after molting the larvee
are white buf soon attein their normsl eoloring.

Technical descriptions of the larvee heve been prepared by R. A.
St. George and will be found towsrd the end of this bulletin.

FOOD OF LARVA

The larvae of both species of meal worms have similar feeding
hebits, and they are frequently found feeding together. They feed
on mesls and flours of all kinds, bran, refuse grain, coarse cereals,
bread, crackers, mill sweepings, and all foods of like nature. They
are also fond of food of animal origin, such es meat serap, the bodies
of dead insects, and feathers. They are usually found in dark, moist
places, in neglected cormers of mills where sweepings have been
allowed to accurnulate, in storehouses and feed stores, under bags of
feed, or in ihe litter of chicken houses and bird houses where feathers
and refuse grain are mixed with excrement.

In feeding the larvae in the laboratory the writer found a mixture
of graham flour and meat scrap to be 2 very satisfactory food, end
this was used throughout the experiments. Many breeders of meal
worms supply them occasionslly with fresh vegetables, such as pieces
of carrot, potato, or lettuce. Probably because of the high moisture
content of such foods, they are eagerly eaten by the larvee. To
obtain the best results in breeding meal worms, it is necessary to
keep the food supply feirly moist. Care must be exercised, however,
to prevent molds from developing or the colony may be lost.

LENGTH OF LARVAL BTAGE

The lez;%th of the larval stage varies considerably and is influenced

by several factors. At Washington, D. C., both species of meal
worms normally require at least one year for development under
storehouse conditions. In ths case of Tenebrio obscurus & few larvae
that hatch in the esrly part of the year complete their growth and
transform in midsummer, & few remain as larvae for two years before
transforming, but the majority trunsform at the end of the first
year during the spring and early summer months. The shortest
larval period observed was 79 days, covering the period from March
15 to June 2, 1924 (Table 2); and the longest was 6§42 days, from
April 5, 1923, to January 6, 1925. The shortest normal larval
period recorded for 7. molitor was 281 days, covering the period from
July 25, 1923, to May 1, 1924; and the longest larval period recorded
was 629 days, from June 26, 1922, to Mareh 16, 1924. Of the speci-
mens reared individuelly fo obtein detailed life-history data, more
than 50 per cent required more then one season to complete their
growth. This was doubtless due to the difficulty of keeping small
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guantities of food at the optimum condition for normal development.
pecimens reared in an incubator with continuous favorable condi-
tions of temperature, humidity, and food completed the larval stage
in 81X months.

TanLe 2.—Life-kistory dele of meal worms oblained af Waskington, D. C., 1928-
1925 ) ’

TENEBRIO OBSCURTUS

Dateepe | Dateegy ant ?f pupa- | ZOBBHY 1y gt
on

was Imd | hatebs 0?&?;"1 emearzed

1032 1092 Days )
June 13 | Jupe 20 71 Fab. 5, 1824 Fed. 23, 1924
- Juna 12 f.__da.... Mar, 1, 1024 Mer, 15,1024
June 13 [...do___,] Jonm. 4, 1024 d | Fom. 20,1024

1923 1623
Mar. 71 Mar, 23 - | Tan, Jag, 23,1924
da-. do._.. wd | Mar. 12, 1624 Muor. 20,1924
oo |-.do_ ... Feb. 19, 1024
d do.... Fab.
oo Fob.
. do. | Fab,
Mar. 3t Jan.
o .| _.do._. |
do._. da___.|
woton o oodoo___ Feb, 20, 1024
[ [ T R Joao. 31, 1824
d Jan. 26, 1924
Jaz. 13, 1824
Maor, 9, 1624
Fab. 14, 1994
Jan. §, 1024
Jan. 11, 1924
Mar. 7, 1924
- Feb. 20, 1024
.| Mar, 28 L Jan. 20, 1024
do._ ] Feob. 11, 1924
.o Mar, 25, HM
d Juns 22,1024
May 22, 1924
Jan.

Jan. 30, 19%4
N 1. T, Jan. 26, 192
weto__. Jam. 18, 1024
Ao, __|.doo__| Fob. 5, 1924
Ape. 2| Apr, 14 Dee. 30, 1923
beodo o ooodon . Jen. 6, 1924
..do 4 Joun. 18, 1824
G0 ... Jam. 17, 1024
Apr. 13 Jan. 12, 1024

do. i Jan. 23, 1924
Fab, 7, 102¢ . B,
Jap. 20, 1024 Fah, 14,1824
May 201 J Fab, 1%, 1025 Mar. 5 1825
May 20 Jan. 21, 1824 Feb, 6,1024
June 28 Feh, 12, 1825 Feb. 26,1925

1624
Mar. | June 14,1024
June 28, 1624
July 20, 1524
Juiy B4, 1024
-| Apr., .2, Dec. 1, 1024
Apr, 10 & Dee. 19, 1924
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TasLg 2.—Life-history deta of meal worms oblained al Washington, D, €., 1522-
18925—Coptinued

TENEBRIO MOLITOR

Length| Period
No. | Datoogg | Daleege | LB Dt of pupa- | LEOEM  Datendult | ofpu- | from | g
e was intd | hatched i tion TV emerged pal | eggto
singe stpge stage | adult
Days Dags Dapye | Days
§ | Feb, 10, 1924 81 | Feh, 28, 1024 18 134 | Female,
o | Mar. 16, 1824 %% | Mazr. 30, 1934 14 848 Da.
& | Mar. 12,1023 1 | 625 | Mar. 27, 1624 15 48| Do
& | Fab, 28, 1024 507 | Mar. 13, 1924 14 Gi7 | Male.
£ | Moy B, 1023 201 | May 22, 1953 14 a2t | Fomale,
4§ Mar. 6, 1024 604 | Mar, 21, 16M is 025 ale.
§ | Mer, 18, 1924 816 | Ape. 1, 1924 14 625 | Female,
5 | Moy 12, 1923 55 | May 23, W2 1 321 | Masle.
1953 024
0.... June ¥ | June 23 4 | Moy 17,1024 310 | May 21, 1824 14 337 | Female.
10 June 20 | June 25 5| June 1, 10X 342 | Jugne 12, 1924 11 358 ale,
June 25| Jujy 5| Feh, 13, 1925 03 1 Mer. 2,100 17 L5 Do,
Ao do 5| May 24, 1024 328 1 June 8, 1024 13 318 | Foroile.
1 do. do_.... 5| May 34, 1924 318 { May 24, 1824 10 333 ale.
Jupe 28 § 1 Fab. 20, 1925 508 | Mar, 8,192 16 81% 1 Fetnale.
51 Feh. 11, 1825 58S | Fob. 28, 1826 17 811 Do
0§ Feb. 13, 1928 585 |--.. - do.... 16 603 Do.
0} Feb. 7, 1825 573 | Fab, 22, 1925 15 504 | Female.
& | Fan., 29,1025 463 | Feb. 14, 1825 16 ERE | hale.
§ | Jan. 27,1635 51 | Feb. 32, 1825 pin 582 Do.
o ! Jan., 29, 1025 583 | Feb. 13, 1925 15 684 Do.
¢! Feb, &, 1025 5§72 | Feb. 25, 1825 16 $H ¢ Female.
& | Feb. 10, 1925 573 | .o.do . .ae 15 S04 To.
& | Jan. 24, 1625 656 | Feb. 9, 1225 16 &8 | Maule.
U 1 JU— & Jan. 1§, 1625 547 | Jan. 31, 1825 16 529 | Female.
25, do.....}_..do 0} Jume 23, 1924 341 | June 30, 1924 K 3 Do,
b7 | T T ao. 6 i May 31, 1624 318 | June 11, 1894 il 435 | Male,
27 __ Lo.te do. ¢ May 7,19 294 | May 21, 1924 14 34 Do.
28 Julty 151 July 2 §t Feb, 13, 1925 574 ; Mar. 1,39825 18 55 Do,
= do o 5 | Feb. 15, 1925 578 | Mar. 2,1085 15 556 Do,
30 -.a do 5 | Fab, 10, 1925 571 { Feb. 28, 1025 il 592 | Fomnle
At July 17| Juiy 23 &1 Jen. 23, 1925 555 + Feb. 12, 1925 15 5 Do.
3% LY 4, 6| Feb, 7,825 505 ! Feh. 25, 1025 i8 S50 PN
.. L -atlo do 6 | Feb. 18, 1825 578 | Mar. &, 19256 18 588 | Mala.
K ...do. de. 6 | Feb. 12, 1925 570 | Fab. 27, 1825 15 Sgl Do,
Fils) do £ | May 17, 192 200 | May 31, 1824 4 k3% Do,
Juiy 18 | July 25 7| dMey I, 1024 288 | Mpy 24, 10 13 361 De,
July 20| Aug. i & | Feb. 20, 1925 560 : Mar. 8, 10825 18 0L Do.
2, o & | Fan. 11, 1025 54G 4 Fab. 27, 1925 14 582 ; Famala,
o do. 6| Jan, 3}, 1935 549 | Feb, 14, 1625 14 568 § Muole,
July 311 Aug. 7 7| Feb. 11, 14925 55% : Feh. 27, 1025 1a 577 0.
Aung. 41 Aug. 10 G | June 27, 1024 322 . July 6 1824 9 331 | Femsle.
[

NUMEBER CQF MOLTS

The number of larval molts varies somewhet in both species of
raeal worms. As will be noted in Table 3, 12 was the least number
of molts recorded for any larvs of Tenebrio obscurus during its entire
developmental period, whereas the greatest number recorded was
22. Approximately one-helf of all the specimens reered molted

gither 14 or 15 times each.
4717—20—2




TABLE. 3.—Length of larval periods of Tenebrio obscurus

Date
11414
hatched

Date
fourth
molt

Date
fifth
molt

Date
sixth
molt

Date
seventh
molt

Date
eighth
molt

Date ninth
molt

Date tenth
molt

Dateeleventh
molt

Date twelfth
molt

Date
thirteenth
molt

Apr. 22

Apr. 23
Apr. 22
Apr. 207
Apr.. 25
Apr. 24
Apr. 23

I [ Jo—

Apr. 27
Apr.. 25
Apr.

Apr. 23

Apr, 25

do

Apr, 28
Apr, 24
do.

Apr.. 23
Apr. 24
Apr. 26
Apr, 27
Apr. 25

do

Apr. 28
Avr, 26
do

Apr. 24
Apr. 28

1923
July 3
June 10
June ‘5
June 18
July 1
June 10
June
June
May
June
July
June

1923
July
June

12
21
19

1

1n
24
19
i4
15
22
10
29
19
18

1923
Aug. 4
July - 14
July 12
July 22
Aug. 10
July 30
July 7
July 4
July 7

July 14

Sept, 6, 1923
A 15,1923

Sep!
Aug 13 1023

Sept.
Aug.
Aug.
Aug.
Sept.
Sept,

p
Aug, 16, 1923
Aug. 13,1923
do

Sept. 12; 1923
Sept. 1,1923
Sept. 29,1023
Aug. 20,1023
Bept. 18, 1023
Aug. 27,1923

Oct, *-8,1923

Sept. 13 1923
Aug. 28 1923
Sept.
Oct.

Nov. 1,1923

Sept. 30,1023

Sept. 11, 1023
Sept. 28,1023
Oct.” 30,1023
Oct, 15,1023

Dec. 12,1023
Oct, 20,1923
Sept. 28, 1923
Oct, 19,1923
Dee. 10,1023
Nov. 8§,1923
Sept. 30,1023
Sept. 22,1923
QOct. 8,1923
Qet. 10,1923
Dee. 20,1923
Oct. 15,1023
Do. .
Sept, 13,1923
Sept. 11,1023
Sept. 24, 1923
Sept. 29,1023

Sept. 5,1923
Sept. 28,1923
Bept, 12, 1923
Oct. 15,1923
Sept. 23 1923
0 58,1023

ov. .23,
Oct. 10,1923

01

FEALTADIYDV 40 LT 8§ ‘A ‘g6 NILATIAG TVOINEOEL.
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July 21 ug. -Bept: Oet.  3,1023 | Oct. 25,1023 Dec 30, 1023 | Jan

July 10, 24 | Aug. 3 8ept. 22,1923 | Oct. 10, 1923 | Oct, 27, 19?3

July 4 26 . . Bept. 18,1023 | Oct. 51023 | Oct; 24,1023 | ]

June 29 12 ] 3 Aug. Aug. 221923 f Sept: 23, 1923, Oct

July 6 p ug. | . Nov. 4,1923 | Dec: 1923 | Deec. 31,1923

July i3 g, Aug. ug. ) Sept. 12,1923 | Oct. 21,1823 | Nov, 11 1023

June 30 \ L Bept. 7,1923 | Bept. 28,1923 | Oct. 18,1923 Y

Ang. lj Sept. . 30 | Oct. 20,1923 | Nov, 23,1923 | Des. 81,1023 | Feb, 2, 1024

Sept. 26 | Oct. 14 . Jan, 2,1024 | Jan. 30,1924 | Mar. 8, 1024 Apr 18, 1024 Tune 16,1924

_Date Date ate Date Date ate Date ~ Date ~ Date Date olf‘f:rgvtg
fourteenth sixteenth seventeanth | eighteenth nineteenth twentieth | twenty-fitst |twenth-second larva perlod
molt molt molt molt molt molt molt molt pupated \

Jon. 16,1024 - . : P R s Mar, 12,1024
Nov. 22, 1023 B . - ;. . Feb:

Oct. 24,1823 . 17,1923 4 . Feb,

Nov. 18,1823 . ;

Dec. 18,1923
Oct. 24,1923

. 8,1923
. 29,1023 | Jan. 3, 1024

Dec: 14, 1553
Oct 19 1923

“Nov. 19, 1023 |-
Nov 2,1923 s
Nov, 20,1923 | Dec. 14;1923

+:23,1023 | ‘Oct. . 10, 1923 | Oct. 30 1023 Nov. 27,1923
. 18,1023 | Nov. 14,1923 Dec 14,1923 |, .
. 80, 1923 Oct. 26,1023

Oet. 26, 1033 | Nov, 23, 1093 |.

Dec 12, 1923
Nov. 11,1623

Dee. 24 1023 . ;
Dec. 9, 1023 " Fodopoie

.} Oct, 24,1923 [ Nov, 25 1923 Jan. - 7, 1924 |.

=} Oct, 15,1923 Nov 19 1923 i

Jan, ll, 04 ... .
Oct: 14,1923 | Nov. 19, 1923




- TanLr 3.~Length of larval periods of Tenebrio obs'curzib%(jonti‘xiufed :

TR

N

Date
fourteenth
molt

Date
sixteenth
-~ molt

Date
Beventeenth
molt”

‘ Date

» eighteenth
molt

Date
nineteenth
ool

_ Date
twentieth -

mol

Date.
twenty-ﬂrst
I imolt

Date .|
twenty:seco‘nd
molt

pupated‘ :" ;

n. 11;1924

Nov. 3,163

“Deo. 30,1934

7| Ma¥ 10, 1024
July 20,1924

Jam, 23, 1924
Jan. 26,1024
Nov. 26,1023
Mat. 20,1924
Jan. 8,1924
Feb, 2, 1924
June 19,1024
Aug. 11,1924

Fob, 2371924

Mar, 11,1924

Jan, ©3,102¢

May 10, 1024
Feb. 21,1024
Mar. 7,104

July 10 1024 | July 23,16

;Sept 14 1024

Apr 6102.4 N

Apr. 17,1924

Feb. 7 1024 L.
May. 29 1024

Mar, 26, 1924
Apr,  9,1924
24

Oct. 14,1924

Tiirie 16, 1624

‘Apr, 23,1024 |

ay- 10,1024
“Aug. 6 1924

J uly 10 1924

Fuly 30, 1024

“Sept. 31824

Sop‘ﬁ. 29, 1924

.Tune 4, 1924
Aug 24 1924

“Bept, 16,1034

Ut B0, 1034

Mar, 7,1924 >

Jan. 29,1024

300
Mar. 7,1924 .- " 338
Mar. 5 192 |

M
Mar. 23, 1924

Ian. 6, 1026°

“Feb, 17,1926
Feb,, 12 1925 o
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TasLy 4.—Length of larval periods of Tenebrio molitor

Number

~Date egg
hatched

"Data first
molk

Date gecond
molt

Date third
molt

Datefourth
molt -

Date fifth
molt

Date sixth
molt

{ Date seventh ;

mol

Date efghth
- et

Date ninth. |
molt .

Date tenth
‘miolt -

July 11,1922

PRI 1 )

ido....
June 23,1023
June' 25, 1423
July] 1,1923
. do.

sdo.

June’ 26, 1823

June 28,1023

July " 3,1023

July{i 4,1023
0.

July 1922
July g?: 1022
July 28,1022
July - 09,1923
July 10,1923
July 11,1923
J ulyﬂ, 15,1923
0.

T Yaly 35,1023
do.

July 7,1023
do

July . 9, 1023

July 15,1923

July 16,1023
0.

“Tuly 12, 1623

July 18, 1023
July, 19,1623
A Q.

do...

July 21,1923
July 17,1623
July 28,1023

July 281923

July. 26,1923
do.

O (')
July . 18,1023
do.

ot 0. !
Suly 20,1033

(v
July 23,1923
do

July 21, 1023
i“i"

uly
Tul

July 20,1023

July 28,1923
July] 30, 1923
ao...

July 28,1023
July 29,1923

3| Aug. 7,1923

Aug, 2,102

d
Tuly 2510
Aug, 1,1023
do_..;

-..do.

.do
July 26,1923

July 26,1023

Aue, 4,103

Aug, 5, 1923
do.:

Aug. 7,1023
Aug. 10,1023

Aug, 17,1623
Aug. 14,1023

N
Aug. 6,1023

Aug. 25,1923
Aug. 22,1923

Aug. 30,1023 |

Aug. 20,1023
Aug, 22,1923

fept, 11023

1 Aug, 15,1023

Aug. 10,1023
Aug, 27,1023
Sept. 20, 1023
Sept. 26,1623
Oct. 65,1023
Bept. 20,1923
Sept. 17,1023
Aug. 31,1023

Nov.
Sept.

1 Aug: 18,1022 | A
do...-

Bept. 22,1923

Sept. 23,1923
Sept. 26,1923
Bept. 30, 1923
Qct, 17,1923
Sept. 19,1923

t. 23, 1023,

Ooct,. 21023
Oct: " 30,1923

0Oct, 29,1028 .

Nov, .7,1923

1 Deo. 10,1923

Dee, 26,1023

May 25,1023
Dec. 17,1922

May 81923

Jan. ‘11, 1924
QOct,- 8,1923

Oct, 10,1923

g 14,1023 |

Sept. 27,1023 | Oet..

Sept. 21, 1023
Oct. - 10,1623
s (1 S

Sept: 23, 1023
Oct. 51023

51,1023 | b

Nov. 30,1923
Dec: 31,1023
Jan. 17,1924

Nov. 9,1023 |

Do, -8 1623 { Jan.
| ‘Sept. 30,1023 | ‘Oct.

Bept. 13,1923
May - 2,1023
July 29,1923
Oct, 22,1923
Bept. 27,1023
Jan, 2,1024

Oct. 24,1923

Oct. 10, 1023
Dée. 24, 1023
Mar, 4,1924
Nov. 7,1023

+ Nov. 26, 1923

Oct, 27,1923
Oct. 24,1923
Jan. 14,1024
Nov.:14, 1623
‘Feb, 11,1924
Deo.. 81923
Oct. 22,1023

Mar. 61024

Feb.  7,1024
Mar. 21,1024

Dec. 24,1023 |.

Jan. 10,1024°

Nov. . 7,1923
Oct. 14,1923

Jan, 24,1924
19

Dec.

-Dec.

Jan,

 May 31,1023 | Ju
Bept. 51023

4| AprL.
-| Apr.

May 81022

Feb. 13,1024 " .

N

Oct. 23,1023




TaBLE 4.—Length of larval periods of Tenebrio molstor—Continued

®

Date Date Date Date - Dste Date _ _ Date - Date Data
thirteenth fourteenth fifteenth sixteenth seventeenth | elghteenth nineteenth twentieth larva
molt molt molt ol molt molt olt ‘molt pupated

Length of larval |
period; days

. Feob. 28,1624
. 13,1023 | Sept. Jap. 16,1924 . ~-| Mar, 86,1024
. - .- : n ] Mar, 10,1924
Jan, 7,1924 Feb. 27,1924 | Mar, 25,1924 ir, 18,1924 . : G . . ieo| May . 771924
Mar, 11,1924 . ) . : : Sy - - 1,
%pll)'. 7,1 June 20,1924 27,1924 ~ .
ob. ; :

y 6, June 23,1924 [ ; . 27,1924 | Bept.’ 18\,‘1831‘ Feb,  5,1925
Apr, 26,1024 | . 22,1924 | ¥ 16,1924 | ) Jul; 20,1924 { Oct, . 6,1024 wis
June: 16,1024 | . 20, 1924 - : e s
Mar; 28,1924 | . 24,1924 | May 30,1024 | e 20,1924 7 . 13,1924 | Bept. 12,1924
Apr, 21,1024 y 5 1024 ] D t. 11,1924° 2
June 17,1924 ) Aug. 6, 3 : 2 . 3
ﬁpr. 14,1924 . 30, ; | June 24;. July 10,1924 . 15,1924 SR
May 23,1024 16, 28, 1924 ly . y 22,1924 | Aug. 6,1024 | Jan, = 6,1925
Apr. 20,1024 L une - 7;1924 N 24,1624 |, ; i . 22,1024 de
June 26,1924 | Ji 13, ) A Aug. . Dec. 10,1922 ;
4,1024 | May 92,1024 23,1024 | I b 21,1 apt. 14,1924 1
11,1924 | Apr, 28,1924 ; - : Juiie

: May 31,1924

¥eb, 27,1924 | Mor. T R T T 7 I e B : o May 7,924
May 12,1024 : ‘ BRI LTI Peb, 15,1095
91024 771695 Feb. 10,1025

June 23,1924

Apr: I 2,19 1 : 3 E 20,1924 73,1924 | July 21,1924 | S8opt. 16,1924 | Jan
tin : 3 k 4 y 26,1924 mezoas e eneal B
July 6,1024 ] 8, Jan. 23,1925 L. ..o . i mamsi
ﬁpr. 2; 19 June July  8,1924 | ! 21,1924 | July 30,1924 | Bept. 15,1024
pr, AU B o L o : g ;
Apr. AN L - X o . :
Iun?‘ u! 4 4 1-Aug. 8,1024 | Aug. 26,1924 ;. 2,1925
. May 29,1024 20, Aug. Jan, . 9,1025 : as e . Jan,31,
June 6,1924 | . 24,1924 | July - '6,1024 | July 21,1024 . 6,1024 024 (.. ;i . . : ; Fek;- 11,1825
Feb. 26,1024 . 21,1824 - Apr. 9,1924 [ Apr, 30,1924 / . : “ soieo| June 27,1924

‘EMNIINOTIDY 40 LATA 'S0 ‘98 NELETING TVOINHOEL © T




THE MEAL WORMS

The data ir Tabie 4 indicate t] at the least number of molts recorded
for a larva of; 7. molitor was \:, and the greatest number recorded
was 20. Approximately half of the specimens moltsd either 17, 18,
or 19 times each.

LENGTH OF LARVAL INSTARS

With the number of lurval molts varying as ishe);.r -dg, 1t is not sur-
prising that the length of the larval instars also varies. Table 5
contains data that indieate the varistions in the length of the different
instars.

TasuE §.—Length of larval instars of meal worms
TENEBRIO OBBCURUS

Tength [n days of larvel Instar No.—
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-
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TABLE 5.—Length of larval inslars of meal worms—Continued

TENEBRIA MOLITOR—Continued

Length in days of larval instar No.—
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PUPATION

After becoming apparently full grown the larvae may transform
to the pupal form or may remain for many months with but little
change in size or outward appearance.

In the laboratory at Washington, which was heated during the
winter, the larvae of Tenebrio obscurus began {o pupate in numbers in
November and continued te do so throughout the winter and spring
months. A few of the larvae that hatehed very early in the year pu-
pated as early as June of the same year, and pupae were obtained in
small numbers during each succeeding month until November, when
their numbers increased. In barns, storehouses, or similar structures
thet are unheeted during the winter months, the larvae do not pupate
normally until spring or early summer.,

The larvae of 7' molitor do not begin to pupate so early in the season
as those of the foregoing species. In the lﬁbomtoxy the first pupae
were obtained in late January, but in unheated warehouses or store-
houses they do not normally pupate until May or June.

When about ready to pupate the larvae of both species come to the
surface of the food stuff in which they are Living and pass through a
short prepupal period during which they are stuggish and exhibit few

signs of life,
THE PUPA

The pupa of both species when first transformed is white, except
for the tips of the caudal spine and the tips of the lateral appendages.
As the pupa becomes older it changes in color to a vellowish brown.
The pupae are always naked and unprotected by pupal eases. The
pupae of Tenebrio obscurus {fig. 3, C) reared in the laboratory at
Whashington, D. C., ranged in %ength from 14.5 to 20.5 mm., and in
widts from 4.5 to 6.5 mm. The pupae of 7. molitor ranged in length
from 14 to 19 mm. aud in width from 5 to 7 mm.




AHE. MEAL WORMS
DUBATION OF THEE PUPAL STAGE

The length of the pupal stage is dependent chiefly on the prevailing
temperature. -As shown in Table 6, the pupal stage .of Tenebrio
obscurus ranged in length from A maximium of 20 days during Decem-
ber and January with an average mean temperature of 65° F., to ai
minimum of 7 days in June and August, when the mean avevage tem-
perature ranged from 77° to 78°. -The pupal period of T. molitor
varied from 2 meximum of 18 days dwring Februery with an average
meap tempersture of 65° {0 & minimumn of 6 days in June with an aver-
age mean temperature of 81°,

Tasue 6.—Length of pupal slage af meal worms
TENERRIO 0BSCURUS ‘

Average. . ;
Yongth | mesn ) JLength

of pupall tsmper- . of pupal
perlad | atura for perind

Days oF ] Days
20 i 2 :
16

HRHSSABBREARZE

REBIEHS

&R ER

17
H
2
13
13
13
13
13
i3
13
14
12
2
®
7
8
i
8

Rt

TENEBRIO MOLITOR

(=]
B

THE ADULT

The adult beetles of the two species closely resemble edach other in
size and form. They are both considerably more than half an inch in
length, but Tenebrio molitor (Fig. 4) is shining brown to almost bleck
in color, while 7. obscurus (Fig. 3, D} is normally & dull pitchy black.
Both species possess well-developed wings and are occssionslly
attracted to bright lights. While generally rather uniform in size,
the individusl beetles occasionally vary greatly. Arendsen Hein
(2, p. 262), in his studies on variation, found that the adults of 7.
molitor ranged in size from 10.5 to 23.5 mm. Males and females

4717—29—3
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occur in about equal proportions in both spocies. Superficially
both sexes look salike, but they can be readily differentiated by an
examunation of the genitalia, which are easily ‘exposed by a slight
pressure on the abdomen.

EMERGENCE

At Washington, D. C., the adults normally begin to appear in the
spring and from then on may be seen all through the summer. Tha
aduits of Tenebrio obscurus sre the first to be out, many of them
emerging a month or more hefore the first appearance of 7. molitor.
In the laboratory, which was heated during the day in winter to a
temperature that rangad between 55° and 75° F., adults of T obscurus
etuerged in every month of the yesr. Larvae of the first generation
began to pupate as early as June, & few adults emerged in June and
July, and with each succeeding month the numbers of emergin
adults inereased until the pea
was reached tha following Feb-
ruary. Adults'of T\ molitor did
not begin to emerge in the Iab-
oratory until Janusary, the peak
of the emergence also occurring
in February. Larvae of 7. ob-
scuryus kept throughout the win-
ter in an unheated building be-
gan to pupatein April,and adults
began to emerge in late April
and early May. Larvae of T.
moldtor under similer conditions
pupated during the latter part
of May and June.

LONGEVITY

As compared with many
stored-grein pests, the adult
meal worms are relatively short
lived. Statistics of several hun-
dred specimens reared in the
laboratory showed the average
length of life of adults of
Tenebrio molitor to be about two
months, while the average length of life of adults of 7. obscurus was
sbout three months. The life of the female adults of T. molitor
ranged from 37 days as a minimum to 96 days as a maximum, with
sn average of 65 days; the life of male adults ranged from & mini-
mum of 39 to a maxymum of 92 days, with an average of 58 days.
Arendsen Hein (2, p. 244—245} recorded male beetles iving from 39
t0 113 days and female beetles from 89 to 132 days. He obtained
an average life of 60 days for the males and 111 days for the females
of this species.

Female adults of T. obscurus reared in the laboratory ranged in
length of life from a minimum of 42 to a maximum of 152 days, with
an average of 84.5 days. Male adults ranged in length of life from a
minimuem of 31 to & maximum of 132 days, with an average of 83.4
days. Rau (20) found that the length of life of adults of this species
ranged from 10 to 55 deys, with an average of 24 days,

F1G, 4,— Tenelrio molitor, adalt beatle, X 4
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OVIPOSITEQN

The sggs of both species of beet]es are laid singly or in small clus-
ters, sometitmes loosely in the flour or meal in which they are breed-
ing, at other times along the sides of the bin or other receptacle.
They are covered with a sticky secretion that causes them to adhere
to adjacent surfaces or objects and become coated with the flour or
mesgl in which they are laid. For the purpose of obtaining oviposi-
tion records adults wers confined in glass Petri dishes with & small
cuantity of grahem flour mixed with meat scrap. The eggs for the
most part adhered to the bottom of the Petri dish and were easily
counted. '

AGE AT WHICH MATING AND QVIPOBITICN BEGIN

Mating takes place within a few days after emergence and is re-
peated ab intervels throughout the life of the beetles. Observations
have shown that when once fertilized the female produces fertile
eggs for a considerable time, probably throughout the sverage egg-
laying period. Unferfilized females were observed to lay a few eggs,
but none of these hatched. :

The preoviposition period varies somewhat and is influenced chiefly
by temperature. As shown in Table 7, adults of Tenebrio obscurus
commenced egg laying in from 9 to 20 deys after emergence, the
beetles in all cases bemng kept at ordimary laboratory temperatures.
Adults of 7. molitor commenced egg laying in from 5 to 18 days aifer
emergence. The adults with preoviposition periods of less than 10
deys had been placed in an incubator at the time of emergence so that
the shorier preoviposition periods were doubtless due to the higher
temperature maintained. The temperature of the incubaior renged
from 80° to 85° F.

TanLs 7T——Datc concerning otiposilion and loagevily of meal worms af Wash-
inglon, D. ¢

TENERRIO OBSCURUS

f
. Length Eength
Dato I %&tf ¢ "of pre- ?&t,:’ ofovie | Number{ Daote | Langth
No, adudt | O WOS oviposi- | e posi- of eggs adult of life
einerged gl'fxid i tien o o tion laid died | of adutt
| peziod paried
1
H )
: i -

1023 1102 ! Days 153 Days b um Daygs
Fob. 18 | Mar, 31 13 | July 18 137 970 ¢ July 20 152
Mer. 6 Mar. 16 10 | May 19 31 292 Maey 24
;. Br, 17 1 | June 10 ™ e hily 3 119
R [ RO v do..-.1 11 { Mey 9 53 320 1 Mey 11

do. .. ar, 20 14 { June 13 B85 546 | Juna 18 102

do Mar, 21 | 15 | May 18 58 72 | May 30
Mag, 13 § Mar, 22 gliuyy 1 {118 g4 [ Tuly & 1i4
Mar. 151 Nar. M i 0 Juny 28 08 778 | Juna 20 106
Mar. 17 { Mar, 20 | 1-.‘.[Jum_ 21 8 55 | June 28 103
Mar, 10 ] Apr. 8! 20 1 Juna 28 78 L do . 1171
_do-_. .V Apr, 3 15 | Tuge: 86 410 1 June 11 ]
Mar _eadon 120 mly 4 02 005 July & 103
Mar, 24 | Apr, 7 14 | Tune 26 &0 70 July 2 100
Mar. 565 | Apr. ©] 12 | June 30 Bb 745 L do... ] 99
Mnr. 28 | Apr. B 12 ¢ June 21 73 T o da. . o
Mar. 20 | Apr. 10 12 | Juns ¥ 58 420 } June 14 il

| Mar. 30 ; Apr, 15 16 | May 7 22 78 | May 11 42
Apr. 4] Apr. 17 13 | June 19 63 135 ' July 2 L]
Apr. 61 Apr. 22} 14 | July 15 B 68 1 July 18 101
Apr. 127 Apr. 25, 13 | fune 5§ 41 214 3 June B &
Apr 16} Apr, W0 13 | June @ 41 263 | June X ]
Apr. 33| May 2 8| Juno 10 30 173 | June 18 55
Apr. 25 | Moy 64 11 | Junpe 17 42 330 .. _do.___ 54
May 2| May 121 1¢ | June 27 41 253 ' June 28 5 .
Moy 13 | May 27 9| July I 40 07 l July 57
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TarLe 7—Daie concerniag oviposilion and longevily of meal worms af Wash-
ingion, D. C.—Continued .

PENEBRIO MOLITOR

Jaength Length
Date gf:f of pro- ?;? of ovi- ; Length
udult 1 o0 e | ovipoat. egg was posi- . -gf life
cuerged id tion | f&ld _tiqnd 1a of aduit

B perio :

plias] 1903 : 1823 . - ' 1 DPaps-
Msy 23| Jupe & T 58

Juee 3 | June 13
June & | June 26
Juoe 18 § July ©

1925 1925 -
Ian, 31| Feh. 7
Feh, 5§ Feb. 13
Feb., 7| Feb. 17
Féb. 15 F%b. 23
R 7 T

AN { |1 JP,

e

[~

S 4 .1 Ry

Feb. 22
Feb. 23
R 7. Y
{ o SR
5 | S,
Fah. 25
Mar. 5

TACnCn O Cn e w1 00 G000 0 & =)
Bri05b e B8 B v o B BY
REBRARENTR NSRS

! Mo, 5 sod Nos. 8 to 18 were reared In sa incubator,

. PERIOD OF OVIPOSIZ ON \ _
The oviposition period extends over the greater portion of the life
of the beetles. The data of Teble 7 show that the oviposition period
of adults of Tenebrio obscurus reared in the laboratory ranged from
2 minimum of 22 days, April 15 to May 7, to & maximum of 137
days, March 3 to July 18. The oviposition period of adults of 7.
molitur reared in the laboratory ranged from a minimum of 21 days,
March 5 to March 26, to a meximum of 67 days, February 15 to April
23. Arendsen Hein {2, p. 244) found that the oviposition period of
T. molifor ranged from 50 to 130 days, with an average of about 2
months.
FREQUENCY AND RATE OF OVIPOSITION

The Tenebrio females bred in the laboratory did not oviposit
with any great regularity. As shown in Table 8, frequent intervals
oceurred between egg layings. Eggs were often laid for several days
in succession, and on one occasion a female T. obscurus laid eggs on
13 consecutive days and after an interval of 1 day laid eggs on the 17
following days. Similarly an adult female 7. melitor deposited eges
on each of 27 consecutive days. The intervals between ovipositions
ranged from one dey to as many as nine days.
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TaABLE 8.—Daily ovipostiion records of meal worms *

" TENEBRIO ORBCURUS
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TasLe 8.-—Daily evipoesilion records of meal worms—Continued
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TapLE 8.—Daily oviposttion records of meal worms—Continued
TENEBRIO MOLITOR—Continted

Number of egza laid by Individuel No.—
Date T 7 }
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The number of eggs laid during any one day varied considerably.
Femsle beotles of 1. obscurus were more prolific than those of T
molitor and laid the larger daily batches of eggs. "The largest number
«of eggs laid by & female of 7. obscurus diring 24 hours was 62, whereas
the largest number laid by & female T. molifor was 40. Occasionally
femeles of both species laid only one egg in 24 hours.

NUMBER OF BGG8 DEPOSITED BY FEMALES

The Tenebrio beetles are relatively prolific egg Isﬁﬁm’ and wore it
not for the rather prolonged larval period t.h_e%wo be capable of
incressing in nurnbers st & tremendous rate. Femasles of T, obscurus
reared in the laboratory deposited an average of aboat 463 eggs.
The smallest number laid by one femele was 73 and the largest num-
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ber 670. Females of 7. molifor deposited an average of sbout 276
eges each. The smallest number laid by one female wes 77; the
largest, 576. (See Table 7.) .
Arendsen Hein (2, p. 244) obtsined an average of from 100 e 150
eggs per female of T molifor, with-a minimumy of 36 and a meximum:
of 359 eggs.
LENGTH OF LIFE CYCLE

Both species of meal worms have been considered as having one
generation s year in the Upited States. The investigations of the.
writer indicate that this is for the most part correct. Under very
favorable conditions, however, there may be s parfial second gen-
ersbion of Tenebrio obscurus as far north as Washington, D. C. As
mey be seen in Table 2, individual No. 45 pessed through the period
frem ogg to adult in 105 days. The egg was laid March 1, and the

. adult emerged June 14. A preovipostticn period of 9 days added
to this gives a minimum life cycle of 114 days. On the other hand,
a small percentage of individuals require two years to complete their
development; No. 28 (Table 2) emerged as an adult 675 days after
the egg was laid.

The shortest period from egg to adult recorded for 7' molifor wes.

301 days. (Tsble2, No.36.) Theege waslaid July 18, 1923, and the - |

adult emerged May 14, 1924. With a preoviposition period of 10
days, this would give a minimum lifé cycle of 311 days. Many
specimens bred in the laboratory st Washington, D. C., required.
two seasons or more than 500 days to complete their development.
The longest developmental period recorded for this species was 648
days. (Tehle 2, No. 2.) The egg was laid June 20, 1922, and the-
adult emerged March 30, 1924.

RESISTANCE TO STARVATION

The larvee of the mesl worms are very resistant to starvation,
being able to go for very long periods without food or moisture. Of
50 larvae of Tenebrio obscurus kept without food or moisture at ordi~
nary room temperature, half survived 6 months, 8 survived 8 months,
and 1 specimen survived ¢ months.

EFFECT OF EXTREME TEMPERATURES

All stages of both species were killed by & ons-hour exposure to
a temperature of 125° F,
" Eggs of both species were killed by a 24-hour exposure to & tem-
perature of 30° F. or lower. Adults.of both species were killed by a
24-hour exposure to & temperature of 10° or lower. Pupee of 7.
obscurus exposed for 24 hours to & temperature of 5° to 10° were
unable to transform to adults, and soon died. Larvse of both species
were killed by 8 24-hour exposure to 0°. A 4-dry exposure fo a
temperaturs varying from 5° to 10° resulted in the death of larvae
of 7. obscurus, but %arvae of T. molitor exposed to this temperature
for three weeks showed faint movements.on being removed to normal
room temperature, and exhibited these movements for several days
before succumbing. Temperatures around the freezing point had
Little effect on the ixrvae. Larvae of both species showed signs of life
after having bzen exposed for more than seven months to a tempera-
ture ranging from 30° to 35°.
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FARASITES

The meal worms eppear to be almost free from the attack of para-
sites. Schulze (27) records the destruction of a brood of Tenebrio
molitor by a mite, Tyroglyphus mycophagus Megnin, which attacked
larval, pupal, and adult stages, but so far as the writer is aware the
meal worms are not attacked by hymenopterous parasites.

CONTROL MEASURES

Owing to the large size and comparatively slow development of
the meal worms, their control is relatively simple. Periodic and
thorough cleaning of mills, warehouses, granaries, ete., should prevent

thomn from becoming established. Infested material may be treated
by fumigation with heavier-than-air gases or by subjecting it to a
temperature of 130° F. for an hour or longer.

The mosi satisfactory of the heavier-than-air gases for this purpose
are carbon disulphide and ethylene dichloride-carbon tetrachloride
mixture. Carbon disulphide in the vapor form is highly inflammable
and explosive, hence its use should be restricted to situations in which
the fire hazard can be ebsolutely controlled. The ethylene dickloride-
carbon tetrachloride mixture is noninflammeble and nonexplosive
a.nfd can be used when it is impossible to use carbon disulphide with
salety.

DESCRIPTION OF THE MATURE LARVA OF TENEBRIO MOLITOR
LINNAEUS @

Larvae of the genus Tenebrio LeConte belong to the tenebrionid
subfamily Tenebrioninae, & characterization of which was given by
the writer in a previous paper(25). The following description is based
on the mature larva of Tenebrio molifor.,

Length 30 mm.; color testacecus with head and anterior face of legs somewhat
darker; sternum, hypopleurum and epipleurum of thorax, anterior and poste-
rior margins of pronotum, and posterior margins of the following segments
castaneo-testaceous; anterior portion of mesonotum and metanotum, of first
abdeminal segment, and of nearly all nots of seventh, eighth, and ninth abdomi-
nal segments ferrugineo-testaceous,! each of the last-mentioned segments darker
than preceding cone; tips of mandibles, claws, and cerei somewhat piceous; ante-
rier and posterior margios of prothorax and pasterior margins of the following
10 segments iongitudinally finely striated; terga on thoracic and on first to
eighth abdominal segments with a median longitudinal line. Surface punctate,
punctures quite far apart. Form elengate eylindrical, shout ten times as long as
wide (fig. 5, C}; doreally convex, ventrally slightly fattened; pygidium movable
up ahd down, subconically produced, bicornute.  Head, ventral side of thoracic
segments, anterior portion of sternum of first abdominsl segment, pygidium,
ninth sternum, and legs clothed with reddish setse; rest of body glabrous with
few thin hairs,

Cranium rounded (fig. 5, B), nutant, exserted, about three-fourths as long. as
wide {from epistomal margin {epi) to oceipital forsmen), broadest medianly,
dorsall }(Yl somewhat convex, ventrally slightly less so. Anterior frontal angle (fa)
rounded.

Frouns {f) two-thirds the length of eranium, about as wide as long with extreme
width anteriorly, side margins econvex.

Epicranial halves (fg. 5, B, epe) meeting dorsally; epicranial suture one-third
the length of cranium; ventrally the halves separated by the guls {fig. 6, C, gu);
doraally with a few long reddish setne (fig. 5, B), 2 near posterior (1 on each side)

1By K. A. 8L, Gieorge. The materinl on which thiz deseripitlon is based wos reared by K, T, Cotton and
hoy heen Elumd fu the Netlonu! Museum collection under the Hopl, U, 5. No. 10041,
! Probably appronches Arendsen Hein's {(8) Tenebrio mnditor QIt (orange-red) variety.
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‘F1a6. 5. — Tenebric molilor, atore larva: A, %:hiphaal;yn.: and anterior fargie of labram:,
X 32; B, head of larve from above, X 12; C, Iateenl view of larve, ¥ 5 D, dorzal side of
fatt mandible, % 32; ¥, first thoracie spirads, X 62; ¥, ventral &ide of right mandibls,
% 3%, (Magnifications are approximate.} ai, ai, Bienspldate gper; &m, basul membrane
of entanna; ¢, etypens; epe, epicraniem; eps; epﬁlpharym; ) fsmnm; ex, 6xcavation |
oppesite molar part: f, ons; fa, anterior am;ie of [ront; .k, me k; 1, uhfﬂnup.s-_.-llno;

iab, labrum; m, malar paxt; p, phrame of peritreme; re, ronnded mﬁaﬁg extorior gide

of cutting edge; #s, 01, 563, 38DI0rY organs; £, {1, tedth; b,
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Fio. 8.—Tepebrio mylifor, parts of msture larva: A, Maxiilas and Mpuls seen from huseal
cavity, also hypopharyneezl regich and cescphagus, X 20; B, hypopharyugesl region of
lorye, reverse {interfor) side of parl seen In 4, X 20; 3, secend and third meath from
veniral side, X 12; D, slde view of head with .ngﬁt mandibls, mexills, and sutenhs
Temgved, showing how dorsal surface of molar part of each mandible and basst epiues of
-epipharynx come topether, and hios ventral surface of molar part of each mandible snd
hypogh.nrmgaal scleriia come togethar to form grinding sprfaces, X 20; I, left mesothoracle
log, showing - Jor-foea, 2 26; F pnd G, left Trothoracis leg, anterior and posterine faces,
respactively, X 25, (Magnlfications approzimate.} 'aipi. oA
‘base of stipes; e, cardo; ¢f, ¢lypens; cor, coxa; epe, epleranlum; apk, apipharyna; fe, fossa
for carde; fe, {sinur; fm, fossa for mendible; gu, ; dbr, hypopharyngeal hraeoo; hee,

hympharyﬁﬁgi -aclerite; hyp, b IIR; it %8, Nnor margli of Bilpes; Inb, labrun; H,

liguia; ip palpus; m, melar part; wa, mala maxillaris; mar, maxilary -articnlating
area; md, maodible; +ne, mentuin; mes, modian ares: mrp, maxillary palpus; ces,
oesophagus; poy, basal! membrane of mnxjf]ary palpus; pl, plate supporting eclerite; pok,
poa. frxophsrynx: pol. posterlor pamﬁnathnliobw; 2rh, probypopharynz; em, submenturn;
ﬁi‘; 31 mtgr mexlllaris; eta, stipes labll; !, teeth; fg, tarma; &, tibis; Ip, tentorial pis; 3,

texior thal lobes; &, -
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and 4 near anterior (2 on eash side) ends of frontal suture, inper 2 of these anterior
sefae placed on epistoma almost touching clypeus {cI); on each side near basal
membrane (bm) of antenna, 5 or 6 setae, 3 of which are on the dorsclateral side;
ventrally several thin reddish setae; behind seiae around antennal membrane and
along sides of the head about 6 long setae (fig. 6, C), farther inward near gula 2
additional long setae, and behind fthese several short ones. .

Gula {fig. 6, G, gu) distinct, well chitinized, hourglass-shaped, slightly longer
than 'wide, widest posteriorly, with tentorial pits {{p) just below middle of side
margins. .

Clypeus {fg. 5, B, cI) subtrapezoidal, widest posteriorly, length to extreme
width a8 1 to 3, medianly with slight irapsverse ridge, on each side two well
developed seine, one near outer margin, the other more inwardly placed along the
ridge; side marging of anterior half {estaceous, rest slightly chitinous; side mar-
gina of posterior half and poriion slong epistomsal margin castaneo-testaceous, rest
tes{aceous. :

Labrum (fig. 5, B, lab) well developed, movable, transversely rectangular, twice
as wide as long, anterior half testaceous, posterior half castaneo-testaceous, ante-
rior marging nearly straight, anterior eorners strongly rounded, side margine con-
vex; disk between center nnd lateral margins with 2 long, reddish setae, 1 on each
side, and exterior to these, aud placed s little more anteriorly, 1 seta at margin
on each side; on each of the anterior corners 2 more long setne; toward middle of
front margin ancther alightly shorter seta on each side, and in front of these and
along the extreme edge 4 short setae: along snterior corners on ventral side of
isbrum about 12 or 13 irregularly placed, shorter, chitinous, slightly curved setae §
{fig. 5, A), the ones nearest the cenier more heavily chitinized.

Oeelli vanishing, arranged in two groups con each side, just behind antennal
ring (fig. 5, B}; both groups transverse, the anterior one with three more or less
fused lenses, the posterior one with two fused lenses.

Antenna close fo mandible, attached to a distinefly colored rim behind doraal
mazadibular fossa (fig. §, C, B); basal antennal membrane {(bm) well developed
with its posterior dorsal margin alightly chifinized; three articles, ol testaceous,
with anterior portions rather membranous; basal article clavate, cylindrieal,
about as long ss labrum, twice as long as wide; second article slightly darker
than first, clavate, eylindriesl, not quite as thick as basal article, about three times
as long as wide, distally with a few minute setae; apical article very small, cylin-
drical, about three times as long as wide and ahout one-fourth as long as second
article; distally bearing & hair as long as the article and in addi.ion several minute
tactile hairs; no supplementary appendix.

Mandibles of right apd left sides differing in shape; both apically bifid (fig.
5, D, P, al, 6%, each with an additional tooth {f} between apex and molar part
(m); tooth of right mandible (F, 1), however, prominent and placed near apex,
that of lefi (D, {) less developed and placed close to molar part; molar part of
right mandible with bituberculnte crown, that of left mandible with hollow erown;
venirally with cutting part deeply excavated;® apex, cutling edge, and molar
part heavily chifinized nnd somewhat piceous, rest of mandible ferrugineo-tes-
taceous; exterior surface (the back of the mandible), distally rounded (rs), without
margination, bearing & single seta oz dorsel surface arising from s slight depres-
sion behind apical teeth; proximally (opposite the molar part) excavated {ez),
without membrancus elevation, bearing 4 setae, 2 long chitinous ones on dorsal
surface above the fossa and 2 shorter ones on ventral surfdece near the condyle,

Maxilla dorsally almost completely covered by mandible (fg. 6, D), well
chitinized; palpus (fig. 6, C, mzp) surmouniing mala (mea) by about one-third
of its own length; palpiger (pag) smsall, ring-shaped, rather membranous except
st base, where il Is somewhnt chitinized and bears some minute hairs; three
articles, all testaceogus, with enterior portions rather membranous; basal article
ciavate, about one-third the entire length of palpus, nearly as long as wide, near
base on outer side with s minule seta and distally with a few more setae; second
arbicle subeylindrieal, clavate, about one-third longer than wide, about one-
fifth narrower and longer than the basal article, distaliy with & few minute setas;
apical article conical, two-thirds ss long and one-half as thick as the second,
slightly longer than apieal article of labial palpus, with soft {ip bearing a few
minute factile hairs.

$ This charpeter can be used to seporate this spacles from Tenebrio obscurus Fob., T. opacus Dult., and
INealuy picipes 1bat, (= Tenebric pietpes Boat.). A discussiorn. of the genus Neatus wes published by the
writer in 1624 {24).

¢ No solt sctas é:loeed closely together nenr base halfway between condyle and molar part as on the mandi-
bles of the Elcodes-Iaplinae group, which it strongly rescrables, Ses the wriler's article (95, p. 4).
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Malz conical, on dorsal {buccal} surface (fig. 6, A, ma) testaceous, with a series
of well-devsloped, somewhat curved, chitinous setae extending right back of and
parallel to inner margin and with a corresponding series on inner margin itaelf;
rest of dorsal surface clothed with many thin setae; ventral (exterior) surface
heavily chitinized, apically bearing fwo thin setae (fig. 6, C, ma).

Stipes (fig. 6, C, sii} fused with mala, well ehitinized, right in front of palpiger
with 1 long thin sets, just below palpiger (pag) near exterior margin with 2 long
setae, occasionslly with 1 short one belween them, and at base (bs) near carde
with another seta; proximal half of inner margin (is;} of stipes connected with max-
illary articulating aren (mar}, distal balf {is;), right behind mala, free, bearing one
short sefs near margin.

Cardo (ca) subrectangular, well chitinized, nearly as long as maxillary palpus,
entire, adjacent to curved hypostomal thickening {hyp}, between fossa for ventral
maadibular condyle (fm) and fossa for tip of carde (f¢); inner margin of eardo
near middle with an indication of fusion with maxillary articulating area {mar);
near outer posterior margin with one seta.

Maxillary articulating area (mar) protuberant, divided info halves; exterior
half connected with maxilla, subdivided into an upper membranrous and lower
chitinized portion; an oval elevation arising from latter connected with cardo;
interior half connected with submentum, entire, well chitinized, ovate, lobelike,
withou$ setae.

Submentum {(sm) strongly chitinized, trapesoidal, broadest posteriorly; side
matgins slightly concave anteriorly, convex posteriorly and adjacent to maxillary
articulating area; surface bearing fwo long setae, one on each side, nesr ends of
transyerse middle line,

Mentum (me} with anferior half slightly chitinized, posterior half strongly
chitinized; only slightly longer {har wide, barrel-shaped, side margins free, on
each side of posterior half two long setae, posierior one longer and placed near
base and slightly more inward thaa anterior.

The two stipiles labii {stfa} fused intc a chitinized unit with iwo seise near
%aati a{rigl) two slightly Ionger ones apically on the slightly chiticous portion near

guls {7},

Labial palpus {{p) about balf as long as maxillary palpus, with $wo articles, both
testaceous, the anterior portions rether membranous, basal article subcylindrieal,
clavaie, one-sixth longer than wide; & minute seta near base on outer side, a few
more distally; apieal article conieal, about two-thirds as long and one-third as
wide as firgt article, with soft tip bearing a few miryute tactile hairs.

Ligula {J¢) slightly testaceous, small, broadly conical, about as wide as long,
with one terminal pair of long setae, and several rather short rigid ones along
froné margin and on buceal surface (fig. 6, A, &),

Prehypopharynx ? (fig. 6, A, prk) simple, membranous, with posterior side mar-
gins slightly chutinous and with a longitudinal series of tactile bairs on each side,
seen onty with aid of very high magnification,

Paragnathal aress ® of posthypopharynx somewhat bilobed and membranous,
Anterior portion of each paragnaths {fig. 6, A, apl) large, cushionlike, and covered
with microscopic tactile halrs; posterior portion {ppl}, placed on each side of the
hypopharyngeal sclerite (ksc), small, free, ovate, lobelike, and covered with minute
setne.

Sclerite of hypopharyngeal chitinization (fig. 6, &, B, D, hsc} elongately
rectangular, somewhat rounded st base, projecting, strong, and supported below
by a chitinous plate (B, pl) extending forward from braeen (hbr); anteriorly
tricuspidsie, the median cusp Iargest; disk excavate; molar part of each mandible
and hyrnopharyngeal sclerite grinding together (fig. 6, D, m, hsc}.? Bracon of
hypepharyngesl chitinization EA, B, D, hbr) heavily ehitinized below the chitinous
plate {pd), otherwise rather membranous,

Median ares of posthypopharynx (A, mea), above the hypopharyngeal sclerite
{hsc) and between the posterior portions of the anterior part of the paragnathal
aress {zpl}, membranous and witheut tactile projections,

! Tho bueeal ventrzl surface bebind the 1 the wrlter terma hypopharyny end divides it inte oo snte-
rior part nnmed prehypapharynx {pra) and & posterior pnrt nomed pmthyﬁgphnrynx (pok). Theprekypo-
pharynx (“hypopharynx® MacGHilllvray) is slmple and membranous, usualiy covered with fine tactile
profections; it 8 normally Eiamd abave the stipites Iabfi. The posthypopbacynx (“aubgusto’” MacGlili-
vray) Is composed of the hypopharyngeal chitinization, the paragnathsl sreas {epl, ppl) (Crampten},
two-lobad or simple, pnd 8 median area (mea) batween them. Tho hypopharyuges] chitinizetion usualily
is composed of o sclerite (hee) and bracon {(br}. The posibypopharyax normaily is pisced ahove and abont
the mentnm-snbmentum region, :

# ‘Pheseo arens correspond Lo thode pointed out by Baving {4) in the Iarva of the speind beetle Coccidotraphus
#ocinlis (Behwarz and Borber), which there gre named the maxlliulae. i

* Béving {31) was tho first to point out this function of sclerite and molar part of mnndible,
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Epipharynx (fig. 5, A, eph) soft skinned, with a posterior, transverse, broad
sinuous, chifinous band {tg} carrying one pair of stublike teetk {f) apd just
hehind each of these four or five minute teeth (i) in & row extending toward
cegophapus; bebween the two rows of teeth (I} eight sensory punctures {sc,};
on outer side and in front of the stublike teeth (£}, extending anteriorly over
soft-skinned part to g pair of short chitinous hooks (A), with many minute
brushlike bairs. Median part of epipharyux glabrous, with six Isrge ring-
shaped sensory punctures ¥ (ss) near snterior margin; behind them, near hooks
(h), four more, but smaller, punctures (ss,); rest of epipharynx beset with tactile
hairs visible only with bhigh-power magnification; the stublike teeth on epi-
pharynx also grind against the mandibles, working together with the dorsal sides
of the molar structures. (Fig. 6, D, ¢, m.) .
7 %egs )Well developed, surrounded abt base by & large articulating area {fig.
, G, ar).

Prothoracic legs only slightly larger than those of mesothorax and metathorax.
Anterior faces of legs somewhat darker than posterior faces, Coxae (fig. 7,
C; fig. 5, F, G, cox) of first pair atiached so closely together that they are nearly
contiguous ot base, about as long as wide, anterior face testaceous and posterior
face thinly chitinized; several long reddish setae on both faces, arranged mainly
along outer and inner margins, also with a few minute setae; trochanter (ir)
twice ns long as wide, front margin about as long as that of coxa, thinly chitinized;
on inner margin distally, armed with 2 strong spinelike setae; ! on anterior
face 4 or 5 mwinule setae, oo posterior face 2 long wetae; femur F G,
fe) one-third longer than wide, posterior margic about \.ne-fourth longer and
two-fifths wider than inner margin of trochanter, proximal portion of anterior
face well chitinized; on inner margin ususlly armed with 2 or 8 apine-
like setae, but 4 may be present and also several iong thin setae on each face;
tibia (¥, G, &) two and one-half times as long as wide, inner margin aboutb as
long and half as thick as that of femur, anterior face well chitinized and pos-
terior face slightly chitinized; inner margin usually armed with 4 or §
spinelike setne, but as many as six may be present and also a few long thin
sefae on each face; tarsus (F, G, fa) about two-thirds ss long as tibia, ferrugineo-
testaceous except at tip where it is somewhat piceous, faleate, strong but
rather slender, inner surface facing backwards distally excnvate, proximally
enlarged with a round, rather soft-skinned region which bears, at base of excava-
tion, a short but stroug chitinous seta and on posterior face a minute thin seta.

Beeond and third pairs of legs (fig, 6, E; fig. 7, B) slightly more slender than
protheracie and inserted farther apart; proportions of articles and arrangement
and number of selae varying somewhad from first pair, but tha two pairs them-
selves nearly alike. Coxa (cor) about fwice as long as wide, with many long
setac arranged mainly along margins and a few minute hairs on posterior face;
trochanter {ir) twice as long as wide, about half as thick as coxs, front margin
about half as long as coxa, on inner margin distally armed with 2 epinelike
setae as on prothoracic leg; on posterior face of second leg 2 long setae and some-
times 1 or 2 minute hairs, but on third leg armed with an additional spinelike
setn, very rarely not present; femur (fe) twiece as long as wide, posterior margin
one-third longer and slightly wider than inner margin of trochanter, on inner
margin usually armed with 2, sometimes 3, spinelike setae, between which is
long setn; on posterior face medianly armed with 2 additional spinelike setae and
on both faces with a few thin setae; tihia (#1) nearly two-thirds as long as wide,
outer margin about as long and slightly narrower than inner margin of trochanter,
on inner margiz usually armed with £ spinelike setae, elthough number may
vary from 3 to §; on posterior face medianly 2 additional spinelike setne,
aceasionally only 1 present, and on anterier face about 5 thin setae; tarsus
(ta} two-thirds as long and somewhat narrower than Hibia, inner surface facing
backwards distally excavate, proximally erlarged and with swelling and setae
like those on prothoracic leg.

Presternal area between head and protheorax {8g. 7, C, 3 with indication of
4 division into three parts; middle part about as wide as guls, bearing two setae
on posterior margin; the fwo exterior parts each bearing two minute getae. Im-
mediately below this middle part and well separated from it is an indieation of a

1 Tha pumber and general position of these sensery punetures are constant in the specles of Tenedrio
molifor, T, obscurus, T, opacus, pou Neatus pictpes. i

il The number of spines on trochanter of the prothomeic leg oppear 10 be constant and can be used to
supnrate this specles trom Tenebrio obteurus and T, opacua, each of which has one.  eatus picipes also
hins twn, hut this specles enn be separnted easily by churneters from the pygidium. Sey articld published
by the writer in 1926 (26). 'The spines po ail the other articies of tha legs véry in dumber aven in the same
spechmens on opposite legs nod somcetimes on the trochgnter of the mesothoracie and rmetathorasic legs,




F16. T.—Tenedric molitor, parts of matura larve: A, Pygidium, slde view, X 10; B, right

metathoracie o, shnw{m?aateﬂur face, % 25; C, Yentral view ofpart of fised, of thoragle
segments, and of first abdomland segment, X 10; D, prgidiom, dorgal view, X Ik E,
pyeidium, weateal Yiew, X 10, {Magnifications are aggmﬂmate.) ur, Artlcelsting
membrane of leg; ¥, ¢ twolold articulating membrane beiween minth apd tenth seg-
manta; coz, coX8} ¢, epiploumm; ¢, preepiplaurum; e, postepinleurum; ep, abdominat
eplplsurure; epe, epicraninm; e, eusternum; fv, femur; go, gula; A, prehypoplsuram;
A, posthypoplourum; Ap, sbdomlnal hypopleurum; f, membranous arce on metathomx;
peu, presternal sebdivision of etsteroum; ster, sternal shield of abdomlnal segment; atf,
sternellum; ta, tarsus; fe, thomsic terglte; fer, tergal shield af ahdominal segment; 4, tibia;
ir, trochanter; ¢, Prestarnal areas; z, poststermellum; VIII, IX, X, sbdomins! segments

oo s i3
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chitinous, suboval single area bearing two very short thin setae. This suboval
area is probably a preeusternal subdivision (peu) of the susternum 2 (eu).

Ventral intersegmental region between prothorax and mesothorax, and between
mesofhornx and metathorax, testaceous, composed of distinet poststernellar, pre-
epipleural, and presternal areas.

FProthoracic eusternum (fig. 7, C, ex) well chitinized, large, subtrapezoidal;
prehiypopleural and posthypopleural areas (A, k) both present, well chitinized,
prehypopleural srea particularly well developed, infernally adjacent to presternal
and eusternal areas; sternellar region {st), behind the front lega, well chitinized,
almost fused with eusternim, forming together with it in hourglass-shaped regioe;
posteternellum (2) trapezoidul, widest anteriorly, with aa elliptical, raised, rather
membrinous area in cenfer, around which it is chitinized; prothorncic tergal
shield (te) subquadrate, with anterior and posterior marging as mentioned above;
right back of anferior margin a transverse series of 4 getae (2 on each side} and
just before posterior margin o similar series eomposed of 10 setae {5 on ench side)
{tig. 5, C); epipleurum (fig. 7, C, &} with n few selae grouped anteriorly.

Menothorax and metathorax with a large chitinous eusterna) region (fig. 7, C,
cw) and with a separation of o rather membratnous preeusternal subdivision (peu)
indicated,® the latter aren bearing two long and fwe very shorh setae. Pregternal
nreas (y} distant, chitinized, subiviangular, bearing a single sefa medianly; pre-
hypopleurum: (f;) well developed, slightly testaczous, with smell chitinization near
condyle for articulation of leg, usually bearing a single seba; sterpnellum {sil) of
mesctherax and metatherax and poststernellum (z) of mesothoruy similar to that
of prothorax; poststernellum of metathorex not present, bui in intersegmental
region an elliptical, rather membranous area (g}, somewhat like that present in
postaternellum in preceding seginents, which might constitute an element of
poststernellum. Preepipleurum (e)) of mesothorax and metathorax partly chit-
inized, subrectanguiar; the former garrying the first thoracic spiracle, the latter
the rudimentary second thoracic spiracle; anterior to each spiracle, o fow minute
setac; epipleurum (g} of hoth segments well developed and chitinized, with median
portion only thinly chitinized; usually with 1 sefa placed posteriorly and 2 or 3
setae grouped anteriorly; postepipleuruin {(e:) chitinized, triangular, without setae.
Mesothoraeie and metathoracie tergal shields (fig. 7, C, te; 8g. 5 ,C) fransverse,
about four times as wide as long; right behind anterior margin a traneverse chit-
inous line (fig. 5, C, 1), back of which and contiguous to i# is a narrow chitinous
bend; posterior margin longitudinally finely striated, anterior fo margin a trans-
verse series of 4 setae (2 on each side), lateral margin usuaily with 2 or J additional
setee. The first abdominal tergum also has s transverse chitinous line and a
band similar to that on the mesothorax and metathorax, the rest of the abdoninal
segments being without the line,

Typical abdominal segment (that is, one of the eight anterior segments) with
fused sternal areas (fig. 7, C, ster) covered by a transversely rectanular shield
{ter} with a medisn longitudinal lirs, anteriorly with a transverse slight chit-
inization which extends farther back ia each succeeding segment, so that the terga
of the seventh, eighth, and ninth segments are almost covered (fig. 5, C}; near
distal margin of each of the eight anterior segments arc five distinct but faint
impressions ¥ on each side; above the spiracle, which is earried by fthe tergal
shicld (fer}, is a longitudinal chitinous line !5 which extends from the posterior
band to, or slightly beyond, the spiracle.

Setae on each side of first abdominal tergum. PRelow the longitudinal line,
# few ininute setae placed anterior to the spiracie (ig. 5, C} and in addition two
others, both long, one below the spiracie, the other in front of the transverse
band; above the longitudinal line, two sefse in front of the bund and one near
enterior lateral margin over the spiracle. Setae on zecond to seventh abdominal
terga arranged ss on the first, except that no setn is developed below the spiracle.
Setas on eighth tergum arranged as in preceding segments, except that an addi-
tional seta is present in the series in front of the band (fig. 5, C) 2nd several minute

("' Th;s;rmm Is plainly indicated i n closely olled form, Merfaus Jnesiz (Olivier}). See article by the writer
5. M)
n 3{ se ;’nmtiun s nlso indicated Ly Wode and the writer (32) in the closaly allied form Merfnus leevis (Oi-
vier) and to smne axtent in Sleodes suinraliz Soy of the Blapstioue group. In this raference o correction ahonld
be madle on pags 54 instead of reatling, ' no separetion nf o preeusternal aubdivision indicsted,' it sheald
rewtl, *seporatinn of o presusternel subrdivision slightly indicated;” and the fvoinate 7 should be changed
accotlingly, rending, “Sepuration of 8 presusternel region indieated bat not os distinet us in Merinus
Inceis (Olivier).” .

A detafled disenssion of these Impreaglans and their importance as o faxonomic churacter is given by
Aroudsen Hain (8). .

11 This line ig called o “lateral line” by Arendsen Hein and is used as e elataeter in separatiog the spe-
ches of Tonabrio, The present wriler has fuuod that this chergeter is sometimes varfablo.
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sotae are developed along the posterior margin of the band both above and below
the jongitudinal line {fig. 7, A}. Setae on each side of the sterna of first to eighth
abdominal segments. Sternum of first abdominal segment anteriorly densejy
beset with setae (fig. 7, C, sler), similar arrangement lacking on other typical
abdominal segments; posterior margin of first to seventh segments with two sefae
along anterior margin of transverse band; eighth sternum {(fig. 7, A, E) with
three quite long setae similarly.placed, and in addition several minute setae on
posterior msrgin of band, Hypopleural region (fig. 7, C, hp) narrow, slightly
chitinous; epipleural region (ep) somewhat broader and more strongly chitinous,
beth regions without sefae. First six abdomins] segments transverse, the seventh
and eighth subquadrate,

Ninth ahdominal segment {fig. 7, A, D, B, IX) smaller than preceding; dorasl
part, or pygidium, well chitinized, subconieally produced; wider {at base} than
long; bicornute, with the cerel curved upward to the extent that their longi.
tudinal axes are perpendicular to surface of tergum; cerci at bases separated by
1 distance less than ftwice their dinmeter st that point, only sliphtly recurved
and somewhat picecus; on each side, anterior to cerci, $wo short chitincus spines; 18
tergum in front of cerei with o slight depression; punectations quite far apsart;
anterior morgin of segment slightly chitinized, bearing a transverse series of
short hairs; anteriorly on wellchitinized part a iransverse series of four long
thin setae, one placed dorsally and one laterally on each side; on lateral and
posterior margin right above tenth segment n series of long setee. Ventral part
of ninth segment small, transverse, soft, and bearing many short setae.

Tenth abdominal {anal} segment (fig. 7, A, E, X) ventral, small, separated from
ointh by a large, two-fold, articulating membrane, with an upper god lower
transverse, membrarous anal lip and o each side of this & short, conical, robust
and (except at tip} setose ambulatory papilla.

Spiracles {fig. 5, C. E) oval, transversely directed, cup-shaped, &t bottom,
with a linear opening protected by hairs. Prothoraeic spiracle more nnrrowly
oval than abdominal spiracles.

DESCRIPTION OF THE MATURE LARVA OF TENEBERIO OBSCURUS
FABRICIUS v

Length 35 mm.; color castaneo-testaceous, with head and tergum of thorax
somewhat darker; anterior and posterior margins of pronotum, posterior margins
of the following segments, and terga of the seventh, eighth, and ninth abdominal
segments dark brown to brownish black. Surface punctate, punctures closer
together than in Tenebric molitor; pygidium (fig. 8, G) longer and more slender
than in ¥, meliter.

Crantuw (fig. 8, B) slightly more than half as long as wide (from epistomal
margin (epi} to occipital foratnen).

Frons (f) three-fifths length of cranium, nearly as long as wide with extreme
width anteriorly, side marging convex.

Labrum on anterior corners on ventral surface usually with three short, ehitin-
ous, slightly curved setae {fig. 8, A).

Ocelli (fig, 8, B, Q) arranged as in 7. molitor but more prominent, .

Antenna {fig. 8. E) with proporiions of basal (E, 1) and apical {E, 3) articles
about as in Tenebrio molitor, but the second article (E, 2} differing by being four
instead of three times as long as wide, 1®

Meryum about one-fourth longer then wide.

Prothoracic leg (fig. 8, ¥} with trochanter (¢r), on inner margin distally, armed
with 1 strong spinelike seta; femur {fe}, on inner margin, usually armed with 2
spinelike setsc but sometiines as many as 3 may be present; tibia (#i), on inaer
margin, usually armed with 4 spinelike setae, bub 23 many as 3, 5, or 6 may be
present oceasionally.

Mesothoracic and metathoracic legs (fig. 8, C) ususlly with the same number
of spinelike setae on inner margiu as on prothoracic leg, but this sometimes
varying as follows: Three or four spinelike setae may be present on the femur,
and three to five on the tibiz. The posterior face of these legs usually carries

1 According to Arendsen Fein (33, in exceptionsl coses specimans have oniy ona apina an each side, The
writer hna faund such s specimon, but on the one sido the sata was ploced near the cerci nnd on the other side
gxtterlorly so that they were not opnosite sach cther.

¥ By R. A, 8t Jearge. ‘The materlal on which this deseription Is bused woa reaved by R, T. Cotton
andt kss been pinced in thoe National Museun coliectlon under the Hopk, U, 8. No. 19642

1 This chavneler wiil aiso sepurate this specles [rom Tenebrio spocus nod Neatur picipes, hoth of which

aro ke T aelitor in this respect, -
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F10. B.— Tenelbric chacurus, peris of matnre larva: A, Epipharynx apd anterler mar-
-gin of Inbram, ¥ 32; B, head of larva from above, X 12; C, lateral view, showing
head, thornx, and first two abdominal ssgments, X 5; D, first abdomlinal spiracle,
X §2; E, antenna, X 18; F, right prothoracic leg, antecior view, X 15; @, pygidiam,
dorsn! view, X 10; H, pygldium, sids view, ¥ 10, {Magnificationsare approximate.
b Gy Two-fald nrticata ng membrave betwesn ninth and tenth segmrents; b, bas
membrane of sntenna; cf, ciypans; cor, coxa; eps, opleranivm; eph, eplpharyns; epd,
-aplstoma; §, feons; fe, ferur; b, modian hook; lab, labriim: s, sy, #83, sensory organa;
t, &, teuth; fo, tarsus; th, transverse baad; M, tibis; ir, anter; I, VIII, IX, X,
abdominalsegments; [, £, 3, articles ol antenna
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the same number of additional spines as on Tencbrio molifor, that is, none present
om the trockaenter, two present on the femur, and $wo on the tibis.”?

Pogihypopieurum of prothorax {fig. 8, C) usually without setae, rarely with
one seta.

Prothoracic tergal shield (fig. 8, C) transverse, subrectangular, about fwice
ag wide as long, -

Mesothoracic and metathoracic epipleurum usually with only one =setz anteri-
orly and none posteriorly, but with minute setae anterior to the upiracle.

Typieal abdominal segment {one of the eight anterior) with tergal shield
chitinized and with each segment slightly darker than preceding; near anterior
margin, between lateral and median longitudinal lines, five distinet and some-
what prominent impressions* on each side (fig. 8, C); longitudinal line on
ateral side of fergum just above spiracle extending from the posterior band far
be{;gd 1apir.'.w.le into Lightly colored marginal band which ereircles the segments
anteriorly. 2

Epipleural region (fig. 8, C) usually without a minute sete near the posterior
margin.

Ninth abdominal segment {fig. 8, G, H} with pyeidinm subconically produced,
not wider (at the base) than long, bicornute, with the cerei curved upward, but
not so much as in Tenebrio molitor, o their longitudinal axes are not perpen-
dieular, but oblique to surface of tergam (H, IX); cerci separated st bases to s
distance of sbout twice their basic diameters, quite strongly recurved (G, IX);

punctures not very far apart, cloger than in 7. molitor.
Spiracles broadly oval (fig. 8, DD}, broader than in 7. melifer.

SUMMARY

The mesal worms have long sttracted the sttention of both scien-
tists and laymen by reason of their use ss food for birds and small
animals and because of their destructiveness in stores of flour and
mesl. They have figured in entomological literature since 1634, .
and both sre probably of European or Asiatic origin. Tenebrio
molitor does not thrive in the warmer parts of the United States.

They are found in greatest abundance in accumulations of refuse
meal, grain, and sweepings in mills and under the litter of chicken
houses. They are often reared and sold for bird food.

Under natursl conditions there is one generation & year, though
some individuals may require two years to complete their develop-
ment. The female beetles oviposit over an extended period, ranging
from 22 to 137 days, T. moﬁior laying in laboratory rearings an
everage of 276 eggs, with & maximum of 576, and 7. obscurus an
average of 463, with & maximum of 970. The larval period of 7.
obscurus was found to range from 79 to 642 days and that of T.
molitor from 281 to 629 days. The complete life cycle of 7. obscurus
ranged from 114 to 675 days, that of 7. molifor from 811 to 649 days.

Meel worms can pass long periods without food (& maximum of
nine months was recorded for T obscurus). They can not stand
temperatures as high as 125° F.; they survive freezing temperatures,
but not those as low as 10°.

They are almost entirely free of parasitic enemies. Artificial
control is easily secured through periodic cleaning up of the refuse in
mills, warehouses, and granaries, or by fumigation with carbon
disulphide.

1 Op the pesterior face of the metathoracle la¥1 of an anomalons apecimen, there was present only ons
sdditionai spinelike sotn on lemur nnd on tlbia, while In this snme region of the mesothoragie leg the number
was constant.  Also, oo the inger morgin of this sama metathoracic leg thers wers only two apines oo tibis
lostend of the nanal four.

¥ 'This was first pointed aut by Arsndsen Heio {5).
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