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INTRODUCTION

Flour and other prepared products frequently become infested
with small, reddish-brown beetles known as Hour beetles. These
beetles, although very similar in size and appearance, belong to the
different though related genern Tribolium, (nathocerus, Palorus, and
Latheticus, of the family Tenebrionidae. Of these, by far the most
abundant and destructive are the confused flour beetle, T'ribolium
confusum J. du V., and the rust-red four beetle, T. castaneum
{Herbst).

These insects are very hardy and able to subsist on any of a wide
variety of foodstuffs, and through a world-wide commerce have been

1 The writer acknowledren his indebtedness to the following persona for their cooperation
i the imvestigntions berein reporied: To E. A Back for originaily plaanine and putlining
the problem: and for the general oversight of the work throuzhout ity progress; vo H, T.
Cotton. for many belpfnl suggestions ; to B. A, St George for the preparation of the descrip-
vona of the larvase; to K. G, Blair, of England, for a specimen of T. indicwm and joforma-
tlon re; ing this species and the synonymy of I7. costenenm: to L C. M. Gardoer, of
India, for specimens &f 7. indicum now in the U. 8. Natfopal Musenm ; to rbe late A. M
lea, of Aostralln, for informution rewonding T, myrmecophilus ; to J. A Hyalup for many
of the divtributivy records and some of the recurds on foods | to faut Barrsch, E. A, Chapin,
and: B, §. Barber for much helpful criticism regurding the tazonomic portlen of the bulle-
Hu *and. to . B. Bradford for the Iine drawinga. 1
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transported to regions which otherwise they might never have
reached. Thus there are toda.{l not only records of their occurrence
‘but numerous references to their destructiveness from practically
every civilized country in the world.

SYNONYMIES AND TECHNICAL DESCRIPTIONS OF
THE ECONOMICALLY IMPORTANT SPECIES OF
TRIBOLIUM :

THE GENUS TRIBOLIUM MACLEAY
SYNGNYMY OF THE GENUS

1825, Tribolinm MacLeay (67)°
Genotype, Colydium onstanenwn: Herbst (1787), type by subsequent
deslgmation, Lucas, 1855,

1833. Margus Delean {37}

Genotype, castanens Sch. { = wstancum Herbst), type by subsequent
. designation, Good, 193G,

MacLeay’s description of Triboliwm is sufficiently clear to leave
little doubt that he was dealing with a specimen of the species
treated as Pribolium castancum in this bulletin. One disturbing fac-
tor is the designation of all tarsi as five-jointed. This cannot in
itself be taken as constituting grounds for the rejection of the name
Triboliwm, since many mistakes were made by the early Coleopterists
in regard to the number of tarsal joints, Concerming MacLeay’s
description of Priboléum Wollaston (704, p. 491} says:

MacLeay, who was the first to characterize the group {in 1825}, described
it as pentamerous and placed it amongst the Necrophege, which was clearly
however an error—perhups partially to be acvounted for by the fact of ing
having bLut a single specimen to judge from.

Wollaston goes on to say that he had examined MacLeay’s type
specimen which was still preserved in the East India Co.s Museum
in London, and, “* * * the careless manner in which it is mounted
conceals the hind tarsi altogether from view * * *.”

It seems clear that MacLeay proposed his genus 7'ridoliwm for the
true Colydium castanewm of Herbst (1797) and not for any other
species the name of which he might have incorrectly synonymized
with it. At the head of his description of the genus he says, “ Genus
TRIBOLIUM, Nobis. Colydium Herbst.” He calls his species
castancum, and puts Colydium cestanewm Herbst at the head of his
synonymical list. Of the other synonyms, only one, T'regosita fer-
ruginea Fab,, is included without a question mark. But, since Coly-
diwm castenewm Herbst (1797) antedates Trogosita ferruginea Fa%.
(1801}, and since 7. fermiginea Fab, had never been associated with
the genus C'olydiwm, and since he calis his species by the same name

* The manuseript for thin bulletin ax originally submitted to the Burenu of Entomology
in March 1334 contained a complete revision of the genue Tribolium, consisting of the xyn-
opymies snd descriptionm of the 5 specles previcuely known to the author, together with
the description of 1 apperently new specles. While the manuscript was being reviewed, a
prper by Urttentoopoart (48) appeared lhat covered much of the eystematic work of this
manuscript. TriboHem destructor Urttenb. was found to Le the same apecies a8 the appar-
ently new one described In the origing] manuscript of thism Dulletin, so Uyttenbooranrt’s
rame wap substituted ae that of the descriler. In the bulletin as now jrsued the says-
tematie portion has becn 1lmited to the economicalfy important apecles, so the specles 7.
fndi?tess hma,ir, 1. myrmecophilum Leg, a5 well as Uyttenboogsart’s T, gebiemd are not
tren ere, b

¥ Italte numbers In parenthesey refer fo Literpture Cited, p. 51,
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ns that of Herbst, there is no question but that MacLeay would have
designated Oolydium castenewn Herbst as the type of his genus
T'ribolium, if it had been customary at that time to cﬂesignate a geno-
t which unfortunstely was not the case. Furthermore, the

rst definite designation of 2 type for the genus T'ribolium is that
of Lucas (66, f £59), who stated in 1855 “ Lespéce type représentant
ce genre, est le Tribolium. (Colydium) custancum, Herbst, Nature.
Insect., tom. 7, p. 282, N°. 8, pl. 112, fig. 13 E {(1797).”

The name .ﬁ(arg*zw was first used by Dejean in 1833 (37) in the

following manner:

Margus Dejean.
Ferrugineus Fab., (Trogosita) India orieni.
castaneus Scli, {(Tenebrio) Gallia.

He considered castancus Sch. as g synonym of ferrugineus Fab.
This entry was repeated in his 1837 catalog. In 1842 William Red-
tenbacher (33) used the name Margus as the generic name for what’
he considered & new species, Margus obscurus, but which later was
found to be = synonym of Tribeliwm madens Charp. In 1845 L.
Redtenbacher (87) separated Murgus from Tenebrio in a descrip-
tive key without mention of any species, and in 1849 (82) he gave
a description of the genus Margus and of the species ferrugineus
Fab. and madens Charp., which he listed under this genus, There
can be no doubt that Margus of Redtenbacher is the Tribolium of
this bulletin. 'The name Margus has since been used in a number of
instances, especially in France, in treating of T'ribolium. However,
the writer has been unable fo find a designztion of a genotype for
Margus in any of the literatare dealing with this genus. There is,
therefore, the choice between ferrugincus Fabrictus and cestaneus
Schonherr, which De;}ean thought to be synonymous. Since T'ene-
brio castaneus Schinherr 81806), as conceived by Schénherr, is a
complex, embracing several species, the writer now restricts this
name (since this has not been done before) to the fraction which
Herbst called Colydium castancum in 1797,  Likewise, since Margus
of Dejean (1833) embraces two species (ferrugineus Fab. and caste-
neusg éch.) the writer hereby selects castancus Schonherr {=-casta-
neum Herbst) as the genotype of Margus Dejesn.

Regarding the Stene of Stephens (95? the writer is convinced
from a study of Stephens’ description that the specimens he had
before him, and from which he muade his description, were the 77¢-
bolium castanewn Herbst of this bulletin, However, since Stephens
erected his genus for the L'encbrio Sfewginmw of Fabricius, there
is no alternative but to consider Stene ferruginea Stephens as a
synonym of Tenebrio ferrugincus Fab. Since Stene is the first non-

recccupied generic name for this species, Stene ferruginea (Fab.)
Eecomes the valid name of the species originally described as T'ene-
brio ferrugineus by Fabricius in 1781. This species is now known
to the writer only by the type specimen, which is considered a cucu-
jid by prominent English coleopterists.

DESCRIPTION OF THE GENUS

Sexes externally alike. Color usually ferruginous, chestnut brown to black,
sometitnes with portions reddisb. Body rather flattened or depressed. Clypeus
much enlarged and with genge forming g shelflike projection extending around
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sides apnd front of bend from eye to eye. Eyes vather large, emnrginate or
neatly divided by gense. Antennse 1l-jointed, always enlurged toward tip,
.ot iclubbed ; club 3- or 5-jointed or gradual, but never 2-jolnted. Labrum short,
transverse ; mundibles short, equal in the two sexes. Prothornx nearly square
or plightly wider than long, weakly bisinuate at base, rounded on sides, punc-
tate or rugulose. Leps sparsely haeiry, front tibia slightly enlarged toward tip;
{argi slender, middle coxn without trochantin. Elytra punctaie-striute, some-
times raguloge, the intervals more or less raised in sharp curinae; epipleurne
very nurrow at tip, Wings present, wsaally funciional, Ventral surfnce of
gbdomen wenkly punctate. Length 3 to 6 nmn.

KEY TO THE SPECIES OF TRIBOLIUM

1, Some or all of elytral intervals more or less raised ot carinate; terminal
joint of anfennae either square, rounded, or largest at base; body
not broad and rouaded Subgenus riboliuni_.

All intervais of elytra smooth and flat; terminal joint of anteunne snull
and in the shape of an inverted trlangle; body brond and romnded..

) Subgenus f.eunun

2 (1), Body uniformiy ferruginous

Taody bluck, maroon, or dark castineous _—
8 (2). Length 3.0 to 3.9 mun; punctation moderate, prothorax smooth and
shiny ; intervals of elytra moderate
Tength 50 to 55 mm; punetation coarse and close; prothorax
roughencd and dull; elytral lnfervals rulsed into rather shuarp
carinie gebient,
Aptennae with a distinet three-jointed clubj; space separting eyes
ventrnlly equal to dinmeter of eye; eyes not margined above; genae
fairly prominent castaneum.
Antennue gradually enlarged ; spuce geparating eves ventrally equal
fo three times the dlamefer of eye; eyes murgined albove; genne
very prigtinent confusun.
Budy dark maroen or dark easteneous; antennae gradually enlarged
or with an indistinet five-jointed elub; space separating eyes ven-
trally not more than iwilce the Jdiameter of eye; eyes margined
nhove
Body bluck, appentlages reddish; antexnse with a distinet three-
jointed club; space separating eyes ventrally equal to about three
times the dinmeter of eye; eyes not margined above________. madens,
. Length 45 to 55 mm; coluy dark maroou with appendages lighter;
first and seeond intervalg of each elytron smooth; prothorux not
rugulose; space separnting eyes ventrilly equal to hearvly two
titnes the dinmeter of eye - destriefar,
Tength 3.2 to 4.2 mm; color vniformly dark castanesus; all elytral
intervuls raised into sharp carinae and very prominent; prothorax
rogulose; spice separating eyes ventrally slightly less than the
dinteter of eye indicun.,
Tibiae stout; hind tavsi robust, first joint short, somewhat triangu-
lur; apex of prothorax narrower than bnse; seutellum very small,
semlcireular; space separating eyes ventrally equal to one and
two-thirds times the diameter of eye; length 43 to 4.6
mim myrmecophilum.

SYNONYMIES AND DESCRIPTIONS
TRIBOLIUM CASTANEDUM (HEREST)

BYNONTMY

. Colydium costunenm Herbst (50, pt, 7).
Tenebrio casiancus Schinherr (90, p. 153},

. Phalerig onstanea Gyllenhal (49).
Uloma ferruginne Dojean (36).

. Tribolinan cestaoncum MacLeay (67).

. Margus coatancus Dejean (37).

. Stene ferrugince Westwoeod (108).

. Priboliym ferrugincum Wollaston (104).
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A list of the names usually cited as synonyms of 7'. castaneum
(Herbst) but which de¢ not refer to this species is given in table 1.

Taprm '1.—L:‘at of ndmeg wrongly synongmized with Tribolium castancum
{Horbst)

Quollee-

iion of Remarks

Name and suthar Iabilat

Dermeptes navalis Fab.__| New Zenland Banks_...| Probably a dermestid. Bee D. naraliz
Faoh, 1781 and 1787, and Lyctus neeelis
Fab. 1775 and 1787,

Text;.ame as J}. nevatiz Fob, 1775 and

I787.
Tenebrio ferrupinens Fob | Eguatorinl Africa . |.. .| Cucnjidae, teste Waterh. 1804, Ohamp.
. 1804, Blaijr 1813,
Dermertes noeaiis Fabo ‘Text satue as D. neeefis Fob. 1775 and
1781, S8ea Lyctus naeafia Fab, 1792,
Fenebrio ferruginens Fuh.| Saxony.... ono| Fylmer_. Homo;l_ym of 7 ferrugﬁ'ﬂms Fah. 1781,
Bea T ferruginea Fab, 1762

| Trogosita fervugineas Fab.| Equatorial Afriea. | Banks..._ Syng;lytlgs gFTeg!cbrio ferrugineun Fab.
1787, nb.

Luctus navatis Fab New Zenlnnd Antennal clubr 2-iolnted. Bynonym of

D, navafis Fab. 1787, tesie Fob.

Dermestex {is Herhst ., —eadtor...| Synonyin of 1. macaiis Fab, 1775, 178!,

1747, teglo Herbst,

Fpa cinnamoinens Herbst_ | Germany Tellwig. | Tilusteation cannot refsr to a Tribolivm,
‘enebrin ferraginens Oi- | Bquatorlul Alriea. | Banks. .| Synonym of 1. ferruginises Foh, 1781,
vier. 1787, Linm, 1700 eod Trogosife ferry-

I ginex Fab. 1702, testa Qlivier,

Ipe testacen Fok Rasiero Intdin Deldori_ .| See Trogosita ferrugines Fab, 1801,

Trogosita ferruginea Fabh_| India _ Bynonym of T lgcrruqiﬂea Fah, 1782,

) Lyctus novatis Fab, 1792, Ips tesiacea
Fah, 1798, terte Fab.
Tenebrio schrocsus Melsh | Pennsylvania . Cataloy raference only., .
Tenebric bifoveaiuatrs | Austrin Length 23¢ mm, Palorue teste Chapin.

uft. .
Nene ferruginea Stepliens| England Genns Sene created by Stephens for
: Tenebrio ferrugineus ¥ah,
Uomia ochraceas Knoch___| North Amerien .. Catnlog referenve only.
Ufomn rudens Dej Thejean._. Te.
North Ameriet_._ [-..d Length 634 mm, width 2141nm. Prob-
. atdy Uloma,
Margue ferriginess Kns- | Evrope — Teopth 22¢ mm, whith 24 inm. Prob-
o, ably Faiorua.

The species Tribolium castancwm has been generally known in
North America and elsewhere as Tribolivmn ferrugineum Fab. (1781
or 1787), but it is very evident that the name ferrugineum Fab. can-
not be 1etained. The type of Tencbrio ferrugineus Fab. (1781) was
examined by Waterhouse (10%) in 1896 and found to be quite differ-
ent from the insect known as Toribolium ferruginewmn Fab. In this
type specimen, in addition to other characteristics excluding it from
the Tenebrionidae, all of the tarsi were four-jointed, and Waterhouse
placed it among the Cucujidae. Champion (76) and Blair (9) alse
examined this type specimen and corroborated the opinion of Water-
house that it was a cucujid. Champion, Waterhouse, and Blair,
all seem satisfied that the specimen in question is the identical one
described by Fabricius in 1781, and, although the identity of any
specimen is, at best, very uncertain after 115 years, the concerted
opinion of these three eminent coleopterists as to the specimen’s
jdentity and its proper classification seems of sufficient weight to
insure its acceptunce. Since 1896 the description of Tenebrio fer-
ruginews Kab. (1787) has been generally accepted as the original
description of the species. However, this name is an exact homonym
of that of the 1781 insect and could not be used even if Fabricius
hzd been dealing with another species, Whether Fubricius really
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was dealing with another speeies is not certain although Blair (9)
thinks not. He, says:

The deseription of Trogoesifa ferrugines, Ent. Syst. I, 1702, quite disposes of
this possibility, for here it is definitely synonymized with the fenelrio forru-
ginens of the * Mantissa”, and Fabriclus continues: * Habitat 4 Africe wqii-
noctieli Mus, Doni. Benks, in Americme Insualis Dr. DPilug” the words in italies
being obvicusly quoted from the Species Inseetorum, 1751, It is perfectly
clear, therefore, that Fabricius supposed that he was dealing with one nnd
the sume species in these three iuslonces. Furthermore, fhis conclusion is
horne out by Sherborn’s ¥ Index Animualium ™ which quotes Frogosite ferrugiies
(1L792) as synonymous with Peachrio forrugineus {1T81), und in the * Epitoine
Futomologize Fubriciaune ”, hy Bergstriisser, po 18, where Trogogile ferru-
gianea is the only one that appenrs., Trom (liese facts, then, it is evident that
the name ferrnginewn, F. s applied (o the P'ribelion, can have no focts standi
whatever,

Dermestes nawalis Fab. (L775) has been thought by some nuthors to
refer to the present species. The listing of Lyclus nawvaells ns
synonym of T'rogosite ferruginen by Fabriciug in 1801 may be the
basis for the use of the name nevalis by Reitfer in 1911. That this
cannot be correct is ovident for several reasons. The description
states that it is of the form of Dermmestes murinus but one-fourth
smaller, which very evidently does not refer to a Zridolium. In 1792
Fabricius deseribed a Lyctus navalis with o 2-jointed club on the
antenna and synonymized it with his third description of Permestes
ngvales (1787). His three descriptions of Dermestes navalis (1775,
1781, and 1787) arc almost identical in wording, name, habitat, and
collection, except that no habitat or collection is given for the 1787
description. Ifrom this it seems perfectly evident that TFubricins
was dealing with the same species and perhaps the same specimen in
all four of his descriptions of mavelis, and that it eannot be the
present species is certain beeause he deseribed it as having a 2-jointed
club on the antenua instead of a 3-jointed one.

Ips cinnamomea Herbst (1792) 1s sometimes given as a synonym
but certainly cannot refer to this species because Herbst (50, pi. £)
beging by saying that it has exactly the form hat not the size of the
first (Ips quadripunciaia), which certainly differs very greatly from
a. I'riboliumn, and hecause from the figure given one needs to streteh
his imagination considerably to place it anywhere near I'»holium.

The description of Colydium castancwn. Herbst (1797) fits the
present species very well with one excepfion. His description of the
tarsi (50, pi. 7) states “dic Fisse sind wie gewdhnlich”, which is
fonr joinls for all of the tarsi in the genus Colyd/amn. However, as
has been stated, the designation of any certain number of tarsal
joints to a beetle, especially a tencbrionid, by these carly coleopterists
should not be taken too scriously. In this respect it is sigmificant to
note that MacLeay, in proposing his genus Priboliwmn, for the Coly-
dium. castanewm of Herbst, which was originaily described as having
all the tarsi 4-jointed, nevertheless designated all the tarsi as 5-jointed.
Apparently, beeause of imiperfect lenses, neither of these authors was
able to delermine the exact numher, and neither gngpected that his
insect might be heteromerous.  Furthermore, Herhst states that his
insect was taken as o museum pest, damaging insects in a collection.
After eliminating the dermestids, to which the deseription cannot
possibly refer, there are left, in addition fo this £'~boltum, so few
insects known to be museum pests that it is an easy matter to see that
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none but 7', castanewn fits the deseription. Finally, Herbst’s illustra-
tion of his Colydium castancum (fig. 1) is sufficiently clear to be
recognizable as referring to 7'. castancum, even without the deserip-
tion or food record; and when considered in connection with the
description and especially with the remark a8 to its food in this
particular instance, all question as to its identity is removed.

_}b. 75

FiopeR 1-—Reproduction of Hachst's orlginal Mustration of Colydinm cusloncum &0, pt. 7).
1.32 tlmey the size of the eriginul Miustrailon,

DBESCRIFITON
(Fig. 2.)

Color uniformly fervuginous ov reddish hrown,

Heud: Clypeus fused with front. Genae in front of eyes mederately widened
and forming an angle of about 40° with the eye, this shelflike projection ex-
tending forward from cyes snd continuing around tlhe clypeus but trunente
and not particularly expanded ut front of head. Surface of heail irregular; a
shallow, transverse depression runtiing aeross lead jn front of eyes and
another just buclk of eyes; upper surface rother densely punctute, under surface
finely and sparsely punctaie. Eyes emarginate, the emarginntion extending
backward for about one-third length of eye. Epierinium not margined above
‘eye, front and eye forming n nesrly contnuomg line, Viewed from below,
eyes tramsversely ovate and very lurge, the width of ench eye being equul
1o or only slightly less thun the distanee separating them. Antennae with the
three terminal foints suddenly enlrged, forming a distinet club, the ninth
Jeint being nearly twice as wide as the eighth ; terminal joint transversely
roundet, or transversely ovate, Labrum very sbort, transverse, hairy. Mun-
dibles short, bifid at the tip. Maxillury pulpi with lasgt joint oval, obtuse at
apex, Labial pualpl with ilast joint subovite.

Prothorax widest nt middle, front murgin little or no wider than rear margin;
gides rounded. Front angles gradually rounded, front margin nearly truncate;
renr angles sHghtly obtuse; rear margin strongly blsinante, Moderately pune-
tate above, less so below, . Seutellum vearly semicircular or semihexagonal
with rounded angles. Flytral Intervals fairly prominent but usudilly less so
than the lines of punetures, which are of 1 durker enlor than other parts of
the elytra; these characters rather varisblo, Murging of epipleurae extending
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slightly below lateral margins of body except caudad of third abdominal segment.
Wings fully developed, functionul. Legs rathet slender, front tibiae slightly
widened apically, fore and middle tibiac moderntely serrate on outer murgins;
uil tidbtae with two short terminal spines; all tibiae and tarsi sparsely eilinted.

Abdmnen finely punctate over entire surinee. Lateral marging of Arst auc
second segments smooth, parvillel; third slightly eonverging, with n very small
rounded projection on ecaeh slde gt apex; fourth short, alse more contracted
Iaterally, with o smull, rounded projection on each stde at two-thinds the
distunee from base to apex; filth somicirenlar, the projections slightly larger
{lnn on fourtk segment and sitnated pear base, with a slight indentation fmine-
dintely to the renr of these projections,  Butures hetween all segments purallel,
exceplt af luaterul muarging, Fourth segmment hardly mere thuan one-half the
length of the secorul ; third three-fourths the length of the second.

Length 3.00 to 3.78 mm, avetage 3323 ww; width 0.97 te 126 mm, average
1,143 1mun,

FicUkB 2,—Tribolitm castaneum. Adult, x 28.

Habitat—Cosmopolitan, in cereal products, ete,
Type locality—Eust Indies,

TRIBOLIUM CONFUSUM JACQUELIN DU VAL
BYNONYMY

1854, Tribiolium ferrugincum Molsnnt, (70).

A8G8, Pribofivm confusum Joeq. Jdu Val, (55},

1891, Tribotisan (Stene) confusun Scidlitz, (#1).

Mulsant in 1854 misidentified the present species, calling it 7'ri-
bolivm ferruginewm Fab. The fact that the name 2. ferrugineum
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was applied to this has therefore no status as far as its antedating the
present name is concerned.

The name Stene was incorrectly used by Seidlitz in 1891 (91) and
1894 (92) as a subgeneric name for 7'. confuswmn J. du V., which he
separated from 7. castancum Herbst and 7'. madens Charp. on the
basis of antennal characters. He disregarded the fact that Stephens’
Stene actually referred to 7. castaneuwm and so could not be used as
he suggested even if, as was shown in the discussion of the synonymy
of the genus, this name was not entirely thrown out of the group
for nomenclatorial reasons.

Broonn 3.—TPribolivm confusum; Adult, X 28,

DESCRIPTION
(Flg. 8.)

Color fairly uniform, reddish brown or ferruginous.

Head! Genae in front of oves distinetly widened, jutting out at nearly 2
right angle with them and, with the ciypeus, forming it thin, shelflike pro-
dection around front of head, the expanded clypeus rounded anteriorly. Eyes
decidedly emarglnate, the emargination extending hackward to middle of eve.
Eplcranimin  sharply margined Immediniely shove the eye, forming o hori-
zontal curing slightly juiting out over the eye. These charncters make the
eyes uppeny much smaller than in eastaneent. Viewed from below, the eyes
are roubded, the pace between the eyes belng nearly three times the observed
wiilth of the eve. Antennge gradually enlurged toward tip, the expunsion

12096°—36——2
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taking place mainly in the seventh to tenth joinis, hut the ninth only slightly
larger than the eighth. Terminal joint round or transverscly rounded. An-
tennne sparsely hiaivy. Mouth pavts similar to those of cestencin,

Prothorax widest nt apieal third, distivetly wider at front margin than ot
rear matgin; front nngles sharply rowwled, projecting stightly anterior to the
straight line forming the vem:inder of the front margin; hind angles wsually
right angles, renr margin weakly bisinuate. Seutellum semibexagonnl, Elyteal
intervals foirly prominent, usually more noticeable than the lines of punctures.
Muargins of the epipleurae nearly coinciding with those of the sternites. Wings
Tully devcloped. Legs similar fo those of cusiancwin,

Abdomen similar to that of evstuncum bal wit’1 (he projeetions on 1he 1bivd,
fourtl, and fitth segments slighily more pronounced.

Length 3.00 {o 8.82 wm; avernsge 3457 mm; width 1,08 to 1.26 mw; average
1379 mm. . .

Habitat.—Cosmopolitan, in cereal products, ete.

Type locality—T rance.

TREBOLITM MADENS (CHARPENTIER}
SYNGNYMY

1825, Tenelirio madens Charpentier, (23).
1842, Uioma mudens Krynicki, (61).
1842, Murgnus obsenrus Tedienbacher, (83).

DESCHICTION
(Fig. 4.)

Colot of body dull black; legs, anlennne, and mouth parts reddish,

Heud clozely bnt finely punctate uniformly over the dorsal surface, the pits
shallow and usually elongate. Veutral surfnee moderately punctuaie svith fine
pits, Clypens eoneave nlong venter of front wirgin, the sides divectly nbuve the
Lase of antennae alse slightly coeneave and raised. Clypens sepurated from
penae by an indistinet suture but not sepurated fron Trons. Frons swoothly
rounded or slightly arched, Genae seaveely projecting Lrow eurvature of the
eyes. Eyes divided by genae for only ibout one-fourth ol their length.
Epicranium not at o1l nmrgined above eyes.  Eyes ventrally smiall and rounded.
Space separating thiom usuallty 2% to 3% times the dinmeter of eye,  Antennuae
with a very distinct flreo-jeinted elub as in P, easfancun,  Anlennal jointy
narrow up to eighth, which is sHehtly wider than leng, ninth, tenil, and
cleventh flattened and mueh wider than long. ‘Termimal juint Incge, as brond
ag lenth and teuncate on end,  Labrum transverse hut rounded on (ront, Tast
joint of maxiltiry palpi slender. Width of head across eyes 0.63 to 0.74 mm;
width across genae scarcely any greater,

Prothorax one and onc-ibird times as bromd ag Iong, somewhat flattened.
Falrly evenly punctute over entire dorsal surfuce, but soinewhat more densely
so0 toward sides; plis hexagonal. Mere deeply aud coavsely punctate than
that of T. cestanewm. Front margie very slightly and evenly howed forward,
Margins of front angles slightly but definitely jutting forward. 8ides of pro-
thornx rather sharply margined. Side marging convex to one-third from frone
angles thence converging regularly to hind angles which are slightly obtuse,
Ttear margin feebly bisinuszte, DBase of prothotax impressed on each slde of
center. Ventral surface of prothorax closely and deeply panctate.  Scufelluin
broadly semiliexagenal. Elytra somewhat Dreader in proportion to length
than in 7. cesioncunt., DBroadest at one-third from apex. First and second
intervals smooth, third aml fourth slightly raised, fifth, sixth, and seveuth
plightly earinate, eighth less so, ninth and tenth nesriy smooth.  Finely and
clokely punctate, usually with fwe rows of pits helween each interval, those
on the disk indstinet. Wpiplenea wnrvowing gradunlly from base to apex.
Margins of epiplewrn nearly coineiding with those of sternltes. Wings well
developed, functinnn). Legs similav to those of . custunéunt hut with serri-
tions of front and middie tibine absent ov nenrly so. ‘L'ihinl spines straight,

Abdomen evenly and finely puinciiate over entire ventral surface. Lateral
rounded projections more reduced than those of 2% eastercnm. Fifth segment
with a shallow lmpression on each side of cenler, Average length of abdomilnal
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segments ¢ first, 0.44 mm; segondd, 0.35 rm; third, .32 mm; fourth, 024 1mm;
fitth, 032 mmy total length of abdomen, 1.67 mm.

Iength, 3.6 to 4.4 wru ; width across elytra, 1.2 fo 1.8 mm.

Habitat.—Europe, Nort_h America, Egypt. Under bark and ia
rotting logs, occasionally in flour and seeds.

Type locality—Silesia.

Fiaure 4.—Triboilum mudens: Adult, X 28,
TREIBOLIUM DESTRUCTOR UYTTENBOOGAART
BYNONYMY
YRy Tribelivm destructor Urtionl. (74, pp. oli=zlil}
DEBCRITTION
(L 5.)
Color of body darlk muareon shining; appeadages lighter and more reddlsh,

Hend fairly strongly punctafe, the pits elongate und often running together,
cspeciolly on frons, to form minute, trovked grooyes. Veulral surface of head
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sparsely and finely punctate, Clypeus truncate in front, sides roundel, sep-
urated from genne by o sulure, bet not separafed from l[rons. A shiallow
fransverse impression runhing across the hend from front of one eye to the
other, nnil unotheyr, jncomplete, shallow transverse impression between frons
and apex. Byes divided by the geuse for about three-fifths of their length;
nierowly margined ahove, VYentridly modernte In sixe, the space sepnrutlng
them being equal fo from 114 to 2 tlmes the dinmeter of each eye. Antennue
gradually eniarged or with a very indistinet 4- or G-jointed elub swhich is
sparsely hairy.,  First Jolnt of antennue concenlsl by elypeus, joints 1 to &
navrow, the sixth bendlike, the seventl awd eighth progressively broader, the
ninth and tenth twice ag hroad as long, terminal jolnt broadly rounded to
oblong. Labrum short znd very transverse; liniry. Mandlbles large, bifid, and
pointerl nt tip, Maxillney patpl lnrge, broudly oval,  Width of hewdl devoss gene
0.82 to 0.99 mm; width neross eyes 0.80 to 0.93 mm.

Prothorax 1.00 to 1.25 mm long, 1.25 te 1.55 mun bread; closcly and coursely
nanetate or pitted, but with the portions bhetween pits smooth and shining.
T'its hexagonal or dlamond shaped.  Upper surfree of prothorax moderutely
drehed, sides rounded, brundest one-third from apex; gides of prothorax mar-
gined, more strongly so at ihe tront amgles, which project Torwnrd rather
promineatly ; rear angles ablnge, rear mirgin bisinuile, Two prominent lougi-
tudinnl depressions extend slightiy forward frem the base, one on each side
of the midpoint, half way between It and the rear usngles. Ventral surface of
Irothorax elosely nnd conrsely punetate.  Ventral surlace of niesothornx nud
metathorax moderately punctate,  Seutellum broadly semihexagonal. Elytra
more rounded than those of 7' cusfencmwmn. "Che first two intervals between the
rows of pits nearly ilnt nnd without eurinne, the third elevated at bose buf less
50 toward the npex, the fourth, Afth, and especinlly the sixth and seventh inter-
vals distinetly carinate, lhe cighih less so, amd the ninth vearly flat. Dislk
of elytra with indistinot rows of pits togetlier with a general punctalion sl
smiuller pits. TRows of pits Detween fourth and sevenih intervals distinet amd
consisting of a centeal distinet row of pits together with an aceompanying row
of pits on cither side dlreetly at base of each carinn.  Epiplourne moderntely
broud hack to base of the st abdeminal segment, thenee very narvow.  Margins
of epipleurne neavly colneiling wiih sides of abdomiwil segments, Wings well
developed. Legs similar to those of 1 ewstenewn, but with serrationyg of front
nnil nHAle tilkine absent or nenrly so and with the ventral groove of the
prothoracie femara more pronounced,  All tibine terminated by two straight
spines, the nnterior spine of prothoracle tielae mugh lurger than the others.

Abidomen moderntely pitted over entive venbral surface. Length of fivst sew-
ment with intercoxal process 046 to 0.58 mny, second segment 040 o 043 1,
of ihird segment: 0.86 to 0.39 mm, of fourth segwent 426 to 0.20 mm, of At
segment 0.38 to 043 mn, total lengch of abdomen 1.8 o 21 mim,  Marging of
nbdominal segnmenuts diffeving from those of 1. custaneum in thut the Interal
rounded prejeetions gre absent or very uceh reduced on the third and fourth
segnents and reruewrd on the fifth,

Length 4.3 to 5.4 m, width qeross olylre 1.4 to 1.8 mn.

HTalitat—Recently found to be a pest in seeds and various cereal
products in Germany and {he Netherlands.
Dype locality—Brfurt, Gerinany,

HISTORY AND ECONOMIC IMPORTANCE OF THE GENUS
TRIBOLIUM

COMMON NAMES

The flour beetles are kknown by a varviety of common names. Mill-
ers refer to species of 7ribolium and other closely related beetles of
similay appearance as “flour beetles ™, “ flour weevils 7, * red wee-
vils ¥, or “ bran bugs.” Grain inspectors know them as bran bugs.

The upproved common name for 7', confusum is “the confused
flour beetle.” Tt has also beey referred to by one of the earlier Amer-
ican entomologists as “ the pollard weevil ?, while in Germany thig
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species is commonly called “the American rice-flour beetle” The
name “ confused flour beetle ¥ is the nutural cutgrowth of its scien-
tific name which was chosen by Jacquelin du Val because the species
had until then been confused with the very sinilar 7. eastanewm.
The accepted common name of the Jatter is, * the rust-red flomr bee-
tle ?, whicl: is appropriate considering the insect’s color but does not
differentiate it from its many similarly colored relatives. Other
common names for this species found in less recent American litera-
ture are “wee flour beetle ”, “red flour beetle ”, “ ferruginous flour
beetle ”, “brown grain beetle ”; and “ the weevil.” TIn Germany it is
commonly called “ the red-brown rice-flour beetle.” -

The common names by which 7,
madens hag been ealled are “the black
flour weevil ¥, o nume given to it by
Johnson in 1897 (58}, “the black flour
beetle ¥, by Chittenden in 1911 (J0) and
“ the black-brown rice-flour beetle , by
Zacher (708) in 1827, 'The first nanic ig
inappropriate, however, ns none of this
group have any relation to troe weevils,
Of the other two names the writer pre-
fers the blacl flour beetle, a name which
adequately describes the insect and also
is in hurmony with the names given
to other Tribolium and closely related
beetles, which are all known as flour
beetles,

No eommon names have as yet been
groposed for the other species of 77i- & '

olwyan, but since these species, with the  Froom: 5-—‘\'{;'::']’;"’:‘;’"1‘.,""’“'*"“‘-"0"-'
vxception of 7. destruetor Uyttenb., are ' T
of no economic importance, there is no need for common names by
which to designuate them,

PLACE OF ORIGIN OF THE GENUS

As with most stored-product inseets, the question of the place of
origin of Lriboliwm is very difticult to solve becnuse their distribu-
tion by conunerce has long since made them cosmopolitan, There is
only one definite record which throws any light on the subject, An-
dres () records the finding of specimens of Z'riboldum in a Pharnonice
tomb of about 2500 B. C. "At that time commerce, the only means by
which these inseefs are distributed, was largely vestricted to the Medi-
terranean region and southern Asta.  Another hint is given by Blair
(10) in evidence showing that 7' eastanern. is commonly found in
the wild state in wood in India. Tt is ulso found in such situations
in North America and elsewhere, but not at all commonly. In the
same article Blair described a closely related species, 7 indicum,
from the same country and with the same habitat which does not
ceeur in stored products, From these facts it seems probable that
these beetles originated somewhere in the general vegion comprising
India, southwestern Asia, and the castern ﬁcditcrrancan lands,
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The fact that 7. gebieni was described from Paragvay and so far
has not been recorded elsewhere has no meaning whatever so far as
its origin is concerned. It was not described until 1933, and there
is no indieation of its habitat or food habits. It seems quite probable
that 7. gebient is a native of some other country where it stih awaits
discovery and that it has been transported to Paragnay by commerce.

Amnother specics, 7. myrmecophilum, is known only as an inhabitant
of ants’ nests in southeastern Australia and cannot fit into any present
theory as to the origin or original habitat of the genus. It may be
that later this species will be discovered in other localities and with
other habits, or may be placed in a separate genus, but at present the
writer does not propose to offer any explanation for this seeming
discrepancy in his theory.

1t is almost certain that before the advent of civilized man the mem:-
bers of this group lived under bark and in old logs. In that case

-

Froune G-—Dstributlon of Triloliwie coslunenm as sbown by rocords of the Burepu of
Batomology and Plent Quarentine, Unlted Stotes Depurtment of Agriculture, In the
Unlted Stirtes eneh infested State is represented Ly o Qot, the infestation belng shown
more in detail in figure 8.

their food habits werc probably those of scavengers, but of this there
is no certainty. With very few exceptions, the beetles of the sub-
family Ulominae, of which Z'nébolium s a member, occur cither as
pests of stoied produets or else under the bark of trees and in rotting
Iogs. It secms very probuble that the members of this group origi-
nally lived in the latter habitat and that the flour-feeding species
hive since become adapted to their present mode of life, The genus
Tribolium presents all gradations between the two. 7. indicumn, lives
under bark only, 7. madens usually occcurs there but has been taken
in seeds and in menl on a few occasions; while 7. confusum and
T. castancum are essentially pests of stored products, although some-
times found under bark, and Z'. destructor has so far been recorded
only from seeds and other stored products.

DISTRIBUTION

Tribolium confusum and T'. eastancum, are cosmopolitan, oceurring
all over the world wherever stored cereal products are to be found
(figs. 6,7, 8,and 9). As they live inside of buildings and may easily
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be carried from place to place in small quantities of foodstufls, these
beetles are likely to be recorded from practically any part of the
world. The failure of the world-distribution maps to show any
appreciable difference in the northerly distribution of the two species

1 3

2
o .
-

1

PFioveg 7—Diatribution of Tribolium confusum ee shown by records of the Burean of
Entomology und Plant Quarentine, United States Department of Aprientture. In the
United States each infested State is represented by a dot, the icfestation being shown
more in detall in Sgure &

is due to the fact that either species may be introduced and become
established in heated buildings in climates much colder than they
could ordinarily tolerate. Records in the United States indicate that

Piopee 8.—Distribution of Pribolium caatenenm in the Unjted States.

temperature has quite an effect on distribution. 7'. castancum is
essentially an insect of warm climates, and, although sometimes re-
corded from Cunada and other northern countries, it is evidently not
a permsnent resident north of the fortieth parallel in eastern
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United States except in heated buildings. 7', confusumn, on the other
hand, is more frequently found in the northern part of the United
States than in the southern part. From 37° to about 40° N. both
species occur commonly, while south of 87° confusum gradually

]
|
-

e PR

Fiaore 8. —DLigtribution of Teibelium confiram |n the United Stutes.

becomes less common and in the Gulf States is largely replaced by
castaneum.

The localities from which I". madens has been recorded are shown
in ficure 10. It would appear to be of more northerly distribution

Fictap 10.—Recorded world distribution of Tribolinm madena,

and able to withstand greater extremes of cold than uny of the other
species of Trébolium. In this connection it should be remembered
that the majority of the records of T'. madens are from specimens
taken out of doors, while all of the records of 7. castancum and
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T. confusum from northerly loealities are from specimens taken
indoors in heated buildings.

7. destructor is found in Germany and the Netherlands; 7. indécum.
has been recorded from India, Senegal, and possibly from Abyssinia ;
7. myrmecophilum. 15 known only from southeastern Australia; and
T. gebieni Uyttenb, is recorded from Paraguay (fig. 11).
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® ~T.DESTRUCTOR UYTTENB. O —T.INDICUM BLAIR
e —T.GEBIENI UYTTENB. & —T.{LEANUM}MYRMECOPHILUNM LEA

Fiovne 11.—TNecomlod distribotiun of other speetes of Pribotinm; the speeles destructor,
indivim, grbieni, and mopeneeaphifion being ladicaled by syoihols,

HISTORICAL NOTES

DISCUSSIONS OF TRIBOLIUM CASTANEUM AND T, CONFUSUM

Perbaps the most interesting vecord concerning Tribolivin is one
that goes back over 4,400 years. Andres (3) gives the following
account :

Mr. An. Alfieri has supplied me with the following interesting facts in con-
nection with Pribofivue bectles founid in an ancient burinl menuinent.  The
beetles were feund In o jar which probably contained gmiing or four in u
pharoeic tomh of the 6th Dynasty (about 2,600 yours A, C.}. Although thesy
insects were still fairly decently preserved it is impmessible fo pstablish whelher
they belong {e ferruginessm or confaswne owing that legs and apfeinge are
missing,  In any case it = Intevesting to note that the penus Tribotimpn oxisted
in the Nile Valley sinee {haf time and eanoet be consilered of a recens intro-
duetion into the country ivough importation

There seem Lo be no other records antedating the deseription of
. castanewm by Herbst in 1797, Tt was first recorded in North
America in 1835 by Thomas Say (£8) under the name Uloma fer-
ruginee ab. A good deseription was given by Wollaston (104) in
1854, Lucas (6£) in 18535, gave n good account of its metamorphosis,
while Schigdte (87) gave a fine description of the larva in 1878, In
1834 Mulsunt (70) gave a good deseription of 7. confususn under
the nume of I ferruginewn.

The first to notice a variation in structore of hig specimens was
Wollaston (705, p. 496, footnote) who evidently had specimens of

12695°—36—3
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both castaneum and confusum befors him, but thought confusum to
be the male of casfancum instead of a new species. His aceount-
follows:

In every diagnosis to which I have had nceess (including my own, in the
*1ns. Mad.") the sexes of Tribofium are regarded as perfectly similar (exter-
milly} infer ge. Buot an accurate inspeetion has Intely convineed me that such
is not, Ip reglity, the casv,—oune of them (which I presume to be the male)
being not enly less opitke und with its prothorax apprecinbly narrower Dbelrind,
but having likewise its gense just perceptibly more prominent and angualar in
front of either eye, und its antenoul club much less abrupt, or more graduully
formed {ocecasioned by the subelaval joint, or jeints, being willer),

Four years later Jacquelin du Val {85} correctly interpreted this
variation as constituting a new species and described it as 7. con-
fusum, the name being chosen because this species had until then
been confused with casfancum.

One of the first important contributions to the biology of Twibo-
Z#um, and the first from the North American confinent, is that of
Dugés (39) (1883), from Mexico. The first from the United States
is that of Lintner (65) in 1885, in which he gave an account of the
synonymy of 7. castameum. and its distribution and damage, par-
ticularly in New York. Another important contribution to the bioi-
ogy of T. castancum was by Kessler {59) in Germany. Some of the
earlier Anerican records on 7'. castanewnm, are those of Cook (31) al
of Weed (707) in 1891, and Bruner {J3) in 1893, all of which were
general accounts concerning this species in various parts of the United
States.

T. confusum wuas not recorded in North America as a distinet
species until 1886 when Champion (75) recorded it from Mexico.
It was recognized in the United States as distinct from 7', costanewm
in the fall of 1893. In 1895 the records of damuge by 2. confusum
were numerous.

From 1895 to 1807 Chittenden (96, 27, 28, 29) gave the first really
important contributions on the genus including data on the biology,
distribution, and injury done by all three of the American species.
Johnson published many records of injury by these insects begimning
with a paper (56) in 1895. Quaintance in 1896 (79) and 1899 (8{}?
published aceounts of the biology of both species in Florida. The
majority of the numerous short accounts of 7yiboliwmn between this
time and that of Chapman’s article in 1918 (/7) are copied from
Chittenden’s papers. Good discussions on synonymy were given in
1896 by Champion (I6) and Waterhouse (J00) and by Blair (%
in 1913, while very acceptable descriptions of the three known species,
with keys for identification, were given by Desbrochers des Loges
(38, pp. 2730} in 1902. T. castanewm was recorded in Hawaii by
Kotinsky (60) as living in bee cells, as feeding on lac in India by
Imms and Chatterjee (54) and by Roubaud (87) as doing consider-
able damage to peanuts in Senegal. Herrick {51) cited several in
stances of damage by these inseets together with a short discussion
of their biology. Barmes and Grove %8) in 1816 gave notes on the

biology of several stored-grain insects in India including 7. cas-
tancum, and also presented work on chemical experiments, respira-
tion, effect of humidity, and remedis] measures,

Chapman (77) in 1918 made one of the niost itiportant contribu-
tions to date concerning the biology of 7. confusum, including a good
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original accouat of the life history, food, relative infestation of wheat
flour and whent-flour substitutes, and methods of control,

Short articles on both species appeared in a bulletin by Back' and
Cotton (5) in 1922, a short account of the life history of 7'. confusum
was given by Felt (43) in 1921, while the effect of 7% confusum on
flour was discussed by Payne (76) in 1925.

The more important recent articles on the biology of Twibolium
are those by Burkhardt (74) and Kunike (62}, ivin% good acecounts
of the biclogy of 7. confusum in Germany ; by ]%rind ey (12), which
gives much data on the life history and many measurements on the
various stages of these beetles; by Good (47}, in an article intended
as preliminary to this bulletin giving a summary of biclogical ex-
periments on both 7. confuswmn and 7. castanewm; and one by Park
(75) in 1934, presenting an enlightening and critical analysis of all
of the recent important papers on 7. confusum as well as consider-
able valuable orginal data.

The subject of nutritional requirements has been investigated and
discussed by Chapman (I9) and by Sweetman and Palmer (97},
while the effect of nutrition on sex is discussed by Holdaway and
Smith (5%},

The subject of ecology, and especially that part relating to growth
of populations, has received considerable attention within the past
few years. In this field, as in many others. the pioneer has been
Chapman, whose articles on environinent and increase of populations
appeared in 1928 (20).1929 (21), 1931 (22),1933 (23), a-ng 1984 (24).
Allee (2) in 1931 discussed the growth of populations of 7'. confusum,
basing his discussion largely on Chapman’s work. A mathematical
study of the growth of populations of 7. confusuwm, also based on the
work of Chapman, is presented by Gause (46), while Stanley (93,
94) gives more extended mathematical treatises on this subject. QOrig-
inal investigations as well as analyses of previous work were pre-
sented in two papers by Park in 1982 (73) and 1933 (74) on the fac-
tors regnlating initial growth of populations of 7. conjusum. The
cffect of moisture on the growth of populations was very well dis-
cussed hy Holdaway (52) in 1932,

An article by Blair (70) gives valuable data on food and distribu-
tion as well as the original description of another species, 7'. indicum,
and Uyttenboogaart Ez?(?) has presented » revision of the genus and a
description of and data concerning T'. destructor.

Laboratory studies of the effect of low temperature on 7. confuswm
were reported by Payne in 1926 (77) and 1927 (?8), while work on
the resistance of 7. cestanewmn to heat was given by Yokoyama in
1995 (706) and 1927 (107).

Much cmphasis has been placed on the control of these very in-
jurious beeties, but, as would be expected, very little of the work on
control concerns Triboliugn alone. On that relating mainly to Tribo-
Trum, may be mentioned articles by Chapman (I7), Lebman (64)
on the nse of puradichlorobenzene and naphthalene, DeCoursey (35)
on trapping in corrugated paper, and by Richardson and Haas gsg)
on the use of pyridine and nicotine, Under the heading of Control
Measures (p. 47) will be found references to the wore practical dis-
cussions by recent investigators.
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HISTORY OF TRIBOLIUM MADENS CHARP.

The first reference to Z'»ibolivm madens is the deseription by Char-
pentier (25) in 1825 of a specimen taken from u beehive in Silesia.
Redtenbacher’s description of Margus obscurus in 1842 (83) seems
to be of this same species, His specimen was taken in Austria,
There are various other records of 7. madens in Euvope, but it has
usually been taken in rotting wood or similar situations where it was
of no economic importance, althiongh it has been recorded as doing
damage to flour and cereal products in Russian. Descriptions of
7'. madens have been published by Seidlitz (92) and by Des Loges
(38, p. 29).

The first American recovd for 7. madens seems to be a eatalog
reference by LeConte (€3) in 1866, Chittenden (27) gave a number
of records for this species in the United States, but none of these
concern cereal products, and he expressed the opinion that it was not
found in such situations. Johnson (57, #o. ), however, cited a
case where it was abundant and causing considerable trouble in
flour mill in Utah in the summer of 1895 and recorded in 1897 (58)
receiving it in flour and mill products from the States of Montana
and Washington. Two specimens in the collection of the United
States National Museum were, according to the label, tuken in ground
cereal in a flour mill at La Grande, Oreg., in Aungust 1897, Other
specimens from Bonner, Mont., were taken in meal and cereals. Essig
(42) referred to it as * another cosmopolitan species ” which “ occurs
in cereuls in the west?, and from Egypt Andres (3) recorded it as
being “cosmopolitan in stores.” Specimens collected at Newton,
Utah, in October 1933 were sent in by G. F. Knowlton with the
report that they were very abundant in stored wheat, All the speci-
mens in the lub were Totnd Lo be T, madens,

MATERIALS INFESTED

The flour beetles are known to attack sneh a wide variely of foods
that they can be said to be practically omnivorous. They have been
found feeding in over 100 different foodstuffs. The list comprises
mainly grain and seeds of various kinds, flour, meal, and other cereul
products, but also includes animal matter, wood, vegetables, and
various drugs and spices.

FLOUR

Flour is the wmaterial principally infested by T#ébofism. Practi-
cally any kind of flour may be infested, and whole-wheat flour seems
especially liable to attack. The flour beetles have been congidered
second to the Mediterranean flour moth in the damage done in flour
mills but at present are undoubtedly the most abundant and injurious
insects found in such situations, However, they are usually less of an
annoyance than the moth fo millers because they do not spin webs
that clog up the pipes and machinery. Where these pests are present
in numbers the flonr hecomes grayish and discolored and will mnold
more quickly than clean flour. Sometimes the disagreeable, pungent
odor given oft by the seent glands is imparted to the flour, giving
it a disgusting taste and udor,
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OTHER CEREAL PRODUCTS

Meal and many other ground products of grain are favored foods,
and practically any kind of commercial breakfast food, stale bread,
cakes, and cornstarch and other starches may be found to contain
these pests. They often become very annoying in grocery stores,
and if they become abundant they will get into every article of food
in the place, sometimes almost ruining the merchant’s business until
he thoroughly fumigates the entire store, They arc among the worst
of pests on ships carrying edible produce of any kind because they
will breed continuously and infest practically every foodstuff on
board.

GRAIN AND 9THER SEEDS

The species of Triboliwm cannot feed on entire, undamaged grain
because their mandibles are not strong enough to chew through the
tongh outer coating. Praetically all lots of grain, however, con-
tain a certain percentage of broken kernels, so these beetles may be
found infesing almost every known kind of grain. They are very
common in grain shipments, usually occurring with either Sito-
philus or Rhizopertha, at first more or less in the vole of scavengers,
but as the grain becomes more and more damaged they are able to do
considerubﬁ} injury of their own accord.

Grain waste and cracked grain products such as chicken feed are
espeeially liable to attack. Quuintance reported corn in the field
as attacked by Toibolium castanewm, but of this the writer is inclined
to be very doubtful.

Excepting the grains, peas and beans of all kinds scem to be the
seeds most commonly attacked. Cacao beans ave often infested,
and several instances of injury to cottonseed have been reported.
There are many scatiered references concerning injury to varions
seeds, and it seems likely that P»iboléum will feed on practically
any kind of seed, the only prevequisite being that some of the seeds
be cracked or otherwise damaged.

NUT3

Although these insects are unable to penetrate the shells of most
nuts, they will readily breed in any kind of cracked nuls and nut
kernels. Persian (English} walnuts seem to be a favorite food,
und peanuts are often infested and instances of serious damage to
them have been reported (fig. 12, 4).

DRIED FRUITS

Dried fruits of various kinds are often infested, but these flour
beetles can hardly be said to be « mujor pest in such products, How-
ever, they occasionally do sertous damage to raisins,

FOREST PRODUCTS

Since, as has already been shown, the original habitat of Tribolium.
appears to have been in rotting logs and under bark, it seems natural
that all species of the genus should oceasionally be found there at
present, There are quite n number of references showing them to
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have been bred from various trees, especially from ash and pine,
It seems probable, however, that they act as scavengers in such situa-
tions ancf) do not feed on the wood itself. They have also been re-
corded from slippery elm and from resin, and the writer has observed
that they sometimes riddle corks in the laboratory (fig. 13). Ex-
periments on slippery elm and on cork indicate that they are unable.
to subsi-*"»n these products alone but use them only as auxiliary
foods. Itseems very unlikely that they could breed in resin.

Ficore 12 —Dumage to fuodstilfs by four beetlen: A, Ueanuls lufested by Tribolum
caslancim. following sllght preliminary duwage by Plodis interpunctelle; I, adulte of
T. confusum fecding lo a yeust cake,

BPICES

Several kinds of spices are attacked by the flour beetles. The
writer was able to breed 7. confusum in cayenne pepper with some
difficulty and found that they would feed and survive for months
on nutmeg und ginger. They have also been reported as feeding in
mustard and cinnamon,

OTHER PLANT PRODUCTS

These beetles have been reported in snufl and orris root, and the
writer’s experiments indicate that they are able to breed in both of
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these products. Baking powder is an acceptable food. They will
also survive for some time on brown sugar but will not breed in i,

The heetles have several times been reportad as feeding on yams,
garlic, and other vegetables, but there arve no records of their having
been bred from these producis, Herbartum specimens frequently
suffer from their attacks. There are a few records of feeding on
cured tobacco and dried cornstalks, but there seems to be no danger
that these beetles will become a pest in tobacco,

. They secem to have a liking for milk chocolate and will readily
breed in it. However, this commodity tends to become sticky duaring
hot, weather, especially in the presence of the bectles, and they easily
become entangled and perish. The writer has observed them breeding
in yeust cakes in large
numbers (fig. 12, B).
Although no other foond
but the yeast was avail-
able, the beetles were
exceptionally large and
active, indieating that
yeast provides a very
satisfactory food.

ANIMAL MATTER

In insect collections
Tribolivan may do as
muiich dampge as the der-
mestids, and collectors o —
must be cont-mually 0.11 Frouke 16— A smul}"i?‘l;; r)l(tlgfed by Tributivm coa-
the lookout for their
depredations. Although they cannot climb glass or smoeoth metal
containers they can easily climb an insect pin, apparently by clutch-
ing the pin with their cJuws, and thus reach the mounted speci-
mehs, Hides and bivd skins often become infested and ruined by
these little pests. One record reports feeding on hog’s bladder.
Although not normally predacious. they have been observed to attack
Fphestia larvae, Towever, it is doubtful whether this is of fre-
quent oceurrence, and experiments by {he writer indicate that only
the dying or diseased Ephestie lTarvae ure subject to such attacks.
Reports from India show that they also feed on lae, They have been
found in the cells of bees in Hawall it undoubtedly fed only on
the pollen and did not otherwise molest the bees. Dried buttermilk
and milk powder have been shown Lo be very satisfuctory fuods for
these beetles,

LIFE HISTORY OF TRIBOLIUM CASTANEUM AND T.
CONFUSUM

THE EGG

The eggs of Trbolium confuswn (fig., 14) are oblong in shape,
averaging 0.60 num in length by 0.5 jum in width. The eggs o
7. castancum, are indistinguishable from those of 7', confuswm. The
eggs of both species are whitish or colorless and nearly transpavent,
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The shell is smooth, unmarked, rather thin and pliable, and is cov-
ered with a sticky substance that aids in attaching the eggs to sur-
faces and causes small particles to adhere to them. Thus, eges which
are laid in flour or other finely ground substances are almost inva-
riably conted more or less thickly. This makes it very diflicult to
deteet the eggs in flour.

The eggs are placed directly in the flour or other foodstuff in
which the adult 1s living., They may lie free in the flour or be uat-
fuched to the surface of the container. The adults have usually
been said to luy thelr eggs in cracks and erevices, but observations
indicate that they show little preference for such places, the presence
of fond Leing the main constderation, and the eggs are placed any-
where in the food material, '

Imsens 14—Epgs of Tribplinm confisum on no. 10 XX «ilk holting cloth, X 16. (Dean.)
INCUBATION PERIOD

Since external conditions have a very marked influence on the
incubation period of most eggs, various conditions of temperature,
humidity, and light were experimented with in order that the dura-
tion of the egg stage under different conditions might be determined.
‘The majority of these experiments were made with egos of 77, caste-
neym.  18ggs of this species placed outdoers in November in Wash-
ington, D. ., ut temperatures ranging upwards from only slightly
above freezing all failed o hatch, Other eggs placed in a refriger-
ator at 67 €. fuiled to hatch. No constant temperatures between 6°
and 25° were available so neither the killing point nor the minimum
incubation temperature is known. Lggs kept at 35° likewise failed
to hatch, while at 32° mortality was high but development rapid.
Thirty degrees scems to be close to the optimnm incubation tempera-
ture for eggs of this species. A lot of 187 eggs kept at this tempera
ture hatched in from 3 to 4 days, with an average of 4 days. The
records of some of these are shown in table 6. At 27° eggs hatched
in a period averaging 5.2 days (table 3) and at 25° the period was
from 5 to 7 days, averaging 6 days (table 5}, Thirty-one eggs kept
at room temperature in April required an average of 8.8 days to
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hatch (table 4). Here the temperature ranged from 18.5° to 28.5°
and averaged 22° while the humidity ranged from 22 to 43 percent
and averaged 32 percent. Twelve eges kept at room conditions in

November required 8 to 11 days with an average of 10 days. Here
- the temperature ranged from 18° to 29° and averaged 24°, while the
relative humidity ranged from 27 to 47 percent and averaged 36
percent. All these experiments were carried en in continuous dark-
ness fo eliminate the variable factor of daylight. Continuous light
slightly accelerates development.

'The incubation period for 7. confusum seems to be slightly longer
than for 7. castancum. At 27° C. 37 eggs haiched in an nverage
period of 6.8 days. The effect of light was tested in this case,
Seventeen of these eggs were kept in continuous light and 20 were
kept in continuons darkness. Those in continuous light had an aver-
age incubation period of 6.5 duys, while those in continuous darkness
required an average period of 7 days. An average of 12.8 days was
required for the hatching of 40 egus kept where the temperature
averaged 21° and the relative humidity averaged 84 percent.

Fiouen 15.—Tribotium castencum: Matuve larva, X 20,
PERCENTAGE OF YIABLE EGGS

Records on the hatching of several hundred eggs show that under
favorable conditions approximately 90 percent of the eggs laid by
young females will hatch. Very old females may lay infertile eggs
for considerable periods, sometimes months, before oviposition
finally ceases.

THE LARVA

GENERAL DESCRIFTION OF MATURE LARVAE AND CHARACTERIZATION OF THE
GENUS TRIBOLIUM MACL.Y

Length, G to 7 mm; color mostly white, tinged with yetlew, with dorssl part
of head ecapeule, tips of claws, and tergn of all segments slightly darkenod,
urogomphi and tips of mandibles testacevus. Form elongate c¢yllndrleal, about
eight times as long as wide; dorsally convex, ventrally slightly flattened ; ninth
abdominal segment subguadrate in shape, bicornute; head and terga of all
segments clothed with yellowish tactlle halrs; boly provided with o few tong,
thin, yellowish setae, those on ninth abdominal segment more nmmerous.
Dorsgal haf of head cnpsuie convex, not punctate, frontal nngle not ralsed or
produced. Ocelli, represented by two transverse groups of pigmented opthhalinie
spots on ench side of hend, sometimes indistinet. Antennal articles with first
slightly longer thun wide; second ubout twice us long as wide, neurly twice as
long ag first article, distaily bearing o minute supplementary appendix; third
(npleal article) small, elongate, eytindrical, about us leng as first.  Clypeus bear-
ing two petme nesr each side murgin, Labruw without transverse clevation or

¢ By R. A. 8t. George ; baseidl on larvae of Prilmiium castancum. IIbst, and 7. confusum
I du V. In the coliectlon of the 15, S, Nntional Mugeym, .

12005°—30——+A
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serles of spines neross medinn nrea, the Intier provided with two hrominent
setne cach side; slong anterc-lateral margin ventrienlly, three short spinelike
setae. Mundibleg of right and left sides differing in shape slightly; both upl-
cally bifid, eneh with wr adddltionst tooth along dorsnl margin of culting edge
between spex and molur part; tooth of right mandible phiced pear npex, that
of left near molur part; veatrally with cutting edge deeply excavated; exterlor
surface dislally roumded, proximnly slightly exeavated, without membranous
elevation and without {uberele near fossa; usually bearing three setae on dorsui
side, one pluced dlstally about midway Detween apex amd fossa, e placedt
proximally neqr fosst, and the other usunily placed wbout equtdistant between
them, Epiphurynx with ingte paired hooks on soft-skinned nortton.  Hypo-
pharyngeal selereme shyent, reglon membrnnons, DProthorncie lows only slighily
larger than mesothoracie nnd metathoracie palrs,  Spiracles annular, with eir-
cuinr mouth plece.  Ninth abdominzt segment distinetly shorter than sighth
wider Lthan long; urogompii (i-
recfed  upwhrd  and  backward
{not hoop sheped) ; slide nuoging
without short spinelike setne;
nhelly stersum bearing o fow
sefne. Anal pseudopois discinet,
unile Tong, eylindrieal in shape,
FIELD IDENTIFICATION

The Inrvac of Pridbolium
may be readily distin-
guished from the somewhat,
similar  appearing  larvae
of Gaaihocerus, Pdlorus, or
Alphitobius by the promi-
nent two-pointed or forked
termination of the lust body
segment {figs. 15 and 16).
Iy cuch of the other genera
moniioned, the body termi-
nates emudally in o single
poeint, In Tenebrip there is
a small fork, somewhat in-
termedinte boetween that of
Triboltwm and the single-

wunn H, — Lavvne of Pribolivm coufosgm; ])Oil]t(.'d fermination of (Fna-

The ammedd one o Hideddusiny fnevn, the
oltherd arir sixth-lonter fneyvee, ¥ 8, ﬁw(,‘c;*‘us, cte,

NUMBER OF LARVAL INSTARS

Actual counts of the number of larval instars in 7. confusum have
previously been made by Chapman and by Brindley. Chapman (17)
gives the ides that there ave always 6 instars, but later shows that
external conditions, especially food, may increase this number to as
many as 12. In order to determine the exact number of larval in-
stars, the writer placed eggs of both species of Z'réboléum. in separato
small vials and observed them each day until the individuals emerged
as adults,  One hundred and thirty individuals were thus observed.
Various conditions of temperature, humidity, and food were covered
in these tests. After ench molt the exuvine were removed and re-
corded. Through these observations the writer has determined that
there is no fixed number of larval instars, the number ranging from
5 to 11 or more, and that the ugual number is 7 or 8 iustead of 6. This
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veriation is due to both zexternal conditions, such as food, temperature,
humidity, etc., and fo individual characteristics entirely apart from
external influence.

DURATION OF THE LARVAL INSTARS

Detailed results of the work on the life cycle of Tribolium are
given in tables 2, 3, 4, 5, and 6. As shown in these tables, the larval
period ranges from 22 to over 100 days, according to the temperature
and food. The period for 7. confusun is somewhat longer than for
T. castancum. }i‘ehe optimum temperature for the development ap-
pears to be 30° C. for both species. Growth is rapid in such foods
as whole-wheat flour, middlings, bran, and corn meal, but very stow
in white flour,




TABLE 2.—Developmental data on Tribolium confusum at 27° C.
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TABLE 8~—Developniental data on Tribolium castaneum at 27° 0.
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TasLe 4.—Data on development of Tribolium castaneum at reom lemperatures in Washington, D. C., in 1930
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Tasex 5—Duta on developmental period of Tribolivn custancun: at 25° €. in
whole-wheal fAowr
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TABLE 6.—Data on development of Tribolium castaneum at 30° C.

Duration of larval instars !
- Length
: Length Length|Length| of de-
JIndividual no, -} ofegg oflarvaliof pupal| velop-
stage period- | period | mental
period

First
Fleventh

i~
=
<
>3
[~
]
=
=
i

Female____| Corn meal.
Do.
Do,

]
e
oy

-

"

Precooked wheat cereal.

o3
e
&5

Sk bt B0 13 ) et 4t o i 1D

S
e
DD RS DT R
5 K
&
N

Do.
Dog biscuit.
Do.

=

Ly
3%
.
s~

Do.
Pancake flour,

ps
Sy

N

A
e
-

el Lt ad Aok Ll

P
5

Y

e 08 63,03 03 15 NS 63 =1 83
AT ORTO DO

arIengichanen

e

=

=

NS

2 snkRy

Rye flour.
Do:

&

WATrToHTdL SANAD HHI 40 STTLATI 40014 THL

Do,
Whole-wheat flour,
Do.

RO e L300 00N LY

e G35
SR
nRER

4
4
i
4
4
4
4
4
4
4
4
5)
4
4
4
4
4
4
4
1
4L
4
4
4
4
4
4
4
4
4
4
4
4
H
3
4

S b i ot e B et K 6 e e o
AR AN PR RN NI N R BN DNAN IS NN

CRNOTCACD e | VO O O e i

1 The fractions are approximate, and the full larval periods have been rounded to. whole days. 1 Died Feb. 11. 5 Died Dec. 3.
# Died Mar, 10. Lo ¢ Died Jan. 6. ¢ Dead Mar. 12.

ee




‘34 TECHNICAL BULLETIN 488, U. 5. DEPT. OF AGRICULTURE
WIDTH OF THE HEAD CAPSULE

It was found possible to determine accurately the instar of a larva
by measuring the width of the head capsule. “There is considerable
individual variation but practically no overlapping of the measure-
ments of ap individual of one stage with those of the next until after
the sixth instar. The figures for T'. confuswm in table 7 will be found
to differ from those of Chapman (77) and Brindley (72), both of
whom based their data on larvae which completed their development
M SIX 1nstars.

Tapre T—3Mcuaurcments of Tribolium confusum
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HARITS

The larvae of Tribokium are fairly active and may be found in
any of the foods listed under the heading Materials Infested. The
nsually shun the light and live more or less concealed in the food,
in which they bury themselves if disturbed. In flour mills and ware-
houses they may often be found in cracks and in dark places, but
more often they live directly in a quantity of flour or meal, feeding
near the surface or under any piece of paper, wood, or other material
that may be placed on the surface.

THE PUPA
PUPATION

When fully grown, the larva comes to the surface of the material
in which it has been fecding, or to some sheltered space or crack, and
there the change to the pupa takes place. As with many Coleoptera,
the pupa of T'ribolium 1s naked and without protection of any kind
(figs. 17 and 18). Vacated pupal cells of the Mediterranean flour
moth are favorite places for pupation when they are available, several
T'ribolium pupae often being found in one cell, At first the pupa is
entirely white, but within o day or two it acquires a yellowish tint
which gradually turns darker. Likewise, the eyes soon turn black,
and the claws and the tips of the mandibles and of the urogomphi
turn to a dark brown.
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APPEARANCE OF THE PUTA

The eyes in 7. confusum ave nearly, but not completely, divided b
the genue, while those in 7. casfaneum are only slightly emarginated.
In both species the antennae, elytra, and legs are free but closely
pressed against the body, the tips of the elytra reaching the middle
of the fifth abdominal segment, The prothorax is rather thickly
covered with short, stiff spines arising from tubercles. The front
and side margins of the prothorax are fringed with setae; those
along the side margins and the sides of the front margin are long,
those near the center of the front margin much shorter.

The abdominal segments, excepfing the
eighth, ninth, and tenth, are })rovlded Iater-
ally with characteristic irregular projections,

In 7. confusum these lateral processes are
provided with 3 hairs, 1 rather long hair
arising from the anterior lobe and 2 shorter
hairs from very small median lobes. In
T, castaneum 1 hair avises from the large
anterior lobe and a shorter halr at u point
one-third from the posterior serrate murgin.
The ninth segment is provided with 2 rather
long urcgomphi.

DIFFERENCE IN APPEARANCE BETWEEN MALES AND

FEMALES

The appearance of the ventral surface of
the terminul abdeminal segment of the pupa
differs greatly in the mules and females. It
is on this difference only that the sexes may
be distinguished externally, since the appear-
ance of the two sexes in the adult is identical.
The form of the genital segment is shown in
figure 17, B, The chief characteristic of this
segment, in the male is a flat disklike depres-
ston, whereas in the female two conelike
appendages, similar in appearance to the
uregomphi, but muoch shorter and relatively
thicker, may be distinguished.

SEX RATIO Fig;ur:i-: IT.—Tupn of Tri-
Of 800 individnuls of 7. confususm reared  Fom, S ano %’ o
on whole-wheat flour at 30° C., 52 percent e punoments ol a
were females and 48 percent were males.
Two hundred pupae of 7. castancum reaved under similar conditions
gave a sex ratio of 59 percent females and 41 percent males.

SIZE AND WEIGHT OF PUTAE

Measurements for 7. confusum are given in table 7. Sixty pupae
of T. castancum averaged 335 mm n length, not including the
urogomphi, and 117 mm in width through the elytra. Females
averaged slightly larger than males. The head capsule widths of
35 individualg averaged 0.707 mm.

Six hundred and fifty pupae of 7' confusum were weighed on an
anylitical balunce in lots of 50. Three hundred male pupae averaged
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213 mg each and 350 female pupre avernged 2,49 i each. There
appeared to be only slight variation in the size and weight of in-
chviduals. Of 125 pupae of 7. ewstancum. 53 malos uvernged 1.77
g each, while 72 females uveraged 1.89 g cach.

PUPAL PERIOD

The duration of the pupal periad scems to be Jess uffeeted by
external conditions than that of the ege or larval periods.  Records
on the pupal period are given in tables 2. 3. 4. 5. and 6. Quite a fow

additional pupai records
wore obtained, and  the
stunmary of all pepae
abserved is ax {ollows:
OF pnpae of 7' ron-
fusunm kept at 27 (L3
kept In continuous dorke-
Ness emerged ax delts in
from 7 to 12 days, with
an averuge of 87 davs:
and 43 deept in eontinnous
light emerged in fram G
io 0 days, with an aver-
age of 7.9 days, One hun-
dred and Iwelve  pupue
ol 7%, ecastaneim kept at
97 L Tewe the most part in
continunus darkness, liad
a pupal period of from G
by, with un averagpe
of T days: mnd 25 lkepl
al A emereed i fram
fo 6 days with an average
of 5 duys. Eleven kept
Fiocwn 18- Bupne of Fribelivee confusim, © Thao o ab 23% cmereed in [rom
G o 12 duys with an aver-
age of 8.8 days, and 32 kept at raom temperature during the early
stnmer had a period ranging from 5 to 14 days, uveraging 8.5 days.

THE ADULT

Adults of both these species of T'riholium are small, reddish-hrown
beetles, abont 3.5 mm in length, and with the olytra sirizted (figs,
2,3, and 19}, Superfictally the two species nre very mneh alilke, hut
with the aid of & microscope the differences in the eyes and antennae
readily separate them.,  1In eneli speeies the sexes are Wdentienl ex-
ternally and eannot he differentinted exeepl by squoezing oul the
genitalia by w slight pressure vn the abdonien.

FLIGIT

Both species have well-developed wings. hut only 7', castanewm has
been ohserved to use theny,  This speeies is not @ strong (er and flies
only oceasionally. 1 the laboratory the lomgest period during which
it remuined on the wing wus approximutely 20 seconds, but it seoms
probable that in the open it coulid stay in the air for somewhat longer
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periods. It could not fly from one flour mill to another unless the
mills were very cloge together and the flight were nided by wind,
hut it could possibly fly fron: the hold of a ship to a pier. It has
heen seen to {ly so seldom, however, it appears unlikely that an
infestation would spread often in this manner. 7. confusum, al-
though possessing well-developed wings, has never been taken in
flight. and attempts to induce it to fly have always failed.

Frerrs 19, - Aduits of Peibplivm confumun Tepding on Hoirr, X 8%,

ACTIVITY

Adult flour beetles are rather active, quickly running to vover or
Lburving themselves in the flour if disturbed. " Ovdinarily they live
concealed in the flour or under any suitable objeet which may be
near their foed supply.  They do not always iry to hide themselves,
however, and numbers may usually be found erawling around over
flour or grain in wills or stoves {fig. 19).  They move about readily
inside u building and soon infest every article of food in the place.
Their small size and flat bodies enable them to force their way into
all hut the tightest boxes or containers,

EFFECT ON FLOUR

Light infestations of flour bectles usuaily wonld prss unnoticed
except for the beetles themselves, as they seem to do less perceptible
damage to their foodstuff than do most inseels. But if the beetles
are present in quantities, a certain discolering of the flour takes place,
and in time it turng 1o a dirly grayish mass, iy '
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SCENT GLANDSH

The scent glands of these beetles are rather well developed and
contain a vile-smelling fluid which is cjected as & means of defense,
often imparting a disagrecable, pungent odor to the food. It is often
released when the beetles are excited by the stirring up of the flour
in which they are feeding, or when a beetle jis crushed between the
fingers. Functional scent glands are possessed by the adults of both
species but not by the lurvae.

SEASONAL HISTORY

Since the flour bectles nearly always live in protected situations,
and often in buildings heated the year round, there is no very marked
seasonal variation in their activity. When they are exposed to cold
weather for long periods their activities are retarded, and those. in
the Jess resistant stages of their life cycle may succumb. It may also
be noted that in very hot climates the insect’s activities are speeded
up, and life is much shorter than in cool ¢limates. In heated flour
mills and warchouses 7'7ibolium breeds the year round, and all stages
may be found at any time. In unheated mills this is not the ease.
Some nuthors have stated that these heetles do not live over the win-
ter in unheated mills but die out with the coming of cold weather;
and the mills are reinfested in the spring from neighboring heated
mills. Inspection of several unheated mills in Maryland ard north-
ern Virginia during February revealed many adults of 7. confusum
in a semidormant condition, but no living larvac or pupae. As the
adults may live over a year it is evident that in unheated mills in
this area the winter is passed in the adult stage, and breeding begins
with the approach of spring. In the Gulf States breeding probably
continues throughout the year, while in the extreme northern States
and Canada the species may not be able to survive the winter except
in heated buildings. 7. casfancwin seems to be less resistant to cold
than 7. confusum.

LONGEVITY

The developmental stages of 7'ribolivin are comparatively short,
but. the adult life is among the longest recorded for the stored-prod-
net insects. Previous estimates of the adult life have ranged from 3
months to a year, but the writer’s observations on 25 pairs cach of
2", confuswn and T', castancum, which were used in oviposition ex-
periments, and results from an experiment run for this specific pur-
pose show that the maximum length of adult life may be over 3 years.

Eurly in 1920 an experiment was started in which 50 adults of
7. confugum of known sex and usually of known parentage were
segregated on emergence and examined periodically to deterniine the
maximum. length of life for this species, The beetles were put into
16 by 50 mm vials, lightly stoppered with cotton, and kept in dark-
ened pasteboard boxes at room temperature. A variety of different
foods was used. The nnmbers of these individuals decreased grad-
ually, the mortality being somewhat greater during July and August
of cach year, owing, no doubt, to the excessive heat. The data on
seven of these individuals that survived for more than 2 years and 11
wonths are given in table 8,
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TanLe 8.~—8ome cxamples of erlreme adult longevity in Pribolium confussm,
Waskington, D. C.

Dsate
Individual no. adult Adult oge st death
omerged fnd

1030
0 3 years, 46 doys.
3 years, 271 duys.
3 years, 98 doya.
L 3 years, 20 days.
Optmeal ... . . a 3 venrs, 17 days.
Whaole-wheut flour . L 2 years, 347 days.
Mate_.____..| Ostipealooo...oones - . 3 vears, 110 duys.

All the adults used in oviposition experiments were likewise segre-
gated and examined periodically to determine the length of life of
each, These were kept in smaller vials (11 by 40 mm) and under
various conditions. Of the 25 pairs each of 7. confusum and 7. cas-
taneum, 14 individuals survived for more than 2 years as shown

in table 9,

TapLe D.—Adull life of 1} individuale of Trilolium, Wushington, D, O.

Priboilum confurum Tribotinm coslanerm

Adnlt life Adult e

3 years, 208 days Mnale 2 yours, 159 days.

- 2 yenrs, 327 daye. 8. ! 2 years, 154 days,

2 years, 217 days. - 2 yenra, 86 dnys,

2 yours, 212 daya. 2 yeara, 77 duys.

2 years, 149 days.

2 years, 163 days

2 years, 153 daya. .

| 2 venrs, 96 days...

_t 2 veurs, 00 daya. ..
2 years, 26 doys

It should be mentioned that each femsle in this case laid several
hundred eggs, while those given in table 8 never mated. It is also
interesting to note that all the individuals in the oviposition experi-
ment that survived more than 2 years were fed on whole-wheat flour,
glthough five other foods were used in the experiments. From these
tables and other data it seems that 7. confusumn live somewhat longer
;han ]T. castaneum and likewise that males live somewhat longer than

emales,

From the Jife-history data of tables 10 and 11 it may be found that
the average sdult lifc of males of 7', confusum is about 634 days,
and of femsles, 447 days. For 7. casiancinn the average for mules
is 547 days, and for females, 226 days.

FERTILITY OF VERY OLD BEETLES

Experiments have proved not only that these beetles live to a com-
paratively great age but that males of 7. confusum may be fertile
even when they are 3 years or more of age. Male no. 2 was twice
placed with virgin females, first ot the age of 3 years, 64 days, and
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again at 3 years, 76 days; while mnale no. 7 was mated with a virgin
female when the former was exuctl¥3 years of age. In all these cazes
normal offspring were produced. Females, however, have never laid
fertile eggs when more than 1 year and 94 days old.

RESISTANCE TQ STARVATION

The length of time flour beetles ean live with no food whatever is
greatly influenced by the temperature, resistunce to starvation in-
creasing inversely with the temperature. Also a relative humidity
of about 60 percent is more favorable for survival than onc of 50
percent or less, Several experiments on starvation were made by
placing adults or larvae of known age in individual vials with no
food and keeping them at the desired temperature and humidity.
These were examined daily until the last individua] had died.

Adults of the two species seemed equally resistant to starvation.
At 30° C. adults will survive for about 2 wecks, the longest period
any of 25 individuals of both species survived heing 18 days. At
ordmary room temperatures during the winter the longest period
recorded was 23 days; at 15° some survived for 27 duys, ut 10°
several individuals lived over 40 days, and one adult, 7. eonfusum,
for 51 days. Larvae seem to be s]igﬁtiy more resistint Lo slurvation
than adults. At 30° the longest period recorded for a larva was
23 days. At ordinary room conditions in winter one individual
survived 46 days, and at 15° the last larva was not dead until
the fifty-fourth day.

Larvae without food will molt and change to pupae and adults
nearly as readily as those with food, Those mdividuals that changed
to adults during the experiments lived as long as, and sometimes
longer than, those that remained in the larval stage.

MATING

Among pairs kept under ohgervation mating occurrved rather fre-
quently. It usually begun within a day or two aftor emergence and
probubly continued at frequent intervals throughout life. Frequent
mating 1s not necessary for the production of fertile cggs. In certain
instances females have been known to continue laying viable eggs
for a period of 5 months after being segregated from males,

OVIPOSITION

The study of oviposition in T'rilb.oliumn scems to have received very
little attention. However, when it is considered thut the ovipesition
period may last more than a year and that it is almost impossible
to locate the eggs in the flour, it is not surprising that more work
has not been done along this line. In the experiments made by the
writer 25 pairs of each species were segregated on emergence and
placed in different foods and under different conditions of tempera-
ture and humidity. Small vials, lightly stoppered with cotton, were
used as containers. A pair of adults was placed in each vial and
changed to another vial every day. Various methods of locating
the egws were tried, but it was found that the method, first advoeated
by Chapman (17), of counting the larvae rather Lhan the egps was
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more accurate, It was found by an actusl count of both the eggs and
the resulting larvae, that approximately 90 percent of the eggs of
young females were viable. As the females increased in age the
percentage of vinble eggs gradually decreased. Thus the actual
number of eggs laid is at least one-ninth greater than indicated by

the figures given in tables 10 and 11, which represent only the eggs
that hatched.

'PREOVIPORITION PERIOD

The length of the preoviposition period may range from 4 to an
indefinite number of days, depending on the temperature. Mated
females of either species placed in the incubator at 27° C. usually
began to lay viable eggs within 1 week after emergence. Adults
emerging late in the spring or in the summer likewise began to
oviposit within a few days. Those adults which emerged during
the winter, however, and were kept at room conditions usually did
not begin ovipositing until the approach of warm weather late in
Mareh or in April.

DURATION OF QVIPOBITION PERIOD

The flour heetles have a very long oviposition period. The average
period for a number of females of 7. costanewm in laboratory tests
was 148 days at 27° C. and 174 days at ordimz?' reom temperatures.
For 7. confuswm the average oviposition period at 27° was 235 days
and at room conditions 277 days. The longest oviposiiion periods
recorded are 308 days for 7. castanewm and 432 days for 7. confusum.
Hoth of these individuals were kept under ordinary room conditions.

RATE OF OVIPOHITION

In no case were more than 13 viable eggs laid in 1 day by a single
female. and the average weas only 2 or 3 per day. Under optimuin
conditions Brindley (72) records 18 viable eggs in 1 day and a
much higher daily average than indicated by the author’s records.

NUMHER OF EGGS LAID

The total number of eggs laid seems to depend mainly upon the
{ood. Under the varions conditions of temperature and food of the
oviposition tests the average number of viable eggs laid by individual
females of 7. castancum was 327 and of 7. confusum 438. The
greatest number of viable eggs laid by 7. castancum was 956, while
976 was the greatest number laid by 7. eonfusum.

Talhles 10 and 11 give data on the oviposition and longevity of the
two species.




TasLe 10.—Data concerning oviposition and longevity-of Tribolin‘v,«c&stanjeupz

Date
Date
male last

Date male | Date female
emerged died

viable ie

egg laid

sition. period
T.ength -of oviposi-
tion period
Total - vinble eggy
Inid
Average viable eggs
laid per day
Length: of postovi-
position period !
Longevily of male

Length of preovipo-

Nov. 14,1030 | June 12,1930 8 27| Bran.
Feb. 12,1931 | Sept. ' 6, 1930 Do.
Feb. 06,1031 | July 2,1930 ] Do,
Nov.  3,1931-| Sept. 23,1930 - 271 Whole-wheat flour.
Mar. 12,1031 | Oct. .8,1930 Do.
Dee. 20,1031 | July 30,1930 0 L Do.
June 23,1931 | July 21,1930 Do.
July 12,1932 | July 11,1930 Do.
Apr. 26,1932 | July: 22, 1930 .. Do.
Feb. 16,1931 | July 30,1930 27 | Middlings.
Sept. 15,1030 | May 7,1930 A Do:
Jan.. 3,1932 | May 14,1930 ’ " Do.
Aug. 23,19303) Sept. 24,1930 De.
June 26,1930 | Aug. . 9,1030 Do. .. .
July 21,1932 [ Oct. 2,1930 88 ‘Whole-wheat flouf.
Oct. 26,1031 | Sept. " 3,1930 - Do.
May 8,1932 | Aug.” 1,1930 Do,
Feb. 20,1031 | June 16,19303 ‘White flovr.
Mar. 16,1031 | Jan, 12,193} Do.

?) 1930 [ July 15,1931} 147 .
Dec. 16,1931 | Mar, 16,193t 87
Dec. 27,1831 | Oct. . 25, 19303
Mar, 3,1931 | Jan. 23,1931 15
. . Oct. 15,1931 | Jan, 10,1931 | 110
—edo... . 1 .86 | Mar. 9,1930%| Sept. 19, 1930 29

»-u»—ucagomwwn—m

=R RWST

£903 OISt it BO 03 1 14 62 60 1D £ 0D

=00 00N~

1 Only the viable eggs have been counted. Many infertile eggs-are laid after the last viable egg, but these are not considered in this tabla.
2 Taken fn copulation, . .

TEATTADIEDY J0. "LAAQ 'S ‘0 ‘86% NILETING TIVOINHOTL

scaped. .
4 Room temperature.
31931,




TaBie 11.—Duta concerning oviposition and longevity of Tribolium confusum

Date male Date female
emerged emerged

Date first vi-
able egg laid

Datelast vi-

Date male | Date female
ahle egg laid i died

Date mated ie

laid
male

Length. of preovi-
position perlod
tion period
Total viable eggs
-2t | Average viable
egys lnid per day
position period 1
Longevity of male
Longevity: of fe-
Temperature

’ | Length of oviposi-

<l

=3
[
Q

‘White floitr.
Do.

Déc. 3,1920| Dec. :8,1920 | Dec. 0,1920:[ Dec. 20,1929 | - 12 | ‘Oct. 10,1930
-1 Dec. 14,1929  Dec. —, 1920 | Dee. 16,1929 | Dec. 21,1929 Dec. 21930
? (? 3 [ S do. Nov. 20,1930
Q] ] Q do....__ . 23, ] June 26,1930
Dec.. 18,1920 | Dec. 18,1029 do. Mar. 21, 1930
Dec. 28,1929 | Jan, -2,1930 § Jan. 4,1930 | Jan. 23,1930 May . 1,1930
RS [Q) Dec. 16,1929 | Dec. 21,1929 Aug. 2,1930
Dec. 16,1920 | Dec. 26,1920 | Dec. 27,1929 Jan. 16,1930
Jan. 27,1930 | Jan. 27,1930 | Jan. 29,1930 Feb. -3, 1930
d do do do.
Feb.. 1,1930
do.
Jan. 31,1930

- .| Feh. 2,1030
Ce.dO do. Feb. 6, 1030
Feb.  7,1930 | Feh. 13,1930 | Feb. 17,1930
Feb, -7,1930 | Feb. 8,1930 }.....do.-...._.] Feb. 18,1930
Feb., 12,1930 | Feb. 10,1930 ].....do i-n-ido
Jan. 27,1930 | Feb, 4,1030} Feb. 6,1930 | Apr. 25,1930
Jan. 30,1930 | Feb. 3,130 | Apr. 27, 1930
RN 11) <on| Jan. 27,1930 ) Jan. 29,1930 | Feb. 4,1930
Jan.. 29,1930 | Jan. 29,1930 d Apr. 6,1930 T .17,
Jan. 27,1930 [ Jan. ~30, 1930 Mar. 19, 1930 May 12, 1931
B DRTORE s S} .1 Jan. 31,1930 d Mar. 22,1930 Dec. 5,1930
+] Jan. 30,1930 | Feb. 4,1930° Feb. ..6,1930 | Mar. 17, 1930 Nov. 24, 1930

July. 8,1031 | Nov, 10,1930
Aug. 4,193 | Apr.-20,1931.
Nov. 8,1930 | Feb. 16,1031
Aug. 4,1931 | July 7,1930
Jan. - 8,1930 | July 16,1931
Feb. 10,1931 | May 7, 1930 27 | Middlings.
Sept. 18,1930 | Sept. 16,1830 B

Mar. 17,1931 | Aug. 19,1930
Jan, 19,1831 | Jan. 20,1931
Jan. §,18931 | Jan. 5,193%
May 2,1931 | Jan. 6,193L
Apr. 28,1931 | Jan. 9,1931
Aug. 3,1932 | Dec. 16,1931

Apr.. 51932 | Dec. 1,1930
May 2,1932 | Oct. 3,1931
Feb. 25,19303 | Jan. --2,1032
Jan. 30,1932'| Oct. 30,1930
Nov. 14,1931 | Aug. 20,1930
July 29,19303
Oct. 27, 19303
Dee. 19,1932
Oct, 4,

July 14,1932
June 28,1032
Nov. 5,1933 | Jan. 8,1931

s Gy
Ny

= g = | Lengthof postovi-
DN [~} s

Do.
Oatmeal.
Do.

DM DTS
8RR

BEIREJANEER 2R282883%ER

el
P

1 Only the viable egggs have becn counted.  Many infertile eggs are laid after the last viable egg, but they are not considered in this table.
? Taken in copulation. .

3 Escaped.

+ Room temperature.
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INTERRELATION WITH OTHER ANIMALS
MEDICAL IMPORTANCE

Flour beetles have never been considered of medical importance,
although it is known that many live larvae, and other stages as well,
are accidentally swallowed in the eating of uncooked breakfast foods,
dried fruits, nuts, or chocolate,

In an article treating of infestation of human beings by the cestode
Hymenolepis diminuta Rud., in Japan, Momma (69) lists Tribolium
ferrugineum in a series of insects which have been determined by
Hongo to be intermediate hosts of this tapeworm in that country.
He also states his belief that infestation of humans is due to the acci-
dental swallowing of an infested individual of any of that series
of intermediate hosts.

ENEMIES OF TRIBOLIUM BEETLES
PROTOZOAN DISEASES

One disense, caused by a coccidian of the genus Adelina (Park
{73)), 1s of rather common occurrence among species of T'ribolium.
This disease was first reported by Riley (85) in 1921 in Minnesota
and mentioned in 1922 by Riley and Krogh (56), both of these refer-
ences being merely records of the observunce of the disease.

The parasite invades the fat cell of the host. The larvae, pupae,
and adults are affected, and within a few months the disease may
practically exterminate an entire culture of beetles. During the
present investigations the author often noticed that numbers of
larvae and beetles would die from some disease. Specimens were
given for examination to G. F. White, who reported them to have
died from this protozoan infection. To date the disease has been
reported only in Tribolizon confusum and 7', castancum.

Another protozoan disease of these flour beetles was deseribed
briefly by White in 1923 (/03). The causal protozoan is a neo-
sporidian which invades the fat body of the larva, and may also be
found in the pupa and adult beetle. Late in the course of the
disease the sicﬁ larvae may be less active, slightly distended, and
more opaque.  After a few months most of the diseused insects have
died.

It is not known whether these disesses can be used in the artificial
control of these flour beetles.

MITES AFFECTING TRIBOLIUM

The most common parasite of the flour beetles is the mile Adcaro-
phenaa tribolii Newstead and Duvall {fig. 20). This tarsonemid was
described from Tribolivm confusum and 7. castancum in wheat from
Auvstralia (72), but the beetles may have become infested in Eng-
land. Newstead and Duvall also reported the mite from Tribolium
in ¥ Plate maize.” These mites were first noticed in North America
by the author in 1930 and were identified by H. E. Ewing. Speci-
mens were recorded from the District of Columbia, Virginia, Mis-
sissippi, and Texas, and specimens, tentatively identified by the
author as the above species of mite, were found on Z'réboléum adults
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in Kansas and Oklshoma. Holdaway (52) slso reported this mite
from 7. confusum in Minnesota. The author has found these mites
also on Gnathocerus cornutus Fab., Palorus ratzeburgii Wissm., and
Latheticus oryzae Waterh. A description and full sccount of their
life history is given by Newstead and Duvall (?2). These mites
cling to the body of their host and draw their nourishment from it,
and it seems that they do little more than irritate the adult beetles.
Adults seem to be more heavily infested, but all stages may be at-
tacked. Many eggs are destroyed by the gravid female mites that
attack the beetle’s eggs 8 few days before the young mites are ready
to come forth. Then the mother dies, and
the young mites emerge, leaving her body
an empty shell.

Another mite, the common Pediculsides
ventricosus Newport, sometimes infests the
immature stages of ZTribolium, killing all
individuals that it attacks, Pedicwloides
was observed in the laboratory in rearings
of Tribolium castanewm and T. confusum
in 1930, but it appeared that these bee-
tles were not preferred hosts and were
not bothered when sufficient lepidopterous
larvae were present.

BYMENOPTEROUS PARASITES

Two hymenopterous parasites, both in
the family Bethylidae, have been bred
from T#ibolium. Only one of these, Rhab-
depyris zewe Turner and Waterston (fig.
£1}, has been recorded in nature as a para-
site of the flour beetles. Gahan (44) gives
records of Rhabdepyris as o parasite of g 20— fowr o
T'ribolium. in Indiana, Louisiana, and pos- severa] mites {Aearopiene
sibly from 7'viboliwm in a shipment of {Z‘,’,’f’:{'ﬁ)“l,;‘,ﬂﬁf{f‘;ﬁf s the
grain from West Africa to England.

Specimens in the United States National Museum from Texas and
Florida also belong to this species,

The other bethylid, Sclerodermus immigrans Bridwell, was cx-
perimentally bred from 7'ribolium in Hawaii by Bridwell (17 } in
1920 but has not been recorded as attacking it in nature.

PREDATORS
COLEOPTERA

The cadelle, Tenebroides mawritanicus L., has been reported as
attacking flour beetles by Johnson (47, no. 4), Washburn (99}, and
Durrant and Beveridge (40). These observations concern mainly the
adult cadelle attacking flour beetle larvae. The experiments of Back
and Cotton (6) show that cadelle lurvae are not normally predacious
and will attack other insects very infrequently and then usually do
not feed on the carcass of their vietin  In recent experiments in the
laboratory, cadelle larvae showed no tendency to attuck larvae, pupue,
or adults of Tribolium.
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“A species of Rhizophagus” has been reported as preying on
T'ribolium casteneum by Muller (4I) in peanuts arriving in Londen
from Sierra Leone.

HEMIPTEEA

Several species of predacious Hemiptera frequent flour mills, but
none has been definitely associated with T'riboléum except by Rou-
baud (87}. In April 1933 numbers of a small anthocorid were ob-
served by the author in & breeding jar containing no other possible
host but 7. confuswm feeding in cracked grain and flour that had

=
o '~

Fiaure 21.—Rhabdepyrie 2ede, o hy;nenopterou%’zpamme ot the flour beetles: Adnlt
emale, .

been collected in & flour mill in Washington, D. C., in Decemnber 1932
and had not been molested since that date. SEecimens were identi-
fied by H. G. Barber as Xylocoris cursitans Fallen, which is gen-
erally predacious on small, soft-bodied insects and in this case was
undoubtedly atticking the small larvae.

MISCELLANEOLS ENEMIES

Mice (Mus musculus) may also be considered as enemies of I'ribo-
lium, as they sometimes eat these beetles, as well as many other
kinds of insects,

TRIBOLIUM AS A PREDATOR

There are several records, more or less definite, of I'ribokium beetles
preying on larvae of the Mediterranean flour moth and other insects.
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A note by Johnson (56) is interesting, although more humorous than
practical. He says:

A miller In California calied my attention to the fact that he had seen thls
beetie feedlng on the larve of the Mediterranean flowr moth (Epkeatia kiik-
niella) and even contemplated the erection of a plant where he could breed the

beetle, %0 he could turn them loose on the terribile flour moth, which everywhere
fllled his mill.

Washburn (99, pp. 36-37, {}) states:

Tribolivm confusum * * * hag been known to devour the pupee of the
flour moth. The so-called * bolting-cloth heectle ™ (Tenchroides mawritarious)
of Califcrnia eats larve and pupa of the flour moth and larva and adult of
Tribolinm, * * * It {T. confusum] ls said to attack and eat the larve of
the Mediterranean Flour Moth,

Alden and Farlinger (1, p. /82) state:

The rust red flour beetle [Triholivm ferrugincum Fab.] also fed on Sitotroga
[eerealelle] exzs and the dead bodies of the adults.

The author has never observed T'riboliwm actually attacking any
other living insects and does not believe that it does so normally,
except perhaps in the case of eggs and very young larvae. However,
it has been frequently observed that in csses where T'ribolium and
other species of insects are present in the same breeding jar the
Tribolivm will soon crowd out the dther insects, Whether this is due
to the killing of the other insects or to mechanical crowding is a
matter of conjecture. It is probably due mainly to the bresking of
the eggs and the killing of the young larvae by the aduit flour beetles
as they run around over the flour and, to a lesser extent, to the actual
devouring of eggs and young larvae by these flour beetles. This same
reduction in the number of eggs is found in unmixed lots of T'ribolium
and is undoubtedly caused by the mechanical breaking of the eggs by
the movements of the adults,

Kotinsky {60) records Triboliwm castarewm as an enemy of the
harmful leaf-cutting bee Megachile palmarum Perkins in Honolulu.
He was not certain whether the T'ribolium. actually preyed on the bee
Jarva or merely fed on the pollen in the cells, but 1n either case the
bee larva died.

In India, 7. castaneum has been noted associated with the lac
insects {Tachardia) by Mahdihassan (68, p. 69) and by Imms and
Chatterjee (94) who state:

We have also dissccted this inseet from among the chambers of the lac where
its larval stage s spent. * * * It is probable that it feeds only on the lac

and not on the Tachardiae, but it is to he regarded us one of the more Important
Coleopterous cuemies of lac.

CONTROL MEASURES
CONTROL IN FLOUR MILLS

Flour mills are open to infestation from three main sources, (1)
the grain stream, (2) returned infested flour, and (3) used bags and
second-hand machinery. As has already been stated, 7'ribolium
beetles cannot live in perfectly sound grain, but nearly all lois of
grain are damaged to a certain extent, either through rough handling
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or because of the work of the true grain weevils, and so an y Ivibolivun
present can live until they reach and infest the Hour mill;

After a flour mill is once infested with these beetles, two satisfac-
tory methods of control are by fumigation or superheating, Other
methods, such as cleaning out the machinery regularly, local fumi-
gating. and spraying can be used in conjunction with the above
methods.  Sa far biological control has not proved practical,

Perhaps the most satistactory, and certainly the most widely used,
fumigant for flour heetles i hydrocyanic acid gus (4, 7, 52}, Al-
though this gas is deadly to human life it can be handled with com-
purative safety by well-trained fumigators. Chloropicrin (34, 90)
1s also used as a mill fumigant, and when properly applied is quite
effective. Owing to its lachrymatory effect it has not become so popti-
lar o mill fumigant as hydroeyanic acid gas.

Fiocne 22 —Ruses of olevator degs alles application of e hent methad of coltrnd.
{Jlrgl‘ )numher:; Gl Leetles huave erawlel out of the erweks nod died on the foor.
Back.

Control by heat (4, 78,32, 33, 34, 48} is practiced to a certain extent
(hg. 22), and this method has the advantage of being harmless to
the operator.

Prepared flours and cereals put up in package form are froquently
infested by flour beeties. Such products should be sterilized by heat
derived from steam, hot air, or electricity, and should pass directly
from the sterilizer to the packer where (lie cartons are packed and
sealed. This process, if properly carried out will insure a product
free from insects, Electrien] machines are now on the market for
- sterilizing small packuges of prepared cereals by disruptive discharge

(49). This method shows considerable promise.
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CONTROL OF FLOUR BEETLES IN HOUSES

The method used for the control of these insects in flour and cereals
in dwellings are necessarily quite different from those advocated for
use in mills and warehouses.

These pests, in practically all cases, arve originally brought into
the house through infested flour or breakfast cercals. and when such
material is allowed to stand for some time the infestation may spreal
to nearly every article of food in the house. Whenever there is any
reason to suspect the presence of beetles. larvae, or eggs, the safest
and simplest procedure is to place the product in a shallow pan and
heat it in an oven for a time with a very low fire. This treatment
will kil all stages of the insects without injuring the fiour or cereal,
and is especially useful in the frequent cases where, although no
beetles or Jarvae are to be found. eggs may have been deposited in
the food, which later would develop into Jarvae and beetles. The
exposures shown in table 12 will kill sl stages of these insects.

TapLe 12— Temperainres and tine of erposire nccestary fo Kill oll sfuges of
the flour bectles in flowr, meal, or coreals

Te"}gﬂ(:‘r.l;lure Exposed individuals In 1 inch of four mo? 63:'}:“*"
1 i i
[ cilebours . Lo oo o0 . Cdlours. oL -e. ..... .iBhours,
[ T PG IDIBUTES, e rd5minutes.. .. .. . ..... {4 hours
W aans bl minules. ... .- oo ..o ADminules. .. oo ©v eme.f 2%a hours,
B0 aei. ceaesiivmane. - Bminules.. . L oo, W0 miputes L. . 2 hours.

Temperatures below 79° C. are not likely to injuve flour or cereal,
but 802 and above may scorch flour. and so should be avoided. Break-
fast cereals may. however, be heated to about 30° without being in-
jured. Further dafa on oven heating to kill flour beetles is given by
Chapman (I7).

When these beetles have already beconie established in a pantry or
flour bin the best. procedure is to destroy all foodstuffs known to be
infested, sterilize by the foregoing method all those that may be in-
fested. uand give the enfire kitchen and pantry a thorough cleaning,
including sculding of all eracks with b(}i]ling water.

In cases where it is impossible to rid a pluce of Insects without
fumigation, the directions given in the articles referred to should be
studied and carefully followed.

SUMMARY

The confused flour heetle. Zribolium. confuswm. J. du V., and the
rust-red flonr beetle, 7. castaneum (Hbst.}. are Dby far the most
abundant and destructive beetles infesting flours and other prepared
cereal products. These insects are cosmopolitan and are now
recorded as pests in practically every civilized country of the world.

A partial revision of the genus T‘?‘iboh’um is given, in which the
name castancum Herbst Is shown to be the correct name for the
species commonly known as ferrugineum Fab, Seven species are in-
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cluded in the genus. These are castancum, confusum, madens,
destructor, gebiend, indicum, and myrmecophitum.

These beetles, excepting myrmecophilum and gebiens, are probably
native to the region comprising southwestern Asia and the eastern
Mediterranean lands, Their original habitat was under the bark of
trees #nd in rotting logs, where they probably lived as scavengers.

Both 7. confusum and 7. castancum are cosmopolitan, but 7', con-
fusum 15 inore common in temperate regions, and 7. castaneum is
more of a subtropical insect. 7. smadens has been recorded from
North America. Europe, and Egypt, and 7. destructor from Gor-
many and the Netherlands. 7. indicum, T'. gebieni, and T'. myrme-
cophibumn apparently have a very limited range, the first heing re-
corded from India and northern Afriea, the second only from Para-
guay, while the last is known only from southeastern Australia.
Most of the many references to these beetles in literature are records
of the damage done by them,

The flour beetles are particularly injurious in flour mills and in
other establishments that prepare cereal products, They are nearly
omnivoreus and have been reported breeding in and damaging flout
and all other prepared cereal products, grain and seed, animal mat-
ter and especially dry insects specitnens. yeast, nuts. dried fruits.
chocolate, certain spices, and other miscellaneous plant products.

The eggs, which are Iaid directly in the flour or other food ma-
terial. are covered wilh a sticky substance that causes the foodstuffs
to adhere to them and often completely cover them.

The incubation period for T castaneum averaged 4 days at 30° C.,
5.2 days at 27°, 6 days at 25°, and about 8.8 days at room conditions
where the temperature averaged 22°. The incubation period for
7. eonfusum averaged 6.8 days at 27°, and 12.8 duays at room condi-
tions where the temperature averaged 21°,

The nmumber of larval instars ranges from 5 to 11 or more. the
usual number being 7 or 8. Environmental conditions, especially
food and temperature. influence the number of instars considerably,
However, there may be considerable individual variation in the
number of instars of larvae reared under identical conditions.

The duration of the larval period ranges from 22 to over 100 days
according to the influence of environment and the effect of individual
variation. The optimum temperature for development seems to he
close to 30° C. for both species. Of the foods used. whole-wheat
flour was most favorable for development, followed by middlings,
bran, corn meal, and white flony in the order named. Measurements
for the various stages and for the larval instars, including the width
_of the head capsule, are given,

The average pupal periods were, for 7', castaneum at 30° C., 5 days,
at 27°, 7.1 days, at 25°. 8.8 days, at room temperature in ecarly sun-
mer, 8.5 days; and for 7. confusum at 27°, 7.9 duys in continuous
light and 8.7 days in continuous darkness.  Adult males and females
are so nearly alike in external appearance that they are diflienlt to
separate, although the sexes can be readily recognized in the pupal
stage by the characteristic shape of the venter of the last abdominal
segment,

Adults of 7% ewstancuwm can fly short distances, Lot adults of
T, confuswm, although provided with wings, have never Leen observed
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to fly. Adults of both species possess scent glands that give off a
pungent odor,

Breeding continues the year round in heated buildings, but in
unheated mills in the Northern and Central States only adults are
present during the winter.

Adults have been known to live as long as 8 years and 271 days.
The average longevity of the adults used in the oviposition experi-
ments was as follows: 7. confusum males, 634 days, females, 447
days; 7. castanewm males, 547 days, females, 226 days. 7. confuswn
males have proved fertile at 3 years, 76 days of age, The greatest
age at which a female laid fertile eggs was 1 year and 94 days.

Resistance to starvation vuries inversely with the temperature, and
the two species seem equally resistant.  The longest survival periods
for adults without food are as follows: At 30° C.. 18 days, at room
temperature, 23 days, at 15°, 27 days, at 10°, 51 days. The longest
survival periods for larvae without food were 23 days at 30°, 46 days
at ordinary room conditions, and 54 days at 15°.

The longest oviposition periods recovded were 432 days for 7', con-
fusum.and 308 days for 7. castaneum. The average oviposition
period for I'. confuswm was about 8 months, while thut of 7. casta-
newm, was about 514 months. The average number of eggs laid per
day during the entire oviposition period of any female was £ or 3,
and the highest number recorded in 1 day was 13. The greatest
number of viable eggs laid by a single female during its entire ovi-
position period was 976 for 7. confuswm and 056 for 7. castancwm.
The average number 1aid by 7. confusum females was 458 while that
of T. castaneum was 327.

7. castanewn, has bren experimentally proved to be one of the inter-
mediale hosts of the tapeworm Hymenolepis diminuta in Japan.

A disense caused by 2 coceidian. ddeling sp., is ofien found in the
vearings of Tribolium and kills large numbers of the insects. The
mite Aearephenan (ribolii is the most common parasile of these
beetles. Another mite, the comuen Pediculoides ventricosus, sume-
times attacks 7ribolion, The hymenopterous parasites Rhabdepyris
zeae and Nclerodermus #mmdgrans huve been recorded from Z'»bolium
but seem to e rather rare. Predators attacking T'ribolium ave the
hemipteron Xylocoris cursitans and adults of the cadelle, T'encbroides
mauritenicus. Adults of Triboliwm may themselves be predatory to
a certuin extent.

Control methods include fumigation with hydrocyanic acid gaaz
or chloropicrin, and the use of heat.
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