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ABSTP'ACT

Laboratory erperiments \¡,Iere carried out to study the

development of the hairy spider beetle, Ptinus vill-iger (Reit.)

on four food s at three temperatures and- three relative humid--

ities. Eggs !'üere reared. individ.uall¡r on vrhole wheat, bran,

ground- wheat, and vi-r,a:nin enriched fiour since these materials

are typical of stored. commod.ities infested by the hairy spid.er

beetl-e.

Insects were reared. at 4Bo, 68o, and- BOoF., and at 40, 6Q,

and. BO per cent relative hunid.ities. In most cases 76 repli-
cates were used. for each food, temperature and relative huúd-

ity. Insects were exarnined- as of-r,en as possible to record.

significant observatlons and- l-ife cycle changes. In this lvay

an accurate life history r,vas kept of each individua] insect as

it progressed- through the larval and pupal stage and emerged.

as an adult. Netri'ly emerged ad.uJts were weighed- and sexed ; some

were replaced- for further observation. The majority were

paired. and. exposed. to Io'r,v temperatures in an atternpt to ind-uce

egg laying.

Generally, temperature had. the greatest effect on develop-

ment. ReLatÍve humid-ities of 60 and BO per cent had. no signi-

ficant effect on d.evelopment. Ground '¡¡heat and- bran were

significan-uly betier for development than r,vhol-e v¡heat kernels

and vitamin enriched. fl-our. Some larvae vuent ínto diapause at

each temperature and- hurniclity. More larvae r^¡ent j-nto d.iapause

on fl-our at 6O and 8O per cent relative b11mid.ity rl¡nen the



temperature rvas 680¡'. Adu]ts

effect. The¡r laid no eggs at
75of. showed. no il-l
68oF. , and. 8ooF.

subjected to

35oT. , 4BoF. ,
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ÏNIRODUCTION

nne preseat work conprises an atte¡rpt to evaluate the

effect of food-, tenrperatureu anc)_ relative humid.ity on the rífe
e¡icle of the hairy spid"er 'oeeil_eo pti.lgq vill_j.ge_q (Reit")"
This infor.nation can be used to predict the areas r¡irere the

species coul-d e:cisi anC- to compare tirer¡. rvith the existing vyorld

distributicn" A:lso, ane of econor¡ri-c im;oortance, the results
of -this str,rd.¡r may be used- to decjcle .,"¡hether P" vj-Jliger is
likel-y to beco¡re a najor pest in any particular pl-ace" During

ihe past tr''rentlr years serious cì.a:na-ge has been reported by flou-r

d.ealers, storelceepers, and liil ling corapanies, particut ärly in
the Prairie Provi nces. One of the nai-n objects of investigat-
ir:g the biology of i-nsect pests of econonÍc importance is io
d-eternine how rapidly the j-nsect population r.ril*l- grow" Tire

figures obtained. normally incl-ude the cLuration of developneni

of the slrecies reared. on particular food.s ai several- tempera-

-r,rlrês, and relative buruicliiies, at each stage of life . In

ad.d.ition, i;he effect of these cond.itions on egg-hatching,

rnorta.liiy, and- inci-d-ence of diapause r,¡i1l- be evaluated. Lastly,

ad-ults obiained r',¡il-l be su'ojeeted to various tenrperltu-res in an

attem-ot to findL out preferrea tempei'atures for ovi-positing"

The principal form of spid,er beetl-e ciamage is the lorvering

of o¡:.ality d-ue to the presence of I j-ve oir deacl insect,s,

exeretar anci cocoons" The nutritional value of food- may

read.ily be affected. by the presence of J-arge numbers of
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the insect. Besid.es the actuaL darnage caused. by the insects
in the infestation of stored- food prod-u-cts there is the psycho-

logical effect of the customer?s aversion to contamination of
any kind 1n such products. The la¡m.an has been ed.ucated. to

regard al-l foreign matter in food as d.irty and umuholesome

Fi-nancial losses may result from loss of patronage and from the

necessity for salvaging infested. cereal-s or selling them at
recluced. prices.

Zaclner, in J979 claimed- Ptinus vil-liger (neit. ¡ to be an

gastern Siberian species. ft spread_ to Canada possibly via
the United States in l9I5 and. to Sijesia and. Germany in Lg7I.

Earl-ior, I{eliãn in 192J :rad record.ecl it from I'inl-and.. In recent

years it has been found occasionally at British ports on Can-

ad-ian prod.uce, especially flour, but also many other foodstuffs.
Gray Ã971) pointeo out that the hairy spid-er beetl-e occurs

i.n practically the eatj.ro lÍst of food.stuffs handl-ed. by milling
companies. This includ es fl-our (patent , whole-'sheat ¡ gralra-m

and rye), cornmeal, roIled. oats, oatmeal, farina, as vreÌl- as

feeds such as bran, shorts, and. vari-ous meal- preparati-ons. It
is also able to feecl in wheat"

În IgjZ an elevator company encountered. these insects in
its snmple boxes at ifiorden, Manitoba. The same conclition vìIas

fou-nd- in ten other elevatots, tll¡o of trhieh showed. some signs

of infestation in the bins. The use of country elevators for
storage purposes over long period.s of time, coupled nrith the

ability of this insect to l-ive in grain, constitutes a potential
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threat to grain in country st,orage.

smallman and- Gray (tg+g) have pointed. out that in Mani-

toba the adu-lt beetle comrnences egg-laying in mid-ApriL. rt
continues for three months, reachi-ng its peak of oviposition
in mid-Ju1y. Many larvae complete their feed,ing d.uring the

suIrurer. Some form a pupal- cocoon, pupating and- becoming ad.ults

before the winter. Others pass the winter as free l-arvae.

Generally t,hose adults emerging in the autumn cÌo not lay eggs

until the folloiuing spring. Thus it appears that either the

ad.u-lt beetles require an exposure to 1ow temperatures before

they can lay eggs or the pre-oviposition period. of sexual

maturation is conparatively 1ong.

0bservati ons in the labora'r,ory indÍ-cate that the pre:

oviposition period of sexr¿al maturation is reratively long.

Gray (1977) considers P. villi€er to have only one generation

per year in canada. rnd.eecl some ind.ivid.uals may require two

years for developnent before ovipositÍng, spending one winter
as a l-arva and, the next one as an inmature ad.ul_t.

Gray and- r¡Tatters (f9r+) stated that spider beetles are the

most important insect pests of flour storage warehouses in Can-

ad.a. 0f these, severaÌ species occur in cereal- warelr.ouses,

the hairy spider beetle, L villiger (Reit.), being the most

pred.ominant. It -was found. that prod.ucts that sel-l slow1y and

tencì- to remain in l'rrarehouses from gne year to the next coul_d

become heavily infested and serve as a source of infestation.
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II¡I,{TTR.] AI.S A}TD I\/IETHODS

Eggs were obtained frora tr,vo sources:

1. Laboratory cultures set up witl: ad.ults captured

from warehouses in May, 1956.

2. Test sackl-ets containing flour set up as oviposi-
tion sites in infested. vrarehor-i.ses. Theso tvro-pound

sackl-ets ïrere collected after an exposure of approx-

imately three weeks and their contents sifted for eggs.

Generally South-Western Manitoba was the main site of these

warehouses.

Eggs were incubatecl in cubicles å- inch in d.ia¡reter and.

fr incfr d.eep. These cubicl-es vrere mad-e by pressing six circul-ar

d.epressions in t/64 Ínch acetate sheeting cut in speeially

d.esignated sizes of three inches by one and five.-eigÏitlis inches.

fn this rvay tbey couId. be stored- upright Ín microscopic slid.e

boxes. fhese boxes \qrere cut in hal-f, each hal-f abl-e to hold.

six acetate strips ¡ or the sum total of thirty-sÍx cubicles.

Each cubicl-e was used as an ind.ividual- rearing ceIL, one egg

being pl-aced on food in each cubicle.

Two slid.e bo;ces, each eontaining thirty-six cubicl-es, v,Iere

stored in a sma]-l- d.esiccator. Four sl-id.e boxes were stored. in
a large one. The reason for such a set up was both practical

and. tirne-saving. In this manner six replÍcates coul-d. be

quickly and- accurately exalrined und.er a binocular microscope.

Figure 1 shows a d.iagramratic plan of a group of six cubicles
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on acetate sheeting" I'igure 2 shor,vs hor¡,¡ six of these groups

fit into a slid.e box referred. to as a l-ot. I'igure 1 i}lustrates
four lots in a large d.esiccaior. Figure 4 shows ti'vo sl-id-e boxes

i-n a snal-l- d.esiccator.

Eggs obtained. for cul-tures were put into +Bo¡'. incubation

rooms if they coul-d not be used. the same day. This sl-owed d-oi¡na

their hatching process. l'ühen ready they v'''ere pJacecl on the f ood.

in the cubicl-es with a soft camells hair brush. Only eggs that
looked. viable were used. Generally viabl-e eggs shor,¡ed. a charae-

teristic pearly opalescence. Non-viabl-e eggs usualÌy were of

a d.ull brot¡ro color or i,',¡"rinkled. Nev,rly hatched. larvae \tere able

to feed on the food inmeiLiately.

Insects were reared. at BOo¡'. in a constant temperature

cabinet. This cabinet was fitted rvith an el-ectric fan to main-

tain air circulation. f\rro germination rooms kept at 680¡'. and

^o4B-F. were used. to rear insects at those temperatìlres.

The humid.ity was controlled. at 40,60rand 80 per cent.

Thj-s was accomplished- ruith d,esiccators containing sulphuric

acid and i,vater solutions rulxed in appropriate proportions as

outrined. by soloinon (1911). For a relative hurnidity of 40 per

cent, 7O.l- m}. of sulphuric acid. vfere ad.ded slor.vfy to !0 mI, of

water. Nineteen ml-. of sulphurÍc acid. slovrly ad.d.ed to l0 m1.

of water gave a rel-ati-ve hwcid.ity of 6O per cent. Eleven and.

one-third. mt. of sulpburic acicL slowly ad.ded. to l0 ml. of lr¡ater

gave a relative humiclity of 8O per cent" The ane¿nt' of solution

required. for small d.esiccators was 200 ml. Tire amoutnt of sol-u-
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TOP VIE\¡I

SIDE VIE\,'I

tr'igfrre 1. Diagra¡rrratic ple.n of a group of six
cubicles on acetate sheeting.
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Figure 2. A lot of 76 rePlicates.
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Iigure 1" I'our l-ots in a large oesiccator'
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.Figu-re 4. Ttvo lots in a specially constru-cted-
d-esic cator .
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tion required, for large desiccators lvas !00 rc1"

.å-s fifteen oesiccators vrere requirecì. and only nine r{¡ere

available, six had to be constructed.. Slriall- mouthed gal]_on

jars rvere useo" These irere eut about three-qúarters of the way

up the jar by Lreans of etchÍng niith a gl_ass cu-bter, then appfy-

ing a red hot vr¡ire und.er pressure around the etched jar.. Stop-

cock grease was applied. and. the mouth rvas corked.. As an ad.ded

protection, masking tape tr'vras appl-ied. over the tr¡¡o cut ed.ges to

ensure the desiccator being airtight. Figure 4 illustrates
one of these d.esiccators.

The foods used for the cuftures lvere whole wheat, brano

ground. r,vheat, and. vítamin-enriched. flour. These foods were

chosen because they represent important stored prod-ucts rvhich

are infestecl by the hairy spid-er beetle. Iror each cubicl-e 0.27!
grarns of food r1¡ere provided.. Iater, holrrever, to facil-itate
examination, at l-east half of th.e food was reaoved. More vras

ad.decl Jater if i.t was found to be necessary.

The foods were cond.itioned at various temperatures and.

rela.tive humiclities for at least four d.ays before starting the

experiment. Ground lvheat vuas prepared. by grinding lvhole kernels

of wheat of l-5 per cent noisture content. The partiel-e size of

th.e four f ood s was neasured and. this is given in Table lfIf und,er

the heading, rl'deight of tr'ood Fractions Separa-r,ed by Stand.ard.

Sievesll.

fu'¡o criteria for conparing the vafue of f ood.s l\rere useÖ:

l-. Time taken for d-evelopment of the insect-
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2. The ir,'eight of the ad.ult beetie reared. on a

particular food.
-l'Jhen the food r.i.¡as being conditioned to the high tempera-

tures and high relative hunid.íties before the eggs vrrere intro-
duced., mould. grovrrth was observed.. Ilence there r¡vas sorne d.elay

in getting started. as the mould had to be removedr or food

conipletely changed..

It ro'¡as intend.ed. originally to have thirty-six replicates
for each temperature, food., and. relative humid-ity" This lvould

amount to 76 x A (food.s) x 7 (teruperaturesJ x 1 (relative

humidities) or a total- of 11296 eggs. Eowever, tovrard.s the end.

of the experi-ment there n¡as a lirnited. supply of eggs. Hence

in sone cases only 18 replicates r,vere used. and. in the last
four ìots only 12, 12, 10, and. ! rrere used.. Therefore the actual-

nu¡rber of eggs used- r,^,¡as l-r051"

The replicates were examined. d.aily or every two days

initialÌy. As nore eggs rrere set up it lvas possibl-e to make

examinations only once a v¡eek. It was found that l-arvae couJd.

crav¡l up the vi,¡all-s of the cubiele and. escape so precautions rvere

taken to prevent this. The top of each cubicle was covered-

lvith a double layer of cel-lul-ose tape. Both sticky sides were

fused. to each other so that the insect r,,,'ould not get stuck to

the tape. Holes for breathing purposes nv€re punched. ihrough

the ceJlulose tape lvith a fine need.le.

Insects T,,yere examined in groups of siX under a binocular

microscope. Often the egg¡ or' l-arVa, ïiras obscurecl by food.
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particl-es and had to be uncovered. v¡1th a. probe. Care ¡,,ras

taken not to injure the j-nsect by rough contact. Dates of all
significant observations and life cycle changes rrrere recorded.

for each egg. usually the cellul-ose -r,âpe covering hinolered.

accurate observation, hence it was temporarily removed at each

exami-nation. tr'ood. v,¡as ad.ded. when need.ed, but only among insects

r,vith abnormal-ly long perÍods of development or rvhen diapause

occurred.. In a feiu instances it 1,¡as noticed that ivith the addi-

tlcn of food, larvae pupated. i,vithin several- d.ays.

The matu-re larva produced a stravs-like silky substance.

This was spun from the ar1us. This substance, together v¡ith

debris anC food particles rvas used to construct a cocoon. .A.fter

the larva encl-osed itself in the cocoon, it stopped. feecling.

This indicated. the approach of pupation. Careful checking lvas

necessary at this stagl i-n ord.er to get accurate d-ates of change.

Soon the larva shed. its skin a-nd. pupated." This lvas seen either

by direct oroservation through the undersid.e of the transparent

acetate sheeting or by gently lifting the cocoon. The fotmer

method r¡vas preferred as this was o_uicker and. there v'¡as no chance

of disturbing the insect"

Tor,rrard-s the end of pupation, moven.ents of vuhat seemed to

be the muscles or liganents or blood- were noted. und,er magnifJ-ca-

tion (20x) . Soon af ter, novement of the append.ages and. mouth-

parts was noticed-. Within tivo d.ays tbe adult stage î*ras reached. but

remaj-ned. in its pupa] ease " ,{gaÍn, it rvas possible to examine

the und.erside of the transpareni cubicles to d.eterni-ne lvhen the
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adul-t had- energed. Âfter the adult emerged it r,vas inmediately
vüel_gned..

A Sartorius balance accurate to 0 "05 milligrams 1¡ras used.

to lveigh the ad.ufts. The newly emerged. ad.urts vrere carefurly
bru-shed to remove food particles or clinging d.ebris. colour,
size, iveight, and. taxonomj-c features of the nevi¡ly emerged. ad.ul-ts

lvere record.ed.. Ad.ul-ts rirere sexed. accorcllng to Ilintonrs tax-
onomic classification.
Exposure of Adul-ts to VgrJrj-ng Temperatures

Although the stud.y of the effects of constant temperature

yÍe1ds important data relative to development and. metabol-ism

it is the variabJ.e tenperatures i''hich prevail in nature. Eence

ad.ults obtained- in this experiment r',¡ere subjecteq to varying

tenperatures. It is not icnolrryr for sure whether this insect has

only one generation or tiro per year. i;{hat evidence r.,re d o have

points to only one generation.

Àd.ul-ts rvere sexed. and. pui into glass jars, measuring

2'l/B in. high and L 7/4 in. wide, A special food- medi-us. of

grou-nd -ffheat, plus about 10 per cent vita¡rin enri-ched. flour,
was prepared.. To supply the insect r,vith r,ivate.r a wad. of rrret

cotton batting'uvas used-. This tiras fixed. to a circle of cellu-

lose tape i,rrhich j-n turn v¡as Pl-a.cecl- on bloti;ing paper" Hence,

r¡vhen the cotton batting was vrretted the bJ-otting paper rernained.

dry, insu-lated by the cellulose tape. In this vay the ad.ults

could d.rink l¡ater and. ihen d.ry their mouthparts and legs on

the blotting paper before r¡'ralkÍng on the f ood. Ït was f ound'
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I'igure 5. A d.iagra¡matic
container.

viei¡¡ of culture
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I'igure 6. Cul-ture contaj-ners used..
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that if they got their mouthparts and. legs lvet and. then calle

in contact ',rith particles of food., a paste would. fora, rend.er-

ing their ri:.outhparts ancl legs imnobil-e, and. eventu-ally death

couro. resul-t fron starvation. Iresh i'üater -'/as gi-ven three

times a -,,'¡eek Íor the fi:rst two months. This v¡as red.uced- to

two times a rveek, and eventually to iust once a I'reek.

T\ryo mal-e and. trvo female adults lvere placed- in each iar.
Torty such cul-tures vrere set up anci subjecteCL to var¡ring

teriperatures and varying lengths of etq:oslJ.re. Four tenpera-

tures ,,¡ere used: BooF., 680ï., 48oF., and t5ot. Different

cultures \¡/ere exposed. for varying lengtits of tirie. The f ood

1",'as peri-odically sifted. for eggs. Very often heavy gror"rth.s of

mould. were f orrned at i;he higher temperaiures " fn such cases

the rrediutr lvas sifted. for eggs, then d.iscar0.ed." The jar ltas

thoroughty cleaned- and. replaced- luith fresh food,. Sonietirnes

exceptionally heavy mould. gro,,'rth engu'lfeC- th^ insect, Iocking

its moutlr.parrts and movabl-e joints and. eventually caused cleath.

Qthers l-ess affect,ed., easily surviveci the mould.. Figure 5

shows a d-iagramatic vievv of the container used-. tr'igure 6 is

a photograph of several- containers useil in this experitnent

i,v-ith ad.u1ts.

fne statistical rnethod-s used. are frorn Snedecor and. are

given beJov.¡:

The ariths.etic rnean rves calculateC for each set of

resu-l-ts" The stand.arci. d-eviaticn gives a :lieasure of the

devìation of eacÌr d.etertrrina-uion froru the rrrean and was

calcul-ateC. using the forrnula,



L7

6= (Sned-ecor, L?+6)

lvhere x is the observed d.e-r,ernination, m is the arith-
netlc mean, n is ihe -uotal nu¡iber of d-eterr¡-inatìons.

fu:a]¡rsis of Variance ',',¡as computed.. The results given in

Tabl-e XIV shorv the statistical- diffelences betlveen food-s,

temperatu-res, ano. relative httmiclities in the d-er¡elopment of

P. vil-liger.
Cal-culation of the sum of squaïes and F tests for the

four fooC.s are presented. in ApPend.ix I, âs exanpies. The other

variants were trea-r,ed. sirnilarly.
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RESUI,TS

The Effect of Teniperaiure, R.elqtive Ir.,urcid.iiy¡, and. Foocì
Haichin a1_Ðev_q.!op:nent, and_ ¿Au_IE ønrereeuce .

Tabl-e r shov¡s that at 8oo¡'. there ri¿as a l-ow hatch at qo

per ceat relative humicìity in all- foods excep'r, vltamin enric¡ed.

fl-our r¡hich gave a 52"8 per cent hatch. There r,¡as no larval
d.eveloprnent at this rel-ative hu:nidity. -A"t 6o per cent rel-ative
hu¡nidity there r,'"ras a Írean hatci:. of j\.J per cent and. a rrean

larval- development of 6'l .? per cen-r,. ,\t B0 per ceni relatíve
humicr-ity there i¡';as a mean hatch of 65.J pet cent ana a mean

larval- developnent of 8f "6 per cent. /rdul-t energence was

ercceptionalty high at both 6O ard. BO per cent relative humid-

ities.
Results at 68o¡, are given in Table If . The hatciL at

40 per cent relative hirmid.it;,r is higher at this temperature
o

ihan at B0 ï. Again, vitamin enrichecl Ílour appearecl to con-

tribute to a higher hatch. No larval- developrlent was record-ed.

at 40 per cen-b rel-atj-ve humidity. There ',/vas no significant

difference in hatching between insects reared. at 6O per cent

and. B0 per cent rel-ative humidity. ,{dul-t emergence at both

rel-ative htmidities l,Yes hig;ll but with no signifieant d.ifference"

Table ïïï shoivs that at 4BoF. there r,ras a l-orirr mean hatch

at 40 and.6O per cent retative hun-idities. '{t 8O per cent

relative humld-ity there -v\ras no hatch. No larvae reachecl the

puBal- stage at +Bo¡'. , alÌ;hougli- a fer,''¡ were in diapause.
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TABI,E Ï

HIIit'iIDIfY :\ND tr'00D 0N HIITCIUNG,
tu\Ð A-ÐULT Hr,iERGtrl{CI i\T BO'F.

EFFECT OF RE]¿TIVE
LARVAI DEITELOMIEIilI,,

* Number of ind.ivid.uals at start "

Relative
huroidity /.

Food Percentage of insects

HatchinE Iior¡cinE puÞae
TMerg].ng

ad.ul-tsAS

40 i¡rjhole wheat

lJ:¡an

Ground. v'¡heat

Fl-our

L7 "89 ß614

B "73 36)
rg "44 (t6l

52,8O (16)

0

0

0

0

0

0

0

0

6o ],"[hole lvheat

Bran

Ground. v,¡heat

Flour

61.10 1,76)

"12.20 (761

50.0 (,76].

50.0 (16l

67.6 (14)*

69 .z (18)

6r.l- (11)

'17 .'l (14)

too " ( 14y

Bg " (16)

100. (11)

100. (r+)

BO tríhole tuheat

Bran

Ground. wheat

Flour

6i "g ß61

52 "B ß6)

12.2 (161

'12.2 (76)

B7.o ( 20)

77.6 (14)

88"5 Qll
72"4 (21)

1oo. ( 20)

85 "7 (rz)

100. (271

95.2 ( 20)
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T,q,BI,E TI

IJLI'/trDITY AND FOOD 0t{ HrI,TCI{ING.
ATID ADU],T HVIERGE}TCE ,ET 680r.'

tr'FECT 05" RELATTIIT
I.AftVAI DEVELOII/TENI,

* Number of ind.iviaual-s at start"

Relative
hu:nitlity /"

Food. Percentage of i-nsects

liatchrins Forrl.ins pupae
Energing
as adults

40 lflrol-e 'wheat

Bran

Grouncl wheat

Fl-our

2?.2 (76\*

70.6 (761

22.2 (76'l

69"4 (76)

0

0

0

0

0

0

0

0

6o Whol-e wh.eat

Bran

Ground wheat

Flou-r

6t "g (,761

67 "9 ß6J

61.10 (16)

Bo.6 (,761

BB.o (zz)*

r-00. (27)

g0 .g ( 20)

65,5 (1g)

74.9 (I?)ii

95"7 QzI

1oo. ( zo¡

1oo. (19)

BO t¡'rlhole vrheat

Bran

Ground- u¡heat

Fl-our

67.9 116)

6g "+ ,61

67.g 1r6l,

67.g 36',)

BT.o (20)

64"0 (16)

gL.7 (21)

65"5 (19)

100. ( 20)

1oo. (16)

95.2 ( 20 )

66"6 ( z)
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TÄBLE fII

HUtvtrDfTY AI'ID FOOD 0N ILq.TCltNG,
AND .qÐUIT MISRGE}ICE .¡rT 48"F.

EFFECT OF RELATTVE
L{RV¿,L DEtrrgLoPIúEl$I,

* Number of ind.ivid.uals at start '

Re lative
hu-rdd.ity /"

Food PercentaEe of ínsects

Hatchinq tr'ormine pupae
Hrrergrng
as ad-uIts

40 'v"rlïrole wheat

Bran

Ground. t¡vheat

Flour

2',1 .7 (18)*

t6"'l (18)

11,11 (18)

27 "'l (18)

0

0

0

0

0

0

0

0

60 Iühol-e wheat

Bran

Ground lvheat

I'1our

22.?2 (18)

t6"1 (18)

11.11 (18)

o. ( 18)

0

0

0

0

0

0

0

0

80 ltlhole r¡vheat

Bran

Ground. wh.eat

Tlour

o. ( 12)

0. (r2)

o. (10)

0. (9)

0

0

0

0

0

0

0

0
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TÂBIE V

lrlEIGIlS' 0F AÐLTI,TS .{T m,,IffiGE}PE FRo},{ C0C00}S
Old VAP.IOU-c FOODS AND TB,IIPRATIIRES A.T

BRED SII\TGIY
6at" a"w.

lood- Tenp. , 
tI'

Number of
adults

tIIeiEht in r¿illlsrams
l'emal-es Ulal-es

i[ho]-e v¿heat

3ran

lround v¡heat

F lou-r

4B 0

0

0

0

0

0

0

0

0

0

0

0

'ühole vrheat

3ran

)round. v';heat

Ilour

6B J-'l

¿¿

20

19

2.28 + Q "2I2
2.5I + 0.246

2.r9 g 4.J24

2.52 t 0 "755

2.L4 + A,4LZ

2.O'l + O "249

2.L7 t 0.1f?

1.98 f 0.227

rtllrol-e i,vheat

3ran

lround. ruheat

Fl-our

BO l4
ú

11

T4

7"28 g 0.184

7.77 g 0.r00

7"2'l t 0.242

z"'18 t 0.25'l

2.976J O.279

2"9'15 3 0.]BB

7.22 t 0.52'l

?"24 y 0.2J2
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TABI.E VI

]I'¿EIGHT OF ¿.DÜLTS AT MúEBGENCE FRO}.{ COCOO}TS
ON V,ARïOUS F00DS ,q,ND TH,æERATURES AT

BRED STI'íGLY
Bo/" R.H.

'ood. Tenp. roF" lürmber of
ad.uLts

lïeÍeht in mill-isrâtrs
Femal-es ilIal-es

ïlhol-e lvheat

Bran

Ground- rvheat

Flour

48 0

0

0

0

0

0

0

0

0

0

0

0

14Ih.ol-e i,',¡heat

Bran

Ground n¡heat

I'l-our

6B 20

16

?o

2

7.!I ! 0"5t4

7.O4 ! 0.706

2.87 ! 0"2'1+

1.Q7 (oni-y 1)

2"'10 ! Q"7'l+

2.56 ! 0.272

2.78 ! 0.242

2.67 (on1y 1)

l¡tlhole wheat

Bran

Ground. i,''¡-heat

Flour

8o 20

t2

21

20

?"96 ! 0.258

2"?4 ! 0 "4].7

,.09 t 0.472

2.82 3 O.482

2"60 + 0.256

2"74 ! O.264

2"76 ! 0.l"Bl

2,16 ! 0"168
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luqation 9f Iarval, Pupal-, and. Complete Developr:rent of

-

-H. Vlfj].ger.

Teroperature plays a signifieant rol-e in its effect on

d.evelo-oment. The mean nurnber of days required. for coru.plete

d.evelopment at BOo¡'. r'ras 5'1 .55 I +.2! days. The mean number

of days requÍred. for compl-ete d-evelopment at 68of . was 'lB.7B x

4"9, days.

Duration of devel-opment is not significantly Öiffereni at

6O and. B0 per cent rel-ative humid.ities. A comparison of the

fou-r food.s l,uith d-uration of d.evelopment indicates that develop-

nent to the adul-t stage riras completed. in 64.06 days on ground.

-wheat, 64.55 d,ays on bran, 68"70 days on v'rhoLe wheat, and. 15.7+

d.ays on vitamin enriched flour. Figure 15 sunnrarizes duration

of d.evelopment of P" vil]iger and. cl-ear1y shoi,vs these d.ifferences.

';t/eiEhts of Àd-ults at Fhersence Reared on Various I'oods and.

It is evident from these tables that females are heavier

than males. The avera3e vreight of th.e female is 2.89 mS. ¡ and

that of the male , 2.4) mg. The tabl-es shov,¡ that at 6O per cent

relative h1mrid.ity, average rveigli.ts of aclul-ts r'ìiere significantly

higher at BOo¡'. than at 68of. Bu-t at 80 per eent relative

humid.ity, average weight of adults lvas significantl;r higher at

680¡,. than at BOo¡'. No a¿ults were obtained- at 40 per cent

relative humidity at either teraperatu!'e'

-t'leights of Food Fractions Separated bv Standard Sieves

In descend.ing ord.er of coarseness there are ground- v'rheat,
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TAB].Ji 1rlI

!ìIEIGHTS OT FOOD FRACTIO\TS SEPARATED W STATDARD SIE\TES
(10 gm. sa$pl-es were used. for each food)

Fooil Size of mesh
opening in mm

Ì'feight of food.
obtained. by mesh

in ro.s.

Percentage of
10 gms.

Bran 1.0

O."15

0 "r0
tirrough 0 .50

I"rz
l_.60

7 "05

7 "64

l-5.2

l-6.0

70 "5

76,+

Ground wh.eat 1"0

o.75

0 "50

through 0"r0

6.5'l

0"?B

r.26

0"8.5

65 "I
?"8

!2.6
8"5

Vfhole r¿'uheat
(kernels )

1.0

0.75

0"50

through 0.50

0 .1_6

0 "74

1"71

'l "8'l

1.6

V"4

17.7

'lB.'l

Vitamin enriched
flour

f.0
' 0 .'15

0 .50

through 0.50

0

0

0

10.0

0

0

0

100.
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T,ABIJ: T-IfÏ

ET"fECT OF T'OOÐ AT{D REI,{TIVE HIN,TTDITY ON^LARVJ1.L MOR,TÁT,ITY
OT' PTTITUS IruIIJGER AT 80,tr..

Relative
humid.itv I

Food Number of
ind ivid.uals

Nuraber
díed

Per eent
morta].itv

40 Iilhole wheat

Bran

Ground vrheat

I'1our

2o

76

76

,6

5

7

4

1g

lt"BB

8.77

l_1" 11

52.77

6s ì'tlhole wheat

Bran

Ground. wheat

Flour

,6

76

to

76

I
1

I
t

22"22

19 "+4

22"22

8.77

80 iilhole vrheat

Bran

Ground. wheat

Fl-our

t6

,6

76

,6

2

5

7

4

5 "55

1r. 88

8.71

1r.11
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TÄBIE IX

EFFECT OF FOOD AND RET,ÄTITfE HU.I.,I]DIST ON. LAP'VAÏ, MORTALTTY
0F PTTNUS IIIII,IGER ri,T 68'F.

Rel-ative
humld.itv l"

tr'ood. Number of
ind.ivid.uals

Number
d ied.

Per cent
morta].itv

40 Whole wheat

Bran

Ground. wheat

Îf our

,6

76

76

t6

I
11

I
,q

22.22

70.55

22"22

6g "44

6o Vühole wheat

Bran

Ground. wheat

Flour

76

76

76

76

0

0

2

0

0.00

0 "00

5.55

0 .00

80 T{hole wheat

Bran

Ground. wheat

I'lour

,6

76

76

76

I
7

0

0

2.7'l

8.77

0"00

0.00
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TÀBIE N

EFTECT OT FOOD fu1TD REL{TTITE HUMIDITY ON trARVA], MORTALTTT
OF PT]NITS VfITJGER ÄT 48OT"

Rel-ative
hu¡rid.itv l"

I'ood. IRrmber of
ind.ividuals

Number
d ied.

Per cent
mortalltv

40 'dühole r,vheat

Bran

Ground. wheat

Flour

18

18

18

1B

10

7

2

5

55 "55

L6.66

11"11

2',1 .77

6o tr'ühole v'¡heat

Bran

Ground- rrheat

X'lour

1B

1B

18

1B

1

I
2

6*

16.66

5.15

11.lL

0 "00

BO lVhole wheat

Bran

Ground wheat

Flour

L2

12

10

9

gx

0*

0*

0*

0.00

0.00

0 .00

0.00

*Not viable.



T¡,3LE Xf

DIA.PÂUSE OF ITINUS \rJ]J,IGEF, ST]-BJECTED TO Y,qRTOUSnerÀrrmffifffiEffiiCI reoDs Á,r 8ooï.

ìelative
rumiciitv Food.

Number of
ind.ividuals

ñ.¡mber completing
iLeveJo-oment

Number in
diapause

40 t¡'lhole wheat

Bran

Ground. v¡heat

Flour

76

76

76

t6

0

0

0

0

0

0

,

2

60 i'{ho}e vuh.eat

Bran

Ground u¡heat

tr'l-our

,6

76

76

76

14

ú

l_1

l4

0

I
0

0

8o llhol-e vrheat

Bran

Ground. wheat

tr'l-our

76

2o

76

,6

20

L2

2'
20

0

I
0

7



z1

TABL5 XIl

DT.qPÄUSE OF PTITWS III]"ITGSÊ STIBJECTÐ TO ]TARIOUS
6BtF.REIATTVE HTII\TDTTTES S.iÐ FOODS AT

Rel-ative
huuriditv Food

ñrnber of
ind.ivicluals

Itfumber completing
d.eveloment

l{r¡rnber i¡
d.iapause

40 I¡lhole v'¡heat

Bran

Ground. wheat

Flour

16

76

tb

76

0

0

0

0

I
I
I
7

6a 'vìfhol-e wheat

Bran

Ground wheat

Fl-our

,6

76

2o

76

yl

22

20

tg

I
0

I
B

8o Vüh.o1e wheat

Bran

GrounÖ wb.eat

Flour

t6

76

36

76

20

16

20

2

2

1

1

20
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TA-BLE NIT

DTTqPAUSE OF PTINUS ET'T']CER SUBJECTED TO YÂRIOUS
nEl,¿,tilm ¡lutvirnffis ,uÐ FooÐs AT 4BoF.

Relative
humid.itr Food.

Nrrmber of
.nd.ivid.uals

Iifumber completing
d.evelooment

ñr¡rber in
d.iapause

40 l,lbole r.vheat

Bran

Ground. wheat

I'lour

18

18

1B

18

0

0

0

0

0

0

0

0

6o lv'hol-e lvb.eat

Bran

Ground. wh.eat

3lour

18

18

18

fÕ

0

0

0

0

1

2

0

0

80 Ithole vrtheat

Bran

Ground. wheat

FLour

T2

l2
10

q

0

0

0

0

0

I
0

L



-t1

TABIE ],ilV

A}IANTSIS OT V.'PJÄNCE

44 d"enotes significance at 1,4" leve}"
& d.enotes significance at Jl. IeveL.

a B.= Bran; G.l,T. = Ground. lvbeat; trV"TrI. = Tthol-e v'rheat;
F. = Enriched. fl-our;

Cond-i ti ons Degrees of
freed.om

Sun of squares I\{ean square F

Temperature

Humidity

FoocL

¡-lB" & G.l,'f. vs.
lB. vs . G"lúI.
lw.w. vs. r"L

Temp. :i R.ï[.

Temp" x tr'ood.

I{um. x Food.

Temp, x ï{um. x ï'o

d,ïr. &F. I
I
I

1

'1

7

i_

z

1

7

r80i.'lo

5 "'15

726 "60

zt'l .91
"+988. tB

19.28

74"28

B+" +j

,0 "62

r9or.To

5.75

10B. B7

21'.1 .97
"498B"tB

rg .28

l.I"47

28 "L5

10.21

t7+.rö4

0.22

5 "50*
12. otl

0"021
4-+il

1" 88

1.12

2"75

1.12

Total- L5 2704"68



i4
bran, vuhole wheat, and vitamin enriched- fl-our. The data'shovr that
the coarser grounc. rrheat and. bran proved to be a more favour-

able ccmbination of food. than the finer whole lvheat and. flour.

fffects of Tood, _Eqlative Hutl.idiMiffiEil
At BOoF., 68oï'., and. 40 per cen-u rel-ative humídÍty, there

was a high mortality rate ín vÍtamin enriched. flour. At +8o¡'.

and. 40 per cent relative humid.ity, there \ras a coixparatively

hÍgh mortality rate in whole lvheat. At 680¡'. ancl. 6O and BO per

cent reLative hurnioities there r,vas a very lov¡ mortatíty rate in
al-t f ood.s.

Effect of Ternpera-Þure . Relative Humid-ity. and Food., og the
lncidence of l,arval- Diapause.

At BOoF. few larvae v¡ent into d.Íapause. Tabl-e Klf shows

that at 680¡'. nore larvae rvent into dlapause in vitamin enriched.

fl-our than in any other food.. Ä relative humidity of BO per

cent was most conducive to l-arval- diapause. Table FIII shovrs
o

that at 48 F. few ind.ivid.uals r,uent into d.Í-apause.

Life Hi-story and Stages of Ptings vil-Iige.l"

The post embryonic d.evelopment of P. vil]iger comprÍses

an ord.erly series of stages 1n the course of ','vhich the insect

becomes transformed from a larva to a pupae and. then to an

ad.ult. The process invol-ves grolvth by means of a series of

moults. Three larval instars ïere noted in P. villiger. Very

l-ittle change of form was noted d-uring the larval- series of

moul-ts . Only incleases in Sj-ze \(rere observed.. I{OWever, the
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last larval moul-t is a striking transformation ini;o the pupal

stage. D-rring this pupal stage, the insect does not feed. as

it continually cì.id in the Larval stage, but merely rests, in-
active ano helpl-ess in an encl-osed protectir¡e pupal case, the

puÞarir.m. \lhile in this so-callecirinactive stage! th" insect
becomes compleiely transformed. into an adult beetle, a mar-

vel-ous nretaraorphosis. Figure 7 shows the l-ife stages of P.

villÍgqt,. photographed- at aboi¡.t natural si-ze.

The Egg

The eggs are relatively large. r,"Jhen isolated on a blaci<

background they can easily be seen vrith i;he naked eye. They

are about I/40 of an inch in length and. have a d.iameter of

about 7/lO of an i.nch at the nid.dfe. The egg is roughly oval-

to spind.le shaped-. l"lhen not obscured lvith ad.hering flour par-

ticles the egg has a pearly opalescence which is usual-ly a good.

sign of viability. Non-viabl-e eggs usually turn to a d.ul-l

bro'v'¡-n colour" The chorÍon is rnod.erately transl-ucent, the embr¡ro

being dimly visible prior to hatching. Tbe eggs aTe easily

ruptured. lvhen fairly young, and have to be hand-lecl carefully

witÌr a fine camelf s hair brush" i,'then the l-arva hatches,

occasionally the egg aOheres to it for Sone time, dra-u'rn along

i,uith it in search of food.. Figure B iltustrates spid.er beetle

eggs. The rough shape is d.ue to ad.hering particJes of flour.

TLre Larva

The nevrly emerged. larva is slightly smal-ler tban the
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E
Eccs

HT
Figure 'l .

Wonl¡s on Lrnv¡B Pu¡rr, Crses
All sloges are abotil nalu¡al size

Life stages of P. \riillger.

Spider beetle eggs x12.

tr'rom Entomol-ogy Divisi-on, Department
oÍ Agriculture, Ottatva.

Figrre 8.
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d.imenslons of the egg'. tr\rll-y gro\rn larvae are about f/6 of
an inch in length with a d.iameter of roughly t/t6 of an inch.

They are pfuflp and roundish vrhen r,vell fed,, but desiccated.,

shrunken, ano wrinkly v¡hen undernourished or thirsting. The

bod.y is hairy and. generally harbors particl-es of fl-our, The

l-arva l-ies on its sid.e in a curved- position';vhen at rest,

Generally the col or ranges from a light yellovrr to a creamy

lr¡hi-te. TIre head capsule is darker, being a light broi¡¡n. The

mouthparts are dark brovrrn in col-or"

Before pupation, the mature larva produ-ces a subste.nce

v,rhlch. is spun out of the anus in the form. of stravr-like silk
threads" The la-rva incorporates particles of food, d.ebris and.

perhaps fecal- material to the silky secretion and. constructs a

cocoon. The cocoon or pupal cel-l- prevents any further feecling

and. soon the larva. shed.s its skin and. pupation occurs. f igure 9

is a photograph of an original d-ra'wing, courtesy Entomology

Division, Departr¡.ent of Agricu-Iture, Ottarva. Tigure l-0 is a

photograph of spider beetle larvae, enlarged. about 10 tines.

The Pupa

The pupal ease is usually constructed, at the ed.ge of the

container So tii-at the tn'o surfaces of the container can be

utiLized. as lval-ls. Figure l-1 is a d.ie-grammati-c viev'r of the

pupal ease in a single eubicle. The co]ou-r of the pupal case

varies i¡¡ith the food mediun. Thus in vitarnin enriched' flour

it is v¡hite, i11 bran it is light bror*m, rvhile in whol-e ro¡heat

and ground- r,vheat it is of a d arker shad-e . The newly f orrned'
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Figure 9. f.arva of ha-iry spid-er beetl-e.
(Copy of an original drarving, courtesy
Entomolog:y Division, Departnent of
Agriculture, 0ttarva. )
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,Figure 10. Spid.er beetie larvae ' (Enl-arged'
aLout x12.)



Figure l-1.

40

CUEICLE

PUPAL CASE

PUPA T

S|LK DEBRTS Êlc.

UNEATEN ruD

Diagraruma-r,ic vi-ew of a pupal case in
a single cubicl-e"
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ligure !2, Spid.er beetle pupal cases x10.
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pupa is pearly v¡hite" As pupaiion progresses, i-u darkens to

a red.d.ish-browno

The rvings and. legs aÍe free, ut enelosed in a sac-like

cuticula.r sheath. Just 'before the ad.ul-t is formed., roovenent of

the mouthparts and. append.ages can be easÍly seen v,rith a ten

po\'Íer binocul-ar nricroscope. l¡/ith a magni-fication of XZO, blood

f-luid., muscles, or ligar.ents can be seerr moving baclcward.s and.

forv¡ard.s. In several cases the actual transfor¡ration into arL

ad.ult beetl-e v,¡as observed-, a process whicb. lasted. several- hou-rs.

.Imnediately after emergence, the ad.ul-t rested quietly vrhile

the criticl-e hardened. and. d.arkened. FigUre 12 shor,vs spider

beetl-e pupal cases "

Íhe .Adult Beetle

lVhen the beetle emerged-, the entire bod-y was light amber

and. d.arkened. to a d.eep brov''rn '';'rithin a v'reek. Fema]e beetles,

upon emergence lyere alr,1-ays heavier than males. Generally,

pbinus vil-l-igcg is spider-like in form with a d.ark brown col-our-

ation.Usua]-iyfourirregular].igþtpatchesarepresent,two
on each elytra. In size the beetles vary fro¡r l-ess than 1rl8

of an inch to a l-ittle ¡rore than 1/8 of an inch in length" The

female is heavier and. has smaller eyes. Its antenaae are shorter'

v¡ith the segments being nore or less of un-lform length' In the

male, the thi-rd. antennal segment is trvj-ce as long as the second'

or,e. usually the male is more sl-end.er and- less buxom than ihe

heavier female"
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The beetles can ü.ove about very rapid.l-y but often feign

death vrhen d-isturbed-. Blov,ring vüarm moist air on the insects

usually activates them very c.uickly" '{hen they are active,

the antennee are carried Ín a ivicleJ-y separated- position. Adults

retained- in cubicles for observation rec*uired- free d.rinking

v,,rater. ïf this v¡as not gÍven, the insect either T:it throu-gh

the celfu-l-ose tape or perished. Figure }i is a diagrammatic

viev,' of the ad-ult beetle after Gibson and fWinn, Bull " l-l,2,

Department of Agriculture, Ottalva. Figure 14 is a photograph

of ad.ult beetles, enla.rged about 1l times.



Figure I7. Diagra,:n:natic view of Ì;he ad.ult.
(,^,fter Gibson and Tu¡irin, 8u11.112r.
òepartment of Agriculture, Ottawa.)
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Figure 14" Adult beetles x1!.



46

DISCUSSIOI{ O,E F.¡SULTS

Rate of d.evelopment -vrras signi-fica:ntlv influencecl by

teilperaiure (P<0.01) , Effects of ìrurrriditlr be-r,ween 60 ancl 8O

per cent 'rvere not significani,ly ciiffe::ent. Fori;¡r per cent

relative hunidity retarded. hatching and. feu,¡ Índivid-ual-s reacired.

the l-arval- stage " There r,¡as a significant aifference betv¡een

focd-s on <i-evel-opnent (P< 0"05). It iras fcund that bran and'

grou-nd- .;.,"'heat lrete significanil¡r superior to finel¡r ground vrhol-e

r,.¡heai; lcernels and- viia-rnin enriched f lour (P < 0.05) ; the coarser

bran and. ground. .,,,¡heat favou-recl faster d.evelopment" A comparison

bet-¡een bran ancl. ground. wheaì, shoved. no signiÍicant o.ifferencÊsc

tr'ineJ-y grou-:rd- ,.'¡hol-e r¡v-heat lcernels lr'i/as more favoural¡Ie to d.evelop-

ment inan Vi-r,afain en¡:j-cired-. fl-our (P< 0.10). There lvas no signi-

fic¿rni d.ifference alrong the var-Loi.;.s interac'i,ions of food,

teraperature and rel-ative huroid-ity.

Ef fect of Ter¿Pera-tt:re
-J

Reference to Tab}e fff and. Figure t6 v¡ill shor,v that fe¡¡

eggs hatcÌreô' at +Bo¡. IvÍos;t of those that hatcheci. sool1 d-ied-, br-rt

a fe-;;,¡ent into d.iapause. A trtr-e picture of ti:'e effect of this

tenpera-bure on d-evelopneni i,"ias not ob-r,ained. for ti"¡o reasons'

First, fer'rrer replicates \vere u-seci beCause there lvas an insu'ffic-

ient nirm'¡rer of eggs near tÌre enci- of tþe experi-rnent" Secondly'

since fe,i eggs hatchecl¡ 3o inad-equate nu:nber of l-arvae -i'fêre

availa.ble for measr-rring the grorvtJr 'ra-t'e'

Figure L6, e sull¡rarlr oí Ì;he iraì:cìring aspecis of Tables I '



90

80

7õ

U,

ê

=F
z_
l_dI
D_

9
Lr-.1

L!

l̂!o
Z.
O
tr
DTfô

TEIIPERATUR E
80" F

B " Bran
GW= GÞui¿ whtaè

\JuJ= \.rholo wht¡t
f . Mt:nin ehiicl.¿ fldr

R.H ' Rclative hñi¿ìtY

B GVW F

8O% RH

TEMPERATURE
69" F

B GVW F

CO% RH

B GV V\./ F

60% RH

GVW
BO% RH

FIG. 15 EFFECT
ON

OF TEHPERATURE.RELATIVE HUMIDITY AND FOOD

THE DEVELOPIIENT OF PTINUS VILLIGER



80

(D
z.
ï?0
C,,l-
Ieo

(^
C'(, 5ô
L¡

tL
Oqo

{J
(9
(¡o
t-z
LJ-¡

U
ú. 20

IJ
A-

TEMP. SONF

BGVF GWF EGWF

t{01. Rl'{ @/,Rtl 80Í RH

4'B -

BCU/F

Tolnu

TEMP. 6g"F TEMP. LI8'F

F ' VlTAltllr E!¡R|C,HÉD FLôUR

!y'W' wHoLE wHEÀr

6W' 6Roul,rD WHÉ^"

B : BBAl,l

RH . RELÀ1lvÊ HUMIDITY

øGUI F BGUF B€1., F

{07. RH 6o'l"Rt1 so%RH

B GI.' F

goí,RH

NG. ß EFFECT OF TEIIPËRATURE . RELATIVE HUI'IIDITY , AND
FOOD ON HATCHING



49

II, and III, silows thai optimurfl. hatcirabiliiy occurred at BOof .
OO

and. 6B-f . It is apparent that 68 F. was the. liore favourable

of ti:e two. Iow relative hu¡:.ic'l-ity 
"u=u-tts 

in a low hatcir even

at Íavoui'a.ble ternpere'r,ures (eXCe1:'u 1n vitanin-eir::iched- fl Our) "

At 48o,q. severai lii¡e l-arvae !'rere seen tlrough the chorion of

the egg, trapped- and. unable to extricate -r,benselves. Lor"r

l:a.tch.abitity at tnis temperature suggests that the hatching

process (i,,hich is largely a riiatter of rrruscle power) has a higher

temperature coefficient than en'oryonic d.evelopnent. 1,.t 4BoF.,

hatclning is lor,v at all humiclities ancl ,."rith all food.s.

Ðuration of d-evelopment of P" villiger is stinilari zed ín

tr'igu::e L5. It can reecii-y be seerl that BOotr. favours a lrore

ra-pid- developrnent than 68o"t. The average number of d-ays recr¡:-ired-

for complete cì-evelop::ren'b at BOof . was ,7"r, L 4"21 d-ays. Tire

aveïage nr-r.irbe:: of d.a¡rs reo-r-rireo for conplete d,evelo;onen-t, a-r, 68op"

i?as 'lB.7B t. 4,9i days.

Effeci, of Relative Iïu.rúd-it:Y

It is evid-ent from Ïigure t6 tnat +0 per cent relatj-ve

humicli-r,¡,' has an inierfering effect on the hatching process even

at opiimu:1 ieraperatul:esj, 'i,Ihen hatcÌring C,.id occur at this lov'¡

relative hr.mriditf if took longer -bhan at i;he higher hrmj-d-ities'

It appears iha-r, a combinatior: of a lovv relative humidity with

high ielipera-i,ures eau-ses d-esiccation in ihe egg'

In SOne cases roovei¡ient of l-arvae or raanciibles of larVae

ï¡as d.ei;ected. thror-igh the translrr-cent sheil-, bui no d-evelopnent

resulted., -¡{s ¡,'¡i'bh }or'l temperalu-res, loiv relative iluardity roay



5a

cause the egg-shell-. to harden, thus maicing j-t more oifficul-t
for the l-arva to chew its l''ray out. 0r, on the other hand-r P€T-

haps l-ow hu:riid-i-uy, having a clesiccating effect slov'¡s d.onin the

activity of the larva, renciering it lnad.equate to cope ivith the

hatching mechanism.

0nly a ferv accounts have been published- regard.ing the

manner in u¡hich a young larva extricates itsel-f frorn the embry-

onic envelopes" ln some cases it is evident that the l-arva cuts

its way out from the egg-she}l by means of its mand.ibles. In

others, a specialized- organ cal-l-ed- a hatching spi-ne has been

d.eveloped. for this purpose. This spi-ne probably ruptu-res the

chorion of the egg and" then the young larva proceeds to ivork

its way out (Comstock, 1949). \'fith ?. villiger, the larva v¡as

observed. to use'its mandibles in extricating itself from the

shelf . In no instance i,',as a spine no-ticedr but this is not

evidence enough to conclucle that a spine was not used.

The effects of relative husicìity on d.uration of the larval-

and. pupal stages are not significanily d.ifferent at 60 and- B0

per cent. Effects of tempera-ture and food overshadolY any sligþt

differences shown here ]ry reiative hu¡aicìity. Prolonged exposure

to 40 per cent relative humiCLii;y is obviously unfavourable. As

vüel-J as j-ncreasing mortality, the d.evelopmental period of the

larva is lengthened-. E\ver and Ewer (L94?), state thai; larvae

of spid.er beetles eat l-ess at tow relaiive hr¡¡rid'ities than at

hieh retative hlmid-ities.
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Effect of Food.

The method- of rearing ind.ivid,uals in separate cubicles is

apparently more satisfactory than if several eggs were introd-ueed.

into eaeh container. Horve and. Burgess (1951), working with

?tinus tectus first used- five or ten insects in each container,

bui resul-ts v¡ere variabl-e. fn general more than one egg in a

smatl container could l-ead- to cror¡vding or carrnibalism l,¡hich

lt¡ould. resuit in an abnormal nortal-ity rate "

Tabl-e IV shov¡s that length of larval- peri-od. was a¡ite con-

sistent when comparing the vafue of the four foods at various

teroperatures and rela-uive hugidities" The series of foods

compared. comprises prod.uce normally found j-n vrarehouses. The

rveights of ad-u-lts at energence are given in Tabl es V and IIf .

Ho';vever, weight r,vas not used as a criterion in eval-uating the

effects of the fooci9 on d-evelopment, as all adul-ts were not

vueighed- at exactly the same time after elnergence.

The effect of food on hatching is seen in I'igure 16. It

appears that on the arrerage, optimum hatcÏrin.-t occurred- in fl-our

and. ground rvheat. IIovrever, rate of d.evelopnent was significantl¡r

slor,¡est in fl-our and finely ground. l'qhol-e wheat. 
,

The particle size of these foocis affected the feeding habits

of P. vifliger contrar;,r to v,rhat .,uas expected-. The finer food's

prod.uced the slov¡est d-evelopment lvhereas the coarser food's

causeo most rapid d.eveloproent. There l\¡as a coryelaiion betrveen

particle size ano- rate of d.evelopment; ground wheat, ihe coarsest

of food-s prod.uced, the r¡ost rapid development, talcing 6+'06 Aays;
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bra.n, the second. coarsesi foodi took 64.5, d-ays, finely ground-

r,".'ho1e vvhea.t took 68 "l clays, ano. vi tanrin enrichecl- f lou-r, the

finest of ihe four food-s took 1r"74 d-ays.

It r¡ould appear i;hai pariicle size, oï texture of the fooo

seens tÒ be ried- up r:iritb.' -r,he forniation of the cocooll.. The

flour ancl finellr ground. ivhole v,¡heat, 'being of fine texture', per-

haps, reclu-irecl a longer tj-ne to form into -r,he sil-lqr, stral-Iike

substance secretecl by the larva prior to foruation of the cocoon.

The coarser food substa.nce could. have contri-britecl to a more

re.picl formation of. ihe cocoon, and hence a shorter larvaf period.

This consecluently ¡,'¡oulo- irave resultec,i in a shorter toial- d.evetop-

nental peri-od., Also, the fact that the cocoon is conpriseC of

particles of food-, debrisr. ancl sitic supports tÌris view. Natr-rrally,

ihe larger the particle of food., -r,he o-uicker it .-vi}l- fo.r¡r a

cococn covering.

Vii¿tnin enriched- flour aþpears to be ihe most inconsisteht

of the four foocrs. In it 'the highest percentage oÍ iratching

occurred., ihe longest d.evelopraental period resultecÌ, and. ihe

highest incid.ence of 'larval diapause i'Is.s founcl.

Reference to Tigure L7 shor,vs that few ind.ividuals v¡ent into

d.iapause at +Bo¡'. an¿,. BOog. Ät 6BoF., more larvae r'¡eni into

d.iapause in vita¡rin enricherL f lour than in any other food-. More-

over, ihere .r,fas a progressive increaSe in d-iapause as relative

huir:irlity increased.t in flour)'
ït is a icrrown fac-t, ihat gro-r',rLh, äs';ue]-l- as reprodi-retion ma¡¡
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suf fer a perj-oclic arresi. ''ifith insects there are i;r,vo types

of d.i-apause. First there is the groutl in -'.,¡hich a continuous

succession of generations occurs so Ìong as cond.itions are

favourable and in.;vhich groi,',rbir is arrested- onl¡r by the di_rect

action of ad.verse circumstances, such as col-d, d.rought, improper

diet, oï starvation. Tiris group is termed ?ho::rod¡r¡amicr.

Secono there are those insects r;v'hi-cir show at some stage of their
Iife hlstory a prolonged arrest of gro,;rth r,,¡hich supervelles

irrespective of the environrnent. These aÍe termecl thet"to-

o-yu.amlc "

P. vil-l-iggr has ilfustrated a horaodynanic type of diapause"

Those insects rea::ed at BOo¡'. and lor¡,¡ i:elative huurid-ity, r,vhiciL

survi-ved- d.esiccation, becane shriveLl-ed, d.iiu'arfed and failecl to
develop be;rond. the l-arval stage. Several thj-rd-ínstar larvae,

large and- Ëeal-r,h¡r lookingr vrent into diapause Íf ad.cÌitional food
ô

was not given after their original sulrply lvas used. up. i\t 6BtT.,

twenty l-arvae lv€rrt into diapause in vj-ta¡rin enriched. flour at

BO per cent relative hurrid.ity. I'b appears that this combination

of food, temperature, and- relative huniclity prod.uces a cer'caiTl

inhibitory stimulus affecting further larval d.evelopment'

It is evid.eni; fron Tables V and lfl tirat femal-es ere heavìer

tÌran mal-es. The average',;reight of the female is 2.Bg mg. and.

that of the i¡.ale 2.4) mg. Bod-y v,relght is d.istinctly heavier

just after emerging. lireight is progressively l-ost as time passes.

This is probably due to a certaín anount of .d-esiccaiion after

emergeL:Lce. Also increased- activit;' of the ad-ul-t ln'ay resul-t in
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a loss of enern;;i and- a consecuent l-oss in r"teight.

The -tota'l n'r:¡ibei: of females Obiained- was greater th-an ihe

total nuraber oî ri:.ales. This is of interesi in light of Wai'terst

(Lgr¡) finoing a grÊater incj-d.ence of females on bags of stored.

prOd-u.cts in -r'vareholr-Ses. Afso, he fou-nd- more d-eac1 females On'

the spra-yed. floors of r:¡areirouses than ri1ales. The iotal percent-

age of ad.ult females emerging rrras 57'1.. TÌre total nunber of

ad.u-l-t rnales emergiTl-g -i;rrâs 47'1".
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l-. An evaluation of the effect of food., temperature, and. rela-
tive hi¡nidity on the tife cycle of Pti_lgq vifliger (Aeit. ) \iras

nade. Results shcw that rate of hatchÍ-ng vuas influenced by

Ì;emperaiure. Fe:,i eggs hatchecÌ at +Bor. At 6BoF., 56.25 per

cent of the eggs hatched.. A.t 80o1., 4I"56 per cent of the

eggs hatched.

2. Duration of d-evel-opment '";as significantly infl-uenceci by

i;emperature" Results show that BOo¡'. favou-rs a more rapid-

developrent than 680¡'. The average nr:mber of days reo¡ired.

for complete d-evelopment at BOo¡'. Irvas 57.55 !.4"21 days. The

average number of days reo¡-r.ired. for complete devel-opmen"b at

680r. T,vas 18.18 È 4.9g d.ays"

7" Results sirow that 40 per cent rel-ative humid.ity has an

interferiirg effect on the hatching process, even at optimum

temperatures. It is thought that the combínation of l-ow

hrr1,:.id-ity with high ternperature resulted in d-esj-ccation of the

egg. At 60 anC BO per cent relative humid.ity no significant

d-ifferences vvele noted- on duration of larval and- pupal Stages"

The effects of tenperature and food. overshad.ow any slight

differences shown by rel-ative hu:mid-J--t,y'

4, Insects bred, on ground v.,¡hêat took 64.06 d-ays to d-evelop

completely" Bran resulted. in 64.55 d-ays, finely ground- whol-e

v',,heat :-n 68.70 d.ays, and. vítamin enriched- flour took 75'74
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d-ays" Ji "Lras foundr that the coarser food-s, ,qround. ,¿rheat and-

]:::an ..'ìiere supe::ior for d.evelopment than the finer r.,,,¡hol-e ,¡heat

and- flou-rc

5. There l;iiä.s no significant d.ifference arûong the va.rious in-ber-

actions of food.., temperature, and. relaiive hr.i-lrid.it5r"

6. -{verage ireight of fe.¡ial-es upon energence \ias found. to be

2.89 n'g.: that of rrlal-es 2.49 mg. Body r¡'¡eight vas distinctly
higher just after erûergence and lrei-ghi ivas -orogressively l-ost

as tirne;oassed., It is thought that this l-oss of rrreig.ht is
d.ue either to desiccation after exlergence or to a loss of

energy d.ue to increased activity"

'l . Tel',¡ l-arvae -vuent into diapau-se at 48og. ancl Boo¡'. At 680ï.,

more larvae lvent into ciiapa.use in vita¡rin er:riched. flou-r than

i-n any other food." A relative hu-n-id.ity of B0 per cent vras

::rost cond.ucive to larval- d-j-apause in vitanj-n enrichecl flour"

B. Ad.ults si-r.bjecteci to varying teriperaiures of 75oT., 4BoF.,

680r., and. Boop. ltuere fou-nd to require free drinlcing i,vater"

If this i''u;as cienied- them, -they perished. TÌtrough-out the v¡ini;er

iTrese ínsects received an ad.eo;uate sup*oly of fooci ancl v',ater.

No eggs vJere laj-ci cluring -the winter and. early spring'

I " The hairy spicrer beeil-e larvae will tirrive at wa:triL tenpera-
oo

tu::es of 68 P. anci B0 F. andi high relatÍve hunidities" They
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prefer coarser grou.nd. r,r¡heat anci bran to a nore fine fooci su-ch

as vitasin enriched. flour an-i finely gIounCL i,¡hole wheat.
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,qPPENDIX T

Calcul-ation of the sum of sqllares and F tests are presented.

here. Other variants are treated- sÍmilarly.

Food- ss -- (r,',¡rrote r,vheat ) Z
(56.14 + 56.65 + 76.J6 + 85.+5] +

(nran) 2
(57"25 + þ4.18 +',|þ.04 +',15"'15) +

(Ground. wheatJ Z
(57.8t * 52"2L + 16"82 + lJ.4o) +

(l'tour) z
('11,'lB+ 60.75 +84.71 +Bz.5o)

2
correction term = (56.I4 + 57"2J +J?,.8f_..... " 82.50) 

=I6

'l +,661 .75 I4,7+O .'.l5

= t26 "6

Next the interaction of the food.s was cal-culated.:

1. (bran and. ground. v'¡heat) vs. (v'ihole v'¡heat and. flour) ss 
=

(z5B"zz + z56.zL-- zj+.8 - 7ot.z6l2 = 23't.gv

2
2. (bran) vs. (ground. r'uheat) ss = (\258_"22 - 3Yi2!-)---]r-

-_ 0 "49

2
7 . (rvhole v.¡heat) vs . (fl-our) ss = (274.8 : 101.76) : BB,lB

I
(tne three totals
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Next th.e_ mean square ri¡as qalcul-ate4:

M.Sq. 3 ss ; d.egrees of freed.om

= 726.6 = l-08.88
7
'/

TinAllI_Lþe F tee!_Jdqs made:

(which is t for the
four foods)

= 5.50
+ SS orHx

F 716 is 3 test with tire appropriate d.egrees of freed.om.

7 = d-egrees freed.om for food .

6 = degrees freedom for temp. x humid.ity co¡rbination.
plus D.F" for humidity x fooct combinatio!..

Therefore, T 716 referreC. to in Tables is +.'16 for Jl" level-

and- 9 "78 for 1/. 1evel

since our ansr¡¡er is 5.50 or above +.76 and bel-ovt 9,18.

Tood. is significant at the Jl" l:vel- but not at the l-of"
leve]-
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