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SOME ASPECTS OF THE LIFE HISTORY AND BIONCMICS OF THE FIG MOTH

EPHESTTA CAUTELLA (VLK. )y AND SGME COMPARISONS WITH THE -

MEDITERRANJAN FLOUR MOTH, E. KUHNIELLA (ZELL.), AND THE

+ . TOBACCO MOTH, E. EIDTELLA, (HB),

1) INTRODUCTION.

Order: o Bepidoﬁtéré
Suborders - Hetérbnéurﬁ:
Superfamily: "v ﬁyralbidea
Famil_y':( - v'Ph'yci_’cidaeig' o
-  (from Ims, 1934),
éoﬁxl; 7 o The larvaevof the three common apecies of EBphestia, nﬁﬁaly, E.

- Yot !

eautella Wlk., E, elutella, Hb.; and E kuhniella, Zell., ‘are serious

pests of various stored tood prowucts, espeeially cereals, drieﬁ fruit,
nuts anﬂ'cacao, as wall as tobaeeo. In reeent years the starage or
"large ouanxies of these products in warehouses has made the ravages of
these insects both more important and noticeable. At the same time,
inereased faeilities for transport havebnot only diréetiy enlarged the
:range 0f the species, but have apened up new countries as a source of .
' various products and $o still further spread the. peets, so that they now
‘have a world-wide distribution. o
| These - species often oceur together on stored products, ;g.~E.
elutella and B.: cautella on ﬁried fruit. or E, kuhniella anﬂ\ﬁ elutella
on grgin (Hintop, 1942), B, elutella and E. cautelle on eacao, (Herford,__
. 1933), ﬁnd nuts, (Curran, 1926). . Sometimes a1l three areé found tosether
‘;-on ihe game products;" To know what speciea are present is of considerable
imyortance, ginee they differ in the amount of damage they are likely to
do, ‘in their resistence to -tumigants and in the frequeney with which they
‘.'are recorded es pests of other products. ; | | |
- Hitherto, the species have been differentﬂtaﬁzplmost 3ntfrel¥ bY
Jthéir wing pattern, slight-differences in the wing venation and in the
. seals tufte (foﬁnﬁ in the wings of thé ﬁales), béing used to & leséer_
éxfent; Uhfortunﬂtely,'the'pattern is offen obacuré_ana"highly varieble,

 anﬂ tends to become rubbed off the wings with inereasing age;'sb that in

the past, misidentifications have been very ffsqnent. ' Recently, Curran,
1926, showed that the males of the principal species infecting stored

_‘products could be very éﬁéily aistinguished by the stfuéture of the ex~
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ternal male genitalia, Richﬁrds and Herford, (1930), and Richards end
Thomson, (1932), have focussed their attention on the characters provided
by the male and female genitalis, and have found that they provide stable
characters for identification, while the speeifiec differences are of eon-
siderable magnitude,

Similarly, it had not hitherto been possible to identify the larvae
with certainty except by breeding them out, which is unsatisfactory both
because of the time it takes and because it frequently happens that meny
of the larvae die, But Hinton, (1942 and 1943), has found steble charae-
ters both for the lst instar larvee and finel instar larvae om which to
differentiate the species.

The eggs of all the three specis are rugose, end Lehmensiek eand
Liebers, (1938), havé discovered specific differemees in the patterns of
the ridges.

The pupee 4o not afford & reliable guide for identifiecation, since
their charaecters tend to very within & specles,

In this paper, the morphological differences &mong the three common
species of Ephestia hese been confirmed by the present author, so that
they may be easily identified, The 1life history of E, cautella has also
been worked out, as well as some aspects of the life history of E,
elutella and E,.kuhniella , These three species have been found to
differ at certain points of their life histories, Finally, the results
of other authors have been compered with the findings of the present

authoxr,




2) DIAGNOSIS OF THE GENUS EFHESTIA, G.N,

Richards amd Thomsom, (1932), have given & full deseription of the
diegnostie charscters of _E_pﬁestia, wut the following deseriptiomn is @
sumary of the more importent characters:«

The face is smcoth without & projecting eome of scales, Both the
pexillary erd lebial pslpi are three-segmented, the former being short
gnd filiform, while the latter are moderately long &nd elothed with
appressed scales,

"Forewings With Se. meeting the Costa at about its middle, Ry
obsolescent before reaching the costa, Ry either reaching the eosta or
obsolegeent just before it; Rz, R4 &nd Rgs coineident; Mp and Mz eo~
incident; one anal vein presemt; only veins Mj, M g’Cu I‘rnd Culp re-
ceived vy the termen, Cug ebsent, ,... The base of the costa im the
mele sametimes deflected towerds the umdersurfase of the wing, enoclosing
& tuft of modified scales,..

Hindwings with Se¥RtM enastomosed to meer the middle of the wing;
Se+R1, arising near the apex of Rs, sometimes co~incident with it,.;

Ma+3 ind Curtg alﬁays c¢losely epproximated in the neighbourhood of M - Cuj;,,
Veins Cuyq @nd 2A each with a defined pecten of hairs, oftem more developed
in the mele than in the female, thet om the anel vein also often preceded
by & minute tuft of modified scale s,

Markings: forewings with three transverse lines: the first usually
before the middle of the wing and darker in e¢olour, bordered inwardly with
paler scalsg; the seeond lime beyomd the middle, paler, outwardly margined
with dark scales, sometimes inwerdly also, the third line consisting of a
series of dark gpots juat before the apex; on the disc of the wing & small
.dark spot, the orbicular, The discal emd of this line is fregquently
darker tham the rest of it, forming another derk spot, the claviform;,,.
Hindwings whitish or greyish, rarely darker,.,.. sometimes with & sub-
terminel derk lime...

In the mele the eighth terg'ite is usuelly modified; the sides of the
tergite are largely membrenmous, but an apical ﬁrea &nd & narrow gentral
strip are more heavily chitinised; at the sides anteriorly ere rarrow
ehitiniged strips from whieh arise tufts of modified sceles,

External male genjtalia,

d
Saceus with a medisn membranous areSces.; valves with a strongly
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chitinised dorsal costa which is bifureated anteriorly, ... the basal
mergin reflexed forming @ small sacculus;,.. @nellua usuelly exhibiting
chitinised areas: 2 of these are ventral amd often fused ecross the
median line, the other two are dorsal and appear, after the extraction
of the sedeagus, @s & pair of thickenings in the ventral wall of the
tegumen; each of these dorsal thickenings sends out antero-léterally e

process which is in ¢lose conneotion with the inner bifurcation of the

coste, posteriorly they aré sometimes fusted together &eross the median
lipe..,

The gnathos is 8 small median structure, sometimes emitting 2 lateral
arme, and supported on & pair of struts: these struts rum from the
guathos anteriorly, then ourve sharply round &and Join*he sides of the uncus:
esee the mpal tube emerges from the substance of the tegumen at & point im-
mediately posteriorly ito the gnathos; the ventral wall of the free part of
the anal tube 1s sometimes thickened to form & subscephium, which is often

trénsversely striate: the uncus is brosdly rounded; the tegumen lotersglly,

at a point juet dorsal to the articulation of the valve, 1s produced imto

a smell lobe (E, csutella, Wlk,),or & finger«shoped process. (see plate 5).

External femnle genitelia,
The 8th tergite sometimes evenly chitinised, sometimes with entero-

latersl membranous areas, leaving & central more chitinised portion, whose
shape varies specifio&lly: 8th Sternite ohitinised laterslly, with & more
or less centrel mémhranous eree; ovipositor of simple struecture:,... burse
copulatrix lerge, the lamine dentate, ,..,.. uesually replaced by 2-18 chiti-
niged pletes; the walls of the burst sometimes also in pert gtudded with
small chitinised spots, bearing minute teeth projecting into the bursa; the
ductus bursae either with similar tooth-bearing gpots,.. or with & long,
chitinised plate; more rarely the whole ductus is evenly chitinised: the
ostium bursa lies on the membrane between the 7th and 8t%h sternites. (see

plate 6).



3) TECHNIQUE.

Details of technique will be described under the various sgections
but the following 1g & brief descripition of the more genercl methods of
tecshnique:~
Methods of rearing lervae,

The larvee of all three species were resredé in ball fruit jers with
wide mouths, They were kept closed by means of corks with a very fine
wire mesh plus organdie geuze to keep out parasites. It was foumd thet
ceshew nuts were the most sultable medium for growth, since they have the
gdvantage of being relatively dry and not liable to mouid infestation un-
less supporting & very lerge population of larvee, Farthermore, they
render the examination of larvae reletively easy, bBince individuel nuts
ey be removed @nd the larvie therein eesily exzmined, Therefare, stock
cultﬁres vere resred on cashew nutg, as well as dried fruit, reisins end
chocolate to & certain extent,

Stock eultures were also raised on & cheap artificial medium advocated

by Haydak, 1936, thus: 16} oz, glycerine wae thoroughly mixed with 16} oz.
honey, @and stirred into & mixture of dry materiel composed of 12 oz,
metlie mewl, 6 oz, No, 1 unsifted boermeal, 6 oz, bran, 3 oz. dry yeast
snd 6 oz. powdered milk, This mixture was used when required,

E, kghniella was also reared on No, 1 unsifted meal, as sdvocated
by Ullyett and ven der Merwe (1947),and E, elutella reared om tobacco &s
well, with lesser success,

The iarvne were reared &t room temperatures and in the warm room with
e cometant temperature of 85 F, and constent relative humidity of 60ff.

The length of development varies at different temperatures, for the eggs,
larvee and pupae and the nature of the food also influences the length of
larvel life. A thermohy{?;graph was used to record the temperature end
humidity in the warm room and at room temperatures,

Although sometimes two or three generations were bred on the seme
food without fresh supplies being added, the 0ld cultures were periodically
destroyed and the jarsg sterilised in an autoclave,

The larvee were provided with strips of double-faced corrugated board
in which to pupete, the number of strips depending on the number of larvae,

The ma jority of the larvee erawl ipto these apertures, but some pupate

between, and on the surface ofythe food medium, or beiween the food medium



and the gless, especielly in the case of E, kuhnfella,,

The adults were eollected by suction or by hend and imtroduced into
breeding eages, each gpecies having its own cage, The cagés were elghteen
inches squere end twenty-five inches long with fbur'sides of calico and
provided with a glass door, The floor was of wire gauze with a eompart-
ment underneath it eonteining & large sheet of paper, IBggs laid by the
moths were dropped through the gauze onto brown paper below, Qnd were'eol-
lected when required., The moths were fed on & mixtﬁre of water and honey
soaked up in cotton wool and eontained in a wire geuze ecylinder, whieh was
suspended from the roof, This increases the fecundity of E, esutells end
B, elutella, &ecording to Norris, (1933 & 1934), Ir'eggs‘were required they
were counted on black paper merked into squares, Generally, from 200 -
300 eggs were gently brushed onto the food medium in Jars of 2 pint cepacity,
the food matariel oceupying &bout half the volume of Jar,

In the case of E, elutelle, it was found thet the females rreferred
to oviposit directly onto the sides of the cage, end in erecks apd erevices,
rether than through the gauze, Therefare, the moths of this species were
Placed in & large duel display j&f énd ellowed to oviposit directly onto
pleces of organdie gauze to which the eggs &dhered, The gauze was them

removed and the eggs counted im the ususl way,
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4) DISEASES IN THE COLONY,

In the beginning, it was found that large numbers of larvae,
especially those of E, elutellc,died during growth, sometimes resulting
in 90% mortality, The larvae would become dark brown amd soft, and af-
ter death, turn black and brittle, This oceurred especially in the warm
Troom, but also at room temperatures, Sempl es were sent to Parasite
lsboratories in Natal, and thence to Americe, but the cegual organism was
not identified, and was thought to be & virus, However, after sterilisa-
tion of all the bottles end rood>medium in an autoclave the disease wes
reduced to 8 minirun,

There were 8l oecmsional outbreaks of lierobracon species, a pesra-
sitic wasp whiech lays its eggs in the living larvee of all three species,
By using cork tops covered vith fine wire mesh and further covered with
organdie, the wesps were usuelly prevented from obtaining entrence to the
Jars or ovipositing into lervee on the opposite sides of the gauze, How-~
ever, in spite of all these precautions, some jars occasionally became con-
teminated, and the contents of these were destréyed,

Cultures were also contaminated by smell mites of the species Pedicu-

loides ventricosus which destroyed the eggs by sucking out the contents,

The warm room was periodically weshed down with gammatox to destroy the
mites, and the bottles st room temperature kept on a teble with its legs
meqsureg

stending in tins of pareffin, These mumbers served to reduce the numbers

of mites, but they were pever eompletely destroyed,

The next sectior ig econcerned with the morphological differences
Gmong the three species of Ephestia , As hag been mentioned before, it
is most important that these species sre properly identified, since they
differ in the amoupt of demage they are likely to do, and in their resis-
tence to fumigents (Hinton, 1942), They have aleo been found to differ

in the lengths of their 1life histories (eee section 6),




5 ) SYSTRMATICS.

(a) Possible @iffelences in the eggs,

The eggs of all three species are white to pale yellow, sometimes
derker yellow in the case of E, elutella, and are about helé# a millimetre
in size, _The ezgs all turn darker a few days after they have been laid,

those>or E. cautella often hecoming orange or a dark buff or yellow colour.

When first laid, the eggs of @ll the species are covered with & sticky glue
which in most gases fastens them securely to the surface upon whioh they are
laid; however, in the case of E, cautells the eggs are more britile and do
not adhere readily to eny surface, in contrast to the other 2 species,

The eggas exhibit specific differences in shape, thoze of E, casutells
being barrel-shaped or neerly spherical, those of E, elutella Being oval

~apd those of E, kuhniella being elongate-elliptical,

Vhen exemined mieroscopically, the eggs exhibit a markedly rugose
structure, with & patiern of ridges and velleys joining each other, these
patterns also exhibiting specific differences, Lebmensick and Liebers,
1938, have noticed how the patterns differ in the three species, &and their
observetions have been confirmed by the presenf suthor,

B, cautella, (Plate I, fig.A). This is the only species with & regular

surface structure, with longitudinal ridges in more-or-less straight lines,
snd transverse smaller ridges radiating from the longitudinal ones,

E, elutella, (Plate I, fig.B), There is no regular arrengement of ridges,

of whieh there are more than in the other 2 species. Furthermore, instead
of longitudinel ridges, there are a number.or points with smmller ridges
radlating in all directions from them,

E, kuhnielle, (Plate I, fig.C). Again, there is no regular arrangement of

ridges, but in this case the longitudinal ridges sre larger, and fewer in
number then the cther 2 species, The transverse ridges also radiate in all
directions from the longitudinal ridgés, but the former ere not as twisted

&8s those of K, eluteila .

The lengths and bresdths of the eggs were also measured with an ooulo-
micrometer, and the mieroscope lens used was such thet 80 divisions corres-
ponded to 1 millimetre, Therefare, each measurement was divided by 1/80 to
eonvert it to millimetres, One hundred eggs of each specles was measured,

The results are esg follows:~-




Table I « Dimensions of the eggs of Ephestis.

Species length in mm, Breeadth in mm, ‘Length x Breadth
: (eq, mm,)
renge average range | averagel average
E, elutella «36=,56 .50 «232,42 30 #2172
IE, Kuhniella | .46-,66 | .55 | .28-,48] .33 .180

The results have also been exprassed graphically, (plate 7), and from
the graphs and tadle I, it is seen that the 3 species overlap to & certain
extent, although the greph of lengths x breadth shows clearly thet the eggs

of E, cautella-are the smallest, and thoge of E, kuhniella are the largest,

The eggs of E, elutella and E, kuhniella have approximately the same length,
vhile the eggs of E, ceutella asre much shorter, As regards the breadths,
there‘is much more overlap, with a tendency for E, cautella to have the
shortest breadth, gnﬁ E. elutella the longest,

- B ek Gt e e e il s e e W T D s e . D s i Y i D R D G D P A e W A Tt - T P D D D - e - - -, - -

(») Possible differences in the larvae,

The first stege larvae of all three species are delicate white, rather
hairy, and just visible to the naked eye, being about 1 mm, longs; The head
capsule is the widest part of the body, and is lighf brown in colour, Hianton
(1943 and 1944), has worked out a key for the separation of the first-stage
lervae, His observations have been confirmed by examination of the larvee
by the present autho: and the key is as follows:=
1) "Eightnlabiominal segment with seta epsilon separated fram the spiracls
By & distanee equal to very slightly more, or to distinetly less, than the
diameter of the spiracle.... E. cautella". (ses plste 2, fig B),

"Eighth abdominal eegment with sete epsilon separateé from the spiracle‘by
& digtance equal to much more than the diameter of the latteri......{2).
(ses plate 2, fig. BI ané B3),

2) ™endibkle , when viewed ventro-mesally, with outer ventral tooth not

forming pert of the outer margin of the mandible, but displaced mesally so
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lerva sre 4 distinct series of black spots, edch spot giving rise to one
or two fine bristles, (see plate 2, fig.i), |

The three spgeies eannot be differentiated om eolour, although the
larvee of E; cautella are §ufitanmore distinctly merked with pink or »uff,
those of E, elutells ar§ often lcreamyuyellow, eapecially when feeding on

tobseco, snd those of E, kuhniella often have & greenish or purplish ground

eolour,

The sexes may be distinguished ip the last 1né‘c&r by meang of the testesg
of the mele, which are oﬁeﬁ highly eoloured and show through the skin of
the 5th abdominel segment as "paired lowate bodies on either side of the
dorsal vessel," (Noyes_, 1930);

The larvee cannot be separated on size alone, although the larvee of

E, kuhnielle are noticesbly larger than the other 3 species, Simce the

size of a larve is not constant during its growth, and since the larva is
elastic, the head capsule of 100 males and 100 females of each species have
The larvae had

o
@1l been bred in the warm room on cashew nuts, at & temperature of 8§\E.,

been meksured, using &n oeulomicrometer scele &s before,

and were obtained from rolls of corrugated peper placed im the reering jers,
since they creep into the paper to pupate, The results were as follows:-

Table 3 - Head capsule sizes of last inster larvee.

Species length in mm, (breadth in mm, {length x fve, length x
: breadth. breadth for
(sq, mm,) | mele &nd female,

Range Ave, Range Ave, Ave,

E, cautella

male o 75=,99 «88 | 75,89 «82 «721 2774

E. elutella ' .

male +74<1,06 .88 s75%,95 +85 +748 726

female +65«1,04 +85 +66=,94 83 705

E, kuhniellel :

male 492«1,25 | 1,09 | ,98«1,31] 1,09 | 1,18 1,19

femsle .99«1,21 | 1,09 | ,92-1,21} 1,10 | 1,20

Table: 3 sagain shows thet the three species overiap, E, kuhrniella

being noticeable larger than the other 2 gpecies, and E, cautella being

slightly larger than E, elutells,

mele in the case of B, cautella and E, kubriella, although in the latter case

The femmle is slightly larger than the

the difference in size is very slight, while in the case of E, elutella,

[ the male is larger tham the female,
S b bl s
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However, the only relieble guide to the differentiation of the
larvee has been given by Hinton, 1942 and 1943: +this has been found
correct by observations of the present author, His key is as follows:~
1) "Eighth abdominal segment with spiracle mot more thanm two-thirde as broad
&s membranous part enclosed by sclerite of seta rho." (see plate 2, fig, B3,)
"Prothorex with diemeter of spiracle mach less than distance between kappa
setae,” (see plate 2, £ig Cl)ecscsscsisesecescescscnses B, elutells,
"Eighth ebdominal segment with spiracle &s broad @s or broader them membranous
part emclosed by sclerite of seta rho, Prothorex with diameter of spiracle
ag great as or greater than distence between K&ppe £618@...eesecceccese(2)e
2) Eighth abdominal segment with sete epsilon separeted from spiracle by
considerably more than the diameter of the latter (see plate 2, fig Bl),..
eecsersscesnsesscesesrsssesescstesissssscesenssessessses Do kuhmiella,
Eighth abdominal segment with sete epsilonm meparated from spirecle by less
then the diameter of the l8tterieeccecesccsescescsnceesess Bs cautells,
(see plate 2, fiz B2), |
In addition, ix E, elutella, the "subprimery seta theta (plate 2, rig. B3R)

\”  sometimes present on the eighth abdominal segment."

Richards and Thomson, 1932, have drawn up & key to the differentiation
of the pupse of the 3 species, but upon examination it has beeﬁ found that
their key does not always hold. Observations of the present author
have shown that im all the species, the pupae are of the complex obtecta type,
since the developing wings, legs, mandibles, maxillae and @antennee are glued
to the surface, and Are therefore fixed, The whole pupe is covered by &
hard, shiny, external ekim, which is white whem the pupa is first formsd, but

which becomes am amber~brown colour a few hours afterwards; sometimes the
wing casés become hard and black after sbout 4 days.

In E, cautellas,(plate 3, A}, the antennae do  not end distinctly before
the second péir of legs &nd the third psir of legs &re not exposed; in
E, elutells, (plate 3, B), the antexnee also do not erd before the secomd
pair of legs, but the third peir of legs are exposed (plate 3, fig B, Lg),
In E, kuhniella, (plate 3 fig C), the third peir of legs &re also exposed, &nd
the antennge usually end before the wings, slthough this is & variable
character, Also, the maxillae become hidden by the second peir of legs just

before their terminstion,
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The sex of & pup2 may bg determined according to the description of
Richards and Thomson, 1932, which is as follows: "The rudiments of the
genital and anal apertxres appesr ag short, lomgitudinal thickenings om the
mid-ventral line, the anus (ao, plate 3) being on the 10th segment, the male
genital sperture being on the 9th segment (plate 3, fig, C,y go), and the fe«
msle on the 8th (plate 3, fig A and B, go)."

Measurements of 100 males and 100 females of all three épécieé vere
obteined by allowing last inster lervee bred on cashew nuté in the werm room
at 85°F. to ereedp into double~faced'§orrugated board and pupate there. The
pupae were then removed &nd measured from the tip of the head to the tip of
the ebdomen using vernier callipers., The measurements obteined were as
follows:- |

Table 4 - Measuremente of the pupse of Ephestia species, (in cms,)

E, cautella E, elutella E, kuhnielle
» male female male female male flennale
2
A K .

Range, 51mu78 | 460,-082| 150,82 | 450~,80 | .64<1.06 |,7041,09 -
TAverage .69 2 .69 67 87 .88
-Ave, mAale and

remale 1emgth .70 .68 .88

Therefore, as in the case of the last instar larvae, the species overlap,

although the pupse of E, kuhnielle are noticeably lerger them the other 2

species, and E, cautelle 4a larger than E, elutells, ~Again, the fenmlesg of

F, cautella a&nd E, kuhniells attain & larger size then the males, this dif-
ference being very slight in the latter case, and again, the males of E,

elutella are slightly lerger than the females,

(®) Possible differences im the adults,

The adults of the three species (plate 4, tig. A, B and C), differ from
one &nother inm the wing patierns and genitalia, but the wing vemation and the
size of the body offer no relieble guide to differentiation,

One hundred males and 100 female adults of the three species have been

measured from species fed on cashew nuts in the warm room at 85°F. The m8les

en
end females may be easily differpmtiated by the faet that in the male the
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gbdomen 1s elongated and hag a pair of cleppers while im the female the
abdomen is about twice as long &8s broad, with & large eperture at the anali:id
no claspers. The adults were measured from the tip of the head to the tip of

the abdomen with vernier callipers &s soon as they were dead., The results

were ag followa:-

Table 8 « Body Lemgths of Adult Ephestis Species. (In ecms,)

E, cautells E, elutells E, kuhniella
male female male female male femgle
Range «60=,83 « 85,91 «D5=,84 | ,53=,79 «61«1,05| ,76«~1,00
Average 72 76 71 67 W87 .88
Ave, male &nd 74 .69 .88
female leagth

The results have also been expressed graphically, (plate 8).» Again, it
is seen that the species overlap is size, aithough E, kuhniella is noticeably
larger than the other 2 species, and E, cautella is slightly larger tham E.
elutella, Again, as in the case of the larvae and pupae, the females of E.

cautelle and EF, kuhniella are slightly larger than the males, while the males

of E, elutella are larger than the females on the average. Thus it 1s seomn

that size offers no reliable guide to the differentiation of the adults.

Differences in colouration end wing patterns, (Observations of the present
. . author),

The moths of B, cautella are more lightly coloured than the other 2
species, being dull yellow-brown or dull yellow-grey on upper and undersur-
faces, The wings are a dull buff-brown or buff-grey, often diatinctly timged
" with reddish brown scales in the region of the first line. (Chittenden, 1911,1

has observed that some moths were even darker than E, elutella or E, kuhniella

but this has never been personally observed), Also, the reéion of the wing
before the first line is usually lighter in colour than the rest of the wing.
The markings conform to the general péttern>as described on page 3, paragraph
g; although the first line is rather diffused with dark scales extending to-
wards the middle of the wing, and the second line is boﬁh,inmardly and out-
wardly margined with dark scaleas, The hind wings are bf the same general

S
colour al the body, being & pale straw colour tinged with grey. (see plate

4, &),
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chitinised, not striéte; apex of uncus rounded; tegumsn laterally produced
into & short finger-like process,"™ In addition, the gnathos is U shaped,
end the sedeagus (not shown in diégraﬁ) is a simple, sub-cylindricaﬂtube.

For E., elutells, the description 1s thus: "the membranous area of
gaccus covering about three-quarters of its width; costa of the valve
simple, with no tooth; ventral thickenings of the anellus about as long as
broad; dorsal thickenings elongate, posteriorly curved outwards into &
broad hook; gnathos trianguler, with short lateral arms; subscaphium
weakly chitinised, anteriorly fairly striate; apex of uncus rounded;
teogumen laterally produced into short broad lobea; aedeagus & simple,
sub-cylindrical tube", (Plate 5,B),

E, kuhniella: "Membranous area of saccusg covering one-third its
‘width ; costa of valve produced into & curved, acuminate,'apical tooth;
ventral thickenings of the anellus somewhat emarginated posteriorly; dorsal
thickenings reduced, consisting of elongate, not very conspicuous chitinous
barsg; gnathos pentagonal, longer than broad, with no latsral arms; sub=-
scaphium rather strongly chitinised, transversely striate anteriorly, about
4 times as long &s broad; uncus longer than usual, rounded posteriorly;
togumen laterally hardly produced, lobes rounded, very short; &aedeagus a

sub-cylindrical tube, dilated at its apex."” (Plate 5, C).

The femmle genitalia follow the same general description given on page ‘

4 paragraph three, also with specific differences. In E, cautella, (plate
6, IA and IB), the ovipositor is bluntly rounded, and the eighth tergite
quadrate, with a "lerge, membranous apical arez, leaving only a narrow
posterior chitinised strip on the discj ... ductus burse (pzateis, IB), with
perallel-sided, striate plate," (Richarde and Thomson, 1932), Bursa with
numerous small chitinised spoté,"the lamina dentata being replaced by 1 to §
(usually 2 to 3) chitinised plates.

E, elutella, (plate 6, 2A and B), "Ovipositor elongate, rounded at
apex, 8th tergits quadrate, with 2 large, antero-lateral membranous areas,
leaving rather s narrow posterior chitinised strip, which is produced on the
medjan line into a long, acuminate tooth-like process; ductus bursae with
numerous... chitiniped spots in the region of the burs&; ,..... the lamina
dentata replaced by 7 - 1Pchitinised plates.” (see plate 6, 2B).

E, kuhniella, (Plate 6, 34 and 3B), The ovipositor is elongated, its

gtruts about four times as long as the width of the 8th tergite; the latter

is more than twice as long és broad and eveirly chitinised; the ductus

\
|
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bursa and bursa copulatrix heve chitinised spots; the lamina dentate are
replaced ﬁy 1-4, (usually 2,) chitinised plates. (see plate 6, 2B).
~ In addition, the 8th tergite in the mmles of each species has chér&c-
teristic chitinised strips end modifieh scales ﬁhich will be described
brieflyraccoréin/z to theidescription.given by Richards end Thomson, 1932,

E, Gautella, (Plate 5, B), "Largely membremous with & fairly broad apicel

ere&, which is produced anteriorly imto a parrow central strip, more chiti
nised; the central strip enmding in & smgll, rounded expension", om each
egide of the tergite arises five tufts of modified scales, ome tuft directed
anteriorly, and the other four projécting posteriorly. "There is further,
8 median, anteriorly directed tuft of hair sceles &rising from the membrane
between the 7th and 8th tergites.”
B} elutella, (Plate 5,E), "Almo et entirely membranous, with nerrow centrel
chitinised strip, which is ﬁroduced enteriorly into & smell; triepgulsr ex-
peneion; on each side of the tergite arise four tufts of modified scales"..
E. kuhniella, (Plate 5, F). "Largely membremous with a fairly broad
apicel area, which is produced ﬁackwards 25 a narrow central strip, more
chitinised; the central strip produced into 2 long arms anteriorly; at
each side of the aﬁterior end of the tergite , 2 broad fens of modified scales
grige from small chitinised areas,®

| Finally, there are beheviour éifferences emong the three species, The

moths of E, ceutelle and E, elutells are extremely active and may be obsgerve

ed actively flying in their cages in the early mornings and lete aftermoons,

while those of E, kuhnielle have pot been observed actively flying umless

unduly disturbed. Algo, individuels of E, kuhnielle, when at rest, have the

front part of the body elevated, and there is a distinct slope to the wings
which are wrapped round the body, making the shape long end thin. In the
other 2 species, the front part of the body is slightly elevated, apd the
wings are laid flat across the back, rarely wrapped round the body.

. The next section is concerned with the life history and bionomice of
E, cautella,fwith som; %qmparisons with tﬁe other 2 gpecies. Quitg a
large smount of experimental work has already been carried out om K,

elutelle and E, kuhniella, but research on E, cautells has been 1acking,

therefore, it was decided to concentrate meinly upon this speciles.



6 )BIONQIICS.

A! The F“o

The eggs of all three spefies have already been described, and the

average measurements tebulated in section 54. vThey are deposited from the

first night efter mating on or near the foods In the case of E, cautells,
when mated females were confined in glass specimen tubes witk pieces of
ﬁuslin gause, they preferred to oviposit directly onto the glass, but in
the other 2 species, & decided preference was shown for the mnslin gauze
rather than the glass of the tubes. In section D (the Adult), food-
selection experiments on ovipositing females will be described,

a) Duration of development, This was tested for the three species at

room temperatures apd also in the warm room at & constant temperature of

85 F (25.7°C.) and constant relative humidity of GQ%, also in en incubstor
at a constant'tem?erature of 65°gi (18.300.), and cpnstant relative humidity
of 65%, In both cases the humﬂﬂitj wag kept constant by confining the

L
moths in specimen tubes in desﬁiﬁﬁtors over & 33894 solution made up to
the required strength,

Fertilised females of the 3 species were kept in specimen tubes pro-

vided with strips of muslin gauze in the case of E, elutella and E, kuhniells,
while femeles of Ea cautella were confined {in tubes without gauze., These
tubes were kept at room temperatures and were exemined during the dey each
hour for signs of eggs, 80 that the hour ofnoviposition was known, The eges
obtained were counted on black paper merked into Squares, and placed in nume
bered specimen tubes, 20 eggs to a tube, The tubes were then Placed at &
definite condition of temperature ang humidity, or left at room temperatures
and humiditieg,

At constant temperatures end huzldities, there was no need to test the
eggs of all three species at the same time, but at room temperatures thig was
necessary to compare development, Howsver, 1t was foupd impossible to obtein
the eggs of all three species simnlt&neously; sfocks of E, kuhniella were
not obtaineble until March, 1951, end either there were not sufficient ferti~
lised femsles of all the species, or the females did not al1 oviposit at the
same time, Consequently, the eggs of E, cautella and'E. elutells were come-
pared from 30th September - 17th October 1950 at an average temperature apg

humidity of 62.1°F, and 66% R.H, (Table 6,4).  The egge of E. cautella and
et e————

Ef kuhniella were compéred from 2nd ~ 12th April 1951 at an average tempers-~




ture and humidity of 69,7

E, cautells weas tegted alone from the 9 - 19th May, 1951, at an average

temperatare and humidity of 67.8°F, and '57.8% R,H, (Table 6,B). The

results may be summarised as followsg:i«

. and 63,9% R,H, (Table 6, C), Finally,

-

Table 6 - Length of development of the eggs of Ephestia species

: T . =
| Average tenp, Range of Temp, Ave,. Range of | No. of 'Incubation‘pqriod in days.
: Humidity] Humidity leggs used , L , . i
. ' E. cesutella "g. clutelle “E. kuhniella
, — .
) range average range iaverage range average
A) 62.1°F. 53 « 74°F, 60.7% 43 « 8%% 160 12.8 - 14,1| 13,5 15,2 -16,6 15.9
(16.7000) (11.4 - ‘2305000 t
?g; 3°6..) (constant ) 65% (constant) 200 6.7 - B.1 7.1 | 6.9 - 8.2 784 | 6.6+8,2 7.4
B) 67.8°F. 59 - 7279°F, 57'.8% 4y - 79% 180 8.6 - 9.4 9.0
(19.9%C.) (15 ~ 25°C.) o |
¢) 69.7°F. 63 - 76°F. . 163.9% 45 - 83% 320 5«7 6.0 6.6-6.9 | 6.7
?50 o ) { constant) 60% (constant) 200 2.75=-4.6 | 3.0 3 ,5=6,5 l 4.2 3.,3=-5,1 4,5
(29.5°C. :

Thus it is seen the development of the eggs of all the species varies
with temperature, & high temperature accelerating development,

thet the eggs of E, cautella teke the shortest time to develop at all tem-

(

peratures, while those of E, kuhnielle have the longest develbpment, although
the differences between the species;ig‘slight, egpecially at the constent
temperatures of 65°F and 85°F, E, cautella takes @& longer time to develop

at 67,8 F. (9 days) then at 65°F. (7.

-

not congtant, but ranges from 59 -~ 77°F.

Therefore, at a range of temperatures between 85°F, and 53°F,, the de-

velopment of the eggs of E, cautella apnd E, elutella occupies from 3 days to

days) since the former temperatume isa

32 wecks, and the same is probably true of B, kuhnielle,

b) Chenges in the eggs during development,

Ae mentioned before, the eggs of all three species become derker in

R - -

It seenms
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brown colour, Sometimes the eggs of E, cautella become am orange<brown

C ot
m Sz of E.cautelln
In order to determine whether there was any changg{in the oggsAQuring

colour,

development, 2 batches of 100 eggs each vere me&sured & few hours after they
had been laid in the warm room. One batch was leftvat room temperatues,
the average tempereture being 66,1°F, (18,2°C,) and the average humidity
being 58.,2%; the other batch was left in the warm room at & const&nt?empera-
ture end hsmidity of 85°F, (29.5°C.) and 60% R.H, The eggs at Troom
temperatures were measured again 4 deys after being laid, and egain 4 days
after the second measurement, just prior to hatching. The eggs in the warm
room were measured every day. The results were a&as follows:-

4 Table 7 - Egg meagurements of Enhestiﬁ cautells,

average sizes for 100 eggs (in millimgetres),
at room temperaetures in the werm roonm
length | breadth |average length| breadth | average
1, x b, 1, xb,
Lst ‘
measurement o400 +30 «120 39 o 30 +117
2nd.
me&asgurement 39 «30 117 39 +30 +117
3rd _ _
messurement 39 030 117 «39 «30 117

Therfore, there appears to be no change in the size of the eggs of
E, cautella during development,

¢) Process of hatching, When the egg is reedy to hatch the lerva mekes a

eircular opening in the end of the egg~shell by chewing actively through the
shell, It then crawls out onto the surface to which the egg is attached
during the incubation period, leaving the empty egg-shell remsining attached,

and attaining its origimal shape,

B)¥he Larva,

The lerva of all 3 species hes slready Seen described in section 5B,
and measurements have also been given for head capsulss of first and last
instar larvae,

a) Behaviour and activities,

The Ephestia larvae are
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sctive as soon &s they emerge, andvcrawl away without delay in search
of food, The egg-shells ere not usually eéten, but in the absence of
other food, both the shglls and even any unhatched eggs may be eaten,

On cashew nuts, the lervae begin féeding by burrowing into grooves
of the nuts, or in the absence of these, tunnel a groove directly on the
surface, Ag they feed, the larvae leave trails of silk, white pellets of
excretement and fregs behind, thege trails becominé more obvious as the

' ,
larvee increase in size, Often, the larvae feed on one place for e time,

scoopiné out hollbws in the nuts. A short time before sach moult, feeding
stops and the larve becomes restless.loften leaving its food, NMoulting
takes plece beneath & slight silken shelter om or off the food, the whole
process taking & few hours. After a moult, fhe.larva is quiescent for s
time, often for a day, before it resumes-~feeding again,

When the larvae are fuliy grown, they leave their food and wander up
the sides of the jars to pupate, This upward movement of the last instar
larvae is a very marked characteristic of Ephestia, BovingdoR, 1933, Reed
& Livingstone, 1837, &nd many other authors have*ramarked that in warehouses
the lervae ¢rawl up the walls and pupate against the ceiling boards, When
the larvae are very numerous the trails of silk which they legve behind them
eventuelly become woven into a compact fabric covering the jar,

Strips of corrugated bosrd érerusually provided on the surface of the
food medium for pupation, but when this is omitted the larvalwandering-period
is prolonged &and finally the larvae pupate against tﬁfsides of the glass or

in between the muts., K, kuhniells differs from E, cautelle and E, elutella

in thet the larvae prefer‘to pupete sgainst the sides of the glass and im
between the nuts, rather thep in the corrugated board, and will only pupate
in the latter when the food medium is very crowded,

Before they pupate, the larvae of the 3 Eghestiagspecies enter & prspupal
period when they cease wandering, becoms quiescent and spin.a silken shelter,
They remain ﬁotionless unless provoked, from cne day up till & week or more,
before they cast off the finsl larval skin and pupate,

On the other food substances used, the behaviour of the larvae is thé
same &s or cashew muts, Attémpts to rear E, kuhniella on dried fruit were
unsuccessful, but the larvae of E, cautelle and E, eluiella when reared on
dried apricots, peaches, pears, prunes, apples and raisins, attack the

crevices on the surface of the fruit, tumnelling through the fiesh, also
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leaving treils of silk, frass and dark brown pellets of excreiement,
E, elutella larvae will not develop om chocolate, but the larvee of

E. cButelle and E, kuhnijelle tummel into the surface and cause & similer

amount of demege as on the other food substances mentioned, When resared

on Boermeal, the larvae of E, Euhniella similarly tunnel through the flour,
cauéing ungightly demage since particles of flour and exrretement adhere

to their trails of silk causing "webbing"; this confirms the observetions

of Dendy and Elkingtoh, 1915. Final&y, the larvee of E, elutella,when
reared on tobscco, consume the entire leaf.between the larger veins and the
nmid-rib, making irreguiarly-sh&ped holes and leaving particles of silkfinter-
wingling with the tobacco, to which particles of tobacco, frass apd dark

brown pellets of excretement adhere, This confirms the observatiouns of

Bovingdon, 1933 and Reed and Livingstone, 1937,

B) The number of moults. The number of moults has been worked out for

30 individual larvee of E, cautella at & constant temperatﬁre-of BsoE\
(29,5 G) and a constant relative humidity of 6¢%.

Females thet had been bred on cashew nuts were allowed to lay eggs in
glass specimen tuﬁes, end as soon as the larﬁae hetched, esch larve wasg
goently placed on a half-cashew,nﬁt by means of a very fine, sterilised,

camel~hair brush, Each larva on its food was then placdd into & numbered

specimen tube end left in the warm room, The larvae were examined each dey
and the breadth of their head capsules was mdesured, As a final check,
after each moult the dehisced head capsule was alse measured, - {
It mas found that the larvae often fed inside & silken shelter covered
with frass and debris, and &lso moulted inside some covering, Therefore, ex-
smination was difficult umless the covering was removed, &nd this constant
interference with the larvae tended to prolomg their lives, i.e. the averege
Iength of larval life was 47,4 days, while the average length of undisturbed
cultures in the werm room was 34,7 days,
It was found that 16 of the krvae comple ted their development with $f7
ingtars, having 6 moults, while 14 of the larvae completed development with
6 insters, having 5 moultsa. The average widthe of the head capsules for

the instars follows in Table 8, (next page).




Table 8 ~<Avnfage width of head capsules in mi%limetres.' -
number of larvae v number of instars | P '

- T ~I1 TiT v ¥ o VI “VIL
I6 VII instar larvase., runge c162=,188 | 212-,238| 425=,325 |.338=,45 .425-.612§$ 562=,8121.80- ;

: : average 0.173 04,228 0.301 0.400 0.530 ~ 0.783 " 0.9%
I4 VI inster larvee. renge 162-.188 | ,212-.238| .275~.338| .375-,468 .525-.65 |.772~,875

average 0.178 0.230 | 0,311 0.427 - 04592 0.823
! e A o

Thege results have also been expressed irn the form of a graph (see
plate 9,B),

The head capsule sizes of all the instars have been plotted for all
the instars, and it 1s seen that the head capsule sizes inereage in steps.
It is ssen that the head capsule sizes of the VII instar lsrvae overlap in
the 5th,6th and 7th insters, shoting thet the larvee heave great variation
ip size even in the ssme instar, However, the VI instar lervee show no
such overlap,

Al e, from graph 9B and teble 8, it is seen that for each instar, the'. .
width of the head capsule of the VI &nstar larvee xkuwkx is larger them
thet of the VII = instar larvee &t the sems stage, But because of their
extra moult end inster, the VII - instar lariae attein a larger head capsule
in the fully developed larves,

When the ratio of increeée of head capsule siges is calculated, the

results ere &g follows:~

Table 9 « Imcrease expressed &s & ratiorbetween successive instars,

No, of instars head capsulses

I -II;I1 -« IIT|IIIIV| IV « V | V « VI | VI-VII Average
16 « VII
instar lervae 1,32 1,32 1,33 1,32 1,33 1,30 1,32
14 ~ VI
insgter lervae 1.30 1,35 1,37 1,39 1,39 1.36

It 18 secen from table 9 that the ratio of increase between the successive
head capsules is &lmost constant in the VII imstar larvee, except for the ra-

tioc between the 6th and 7th instars, Is the VI ingtar lervee, the average

, s '
ratio of increase (le36) wes greater than that of the VII inster larvee
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(1.32). Moreover, the ratio is not comstant, but increases from

1,30 « 1,39 with the number of instars, These results will be fusther
discussed later (see section 7B).

The mumber of moults end instars was aleo found by tekinglarvee at
rapdom from different ﬁopulations growing in the waﬁm room on cashew nuts,
The breadth of 220 head capsules was measured, and the results ere ghown
grephically. (see plate 10), TWhen the larvae (vertical exis) are plotted
against their corresponding hesd-cepsule sizes, (horizontsl eaxis), ﬁeven
definite peaks are found,‘corfesponding to seven definite instears spd six
moults, But unfortunately it ie mot possible to detect whether there ere

eny VI « instar larvee by thig method,

c) The duration of insters, The duration of the insters was worked out at
the seme time ag obgservetions on the number of moults, amd the results are
as followg:~

Teble: 10 - The duratior of the imstars., (in deys).

16 VII « instar lervae 14 VI = ingtar larvae
stage length of stage stege length of stege
range average range average
1st instar| 5 =8 | 6.4 1st ineter 5 - 13 6.9
2pd " 4 -9 5.8 2nd " 3«9 5.1
gra " 411 | 6.2 3ra " 5 w7 5,0
4tn " 3«11 6.2 ath " 2 -8 5.4
5t " 3-10 | 5.4 5ta " 2 - 11 6.2
gth " 511 | 6,8 6th " 4 = 23 11.0
7th " 3 w18 9.8
Ave, length |
of lervel |38 - 62 | 51.1 31 - 57 43,7
life

It is thus seen.thet in both cases, the average lengths of the steages
very within narrow limits, except for the last imstar, when the larvee enter
& wandering stage, amd the inster is prolonged. Also, &lthough the average
lengths of the stadia of the VII - ipstar larvee are not ealways longer then

the average lengths of the VI - instar larvae, the average lemgth of the

lervael life of the former is longer them that of the latter, due tw




w25

the extre imnstar,

d) The pre-pupa, As memntioned before, the larvae, after the finel moult,

leave their food and wender in search of & place to pgpate. From teble 10,
it 18 eeen that this wandering stege mey last from 3 « 23 deys, for both VI
and VIIY = ineter lervae, Then the lervee spin up end become quiescent,
entering the prepupel stege. This stage lasts from 1 « § deys, with an av-
erage of 2.3 days for both classes of larvae,

In this prepupal stage, the larvay becomes less mobile &nd tends to
move backwards when stimalated by touch., ~ The head becomes bent into the
prothorax emd the body tends to contract, becoming stiff and streight, while
the thoracic appendages become immobile ard point stiffly anteriorly,
Finmally, all mobility is lost, before pupation occurs,

o)length of larvel stage,

The lemgth of the larval stage, from the bhatching of the egg until
the prepupal stage, has been determined for the larvae of B, cautells, B,

elutella and E, kuhniella developing on differgnt foodstuffs in the warm

room, undisturbed, The temperature emd humidity were meintained congtant
&t 85°F; (29.5°C.) end 60% R,H, The rewults were &s follows:-

Teble 11 - The length of the larval stege of Ephestia species,(in days).

|Foodstuff |No, of " Length of the lsrval stege (in days).
of the larvae : ‘ ,
larvae used E, cautelle E, elutells B, kuhniella
range &ave, (rapge Lve. .| -vange |ave,
l .
l
caghew nuts| 500 21 « 50 |34,7 (22 = 50155.2 20 - 53 | 38
, i -
dried fruit| 400 29 « 72 147,1 |29 =« 68{47.5 ac development
i
choeolate 500 30 -~ 76 149,9 |no development; 41 « 82 | 63,4
tobacco 350 no development | 36 « 70 58,3 | no development
Boermeal 300 36 |not determined} 25 « 59 39
(only onelde-
.1veloped)
N\

It is thus seen that the development of E, cautella 1s most rapid on

caghew nuts, while its development on dried fruit and chocolate tekes about
& fortnight longer tham on cashew nuts. It did mot develop om tobacco, and
showed very little development on flour, (The reasons for this will be dis-

cusged later), Similerly, the development of E, elutella is 2lso the most.
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Teble 12 ~« The langth of the pupsl stage in days,

E, cautella E, elutella .'B, kuhniella
range 4 =8 6 - 11,5 7 - 12
average 6.7 8,6 8.4

It 1s thus seen that again, E, cautella has & ghorter development, but
the development of the pupase of E, elutelle takes the longest times, cortrary
to the larvae, Howsever, there is not much appreciable difference between

the development of the pupae of E, elutella an E, kuhniella,

b) Activities, For the first few days the pupa of all three species is

semi-ective, and may be Qbserved moving its abdomen, _Only segments V end

VI of the abdomen &re movabls, Later on, the pupel cass bécomet too hard for
any movemsnt &t all, thus after a§out 4 or 5 days the pupa remeins motionless
until the adult emerges, |
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D) The adult,

The adult has alreedy been described in section 5D, and the average
lenjths of the meles and females of all 3 species have &lso been stated in
the same section,

a)Emergence. Moths from pupae kept in the laboratory at room temperatures

and 8lso in the warm room, with a weak ertificiel light, were observed to ew

merge at any time during the day or night, The moth emsrges from the pupal

case by forcing it open &t the anterior end and immediately begins to unfold

its wings, holding them upright over the back until dry. The whole process
takes about 20 minutes or longer.

b) Habits and copulation. The adults of Ephesti® species are known to be

nocturnal, and personal obgervations confirm this, It was noticed that the
moths kept in cages in the laboratory weré guiescent during the day, but they
became very sctive in the early mornings and late afternoons when the light
. was diffuse, Moths kept in the warm room in a very weak artificial light were
dbserved actively flying at all times of the day. |
Copulation occurs when the moths are most active, i.¢, in the early mbrn—
ings at about 7 - 8 em, 8nd in the afternocons from 3 pm. onwards, However, if
the moths are unduly disturbed during the day they will copulate at any hour,
This confirms the obgervations of Reed and Livingstone, 1937.

Both sexes are ready for pairing & very short time after emergence,
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almost as soon as the wings are dry. Virgin females begin "ealling" when
ready for pairing, Richards end Thomson have best described the action
thus: "In this action the femgle sits with 1ts wings folded up and the
apical'half of 1ts abdomen bent over 1its back betweén them, Meanwhile the
apical abdominal segments are alternately exserted and retracted, so that

the intersegmental membranes are widely exposed. There 1s little doubt

that during this process, & scent attractive to the males is emitted,..

the male becomes very excited in the presence of the calling femsle...

and begins fluttering around the female, who at first begins to take little
notice or even runs away. Eventually she comes to & standstill and the male
stands facing her, head to heead, and bends his abdomgn over his back to grip
the tip of the female abdomen, Almost immediately, the pair twist round so
as to be tail to tail,"

Females have been observed to mate more than once in &ll three species,
and they may assﬁme the calling position even after they have mated, liales
maté repeatedly until with .6ld age they become too weak to grip the females
‘effectively,

.In the case of E, cautella, the length of copulation was observed for
100 couples, The moths were introduced into a cage at room temperature which
was observed every 15 minutes for copulating couples, The couples were gently
eoaxed into specimén tubes, one couple to each tube; and the time noted,
The tubes were then examined every 15 minutes to see if the moths bad sepa~

rated, so that th® beginning and end of copulation was known within 15 minute

intervals, The minimum and mesximum times recordeé were 8 minutes and 30
hours respectively, but the latter case was exceptional and in the former
cage it was assumed that fertilisation was not successful, The average time
wag 2 hourg 18 minutes:-
15% lasted from 8 minutes to 1 hour
32% lasted from ome hour to 2 hours | ' |
33% lasted from 2 hours to 3 hours
14% lasted from 3 hours to 4 hours ‘
4% lasted from 4 hours to 5 hours
and 2% lasted for longer periods,
50 couples of B, elutells exhibited about the same aversage length of
copulation as E, cautella, i.e, 2 hours 23 mins,, but the average time for

50 eouples of E, kuhniella was 4 hours 30 minutes, with & range of 3 « 7 hours
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or more, in agreement with results obtained by Brindlgy, 1930, Therefore,
this species has a longer copuiation period than the other 2 gpecies.
¢c) Peeding, The adults of all 5 species do not feed &t &ll, but they
consume small quantities of water if present.

d) Longevity. The longevity of males and females of the three species has

been determined at room temperatures at & constant temperature of 65°B;
(18.300.)>1n &n incubator and constant relative humidity of 65%, and at a
constant temperature of 85 F, (295500.) in the warm room, withﬁa congtant
rgl&tive humidity of 60%. The‘ stock jars were observed every morning at
8.30, every mid-day and every evening at about 5 pm, so that the times of
emergence were known to the nearest half-day, In every case, the adults of
the three species were obtained from larvae that had ﬁeen feeding on caghew
nuts,

Adults were placed in separate, numbered specimen tubes kept at room
temperature, in the warm room and in an incubatox. In the latter 2 cases
the humidity was maintained at a constant level by placing the tubes in a

p(\desﬁiégtor containing sulphuric acid made up to the proper strength, Usually
the females weﬁiallowed to mate first in a dual display jar with males of
. EESEEaLQBSSY?PY* so that the oviposition periods and fecundity of the females
was worked out ét the same time &s the longevity. The specimen tubes were
observed every morning, mid-day and evening, so that the time of death was
known to the nearest half-day as well, and the longevity could be calculated,
Unfortunately, it wes not possible to.compare'the longevity at room tem-

peratures for all the 3 species at the same time, Stocks of E, kuhniells

were not obtainable until Iarch, 1951, and even when cultures of tie 3 ghecies
were breeding the adults did not all emerge at the same time or on the seme
days, Consequently, the longgvity of B, cautells was determined from the

ord June ~ 9th September, 1950; the longevity of E, elutells was determipcd
from 22nd June - 28th July; 1950 and again from 12th August - 29th September,

1950; and the longevity of E, kuhniella was determined from 7th April « 17th

May, 1951, at temperatures and humidities indicated in tabl: 13, The results

may be summarised as followsE~
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. Table 13 = Length of life of Eghestia adults in days‘_ '
Rahgé"of | Ave, temp. Range of; Ave.r no. E. cautella E. elutella E,,kﬁhniei
| temperature Humidity | Humidity| used , . — e
range ave., range | ave, range | &v
Room temperature o o o o
15.3°C. .
female " " , " { » 50 20 =~ 34 27,7
male 5% - P4°F,|60,1°F, |28 - 90% | 69.5% 50 | 2 - 27 |12.0
(15,6°.,) .
female 13 " " " 50 - ' 2 - 24 13 ° 0 -
male 54 - 78°F.[61.2°F, 35 - 87% | 62.4% | 30 6 ~ 31| 21.3
_ (16.2°C) , .
female “ " . 30, 5 « 50 2507
! Constant temperature o o
- male 65 F. 65°F, | , |
| (18.3°C.) 65% 50 13 « 19,5 11.5 | 6.5 =27 [17.9 (2.5 «29| 16
-, female " " " 50 5 - 18 1.5 16 - 53 17.8 |6 = 32 13
Roamltemgerature‘ ' :
male T 58 — 76°F | 65.8°F. 42 - 90% 66.6% | 50 4 =21 13,
o 1(18.8°C.) o
female 58 -~ 76°F, n u ' 50 5 -’2? 10
Constant temperature{ o
- male 85°F, 0 1 - 4 1« ¢ |1 - €
(29.59¢.) 5 7 .0 9 | 536 1l ~ 8.5 6
fPmale " 50 2.9 i 4,6| 2 ~10j 5.8 |2,5~.8 5
Average longevity for sll temperatures 2 - 347 9,1 2 - 56| 1831 - 32 11,¢

It ig thus seen from the above tabls that the longevity becomes ghorter

g the temperature riges, for all the 3 gpecies,

Although the results ob-

&ined for E, kuhniella at room temperatures cannot strictly be compared with

he results for the other species,

rqm the results at the 2 constant temperatures, it is seen that

since it was tested at a higher temperature,

E2 cautella

as the shortest longevityg and E, elutella the longest, with E, kuhniella

ntermediate,

At low temperatures, this difference is more apparent, but at

he high temperature off 85 F. the difference betwsen E, elutella and E, kuh-

lolla is negligible, since the average lengths of life for both sexes at

his temperature is 5.7 and 5,6 days, respectively,

[fferences in longevity among the species,

& certain extent at all temperatures tested,

But in spite of the

their ranges of longevity overlep
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As regards differemces between meles end females, in E, cautells

" apd E., elutella there is no difference at 65°F., but at the other tem~
peratures the female lives slightly longer th&n the male, In the case

of E, kahniella, however, the male lives longer than the femsle at all

temparatures tested,

o) Oviposition.

i) The number of eggs‘per female, This was determinea concurrently

with longevity experiments as described in section (d), and at the stme con-
ditions in the warm room, in an incubator and at room temperatures. At

room temperatures the same difficulty was encountered as before, i.e, females
of all 3 species wére not obtaineble at the same time, and when they were
avaialble, they would not all lay epgs at the same time, Therefore, the num-
ber of eggs oviposited was recorded for E. cautells from Brd June ~ 9th
September, 1950 .;.... (a), and again from 22nd September, -~ 28th

Octobery 1950.secnssess (b).

The number of eggs ovipoeited by E, elutelia wag recorded from 22nd June -
28th July, 1950:es...(c) &nd 8gain from 12th August ~ 29th September, 1950

ocoooo(d)d

The pumber of eggs oviposited by E, kuhniells wes recorded from 7th April =

17th May, 1951....(e) and egain from 29tk March - 14th April, 1951....(F),
The corresponding temperatures are stated in table 14 (next page).
Females were allowed to mate first with males in & dual display jar at

the different comditions, and the mating couples removed into specimen

tubeg, . 4s soon &s copulation was ended, the male was removed, and the
female, in 2 numbered specimen tube, wes provided with & pilece of muslin
geuze ae a stimulus to oviposition, and placed at the condition required,

The tubes were then examined in the mornings et 8,30, at noon and‘at 5 pm.,

and the number of eggs laeid were counted on black paper marked into squares.

The results were as follows:~ (see Table 14 next page).

It i3 seen from the follbwiné table that at & range of temperatures from
gbout 60°F. - 85°F., E, kuhniella lays the greatest average number of eggs
(182.6), B, elutells leys the least, (76.6) apd E, cautella is intermediate
(16?.6). But this is not elways the case. Although E, cautella &nd
E, elutella dcwMWe, it seems that E, kuh-

' o

nielle is adversely affectedi and at a temperature of 85 F, it lays a leseer

o .
number of eggs (122.4). Thus at 85 F, E. cautella lays the greatest number
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At 8ll temperatures E, elutella lays an appreciably smaller number of egge tha

the other z.species.

. . -t Table 14 « The number of eggs per femule,
Condition Range of Averege {Bange of Ave, |No. of| E. évutedda. "E. elutella _B. kuhniella.'
' temperetue| temperature humidity |humidity|females _ ' R , , D
used. range ave. (range ave, | range ave,
Toom tepgerature a) |51 - 74°F, | 60.6°F.(15.9°C.) 28 - 90%| 69.5% 50 |72 - 34Z| 149,1|
b) |53 - 75°F. | 63.7°F, (17.6°C)] 31 -86%:| 62.5¢ | 100 |51 - 445/195.1
~e) (52 - 78°F. | 59.2°F. (15.1°C) 30 - 86% 68.5% | 30 47 =143 83
4) |54 - 78 F.| 61.6 F, (16.4 C)f 35 - 87% 62.4% 30 21 =134 56.9
| Incubator (constent) 65°F. (18.3%C.) . 65% | 30 |68 - 279 168 | 40 -158| 98.4| 57 - 400| 263.5
| room temperature a) 58 - 76°F. | 65.8 F. (18.6°C)} 42 - 90 66.6% | 30 32 - 370| is6
£){63 - 76°F.| 69.4 F. (20.8°C), 45 = 83% 64.2% | 30 47 - 289| 159.4
. warm roonm (constent) 85/°F. (29.5%.) 60%. 50 | 7% - 243 158.2! 41 ~122 | 798.11{ 38 330! 122.4
Averagesnumber of eggs for all conditions: 51 - 445 167.6] 21 - 158 76.6| 32 - 400| 182.6

i1i) Where deposited..

It was decided to test whether E, cautella hag any food preferences,

and whether the eggs are deposited by a mechenical stimulus or by en ol-
factory sense, fccordingly, 2 sets of expériments were carried out, In
tAthe first, mated femmles were introduced into a des%i%gtor of diameter 9

inches, éontaining 10 different substances, & little of each substance was
Placed in & square ét&iﬁing dish that had been hollowed out, theldiamster
of each hollow being 1.2 inches, The dishes were supported so.yhat their
surfeces just appeared above the lower portion of the degﬁ&cator; they
were arranged eouthat their bases just touched e&ch other’in three rows, with
4 dishes in the middle row and 3 each in the rows on either side. A cork mat
was placed ebove the dishes, fitting firmly agaiﬁst the sides of the dessi-
cator, and with circles cut out to correspond'exactly wifh the hollows of

the d4i )
shes. The -food material was arrapnced so thot 34 P111.3 4.
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dishes completely and projected slightly above the level of the mat,

Since it was known that the moths prefer to oviposit in semi-
darkness, or dark (see next section), the des*&%&for ﬁgs placed in an in-
cubator, at 65°F. (18.5°C.) end left undisturbed for 5 days each tiﬁe the
experiment was éarfiéd out, . By placing theAdesAﬁéEfor in an incubator in_
complete darkness, this avolded the possibility that the moths might be in-
fluenced by the direction and strength of light in any part of the dessica-
tor, Furthermore, Ullyett, 1945,'has-shown that the effect of moth density
miet be taken into account as s factor influenciﬁg the date obtained, there-
fore, five fertilised moths were used every time the expsriment wes repeated,
By msans of this there was no over;crowding, and all the moths could oviposit
or one Ffood without interférence, if they so degired,

In preliminary éxperimsnts, the food meterials used were these:-
driad'peaches, pears, prunes agd apricots, raisins, cashew nuts, tobacco,
boerme;L, chocolate and organdie gauze. No eggs were laid in the flour; and
very few in the gauze, therefore, in later experiments these 2 substences
were left out, and dried apples and figs substituted, The experiment was
repeated 10 times, changing tﬁe position of each food every time, Thus a
total of 50 fertilised mofhs wes used, 2nd each foodstuff wag placed in 10 |
different positions,

The results mey be summarised in table 15 (next page). The numbers
in the horizontel columms represent the perceﬁtage of eggs foﬁnd on the

\corresponding food substance, while the numbers in brackets refer to ithe or- {
der of preference of the corresponding food substance—({the order of prefer- " ‘
ence of a substerice was indicated by the percentage of eggs laid on it),.

It is seen from teble 15 that al though the moths of E, cautells prefer
dried apricots, driéd pears, dried figs, dried spples, raisins, dried peaches
chocolate, prunes, chshew nuts &and tobacco in decreasing preference, they
did not exhibit this order of preference-every time the experiment was car-
ried out, e.,g. the order &£ preference for driéd apricots waé 6th and 8th,
the 2nd and 10th time the experiments were carried out, respectively. To-
bacco seems'to be the onl& substance that was consistently the lowest or
second~lowegt preference, Tﬁerefore, although in general the moths of
E, cautelle mayabe said to prefer dried fruit; chocolate, prunes, nuts and

tobacco in order of decreasing preference, this is not always the case,

Mogt probably the condition of the food substance influences the




ovipositior response, althouglit wes endeavoured to keep each food

subétance at & uniform condition every time the expefiment was repeated,

1

Table 15 « Oviposition preference of E, caﬂtellg.

¢

Food Percentage and position _preferenée.
Foo . o o e — _— VN B
subatance Lst'iﬁmé 2nd time 31-& time! 4th time|Sth time[6th timel 7th time|8th time| 9th time 10th time| To
drted spricots 19.8 (1)]8.8 (6) |7.7 (5) N3.2 (2) |20.8 (1) 28.0 (1}/9.8 (6) 9.7 (4) | 17.9 () 5.6 (8) ) 140.
" pears | 15.6 (2)|16.4(0) |p1je(1) | 12.603) 1.5 (2)|17.3 ()] 6at 8) [9.1 (5) | s (6) 19,402 | 138.
" tigs | 6.5 (8)] 9.5(5) |10.8(4) | 6.9 (7) |12.4 (5)]18.9 (2)] 15.7(1) |e.a (6) 12001 (3)]19.5(1) | 129.
" epples | 7.7 (6) | W4.1(2). [7.7 (5) | 27.1 ()| 6.2 (7)6.2 (5)11,3(5) [15.6(2) | 104 (4)[12.5(4) | 1i9.
raisins 7.7 (6) |11.1 (3){ 7.7 (5) | 4,7 (9) 14,9 (3)15.3 (6)]15.2(2) 120,9(2) | 1.7 (3)} 7.6 (5) .‘.110‘.8
T 4 P RN PGB ety PRIy Sra o By 5,6(3) 1106.7
dried pesches | 12.1 {4)] 8.5 (7] 16.2 (2) 9.5 () 8.4 (6)9.5 (#) 9.5 (7) 11.9(3) | 5.5 (8)]15 6(3_’#,‘
chocolate 12.1 ()| 23,3 (1) 12.3 (3) 8.8 (6) 3.6 (8)| 4.1 (8)] 11.6(8) [8.2 (7)] 5.7 (?)}6.9 (6] | 96.6
pranes | 12.9 (3] 6.8 (8 7.1 (8) 5.1 (8) 13.3 (8 5.3 (7] 3.3 (9) |3.9(107| 6.5 (B[ 66 (7) | 73.e
cashew nute | 1.5 (10) 4.2 (9)| 7.2 (8) 9.2 (5] 0.6 (10)] 2.1 (10)| 15.2(2) | 7.4 (8)] 3.5 (9] 3.0(10) >
tobacco 4.1 (9) 3.0 (10) 1.7 (10) 2.3 (9} 2.9 (9) 4.9 (9)} 3.3 (20) 31.0

2.9 (10)

2.0 (10)

3.9 (9)

However, this experiment did not show whether the moths chose the

: site
oviposition sespemse through en olfactory or tactile sense, Therefore, in

a8 second series of experiments, another series of moths was introduéed

into & breeding cage with a wire bottom, &s mentioned in section 3,

Beneath the bottom was placed a board of cardboard demarcated into 9 equel

squares, with a breadth and length of 9.4 cm, -

square was placed a dish containing a food substance,

In the centre of each

Each digh had &

diameter of 5.1 cm, and length of 3.3, om, The board was go arranged

that the top of each dish was about 2 cm, from the bottom of the wire,

The 9 food substances used were dried peaches, pears, figs and apples,

raisins, prunes, tobacco, cashew nuts and chocolate, and every time the ex-
periment was repeated, the position of eadh food-stuff was changed, so thet

each food occupied 9 differant positions in all,

Fifteen to twenty ferw-

"tilised females were introduced into the cage every time the experiment

was repeated, and the whole cage was covered with blakk peper, so that the

oviposition would not be influenced by light, and left in & corner of the

laboratory free from draughts for 5 days.

number -of eggs leid on the foodstuff counted,

The board then removed epnd the

&s well as the nugiber of
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eggs in each square, The experiment was repeated 9 times, The results
were as followd in table. 16. '

Agein, the numbers in the horizontal columns represent the‘pefcentage
of eggs found on and éround the corresponding food-sﬁbst&nce, wﬁile the

numbers in brackets refer fo the order of preference of each food substance,

Table 16 - To test whether oviposition in E, cautella is due to an olfactory sense,
Foodréubstance. | ” Percentagérahdrpositién of préference.
» 1st fime énd time|3rd ﬁimé;4th tiﬁensthi££me th fime 7£h tiﬁe Sth time 9fh t1ﬁe7Tota1‘
) cashew nuftsi | 6.1 (7) 76.9 (6) | 15.4 (2) 4.7 (9) 15.3 (2) 1'7;‘4 (72) 18'7 (2) 6.57 (7)1 14,6 (2) 105.6J
- Dried pesches| 5.7 (9) |35.2 (1) | 8.9 (6){15.2 (2)}11.2 (5)] 8.4 (B)] 3.1 (9)] 9.5 (5)] 7.0 (7) lo4.§
prunes 9.4 (8) | 9.1 (5) |16.7 (4){13.7 (4)| 5.4 (9){16.2 (3)/18.8 (1)} 6.8 (6)]13.3 (3)] 103.4
raisins 13.1 (3) | 2.5 (8) {14.6 (3)] 9.1 (6)}17.5 (1)] 7.1 (7)] 8.7 (6)}23.3 (1) 5.9 (9) 101.8
chocolate 14.8 (2) | 1.9 (9) 7.1 (7)]13.8 (3)[10.7 (6){10.2 (1)] 5.9 (7)]19.7 (2)] 7.4 (6)| 100.5
Dried apples | 5.6 (8) [19.4 (2) [20.9 (1)] 5.8 (8)] 9.1 (7)] 3.9 (8)j12.4 (5)}12.0 (4)] 9.0 (5)]' 98.1

. tobacco 11,7 (4) 110.6 (3) | 5.6 (9)]11.1 (5)]13.0 (3)}13.9 (#){ 13.8 (4)] 6.0 (8);12.1 (4) 97 8
Dried figs 9.0 (6)1 3.2 (7) | 6.3 (8)]19.0 (1)1 12.1 ()] 10.2 (5)} 14,0 (3) 14.5 (3) 7.0 (7)] 95.4
" pears |24.6 (1) |10.5 (4) [10.5 (5)|7.6 (7)| 5.7 (8) 3.6 (9) 4.6 (8)] 1.7 (9)]23.7 (1) 92.5

The results found in Table 16 do not correspond with those of table 15,

i.e Table 15 order of preference Tadble 16 order of preference,

1l)dried apricots L) cashew nuts

2) " pears 2) dried peaches
3} " figs 3) prunes
4) " apples 4) raisins

5)raisins
6) dried peaches

7) chocolate

5) chocolate

6) dried apples

%) tobacco

.8) prunes 8) dried figs

9) casghew nuts 9) ™ pears. .

1 0) tobacco

‘ ' net
Moreover, from tabler 16 it is secen that bk ornly did the order of food

. preference change every time the experiment was repeated, e.g, the order of
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preference for cashew nuts was 7,6,2,9,2,2,2,7,2, but also the #ifference be-

tween the least preferred food (92,5) and the most preferred food {(105,6)
18 only 13.1. | '

Therefora, it is concludéd that although the moths of E. cautella mey
f£ind their oviposition sites due to an olfactory responss, oviposition is due
to a tactile stimulus, This conclusion is supported by the fact that thesze
moths oviposit directly onto glass as well, in the &bsence of any food, and
also oviposit through wire gauze, However, it seems that when present, sub-
stanceg with a goft, slightly sticky surface, such as dried fruits and reisins,
are preferred to harder’substances which ere often brittle, such as chocolate,
nuts and tobacco, The low preference for prunes is probably due to the fact
thet the prunes used in the experiment were of 2nd grade quality, and
rather hard and dry.

41i) The time of oviposition,

To £ind the optimum time of oviposition, mated femples were placed in
separate, numbered specimen tubes and observed at regular intervaels, The
day was divided into three periods of hours, i.e. the first period from 8 am,
until 12 pm., the second period from 12 pm, until 4 pm,, and the third period
from 4 pm, until 8 am., The females were also observed during the night,
from 8 pm, until 12 am,, &and then &t 8 am the following morning. The aggs
which had been laid were removed and counted. TFor the purposes of observing
the moths during the night, they were taken home each evening and brought back
to the laboratory during the day., In all, recordings of 100 females were

made, The results were &s follows:-

Table 17 - The tims of oviposition,

The number of Frequencies of oviposition
ovipositions

DAY NIGHT

8am,-12pm, | 12~4pm. 4-8pm, 8pm~-12am, | 12an-8am,

14t oviposition 1 | 15 72 66 22
2nd " 1 16 58 b1 6
3rd " 0 8 51 51 6
4th " 0 . 8 43 53 7
5th " 0 4 26 22 8
6th n ] o0 4 | 13 7 0
7th L 0 1 8 4 3
8th " 0 1 6 6 1
9th "ol 9 { .9 2 3 1
10th n 0 0 1 1 2
11th " 0 0 1 1 2
12th " 0 0 1 1 0
13th " 0 I o 1 0 0
14th " (o 0 1 0 0
Total 2 55 284 267 56
Percentage 3% 8.3% 42.8% 40,3% 8.3%
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Therefore, most of the eggs are lald between 4 pm, and 12 am,, with
lesser smounts between 12 pm, and 4 pm, and from 12em, until 8 am, Only

2 cases have been recorded of eggs being laid in the mornings from 8em, un-

t1il 12 pm, Therefore, the optimum time for egg-laying begins when the light

begins to feil, and goes on through the night,
In the warm room, however, with a wesk artificial light, or no light,
eggs are apparently laid at any time of the day or night,

iv) The duration of the pre-oviposiiion period,

The duratioqof the pre-oviposition period was determined for 100 females
of E, cautelle by allowing females to mate in & cage, then gently removing
each couple into & separste specimeﬁtube and noting the time of separation
end lst oviposition, The.specimen tubes were left at room teﬁperatures, with
& range of temperature of 55875°F. (11.7 - 24°C.) and an average £emper&ture
of 63,7°F, (17.6°C.), and examined every hour of the day after 12 pm., but
during the night thies was impossible and the tubes were usually exsmired at
8pm., l2am, end 8 am, the following morning.

The results were as follows:- (Where the pre-oviposition periods over-
lapped between two 12 ~ ﬁour periods; they were counted in both periods).

Table 18: Pre-oviposition periods from the end of copulation,

O « 12 12 =24| 284 = 36! 36 =~ 48] 48 =~ 60] 60 =« 72; 72 =84 84-9E—more

hra. hrs, hrs, hrs, hrs, hrs, hrs. hrs, | hrs.
froguency | 56 8 34 | 11 18 | 2 | 5 |0l 2
percentage 81l,3% | 7,0% |29.3% 9.4% 115,4% 1.7% |4,2% 1.7%
frequency . » : .
for 24-hr, - 44 7. S 45 20 . 5 2 %
eyele . .
percentagﬁ 38,3% - 38,7% 17.1% 4,2% 1.7%

Therefore, there appear to be definite 24 <hour cycles for egg-laying ef-
ter copulstion, and most of the eggs ere lmid in the first half of each cycle,
The first oviposition uéu&lly tekes place within the first 24 hours, or first
36 hourg after the end of copulation, but sometimes no eggs sre laid until the
3rd and even fourth 24 ~ hour period, or even later, The average pre~
oviposition period for 100 femeles was 36 hours.

It is not known why there 1s such a lapse betwsen the end of copulation
and the first oviposition in some mothe , but it is very probable that low
temperatures, below GdDF., cause oviposition to be guspended., Hesat éefinitely

accelerates oviposition, since 30 femeles kept in the warm room at 85°F.

L)
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(29.5°C.). had an averasge pre-oviposition period of 12 hours.

v) Interovulation periods.

These were measured by continuing observations on the fertilised females
used for previous experiments on the pre-oviposition period. Again, the
specimen tubes were left at room temperatures, with & range of 55—75°F.
(11a7-24C, ), and en average temperature of 63,7 P, (17,6°C.), and examined
every hour of the day after 12 pm., and during the night at 8pm, and 1l2am.,
and again the following morning at 8 am, The results were &s follows:-

Table 19 =~ The frequencies of interovulation periods.

Oviposition } frequencies
periods, - ; , ,

0 -12 12 -24 24 - 36 36 - 48| 48 ~ 60

hra, hrs,  hrs. hrs,

more hours,

g

l

‘1st oviposition
2nd "
'3rd
4th
5th
'6th
7th
8th
19th
|1oth
'11th
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| 4.9% 145,87 0% - 2.7 | 3%

'Percentage for |
i 24~hour period 50,7% 42,7% 6.6%
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Ag regards interovulation periods, there are no definite 2€-hour cycles
found, like those of the 1lst oviposition periods. In most cases, eggs are
laid from 12 to 36 hours &fter the previous oviposition. 93% of the cases
laid eggs fram O « 48 hours after the previous oviposition, while, among

these, Blightly more laid eggs within 24 hours than within 48 hours,

Again, as in the case of the pre-oviposition period, oviposition must

be influenced by temperature; 1t 1s seen from the table above that some
moths had an interovulation period of more than 60 hours, the maximum which

was recorded being 112 hours, In the warm room, however, in most cases
eggs were laid regularly within 24 hours of the previous oviposition.
Sometimes egg-laying continues until death, in other cases death occurs
8 few days after the last oviposition, The averasge period between the last
(axve, 63-7°F)

oviposition and death, measured for 50 females at room temperature, was 2,1

days, with a range of 0 - 7 days,. In the warm room, the average time
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elapsing was 0,9 days, for 50 females,

At room temperatures ranging frcm 53-75CF, (11.7~24°C), the average
temperature being 63¢7°F. (17.6°C. ), the oviposition containing the greatest
number of eggé wes also observed, The results of 100 fem2les of E,
cautells were ags follows:i-

51% laid the meximm number of eggs in the 1lst oviposition

s » v " " m m™ m "2nd oviposition
et moom o n om o mom emmg  m
% v o ow " nm o momoggnm
of mom o om m m % m o omgtn m
o6 nm m n n n n n nogth n
% e e i e e w e
of m o om " " % o n ngth "
P T P
% mom o " " w m wioth "
s nm = m " noom om o %lagt "

Therefore, while in 51% of the cases, the mAximm number of eggs

were iaid in the 1st oviposition, it does not follow that the number of
eggs laid by a female decrceses steadily with each oviposition, and in 5%
of the cases, the maximum number of eggs was laid in the last oviposition,
The cauge of this is not known. In the warm room, the greatest number of
eges was laid BAy & female in the first tw days of 5% 1 ite. 80,8% of the
fenﬁles laid the meximum number of eggs with the first oviposition, anl
19.2% ;ei1d the meximm number within the second oviposition. Therefere,

perhaps the irregulerity found gt room temperatures isg sumehow connected

with temperature,

E) The total length of life,

Unfartunately, there are no records at hand of the seasonal higtory of
E. cautella in this country, However, the k:ngth of life, from the egg to
the adult, has been determined for this species in the warm room at 85 F.
(20.5°C.) for 2000 adults, the lervae of which had fed on cashew nuts, while
at room temperatures the total length of life was determined for 500 indivi-
duals breeding on cashew nuts from the 20th May - December, 1950, The
renge of temperaiure recorded for this time was 51 - 7903‘. (10.6 - 27.2°C.),

' Q
~with en average tempersture of 61,9 F, (16.600.) The results were &s follows:
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Table 20 = The total length of life of E. cautellas in days,
(breeding on cashew nuts).

room temperature . warm room
(ave, temp, »61,9°F,) (ave, temp.= 85°% )
Range of . 118 - 183 ‘days. 31 ~ 60 days
development (¥17 - 26 weeks) ( 4 « 9 weeks),
Averagée length 145,5 days. 44,8 days
of development (X21 weeks) ( 6 weeks)

Thus it is seen that while the life cycle of E, cautella lasts ebout 6

0
weeks at a temperature of 85 F,, which corresponds to a summer temperature,

)
at the lower temperaturs of approximately 62 F,, corresponding to temperatures

during winter and spring; the development may be prolonged te five or six
months, Therefore, it 1s possible that in summer, fonr generations develop,
while another generation develops over the winter, Therefore, at conditions
in the Western Province with & mediterranean clim;ate similar to Cape Town, it
is possible that 5 generations of E, cautells develop on cashew nuts through-
out the year,

The d.evelopment of E, cautells, E, elutella and E. kuhniells has als

been determined breeding on different substances ag well as caghew nuts in
o
the warm room at a temperature of 85 F, The results were as follows;:-

: o
Table 21 -~ The total life history of Ephestia spscies at 85 F,

i L _ Total length of 1life in deys., ]

b‘oodstuff B, cautells . elutells E, kuhnieila
no, range | ave,; no, | range | ave,| no, range ave,
used used used

cashew nutei2000 | 31<50 44,8! 300 | 3265 | 45.9] 500 39«73 51,2

(X6 weeks). (X635 weeks), (Y7 weeks).
aried fruiti 300| 39-79 | 55.1f 200 | 39«71 {59.2| no developument

(¥8 weske). : (*s% weeks), _

{

chocolate 200 ] 4085 59,31 no development 100 | 51-1006; 72,1

(Y87 weeks). ' 105 weeks).

" T
tobacco no development 156 | 42-80 ' 62,1| no developmeny
(*9 weeks).
_ ( ;
hoermeal regligible not| tested 300 § 35-65 | 49,6
development (tw weezks).

i , i

Therefore, as was seen in the larval development, when bred on cashew

_ o .
nuts at 85 F,, E, ceautells has the shortest development, (45 days), followed

E. elutella with & slightly longer die velopment (46 days), and E, kuhniella,

which has the 'longest development (51 days.) Moreover, E, ceutella and
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Ei elutella develop the most rapidly on cashew nuts, while develobmenf on
dried fruit and chocolate is prolonged for E, c&utellav(ss and 59 days,
respectively): and the development of E, elutella on afied fruit and tobacco
is also.prolonged (59 and 62 days, respectively). However, E. kuhnislla

shows & slightly shorter development on boermeal (49,6 days) than on cashew
' /!

nuts (51.2 days), therefors boermeal must be its optimum food, But if
regembles E, cautellavin;that:iis development 1s prolonged on chocolate
(72 days), and also, this devebpment was not very suééessful, with only a
smell pergentagé of_the larvae developing.

From theée results, the possible number of annual broods of these three
species-on‘different foodstuffs is indicated aé follows (assuming one genera-
tionfdeveloping in winter in climetes similar to that of the Cape Province).

Table 22 - The possible numbetr of Generations of Ephestia
spscies in the Cape,

g?odstuff i The possible number of generations

" E, csutella E, elutella E, kubniellsl
cashew nuts 4 -5 4~5 3 -4
—— T “ - Aeanhaa
dried fruit 3 -4 3 -4
chocolate 3 -4 » K 3
tobaceo 3 -4
Fmal ' i : 3 -4




) DISCUSSION,

A) The eggs,

In section 5 (l), the eggs of Ephestia species were described end the

ranges and average measuremants were tabulated: -

When observations of the

présent author dn the dimensions;cf thé eggs'are‘ccmpared with the'resulte

- of other authans, it is seen that for the most part, they agree very well

(see table 23).

- Table 23 = The dimen51ons of the aggs of gpheatia speciea.

) Speciéa

|

b

"Léngth in mm,. “'fBreadth in mm, . Length x breadth
. o o (sq.' mmo)
range |average _fange average average
© iE,ceutells | RN
{(Personal 1950) |31 = ;4¢ | .38 .22 = .35 | ;29 {18
{Chittenden, 1911} .33 = .38 22 = 32
iRicherds end . : S : S :
- ¢Thomson,. 1932 +43 29
- jLehmensick and y , e
Liebers, 1938 " 540 _+36
(Geharal average) .(;40) (:31)
‘Ea elutella
(Personal 1950) .36 - 56| 50 | J28 - ge2) (35 | are
 IRicherds and R e "
Thomson, 1932 Py 38
Lehmengick and S
Liebers; 1938 M 83
" (Genperal everage} ' (@53) b (s32)
|B, kubnielle
(Personsl 1950) | .46 ~ ;66| .55 28 = .48 (33 180
Durrant and o o
- {Beveridge; 1913 498 +31
- jBurkhardt, 1919 «06 . e89 1
Brindley, 1930 o587 BB
Richerds emd A X
' Thomson, 1932 57 - 430
Lehmensick &nd - ]
Llebers, 1958 6 3
(General average) L (457) (.31)

, From these results, it 15 concluded, as before,

theit 'althcutn the

dimen51ons of the eggs overlap in all three species, 1n general the eggs of
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E, c@htglla are the smallest end those of E, kuhniella are the largest,
But although this is trus of the lengths as well, as regords the breudths,
the eggs of E, elutells are slightly larger than thoge of E, kuhniella,
while the breadthsbor the eggs of E, cautella are the emallest,

When results of the present author for the development of the eggs
are compared with the results of other eauthore, it is agein seen that

.
the developmental period shortens &s the temperatq;e rises. (see table 24, )

—— . p— e

Teble 24 -|Thq Levelopment of tho eggs of Ephestia species (in aays).
Avérase teﬁ:)- | ;Average Observef,f @ ’“8593‘355 Incubation periods of the eggs (in day:
 humidi ty —_ , , J
' Rl E, cautella E. elutella j E. ki
oo renge . eve.| range ) ave , ! range
L ; : : o -
°r  (15° | ] | 8 -10 | 9 |
59°F, (15°C.) Mokrzecki, 1931 ' N X { 8 = 1C )
| keed and iivinggtg e, 1937 31 ﬁ_ Y .Y .9"7_%2-_1.. i1 ;_ )
Herford, 19335 -"i : Ty w :
i ; ' L i ] 1
o Tl C | l . !
62.1°7.(16.7°C.) | 60.7% Personal, 1950 | .10 12,8 - 141 13,5 15.2-16.6 15.9 |
Waloff, 1948 (Shastait temp. ) | T 13- 15 1 14 |
P , o (._.~-1] - - 8,2 74 6.6 - 8,.
' S €. 654 Personal (constant{tem,) . d00. 16,7 - 8,1} 7.116.9 - 8, 4 | 6.6 -8,
65 F. (8.5 ¢.) | 654 | Pgt:grxc: l"é?% jbvemg.) | 200 16.7 - 8.1, 7.116.9 - —T?‘O
67.8°F., (19.9°C.) | 57.84 Personal, 1950 | |1 180 8.6 = 3.4/ 9.0 | N S A
T |Reed and Liv ; 19 1 10 - 12 1.5
pRsed agd Liviag‘t?no ."937 2;% Y 8 2
69.7°F. (20.9°C.) | 63.,9% Perspnal, 1950 —_ 320 1 5-7 60 .- — - &g :ﬁ
Candura, 1928 ; 9 -
Simmons, etc,, | LOSL] . _ ~ =9 7.8 ] N R
: Reed and Livinggip e, 1937 16 127 =13 12.5
1] 1t 1" l ) i " ] _'764. . . B __4‘_“_8_;_1-0_' -.,__8.!,8_- N
Waloff, 1948 (c?n@‘;aj}t temp. )| 97="10 9.5
71L6- 75 2°F ; Richards and Th&mgbnl1932 | ; 6 - 10 6.8 _
. {22 - 24°cC,) Reed anc Livingétomr Y937~ 7,624 TS5 AW 7.3
__ __ _ - H - _ _ ' -
77 - 78.8°F, Hase, 1927 — I . 4.725 = 5
(25 - 26°C.) Candura, 1928 | —g—] L
Wokrzocki, 1931 i ] Fo0
Richerds and Thomspm) 1932 5.0 )
Reed and Livingatope, 1937 | 4,020 | - ; 5 -8 5.9 L
Waloff, 1 conspent temp.) : T4 o5 4.5
Bovingdon, 1933, | LA T 6.2
| ] .
, . b
80°F., (27.4°C.) Noyes, 1930 | | ! 5=¢
0 o o . . : 0
82.,4 F.(28.6 C.) Mokrzecki, 1931 N R I B _..l_- L 3.0 | )
( Reed and ﬁivingstlﬁa, 1937 1,623 T 3=7 77
) ) i
o , . , _'
85°F. (29.5°C.) 60% _Personel, (constant temp,) 200 2,75-4,6 : 3,0 ‘3¢5-6.5 rﬁa.z_ | 3.3-5.1
Chittenden, l9llf¢ N o up to 3.5 | s e
rBrindley.légf'O SonBg. Yem.) yog———
Boselli, 1933 : —— 1 2 |
Reed and Livinggtene, 1937 117149 —_ DT3TE I0TT 746
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It is seen from table 24 that the results of other authors do not

always correspond with personsl résults, e.8., 81 85OF. personal results
’ e

for the development of the eggs of E.,?autella‘\;cdayg, while Boselli,
1933, hes an average of 4,5 days, Moreover, results of the present guthor
for the development of the eggs of E, cautella atvssoF.‘is lower $7,1 dﬂys)
than reéults for the development at the highef temperature of 67.§>F. (2.0
days), However, these discrepancies are esxplained in both cases by the fact
that personal results &t 85°F. and 65°F; were carried out at constant tem-
peratures, while the obsgervations of Boselli, and personal observetions at
67.é°F. were catriied pﬁt at room temperatures,

Nevertheless, it is concluded that the development of the eggs of

E, cautella, B, elutella and E, kuhniella within & range of temperatures from

.o 6 .
59 F, -8 F, (15 C - 29,5 C,) occupies 8 weeks to 3 - 4 days in the case of

E. cautells and E, elutelle, and this is probably true of E, kuhniella zlso,

When the eggs of these 3 species are compared &t the constant temperatures
o (4]
of 65 F, and 85 F,, E, cautella has a slightly shorter development that

¥ v
E, elutella and E, kuhniella., These lag\er 2 gpecies have asbout the same

réte of development,

Voute, 1935, has found that for E, kuhnieila, development ensuring

hatching begen et 5é)F. (10°C.), and that the optimum range of develoﬁment
was between 60.é°F. and‘ve.eaF. (16 - 2690.). The temperature preveiling
at the time of ovipositidn influenced the subsequent development of the egg. .
A,higher température had én accelerating effect while 8 lower temperature had
a retarding effect when development continued at temperatures differing from
the initisl one., When the eggs were subjected to only one change, or several
regular changes, @n initlal temperature of 73,4 F, (2500.) was most
faVQui&ble.
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B. The larvae,

The differences among the larvae of the 3 species heve already been dis-
cugsed, according to the key worked out by Hinton, 1942 and 1945, in section
5 B. 'Dimensions of the head capsules of the first and last instar larvae
have aiso been tabulated in the same section, When the results of the pre-

gent author gow E, kuhnielle are compared with results obtained by Brindley,

1930, they correspond very well, i.e, see tgble 20 next page.



45 =
Table 25 - Dimensions of the head capsules of lst and last
ingter larvae of E, kuhniella.

66
length in millimetres..; Breadth in mm. | length x
' : breadth
sq mm,
range average . range | average average
i11s¥ instar larva ‘ i I .
Personal 015 - .30 016 L _.?—E_" -'?l._, 1 ‘;20 s ;052
Brindley, 1930 I TS U A «20 .03
last inster - - ' ) ’
Personal ™ .92 -« 1,2511,09 492 = 1,31} 1,10 1.20
Brindley, 1930 | 1,11 -

) 8s regerds the bionomics of Ephestia csutells, E. elutella and

E, kuhnielle, they have been recorded as pests of many foods besides nuts,
chocolate, dried fruit, tobescco and flour, The following is & teble, from

Richards and Thomson, 1232, of the foods on which these 3 species have been

recorded,
Table 26 < The foodvsubstances of Ephestia species,
E. cautells E, elutells E, kuhniells,

Cashew nuts (personal) Cashew nuts (personazl) Cashew nuts (personsel)

ground nuts ground nuts ground nuts

almonds, walnuts almonds, walnuts almonds, walnuts

peckans, gall nuts pecans pecans

rice rice rice and rice flour

whe&a tflour, wheatflour wheatflour, chestnut flour

bran, maize bran, maize brap, maize

maize meal maize meal meize mesl, rye meal

hominy and oatmeal . Trye, oatmeal
buckwheat flour

biscuits - biscuits biscuite

$BSEGratgouct ouns  gagme, $85E31af8Y Doens

dried figs, currants, dried figs, currants dried mshrooms
dried apples, pe&rs, dried apples, pears,
gultanag, raisins, sultanas, reisins,
prunes, dates. prunes, dates,
‘ dried mushrooms, cherries
hips and hews, Tose
petels, dried pomegranate
roots (all dried).

tobacco (Bovingdom) tobacco
cotton ameed ‘ cotton seed; hemp seed,
cotton seed cake sesame seed cakes,
linseed meal linseed meal
dried insects dried insects ‘ dried insects
pomegranates, pesrs, Turkey rhubarb, potatoes, peas, beans,
damaged citrus fruits dried vegetebles ’
seeds of Zizyphus seeds of sugar beet
" " Cecropia
tonke beans coffes, chicory
chick pes cayenne pepper chillies
agparagus berries drugs
leather © Jelly cubes
honeycomb baby food
acorns (ennual acorns

Teport 194¢) macaroni




It ig thus seen that these three species attack a wide variety of
food substances. All three attack nuts, rice and rice products, bran,
meize, maize meal, wheat flour, biscults and cacao.

The behaviour of E. cautella, E, elutella and E, kuhniella 1larvase

on muts, dried fruit, chocolate, tobacco and boermeal has already been
described from observations of the present author in section 6B, How=-
ever, other authors have described the behaviour of these species on
other foodstuffs,

In dried figs, Boselli, 1931, has recorded that the lervee of E. cau-
tella usuaily enter thfough the apical aperture and begin feeding among
the surrounding brects. They then peﬁetrate within, spinning & web ac~
ross the aperture after 8 - 10 days. Occasionally they enter directly
through the skin, They do not infest figs on the trees or during the first
3 ~ 4 days of drying. On the other hend, Smyth, 1911; from reliable
reports, shows that 5 or 10% of the larvee in dried figs may be traced to
the fig treea in Smyrns, in dried fruit, Quinn; 1927, reports that
_ Ephestia feed on the dried fruit kernels as well, and therefore maintain
the infestation.

On cacao, Silva, 1947, and Herford, 1934, have described the habits

of E. cautella and E, elutella ., Silva, 1947 reports that newly hatched

larvee survived up to 24 - 28 hours without food; end the larvae could
not enter cacao beanithat were‘not injured,

The behaviour of E, elutella on tobacco has already been described
from obgervations of the present author in confirmetion with the observa-
tions of Bovingdon, 1933 and Reed apnd Livingstone, 1937. The latter authors
further concluded that "the young larvae eat the upper or lower cuticle of
the tobacco leaf until about the firsf'moult, after which the entire leaf
between the larger veins and mib-rib is consumed," Iokrzecki, 1931, has
further_recorded that on tobacco, E. elutella starts feeding at SQPF.
(lsab.), and 1s especially active in summer. _ Feeding ceases at temperé-
tures below 44.8?F. (7.}°Q.).and above 98.6°F. (57°C.), the larvae being
killed at 113°F. (45°C.). |

| Reed and Livingstone, 1937, also record that only various grades of
flue-cured, domestic and Turkish tobaccos are infested and Bovingdon, 1933,
further shows from experiments that "if bright .. kiln-cured tobacco in

good condition is aveilable to Ephestia larvae they will consume it in
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preference to dark tobacco™. HMockrzecki, 1931 explains this food
preference by the fact that better qualities of leaf contain greater
quantities of sugars than the lower grades, and are therefore more liable
to be attackeéa

Finally, Reed and Livingstone, 1937, state that moistiure in the tobace-
co leaves plays & very great part in the survival and growth of the larvae.
"The ideal moisture content for the best growth on flué-cured tobacco is
approximately 13%". T@ig is obtained by an atmospheric relative
humidity of 65 - 75% R.H, h

Richards and Waloff, 1946, have studiad the behavdour of E, elutella
on bulk grain, and find that the young larvae'show a preference for softer
grains, and those with a8 higher water content., Only the embryo is eaten,
"and as one larva required 48 embryos to complete development, its food
habits alone negessitate wandering and spreadingziarval populations..., In
unpolished :igg... the larval population probably spreads even morse
extensively.... and in peanuts, cacao beans and beans; the whole of the
larval stage is passed inside one bean and the wandering of.the feeding
larvae cannot be so extensive", They further state that the larvae appear
to be negatively geotropic, negatively photatatic and thigmokinetic, and
that the larval wandering may be due to thigmokinesis, but these statements
mnst_be accepted with reservation as they have no experiments to support
themn,

The number of moults,

It hag been seen that the number of moults found by personal observa-
tion for E; ceutellr are five or six, g0 that there;are both six and seven
instar lgrvae when they feed on casheﬁ nuts at 85°F. and édz,relative |
“humidity. It was decided to check the results obtained f!gg.the hegd
éapsule sizes and number of moults by using Dyar's léw. Dyar, 1890, by
examingtion of a series of figures of head capsule gizes of lepidopterous
larvee, stated that "the widths of the head of & larva in its sugcessive
stéges follow a regular geometric progression.” Both Imms, 1934, and
' Richerds, 1949 show that Dyar's original purpose was to determine, "by
means of accurate meaguremsnts,, .. whether an ecdysgis has been overlooked
or not during its life-history studies"..f.since "the head is not subject
to growth during a stadium." (Imms, 1934).

Therefore the following method is employed:



Table 27 - VII - ipstar larvee of E, cautella

Number ot stages

I I 1III I | Vv ! VI VII Ave]

Mean width of head capsules ' ,173 ,228 ‘.501 ' 400 | ,530 703 .914.

) f
1

(in mm.) . ’ } ’t .
Retio between head capsules ' 1,32 1,32 1,33 ~ 1,32 1,33 1.30 41,32
Duration of the stage in dy& 6,4 5,8 6,2 6,2 5.4 @ 6.8 | 8.8 |
Accumnlated days , 0 6.4 12,2 18,4 24,6 50.0 1 36,8
" omitting I 0 0 5.8 12,0 18,2 23.6 !50.4
' ' . I

E?om table 27 the following facts emerge:-

1, The ratio between successive instars is constant, except for
the ratio between the 6th and 7th instars, It is therefors concluded
that the amount of growth between instars was constant, except for the
amount between the 6&th and 7£h instars, which, for some unknown reason,
wag slightly less than the average, It is known that not all insects
follow Dyar's Law (e.g. Heliothi’s (Lepidoptera) and Popilla (Coleoptera),
(ﬁlggﬂesworth. 1939), but in the case of E, cautella, there is a regular '
geometrie progression, the width of each head capsule increasing by a con~
stant ratio (1.32),, therefore Dyar's Law is obeyed in this case,

Ag & check, Wigglesworth, 1939, has shown that when the number of the
instar is plotted against the logarithm of some measurement of the insect,
& straight line is generally obtained, When thiz method is applied
(see plate 11, A,) a straight line is obtsined for the VII - instar larvae,
It is noticed that the 7th instar falls slightly off the line, agreeing with
the results in table 27, therefore, the amount of growth in the 6th instar
was less than the average.

Imms, 1934, has advocated another method for applying Dyar s Law thug:e

ave. ratio of increases-l 32 (see table 27). B

_____ calculated width im mm, | observed Width in mu.

lst instar laxve _ A8 |

Znd " " J173 x 1,32 = .228 1 .228 ( 173 x 1, 32)
drqg " 0" .228 x 1,32 = ,301 .301 (.228 x 1.32)
4th " " .30 x 1,32 = 397 ) .400 (.301 x 1.33)
5th " n «397 x 1,32 = ,524 530 (.400 x 1.32)
jeth " " 524 x 1,32 = ,692 b 4703 (,530 x 1,33)
17¢h " " .692 x 1,32 = ,913 i .914 (,703 x 1,30)

The calculated results agree sufficiently with the observed results
to show that no instar has been missed, which was Dyar's original purpose,
Thus this method again illustrates that the VII ~ instar larvae obey

Dyar's law,

2) The duration in daye between the successive instars was not
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constant, The second instars had a shorter stedium (5.8 days) than the
first (6.4 deys), and thereafter the stadia fluctuated, rising to a maxi-
mum in the 6th instars (6.8 days). (the 7th insters had an even longer
stadiunm (9.8 days), but since they did not feed, and spent their time in

wandering, this stadium was not counted in subsequent calculations.

3) Richards, 1949, has shown for Cher*hhppuaéparellelus, Locusta

migratoria migratorioides, Calandra granaris and Pieris rapae , that

Dyar's law held for these insecfs provided the instars were all the same
length., Growth pfoceeded at a regular rate; the longer the instar (in
time), the greater the emount of growth, To see wWhether these findings
apﬁly to E, cautélla, the average head capsule sizes (table 27, lat row)
were plotted against thefr corresponding accummlated days (tabé%?, 4th row)
It is seen from Plate 11, fig. B.I. that the points do not lie on & straight
line, When the length of tﬁe 1st instar is omitted, the results are no
better., Therefore, alfhough certain.inaects mRy very well grow at a
regular rate, this is not so in the case of E, cautella, In this case the
V1I instar larvae follow Dyar's Law irrespective of the time tsken between
the successive instars. Since the temperature and humidity were constant
throughout tﬁe growth of the larvae, the uneven rate of growth must be due
to some factors connected with the food, and.the larvae themselves,

For the VI instar.larvee, the results were as follows:-

Table 28 = VI ~ instar larvae of E, cautellsa,

Number o instars .

I II III IV v VI | Ave,

lean width of head capsules o178 | ,230| 4311} ,427 | 592 .823

Retio Tetveen head capsules 1,50 1,35 1.57 1,89 L.39 | L.36

Duration of stage in days 8.9 | 5.1 | 5.0 | 544 | 6.2 | 11,0 o

|Accumlated days - 0 6.9 [12.0 |17.0 22,4 |28.6 |
" " omitting 1 | O 0 |5.1 [10.1 15,5 |21.7

From teble 28 it is seen that:-
1) The ratio between the head capsulés is not constant, but increases
from 1,30 = 1,39 with the number of instars, Therefore the amount of

growth between insters seeme to increase &s the instars increase in size.

2) When the logarithm of each average head capsule size iz plotted
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against the corresponding'inetar, 1t is seen that the results do not corres=
pond to Dyar's law as closely as the VII instar larvee, Instead df a straight
line,:the line 1s slightly curved; showing that the rete of growth is uneven,
Bince the line diverges to the left, it éhows that the rete of growth increa-
ged with the age of the larveae;

3) When the method advocated by Imﬁs, 1934, 1is spplied; the results
are as follows:e

everage ratio of increase = 1,36 (see table 28)

" " " " omitting ratio I,30 = 13754

calculeted widths in mms : observed widths in mmg
Ist instar larves ‘ «178 . ’ o
nd " i 2178 x 1,375 = 4245 ’ 4230 (I78 x 1,30),
rd " " 245 x 1,375 = +337 , 311 (,230 x I.g?),‘
4th 7 v 337 X 1,375 = ¢463 o427 (4311 x 1,37)s
Bth " " 447 x 1575 - 607 | <592 (4227 x 1,39), ]
6th " " 592 x I.375 - ,876 2823 (45922 x 1,39)

'it is seen thﬁt the calculated resuits diverge considerably from therba
served resulté, and Dyar's law is not followed. it seems thet the normal mums
ber of ingtare of E, cantolla feodihg oh casheﬁ nuté at BSOF.,and 60% rglative
humidity is seven, but for.some unknown reacon, I4 larvee caupleted their
development in onlf six instarss Some unknown factor caused the 2nd instar
larvag to heve larger emolints of growth; so that the following instarg divers
ged from the éxpected résulte and did not follow Dyar's law, ﬁad these I4

~ increased regularly'in gize by 1.315; there would have been 7?7 instaers thusi=

calculated widths in nm, observed widths for VII
P ‘ instar larvae in mmg

1Ixt instsr 1arvae 178 for VI instar larvae) S & _
2nd " ) .I78 x I,3I5 4234 © 3228 (I73 x 1,32).
3rd " hd +234 x 1,315 308 +301 {,228 x 1,38),
5th " " +405 x 1,315 4533 .080 (4400 x 1,327, |
6th 7 " 4533 x 1,315 (701 , 3703 (4530 x 1.35),.;4
7th " " «70I x 1,315 4922 : +9I4 (,703 x 1,30),

4)To find:%he time factor was in some way_raspésible for the different
anmunté of growth; graph B2, plate II,'was plotteds (The average head widths
of each instar against‘the corrésponding number of accumilated dayss)

Again, it 19 seen that'the pointe do not 1lie on a straight line, therefore
"it cannot be assumed thet growfh per day is constant; and 1£ ig not due to e
time factor that the résulté digress from.Dyar;s law,

It is thus seen thet the normasl nurber of instars for BE. cautelle




“51e

feeding on cashew nuts at 85°F. and 60% relative humidity was seven.

These insters increased their head capsule sizes in & regular geometric

ratio (1,32), thus obeying Dyar's law,

The time tsken between the in-

stars had no effect on the amount of growth, contrary to the resilts of

Richards, 1949,

However, for same upknown reason, 14 larvee with slightly larger

average lst instar head capsules had an irregular emount of growth, end

completed their development with six insters,

Again, the amount of growth

between successive instars was not dependent on time, but on some other

unknown factor,

(1,31), they would have completed their development in seven instars,

Had these larvae increased in size by & regular amount

Since the temperature and humidi ty were constent; the rate and amount

of growth of X,

thenselves.

E, cautelle depended on the food and the individual larvae

The following teble shows the number of instars obtained by other

authors for Ephestia species,

Table 2$ - The number of Moults of Eghestia species,

"Food suhstance

species author Average Ave, - The number of in-
temperature humidi-. sters
ty
Ea.cgutella Richards and 78.8°F. (26°C.) 2 malea‘— 5 instars
PIhomson,_1932 o PR . .. 8 females - 6 %
ersonal, 1951 85°F, (29.5 C.) 60% cashew nuts 6 and 7 instars
(constant)
B, elutelle Richards and 78.8°F 26°¢. ; - '
Thomson, 1932___~~,ﬂ___,:_£__““_id - L i6" 8, usually 6
| Reed and "warehouse" tobacco 6, sometimes 10
| Livingstone, 1937 (UeSehs) -
(Waloff and "werehouse" | "7 7 vulk grein 5 or eix
Richards, 1936 (Bnglend) o & 1n‘_v—"__b§“or six .
Walo:'f"f, 1938 ‘?7°F. (25%C.) _90% Manitoba wheat __6or 7, usually A
359 1 increased number,
up to twelve,
B, Kuhnjella | Burkhardt, 1919 ftwarm® ;flour ub# ; N uéuall 4
Brindley,.l930 BGPF.'(2§'7°C”) T LA a7 Y
B L (constant) - el o
Von Gierke, 1932 | 64,4°F, (18°C.) I 5
" 77°F. (25°c ) ? é - -

Therefore, it is seen from the above table that the number of moults

and instars varies for esch species, depending upon the food, temperature

and humidity.

E, cautells seems to have 4 - 6 moults, with 5 ~ 7 instars;
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E, elutelle has 4 - 11 or more moults, with five or more instars, but the

usual number of moults seems to be five, with 6 insgtars; E, kuhnielils
3 = 5 moults, with 4 -~ 6 instars, | |

Richards and Thomson, 1932, consider that the number of moults is linked
with sex, since 2 males observed had 5 instars, while 8 females had :inatars.
But the numbers of larvee used are too small, Observations of the present
author show that the number of moults is not linked with sex, i.e, In the VII
inster lervae, there were 5 males and eleven females, while among the VI =«
instar lervee, there were seven males &nd seven females,

Reed and Livingstone, 1937, have shown thet the number of moults of

E, elutella feeding on tobaéco depended to & large extent on the quality of

the food and the rate of growth, Waloff, 1948; further showed that humidity
also 4nfluences the number of moults iﬁxxﬁxxntut e.é. at 77°F. and 70% rele-
tive humizaty there were uswelly seven moults for E, elutella feeding on
Manitoba wheat, but at the same temperatuee andlss% relative huﬁidity, the
number of moults was increased'up to 12, and none of the larvese survived
until pupation.

Another factor influencing the number of moults is temperature. Von

o -
Glierke, 1932, found four moults for E, kuhniells &t 64,4 F, and five moults

at VVOF. But he further found that there weg some factor, connected with
season, apart from temperature, which affects the rate of development, The
progeny, up to the 4th generation of moths, transferred from a temperature
of 1800 to 25°C. develbped more quickly than those kept fof wany generations
at 25°C, Similarly, after a change from 25 C. to 16°C., development was

o
slower than when kept for seversl genergtionsg at 18 C,

The length of life of Ephestis larveae.

- Euhn and Henke, 1929, have studied the factors controlling the length

of life in E, kuhniella, and have found thet the factors mentioned above,

i,e, temperature, food supply, the nature of the food, and, to some extent,
the heriditary constitution, are impovtant, but that sex has no influence,
Table 30 (next page) contains the Besulte of some authors for the
developmental period of Ephestis larvae from the emergence of the first in-
sfar larvae until pupation, It is seen that Kuhn and Henk's observations
(1929] ate illustrated, i.e, the temperature and the nature of the food in-

fluence the length of larval life, e.g. for E, elutella, at 85°F. develop~

yemt &s faster on dried fruit (47 days) than on tobacco, (58.3 days), wile
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at the lower temperature 6f 78,8 F,, development on tobacco mar last

from 21 - 200 days (Bovingdon, 1933),

5 e

Table 30 - The length }4(; 1ife of Ephestia larvae.

N d Substance. Length of develop
Species l Observer, %‘2&%&,25“68 ge Temp, Foo fontin daye.
| | range ave,
1 b , :
B, cautellal Simmons, etc,1931 J(.B 2 =33, '7 cC. \ 2*6.$°b.(80.2°F.) raeisins (U.S.4.) 49 - 80 | 63,6
65,7 = 9297F) S P Y ,
| Chittenden, 1911 | midsummer | “‘“*’f*__ dried Tigs ( " 13 - 30 B
| Boselli, 1933 - ' a‘%"i‘f-(jo"c.) w " (Italy) | 28 = 35 |
Silva, 1949 room"” |
) Dec, = Jan. 1o cacao (Brazil) gg - % 1
a - Augg i _ R i} . -
"Cotterell, V434 Xroom" i OT'JT(_ ) "h ~(Goid Coesf) 121 « 50 ‘344‘8
P n 1950 constant Eﬁ? F.'(29.9°C cashew nuts 121 = 50 | 34,7
ersonal, 193 dried fruit 29 =72 47,1
- chocolate . 30 =76 49,9
L : o
)
'E, elutella qtamatinue. 1934 "room" l j L ______tohe:ccp Eléacnd?nia) 29 - 70 | s
"akayama, 1935 "summer™ i (o3 of 11 . o
Bovingdoﬁ, 1933 | constant 8.§°§’ (26°C.) " (Britain) ~ |21 - 200 51 - 70
Reed and Living- |70 - 80YF, I " (U.8.4.) 9 - 77 |47.6
stone, 1937 (21.1 - 26 30) I L o . _
69.1 -75. 9 F, ! " (" ) 39 =128 76
(20 6=24, 4°c,) A, O IS | ~
Zacher, 1925 ' "room" o - Mc_tlocolate (Germany) '78 - 192
Personsal constant g5 ¥, 'r29_75°C,T), | no c(cve1 op ment
Valoff end "room" 63, u"E.i. (16.99C.)| bulk grain (Britain) | 60 - 70
‘| Richards, 1946 . . o
Vieloff, 3..948 constant 64.6 F, (17°C.) Manitoha wheat ( ") 54 - 80 | 61,2
" n ?’;“’f. 25_2@.)_) Y gg - 50 2;.?
1951 " [e3°¥,7K29,5°C, dried fru_i‘b - .
Personal, 195 " " __tobacco { 36 - 7_9 58.3
" " " cashew nuts 22 - 50 | 35.2
. kuhniells |Noyes, 1930 " room" _| cacao  (Britain) | 7C = 154
T "B_f{'ﬁdib}?: 1930 constant T flout T T(ULELAL) T T[21 - 42 | 28
Ullyet, 1047 — — . boermeal (S.Africe) - 56
Kunike, 193%9 flour (Germeny ) 4239“ égaz;taa
rscnal, 1951 constant coshew nuts’ ! - 53 | 38
Porso 3 chocolate ] 41 -2 163.4
boerre sl 25 = 59 {39

It 15 seen from the above table that most work on the development of
Ephestia larvae has been done under unstandardised conditions at room ten~
perature, therefore it 1s difficult to compare the development of all three

species on the same &and different foodstuffs.,

author (page X5, table 11) it seems that in general, the larvae of E.cautellsa

From results of the present

develop the fastest, followed by E, elutslla and then E. kuhniells.,

seems that E, cautells develops beat on cashew nuts, followed by dried fruit,,

and then possibly cacao and chocolste,

In zilany cases, larval development is prolonged by & diapause during the

winter.,

It

This has not been personally observed, but 1t has been recorded
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by Chittenden, 1911, for &, cautells feeding on dried figs, and by Reed
and Livingstone, 1937, epd Bovingdon, 1933, for E, elutells feeding on
tobaccoy and by Waloff, 1948, for E. elutella feeding on & variety of
substances, | .

Yeloff, 1948, hes shan thet the natural foods of E. elufelkr
ﬁay'bé divided into 3 groups, namely:-
1} Those on which no lervae diapsused at 770?. (2506.) and 70% R H, -
Manitoba no. 1 wheat and unpolished rice, in which only the embryos are
eaten, English oats, flueecuredb:;§:Zco, figs and soya flour with 1¥fat:
2) Foode on which a low percentage of sarviving larvae entered diapause
at the same temperature end relative humidity:- soya flour with 7.3% fat,
cacao beans; ground nmuts and dry peas:
%) Foods on which a high percentage, or all of the surviving larvae en-
tered diapause at the same temperature and relative humidity:- English
wheat, white flour, dry beans and an artificisl diet with starch as the
only cérbohydrate. All,theée foods had a high starch content,

‘8imilarly, according -to Voukassovitch and Voukasgoviteh; 1934, the

} development of E, kuhniella larvae to the adult. stage may require a period
éf five times &s long on the poorest food as on the richest, These au-
thors also record a very marked individual variation in thé length of the
lerval stage, especially when the larvae were fed on poor foods.  Kunike
1939, found that foxr this species, the larvae developed best on flour,
groats and flakes of higher nutritive value, provided that these foods
coﬁtained bran.of which the particles were small enough to be easgily
attached.by‘the young Jarvae, Next in order of decreasing importance come
eﬁtire grains, flour without bran, pulses, hard groats, ground nuts, oats,
sweet almonds, dried fruit and cacao beans, Voukassovitch, 1935, says
that the development is accelerated by righ foods because of the preserice
of fat,

" The observations on the food requirements of E, elutella and

E, kuhniella may be best interpreted according to the findings of Fraenkel
and Blewett, (1943, a,b and c; and 1946 & énd b). They find that the 3
main factors in the nutritidn of Ephestia species are carbohydrates, the
qualitatiﬁe and quantitative requirements of sterols and the quélitative

and quantitétive requirements of vitamins of the B, group. The carbohy-

drate requirements of these species are high, and while E, kubniells,

e




B, elutella andB, cautelle show optimum growth on artificial diets with

80% glucose, only E, kuhniella grows on starch., This agrees with the

findings of Waloff, 1948 (page 54)., The visamins of the B, complex
indispensible for growth are thiamin, nicotinic acid, pyridoxin and
pantothenic acid as well &s other undiscovered factors, and E, elutella
needs riboflavin as well, 'Therefore, these authors suggest that since

E, kuhniella; E, elutella and E, cautella are all known as pests of grain

and Céreal,products, the latter 2 gpecies fged successfully by picking out
such particles of bran or wheat germ iow in starch and high in sugar and
vitamine of the B, group.v‘ Mogt riboflavin ie foﬁnd in cacao; followed by
ground nuts, flour; dried prunes and raisins, therefore, a limiting faector
for E, elutella on flour is probably a lack of vitamins of the B group.

Fﬂ&thermbre, Ephestia apecies need sterols, the requirements of which
are met in wheat-germ oil., (Fraenkel and Blewett, 1946b ). In its absence
growth is slow; mortality is high and the moths fail to emerge from their
pupal cases. The saponifiable fraction contains linoleic acid, or
linolenic aecid, necessary for emergence and good sc&les, while the unsapone
ifiable fraction (Vitamin E) is necessary for good growth; Thése 2 gu~
thors (1944) Bave further found thet more food is eaten, and the larval
period is prolonged; at decreasing humidities, since part of the food is
utilised ag water, |
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c) The pupae,

Differences in the pupae of the 3 Ephestia species have already been'
described and it has been concluded that E, elutella has the smallest pupae

and E, kujniella the largest. (page 13, teble 4), It has also been con-

cluded from observations of the present author at esc%. that the pupae

of E, cautella have the shortest development, and E, elutells: the longest,

(page 2}, table 12). The results of other authors are tabulated in

table 3§.(next page) =
It is scen from the latter table that all the speciés.have a wide

range‘of pupal development, depending upon the species., The length of de-

velopment of L, éautella varies from 4 - 24 days, that of B, elutella

veries from 6 -~ 42 days, and that of B, kuhniella varies from 7 - %0. It

ig difficult to compare the development of the diffefent specik 8, since

very few of the lengths of development heve been determined at constant



temperatures,
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However, from & consideration of all the resulﬁs, and

results of the present author, it seems,that, in general, the pupae of

E, cautelle have the shortest range of development, while the range of

E, kuhniella is somewhat longer,

E, elutella has an appreciably longer range.

However, at high temperatures (85 F,), these differences are not so

noticeable.’
74@10:30 « The length of pupel development of Ephestia speciss, (In dayS).f
. |l .
Species Observer | ‘ ' - B
pEed '?' ‘ %gﬁ%ﬁrgguro Ave, Temp, | Food of the length of the stage in
l ( : lervae days
Z L | Range Ave,
E, cautella Chittebi;n,.l9ll (8452°?. driod figs (U.S.A) 8.5 - 24 16.2
c9°¢C.)
Simmona‘ ‘etf.1931 65.7-92.7°F, " " 9 - 17 10.4
Rich & 2 (18.7-33.7°C)
ardq an 8.8°F, - - -
'rnomaoﬂ 152, 288 ? (Britcin)| 8 - 4l 9.7 - 11
Cotter l, 19354 "room" y cacao (Englend) 12'
Silvo..A 3949 " _ {Brazil) 10 - 12 11
Person q 1951 constant 85°F., cashew nuts 4 - 8 6.7
z (29 5°C.) (8. Africa)
LL J
E, elutells Mossont 193? . "summor" o tobacco (Rhodesia)| 10 - 20 ﬁ
. ___ 1 T"spring" | . " 18 « 28
Richar 73 ,4°F, ? (Englend)| 18 - 42 14,1
Thomso | (23°C,) '
Bovin, 933 constant 78.8°F. tobacoo " 6 - 13
(26°C.) | _ _. )
Reed, m c., 1933 “room" " (T.Con, )
Aug. - Sept. : 11,3
[Oct. = Nove | _ : I 16,7
Stamn 1.‘ 1934 59.9°F, " (Macedonia) S 24,0
* e ' o
. © L] .0
. R - N, . §27°C o} ’
Pottor, 1935 "low" ( 5 dricd fruit 21 - 35
ST N S u-9c
, Walorf,rh9%8 constant 62.6°F, Uenitoba wheat € - 39 20.6
. ‘ (l? 8°C.) (Englend)
SR PR | o 7°F {25°C.) v 6 - 37 13,8
' Person@p, 1950 " 85°F, cashew nuts 6 - 11.5 8.6
| {29.9°C.) (S, Africa)
. ~+
E, kuhnicl- Burkhordt, 1919 | “wmorm" _ flour (Germany) iB - 30 |
Noyes, 1930 | __"room"™ | . cacao (Englend) 11 - 16
BT ndiqw, 1931~ | “éonatant | B6°F,(30°C.) flour (U. Sahe) 7 - 10 8
'Voukeas 'i1tah, 7°F. 25°c.f' " (uerbia) 12 - 13
1934 af} 1536 B g2.4°F(28°C.) " 7 - 10
i Kunike, , 1929 ?é2§°F " (Germany) é 12
] } N T 8°1?'(26 °C) e« n ;
| 1951 | comstant 85°F,(29.9C) coshew nuts ? -12 8.
. (S Africa) ‘

|
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D) The Adults,

The adults of the 3 species have‘been.describeq in éection 5D, and
the average lengths of the 3 species have also been tabulated in the
same sectiomn.,
Hmergence, It has already been mentioned from oﬁser&ations of the present
author (page 21) that the moths of E, cautella, when kept in the laboratory,

emerge at any time of the day or night, This confirms the observations of

-Brindley, 1930 on E, kuhniella, However, under natural cbnditiohs, Bre-
ner, 1926, found that light was an important factor in the emergence of

E, kuhniella, since moths emerged chiefly in the afternoon and evening,

and if the pupse were kept in light at night, and during the dark at day,
the cycle was reversed, Scott, 1936; further showed that the diurnal
cycle of temperaturé influences emergence, which occurs when the tempera -
tures begin to fall, If the larvae or pupae are expoged to an artificial
rhythm of this kiﬁd, emergence can be induced at an abnormal time of the day,
Habits, Obgervations of the present author show that the moths of
E, cautella anmd E, elutella beceme very active in the early mornings, be-
fore 8 am, and in the afterncons from 3 pm. onwards, Waloff and Richards,
1946, state for E, elutella, that "this activity may be part1y dapendent on
temperature, but laboratory data sﬁow thaet light alone is a sufficient
stimlus,;... it would eppear that this periodicity of activity seems to
depend on light rather than the time of dey". They obgerved that in ware~
houses; the moths flew &t the changing light intensities of sunrise and
sunset, when the light intensity was below 1 foot candle. This is probably
true; since when the moths of E, cautella were pleced in a cage covered with
black paper at room temperatures, they were observed by the present author
to become active anmid copuletions continued throughout the day, However, it
seems thet temperature must have some effecf, since the moths were especially
gctive in the early mornings and after 3 pm,, when the temperature was at
ifs lowest and highest respectively.
Longevity and ovipogition,

Norrig, 1834, bas shown by experiment thaet the adults of'gghéstia do
not feed since their requirements are met by food stored in the fat body.
This authar has ghown that for E, cautella and E, elutella, the longevity

of both seies, and the fecundity of the females st 80.6°F. (27°b.) was re-

duced by about 50% if the sdults were deprived of drinking water., At
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lower temperatures, between 64.4°F. and 68 F, (18 - 2000.), the reduc~
tion in longevity when deprived of drinking water was equally great; ani
the fecundity was reduced by gbout 100%. The increase in fecundity and
longevity was due to actual drinking of the water, and not atmospheric
humidity.

When E. cautella was fed on céne sugar fluid, the longevity of both
sexes was increased, but the fecundity was not gignificantly affected,
Norris has showed fhat cane~sugar fluid increases longevity since it pro-
vides nutriment which to =ome extent tekes the place of food reserves in
the fat body. Bub "fecundityjin E. ceutells doesn't depend directly on
longevity, bgt ig limited by the quantity of"egg-developing‘substance" in
the fat.body; when this substence is exhausted, egg-production ceases,
although life may continue and although there remain many unripened egg-
rudiments in the ovéries which could presumably be ripened were cuitable
food available”.

Norris has further shown that in E, kuhniells, the reduction in

fecundity and longevity was much less when.deprived of drinking wster,
This is related to the state of the ovaries at emergence, since E, kuh~-
niella emerges with & number of Tipe eggs in the ovaries, while

B, cautells hes no comple tely ripe eggs at emergence and therefore needs
water,

These results were not personally confirmed, but since there is
probably no water available to the moths under natural warehouse conditions,
the moths used in longevity and oviposition experiments were not given any
water to drink,.

Table 33 (next page), tabulates the results obtained by different
observers for the fecundity of Ephestia species.

It is‘seen.from.the latter table that results of the present suthor
correspond with the results of other authors. Although in the case of
B, cautelk:,results of the present author for thé fecundity are slightly
higher then those obtained by Simmons, Reed and M'Gregorr, 1931, these
1atter authors carried out experiment on 13 moths only;f§;§eriments of
the present suthor were carried out on 30 and 50 moths at BéuF. and 85°F.
respectively. for E, elutella, results of the present author correspond

very well with the results of other authors,
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Table 33 ~ The Number of eggs laid by Ephestia Species,

Species Observer Average temp, |the number of eggs laid
range ] average
- E; cautelle Simmons, etc., 1931 "room" - : ‘ 123
) - 85°F. (29.5°C., ) 38 « 207 114,1
Personal, 1950 I m - (constant) | 73 ~ 243 158,2
I 65°F, (18.3°C.) |6 8 = 279 168,0
(cons#ant ) ‘
E, elutella Mokrzecki 1930 “room® J 20 « 130
Noyes, 1930 " 160 - 250
Mossop, 1932 - : : - 1237,
Reed at 1 - .
Seadaednts: 1835 " ‘ 23 :_32; | >
Nakayema, 1935 ~ | _ " | | e
Reed and  Living- " 1 « 260
stone, 1937 ) . - |
" 85°F. 29 5°c ) - | 80
Personal, 1950 o constant) 41 « 122 78,1
" 65°F, (18.3°C.) 40 - 158 | 98,4
|

(constant)

B uhniella Deceux, 1893 1.__ "room" ) 200 « 250 3 |
Johnson, 1895b - " . (120 « 271 240 |
Frickhlinger, 1916 " ‘124 « 225 '
Burkhardt, 1919 : . 75 = 320 150 -~ 200
Zacher, 1919 Y o %50 1200 -

‘Candure, 1928 : " 119 - 280 200
Voukassovitch, 1929 | dry atmosphere | -F1
NS ? atmosphere } - 17}
‘Brirdiey, 1930 , « (30°C,) 167
. ' (constégﬁ)______4~_ L ' |
Rjchards and "room" 200 - 500 3200 = 400 |
Thomson, 1932 o . o :
Kunike, 1939 hid ' % =~ 500 300
‘Personal, 1951 ' 85°F., (29 5°¢C. ) 38 - 330 122,.4
(¢onstant) i - o
" "65°F, (18.5 C.) 57 « 400 £63.5
(conatant) .

For E, kuhniella, results of the present author for temperatures

below 85°F. corregpond very well with the resgults of other authors, but at
85 F, results of the present author (122,4) and the results o Brindley,

1920 (167) are much lower, According to Brindley, 1930, and Wishart, 1942,

when E. kuhnielle is Reared under 80 - 85°F, (27 = 30°C.), the moths show
8 marked degree of sterility. This is further confirmed by Ahmed, 1936,
who states that the reproductive potential and development of thig species
Qo
is edversely affected by temperatures above 73.4 F, (23°C.) and a high
saturation deficiency above 14 mm,
Q o

Therefore it is concluded that at temperatures below 73.4 F, (23 C.),

the moths of E. kuhniella lay the greatest number of eggs, E, cautella is

intermediate and E, elutell lays the least, This is to be expected, since




60~

Ullyett and van der Merwe, 1947, have shown that “there'is a well-defined
relationship between the size of a female moth and the number of eggs which
can be developed in its ovaries," Further, Ullyett, 1945, has shown that

for E, kuhniells there was & highly significant positive correlation between

moth density and oviposition. The optimum density of moths for the
maximum oviposition was 19 females per unit area,

Toukassovitch, 1034 and 1935, states that heat accelerates the depo-

sition of the eggs in the case of E, kuhniella, which ceases to lay eggs
when the temperature reaches 25°F, (~5°C.), For E, elﬁtellngMbkrzecki?
1931, has stated that & temperature of 59 = 6§°F. (15 = 20°C,) is essen-
tial far oviposition. Although these statements have not been personslly
confirmed, it has been ot:ge;\‘r:d:’gﬁggﬂgen;aui?ségf E, elutell kept at room
temperatures in winter at an average temperature of 59.2°F, (15,1°C.)

with a Tange from 52 - 67 F. (11,1 - 16.1°C.), laid eggs very sporadically,
sometimes days elapsing between successive ovipositions, and this was
probably due to a low temperature, since in the warm room at 85°F, (29,5°C.)
oviposition in E, elutells took place regularly within 24 hours each time,
The same wes observed inthe case of E, cautella (see page 28).

Finelly, Kozhanchikov, 1934 and 1937 has confirmed the findings of
Norris, 1833 end 1934, that the fecundity is not directly dependent on
longevity. The former &uthor found that the pumber of eggs depended on
the mﬁturation of the gonads in the pupal stege, which, in turn, is af-
fected by humidity and temperature, The optimum temperature for pupal
development was between 71,5 and 75.2°F, (22 - 24°G,), but females from
pupee vnat had dev%éped at temperaztures below the optimum laid a greater
number of eggS.

Theeefore, the number of eggs laid and the deposition of the eggs
themselves ié*dependent on & number of interrelated factors. It may also
be mentioned that there must be a suitable stimulus for egg~laying.
Uftyett, 1935, found that wire gauze was & sufficient stimulus in the case

of E. kuhniella since the gauze is very similar in texture to the mesh of

& bag through which oviposition naturally occurs, therefore, in experiments
of the present author muslin gauze was used to stimulate oviposition in

fhe case of B, kuhniella end E, elutells, For E, cautella, glass was &

sufficient stimulus.

Ullyett, 1945, further found that in oviposition experiments with flour
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and freneh chalk, and there was no difference in the number of eggs

deposited by B, kuhniella on both substarnces, "By replacing flour

with french chalk, the property of the texture is retained while any
chemotactic stimulus is removed, Therefore, Ullyett concluded that

"the ultimate stimulus for oviposition appears to reside in the

mechanical texture of the medium and not in its olfactory atiractiveness...
but if given 2 alternatives, the flour would undoubtedly be chosen since
the initial stimulus, by which the insect finds the medium it nature, is
an olfactory one. Having fout it, however, the act of oviposition is
conditioned by the degree of tectile stimulus present”.

On the other hand, Wsloff and Richards, 1946, in experiments upon
E,.elutella feeding upon bulk grain, found that this species showed a
Petriking example of chemotaxis towards grain" in warehousesg; but in the
laboratory, tﬁe females were more strongly attracted by the smell of
cacao beans, Iirrespectéve of whether fed on cacao or grain. In the
lavoratory, the order of preference was open grein, sacking over grain,
sacking, crevices and flat surfacea such as wood and glass, In general,
a rough surface was preferred to a smooth one, In dried fruit factories,
Arkhangel'skii:§¥ates that E, elutellsa prefers to oviposit on softer fruit,
and prefers dried pears, peaches and aprlcots more readily than raisins.

Thus it is concIuded that females of E, cautella may finl their food
material due to an olfactory response, but the actusl oviposgition depends
on the degree of tactile stimulus present., It seems that softer foods
are preferred, like dried apricots, pears, figs, apples, raisins, dried
peaches and prunes, while harder material such &s chocolate, nuts and to-
bacco have & low order of preference, However, the actual order of
preference seems to depend on the condition of the food material.

(see pages >4 and 35 ),

E) The length and life snd the number of annual proods.

The table on the next paege summeriees the results obtained by
different authors for the total lmngth of life of Ephestia species from

the egg to the adult emergence.




Table 33 - The tg;)al length of 1ife eand the number of generastions
{ of Ephestia,
ld Observer Crournti'y' Food of lar— ! }.wrerage | Length of Life The number of annual generations.
| vee ?;em]be:rature - in days. ‘
i | range | ave.
i ' " : ‘ ' 1 E. cautella ‘
‘
L e Chittenden, 1911 U.S.A. | dried figs _ _ h":mner“d R gg
| utimn an 7
' e e TR ! -1 I
Simmons. etc.1931 n _ \ 6 7°F 7 __6_0_-_-90 {819 -
Samana! SFs i35 0 | (e
" Herfoed, 1933 _England | dr_i_gd fruit '78 8 F, (26°G ) gg -Zg o s ' 6
_Essig 1920 | U.S.A, | , o - ey 2= e — .-
““Persomal, 1951 S. Africa o 8 ,E] (29.5°C.) " 3,9_772 : 22% B s T
" o | cashéw nuts || . 3.1:_ g_ B_ 1 ""3‘*’*" g)" — e —
- - chocolete . :} . 40 =851 53.3 [ ( 3 = #)7 —— _
Cotterell, 1934 | Gold Coast| cacao . _ 60 5-6_ - T
Herford, 1933 England " "I I -2
zacher, 1925 — Germeany sweets || " 1- f—} time longer with merzipen, chocolate
Archangel'skii, | Russia dried fruit '} ! T , 3 = ] oL . .
1931 ] ' o i P~ R S
Porter, 1936 ~ " | Englanda | " 40l8 4765 G‘Zg, 357 = 367 2,715t in June-July, 2nd in Aug.-Sept.
Persaasl, 19507 |80 KfTieE " ':5°'c_?_)"_z_g = g;: Zg i (g - z; 7 ' T -
‘ tobacco [ - 80 | - e
' — - 1 = 21 = 10017 diapauge -
Bovingdon 71333, England - T 17(26°C.) [ %1 = 21061 - 1001 "2; due to & aiapa T
“Stematints, 1934 | Macedonia ] LT 139 =303 T g ;sa’; eﬂég;guéy ,_end Sept.-0ct.
g:ggy:mng‘ -AQB‘S Uffg’—fi?- G "f'dom"19’§2“ S8T= 152 T “'j"a’coInplete “generations, 18t in July, .
_Livingstone 1937 1933 | 46 = 123 | 2na in September until May. . i
_“Mossop, 1 1937~ 'I"Rhcdesia | " T o * 1 2 or more., ]
__Reh, 1907 Germary | cacao ] o . | o7 | 7 7] more tham 1, division mot well marked.
Waloff “1%48 Englend —~ 1 = C.) —] lg _ﬁé ‘_?%__6, .
-drie & __ | - -.e e
" " | "tobacdo i j |9 ! 18;3“‘"%25 ‘5%?,2___}
n n unpoliehed ric e - .
" " “Wheat . A77°r. [(25% ) T 42 <7797 49,8 ~ |-
9.87F, (21°C.) | 71 - 1023 84"
S - {3 .6/F. (17%C,.) | 62 - 118 79. 6 o
Ven Em:den, 1925| Germany dried vegetables ‘1' 1=-2
. , | . ] y
,r' ] ) i ! \‘\
: - E, kuhniells, i ’
_Denysz, 1893 ° France flour | ___1'__“__ .4 _ . 2+ 6 according to temperatwe
Johnson, 1895 | U.s.A,0 [ " IO B ._ ] o= __ e
.gurkhardt. 1919 |Germeny . Y O A _,,__i ~—6tepending o8 1568
adsworth 1919 |England’ ey — —— 1y ] e >__1L_+ 63 by epe ng on 100 o B
Back, . 1920 U.S.A. | el L _
“Cendura, 1928 ~|Ttaly | " 1 ) f2 = 5 mcéording to foed
_Noyes, 1930 England cacao 1 e it 1Y, possibly 2 . _ T
Brindaiey, 19351 | U.S.4A. | fiour 8657, (307C, )1 |
Personal, 195 'S, Africs "o 85%IF. (29.5°C,)
cashew nuts I O P
chocolate I n

I% is seen from table 38 that the number of annual broods of

Ephestie species varies with temperature and with different foods.

general, E, cautelle has from 1 - 6 generat ions.

Chittenden. 1911.
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