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INTRODUCTION 

Flour and other prepared products frequently become inlested 
with sma.ll. reddish-brown beetles known as flour beetles. The...o:e 
beetles~ although very similar in size and a.ppearance, belong to the 
different though related genera T?ibolium. (;n.atlioceT7J.8~ Palo~.and 
Latli.eticus, of the farnilYTenebrionidae. Of these~ by far the most> 

abundant and destructive are the confused flour beetle, Triboli'UlfTl, 
confu.WIlTb J. du V., and the rust-red flour beetle,T~ castatne'Vlfn 
(Herbst). 

These. insects are very hardy und able to subsist on any of a wide 
ya;riety of foodstufis, and through a world-wide .commerce have been 

1 The wrlterll.ekno'll"ledgeg bis indebtedness to "tbe :following persons for their coopemtion
J.rr tbeiDvestign.ti(jns b",r.;in :reponed: To ,E. A.. B'l{:k fo~ originlllly plllnnfn!!: and outt1n\nl!: 
tbeprublem and for' the general oversight of the. work throughout its progresl:'~ to ,R. T. 
Cotton for lIlanyhelpful suggl!stlons ; to R . .A. St. George for the preparation of t.he deserIp­
tlons.·Qf the la.r'\'ae; to K. G • .Blnir. of Engln.nd, for' It speclmen of T. indfc"'nL and informa­
tion regarding this s~ciesa.nd the synonymy of T•.clL8tane'",,,; to J". C. M. Gardner, of 
India, for .speclmens .rif T. i",ti~.,.m noW' to the U. S•.Natlonal..1Iu8ellm; to the ·late A.. ll.. 
Lea o~ Alll!tmila, for I.nformll.tion.reb"ll.l'ding T. mgrmecaphiZu",,· to J . .A. Hylllop for:.maJI1' 
ot the distributioui xecordl! and 80mfl <.it the recurds on food~ ; to J~aul Bu.rt8ch,.E. a.. Chapin,
and,.H. S. Barber for much belpful criticism ref,ClU'dlng the.taxonum1c portion of the bulle­
tin ;':a.nd:to H. B. Bmdford for the line drawings. 
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transported to regions which otherwise they niight never have 
reached. Thus there are today not only records of their occurrence 
'but numerous references to their destructiveness from practically 

Genotype, Oo/.y!livm OCIstatWlun Herbst .(179;), type by subsequent 

every civilized country in the world. 

SYNONYMIES AND TECHNICAL DESCRIPTIONS 
THE ECONOMICALLY IMPORTANT S P E C I ES 
TRIBOLIUM2 

OF 
OF 

THE GENUS TRIBOLIUM.MACLEA Y 

SYNONYMY OF THE GENUS 

1825. TriboU11,m MacLeay (67)' 

desl!,.'llation, Lucas, 1855. 
1833. Mm'{/tUl Dejean (37) 

Genotype, oostmwlls Sch. (~"{I.sta,lIcutn Herbst), type by subsequent 
designation, Good, 1930. 

MacLeay's description of Triboliwm is sufficiently clear to lea-ve 
little doubt that he was dealing with a specimen of the species 
treated as Triboliulln casta1U'wrn in this bulletin. One disturbing fac­
tor is the designation of aU 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. Concernmg MacLeay's 
description of Triboliurn Wollaston (104, p. 491) says: 

MacLcay, who was the first to characterize the groull (in 1825), described 
it as pentamerous and placed it amongst the Necrophaga, which was clearly 
however an error-perhaps partially to be accounted for by the fact of h~s 
having but 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 se.ems clear that MacLeay proposed .his genus Triboliwm for the 

true Oolydium castaneUlIt 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.Oolydium Herbst." He calls his species 
castall'(''UlIt, and puts Oolydiwm castallewm Herbst at the head of his 
synonymical list. Of the other synonyms, only one, Tr'ogosita fer­
rwginea Fab" is included without a question mark. But, since Ooly­
diwm castanewm Herbst (1797) antedates Trogosita ferrugineaFab. 
(1801), and since T. fer·l"I.tginea Fab. had never been associated with 
the genus Oolydiwm, .and since he calls his species by the same name 

• The manuacrlpt for thiB bulletin .aII ortgtnally Bubmitted to the Bureau of Entomology
In March 19a4 contained a complcte revision of the genus Triooli""., conlliating of the llyn·
onymles Ulld descriptions of the a speclcs previously known to the author. together with 
.the description of 1 apparently new specIes. WhUe the manuscript was being reviewed, a 
paper by Uyttenbo('Eaart (98) appeared that covt'red much of the !!ystematicworkof thlll 
manUIICript. -Trillo""•.dutnwto,. ~ttenb. was found to lle the same species as the appar.
ently .new one descrIbed In the ori nal manuacript of this bulletin, 80 UyttenbooCllart's
namewaB 'substituted. al ,that of e describer. In the bulletin as now .isBued. the BY.,
tematicport.ion has been limited to the economically Importantapeeles, BOthe .peeles 7'. 
tndiOflm Blair, 7'. "'lIrmccophilulB Lea, .as wcll as Uytrellboogaart's T. gebieM Ilr\! DQt
.treated here. . ''. - .... 

• Jtaltc IIUIII~' In puenthl)~f? reter to ~,4tefAtuf\l Clted, p. Gl, 
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as that of Herbst, there is no question but that MacLeay would have 
designated Oolydiwm castmzewm Herbst as the type of his genus 
Tri1Joliu'm,.if it had been customary at that time to designate a geno­
.type, which unfortunatel)' was not the case. Furthermore, the 
first definite designation of a tyt>e for the genus Triboliwm is that 
of Lucas (66, p.1M92, who stated m 1855" Vespece type representant 
ce genre, est Ie Tnboliwm (Oolyilium) castame:w1n, Herbst, Natur.e. 
Insect., tom. 7 p. 282, N°.3, pl.112, fig. 13 E (1797)."tThe name Margm was first used by Dejean in 1833 (31) in the 
following manner: 

Margus Dejean. 
Ferrugineus Fllb. (Trogosita) India orient..

{custancus Seh. (Tenebrio) Gallla. 

He ~onsideredcastu:ne'1JJ8 Sc1l.IlS a synonym of fm'1'lJigineu8 Fab. 
This entry was repeated in his 1837 catalog. In 1842 William Red­
tenbacher (83) used the name Margws as the generic name for what' 
he considered a new species, Ma,rflUlJ obsawJ'Us, but which later was 
found to be a synonym of Triboliwm '1luulens Oharp. In 1845 L. 
Redtenbacher (81) separated Ma1'f!U8from Tenebrio in a· descrip­
tive key without mention of any species, and in 1849 (82) he gave 
a description of the genus M argus and of the species fe7'1'Ugineus 
Fab. and mailens Oharp., which he listed under this genus. There 
can.be no doubt that Mar{fUi8 of Redtenbacher is the T'l"lboliWln of 
this bulletin. The name Marflll!8 has since been used in a number of 
instances, especially in France, in treatin~ of Tribolium. However, 
the writer has been unable to find a deSIgnation of a genotype for 
MarfI!MJ in any of the literatUre dealing with this genus. There is, 
therefore, the choice between fe1'1'UginC'U8 Fabricius and ca8tane~t8 
Schonherr, which Dejean thought to be .synonymous. Since Tene­
brio castane'1J)8 Schonherr (1806), as conceived by Schonherr, 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 OolydiWln castanewrn in 1797. Likewise, since Margus '" 
of Dejean (1833) embraces two species (ferrlJ,gine'U8 Fab. and casta­
neus Sch.) the writer hereby selects castaneus Schonherr (=casta­
neU,'ln Herbst) as the genotype of Ma:rg'U8 Dejean. 

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 made llis description, were the Tri­
boliwm castarlewm Herbst of this bulletin. However, since St~phens 
erected his genus for the Teneb1'io ferrugine1tS of Fabricius, there 
is no alternative but to consider Stene ferruginea Stephens as a 
synonym of Tenebrio ferrugineus Fab. Smce Stene is the first non­
preoccupied generic name for this species, Stene ferruginea (Fab.) 
becomes the valid name of the species originally described as Tene­
brio ferru.gineus by Fabricius in 1781. This species is now lmown 
to the writer only l)y the type specimen, ,vhich is considered a cucu­
jid by prominent English coleopterists. 

DESCRIPTION OF THE GENUS 

Sexes externally alike. Color usually ferruginous, chestnut brown to black, 
sometimes with portiQns reddish. Body .rather flattened or depressed. Clypeus 
much enlarged and with genae forming a she1flike projection extendIng around 

http:Tri1Joliu'm,.if
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sides and front of head from eye to eye. Eyes rather large, emarginate or 
nearly divided by genae. Antennae l1~jOinted, always enlarged toward tip~ 
m:°:Clubbed j club 3- or 5-jointed or gradual, but never 2-jointed. Labrum short, 
'transverse j mandibles short, equal in the two sexes. Pl'othol'ax nearly square
Or slightly wider than long, weakly blsinuate at base, rounded on sides, punc­
tate or rugulose. Legs sparsely hv.iry, ft'ont tibia slightly enlarged toward tip;
tarsi slender, middle coxa without trochantin. Elytl'a punctate-striute, some­
times rugulose, tbe intervals more or less raised in sharp ('urinae j epipleume 
very narrow at tip. Wings present, usuully functionul. Ventral lourface of 
abdomen weakly punctate. Length 3 to 6 mIll. 

KEY TO THE SPECIES OF TRIBOLIUM, 

1. 	Some or all of elytral intervals more or less mised or carinate; terminal 
joint of antennae either square, rounded, or largest at base j body 
not broad and rounded______________________ Subgenus P,.iboliU1IL_ 2. 

All intervals of elytra smooth and fiat j terminal joint of antennae sllIall 
and in the shnpe of an illvelied triangle j body broud and rOl!1lI1e(L_ _ Subgenus LC(/.1/IUIll,____________________________________________ 7. 

2 (1). Body uniformly ferruginous______________________________________ 3. 
Body blaek, maroon, or <lurk ellstuneous___________________________ 5. 

3 (2). Length 3.0 to 3.9 mm; punctlltion moderate, prothorax smooth and 
shiny; intervals of el~'tru moderllte______________________________ 4. 

Length 5.0 to 5.5 mOl; punctat:ion coarse and close; prothorax 
rou.ghened and dull; ely trill intervals raised into' rather sharp. ,
ellrlnlle____________________________________________________ gebWlll, 

4 (3). Antennae with a dlst,inct three-jointed club; space separting eyes 
ventrully equul to diameter of eye; eyes not margined above; genae 
fail'ly ]ll,ominenL _______________________________________ eastaneum. 

Antellnue gradually enlarged; space separuting eyes ventrnlly equal 
to three times the diameter of eye; eyes margined nbove; genue 
very prolllinenL _________________________________________ confu8urn. 

5 (2). Body (lark mnroon or !lark custeneous; nntennue ~I'adually enlul'ged 
Or with an indistinct five-jOinted club; space separating eyes ven­
tl·!t1l~' not more tlllln twice the diameter oj' eye; eyes lllal'giued ahove _________________________________________________________ 6. 

BodY hlu('k, aP11eIl(lu~es .I'cddisl!; nntennae with a distinct three­
jointed club; space separating eyes ventI'ully equal to about three 
times thu diumeter of eye; eyes not margillell above _________ marlellR. 

6 (5). Length 4.5 to 5.5 mm; COIOI' dnrk maroon with appendages lighter; 
first nnd secoud intel'Ynls of each el~'tron smootll j ]lL'othorax not 
rugulose; space separu ting eyes ventrally equal to nearly two
times the diameter of eye_______________________________ deRtrl/c/m·. 

r"en~th 3.2 to 4.2 mIll; color uniformly durk castaneolls; ull elytral 
InterYnls raised into shllrp carinae and very prominent; prothorax 
l'u~ulose; spaee separating <,yes ventrally slightly less than the(]iametel' of eye___________________________________________ indiaUl/l.. 

7 (1). Tihiae slout; hind tat'si robust, first joint ShOlt, somewhat triangu­
lar j apex of prothorax narrower than base; seutelluIll very small, 
semiclreular; space separating eyeS ventrally equal to one amI 
two-thinls times tbe diameter of eye; length 4.3 to 4.6 mm _______________________________________________ myrmcoophUum. 

SYNQNYMIES AND DESCRIPTIONS 

TRIBOLlUM CASTANEUM (HERBST) 

SYNONYMY 

1797. Oo11/(Uum COS/lltlClllll: Herbst (50, 1)t. 7). 

1800. TcnelJrio Cf1stan.eU8 Schonherr (90, p. 15.'). 

1810, Plwlcria. C)(/:/Itllrlca Gyllenhal (49). 

]821. Uloma, ferrriflilleu Dejeun (36). 

]825. 1'ribolim/l. elllf/lmeUll~ 1\JacLeuy (67). 

1833. M(1TfIIUj eaHianeus Dejean (37). 

]839. r~nC11e fer,.uginea Westwood (102). 

1854. 1'rl.b.olium fcrrugi1wu,m Wollaston (104). 


i.•.. , 
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A list of the names usually cited as synonyms of T .. castaneU7n 
(Herbst) but which d0 not J'efer to this species is given in table 1. 

TAmdil 1.-Li8t of name8 wrongly IIl1nOIl1lm.;t:ed wi.fh 'l'ribolium ea8tUlICUm 
(Herbst) 

Oollee·Date Name aod Buthor JInhll.ut Remarkstion of 

1775 J)frmeslea nal'alia Fab••• New Zealand •.• _. Banks_ ••• Probably a dcrmestld. See J). navali8 
Fah.1781and1787, and Luctusnavali8 
Fab. 1775 and 1787. 

17S! .••, .do•••••_.•••••.•_•••• ••••.110••••. ...... •..110•••••• Text same as J). navaliil Fab. 1775 and~ ~~ 

1787. 
1781 'J'fnobrio ferraginell., Fab Equatori~1 Africa • .••do...... Oucujidae, teste Waterh. 1896, Ohamp.

1896, Blair 1913. 
1787 Derme~tes navalis Fllb ••. ... ..-......-- ... _--- ..-.... Text slllDe as D. navalis Fab. 1775 anu-~ -- .. -'0' .......... ­

1781. See Lvctus navalis Fab. 1792. 
li87 Tenebrioferrugineas Fub. Saxony•••.••••••_. lIybusr•• Homo~ of T. ferruginous Fab. 1781. 

See .ferruginea Fab. 1792. 
1792 Trogosila ferruginea Fab. Equutorlal Africa. Banks •••• Synonym of Tenebrio ferruuineus Fab. 

1787, teste Fab. 
1792 L7Jctus navalis Fab••••_•. New Zealand ...... ••• uo .... _. Antennal club 2·jolnted. Synonym of 

J). navalis Fab. 1787, teste Fab. 
1792 DermestesnavalislierbsL ..•••do.........._.. •••do._••• Synonym of D. navalia Fah. 1775, 1781, 

1787, teste Ilerbst. 
1792 Ips cinnamomea Herbst.. Germany•••••__•• lIe!lwig._ TIlustratlon cannot refer to a Triboiium" 
1795 T~~:~~aferrUgineus Oli· Equatorial Africa. Banks •••. Synonym of '1'. ferrUf}ineus Fah. 1781, 

1787, Linn. 1700 and Trogosiia ferru­
ginca Fab. 1792, teste Olivier. 

1i98 Ips testaeea Fab._......... Eastern Indin •••.• DnldorL. See Tragosita ferruginea Fab. 1801. 

1801 '1'ragoaita ferruginea Fab. Iudia.............. ..-...---_ ...--- Synonym of T. ferrul1ineu Fab. 1702, 

LVclus navalis Fab. 1792, Ips les/aeea
Foh. 1798, te~te Fab. 

1806 Tenebrio ochraeeusMelsh Pennsylvania_ .•_. Catalog reference only. 
1812 Tenebrio bifoveolatus Austrla. ____ •__ ._. 'Diiri::"-- Length 2% mm. Palorus teste Ohapin. 

Duft. schmid. 
1832 Stene ferruginea Stephens England •• _....... Stephens. Genus Stene created by Stephens for 

Teneblio !erruginm. Fab. 
1836 U/ama ochraeea Knoch._. North Amerlcn..._ 'jjejen;;::: Oatolog referent'S only. 
1836 Uloma ruben., Dej ••.•_•• Do. 

1840 'Uloma rube1ls Oast. ••__• 'NortilAiiiericu~::~ ...do._.___ Length 6% mm, width 2M mm. Prob· 


ably Uloma. 
1~47 },{arguaferrugincua Kus· Europe ••••••••• _•• -_ ... ---_ ... --- r.en~th 2% mill, width % 111111. Prob· 

ter. ab y Paloras. 

The species T1iboliu'm, eastarnewn has been generally known in 
North America and elsewhere as T'/~lboliwrn fe1'l'ugineU1n Fab. (1'181 
or 1787), but it is very evident that the name fer'l"uginewn Fab. can­
not be retained. The type of Te11eb1io Im·rugineu8 Fab. (1781) was 
examined by Waterhouse (100) in 1896 and found to be quite. differ­
ent from tue. insect known as T1iboliwnt fe1'1'Wgineum, Fab. In this 
type specimen, in addition to other characteristics excluding it from 
the Tenebrionidae, all of the tarsi were four.jointed, and 'Vaterhouse 
placed it among the Cucujic1ae. Champion (16) anc1 Blair (9) also 
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. 
desc~'ibed Py Fabricius in 1781, al!d, although the identity of any 
speclJllen IS, at best, very uncertalll after 115 years, the concerted 
opinion of these three eminent coleopterists us to the specimen's 
identity and its proper classification seems of suffieient wei;;ht to 
insure its acceptance. Since 1896 the. description of Teneono fer'­
rogineus Fab. (1787) hus been generally accepted as the origll1ul 
description of the species. Howevel', this name is an exact homonym 
of that of the 1781 insect and could not be used even if Fabricius 
had been dealing with another species. Whether Fabricius really 

http:JInhll.ut
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was dealing with another speciC's js not ccrtain although Blair (9) 
thinks not. He. says: 

The description of T'I"Ogo8ita. fC1Tugillca., Ent. S~·st. I; 179:!, quite disposes of 
this possibility, for here it is (]cfil1itel~' snlOuYllIiRell with the 1'cl/c/irio terrlt­
gineu8 of the" Mantissa ", and Fabriciu~ continues: "Habitat ill, Africa a:qui­
noctian M'1I8. DOIII. B(U/l,:.~, in Amel'icm Ins11lis DI'. Pflug," the words ill italics 
being obviously quoted from the Species InsectoJ'tull, 1781. It is perfectly 
clear, therefore, that Fabricius supposed tImt he was dealing with olle amI 
the same sllccies in these threc iIlStUl1('cs. ll'ul'thel'lI1ore, this conclusion is 
borne out by Sherborn's" Index AnimnliulII " which quotes Trogosita terruginc(!, 
(1792) as synonymous wUh 1'('ne1Jrio tOl'l''II{linczt.8 (1781), alld in the "I~pitomc 
Entomologiac Falll'iciallHc ", hy BCl'gstl'lissl'l', p. 18, whpre 1'rO[lo8i1a fCI"l"u­
fji.noo. is the only one that al1llenl's, Fl'olll 11H'Re fuds, then, it is evident that 
the name tCI"I'lt!lineum, F, as applied to lhc ~1'l'i1Joliltln, mil have 110 ZOC:'I~S stmld;. 
whatever, 

De1'71W8tes ?WII.'aZis Fab, (177:'5) has bcrn thought by some authors to 
refer to the present sprcics. The, listing of Lych.l8 'lw'lIa7is aR a 
synonym of 'l'?'ofjosita fel'I'Ufj'in(';a by Fnbl'icills in 1801 mny be the 
basis for the 11S(>' of the na me nava7 is by Hritter in 1911. That this 
cannot be corrcct iR rvi<1C'nt :fol.' R(lvC'l:al reasolls. The description 
states that jt is of the form of DC1'1nestes murinus but one-fourth 
smaller, which vel'y evidently does not re1'er to n. T?,iboliu7n. In 1792 
Fabricius described a Lychts navalis with a 2-jointr(1 dnb 011 the 
antenna and synonymized it with his 1'hin1 dC'scl'iption 01' Dcrm.estes 
nava7:ls (1787). His three descriptions 01' Del'lncstcs na(lJ(ilis (17'i5, 
1781, and 1787) are almost i~lentical in wording, name7 1mbitat, and 
collection, except that no habitat or collection is given for the 1787 
description. From this it se(,l11s perfectly evident that Fabrici1ls 
was dealing with the same. species and perhaps the same, specimen in 
all foul' 01' his descriptions 01' nava7is, and that it cannot be the 
present species is certain bN'anse h[l. described it as having a 2-'jointed 
club on the antenna instead of n. 3-jointecl one, , 

Ips cinnamo1nea. Herbst (1792) is .sometimcs givrn as a Ryn011ym 
but certainly cannot 1'('1'1.'1' to this specips bp('anse Herbst (50, l}t.· 4) 
begins by s:iying that it has exaetly 1.11e f01'm but not the, size of the 
first (Ips quad1'il}wwtata) , whj('11 certainly differs very greatly from 
a T?'lbolium, and hcc'a lise from the fig:1lI'c given one needs to stret('h 
his imagination consi<leI'H1Jl,V to place it anywhere near 'l'1'ibolhl?n. 

The description of Oolydiwn eastanI'WI}1, Herbst (1797) fits the 
present species very ,yell with one ex('cption. His cles('ription of the 
tarsi (';0, pt, 7) states" die FUsse sind wie gewohnlich ", which is 
four joints for an of the tarsi in tIm genus OolVdhllln, However, as 
has been stated, the c1e.signatlol1 of any certalJl number of taJ'Ral 
joints to a. beetle} especially a tene,brionic1, by these early coleopterists 
should not be tal(en too seriously, In this respect it is signific:nllt to 
110te that MacLeay, in proposing his gel111~ Tjt'iboliWin foi· the OoZ1j­
diwm, oastaneU1n of Herbst, which waR origina:Lly dcscribed as haviIlg 
all the tarsi 4-jointed" nmrcrtheless designated all the tarsi as 5-jointed. 
Apparently, becausc of imperfect 1c~nses, neither of these authors was 
able to determine the exact numlv.'l', and I1pitlwl' sllspectC'd that his 
insect might be hetel.'Ornel'olls, FUl'thel'I1101'c, Herbst states that his 
insect was taken as 11 .lIltlseUJrI ])('st, <lnmnging inseets jn H, collection. 
After eliminating the dC'l'mesj'i(]s, hI which· t.he, dcscl'iption cannot 
j)ossibly refer, there II1'C left, 'in ndditiol1 1:0 this 'l'1'ibolium, so few 
insects known to be museum pests that it is an easy mutter to see that 
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D;0ne but~. castOlne:unh fits the descriJ?tion. ~inallYl Herbst's illustra­
tum of Ius Oolya1,wln castanewm, (fig. 1) IS suffiCIently clear to be 
recognizable as referring to T. castaneu1n, even without the descrip­
tion or food record; and when considered in connection with the 
description and especially with the remark as. to its food in this 
particular instance, all question as to its identity is removed. 

--5.T~. 

FIGURE 1.-Reprouuctlon of Herbst's original illustration of ('ol/ldillm custancum (50, pt, 7), 
1,8~ tlw~ij tile size of the original illustration, 

lJESClUl'nON 

(Fig,2,) 

Color uniformly ft'I'I'uginous or l'cudi:;;h brown, 
Head: Clypeus fused with front. Genae in front of eyes mQderately widened 

and forming un angle of ulJout GO· with the eye, this shelfllke pl'ojection ex­
tending' forward from eyes and continuing around the clypeus but tl'Ul1cate 
:lIld not purticularly expanded lit front of head, Surface of head irregulal'; It 
shallow, tl'llnsYerse depr(!flsioll rUllning across lwad in fl'ont of eyes amI 
Illlother just back of eyes; upper surface l'a tiler densely punctate, umlel' surface 
finely and sparsely punctate, E~'eiJ elUllrgillate, the emarglnation extending 
backward for about one-tllird length of eye, Epieranium not marbr:ineu above 
'eye, front and eye forming' a nearly continuous line, Viewed from below, 
eyes transvel'sely ovate andvcry largt', tile widtl! of eaell eye being equal 
to 01' only slightly less than the distance sepamtillg them, Antennae with tile 
thrl'C terminal joints suddenly enlarged, forming a distinct club, the ninth 
joint being nenrly twice as wiue as the eighth; terminal jOint transversely 
rounded, or transversely ovate, Labrum very ;;lIo1't, transverse, hairy, Man­
dibles Sholt, bifid at the tip, Maxillary palpi wHh last jOint oval, obtuse at 
apex, Labial pulpl with last joint suhovate, 

Pl'othorax widest at midc1le, fl'ont margin little or no wider than rear margin; 
sides roulJ(led, Front angles grlldUIIIly rounlled, front margin nearly truncate; 
rearllngles Slightly obtuse; rea~' mlll'gin strongly blslnllute, Moderately 11Ilnc­
tate above, less so below, ScuteIlt1mnearly semicircular or selllihexagonal 
with l'Ounded angles, Elxtral intervals fHlrly prominent but usually less so 
than the lines of IlUllctul'es, which 111'1) of a dlll'ker color than other pllrts of 
th~ elytl'a; these ehllraetel~S rather variable, l\Iar~illfj Or epipleurae extending 
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slightly below lateral margins of hody except cnudad ot third abdominal segment. 
Wings fully developed, funct:ionul. Legs rathel' slender, front tibiae slightly 
widened Ilpically, fore and midllle tibiae moderately serrate on outer margins; 
all tibiae with two short terminal spines; all tibiae and tarsi sparsely ciliated. 

Abdomen finely punctate ovel~ entire surface. La teral margins of first and 
second segments smooth, parallel; third slighUy converging, with a very small 
rounded projection on each side at apex; fomth short, also more contracted 
laternlly, with a small, rounded pl'ojection on encll side at two-tllil'(1s the 
!listunce from base to apex ; fifth semicircular, the projections slightly larger 
than on fourth segment nnd situah:!d near balie, with a slight illllelltation illl1UC­
diately to the rear of these projections. Sutures hetween all segments plll'allel, 
except at lateral llHtrgins. Fonrth segment hUl'llly IlI01'e than one-half the 
lellgth of the secont!; third three-foul·tlls the length of the second. 

LCllgth 3.00 to 3.73 IlII1l, average 3.323 lllUl; width 0.97 to 1.2t.1 mm, average 
1.143 mm. 

FIGURE 2.-Tribolhlm ca8taneam: Adult, X 28. 

Habitat.-Cosmopolitlll1, in cereal products, etc. 
;I'ype Zocality.-East Indies. 

TRlBOLJUM CONFUSUM JACQUELIN DU VAL 

SYNONYMY 

J8['4. Tribollutn ferrl/ginc/III/. l\Iulsant, (70). 
l8G8. 'I'ri/lolillllt 1'011/1(8I1tn .Jacq. tin VIII, (:iii). 
ISH!. 'l'riiJoIiUln (SIIJl/c) "uJl{!l.~um SeitlUt:z, (lJ/). 

MU]Sllnt .in 1854 misi(lcntificd the pl't's('nt species, calling it T'ri­
~Qlium te1'J"1lvineu1I1J Fab. The fnet that the name T. ferT'Ufline'lllTfl! 
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was applied to this has therefore no status as far as its antedating the 
present name is concerned . 
. T\le name Stene was incorrectly used by Seidlitz in 1891 (91) and 
1894 (92) as a subgeneric name for 1'. confW8W1n J. du V., which he 
separated from T. ca8taneWln Herbst and T. 11uulen8 Charp. on the 
basis of antennal characters. He disregarded the fact that Stephens' 
Stene actually referred to T. castaneum, and so could not be used as 
he suggested eve:r:t if, as was shown in ~he discussion of the synonymy 
of the genus, thlS name was not entIrely thrown out of the group 
for nomenclatorial reasons. 

FIOURII 3.-Tribolium confu8l1m: Adult. X 28. 

DF.801UPTION 

(Fig. 3.) 

Color fnirly uniform, reddish hrown or ferruginous . 
.Head: Genae In front of eyes tlistinctly wltlelle(l, jnttln~ out at nearly a 

right angle with them IlmI, with the dypells, forming II thin, shelflike pro­
jection around {l'Ont of heall, the l'~panded clypeus rounded anteriorly. Eyes 
decidedly l'mnrginate, the emnrginntion extending backwu1'I1 to middle of e~'e. 
Epicranium sharply margined immediately nhove the eye, forming 11 hori­
zontal cllrlna slightly jutting out ovel' the eye. These chnrncters make the 
eyes appear much Sllllll\(~l' tlillll III ca.~I(IIWllm. View(l(l from below, the eyes 
are roullded, the space between the eyes bl'llIg nearly thl'ee times the obsel'Veil 
wlUtb of the eye. Anteullae gradually enlarged toward tip, tbe expulll\lQll 

126orj·~36-2 
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~!, taking place mainly in the seventh to tenth joints; but the ninth only slightly 
larger than the eighth, Tel'luillal jOint 1'0Ull!1 or trnnsversely rounded, An­
t.ennne. sparsely hairy, l\louth parts similar to those of c(t8ta·lleUII!. 

Prothol'Ux wilIest at apical thinl, distinctly whler at front margin than at 
rear mal'gin; front angles shar)ll~' rounded, llrojecting slightly anterior to the 
straight line forming thc rClIlillt)(ler oj' thc front lllllrgltl; hind nngles usually 
right angles, reur llIurgin weakly bisimt:lte. Scutellum semihexagounl. Elytral 
intervals fairly prominent, usual\y more not:i('l'alllc thun the lines of pun('tl1l'cs. 
Margins of the epipleurllc ncarly coinciding with those of the sternites. Wings 
fully developed. Legs similar to those of casl.(I.lleum. 

Abdomen similar to that of. ca.~I(I.IlCltm. lIut wit'l the projcctions 011 the third, 
fourth, nnd fifth segmcllts sligh!:iy morcl 111·onoullcell. 

Length 3.00 to 3.82 Illlll i avc1'lIgc 3Au7 111111 i width 1.08 to 1.20 IIUIl; Il\'erage 
1.179 	IlUII. 


Habitat,-Cosmopo1it.lllJ, in e('I'('n1 prodllcts, etc. 

Type locaZity,-Fmll(,c, 


TIUBOLIUM MADENS (CHARPENTIEP.1 

SYN"Ny.\n: 

1825. TClleb";o mallCIIS Clull'jWntll'l', (2.7). 

1832. Uloma IIHl(lell.~ Kr~Yllicl,i, (61). 

1842. MarUII8 Ol!WlIl'US Uetltenbachcr', (8.1). 

DESG1U M'W:" 

(Fig.•1.) 

Color of bolly dull black; leg'S, antennll<', und 1110uth purts reddish. 
Bead closely bllt finely punctate unifol'ml~' over the dOl'S1l1 surface, the pits 

shallow an([usually elongate. Ventral surface mocleratelY punctate with line 
pits. Clypeus concavc a.1ong' center of front war~gin, the sides dircctly above the 
base of antennae also .slightly concave Ilml raiSed. Clypeus sermrated from 
genae by un indistinct suture but not separatell from frons, Frons smoothly 
rounded or slightly arched. Genae scm'eeh' nrojecting' fr'oUl cllL'\,atln'C of till' 
eyes. Eyes divided by genae for only nbout one-fourth of theil' Il'n.dh. 
Epicranium not at nIl margined abo,'c ere;;. E~'es v(!ntruli~' smull and rOUlHletl. 
Space separa ting them usulllly 2l/:! to 3 Y:! tlmcs the diameter' of <'rl'. Antennue 
with a very dl;;tinct tllrC'l.'-jointe<l club as in '1'. ca81rll1CU III. Antellnal joints 
narrow up to eighth, whieh is slightly wIder tllan long, nint 11, tcnth, nnd 
cleventh flattcned and ml1~'h widel~ than long. Terminal jVillt large, ail broad 
as tenth und truneah~ Oil enl1. T.Jabrulll transvcrse but rounded on front. T.Jast 
joint of. muxlllary llaipi 81IJnuer. Width of hcad ncross eyes 0.G3 to 0.74 111111; 
width across genae scn)'(;t'ly any greatcr, 

Protllorax one and onc-third times as i)I'oa(l as long, somewhat flattened. 
Fairly evenl~' IJIITlctnte over cntire dor8al SIll'.ia('e, bllt somewhnt Illorc clem;ely 
so toward sidp.s; l)its hcxagonal. More decply amI coarsely punctatc than 
that of. T. cas/rlllclt/n. }j'ront margin vcry slightb' nnd l'venl~' howel] fOl'\vard. 
)largin8 of front angles slightly bllt definitely jutting fOI·wal'd. Sides of pro­
thorax rather sharply margill(ld. Side nUlI'gins con\'('x to one·third from front: 
angles thenc~e convcrging regularly to hind angles which arc Slightly obtuse, 
Henr margin feebly bisinuate. TInsc of 11rothol'ax imlwessed on ench side of 
center_ Ventral ;;ul'faee of prothorax closciy and <lCCllly punctatc. Scutcllum 
bJ;oadly Rcmihexagonal. Elyt1'll somewhat hl'oIHler in pl'Ol)()rtion to length 
U,an in T. C(lstu IIClI III. 13roadest at onc-third from apex. First and seconil 
intervals smooth, third lmd fourth slightly raifled, lifth, sixt'h, and ~l~venth 
slightly carinate, eighth le;;s sn, ninth and tenth nearly smooth. l!'inely and 
closely punctate, llSlllllly wlt'li two rows of pits I)('i;wecn each Interval, t'!1Of;C 
on the disk II111istinc·t. EpiI11('tH'a nan'owing' gl'lldulllly fl'om base to Il)1CX. 
Margins of el)iplNII'1l lWl1rly ('oincilling with thosc or. sternites. 'Vings well 
developed, functionlll. Legil similar to those oj: T. ca8/.(/IIC"'I/1~ but with serra­
tions of front 1l1ll1llliddle tibiae ab~ent or llelu'ly i'lo.1.'ibilll spines str,uight. 

Abdomen evenl~' and finely punctltte oyel' entire ventral surface. Lnterul 
rounded projections U10rerclluced thun thOse of 2'. C(/.~t(I.l1erlln. Fifth segment
with a "hallow lmpresslon on each sIde or celllcr, Avcrugc lcngth of abdominal 
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segments: first, 0.44 mm; second, 0.35 mOl; third, 0.32 min; fourth, O~l D!m ; 
llfW, 0.32 mm,; total length of abdomen. 1.67 mOl. 

Length, 3.6 to 4.4 Illlli; width acro:;s clytra, 1.2 to 1.6 mni. 

Habitat.-Europe, North America, Egypt. Under bark and jll 
rotting logs, occasionally in HOUl' Ilnd seeds. 

Type locaUty.-Silesiu. 

FIGCRIl 4.-Tribal1ulI~ ",adena: Adult, X 28. 

TRIBOLlUlU DESTRUCTOR UYTTENBOOGAART 

]!)!J:J. 1'riIJo/iullt (l~8trll('lor l'yUl'lli). (11, JIll, a:li-a:lii) 

I1t:Sl'KIl'TION 

(li'i". r..) 

Color I)f blxly (lark rmll'(JOn shIning; np)'K'udagl's liglltCl' and more reddish. 
Head fairly strongly llunctute, the plt-; elongate lind often running together, 

es~iu1Jy on frons, to !Qrm minute, crQQkcugrQQYc/S, Vel!tra1 s\lrfuce Qf l1e~d 
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sparsely and flnel~' Imnctate, CI~'PetlS tl'lll1Cate in front, sides roundl::tl, sep­
umt.ed fro III genlW by II SIlt:ur(', hut not separated from fl'ons, A sllallow 
trunsverse impression running across the hend from front of one eye to the 
other, and anothel', incomplete, sha !low transverse impression between frons 
11IIel apex, Eyes divided by the ge:we for about three-fifths of theil' length; 
narrowly margined abuve, Ventrally moderllte in size, the space seplll'llting 
them being equal to from 1% to 2 times the Uinmeter of each eye, Antennae 
gl'lldually enlarged Ot' with II very imlistillet 4- 01' 5-jointed club which is 
sparsely hairy, ],'irst joint or antennae eoncenle(1 by clYlleus, joints 1 to 5 
lIarl'OW, fhe sixth belul1ike, the seventh and eighth )lrogressively broadet', the 
ninth and tenth twice as bruad fiS lung, terlllil1!U jOint broudly rounded to 
oblong, Labt'uIll short and very transverse; hairy, .Mandibles large, bifid, Illtd 
pointerl nt tip, 1IfIlxi!lar~' palpi IIl1'ge, bl'oatlly oynl. WiLitll of Iteml acruss gelUc 
O,S2 tu 0,00 mill; width aer()S!:l eyes 0,80 to 0,03 mill, 

l'rothlll'ux 1,00 to 1,25 JllIll long, 1,25 to UjiJ mIll brond; closely lind coarsely 
nunctate 01' pittel1, but with the portions between Ilits smooth and shining, 
Pits hcxugonlll 01' diumond shnpeu, Upper surfnce of prothornx moderutely 
arched, sides rounded, broudest onf'-third frolll apex; sieles of protho1'llx IlIar­
gined, more strongly so nt the front angles, which project- forwllrd ruthel' 
lll:ominently; real' ungles obt:u~e, real' mnrgin blSinullte, Two prominent longl­
tmlinlli depressions extent! slightly forward frol11 the bnse, one on euch side 
of the midpoint, hulf way between it und the real' !Ingles. Ventrul surface of 
11rothorax closely aIHI conrf;ely punctatt~, Ventl'lll surface of lllesothornx and 
metathol'ax moderate!,\' punctate, Scutellulll bl'OfUIl,\' f't'mihexagonnl, EI~'tra 
IllOl'e rounded thnn thof:!e of 'I', ('us/a.nCIIIIl, ~~he fli'st two intervals between the 
rows of pits nearly lIat lind without carlnne, the third elevilted at buse but less 
so toward the npex, the fourth, fifth, and eSllecilllly the sixth aild seventh inter­
\'nls dist:iJlctly ('Urinate, the eigi1th lcss HO, ami the ninth nearly flat, Disl, 
of elyt1'n with in(]istinct rows of pits togef"lwl' with a gpnerul PUllctlltiOIl anti 
Rlllalll'r pits, nows of llitfi 11('twecn fourth and seventh intervals distinct allli 
consisting of a central distinct row of llits together with an nccOIllpnnying' row 
of pHs on either shle dlrectl~' nt b:u,e of each carinI!, EplpJeurae moderately 
broad hnck to base of the !:\f;t abdomina I s('gment, tlwnC'e vel'Y IlIlI'row, Ma rgin!:l 
01' eplpleurne nearly coinciliing willi silleR of' nbdo11linnl segnl(:mts, 'Vlngs well 
(levelope(1. Legs similar to those of '1', CII,stanclllI/., but wUh He1'l'ations of' front: 
lind mill!lJe tibiae absent 01' n(>fll'ly so ami with the y(·ntl'Hl gl'oove of the 
)1rothorucic fClllOl'll more pronounced, All tibiae terminated by two stmight 
spines, the nnte!'ior spine of llrothoracic tiplae much larger than the othel'S, 

Abdomen mOderntei~' pitt-ed fiver entil'e ventl'al surface, Length of fit'st seg­
ment with intercoxul procesi'; 0 ..10 to O,uS 111111, RecOlH1 Hegment 0.40 to 0.43 11111', 
of: third segntenf: O,3G to 0,31) 111m, of fourth segment 0,26 to 0,20 mill, of fifth 
segntent 0,38 to 0.43 111111, tohll \l'ngth of abdomen 1.S to 2,1 mill, Margins of 
ubllominnl segments elit'fPI'!ng frolll those of '1', cCls/a.lleUlII- In that the luteral 
rOllllded project:iom; ure absent or very much reduced on the thirll und fourth 
:;egnlPntH 111111 reduced on the fifth, 

Lpngth 4,3 to G.4 111111, width across elytra 1.4 to 1,8 mill, 

n abitat,-Recent1y found to be a pest in secds and various cereal 
products in GeL'mll11Y allel the Nctherlands. 

Type Zocality,-Ei'fUl't, Germany. 

HISTORY AND ECONOMIC IMPORTANCE OF THE GENUS 
TRIBOLIUM 

COMMON NAMES 

The flour beetles arc known by a variety of common names. Mill­
CI'S rcfer to species of Triboli.Wln anel other closely related beetles of 
similar appearance as "flollr beetles ", "flour weevils", "reel w{!e­
vils ", or" bran bugs." Gmin inspectors know them as bran bugs, 

The approved common namc for 1'. confusu1II, is "the confused 
flour beetle." It has also becn referred to b~ one of the cal'1icl' Amer­
i<:!!ln entoqlologists as " the l)ollard weevil " while in Germany this 
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species is commonly culled" the American rice-flour beetle," The 
llume "confused f10llr beetIe" is the nutural outgrowth of its scien­
tific nume which wus chosen by Jucquelin du Val uecause the species 
had until then been confused with the very similar ']'. aastanewrn. 
The accepted common name of the lutter is, " the rust-red flour bee­
tle ", which is appropriute considering the hlscct's color but does not 
differentiute it from its muny similarly colored relatives. Other 
common names for this species found in less recent American literll­
ture tire "wee flour beetle" "red flour beetle ", "fcl'L'uginolls flour 
beetle ", "brown grain beetl~ ", and" the weeyil." In Germany it is 
commonly calleel "the reel-brown rice-flolll' bt'('tie," -

The common names by which 'L', 
'liladens hus been cuned IU'C "the black 
flour weevil ", It nllme given to it by 
Johnson hl 1897 (58), " the black flollr 
beetle", by Chittenden in 1911 PO) und 
" the blaci(-brown rice-flour beetle ", by 
Zacher (108) in 1.927, The first Jlllllle ]S 

inappropriate, however, as none of thi:~ 
gl'OUp haNe Rny relation to true weevils, 
Of the other two names the writer pre­
fel's the black flour beetle, a nume which 
adequately describes the bsed lind also 
is in hal'lliony with the names giyen 
to otllel' T1'iboUu7n and closely reIn ted 
bl'etleR, wh ich a1'e all known' as flom' 
beetles, 

No ~oml11on numes have as yet been 
proposed fol' the other specics 0:£ T1'i­
hollum.., but since these species, with the l!'WUIIH u,-'l'rilJlJllllm tles/rllator:

Adult, ~ l!l,
('xception of T. desh'ucto)' Uyttel1b" are 
or no economie importance, there is 110 need for common names by 
which to designate thclll, ' 

PLACE OF OHIGIN OF 'fHE GENUS 

.As with most- s(Ol'c(\-pl'odll('t insect's, the qllestion of the place of 
origin of l'J'ibotiwln is vel'}' difliclIlt to solve bCt'llIIH(, their dish'ibn­
tion by C;OIllIl1CI'Ce has long' Hince made them cosmopoliblll, There is 
only onc definite rc('ord whi(,h throws any light Oil the subjed, An­
dres (J) rccol'cls the finding of specimens of ']'J'iboliu1n in a Pharaonic 
tomb of about 2500 B, C, At that time commGrce, thc only mealls by 
whic'h these insects al'c distl'ibuted, waS largely l'estricted to the Medi­
tel'J'al1ean l'('gion lind southel'n Asia, Anotllel.' hint is givcn by Blair 
(10) in cvid()llCc showing that ']', C(L8ta1l(!11!1I1, is commonly found in 
the wild statc in wood in India, It is also found hl such situations 
in North Anwl'iea and elsewhere, but not at all commonly, In the 
samc artieic Rlail' d<'8(:rib(><1 It closely related species, T, il1rli(tum" 
fl'om the same country alld with the samc habitat whieh does not 
OCCll!' in storcd pl'odll('ts, From these facts it seems pl'obllble thut 
these beetles odginllted SOInewhcI'c in the I'enerlli re«riol1 comprising 
India, southwesfel'n Asia, and the eastern Meditel'l'IUI~UIl lauds. 
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The fact thatT. geb-ien-i was described froll: Paraguay and so far 
has not been rcc.orded elsewhere has no meamIlg whatever so far as 
its origin is concerned. It was not described until 1933, and there 
is no indication of its habitat or .food habits. It seems quite probable 
that T. gebieni is a native of some other country where it still awaits 
discovery and that it has been transported to Paraguay by commerce. 

Another species, T. 1nynnecopMlwm, 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 Ins theory. 

It is almost. certain that before the advent of civilized man themem­
bersof this group lived under bark and in old logs. In that case 

FIGUnE G.-Distribution of ~'riboUllm cantunclIm as shown hy records of the Bureau of 
Entolllolol;Y nnd 1'1ILnt QUlLrnntinc, United Stotes DrplLrtment of Al;riculturc. In the 
United StnteR each InfeHted Stnte Is represented lJy IL dot, the InfestlLtion helng shown 
more In dctnl! in /Igure !l. 

their food habits were probably those of scavengers, but of this there 
is no certainty. 'Vith very few exceptions, the beetles of the sub­
family U]ominac, of which T1'iboliurn is a member, occur either as 
pests of stOJ.'ed products or else under the bark of trees and in rotting 
logs. It seems very probable that the members of this group origi­
nally lived in the latter habitat und that the flom-feeding specIes 
llllve since become adapted to theh' present mode of .life. TIle genus 
T:l'iboliwm presents all gradations between the two. T. in4iC'/1Jln lives 
under bark only, T. 1nadens usually occurs there but has been taken 
in seeds and iii meal on a few oC'C'nsions; while T. confu8wrn and 
T. castaneum are essentially pests of stored products,although some­
Hmes found under bark, and 'l'.dC8t1'tWtO'l' has so far been recorded 
only from seeds and other stored products. 

DISTRIBUTION 

TriboUu1Il, confu8u1nand T. oastanCU'II/, are cosmopolitan, occurring 
a11 (lver the world wherever s~ore~l c.ereal pr~du.cts are to be fou?d 
(figs. 6, 7, 8, and 9). As they lIve lIlslde of bUIldmgs and may easIly 
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• 
.be carried fr.om place t.o place in small quantities .of foodstuffs, these 
beetles are likelx t.o be rec.orded fr.om t:!ractically any part .of the 
w.orld. The faIlure .of the world-distrIbuti.on maps to sh.ow any 
appreciable difference in the n.ortherly distribution .of the tw.o species 

FraUllJ: 1.-Distribution of Tribolium confuBum as shown by records of the Bureau of 
Entomolol,"Yllnd Plant Quarantine. United States Department of Agriculture. In the 
United States each infested State is represented by It dot, the Infestation being shown 
more in detail in figure 9. 

is due t.o the fact that either species may be intr.oduced and bec.ome 
established in heated buildings in climates much c.older than they 
c.ould .ordinarily t.olerate. Rec.ords in the United States indicate that 

FraUD S.-Distribution of Tribol/um· ca8tanellm in the United States. 

temperature has quite an effect .on distribution. 1'. ca~taneU1n is 
essentially an insect .of ,,'arm climlttes, and, alth.ough s.ometimes 1'e­
c.orded fr.om Canada and .other n.orthern c.ountries, it is evidently n.ot 
a permanent resident n.orth .of the f.ortieth parallel in eastern 

http:world-distrIbuti.on
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•
United States except in heated buildings.T.conft/lnun, .on the .other 
hand, is m.ore frequently f.ound .in the n.orthern part ·.of the United 
States than in thes.outhern part. Fr.om 37° t.o ab.out 40° K b.oth 
species occurc.omm.only, whiles.outh ·.of 37° cOnfUSU1,'l, gradulJ,lly 

],'IGUltll D.-Distribution o( TriboUum contll811111. jll the Ullltctl Stutcs. 

bec.omes less c.omm.on and jn the Gulf States is largely replaced by 
castaneum. 

The localities from which T. maclenB has been recorded are shown 
in figure 10. It would appear to be .of more northerly dil"tribution 

l!'IGUJIlII 10.-Recortled world distribution of Triboliurn madell$. 

and able t.o withsta.nd greater extremes .of c.old than ilny .of the .other 
species .ofT1ibolium,. In this c.onnecti.on it sh.ould 00 remembered 
that the maj.ority .of therec.ords .of T. mtulens arefr.om specimens 
takell.out .of doors, while all .of the rec.ords.of T. castaneum amI 

http:rec.ords.of
http:arefr.om
http:c.onnecti.on
http:withsta.nd
http:c.omm.on
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T. c(;nfusum from northerly 10cIlJitjes are from specimens taken 
indoors in heated buildings. 

T. dest1'uctOl' is found in Germany and the Netherlands ; T. indicum. 
has been recorded from India, Rcneau!, and possibly from Abyssiniu; 
T. 1nY'l'm,ecopllfilwml is known only from southeust~rn Austt'.aliu.; and 
T. gebielLi U yttenh. is recorded from Paraguay (fig. 11) . 

• -T,DESTRUCTOR UYTTENB, 0 -T,INDICUM BLAIR 

e -!:.~ UYTTENB. e -T,(LEANUM) MYRMECOPHILUM LEA 

FIGUIIE l1.-Hecllrdcd diHll'lllunoD or 01 h('~ ~l1e('\l'8 (If '1'/'i1Hilill1//.; the ~(l ..des (/c~t/'uclor,
ill</iclIlII, (Jcbiclli) alld 1II!1I'/IIV('ojllti/1I1/I. h"illg illllkatt'li hy ~ylJlb()IS, 

HISTomCAL NOTES 

DISCUSSIONS OF TRIBOLIUM CASTANEUM AND T. CONFUSUM 

Perhaps the Illost interesting record cOllct'l'Iling l"l'iboliuJI1, is one 
that goes back over 4,400 years. Andres (3) gives the following 
account: 

1\11', An. Alfieri hns supplicll me with the following intCl'estin~ fncts in con­
nection witll TriVoli/1m hl'l'llc!-i fOUllel in all aneicllt burial munumcnt. The 
beetles were found III a jal' which IlI'(liJahly cOlltaillcd gl'HIlls Ol~ flour .in a 
J1hamonil' t"lIIh of the 6th J)Yllast~' (ahout 2,()OO ~'CIII'S A. C,). Although these 
ill!-it'ds were still fairl~' decl'ut:Jy {I1'($CI'V('!l it is illlJlflssilJI(' I'll estahlish wheth('I' 
they belong to jcrrll!Iill(,1/.I1/ 01' ('{)l/rll'~lI;ll/. \/willg that legs ami alltellllae ar\' 
missing, In any cast' it is illj:('I'esUlig t'(l lIoH' t'hat the gellu:; 1'ri/)olitl411. cxisted 
in the Nile Yalley sillc(' that thlle alii I call1lot: lJeclJIIsidel'eli of a rcccnt intro­
ductloll illto the country through illlllOI't.utioll. 

There seem to bl' no oth!;' I' r(,cords anh·clating the descript.ion of 
'1'. ca~t(W('l1!l/I, by Herbst ill 179i. It was fil'st rl'corded in North 
ArneriC'!t ill 1835 by Thomas Say (88) unclel' til(' n:lIl)1~ Ulo77l,(l, fel'­
'l"Ugi'l1ea Fab. A good dcscr.iption waS gjn~n by 'Wollaston (104) in 
1854, Lucas (00) in 1855, gavc u good account of its metaIllOJ'phosis, 
while Schifidte (St)) ga.ve :t fine clesC'ription of the larva, in I8i8. In 
1854 Mulsant (70) gu\'e u good description of T. confuswlIl, undcr 
the name of T. ferluf/i'Il(!UI/n. 

The. first to notice a vIll'jalion in structure of his Sl)('<:imens was 
'Wollaston (105, p. 4.9(J, footnote) who evidently had specimens of 

~!!(l()(iO-3G-:) 

http:jcrrll!Iill(,1/.I1
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both castaneum and con,fusu1n before him, but thought oonfusullt to 
be the male of castaneUl1t instead of a new species. His account· 
tollows: 

In every diagnosis to which I have had lIccess (inclurling my own, in thc 
"Ins, Mad,") the sexes of T,.iboUum, are regarded IlS l)eJ'f'ectl~' similar (extcr­
nally) infe,. /Ie, But un accurate inspection has lately couvinced me that such 
is not, in reality, the Cllse,-one of tbelll (whicb I presullle to be the male) 
being not only less opake and with its pl'othol':Ix lI}J(J1'eciably nal'l'ow('1' behind, 
but having likewise its geure just perceptihly mOl'c prominent and angular in 
front of eii:he1' eye, and its antcnnal club much less abrupt, or lIIore urudflllily 
formed (occasioned by the subcla val joint, or joints, being willer). 

Four years later Jacquelin du Val (55) correctly interpreted this 
variation as constituting a new species and described it as T. con­
fUSWln, the name being chosen because this species had until then 
been confused with oastaneum. 

One of the first important contributions to the biology of T1ibo­
li:um" and the first from the North American continent, is that of 
Duges (3.9) (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 T. castaneum, and its distribution and (lamage, par­
ticularly in New York. Another important contt'ibution to the biol­
ogy of T. cast(1ffUJU1n was by Kessler (5") in Germany. Some of the 
earlier American records on 1'. castaneU1n IU'C those of Cook (31) awl 
(If Weed (101) in 1891, and Bruner (13) in 1893, 1111 of which were 
general accounts concerning this species in various parts of the United 
States. 

T. confusum was not recorded in North America as a distinct 
species until 1886 when Champion (15) recorded it from Mexico. 
It was recognized in the United States as distinct from T. ca,stameWln 
ill the fall of 1893. In 1895 the records of damage by 1'. confu8wn. 
were numerous. 

From 1895 to 1897 Chittenden (1'36,2'7,28, 29) gave the first really 
important contributions on the genus including d:lta on the biology, 
distr.ibution, and injury done by all three of the American sJJecies. 
Johnson published many records of injury by these insects begl11nin~ 
with a· paper (50) in 1895. Quaintance in 1896 (79) and 1899 (8U) 
published accounts of the biology of both Flpeeh,s in FI()J'ida. The 
majority of the numerous short accounts of T-rilJoliulll, between this 
time and that of Chapman's article in 1918 un arc copied from 
Chittenden's papers. Good discussions on synonymy were given ill 
1896 by Champion (to) and WatedlOuse (100) and by Blai,' ([) 
in 1913, while very acceptuble descriptions of the thr.'ee k.lown specit,s, 
with keys fOt, identification, were given by Desbrochers des Loges 
(38, pp. 2'7-30) in 1902.T. cast((l1eU1n was recorded in Hawaii by 
Kotinsky (60) as living' in bee cells, liS feediug on lac in India by 
Imms and Chatterjee (54) and by Roubuud (87) as doing consider:­
nbla damage to peanuts in Senegal. Hel'l'ick (51) cited several in 
stances of damage by these insects together with a short discussion 
of their biology. Barnes lind Grove (8) in 1916 gaye notes on the 
bIology of several stored-grain insects in India. including T. cas­
tcmeum, and also presented work (In chemical experiments, respira­
tion, effect of humidity, and. remedi!J] measures. 

Chapman (17) in 1918 made one of the most important contribu­
tion~ to qat~ ~oJl(:~rning the biology of 'Jr. o()n/,u(!um, illcludill{? agooe, 
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original accou;'lt of the life history, food, relative infestation of wheat 
:flour and wheat-flour substitutes, and methods of control. 

Short articles on both speeies appeared in a bulletin by Back' and 
Cotton (5) in 1922, a short account of the life history of T. conf'US1.lnb 
was given by Felt (.43) in 1921, while the effect of T. confU8u'm on 
flour was discussed hy Payne (76) in 1925. 

The more important recent articles on the biology of T1'iboliu1n 
are, those by Burkhardt (14) and Kunike (62), giving good accounts 
of the biology of T, confu.s-u'm in Germany; by Brindley (12), which 
gives much data, 011 the life history and ma.ny measurements on the 
various stages of these beetles; by 'Good' (47), in an article intended 
as preliminary to this bulletin gi \ring a summary of biological ex­
periment.s on both T. confu/,"'IHn :lnd T, caBtan.eum; and one by Park 
(75) in 1934, presenting all enlightening and critical analysis of all 
of the recent important papers on T. con{'w3wm as well as consider­
able valuahle orIginal data. 

The subject of llutritional reqnirement.s has been investigated and 
discussed by Chapman (1.9) and by Sweetman and Palmer (97), 
while the effect of nutrition on sex is discussed by Holdaway and 
Smith (53). 

The subject of ecology, and especially that part relating to growth 
of populations, has received. considerable attention withm the past 
few years. In this field, as in many others. the pioneer has been 
Chapman, whose articles on ('nvironment and incI'ease of popUlations 
appeared in 1928 (20),1929 (21),1931 (f32),1933 (23), and 1934 (24). 
Allee (2) in 1931 discussed the growth of populations of T. confu.8'um~, 
basing his discussion largely on Chapman's work. A. mathematical 
study of the growth of populations, of T. crmfuffum, &Iso based on the 
work or Chapman, is presented by Gause (46), while Stanley (93, 
94) gives more ('~:tended mathematical treatises on this subject. Orig­
inal investigations as well as, analyses or previous work were pre­
sented in two papers by Park 111 1932 (73) and 1933 (74) on the fac­
tors regulating initial growth of populations of T. Confu8U1n. The 
('ffed of moisture. on ·the growth of popUlations was very well dis­
('ussecl by Holdaway (5:3) in 1932. 

An article by Blair (10) give!'; valllable data on food and distribu­
tion as well as tlH~ original description of another species, T. indiC1.l!111J, 
am) Uyttenboogaart fOB) has presented a. revision of the genus and a 
description of and data concprning T. dest?vuctor. 

Laboratory studies of the effect of low temperature on T. eonfu8unn 
were reported by Payne in 1926 (17) and 1927 (78), while work on 
the resistance of T. {)a..~tanew1n to heat was given by Yokoyama in 
1925 (106) and 1927 (107). 

Mu('h empl1:H;is has been placed on the control of these very in­
jurions beetles, but, as would be expected, very little of the work on 
control concerns T7'iboliwm alone. On that relating mainly tol'1'ibo­
7iwm. may be mentioned articles by Chapman (17), Lehman (04) 
on the use of paradichlorobpn)'..ene and naphthalene, DeCoursey (35) 
on trapping in COlTugatl'd papel', and by Richardson and Hua's (84) 
on the lise of PYI'idine and nicotine. Unde]' the heading (If Control 
Measure!> (p. 47) will be found refel'ences to the more practical dis­
cussions byrecen t investigators. 
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HISTORY OF TIUBOLIUMMADENS CHARP. 

The first reference to T1'iOOZiWIi1, madens is the description by Char­
pentier (136) in 1825 of a. specimen taken from a beehive in Silesia. 
Redtenbacher's description of Ma1'gw; obS(f/1:ru8 in 1842 (83) seems 
to be of this same species. His specimen was taken in Austria. 
There are variolls other records of T. l1ur~len8 in EUl"Ope, but it has 
usnally been taken in rotting wood OJ: similar situations where it was 
of no economic importance. although it has been recOJ'ded as doing 
damage to flour and cel'e!l] products in Russia.. Descriptions of 
T. maden8 have been published by Seidlitz (02) und by Des Loges 
(38, p. 139). 

The first American record for T. madens seems to be a· catalog 
l'eference by LeConte (08) in 18GG, ChittpIHlen Wi') ga.ve a number 
of records for this FlpecieFl in the United StateR, bllt none of tlwse 
eoncern cereal proc1nets, and. he expressed the opinion that it W:Iii not 
found hl such situations. Johnson (57, 1/0, 7'), howeyt'r. eited a 
ease where it was abundant ancl causing considt'I'able tI'ouble in :t 

flour mill in Utah in the Slimmer of 1895 and recorded in 1897 (58) 
reeeiving it in flour and mill products from the States of MontillHl 
and \Vashinbrton. Two specimens in the collection of the United 
States National JIt{llseU1l1. were)..uccording to the label, taken :in gl'ound 
cereal ill It flour miIJ at LIt lir:mde, Oreg., in August 1897. Other 
~pecimens from BOllner, JIt{(1J1t., were taken in meal a.nd cereals. Essig 
(42) referred to :it as " allot-her cosmopolitan species" which" occurs 
in cereals in the west ", anel from Egypt Andres (3) recorded it as 
being "cosmopolitan :in stores." Specimens co]]ected at Newton, 
Utah, in October 1933 wel'e sent in by G. F. Knowlton with the 
report that they W('I'e ycry abllndant in 'stored wheat. All the speci­
mens in the lot were fOlllld to be 'J'. madens. 

MATERIALS INFESTED 

Tlw flour b('ctl('s al'(' known to atbl('k sl1('h a, ",i<1(' vuriety of foods 
that they can b(' said to be' practically omnivorous. They have been 
found feeding ill OWl' 100 different foodstuffs. The list compl'ises 
mainly grain and seeds of variolls lauds, flollr, meal, and other cereal 
products, but also il1C'lmleii animal matter, wood, vegetables, and 
various drugs and spices. 

FLOUR 

Flour is the material prilleipa\Jy infested by T1ibolb.b1l1. Practi­
cally any kind of floul' may be illft'sted, a11(l wIlole-wheat flour Fleems 
especially liable to attack. The flollr beetles have been considered 
second to the Mediterranean flour moth :in the damage done in flour 
mi11s but at present arc undoubtedly the most abundant and injul'ious 
:insects found in such situations.. HowevCl', they are usnally le;:;s of an 
annoyance than the moth to llllllers becHuse they do not spm Webs 
that clog up the 1)ipes and machinery. 'Vhere these pests are present 
in numbers the floUl' beCOllH.'S g'l'Hyish and discolol'(~d and will mold 
more quick1y than dean flollr. Sometimes the diiiugl'eeable, pungent 
odor given off by the SCt'llt glands :is imparted to the flour, giving 
it a disgusting tnsteand odor. 
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OTHER CEREAL PRODUCTS 

Meal and many other ground products of grain are favorecl 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 storcs, 
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 are among the worst 
of yests on ships carrying edible produce of any kind because they 
wil breed continuously and .infest practically every foodstuff on 
board. 

GRAIN AND OTHER SEEDS 

The species of T1'ibolimncannot feed on entire, undamaged grain 
because their mandibles are not strong enough to chew through the 
tough outer coating. Practically 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 nrc vcry 
common in grain shipm~nts, usually occurrmg with either Sito­
pltilU8 or Rklzopm·tha, at first more or less in the role of sCllvengel'S, 
but as the grain becomes more and more damaged they are able to do 
considemble injury of their own accord. 

Grain waste and cracked grain products such as chicken feed are 
especially liable to attack. Q1laintllnce reported corl1 in the field 
as attacked by T"lboliunb oastalleu11/" but of this the writer is inclined 
to be very doubtful. 

Excepting the grains, peas and beans of all kinds seem to be the 
seeds most commonly attacked. Cacao beans are often infested, 
and several instances of injury to cottonseed have been reported. 
There are many scattered references concerning injury to val·jolls 
seed~, and it seems likely that T1'lboli1l'ln will feed on practically 
any kind of seed, the only prerequisite being that some of the seeds 
be Cl'acked or otherwise damaged. 

NUTS 

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

DRIED .FJtUlTS 

D!'iedfruits of various kinds are often infested, but these flour 
beetles can hardly be said to be a major pest in such products. How­
ever, they occasionally do serious damage to raisins. 

FOREST PRODUCTS 

Since, as has already been shown, the original habitat of Tribolium. 
Ilppears to have been in rotting 10gb' and under bark. it seemsnatlll'nl 
that aU species of the genus should occasionally be found there at 
present. There are qUIte a 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 and 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 subsv:.r"i)n theseprod.ucts alone but use them only as auxiliary 
foods. It 'seems very unlikely that they could breed in resin. 

FIGURE 12.-Dumage to foodstlilfH by flour beetles: ..I.. l'cunutH Infested by Tribollum 
caHtllnCtim. following slight prellmlnury damage by Plodla illtcrpullctcl/a; ll, adults of
T. confullum feeding in a yeast cake. 

SPICES 

Several kinds of spices are attacked by the flour beetlos. The 
writer was able to breed T. confu~U1n in cayenne pepper with some 
difficulty and .found that they would feed and survive for months 
on nutmeg Itnd ginger. '1'hey have also been reported itS feeding in 
mustard and cinnamon. 

OTHER PLANT PRODUCTS 

These beetles have been l'epor;ted in snuff and ol'risroot,and the 
writer's experiments indicate that they are able to breed in both of 
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t.hese products. Buking powder is an acceptable food. They will 
ah;o survive for some time on brown sugat' but will not breed in it. 

The beetles have several times been report~d as feeding on yam:;;, 
garlic, and other vegetables, b:'.lt i:hel'e at'e no records of their having 
been bred from these products. Herbarium specimens frl'quently 
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 seem to have a liking for milk chocolate and will readily 
breed in it. However, this commodity tends to become sticky during 
hot weather, especially in the presence of the beetles, and they easily 
become entangled and perish. The writer has observed them breeding 
in yeast cakes in large 
numbers (fig. 12, B). 
Although no other food 
but the yeast was .avail­
able, the beetles were 
exceptionally large and 
active. indkating that 
yeast ' provid{'s a very 
satisfactOl'Y food. 

ANIMAL MATTER 

In insect collections 
Tl'iboli'Ulln may do as 
much dmn:age as the der­
mestids, and collectors 

FJuUllt: l;l.-A HDlulI cork rhlllietl lJy 'I'ri/)u IiIIIII C:IJ/I­must be continually on {IIHllm, X :~. 
tll(~ lookollt fO)· their 
depredations. Although they cannot climb glass 01' Rmooth metal 
containers they can e:lsiJy climb an insect pin, apparently by clutch­
ing the pin with their' clawR, and thus reach the mounted speci­
mens. Hides find bird skins often become infeste(l and ruined by 
these little pests. One record reports feeding 011 hog's bladder. 
Although not normally predaciolls, tht'Y haye been obsel"ved to attack 
El'lte8tia larvac. Howl'vel", it is doubtful whether this is of fre­
quent oecurrence, and exp(·riments by the writer indicate that only 
the dying Ot· diseal:led E1Jltc>8tht larvae are subject to sudi attackR. 
Ueports from India show that they alsofced on lac. They ha\'e been 
found in the cenR of bees ill Hawaii but undoubtedly fed only Oil 
the pol1en and did not otherwise Inolest the bec's. Drlcd buttermilk 
aJld milk powder have been showlI to be very satisfactory foods for 
these beetles. 

LIFE HISTORY OF 'fRIBOLIUl\f CASTANEUl\f AND T. 
CONFPSUl\f 

THE EGG 

The eggs 01: l'1'iboliu1I11 COl1fu.~WJn (fig. 14) arc oblon~ in shape, 
~ ~'el"llging 0.60 m!l1 i.n .Ieng~h by O.~!) JIlin in wid~h. The eggs of 
J. castaneu7J1, arc mdlstmguH;habJe from those of J. con!'W'J'I.bln. The 
eg~s of both species are whitish or colorless and nearly transparent. 
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The shell is smooth, unmarked, l'Ilther 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 ndhere to them. Thus, eggs which 
are Inicl in flour 01' other finely ground suustllnces nre alm.ost inva­
riably coated lI~ore or less thickly. 'rhis makes it very diilicult to 
tlptect the eml's JIl flour. 

'rhe eggst::>~re placed directly in the flom' or other foodstuff in 
which the adult is living. They may lie free in the flour Or be at­
tached to the sm'face of the contaiill!r. 'rhe adults have usually 
been said to lay their eggs in cracks and crevices, but observation'p 
indicate t1l1lt they show little prefel'ence for such places, the presence 
of fond ueillg the .main consideration, and the eggs arc placed. any­
where in the food material. . 

~'IC1UIII:l. H.-Bggs of q'l'ibOIiIIllI. CQI//I/BUIII on lin. 10 XX Milk lJoHllIg cloth, X 10. (Denn.) 

INCUBATION PERIOD 

Since external conditions have a very marked influence on the 
incubation pel'iod 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 determineti. 
'rhe majority of these experiments were made with eggs of 1'. cast(l­
1U'Uln. Egg!'; of this spceies placed outdoors in November in 1Vash­
ington, D. C., at trmpenlhlres ranging upwards from only slightly 
above freezing ull failed to hatch. Other eggs placed in Ii refrigCl:­
utor at 60 C. failed to hatch. No ('onstant temperaturt's between (i0 
and 25 0 were available so neither the killing POll1t llO!" the minimum 
ineubation tempemture :is known. Eggs kept at 35 0 likewise failed 
to hatch, while at 320 mortality was high but den·lopment rapid. 
Thirty degrees seems to be close to the optimum incubation tempera­
ture for eggs of this species. A lot of 137 eggs kept at this temperl)" 
ture hatched in frol11 3 to I) days, with an a\'erage of 4 davs. The 
records of some of these are shown in table 6. At 27 0 eggs~ltutched 
in a period averaging 5.2 days (table 3) and at 25 0 the period was 
from I) to 7 days, Ilvel'l~ging (i.days (table fi). Thirty-one eggs kept 
at room telllperature 111 AVl'Il reqUIred an average of 8.8 da.~Ts tQ 
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hatch (table 4). Here the temperature rllnged from 18.5° to 28.5° 
and averaged 22° while the hUlnldity ranged from 22 to 43J?ercent 
and averaged 32 percent. Twelve eggs 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 on in continuous dark­
ness to eliminate the variable factor of daylight. Continuous light 
slightly accelerates development. 

The incubation period for T .. confusu7n seems to be slightly longer 
than for T. castaneU7n. .At 27° C. 37 eggs hatched in an average 
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 continuous darkness. Those in continuous light had an aver­
age incubation period of 6.5 days, while those in continuous darkness 
required an average period of 7 days. An avel'uge of 12.8 days was 
required for the hatching of 40 eg~s kept where the temperature 
averaged 21° and the relative humidIty averaged 34 percent. 

FlaURE lfi,-Tribollum I'/Jd/lneum: Mature luna. X 20. 

PERCENTAGE OF VIABLE EGGS 

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

THE LARVA 

GENERAL DESCRIPTION OF MATURE LARVAE AND CHARACTERIZATION OF THE 
GENUS TRIBOLIUM MACL,' 

Length, 6 to 7 mm: color mostly white, tinged with yellow, with elors:!l PUl't 
of head capsule, tips of claws, anel terga of aU segments slightly dnrkenell, 
urogomphi and tips of mandibles testaceous, Form elongate cylindrical. about 
eight times as long as wide; dorsally conve.x, ventrally slightly fluttened; ninth 
abdominal segment subquadrate in shape, hlcol'l1ute; head and tel'ga of all 
segments clothed with yellowish tactile hull's; body provided with a few long, 
thin, yellowish setae, those on ninth abtlominul se/"rtnent more numerous, 
Dorsal half of head ('apsule convex, not punctate, frontul ungle not rulsed or 
produced, OcellJ, represented by two trans\'er~groups of pl/"rtnentf'd opthhllimle 
~!JIots on each side of heud, sometimes indistinct, Antennal articles with fh-st 
slightly lon/"rer than wide; st'Conll uhout twice liS .long as wide, nellrly twlt-e as 
long as first article, ()jstully bearing a minute suppiementary appendix; thll'd 
(uplcal article) smllll, elongate, l'yllndrlcal, ahout liS 101lg liS first. Clypeus beur­
ing two setae nellr each sidelllurgln, Labrum without transverse elevation 01' 

• By R•.A, ~t, George; btlHCd Oil Illrvull tJf 'I'ri/lfillum· ca~tancu",. Ubst, ullIl 7', CUllfuIIU", 
J, du V, In the collection of the U, S, Nutional lluscum, " 

1260Iio-36--:i 
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series of spines across mediall nt'ea, the latter provided with two prominent 
setae cuch sidc i along untero-laterl1l margin Ycntricnlly, tlll'ce sllOl't spinelike 
setae, 1\lallllibles of right: and left sides differing ill shupe slighl'ly i both upi­
cally billd, each with III I lul!1ltionHI tooth alonl' dorsnl margin of cutting edge 
between apex and molm' part; tooth or right mal1(lible placed neal' ap(~x, that 
of let:t near molar part; ventrally wllh cutting edge deeply excaVllted i exterior 
surface cilstally roumled, l)l'oxhiially sllghtlj' e~cavated, without memb1'llnous 
elevation 111111 without tuhere\l' neill' fossa; usually bearing three setue on dorsal 
side, one placed distally about midway betwcclI apex and 1'ossa, one phlcerl 
llroximally near fOSSil, IInti the othm' usually placcd about equidistant between 
them. Bpiphar,ynx wil h minute puh'ed hookS 011 soft-skilllwd pOl'tloll, Hypo­
llhuryngcul sclerOllle absent, region membrallous, Prothol'l1cie legH only slightly 
larger thun mcsothol'lJ.cic a1l(] metathol'ucic vuirs, Spit'acles annular, with cir­
culur mouth pieet', Ninth abdominal sl'glllellt; distinl'tl~' shorter than eig'hth 

widel' thlln long; U1'ogolllphi l1i­
l'Pl'teri lIPW:U'r\ lind backwllrll 
(llot hoop f;hll(1Cd) ; sille lIIurglns 
withont silort H)Jinelilw setae; 
ninth fll'el'lIl1lll hellrillg' a few 
HP!':ie, An:ll pSPuIlnp()ds rliSUIH:t, 
I)uil(' long'. ('~·iillt.lrieaJ ill Hbu)ll', 

FIELD IDENTIFICATION 

The 111l'Vae of l'1'iooli1tln 
may be readily distin­
guished from the somewhat 
similar appenring lal'vae 
of Gnatlwcm'u8, Pa707·1l.~, 01.' 

Lllpllilooi'u8 by the promi­
nent two-pointed or forked 
tel'l1tinatioll of the last body 
Rcgment (figs. 15 and 16). 
III eneh of the other genem 
nwnl iOIH'd, thn hody tCI'mi­
IlHtPH e1llldally in a singIn 
point. In 1'ene7n'io there is 
a. sJIlall fOl'k, HOllw.wilat in­
h'I'JIlPdiate behveell that of 
Triooli1l1n a nd the single­

l~ff:UIII'l 1(1, - LUN'IIl' of '1'I'ilj()lillll~ ('(HilI/XI/III; pointed tel'mination of Gna­'I'h(' HilI/til olin I~ II I hll'lI.IIIHIIII' IIII'\'U, I he 
othl!rH UrI! Blxth-Illijlur IUI'\'II(', X H, t!wc:el'u8, etc, 

NUMBER OF LARVAL INSTAHS 

Actual cOllnh; of the number of larvnlinstal'sin 1'. confu8um, have 
previously bee II made by Chapman and by Brindley. Chapman (17) 
gives the idea that thet'e are always 6 instal'S, but lai'er: shows that 
external conditions, especially food, llllly increase this number to as 
many as 12. III ol'der to determine the exact numbt'l' of Inrval in­
stnl's, the writer' placed eggs of both specie~ of l'~'ib~li,,!-(II,/; in separate 
small vials and obsel'Ved them each day llntIl the 1I1til\,I1.1l1l1ls emerged 
as adults. One hunched and thil,ty individuals wel'e thlls observed. 
Various conditions of tempemtlll'e; hUll1id~ty, and food were coveL'ed 
in these tcsts. Aft!,'l' ollch molt; the eXUVlae wore removed nnd re­
cOl'ded, 'rh,'ough these obscl'vations the wl'iter.' has <1etel.'minecl that 
there is 110 fixed Illllllbet' of larva I, iIlSl!II'R, the ntllnbel' I'llngi ng from 
5 to 11 01' more, and that the uSllul nlllllbel' is 7 or 8 instead of n. 'rhis 
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variation is due to both external conditions, such as food, temperature, 
humidity, etc., and to individual characteristics entirely apart from 
external influence. 

DURATION OF THE LARVAL INSTARS 

Detailed results of the w,ork on the life cycle of Triboliwm 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 ~erio(l for T. confulnun is somewhat longer than for 
T. castaneum. The pptimum temperature for the development ap­
pears to be 30° Co for both species. Growth is rapid in such foods 
as whole-wheat flour, middlings, bran, and corn meal, but very slow 
in white flour. 



------ -------- ------ --

TABLE 2.~Developmentai data on Tribolium confu8um at 27° C. ~. 

.. 'd 6­'" Dtiratlon of)l\fvalinstars I .. !.3 .. ,*'g ~.= Kept 
OJ) 

-'g '" " in light o:-g "" ·n IIIIndividual no. ! 0;:: 0;:: -0- Sex ~~~~I Food0 .:: ",,3
-5 '0 ;; ~!. -5! ness'c "" ~ -5 .. .. "tOg ~.OJ) 

c 11 .,8 :a"".. 1i 
0 "" t: :i '".. -;;, c ~ c c 3a (D) 

.4 f=t tIJ E-< r.. ~ 00" '" ~ Z ~ .4 ~ ~ '" --_. 
DaV_ nag! Dag' Dag! Dag! Dag! Dag! Dag! Dag! Day! Dall! Dall! Dal/! Dalla 

1.••••.•••__ ._••• _••••.•._..•••. ___ .•_.• 6 1~-2 4 4 5 5 5 _._..•• ------- ------- 7 31 8 45 Male •••• D Middlings.
2 ••••_•.••__ ._•._••••• ______..•_....__ . 4 4 _._ ... 45 Female._S 1}2 4H 4 4 _ ------- ------- 8 30 7 D Do.3 __._.____ , • __ . ____••••_•..___ ._.__ ._._ 8 4)1 4 4 4 4 5 _" __" ------- 5 32 7 47 . __ do ••••• D Do.-4_ ••• ___ ._. ____ ._.____ . ___ ••_••••_. ___ ~)1 5 •__ ••__ Male •• __6 5 4 4 5 ------- ------- 6 31 9 46 L Do. IJI__••••"_'_" ____ •••_•••••••___ •••_• __ 6 ._. ____ __ .do__••_5 4 5 4 5 ------- ------- 8 33 8 46 D Bran.tI __ ._._ ••___•__._.___ •__ •••• ____ •••__ • ~H i _______ ~ 7 4 5 5 6 ------- ------- 6 36 8 51 Female._ D Do.

5 ._. ___. ___ do_••_.J,..-----.--------.--.•.-.-.-------- __ 8 2 5 5 4 5 ------- ------- 9 35 9 52 D Do.8,•• _. ___ ••••••_____ •.• ______ •___ •. _••• __ .do•••_. ~.
6 2 4 5 5 6 6 6 ._._._. 6 40 8 54v.•___ •______ ..__ '.'__ "'_______________ 4 _______ ------- _._do_____ D Do. IQ.

1.0_____________________________________ 7 3 5 6 5 6 85 _______ --.---- 6 40 9 5d D Do. ___do____ • ..QO 
1 L _______________ ._ •__________________ 7 2 6 5 5 9 6 --.----_______ ------- 8 43 9 59 ___do___ ._ L Do. 
12___________________________________ ._ 8 4 4 5 6 6 6 7 _______ ------- 7 44 9 61 ___ do_____ D Do. 
13_____________________________________ 8 1)1 4H 8 i 8 10 7 53 9 70 D Do.5 _______ ------- Male____ ~ 

7 2 13 i 7 7 5 9 55 10 72 L Do.14_____________ •_______________________ ------­5 _______13 Female__15____ _________________________________ 8 IH 8 14 5 5 ------- 9 60 9 77 D Do.7 ____ •__ ___ do_____ !Jl 
16_._____________________________ • _____ 8 IH 5)1 7 9 8 8 108 _______ 8 64 8 80 D Do.Male__ ~_].7_____________________________________ 6 IH 5 8 S 6 i 8 _______ ------- 9 52 8 66 D Oatmeal. 

7 2 4 6 S 6 Female__18________________________________ • ____ 7 8 _______ --.---- 9 50 9 66 L Do. ~ 
5 IH 7 6 S S 7 10 55 Male.___19__. __________________________________ IS _______ ------- 9 69 D Do. 
S 3 8 6 8 7 8 11 59 76 ___ do.____ f,20_ ._. __ .~__________________________ ._ ------- 9 Do. ~ 9- ___do____•

21._________________________ • __________ 7 2 5 8 9 13 10 8 8 7 107 6 120 L Do. ___do_____
22___ • _________________________________ 8 IH 4)1 6 7 8 18 25 ------- ------- 19 89 8 105 D Whlteilour. 
23 ____________________________________ 8 2 4 21 40 ------- .... _-- .. - ------- ------- 35 112 9 129 D Do. ~10 ___ do__~." 

• 4 9 _______ ___do.,.__24._____________________ • ______________ 7 3 5 5 6 8 ------- 25 65 (I) ------- D Do. 
25________________________________ •____ j 2 5 6 7 9 15 10 15 (.) ------- --.---- ------- ------- ---------- D Do. 
26______ ••___________________ • _________ 7 2 6 6 8 j 10 13 ------- ------- ----.-- ------- ------- ---------- L Do. 
:rr______________________ •______________ 6 2 5 5 8 9 16 14 ~:l ------- ------- ------- ------- ------- --------- L Do. ~ 
28__ ____________ • _____________________ 8 2 5 6 9 10 16 (2) ------- .._----- ------- ------- ------- ----.-- --------- D Do. 8~ s IH 5H 5 5 7 14 (2) ------- ----.-- ------- ------- ------- ------- --.------- D Do. 8 

1-3
I Thll fractions are approximate, and the full larval periods have been rounded to whole days. IDled. 

~ 



-~:; 

TABLE a.-Developmental (lata o,~ Tribolilllll· castaneulII· at 27' C. 
------~--~---T---.----~~-----------

· CI· ·1' t Length ID tLength I ura IOn 0 nrvn lDS ars Lcngth Length oC de· 
Individual uo. oC egg . I oClnn'nl oC Pl!pal velop- Sex FoodI I I I I I I I 

_______1 stnge First I<;ccond Third Fourth Fifth Sixth Scvcnth Eighth ~ Last period llenod =~~II_____________ 

L ..__ . __ ..........._ 

t=::::::=:::::::::= 
5.___••••••.••_...... 
6 ..._._._.. ____....__ 

~~~~~~~~~~~~~~~~~~~~~ 
11-.__••••_••• _••••• _ 

Da ys5 

;
0 
5 

~ 
5 

Days2 

~ 
2 
2 

~ 
2 

Day~ 

! 
5 
i 

~ 
4. 

Dav~ Dau~ IDay~ .~~!.s•• •~~~.!_.1.~~~.8...~~~.'._ Dau~ IDa
U
;2! 

i ~ t ::==:=~: :::::::: ::::===: :::::::: f '~ 
0 4. 5 6 7 •_______ ._._._._ 6 40 
4 5 5 5 7 ____ •___ ._______ 8 43 

1 ! !::::::~: ::::::r: ~~~~~~~~ ~~~~~~~~ I ii 
4 4. 4 5 ._.".•.•__ .. __.....___ • 5 28 

DaY 
S7 

~ 
8 
8 

~ 
8 

Da~'4 Male ••••• _._ Middlings. 

fi ~::~~~~=::=: E~: 
53 Iale.__ •___ . D . 
56 Female______ Do. 

~ ;~~~~~~~~~~~~ Bra~;;
41 emale______ Do. 

~ 
8 
g 

'" t:Ij 
t:Ij 

i~:=::::::::::::::::: 
14 .._____.........._. 
15_....._.......____ • 
16____......... _... __
li __________.________ 
IS_....__ • ____ ..._... 
19.___ ......_..._.... 
20•• __ ••••_..._...... 
2L_.________ ......._ 
22___ •• ____....._.... 
23 _____...._•• _______ 
240 ••______ •••• _.____ 
25 .....__ ......_. __ ._ 
26 __ • ___ ._. _____ ._...
27.._. ______ • ____ • __ • 
:28_. _______ ........ ., 
29...__ .........____ . 
30____ •••••• ___ ..... _ 
31.._••• __ ........... 
32._... ___• _____ ..._. 
33. _____ . __ .......... 

g
6 
5 
6
6 
6 
6 
5 
5 
5 
5 
5 
5 
6 
6 
5 
6 
5 
5 
5 
5 

~ 21 
2
21
1 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 

~ 
6 
G 
4.
4. 
.J 
4. 
4. 
·1 
4 
4 
4 
4 
·1 
5 
6 
6 
6 
5 
5 
6 

1 
5 
3 
4.
4. 
4. 
4. 
4. 
5 
4. 
4. 
4 
4 
4 
5 
6 
9 
6 
4 
7 
8 

~ 
4. 
3 
4.
4 
:I 
4 
4 
7 
3 
3 
3 
4 
5 
4 
4 
0 
6 
4 

10 
10 

: 
5 
4. 
4.
4. 
·1 
4. 
:; 
5 
01 
·1 
5 
4 
4 
5 
4 
6 
6 

10 
10 
15 

~ :=:::=:: :::::==: ==:::::: 
5 ••_••• _••• _........._.__ 
5 ...___ •__ ••_____ (_._____ 
4. 00 ____ ._ ""---T---"'­
5 •• ___ .....____________ ._ 
5 _....... ____ •••• ,_00'_" 
5 •••_•••• _...._•.1........ 
4. ___ ••___________ ,.__ ..... 
6 6 ___ ...__ ".,,_.. 

..._____ .. __ • ___ ........____.____ 
_____ . ____ •_____1. __ • ________ .___ 

4 "'00_"_ ..._•• _.' ..______ 
5 ...__ ••••_••_...1. ..____ • 
4 •• ____ •. ____ • __ .,1 ___ • __ •• 

•__ • ______..________•• __ •• ______ 
5 .._____ • -.--.-•• ____ ....1 
7 10 • ______ • ____ •__ , 
7 6 0 __~ __ .__ 
7 12 •_______ •__ .____ 

14 13 ______.J_______ . 
12 9 9 11 

f 
9 
0 
6
0 
6 
6 
i 
i 
8 
8 
0 
7 
7 
8 
8 
7 
6 

18 
6 
9 

~g
36 
29 
28
28 
2S 
28 
30 
42 
25 
25 
2S 
30 
30 
29 
35 
53 
54 
62 
67 
90 

~ 
8 
7 
7
7 
S 
S 
8 
9 
7 
7 
i 
S 
i 
8 
8 
7 
i 
6 
n 
7 

:~ -1.fil~~~:::::: ~~: 
50 Female___ ._. Do. 
41 __ • __do___ ••_. Whole-whent flollr. 
41 Male___. __ • Do.
41 Female_._ •• _ Do. 
42 IIfale__ ._.___ Do. 
42 }"emalc••__ ._ Do. 
43 :i\fale__ ._____ Do. 
56 Femalc___._. Do.. 
37 Male______•• Corn menl. 
37 Female_____ • Do. 
40 Male________ Do. 
43 _____do___.___ Do. 
43 Female______ Do. 
43 .Male__ ._____ Do. 
48 Female.__ .__ Do. 
66 Mnle__•____ • Do. 
66 __ • __do __•__ • Oatmenl. 
73 _____do_____• Do. 
78 Female.____ Do. 

102 Male______ ._ Do. 

~ 
rn 

o 
I::j 

'"" ~ t:Ij 

'" t:Ij 

Z 
d 
rn 

~ 
til 
o 
t" 

.!~~~~~~~~~~~~~~~~~~:~ 
3S•• ____ •• ______.. __ •
39••_______ •___._.... 
40.______ •______ ._... 
41..__ • __ •__________ • 

f 
5
5 
~ 
a 

~ 
2
2 
~ 
_ 

f 
5
6 
.6 
5 

1~ 
5
6 
8 
5 

:t 
8
6 
8 
8 

~~ 
11
13 
11 
28 

...__~~_ ...~I~~:. :::::~~: :::~~::: :=:::~;: :=::=~i: ::::::~: =:==:ii= =ii~~~~~~~~~~ Wh~:~our. 
15 j 17 26 ----....j 14 I 103 0 114 •____do___•__ • Do.
19 (I) __________ • ____ • __•••• _____ • __________ • _____ ._._ ..____ ._______ Do.(:j ..__.__ .I, •._. ____ !.______.,._..____ '_"" __ ..__ _0_. __ •__•____•____ .______ Do. 

( ,_.____ ••______ .:_______ .,. ___ •___ ,._______ •_____ ._ •.__ ..__ •__ • ______ .___ Do. 

a 
~ 

~~:::::::::::::~::::: ~ . ~ ~ ~ 19 (1)25 ._.:I____!::::::::I::=:::::l=:::::::I:::::::: :::=:::: :::::::: :::::::: :::::::::::::: B~: ~ 
1 Deall. 
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TABLE 4.-Data on dellelopment of Tribolium costaneutll at r(jom, temperatures in Washington, D. G., in 191'10 ~ 
Incuba· Date or Length Date of ILength Dnleor I..ength Date or Length Dnteor Length Date of Length Date of ~Date egg Date egg of of of of of

Indi\'iduni no. Uon, first second' s~fnd third fourth firth sixth seventh t.IJlaid hatched first third fourth firth sixth
period DlOIt Dloit Dlolt Dlolt molt molt CInstar 1D0lt Instar instar instar instar instar 

-------------- ----------- ,--- ----------- --- -'-"--------- ~ ... 
DaU& DaU3 D~V3 DouJ DaU3 Dav& Dnv~ 

1.._.- .•-._ •.._._._.... Apr. 1 .\pr. 10 9 Apr. 12 2 .\pr. 20 8 Apr. 2; 7 May 2 5 May 7 5 May 13 02. _____ ._.__•• ______••_ ___do_ ••• . __do. ___ 9 ,\pr. 13 ___do. ___ 7 ••_do_.__ 7 ••_do____ 5 ••.do__ ._ 5 •__do••_. 6 ~33._. ____ ••• __..... __ ._. __ .do.___ __.do____ 9 ._.do___• 3 Apr. 23 10 ''1lr. 29 6 May 4 5 May 9 5 May 14 5 
j~-....-_.-- .--..--..... Apr. 2 Apr. 11 9 Apr. 14 3 Apr. 26 12 1\ ay 2 6 May 8 6 May 14 6 May 21 June 1 til ___do____ ___do____ 

{L__• __ ••• ____.._. ___.. . __do. ___ ___do ____ 5 ___do. ___ 5 •__•____ ._ 
11.__-.--••_••• __••_•••_ 9 Apr. 13 2 Apr. 21 8 Apr. 27 6 May 2 5 May 6 4 May 10 4 ~ 

9 •• do ••_. 2 Apr. 20 j Apr. 26 6 MIlY 1 ..--- ..... ___do ____ ___do____7____•••••_____......__ II •• _do •••_ 2 .\pr. 21 S Apr. 27 6 May 2 5 May 7 5 May 12 5S. ____ ....._______ ..._. ~•••do. ___ •••do•• __ 91·..do•.•• 2 ' .••do. ___ 8 .\pr. 2S i .._do••_. 4 May 6 4 May 14 8
9•• __._•••_.___ ._.____ ___do. ___ ••_do. __• 2 .\pr. 22 9 Apr. 29 ; May 4 5 May 9 5 May 15 6 May 23 ~ 

___do. ___ •__do____ ___ •• 9r.dO.--- ; !iii10 ._••••••••_._••_ n ,\pr. 14 3 Apr. 23 9 Apr. 30 Mil)' 5 5 ._.do.___ 4 May 13 4 May 21 
... 

11.___ ._••• _••••_•••_••.•_do. __• •••do. __• o ,\pr. 13 2 Apr. 22 9 _••do. __ • 8 May 6 0 May 11 5 May 20 9 June 3 
12._•• _••"" .......... ._.do•••• .._do•• _. n •.•rlo.___ 2 Apr. 24 11 May 6 12 May 13 i May 23 to June 3 11 June 11 
13._____ ._.,. __ ., ''''__ ••_do. ___ •••do_••_ 2 •••do. ___ 11 Apr. 30 !l May 5 5 May 11 0 May 17 6 May 26 • 
14..................... •••do••_• •••do••_. g':J~:::: 2 Apr. 25 12 Mny 3 8 ]\IllY 9 6 May IT 8 Mol' 26 0 June 3 '"...C7J 
15•• _..........._._•••• Apr. 3 •••do••~. 8 .\pr. 14 3 Apr. 2<J 15 MlIr 7 8 ]\IllY 14 i May 22 8 June 2 11 June 8 

Ift••••__ ............._. •••do••• ,Ar-r. 12 \l Apr. 15 ~ J\ pr. 27 12 Mol' 6 o •.. do._._ 8 •••do._ •• 8 JUlie 1 10 Do. 

17. __•• __••••_••_••••,. Apt. 2 __.do•••_ 10 Apr. 16 4 Apr. 22 o Apr. 2<J 7 May 4 5 May 9 5 May Ii 8 ~ 
18.__ ..............._•• Apr. 3 Ajlr. 11 8 Mlr.I:1 2 Apr. 21 8 Apr. 2; 6 May 2 1\ Ma)' 0 4 •••••••••• ..-- ........


•••do•• __ 3 _••do._ •• j •••do.• _. 6 •••do••_. ]\lay 1419••.••••••••••"""" •••do._•• 8 Apr. 14 5 Mill' 7 5 i rn 
21..................... •••do. __• .•.do.... Ii ••.do••_• 3 Apr. 22 S .\pr. 2S Co May 'j Ii r.lay 8 5 """"" ........... -. 

21. ____ •• """"""" •••do_•.• Apr. 12 2 Apr. 21 i Apr. 2; 6 ]\lay I 4 "lay 5 4 ••••••,.__ .. _............. I:;j 

22•••••• _.............. •__do•• _• . _do •••_ :: ,:::~~::=: 2 •••do,, __ 7 •• ,do. __ • 0 ]\Iny 2 1\ "Ia)' 6 4 • __ ••_•••• .. --_ ....... t.IJ 

23 .................... ••.do•• _• .•_do.__• 11 _.do .... 2 •••do._ •• i __ ..dv ....... II .••rlo •••• 1\ ~fny i 5 ]\lay 12 5 

24.__.................. •••do•••• •••do•••• 9 __.do•••• 2 Apr. 2'\ 9 .Apr. 211 6 .!\fill' 4 1\ May 9 5 ]\Iny 1<1 5 ]\loy 24 ,,~ 


••do•• _ , 2 __ .. do___ .,25._ ................... Apr. 4 ._.110._•• 8 !I 1I1ny 2 0 1I111Y 0 i Mny 20 11 June 3 14 June 14 
26•••..••••••• ____ ••••• •••do•• _. •••do•.•• 8 .\pr. 15 3 Apr. 2.1 1IJ Mllr 4 11 l\fny 1:\ 0 l\lny 28 1.1 JUlie 11 14 June 18 0 
27 ___ ..... ,. .... _ ........ _......... _.... .••do••• Apr. 13 9 Apr. 16 3 Apr. 27 II Mnl' 1.1 1~ June 2 18 June 14 12 June 22 ~ June 20 I>j 

28....... ___"'''_'''' ._.do.__ . .Apr. 12 • Apr. II 2 Apr. 22 S Apr. 211 7 Mol' i 8 l\fay 28 21 June 21 21 July 3 

20..................... ••_do••_. •• .do._ •• ~ .\pr. 1.5 !l Apr. 24 \1 Muy [;1 11 May 30 25 June 25 2q Julr 22 2; >­
:«1••••• ""_"" ___'" ••_do._•• Apr. t:I !) ,,,do.... 2 Apr. 2:1 8 Ma)' 2 II May 11 U June 5 25 June 24 19 ~ 
31•••••••_............. ...do•••• •••do. '" n ; .do. __ • 2 Alir. 21 ~) May 1\ Il r.lny ZIt 15 June 3 H June 15 12 June ~ t::l... 

0----- -----'---- ,----- ­

~ 
~ 
~ 
t.IJ 



., 
,~l 

LenlthLengthDRteo! l.eDathILeillllh Date olde­Lengthl Dateo[ lLenrhl Dnteo! ILenfthl Dateo( lLeDl!th 
pupa· ofla.~t c>r IIdult or ""lop' Food SexIndividUAl no. .iev~~th eighth eigOhth ninth nl~th tenth te~~h Instar la"'al pupal mentallion emerpd <Ilnstar molt instar moit Instar molt InstAr period perTod period ·0 

________1__1___1__1___1__1___1__1___1__1__1___1__1 ~ 

Dar. Da.; Dar. Dnv. Dar. Dar' Da(I& Dar' . 

t::::::=::::::::::=::~ :::::::: :::::::::: ::::::~: :::::::::: =:~::::: ::::::=::: :::::::: g:~ ~ H :~ _~~L ~_ H !~ :~?:~E::_:_:_:_=-::::: 
...~_._____ • ___,_________ 11 June 7 6 ______ ._, •••_._.___ ••_._......__••• .June IS 11 \18 June 26 8 S~ •••••do..___....... 
11._.______• _______• __________ ._...__ •••___ ••__._••••. __•__••••• __ ••____•••• __ .,.__ Mny 2:l 12 41 June 3 12 62 Whole-wheatllour. 

~:f:~::~~:~f:~==jf~~j :::::f ~~:~~~~ ~~~~:~~ ~~m~~m m::~:: ~~:f:jj:~~ f:j~:j~~ -r~1- ~ j -l~-;r Ii ~ j~~~~j~f:~:m
11..______._._____•____• 14 ____ • ______ ._.___• __ ._. _•••••__• ____ •_____ ••_____•__.. 31lno 111 15 \18 June 25 7 84 Corn meal. ---.... 
12... __...._______...___ 8 •___ •___•_____ • ____: ___ ....___ ••• _______________________.do•• __ 7 68 _..do____ i 84 __...do••-.--.... .. 

It:::::::::::::::::::: g:::::::::: :::::::: :::::::::: :::::::: ::::::=::: :::::::~ i~~: tr I~ g~ .~~:.~~. ~ f~ :::::~~:::::::::::: 
lIL_....__..._ .....___ 6 June 14 6 ......"_'" ................_.__• __ June 23 9 73 June 211. 6 87 .....do_ ........... 
16•••_.__..__.......____ 7 ••_.___ ..........____............._ ........__ ........ June 19 11 68 June 25 0 83 .....do___ .._•••••• 

it:::::::::::::::::::: ::::~:=: :::::::=:= :::::::: :::::::::: :::::::: :::::::::: :::::::: }~~~ 1~ :! ~t ~~! ~J 1: g~ ~~~~~~~~:::::::: 
21......__•••_........_................_........__ ........_ ~_ ..._........__........,. Mny 19 II 38 Juno 1 13 69 ... _.do.--.......-. 

.~~~~~~~~~~~~~~~~~~~~~~~ ::::=i~: ~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~ :~~~~~~~ ~~~~~~~~~~ ~~;~~~:~ lm ij l! II r~i:i !! ~ ~~~J~~~~~~~~~~~~~ 
25..____..........____•• 11 J\1ne 21 10 Jllly 7 13 July 21 H ."ug..20 30 lao ......._....____._ ..__ .... OatmeBI. ......... 
26 •• __............_._.. 7 Juno 26 8 July 4 8 July H 10 July .2:1 9 102 July 2'3 1\ 1\5 ._...do............ 
ZT...._....._____._..__ • 7 July 5 6 July 12 . 7 .July 2.1 1\ AUI!. 1 9 110 AUI!. II 1\ 124 .....do........._.. 
28.......___...._______• 12 July 26 23 Aug. 2 (I) ......................................__.........__•__ ..--............ While lIoll~._ ..... 

~::::::::::::::::::.::: :::::::: :::::::::: :::::::: :::::::::: :::::::: :::::::::: :::::::: 1~1~ 18 M 1~ ~~~ l~ ~ l~ .::::~~:::::::::::: 
31.................._... H July 18 19 •• _..._.........._ ....._............ Aug. 1 26 116 Aug. 13 0 I3l •___.do___ ....___.. 

I Dead. 

Male. 
Female. 

Do. 
Male; 

Do. 
FemAle. 
Male. 
Female. 

Do. 
Do; 

Male. 
Female. 

Do. 
Male.· 
Female. 

Do. 
Male. 

Do. 
Do. 

Female. 
Do. 

Male. 
Do. 

Female. 
Male. 

Do. 
Do. 

Female. 
Mnle. 
Female. 

~ 

S 
~ 
b:I 
lIJ 
lIJ 

re 
CIl 

0 
I'lj 

H 
~ 
lIJ 
Q 
lIJ 
~ 
c:l 
CIl 

~ 
S 
0 
~ 
c:l 
I( 

i,>i~ 
~ 
~ 

1, 

~ .... 
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T.ABUJ 5.-Data on tk'Velopmelltal period of Tribolium, <-'(/lJta·/ICtlll~ at !,'j0 O. ill 
wholc-wheat flwr 

OJ ;; -g;:::I Duration 01 Inrvallnstars I <- Co 
~ .;g l~'0= =-g 

:l 

.., 
'Iii'" '" <I £; 1:: .c ~ .c .. .. ~8. 

Individual no. .c- CIa:: CIa:: -o! Sex 
.c 58. .cr:: .. z <I is<I :l <I!l ~ .c CI .!:I '" .!!f ::l ~ I« I1J E:-< I« ~ I1J en '" ~ .... ~ ....'lI ~,g 

Dar. Da,. Da,. Da,l' Da,l' Da" Dar' Dar' Dar. Dar' Dau. Dau' Dau'1__________________ 7 2 6 4 6 Ii 7 •______ ._. 8 38 8 53 Male.2__________________ 7 I~ fl 4U .~ 6 8 _____ _____ 11 42 8 57 Female.3__________________ 5 2 7 3 5 5 10 _____ _____ 12 44 10 59 Do.4__________________ 5 2 6~ au 6 6 8U •__._ _____ 13 45 II 59 Do.5__________________ 7 IU 6 4 6 6 7 _____ _____ 12 42 13 62 Do. 
5~ 6 00 Do.6__________________ 6 2 4).2 7 Ii 8 8 Ii II 54 

7__________________ 6 2 6 4 5 6 10 II 11 53 7 00 Mule.
8__________________ 6 2 8 4U 7 fl 6 7 5 1/ 54 6 00 Do.9____________ ••_••_ 6 1).2 6 4 7 5 8 7 15 53 7 00 Do.10________ • ____ .___ 6 2 7JAi 4).2 6 7 8 8 12 55 6 67 Do. 

9 76 Femnle.
11 _______________ ._ 6 2 7 5 5 7 1/ .____ _____ 26 61 

I The fractious are approximate, and the full larval periods have been rounded to whole days. 



TABLE 6.-Data on ilevclopmcnt of 'l'ribolium caslancum at Soo c. 
Duration of hU\'lIi instllrs I 

Le~th 
Length I,cnllth of e· 

Indlvidunlno. of egg ;; orlarvnl ofpupnl velop· I Sex Food"",,,I 
C il 

.<:: 
stage .<:: ;; .<:: c period period mental .... 'E t: .<:: .<:: ., .<:: :- ~ 

~ 8., :a " 0 ~ ~ :- il 11 ~ III '" period
'" r;:; en E-o ... ~ en w '" f;j 

til 

Z E-o f;j ;-J ~ 
1--1--1--1--1--1--1--1--1--1--1-1-1--1--1--1--------"'-.-- ­

!oj
1JaV8 DaV8 Dall8 DaVo Davo DaU! Dauo Davo Dav. Dails Davs Dav! Dav. Dliv. Dav. Dav. 

L ........•..•....•.•..... 4 2 2 4H I~ 4 4 .............__... •••••• ...... 4 22 oM 32 Female.. .. Corll mea\. S 

2 ••••••••••••••_........._ 4 1 5 4 2}'l 3H 3 •••_.. ...... ...... ...... ...... 3 22 oM 32 ...do....... Do. 

3 ••_•••••.•••__ ••_•••_•••• 4 1 5~ 3 3 3 3 ...._. ...... ...... ...... ...... 0 24 4 32 •••do....... Do. ~ 

4•••••••••• , ••••_••_."'" 4 1 5M 3),~ 2M 2J\! 5~ ...... ...... ...... ...... •••••• 4M 25 4 33 Mole...... Do. 

5 ••--...................._ 4 1 5 2~ • 3 3~ ........... , ...... ...... ...... 8M 28 4M 36 ...do....... Precooke,l wheat cerc;l\. g;

6 •• _...................... 4 1 O~ 4M 1~ 3)1 3k1 8M 15M 11 11 31' 16 ............._...................... Do. 


~7. __....__ .•__.......__ ... 4 2 6 4.!1 2ki 3H 5 6 11M 19 18 3 19 ...............................~.......... Do. 

8 ............_........... 4 2 4 3 4 3 5 12 • 14 .......... , .....__ .......................................... Do. 

9 ......................... 4 1 oH 5 3~{ i 5M' 8M ..................................................,..• "'''''''''' Do. 

10........................ 4 IH 2~ 3 4 .....................". "'''' 5 28 4 36 Male...... Dog biscuit. ~ 


6~' 5M rJl
II........................ 4 1 7M 3M 1M 2 3 3 ...... ...... ...... ...... 4 26 4M 34 •••do....... Do. 

12••••.-................__ 2 4Ji iki 3~!i 2~:; .................. """ ...... ...... 6 26 6 37 •••do....... Do. o
~J~18__••__.. _. __ ........... l}~ 5~ 4M ~~{ 3~ 5 11 __.....,.... ...... ...... 14 49 6 59 ...do....... Pancake flour. !oj 

H ........................ 4 2 5 5M 4 3M 5 ll...... ...... ...... ...... 16 52 6 62 ...do....... Do. 

15........ __ ............. . 4 1 '7,{ 4 4 3 5 8 10 5 ...... ..... 5 63 6 63 ...do....... Do. ~ 

16..._ • __ ................ 4 I 5 5H 3H' 3 3~l 12 11 II ••_......." 9 03 4 71 Female.... Do. III 

li......._................ 4 2 6 5 4 \ ;~. 5 10M 11 7 ...... ...... 12 6i 6 77 •••do....... Do. ~ 

18... __ • ____ ._...... __•••• 4 H:i' ;;% 4M 3~ ( 4iU 11 7 9 10 ...... 14 78 6 88 ...do....... Do. 

19.................___ •••• 4 1 6~ 9 3 . 5 g 9H 7M 11 13 16 7 97 6 107 ...do....... Do. Cl 

:20........................ 4 1M 9 4ki , ikl .................: ...._............................................................. Red pepper. ~ 


21.....................__• 4H IH oM 5~ • 4 ..... , ........_..................................................................... Do. Z 

22.................__..... 4 1~ 4ki 4M 2H 3 4 .............__... ...... ...... 6 26 4 34 Male..._.. Oatmeal. Cl 

23__...__ • __.............. 4 I~ 5~ 4M 3 3 ..............__.....__• ...... ...... 8 26 4 34 •••do....... Do. rJl 

2......................... 4 Hi 5M 4 2U 2U4ki ...... ...... ...... ...... ...... 8 29 4 37 Female.. .. Do. 

25........................ .M Hi 5 4 3 3~ ..._............................".. Ii 35 5 44 1IIale...... Do. 

26........................ 4 IH 14M 4~~ 3 6 6 i 10 ...__• ...... ...... 13 66 6 76 Female.... Do. 

2i...................__... 4)-2 IH 5~ 4M 8 Ii 25 10 8 14 10 • 10 .......................................... ))0. ~ 

28........................ 4;!i IH 5~ i 3 4 8 4 •••••• ...... ...... ...... 7 40 5 50 Female.... Rye flour. 

?I........................ 4 I~ 5 8 4 6 ......._.................._... ...... 47 72 5 81 Male...... Do. 

30........................ 4 l~ 5 H{ Do. 
 §
31......__................ 4 1M 3~ 5~ ~M ...~~ .•J.~•• :::::: =:==:= =::::: .::=== =:::== '''ii'' ....·22· -....... "'''3i1 'Miii~::=::: Whole·wheat flour. 

32..._........ ' __" __ ' ••_. 4 1M 3M 4M 6 4 ............ ".". ...... ...... ...... 3 22 4 30 ...do....... Do. ~ 

33......................_. 4 1M 4M 3M 6 ...... ...... ...... ...... ...... ...... ...... 7 22 6 32 Female.. .. Do. 

31......................_. 5 1)-2 4M 3k1 2U 3~ 3 ...... ...... ...... ...... ...... 6 24 5 34 .~.do....._. Do. 

35........................ 5 1)-2 4 3M 3" 3 3 .........................__... 5 24 5 34 •••do....... Do. 

36...................._ •• 4 IH 5M 2M 4k1 3k1 4 ...... ...... ...... ...... ...... 6 27 5 36 Male...... Do. 


I The fractions are approximate, and the ful1larval periods have been rounded to whole days. I Died Feb. 11. • Died Dec. 3. ~ 
I Died Mar. 10. t Died Jan. 6. • DeRd Mar. 12. ~ 
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WIDTH OF THE HEAD CAPSULE 

It was found possiLle to determine accurately the instal' 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 an individual of olle stage with those of the next until after 
the sixth instar. The figures for T. confus1{11n in table 7 will be found 
to differ from those of Chapman (17) and Brindley (12), both of 
~vho.m ~ased their data on larvae which completed their development 
In SIX !Dstal's. 

T.\nLl~ 7.-j[CU8urcments of Tr;boliulI~ wn(usUlu 

Body 

Specl. JIood capsule width 
meos l.ength WidthStage Instnr mens· _-,-_-:-__1__.,.-_:--_1___-.-__­

ured MII:<I'IMlnl. Aver. 1-lIIxl. Mini. Aver. Maxi. Mini· A,'er· In. 
mum lnum age Inum mum age lllUW mum age crease 

l\T'um.. 

Egg••••••••••_._........ , •••••• 
1.nrvll•.•_.......... First •••••. 

Do............. 8e~'Ond.___ • 

ber "'1111 
40 0.600 
50 1. 260 
45 1.828 

.Um 
0.476 

• S63 
1.220 

}.[m 
0.601 
1.113 
1.400 

.'[,n 
0.400 

.268 

.298 

}.[m 
0.257 

. lOa 

.2'13 

}.[m .\[7/1 }'Im }.[m }.[m 
0.355...... __................ 

.2:16 0.100 0.15O 0.175 ....__ 

.2M .21:1 .178 .1970.0'..!2 
Do............. 
00..........___ 
Do............. 

'I'hlrd ..... 
}·ourth... . 
Fifth..... . 

:14 
30 
2'2 

2.514 
3. 182 
:l.SIS 

1.607 
1.886 
2.27:1 

1.91S 
2.379 
3.014 

.387 

.447 

.536 

.26S 

.327 

.417 

.368 

.368 

.456 

.2fl8 

.357 

.420 

.236 

.277 

.327 

.249 

.311 

.:J78 

.052 

.062 

.067 
Do............. Sixth •••••• 21 4.364 3.000 3.400 .658 .417 .524 • S68 .417 .459 .081 
Do............. 8eventh... 13 5.0111 4.OIll 4.643 .8:13 .655 .715 .655 .476 .585 .126 
DI1.......__.... 
Do...._........ 

};Ighth •••• 
Ninth .•••• 

5~~~~&~ .~ 
3 0. SIS 0.36.1 O. M5 .953 

.~ 

.804 
.~ 
• S93 

.~ 

.714 
.~ 
.565 

.m 

.655 
.~ 
.036 

Pups........................... 
Adult.......................... 

18 
16 

3. SIB 
3. S20 

3.000 3. :J69 
3.000 3.475 

1.280 
1.260 

1.012 
1. 080 

1.132 
1.169 

•S63 
.800 

.729 

.700 
.795 __•__• 
.743.._... 

HABITS 

The larvae of T'riboliwm are fairly active and may be found in 
any of the foods listed under the heading Materials Infested. They 
usually shun the light and live more 01' 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 larvl" comes to the surface of the material 
in which it has been feeding, or to some sheltered space or crack, and 
there the change to the pupa takes place. As with many Coleoptera, 
the pupa of Triboliurn ]s naked and without protection of any kind 
(figs. 17 .und 18). Vacated pupal cells of the Mediterranean flour 
moth are favorite places for pupation when they are available, several 
Tribolium pupae often being found in one cell. At first the pupa, is 
entirely white, but within a, 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 PUPA 

The eyes in T. confusum, are neariy, but not completely, divided by 
the genae, while those in T. castancU7n are only slightly emarginated. 
In both species the antennae, elytra, and ll'gs III'C free but closely 
pressed a~ainst the body, the tips of the elytrll reaching the middle 
of the fittli abdominal segment. The prothomx is mther thickly 
covered with short, stiff spines arising from tuberdes. The front 
and side margins of the prothorax are fringed with setae; those 
along the side margins and the sides of the fnmt margin al'e long, 
those near the center of the front margin much shorter. 

The abdominal segments, excepting the 
eighth, ninth, and tenth, ure IJroyided luter­
ally with characteristic irrc6'1l ar projections. 
In T. aon/'wsul1n these lllteral processes are 
pro\'ided with 3 hairs, 1 rathel' long hak 
at·ising from the anterior lobe aud 2 shOl'tel' 
h11irs 'front very small median lobes. In 
T. castaneU1n 1 hait· arises from the large 
anterior lobe and a shm'tet· hair at II point 
one-thircl from the postel:ior serrate margin. 
The ninth sl'g'l11l'nt. is provided with 2 rathel' 
long urog'Omphi. 
DIFFERENCE IN APPEARANCE BETWEEN MALES AND 

FI':MALES 

The appl'l1runce of the yentral surface of 
the termimtl abdomina.1 segment of the pupa 
differs greatly in the nudes nnd females. It 
is on this difFerence ollly 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 
figurc 17, JJ. Thc chief characteristic of this 
segmellt in the mule is a flat tlisklike depl'es­
si·on. whereas in the fl'lIuIle two conelike 
upl~ndages, similar in appenl"ance to the 
urogomphi. but much ShOl·tl'l' tlud relatively 
thickel',llulY be distinguished. 

SEX. RATIO 
FIGu Rf.: 17. - PUJlIl of Tri· 

bol/um ClIH/lI./U'um: A,Of 800 individuals of T. confusU1n reared 1~!'1I1111(', X :!O; lJ, ter· 
mlnnl .ofon whole-wheat flow' at 30° C., 52 percent sClI;lIlCntM Il 
mille PUPil, 

were females and 4-8 percent were males. 

Two hundred pupae of T. c(1.ytaneU111, rea.red nndet· simjl:Il' conditions 

gave a sex ratio of 59 percent females and 41 percent males. 


SIZE AND WEIGHT OF PUPAE 

MeaSlIl'ements for '1'. cOllfwJ'U17l" are giwn in table 7. Sixty pupae 
ofT. ca.~laneu17l, averaged 3.35 111m in length, not including the 
urogomphi, and 1.17 mrn in width through fhe elytra. Feinales 
averaged slightly larger than males. The head ca}Jsllle widths of 
35 individuals llveruglld 0.707 mm. 

Six hundred and fifty pUPae of T. cOnfu.YU1n were weighed on an 
anylitical balance in lots of 50. Three hundred male pupae averaged 
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2.13 mg elleh and a50 female pupae avel'aged 2AU 1lIg" eHeh. Th('I'c 
appeared to be only slight, Ylll'iution ill th(' sil~(' nlld \\'('il':ht oJ in­
dividuals. Of 125 pupa(~ of T. Cfl8/(///(,llm. ria Illftl!'~ n\,(,~;Ig('d 1.77 
mg each, while 72 females uvel'llgc'd 1.SD lIIg each, ~ 

PUPAl, PERIOD 

The dllration of (he pupal !H'I'i6d S('l'1I18 to be 1('1'8 aff('C'(ed by 
('xtel'l1u! ('onditions than that of t1lP l'gg 01' lan'HI p('l'iod;-;, H('('OI,ds 
011 the pupal pcriod ar(' gh'en in tHlJI('s~, a,.t, ,j. Hnd 0, QuitC' a f('w 

additiollul pupal I'('('ol'ds 
"'(,I'P obl'ail1pd. and lIw 
HUIII nHI 1',\' 0 I' aII ]HlJl:Il' 

o!JS('I'\'('d is as follows: 
Of JlIIJHIl' of 7', ('OJ/­

/'11,"/111/ k<'pl at ~'j C.. ;~I 
k('pl ill ('olltillll()\1S <Ial'k­
1Il';':,: 1'1Il"I'L'pd a" ad"lts ill 
fl'OJlI ( te) 12 dny". "'ilh 
a II an'I'air(' of ~":7 <lays: 
alld 4:~ In:])t in contil1U(llH 
liirllt rllH'I'L'C'd ill fl'Olll (j
tel !) day".' with all an'I' ­
aL'C' of 7:i) (lays, 011(' 11ul1­
(jn'd lind j W(lI\,P pll p:W 
of 1', (,{(g/(Wtl/lI! la'pl at 
~'j , I'OJ' til<' 1Il0"j p:t rt in 
('on(iJlll!l!l"; dal'loll'Ss. had 
n JillpiI] ]H'I'jod of fJ'()1II (j 

to n days. with 1111 :1\'I'I'agp 
of 7,1;1· <In.";;: allil ;!S kppt 
at :1IJ" t'IlH'I'L'l'd ill fl'ollil 
10 (j days \\'ll.h nil :I\'PI'agl' 
of fi dnys, Elp\'PIl k('pt 

l"l(ll~nfJ 1S.··· I'IIPU,. ,.t' 'l'l'ibvlilllll ('/III{IINllm, :> j';/. lit 2,")'> !'IlIPI'L'pd ill 1'1'0111 


(j f () 12 dll ys '\·ith an aver­

age of 8,i; days, and :3~ kppt at I'oom t('lIlpl'I'atul'(' ('llIl'ing till' ('ady 

SlIIIlllleJ' had a pl'l'iod I'nnging 1'/'0111 [I to 14 duys, uveraging 8,5 days, 


THE AD(!L1' 

Adults of both t11C'SC' speriC'H of J'1'iboli1l7ll aI'(' ~l11nll, I'('ddish-hro\\'n 
beeU('fl. about :3,ri 1ll1Jl ill Ic'ngth, 1I11t! \\'ilh lIw plytm st.l'iatcc1 (figs, 
2,:3, :uid lD), t;uIJPl'iieinlJ,\' tlH' two 1'1)('('I('S a1'(' \'(:1',\' IlllJ('h :1likp, IJllt 
with thp aid of a mi('l'os('OPP (lIP dill'(,I'l'llc'pS ill fhe ('y<'s and alltennae 
l'padilv 1'rparntp ihNl1. In ('lIdl sl)('cips lhl' "<'XC'S HI'(' idl'nti('al l'X­

tcrnan,\' and cannot 1)(' difi'PI'('ntialed {'X('pp( I,y squ('eziJlg" oul tile 
genitalia. by II slight pl'essure Oil the a IJllolllcn , 

FLIGIIT 

Both sprciC's have wdl-dr\'(,lopr<l wings. but only T, ('.(I,~tane:llm has 
been ollsen'C'e1 to lise tlwm, This SI)('('i(':> is Jlot n stJ'Ong /li('I' nlld /li('g 
only o(,C'Hsionally, In tllP lalJol'utol',Y til(> /OJ1g<'sl IWl'iod dlll'ing which 
it l:elllaiJl('d on tll(, wing was appl'oxillmtply ~o s('('ol)(ls, bllt it S(,(,rlls 
probable that in the open it could ~ta.v ill the ail' 1'01' ~(JIII(~\\'bat: longer 
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p('riods, It cOllld lIot fly from onl' flour mill to another unless the 
mills were very dose to<rethl'l' lind the flight were aided by wind, 
hut it could p()ssibly fly 1'I'om till' hold of :. ship to a pier, It has 
heen see11 to It,\' so seld0111. howeyel', it appeal's unlikely that nn 
infestation would Spl'tiHtI ofhm in this mllllner, J', eonfu.~ull~, al­
though possl'Hsing well-deYl'lopec1 wings,hHs newl' been taken in 
flight. and attempts to induce it to fly lta\'C alwHys failed, 

, . 

. , 

ACTIVITY 

Adult flour Lt'etles a)'(' ratlwl: acti W', qlli('kly running to l'Oyer 01' 
burying th,l'lIls01ws in the flour if' distu,t'bed. O~'dinaril/v they live 
cOI1('('alcd 111 t1H' flolIl' 01' lIlH/('1' any B1IJtable object which may be 
nelll' tIll'il' i'ood ~lIppl.v, Tlwy do not always try to hide tIWlHsel\'es) 
IH)wc\'l'I'. alld "und/P/'s trlay usually be fOllnel ('rawlillg Ill'ound ovel' 
floUl' 01' grain ill Inills (ll' stOt'l'S (fig. H)). They mo\'e, about readily 
im;idc a building- aJ1d soon ini\'st ('v('ry artiele of food in the place, 
Theil' :mmll ~ir.(~ aullflat bodil's ('lIabl!' thelll to {ol'ce their way into 
all but the tightest boxes 01' contaillel's . 

•:Fn:CT ON FLOUR 

Light inf(>stations of flour \)('etles 11sna11y wonld pass Ilnnotil'e(\ 
eX('(lpt foJ' till' b('('tjes th<'msel\'(l5, UH they 1')1'(.'111 to do Iesl') 1)('1'('('ptiblc 
d:tl11agt' to their foo(h,tulf than d(} most inRl'ets, Bllt jf tht, I:x'etl('s 
HI'(>. present in qUHnntil's, a C'el'taill discoloring of the fit/Ill' takcs plllce, 
and in time it tur1JS to a dirty grayish 1l11\SS: - . 
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SCENT GLANDS 

The scent glands of thesn beetles are mther well developed an(l 
contain It vile-smelling fluid which is ejected as a means of defense, 
often imparting n disabrreeable, pungent odor to the food. It is often 
released when the beetles am excited by the stirring up of the flour 
in which they arc feeding, or when n beetle is crushed between the 
fingers. Functional scent glands arn possessed by the adults of both 
species but not by the larvae. 

SEASONAL HISTORY 

Since the flour beetles 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 less 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 climates. In heated flour 
mills and warehouses T1';boliu1n breeds the year round, and all stages 
may bn found at any time. In unheated mills this is not the case. 
Some Huthors have stated that these beetles do not live ov('r the win­
ter in unheated milJs but die Ollt with the coming of cold weather; 
and the mills are reinfeste(1 in the spring f"om neighbodng heated 
mills. Inspection of several unheated mills in M:u'yland and nOI·th­
ern Virgimlt during February revealed mllny adults 1)£ T. c011fu.mm 
in n semidormant condition, bllt no living larvae or pupae. As the 
adults may live m'er 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 thn Gulf States breeding prohably 
continues throughout the year, ",hiln in thn extreme nOl'them States 
Ilnd Canacht the species may not be able to survive the winter except 
in heated buildings. 1'. ca.stan(!1tm, seems to be less resistant to cold 
than T. conf~m,. 

LONGEVITY 

The developnwntal stages of 'l'1'iboliwlliJ am comparatively shortt 
bllt the adult life is among the longest recorded for the stored-prod­
lIct insects. Previolls estimates of t.he adult life have ranged from 3 
months to :t yeur, but the writer's observations on 25 pairs each of 
'1'. C(Jnfu8Wf1l.< and '1'. ca8ta1iCUm, which were used in oviposition ex­
periments, und results from an experiment run for this specific pur­
pose show that the 111aximumlength of adult life mlly be over 3 years. 

Early in 1930 an experiment was started. ill which 50 adults of 
T. COnfu.9u1n of known sex und usuully of known parentnge were 
segregated on emergence and exumined periodically to determine the 
maximum length of life for this species. The beetles were put into 
16 by 50 mm vials, lighUy stoppel'ed with cotton, and kept in dark­
ened pastebourd boxes at room tempemture. A variety of different 
foods was used. Th(~ numbers of these individuuls decreased grad­
uully, the mort.ality being somewhut greatel' during July and August 
of each year, owing, no doubt, to the excessive hent. The data on 
seven of these individuals that sUl'v~ve(l :formq~e ~h~n 2 ~ears ~!lc\ 11 
'l\Q~ltlls ~Il'e ~iyen, in tal?le 8., 

http:c011fu.mm
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TABLIl S.-Some elZamples of eztreme adult 10llyevity in TriboUulIl eonfu8um, 
Washington, D. O. 

Date Date 
Individual DO. Sex Food adult adult Adult age at death 

emerged died 

1930 19:J3 
L ••_•••__ ••••••• Male•••____• Whole-wheat lIour .......__ ••• JaD, 27 Mar, 14 3 years, 46 days.

2....._••_.._..._ • ___.do._.... ____.do___________ •••• ___ ••_.__ Feb. 7 Nov~ 0 3 yellrs, 271 dnys.
3 ••• __ ••••••••••• Female••_______.do_ ••••_••••••____•••• _.__ Feb. 10 May 20 3 years, 99 da)'s,
4......___....... Male.__......____do_._____•_____ •_________• Mar. 16 Apr. 5 3 years, 20 days.
5 •••• _•••_•••• __ • ]o'emale._.__ OatmeaL......__...__ ._ ...... Mar. 17 • -\pr. a ayeMs, 17 days. 
6..____••_.....__ •••••do. __••• Whole-whent lIour .. ____ ...... Mar. 25 Mar. 7 2 years, 347 days.
7__•___• __ •___••• Male......__ Oatmenl........__ •• __ •••••"'. Mny 10 Aug,2S :I years, 110days. 

All the adults used in oviJ,losition experiments were likewise segre­
gated and examined periodICally to determine the length of life of 
each. These were kept in smllller vials (11 by 40 mm) and under 
various conditions. Of t.he 25 pairs each of T. confWJum and T. cas­
talleum, 14 individuals survived for mOl'e· than 2 years as shown 
in table 9. 

T,\BLE D.-Adult life of 14 indiv((llla18 of Tl'iboliulII, WI/sllington, D. 0, 

TrlbQI/u1II C01l[U.U1II Tribol/u1II caRtalltltlll 

Pair PairSex Adlllt lICe Sex Adult life no. DO. 

25 Male...._______• 3 years, 268 days... __.. 15 Male.. __ • _____._ 2 years, 159 days.
21 ____.do..__ •••____ 2 years, 327 days.....__ 8 __ • __ do_____•___.. 2 years, 1M days, 
23 Female.__..__•__ 2 years, 217 days..___ __ 17 _____do ••• ______•• 2 years, 86 dnys.
Xl ..__ .do.._________ 2 years, 212da)·8 ..____• II ._._.do........... 2 years, 77 days.

13 MaIe.______..... 2 years, 189 days._ •• __•
23 _____do..____..___ 2 years, 169 days. __• __ • 
24 ..._.do.-______ ••• 2. years, 153 days __ ••• __ 
15 •••••do....__ ._... 2 years, 116 days ____ •___ 
14 • __ ._do._..._.__.. 2 years, 69 days........ 
21 Female .....___._ 2 years, 26 days. __ ... .. 

It sl1(:mld be mentioned that each female in this case laid several 
hundred eggs, while those given in taule 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, 
although five other foods were used in the experiments. From these 
tables and other data it seems that T. aonf'IMUm live somewhat longer 
than T. c<utanewm. and likewise that males live somewhat longer thaJl 
females. 

Fl'om the life-history data of tables 10 and 11 it may be found that 
the average adult life of males of T. confusum is about 634 days, 
and of .females, 441 days. For T. castanewrTb the average for males 
is 547 days, and for females, 226 days. 

FERTILITY OF VERY OLD BEETLES 

EXJ,leriments have proved not only that these beetles Jive to a com­
paratlvely great age but that males of T. conf'!.l8'U1Tb may be fertile 
even. when they arc 3 years or 11100'e of age. Male no. 2 was twice 
placed with virgin females, first at the age of 3 years, 64 days, and 
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again at 3 years, 76 days; while mule no. 7 wus mated with 11 virgin 
female when the former was exactly 3 years of age. In all these cases 
normal offspring were produced. Females, however, have never laid 
fertile eggs when more than 1 year and 94 days old. 

RESISTANCE TO STARVATION 

The length of time flour beetles can live with 110 food whatever is 
~reatJy influenced by the temperatm·e, resistance to starvation in­
creasing inversely with the tempel'llture. Also a. relative humillity 
of about 60 percent is more favornble for survival than one of ao 
percent or less. Several experiments on starvation were made by 
placing adults or larvae of known age hI individual vials with no 
food and keepin~ them at the desired temperature and humidity. 
These were exammed daily until the last jndivillual had died. 

Adults of the two species seemed eqnally resistant to starvation. 
At 30° C. adults will survive for about 2 weeks, the longest period 
any of 25 individuals of both species survived being 18 days. At 
ordinary rool11 tempernmres during the winter the lon:.rest period 
recorded was 23 days; at 15° some survived for 27 days, at 10° 
several individuals lived over 40 days, and one adult, T. confusu'ln, 
for 51 days. Lal·vae seem to be slightly mOl·e resistant to stul'vation 
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 lust larva wns 110t deud until 
the fifty-fourth day. 

Larvae without food will molt n,nd chunge to pupae and adults 
nearly as readily as tllOse with food. Those irlllividuais that changed 
to adults during the expedments lived as long as, und sometimes 
longer than, those that remained in the larval stage. 

MATING 

Among pail'S kept uneler obsl'l'vution mating oceUlTed rather fre­
quently. It USlllllly begun within It day or two aftor emergence and 
probably continued at frequent intervals throughout life. Frequent 
mating IS not necessary for the production of fcttile e:.rgs. In cm·tain 
instances females have been known to continue laying viable eggs 
for a. period of 5 months aftel· being segregated from males. 

OVIPOSITION 

The study of oviposition in Tr'ihoUWln seems to have received yery 
little attention. However, when it is considered thut the oviposition 
period may last more than Il yeur anel that it is almost impossible 
to locate the eggs in the flour, it is not snrprising that more work 
has not been done along this line. In the experiments mllde by the 
writer· 25 pairs of each species were segregated on emergence and 
placed in ditl'erent foods and under' different conditions of tempera­
ture and humidity. Small viIlls, lightly stoppered with cotton, were 
used as contlliners. A pair· of adults was placed in each yiul and 
changed. to another viul every day. VnI"iolls methods of locating 
the eggs were tl'ied, but it was f01l1ld that the method, first advocated 
by Chapman (17), of counting the larvae rather than the eggs was 
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more accurate. It was found by an actual count of both the eggs and 
the resulting larvae, t~at approximately 90 pe.rcent of t~e eggs of 
young females were vIable. As the females Increased In age the 
percentage of viable eggs gradually decreased. Thus the actual 
number of e~gs 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. 

PBEOVIPOSITION PERIOD 

The length of the preoviposition period may range from 4 to an 
indefinite number of days, depending on the temperature. Matecl 
females of either species placed in the incubator at 27° C. usually 
hegan 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 
March or in April. 

DURATION OF OVIPOSI'1'ION PERIOD 

The flour beetles have a very long oviposition period. The average 
period for a number of females of T. castaneum in laboratory tests 
was 148 days at 27° C. and 174 days at ordinary room temperatures. 
Ifor T. aOnfU8U7l'b the average oviposition period at 27° was 235 days 
und at room conditions 277 days. The longest oviposition periods 
recorded are 308 days for T. castaneu7n and 432 days for T. eonfusum. 
Both of these indiVIduals were kept under ordinary room conditions. 

llATJIl OF OVIPOSITION 

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

NUMBER OF EGGS LAID 

The total number of eggs laid seems to depend mainly upon the 
food. Undel' the various conditions of tempe,-'ature and food of the 
oviposition tests the average number of viable eggs laid by individual 
females of T. castaneU1n was 327 and of T. confusu7n 458. The 
greatest number of viable eggs. laid by T. ca.staneWll'b was 956, while 
976 was tIle greatest number laId by T. confuswm. 

Tables 10 and 11 give data on the oviposition and longevity of the 
two species. 
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TABLE 10~-Data concefning'11i>ipjjsition and longevity-oj Trib6liuli!d:a8ta~ewn ~~, 

a, g), .,8- .. OJ 
., 

1-3 
;;:." :t '" "" *- OJ ts:!"';.. S"" 

1-0asS ., ~Cl a ~ 
Date Date c_ ",,'t:l 8:~ ... Q 

Date Dato 51 0 '0 e IIIDate IIrst ~s. last :0"" ~~ Date male Date femalePair no. male female 'O~ C!- ...00 - ;.. Foodmated \-iable oc viable 1>"" died died t> 2lemerged emerged egg laid ..,S egg laid 
-=1-- .,,,,, 0 'f; ;;: '" e ...-S.§ -C:::l ~. Cl..~ 1l,.s ~~ c c El;1 ~~ ~ 

f, 0 I> 0 0 ., ~ 
~ Eo< .-.: ~- ... ... Eo< -------------- -- ------ ~ 

c::Nuin- Num-
L ___________________ 1930 I 1930 1930 1930 5 ______ 1930 beT beT Days Davs DaVB ~.Dava Davs 00.8 ______
2____________________ (I) . (I) Jan. 27 Feb. June 4 U9 149 1.25 Nov. 14.1930 June 12.1930 ------ 27 Bran. t.'!I 

Feb. 8 Feb. 8 Feb. 13 Feb. 17 9 Aug. 23 187 283 1.51 Feb. 12.1931 Sept. 6, 1930 14 369 210 27 Do. 1-33____________________ __ Ao_____ ___do_____ __ .do_____ ...4____________________ ___ do_____ Feb. 15 7 July 1 136 273 2.01 Feb. 6.1931 July 2,1000 1 363 144 27 Do.9 ___ do____• ZFeb. Feb. 18 10 Sept. 9 203 643 3.17 Nov. 3, 1931 Sept. 23,1930 14 632 227 27 Whole-wheat iiaur.5.__ . ________________ ___do_____ 9 ___ do_____
6 ____• ______________ Feb. Feb. 17 8 Oct. 7 232 572 2.47 Mar_ 12.1931 Oct. 8,1930 1 396 241 27 Do.8 ___ do_____Feb. 8 Feb. Feb. 14 6 July 30 166 593 3.57 Dec. 20.1931 July 30,1930 0 680 172 27 Do.7____________________ 9 ___do_____ <Q

Feb. 9 Feb. Feb. 21 12 July 11 140 438 3.13 June 23,1931 July 21,1930 10 499 Hl2 27 Do. "" 8____________________ ___do_____ ___do_____ ___ do_____ •Feb. 17 8 June 28 131 178 1.36 July 12,1932 July 11,1930 13 884 152 27 Do. ~.9 ___ .._______________ ___ do__c__ ___do_____ ___do_____
10___________________ Feb. 20 11 July 21 151 206 1.36 Apr. 26; 1932 July 22, 1930 1 807 163 27 Do. ___do___c _ ___do_____ ___do_____
J 1___________________ ___ do_____ Feb. 18 9 July 17 149 477 3.20 Feb. 16,1931 July 30,1930 13 372 111 27 Middlings. ~. ___do_____ ___ do___..
12___________________ ___ do__.._ ___do___ .. Feb. 15 6 May 2 76 153 2.01 Sept. 15,1030 May 7,1930 5 218 87 27 Do. 

Feb. 10 Feb. 13 4 May 6 82 161 1.96 Jan. 3, 1932 May 14,1930 8 692 94 27 Do.13_________________ ._ . __ do_____ 6 ______ rnFeb. 11 Feb. 10 Apr. 7 56 Ser,t. 18 164 32.1 1.97 Aug. 23,1930' Sept. 24, 1930 226 .) Dc.14__ ._•• _•._. __._.___ ___do_._.• __ .do..... ...do...._ Mar. 28 46 Ju y 27 121 281 2.32 June 26,1930 Aug. 9,1930 13 135 180 Do•.15____ ••.__ ..________ Feb. 13 Feb. 12 Feb. 20 Mar. 16 32 Sept. 26 194 608 3.13 July 21,1932 Oct. 2,1930 6 889 232 :~ Whole·whentftoilf. ~ 16. ___ •••__ ...___ .. __ ___ do_..__Feb. 15 Feb. 13 Mar. 25 40 Aug. 28 156 528 3.38 Oct. 26,1931 Sept. 3, 1930 6 018 202 Do.17__________.._______ 11:1. _.. do..___Feb. 12 Feb. 12 Mar. 21 37 .Iuly 30 131 408 3.11 Mny 8,1932 Aug. 1,1930 2 816 170 Do.18__ • ________ •• ______ ___ do_.... tiFeb. 11 Feb. 13 Apr. 16 64 June 12 57 21 .37 Feb. 20, 1931 June 16,1930' 373 White floUr. 
20___________________ Feb. 12 Feb. 20 May 12 89 Aug. 9 89 17 .19 Mar. 16,1931 Jan. 12,1931 156 397 334 .) Do. 0' 

:!19_..._______________ ___do_____ ------ -----­
___do..___ ___do_____ ___ do..___

2L_______________ "__ ___ do__.._ ___do..__ .._do_____ Apr. 16 63 Feb. 18' 303 163 .53 (.) 1930 July 15.1931 U7 ------ 518 Oatmeal. !oj 
22_________________ c_ __ do_____ ___do__.._ Apr. 3 50 Dec. 19 260 131 .56 Dee. 16. 1931 Mar. 16, 1931 87 672 397 Do. ___do.._.. _23 ___________________ Mar. 24 40 Sept. 8 168 74 .44 Dec. 27,1931 Oct. 25. 1930' 683 ----.- Do. ___do..___ ------ >Feb. 14 Feb. 14 Mar. 28 42 Jan. 8' 286 956 3.34 Mar. 3.1931 Jan. 23,1931 15 382 343 Commeel. Cl 

Feb. 16 Feb. 16 __ .do__... 47 Sept. 22 171 412 2.41 Oct. 15, 1931 Jan. 10,1!J31 1! !:tI24________ .._" _______
25 ___________________ ___ do_____ tEr. 4 110 606 328 Do. _..do____ ___ do..___ ...ar.18 30 Aug. 21 156 134 .86 Mar. 9,1930' Sept. 19. 1930 29 ------ 215 (.) Do. 0 

1 Only the viable eggs have bilen counted. Many infertile eggs are laid after the last viable egg, but these are not considered in this table. 8 
1-3I Taken in copulation. 


S Escaped. tl 

• Room temperature. i;j
11931. 
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TABLE H.-Data concerning oviposition and longevity of Triboliu1n confusum 

~»I 
~~ .0'" 1=; 'a'" .Sl 
Co 8.", ~ ",-c .so 8f!a::: .- 0 "'- ~ 0 
Co'" ""- .$ >B- 0" 0 

~ 

f 
0" Po'"~Po .c-c Date male Date female ~Po ».$Pair Datemnle Date female Date first 'l"i· Dnte last vi· ,,-Dnte mated Od 'OB. Od t' ~" ~ Food 

no. emerged emerged abie egg laid nble egg laid died died .-,,"Md,c.9 .cd -'" ..- .co > .,
.. 0 ""~ .. "'''' ~ ~~ B­t<";i "".- CO" "".- ..'" ,,0 d~ 3 "", d 8 ~ 

0 g!~ 0 0
~'" ~ Eo< -<'" ~8. ... " ... 

til 

8'" 
8Days })ays No. No. Dal/8 1)al/" Dal/s ·C. cj

L ••• __ Dec. 3,1929 Dec. 8,1929 Dec. 9,1929 Dec. 20, 1929 12 Oct. 10, 1930 294 169 0.57 July 8,1031 Nov. 10,1930 31 582 337 27 White fiom. td.2. __._. Dec. 14,1929 Dec. -,1929 Dec. 16, 1929 Dec. 21, 1929 Dec. 2,1930 346 161 .47 Aug. 4,1931 Apr. 20,1931 139 598 ----- 27 Do. 
3__ ••_. (I) (I~ ..•.•do...••••• •.••_do•••.••._ Nov. 20,1930 334 230 .69 Nov. 8,1930 Feb. 16, 1931 88 --.--- ----- 27 Do. 
.4...... (Il (' ••. _.do...•._.. Dec. 23, 1929 June 26, 1930 185 158 .85 Aug. 4,1931 July 7,1930 11 ------ ----- 27 Oatmeal. ~ 
.5 .••• _. Dec. 18,1929 Dec. 18, 1929 Dec. 19,1929 •••••do..••.••. 5 Mnr. 21,1930 88 125 1.42 JlIn. 8,1930 July 16,1931 482 21 675 27 Do. t;j 
,6...... Dec. 28,1929 Jnn. 2,1930 Jnn. 4,1930 Jnn. 23,1930 21 May 1,1930 98 270 2.76 Feb. 10,1931 May 7,1930 6 409 125 27 Middlings. 1-3 
"7. __ ••• (') (') Dec. 16,1929 Dec. 21, 1929 Aug. 2,1930 224 209 .93 Sept. 18, 1930 Sept. 16, 1930 45 ------ --.-- 27 Bran. t;S••• _, Dec. 16,1929 Dec. 26, 1929 Dec. 27, 1929 Jnil. 6,1930 11 Aug. 10, 1930 216 331 1.53 Mar. 17,1931 Aug. 19, 1930 9 456 236 27 Do. 
·9 ...... Jnn. 27,1930 Jnn. 27,1930 J nn. 29, 1930 Feb. 3,1930 7 Oct. 8,1930 247 412 1.66 JRn. 9,1931 Jan. 20, 19~1 104 347 358 27 Do. r/l 
.lll____ • __ •__ do....___ . __ • __ do.~.. ____ ____.do____ •___ • __ ••do._______ 7 Nov. 12,1930 282 424 1.50 Jan. 8,1931 Jnn. 5,1931 54 346 343 27 Do.
11. __ •____ ._do_______ • ____.do________ _____do.._____ • oFeb. 1,1930 5 Dec. 27,1930 329 342 1.04 May 2,1931 Jan. 6,1931 10 460 344 27 Do. _____ do________ >:j12____ .1.____ <10 _______ • _____ do..______ _____ do.____.•_ 5 Nov. 17,1930 289 282 .97 Apr. 28,1931 Jan. 9,1931 53 456 347 27 Do.
13..... _____ do_______ . ____ .do________ _____ do_______ . Jnn. 31,1030 4 July 31,1930 181 328 1.81 Aug. 3,1932 Dec. 16, 1931 503 919 688 27 Whole-wheat 1-3

fiour. 
14. __ ._ _ ...10____ •___ _____ do______•• ____.do..._____ Feb. 2,1930 6 Nov. 18,1930 289 905 3.13 Apr. 5,1932 Dec. 1,1930 • 13 709 308 27 Do. ~ 

_____do________ t;j15_____ • __ •.do.____••_ __ ._.do._______ }-eb. 6,103U JO Oct. 9,1930 245 330 1.35 May 2,1932 Oct. 3,1931 359 826 614 27 Do. 

16.•• __ Feb. 8,1930 Feb. 7,1930 Feb. 13,1930 Feb. 17,1930 JO July 28,1930 161 389 2.42 Feb. 25, 1930 3 Jan. Z. 1932 523 ------ 394 27 Do. o
1,..... Feb. 7,1930 Feb. 8,1930 __ . __ do......._ Feb. 18,1\130 10 Oct. 26,1930 250 677 2. i1 Jan. 30,1932 Oct. 30, 1930 4 722 264 27 Do. t;j


• __••do________ ____.do._______1S..__ • Feb, 12, 1930 Feb. 10, 1930 8 Aug. 17,1930 180 491 2.73 Nov. 14,1931 Aug. 20,1930 3 640 191 27 Do.9 ______ ~ ____.do________19.____ Jnll. 27,1930 Feb. 4,1030 Feb. 6,lU30 .\pr. 25,1930 80 114 521 4.57 July 29, 1930' Aug. 26, 1930 203 Do.
20__ ..... ___ do_____•• _ 6 ______ ~") cj

Jan. 30,1930 Feb. 3,lU30 Apr. 27,1930 87 Sept. 19,1930 145 596 4.11 Oct. 27, 1930' se~t. 25, 1930 238 Do. r/l21.. __ ••__ ..do___• ___ • Jnn. 27,1930 Jnn. 29, 1930 Feb. 4,1930 8 .Apr. 12,1931 432 882 2.04 Dec. 19. 1932 Fe . 22, 1932 316 1,057 756 (:1 Do. ____.do________22. ____ JUIl. 2<J,I9;l0 J nn. 29, 1930 .~ pro 6,1930 67 Feb. ]7,1931 317 663 1.78 Oct. 4,1030 Aug. 28, 1932 558 248 942 (I Do. 
23_____ Jail. 27, 1930 J nn. 30, lO:lO Feb. 3,1930 Mnr.19,1930 48 Muy 12, 1931 419 945 2.25 July 14,1932 Ser,t. 3,1932 480 809 947 (I Do. ~ 24, _________do.__ •____ _____ do______ ..

Jlln. 31, 1930 Mnr. 22, 1U30 50 Dec. 5,1930 258 729 2.83 June 28,1932 JII y 20,1931 227 883 535 Do. ;;25_____ Jan. 30, 19:1O Feb. 4,1930 Feb. 6,1930 Mar. 17,1930 41 No\,. 24,1930 252 976 3.87 No\,. 5,1033 Jan. 8,1931 45 1,375 338 ~:l Do. 

~ 
I Only the viubleeggs lIlI \'0 belli counted. Many iilfertile eggs nre laid after the last Yiable egg, but they are not considered In this table• cj 
• 1'aken In copulation. is:, ESCllped • 

.. UOOUl tcmpenlture. 
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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, llutS, or chocolate. 

In an article treating of infestation of human beings by the cestode 
Hymenolepis di1ninuta Rud., in Japan, Momma (69) lists T'riboliUlIb 
fe1"l'ugineu'fn 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 TRIBOLIUIU BEETLES 

PROTOZOAN DISEASES 

One disease, cause(l by It· coccidian of the genus AdAil1a (Pal'k 
(7,5», is of rather common occurrence among species of T/·iboliu'lll. 
This disease was first repOJted by Riley (8.5) in 1921 in Minnesota 
and mentioned in 1922 by Riley and Krogh (86), both of these refer­
ences being merely records of the observance 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 
O'iven for examination to G. F. Wnite, who reported them to have 
died from this protozoan infe(·tion. To date the disease lIas been 
reported only in T1'lboli1f,1nconfu;,sull~ and 1'. castaneU1n. 

Another j)l"otozoun diseuse of these flour beetles was descri1x>d 
briefly by White in 1923 (103). 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 sick lal'vae may be less active, slightly distended, and 
more opaque. After a few months most of the diseased insects have 
died. 

It is not known ",hethel' these diseases can be used in the artificial 
control of these Hour beetles. 

MITES AFFECTING TRIBOLIUM 

The most common parasite of the flour bcetlcs is the mite Acal'o­
p}wllOm t1'ibolii Newstead and Duvall (fig. 20). This tarsonemid was 
described from T1iboliunl,. eonfuswn and T. castaneu'fn in wheat frol11 
Australia ('12), hut the beetles may have become infested in Eng­
lund. Newstead and Duvall also reported the mite from T1ibolhl;m, 
in" Plate maize." These mites were first .noticed in North America 
by the author in 1930 and were identified ~y H, E. Ewing. Speei­
mens were recorded from the District of Columbia, Virginia, Mis­
sissippi, and Texas, and specimens, tentatively identified by the 
~y~ho!" !is the above species of mite! were £ou!l4 'on 'I,'ribolium adul~!? 
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in Kansas and Oklahoma. Holdaway (52) also reported this mite 
from T. eOTilusum in Minnesota. The author has found these mites 
also on Gnatlwee-rU8 e01'nutus Fab., PalO1'U8 1'atzebw'gii 1Vissm., and 
Latheticus O1'!!zae Waterh. .A description and full account of their 
life history is given by Newstead and Duvall (72). 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 O'ravid female mItes that 
attack the beetle's eggs a few days before tte 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 Pediculoides 
ventrieosU8 Newport, sometimes infests the 
immature stages of T1ibolium,killing all 
indh-iduals that it attacks. Pedimiloides 
was observed in the laboratory in rearings 
of T1'ibolium, castaneU1n and T. confusum 
in 1930, but it a.ppeared that these bee­
tles were not preferl'ed hosts and were 
not bothered when sufficient lepidopterous 
larvae were present. 

HYMENOPTEROUS PARASITES 

Two hymenopterous parasites, both in 
the family Bethylidae, have been bred 
from TriboliU1n. Only one of these, Rlulb­
depYlis zeae Turner and Waterston (fig. 
21), has been recorded in nature as a para­
site of the flom' beetles. Gahan (4.4) gives 

a parasite of J?IGUH~: 20. - A /lour he..>tJcrecords of Rhabdepyrj.y as ('l'ri/lotill //I ct/Hill lICIIIII) with
T1'ibolium in Indiana, Louisiana, and pos­ ~e\'eru] miteH (A(!Ur(jJJ"Cllfl~t: 

fribo/iI) utt:n!'h"t1 to thesibly from T'l'iboliWllb in a shipment of n.'fltrul HlIrt'u~l:, X 20. 

grain from 'Vest Africa to England. 

Specimens in the United States National Museum fro/11 Texas and 

Florida also belong to this species. 


The other bethylid, Selm'odem/,us hnmigrans Bridwell, was ex­
perimentally bred from 'l'J>iboUu1n in Hawaii by Bridwell (11) in 
1920 put has not .beenrecorded as attacking it in nature. 

PREDATORS 

COLEOPTERA 

The cadelle, Tenebroides l1ulWl-itanicus L., has been reported as 
attacking Hour beetles by.Johnson (57, no. 4), 1Vashburn (99), and 
Durrant and Beveridge (40). These. observations concern mainly the 
adult cadelle attacking Hour beetle larvae. The expel'iments of Back 
.and Cotton (0) show thatcadelle larvae are J10t l1ol'mallYPl'edllCioliS 
and wi]} nttllck other insedsve'~r infrequently and then usually do 
Jlot feed on the CllrCIlSS of theil' YJctim, In J'ccent experilllents in the 
laboratory, tadeJle lal'vae showed no tendenc:y to attack lnl'vae, pupae, 
or adults of Tribolium. 
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"A species ·ofRhizophagus" has been reported as preying on 
.T-ribolium castanewm by Muller (41) in peanuts arriving in London 
from Sierra Leone. 

HEKIPTEBA 

Several species of predacious Hemiptera frequent flour mills, but 
none has been definitely associated wlth TrWoliwm except by Rou­
baud (87). In4.pril 1933 numbers of a small anthocorid were ob­
served by the author in a breeding jar containing no other possible 
host but T. coofUlJ'Ulm feeding in cracked grain and flour that had 

FIGUUI 21.-R1JofldflflJ/,.l. zeae, a hymenopterous parasite ot the Oour beetles: Adult 
female, X 27. 

been collected in a flour mill in Washin~n, D. C., in December 1932 
.and had not been molested since that date. Specimens were identi­
fied by H. G. Barber as Xylocoris CUTS'it(J;n8 Fallen, which is gen­
erally predacious on small, soft-bodied insects and in this case was 
undoubtedly attacking the small lllrvae. 

JOSCELLANEOUS ENEMIES 

Mice (NUB muscuiUB) may also be considered as enemies of Tribo­
lium,as they sometime.s eat these beetles, as well as many other 
kinds of insects. 

TRlBOLIUM .AS A PREDATOR 

There are several records, more or less definite, of Tribou'um 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 called my attention to the fact that he had seen this 
beetle feeding on the larve of the Mediterranean flour moth (Bp1l.e,tia. kii1l.­
tliella.) and .even contemplated the erection of a plant where he could breed the 
beetle, 80 he could turn them loose on the terrible flour moth, which everywhere 
filled his mlll. 

Washburn (99, pp. 36-37, -U) states: 
Tribolium oon(tUtlm • • • has been known to devour the pupe of the 

flour moth. The so-called .. bolting-cloth beetle" (Tenebroide, matlritaftious) 
of CallfOJ;nia eats larva and pupa of the flour moth and larva and adult of 
TrlbollulD. • • • It fT. COtl(tUum] is said to attack and eat the larve of 
the Mediterranean Flour Moth. 

Alden and Farlinger (1, p. 482) state: 
The rust red fiour beetle [Trillolillm (errul1inctlm Fab.] also fed on Sltotroga 

[cerealella] eg~"S and the dead bodies of the adults. 

The author has never observed Triboliwm 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 cases where Triboliwm and 
other species of insects are present in the .same breeding jar the 
TriboUwm will soon crowd out the other 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 breaking of 
the eggs and the killing of the young larvae by the adult 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 Tribolium 
and is undoubtedly caused by the mechanical breaking of the eggs by 
the movements of the adults. 

Kotinsky (60) records T1ibolium castanewm as an enemy of the 
harmful leaf-cutting bee MegacldJ-e palmarwm Perkins in Honolulu. 
He was not certain whether the Tribolium actually preyed on the bee 
larva or merely fed on the pollen in the cells, but In either case the 
bee larva died. 

In India, T. CrMtanewm, has been. noted associated with the lac 
insects (TaclulfJ'dia) by Mahdihassan. (68, p. 69) and by Imms and 
Chatterjee (54) who state: 

"'e hllve also dissected this in,;ect frOID IImong the chulIlbers of the lac where 
its lan'al stage is spent. • • • It it,; probable thllt it feeds only on the lac 
lind not on tbe Tacbardiae, but it is to 1)1) regarded as one of the more important 
ColeopteroUs enemies of lac. 

CONTROL MEASURES 

CONTROL IN FWUR 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, Tnboliwn 
beetles cannot live in perfectly sound grain, but nearly all lots of 
grain are damaged to a (.-ertain.extent, either through rough handling 
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or because of the work of the tme grain weevils, and so any J'ribOli-Uoln 
present can live until they reach and infest the flour mill. 

After a flom' mill is once infested with these beetles, two satisfac­
tory methods of control are by fumigation or superheating. Othm' 
methods, such as cleaning out the machinery regularly, lo('al fumi­
gating. and spraying can be used in conjunction with the above 
methods. So far biological control has not pro\'ed practical. 

Perhaps the most satisfactory, and certainly the most widely used, 
fllIlligant for flour beetles is hydrocyanic acid gas (4, 7, 3in. Al­
though this gas is deadly to hninan life it can be handled with com­
parative safl'ty by well-trained fumigators. Chloropicrin (34, ,')6) 
is also uspd as a mill fumigant, and when properly applied is quite 
effective. Owing to its lachrymatory efl'ect it has not become so popn­
Iar II mill flllnigallt as hydl·o~~.rnlli(' a('i(\ gas. 

FWClItl :!2,-BIIHI.'ti or "I"\'ulol' Il'g~ 111'11.'1' tllllllielltioll of tb.· IWllt methocl of l'Mltrll!. 
Lllrg(> 1l11lllhcr~ of uectleH hu I't, crawled out uf the crm;kH uud died on the 0001'. 
(Buck.) 

Conirol by heat (4,18,32. ;33, J4, 48) is practiced to a certain extent 
(fig. 22), utld thiii method'has tbe advantage of being harmless to 
til(' opera (OJ'. 

l:ll'ppar('d floul'ii and <:ereaIs put up ill package furm are frequently 
infested by flour' beetles. Sueh produds should be sterilizt,r] by heat 
derived from sl earn, JlOt nil', or eledricit.r, and should pass .dlrectly 
from the sterilizer to the packer where the cartons are packed amI 
Bealed. This pro('l'SS, if pl'Operly carried out will insure. lie product 
fret> from insects. Eledrical machines .:11'1.', now on the mar'ket for 
stl'rilizing small packages of prepared cereals b" disrupti\'e disclmrge 
(46). This method shows considerable promise. 
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CONTROL OF FLOUR BEETLES IN HOUSES 

Themethod used for the control of these insects in flour and cereals 
in dwellings are necessarily quite different from those a(h'oeated for 
use in mills and warehouses. 

These pests, in prnctieally all cases, are originally brought into 
the hOllse through infested flour or breakfast cereals. and when such 
material is allowed to stand for some time the "infestution may spread 
to nearly every article of food in the hOllse. Whenen~l' there is any 
reason to suspect the presence of beetles~ ltuTue, or eggs~ the safest 
nnd simplest procedure is to place the })l'oclm't 111 a shallow pall and 
heat it in an oven for n, time with a· Tery low fire. This ti'eatment 
will kill all stages of the insects without injuring the flour or cereal, 
and is especiully useful 1n the frequent cases where, although no 
beetles or larvae are to be found. eggs Jl1a~r haye been. deposited in 
the food, which latel' \YouJcl deveJopinto larvae and beetles. The 
exposures shown in table H will kill all stages of these insects. 

TABLE 12.-Temp('J"atllres and, ti1ll(' Of e:r:poslI/'C 1l('ce.~8ary to ldll a/l, stagcs of 
the flour beetles in Jlour, 111(,(11, or c('reals 

Temperature In 3 Inches EXpOsed indh'iduals 1n I inch of flour(0(,.) of flour 

m._. __ ..• _. I !hours ., .... _ _ ' _ .• __ .\ShOUTS.___ . ___ ._.----;H.. •• '·lhours_ ....... 

w ...... _. ___••......•••...I _ _ 45IUinutes•••.• ._ .•••...lbminut~._ ••• •••••• ....... _ 4lmurs. 

iO ......................__, 10 minutes.... _............ _ 40 minutes....... •••.. 2~ hours. 

SO....................... Sminutes•••. ___ ...... _•• __ •. , 30 minutes .. ___ !!hours. 


Temperatures below 'i9° C. are not. likC'ly to iujllre flour or cereal, 
but 80° and abo\'e IlHIV s('oreh flour. and so l>hould be ayoided. Break­
fast cereals may. ho,,:'eycr, be heated to about 9()O without being in­
jured. Further data on o\'en heating to kill flour beetles is gi\'en by 
Chapman (1/). 

1rhen these beetles haw al!'eac1y l)('c'ome estabHshecl in a· pantry 01' 
flour bin the best procedure ]5 to destroy all foodstuffs known to be 
infested: sterjIjze by the foregoing lI1C'thod all those that may beiu­
fested, and give the entire kitchen and pantr}' a thorough cleaning, 
:including sC:llding of all cracks w.ith boiling water. -" 

In cases where it is impossible to rid a pla('(;' of insect.'> without 
fumigatiou, (he directions giy(.'1l ill the articles referred to should be 
&iudied and eurefully followed. 

SUMMARY 

The confused flOllr beetl('. J',·t/.ioliUln ('on/'W!1JI/ll, .T. dll V., and the 
rust-red floll!, beetle. '1'. ('(U;taneUln (Hbst.). are by far the most 
abwlda.nt and destructive beetles infesting floul's and other prepared 
(''erealproducts. These insect!; lire cosmopolHan and are now 
recorded as pests in practically ('velY civilized country of the world. 

A partial revision of the genus T1'iboliu1II.. is given, in which the 
name· ca8taneum, Hel·bst is shown to be the con'ed name for the 
species CQmlf~ouly knowJl a" fel'1'ur;inftU71~ Fab. Scren species are in­

http:abwlda.nt
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eluded in the genus. These arc. caJJfaneU1n, confm"um., 111aden8, 
destluctol', {febieni, indiawln, and 1JlY1"mecopMJwln. 

These beetles, excepting 1Il!/1'mecopldluln and qebiel1i, arc. probably 
native to the region comprising southwestern ~\'sia and the eastern 
Mediterranean lands. Their onginal habitat was under the bark of 
trees and in rotting logs, where they pI'obably Ii "eel as sca "engel'S. 

Both T. confusum, and T. castaneU1n are cosmopolitan, but 1'. con­
ftUfUlIb is more common in temperntc. regions, IlJid J'. c((stanf'wn is 
more of a subtropical in~ct. T. madens has be<>1l recorded fl'ol11 
North America. Europe, and Egypt, and 1'. desf1'U<Jto']' from Ger­
many and the Netherlands. T. i1uUCWtn, T. gebielli, nnd T. 1nyl'1IUJ­
coplt.ilurn apparently have a very limited range, the first being re­
corded from India and nOl-thern Africa. the second only from Pam,­
guay, while the last is known only fI'om southeastei'Jl Australia. 
Most of the many refeY'ences to these beetles ill literatul'C are records 
of the damage clone by them, 

The flour beetles are particularly injurious in flour mills and in 
other establishments that prepare cerenl products. They are JlearIy 
omnivorous and have been reported breeding in and dllJll!lgiJlg' flour 
and all other prepared cereal products, grain and seed, allimal mat­
ter and espe('inlly dry insects specimens. Yl'ast, nl1t~, dl'iprl fruits, 
chocolate, certain spices, and other miscellaneous plant products. 

The eggs, which lire laid directly in the flour 01' other food ma­
terial. are cOYCl'ed with 11 sticky sub;:;tance thut callses the foodstuffs 
to adhrre to them and often ('oinpletely cover them. 

The incubation period for T. C(l,ytaneum aycragecl4 days at 300 C.. 
5.2 days at 27° 1 6 days nt 25°, and about 8.8 days at room conditions 
where the t.(>mpel'atul'e averaged 22°. The incubation period for 
T. GonfU,'fU1n an>ragec1 6.8 clays nt 27° 1 ancl12.8 days at room condi­
tions where the telllpel'lltllre averaged 21°. 

The lJumbel' of llll'nll i11stal'S rangps fl'om ;) to 11 01' more. the 
usual numbel' being 7 or 8. Envjl'onnwntal ('onditions, ('specially 
food and temperature. infhl('llc'e the 1l11lllb('l' of in::;t:u's (,onsidembly. 
Howeyer. there may be considerable individual variation in the 
number of instal'S of larvae j'eUl'ed under identic-al ('onditions. 

The dUl'lltion of the larval period ranges £rom 22 to 0\'('1' 100 days 
according to the influellce of environment and the effect of individual 
vay·iation. Th(', optimlim tempemture 1'01' dew>lopment s(>ems to be 
close to 30° C. fot' both speci('s. Of the foods used. whol(>-wheat 
flour was most .favorable for development, followed by middli ngs, 
bran, corn meal, and white flom' hl the orclernamec1. ~feasuremellh 
for the various stages and .for the larval inst.ars, including the width 
of the head capsule, arc glyell. 

T.he average pupal p£I'iods were, for 1'. ca.~t(t1l(,U7n at 30° C., 5 days, 
at 27°, 7.1 clays, at 250 

, 8.8 days, at 1'00111 temperature iTl cady sum­
mer, 8,5 days; and. for T. confu.m'ln at :27°, 7.~ days in continuous 
light anc18.7 days in continllous darkness. Adult males and females 
are so nearly alike in external uppeal'ance that thpy al'(' (iifIkult to 
separate, although the sexes can be readily !'('cognized ill the pupal 
stage by the charactcl·j3lic Sl1l1pe of the v('nh'r or- tilt' last abdominal 
segment. 

Adults of J'. c(t.~tall('Ulll, enn fly short disblTlC'(lS, bllt adults of 
T. conf'u8Utln, although provided with wings, btlYe 11«':\'('1,' I)eeq ob:>erved 
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to fly. Adults of both species possess scent glands that gh·e. off a 
pungent odor. 

Bree(l.ing continues the year round in heated buildings, but in 
unheated mills in the Northern and Central States only adults arc 
present during the winter. 

Adults have been known to live as long as 3 years and 271 (lays. 
The average longevity of the adults used in the oviposition experi­
ments was as follows: T. C0I1/'I18u'm, males, 634 days, females, 447 
da,ys; T. castanew1/, males, 547 days, f('males, 226 days. T. con/u.'I'lI/III, 
males have proved ferWe at 3 y('ars, 76 days of age. The greatest 
age. at which a fenHlle laid ferti Ie eggs was 1 year and 94 days. 

Resistance to starvation varies illv('rsely with the t('mperature, and 
the two species sc('m equany resistant. 'rhe ]on::rest 811rvi\'al periods 
for adults without food are as follows: At 30° C~. 18 days, at room 
tempemture, 23 dltys, nt 15P 

, 27 days, at 10°, 51 days. The longest 
survival l)eriods for larvae witho1lt food w<'re· 23 days at 30°, 46 days 
at ordinary room conditions, and 54 clays at 15°. 

Th(' longest oviposition periods reeorded were 432 clays fOl' T. C01/­

/u.~U1n. and 308 clays for T. calttaneum. The avemge o\·iposition 
period for T. ()onfu.s'll1n was about 8 months, while that of T. casta­
11eum, was about 5% months. The ILVerage number of eggs laid per 
day during the entiI'e oviposition period of any female was 2 or 3, 
and the highest number recordecl in 1 day wus 13. The greatest 
number of viuble eggs laid by a single female clUJ'ing its enbm ovi­
position periocl was 97G for T. COlll118'W1l~ and 956fo1' 1'. ca.9taneU11l. 
The ltverage 11 11 III be I.' laid by']'. cOllf1Urtlm females was 458 while that 
of T. C(l.<;tane111/1> was 327. 

T. ('(u;/(l1l('1l7n has bl'en experimentally pl'ovecl to be one of theintel' ­
mediate hosls of the tapeworm llymA!no{elJilJ di'lnimlta in Jupan. 

A disease caused by a, coccidian. Adelilla sp.) is often found in the 
rearingH of' Tl'iboliWln and kills large numbers of the insects. The 
mite LI('aroph('naJJ t1'ibou,: is the most common pnmsite of these 
beetlt.'s. .Another mitt" the common Pediellioides 'I.'enfl·icQ,S·1J,.9, some­
times attacks Tl·ibo/lwn. The hymenopterous parasites RluibdepIJ1'is 
zcae and Hclel'Oael'J1l1l.S im;7lug'J'an.<; have been recol·ded from '1.'I·iboZi1JJ1n 
but seem to he ratI1l'r rarl'. Predators attacking ']'I'iboliu1n are the 
hemipteron XyZoco]·i.<; cw'sitml.<; and adults of the cadelle, Teneln'oides 
m,(tU?·lt(mieu.~. Adults of 1'I'iboliw/Il, may themselves be predatory to 
a certain extent. 

Control mf'thodsincluc1e fumigation with hydrocyanic acid "n.:; 
or chloropicrin, and the lise of heat. .,., 
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