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I - INTRODUCTICON.

Since about 18685 the "tobacco beatle,” Lasioderma
gerricorne, has been recogniged ss a paét_of.considorablo
economic importance. In addition to cured tobacco, the
larval stage attacks a great variety of other materials of |
both plant and animal origin.

Much of the work done on the biology of this beetle is

fragmentary and not precisely recorded. The pregent author
has aimed at correlating as much of the available valid in-
formation as possible and supplementing it with original
records.

Further, most previous investigations have centred on
contro; rather than bionomics. But a sound knowledge of
blonomics 1s needed as & btasis for an effective scheme of
control. Therefore, as research had to be limited in some
way, in this paper attention has been paid primarily to '
bionomics (with some relevant morphoiogy}. The section on
control comprises only a few original observations, and this

aspect offers a wide field for future research.

Toamor
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II « CRIGIN AND HISTORY.

The earliaest record of the occurrence of Lasioderma
gserricorne comes from Zgypt from the tomb of Tutankhamen.
ALFIERI (1531) concludes that the bestlea are probably in-
digenous to Egypt and states that they have scarcely altered
morphologically in the 3,5CO years that have elapsed.

However, there is no general agreement as to the. _ 3
original habitat of the beetle. |

It was first reported in America in 1792, not on
tobacco apecifically; but as infesting "American dried plants
(RUNNER - 1919, p.10). Probably the first report of its
occurrence on tobacco specifically was that in Zurope in
1848. In 1561 it was recogn;aed as being cosmopolitan, and
in 1865 as being both cosmopolitan and chiefly, though not
exclusively, a tobacco pest.

- According to RﬂﬁHER (1919, p.ll) the higtory of the
apediea from an econcmic standpoint begins with a paper,
published in America in 1886 - 86, in which its control is
discussed.

In South Africae the earliest recorded specimens in the
Kational Museum were collected in 1899, but the collection
may not have been concomitant, with the first appearance of

the beetle in the Union. |
| In 1906 in the Transvaal, SIMPSON (1906) made the
following report: ’

"Some months ago the importation of this beetle in
consignrents of cigarettes from Egypt drew our attention to
the fact that this insect might gain a foothold in the
tobacco stores, warehouses or drying sheds in the Transvaal
and thus become troublesome to the tobacco 1n§ustry of this
colony."

Thege fears have now been realized and Lasioderma B

serricorne ie regarded as en important pest of cured tobacco

not only in the Union but also in many other countries, and

especially in the warmer regions.

3/ ECONCMIC IMPORTANCE
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III - ECONCMIC IMPORTANCE.

Of a great variety of materials attacked oy Lasioderma
gerricorne, cured tobacco sustains the greatest injury and
is most important a‘conomically. (Unfermented tobacco is
not attacked by this beetle). - -

In conneciion with ait.gcks on cured tobacco the follow-
ing points are notsworthy:- |
1. Eoth unmanufactured and manufactured tobacco is attacked.

Howevar, 1t is probably in unmanufactured totacco that

most demage is dene, as this is often stored for 2 years

or ibnger f.o allow for a slow, natural fermentationj

and this tends to provide t;he beetie with ideal breeding

conditions over several undisturbed generations.
2. A large number of different types or grade's of cured

tobacco are attacked, in contrast to the tobucco moth,

Ephestia elutella Hb., which attscks only a limited
number. ‘ | :

3. The larva actually consumes the tobacco, the adult
apparently does not feed. According to one report, |
(DELASSUS & LEPIGRE - 1931), the loss in weight of
stored tobacco through larval conéumpt.ion may asmount
to 6% after one year's storage and to more than 10%
after 2 or 3 yeara; Revar?fess the insects need to be
very numerous before the direct consumption of the
tobacco becomes seribua.

4. All suthorities are sgreed that the actual amount of
tobacco consumed 1s generally of far less importance

than the contamination of the product through the

pragence of trown, dust-like frass, cast larval skins,

pupal cells énd dead beetles, which render the manue

factured product unsaleable.

The econamic loss incurred by the 'tobacco‘beatle is
protably created in 3 principal ways according to REED & !
VINZART (1942, p.4). These are summariged below. Figures

in brackets denote annual losses estimated in 1942 in the
| 4/ eeeassUoSeAs




U.B.A.

1. Loss in weight and quality of the lsaf tobaccos
infested. (83,250,000 = 10,000,000).

2, The cost of replacing manufactured tobacco products
that are found infested in wholesale and retail
establigshments. (B200,L00 « B500,000). It is con~ |
sidered that there is a much greater potential loas in

manufactured tobacco, since thousands of consumers

never return infested goods, but instead change their

brand of tobacco.

3. Loss on export shipments abroad, resulting from
arbitration about infested lots of tobacco, and atg-
erimination in foreign countries against the tobacco
of the exporter because of insect infasstation. |
(8250,000) .

No figures appesr to be available reflecting economic
loss incurred by thia beetle in South africa.

6/« « + «DISTRIBUTICON.




- IV = DISTRIBUTION.

Lasiodarma serricorne is described as coamox:dlit.an in
distribution having been freely transported by the commerce
in tobacco and some of its other foods, to practically all

. parts of the world.

The little limitation there is on its distribution, ie
exerted mainly by temperature end to a lesser extent by
humidity. It ia most prévalent and important economically
in tropical and sub-tropical regions. Here high temperat~
ures and humidity accelerate development, which is contin-
uéus throughout the year. Its prevalence declines towards
the poles. -

In warm, temperate areas, as the sestern Cape Frovince,
infestation generally increases in the summer months and
dles down in the winter when development in all stages is
prolonged. In cool temperate areas, such as Great Britain,
the ingect is very inactive and little damege is done unless
the foodstuff is stored at a minimum of 659F (BOVINGDON -
1933). A long cold gpell, such ag 23 - 320F for a period
of over 56 days, will probably kill 511 the insects. (CRUMB
& CHAMBZRLIN = 1934). In very cold regionas, the beetle
may often have to be re-introduced and never become per-
manently established owing to low winter temperatures.

This occurs in the northern parts of Russia. The beetle
is normally confined to the soﬁthern digtricts ag the
northern cold, froat and sudden filuctuations of temperature

are very detrimental to it. However, for a limited period

it may do considerable damage, even in the north, if intro-
duced in a favourable foodstuff during a favourable season.

(SKALOV - 1931, and USTINGV -« 1932).

6/« sMATERIALS ATTACKED...




V « MATERIALS ATTACKLD.

. As previously discussed, cured tobacco ranks as the

most important material attacked by Lasioderma serricorne

and, further, both leaf and manufactured tobaccos and a

great variety of types and grades are susceptible.

In addition, hoﬁever, the species has been recorded as

occurring in at least 70 other materials.

The occurrence

of the bectla in some of these may have been more or less

accldental, or the larva may not have been able to complets

1ts developmental cycle in the material concarned.

Breed-

ing experiments will have to be carried out to determine

the true range of materialas liable to infestation.

Of these additional materials, most are vegetable

substances and in particulsr those that are dried; but a

few animal substances, also mainly dried, are included.

The following are a few of these additional materials:

anigeed
biscuits = various

bamboo

books = bindings & leaves.

cabbage - dried
cane-work
copra & copracake
© ¢otton bolls
curry powder
fish - dried
flour -« various
fruit - dried & various
gun-wads
herbarium specimens
insect specimens
leather

liquorice
macaroni

mealie meal
pepper - various
rattan work

rice

rugs

seeds - of great variety
splces

starch

tapestry
turmeric

upholstery - flax, tow,

“hemp, plush, silk, straw.

wax
woollens

yeast.

T/ sanns Text figﬂo
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Text figs. 1 - 4 show infestation in leaf tobaccO, cigar-

ettes, an "army” biscuit, and mealie meal, respectively.

Fig. 1 = A tobacco leaf showing larval d .
(x O.4).

Fig. 2 - Infested cigarettes showing exit holes
of adults. (x 1.8).

8/..‘.....?13. 3.....




Fig. 3 = An "army" biscuit showing larval tunnels
and exit holes of adults. (x 1.8).

Fig. 4 - A mealie meal culture showing stages in
pupal cells up against the glass. (x 0.7)

9/ . . SYSTEMATICS.
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VI - SYSTEMATICS.

1. GCGENERAL CLASSIFICATICN:
Lasioderma _serricorne (F) has been placed in the family,

Anobiidee, which is classified as follows, according to

IMMS (1948) 1= |
Order: . Coleoptera
» Sub~-order: Polyphaga

Super-family: Diﬁeraicornia
Family: Anobiidae.

Further it is plaged in the sub-family, Xyletininaa,
accofding to JUNK (1912),, REITTER (1911) includes 6 genera
in this sub-family.

Origkinally the family, Ptinidas, was sub-hi\rided into
the Ftinini and Anobiini, but in 1830, Stephens raised the
sub~family, Anobiini, to 'fami'ly status and later placed the

. genus, Lagioderma, which he erected in 1832, in this new

femily, Ancbiidee. |

The Ptinidee and Anoblidae were probably originally
grouped together owing to their similarity in size and
colouring and thelr similar habits.

Characters of the genus, Lasioderma Stephens.

The following is a condensation of the characters of

the genus, Lagioderma:~

Body not exactly cylindrical, but oval or elongat.'e-
oval. Heed strongly inflexed. Antennae perrate last
three joints not bigger than the preceding ones. Sides of
prothorax deflexed or slightly concave near the margin,.
Elytra punctate without order and not atriate.

A sub=-genus, ora, wags described by Mulsant and Rey
in 1864, and the species, Lasioderma serricorne, is included
in this éub-genus.

10/..SYNCNYRY, CLASSI-
FICATION & CHAKACTERS COF 7Hs
SPECIES, SERHICORNE FAERICILS..
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2 SYNONM CLASSIFICATION ARD CHARACTERS OF
SR SIECIES. LRRICORNE FABRICIUS. &

- a) SYNCNYKY: ‘
The most important points {n the synonymy are as
followss~
In 1792, the species was firat described by Fabricius
a8 Ftinus serricornis. In 188, Schionherr listed this

ag synonymous to Ptilinus serricornis. In 1825 Duftschmidt

deseribed it ag Ptilinus testaceous. In - 1832, Stephens
trangferred the species testaceum to his newly-erected genuas,
Lagioderma. In 1837, Sturm listed 1t ae Xyletinua testac-

ecus. Thereafter, it was referred to, by various authorag,

as X. flavescens, X. serriccrnis, snd Pgeudochina (Hypora)
gerricornis. It was not until 1866 that Le Conte described

the beetle as Lasioderma serricorne.

As previously described, this species is popularly
known as t.hed "tobacco heetle,™ Synonymous common names
have arisen from the variety of materials which L. serri-
_qggx_z_é infests. Some of thoge recorded are ths "cigarette
beetle,” "tobacco bug", "tobacco weevil", "chercot beetle”,
and the "to;a bug”. . This latter name originates from its
habit of infesting types of .upholstery fillings, such as
tow, flax, hemp etc.  (HARTNACX -~ 1839). The names,
"tobacco flea® or 'tobacco flea beatle™ may have originated
from confusion of the species with Epitrix parvula, which
attacks growing tobacco (RUNNER -« 1819).

. The following references to the species and its synonyms
are taken from JUNK (1912) and a few other sources:-
serricorne.

1792, Fabricius, Ent. Syst. I, p.24l.
1861, Fabricius, Chevr. Ann. Soc. Ent. Fr. (4) I, p.:;QO.
1864, Kulsant et Rey, Terédiles, p.294, 307. - |

X The aspecies diacuased in this paper ha%e been included
in the accessions collection at the Divieion of Entomo-
logy, Rosebank, Cape Town, as Ko. 300, ~

11/ ceelBBBecosven
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1886, Le Conte, Proc. Ac. Fhil. p.238.
1873 (1874) Baudi, Berl. Ent. Zeitschr., XVII, p.333.
1699,(1900) Schilsky, kdf. Eur., XXXVI, p.27, 36 I.I.
1903, kverts, Col. Neerl. 11X, p.240,
19C¢5, Fallén, Trans. Am. Ent. Soc. XXXI, p.206 (Hypora)

1910, Blatchley, Indiana Dept. Geol. and kat. Resources
Bull. I, p.876.

1211, Heitter, Fnuna Germ., III, p. 316.

1919, Runner’ UoSoA- Dapt. Gg!‘iC- Bull., No. 7370
1942, Reed and Vinzant, Cirec. U.S. Dept. Agric. Ko.B35.

breve
1861’ ﬁ'°1138t°n' Ann. uag’ Hat. Hiat. (3) VII, p.15.
1864, Wollaston, Cat. Col. Can., p.247 (Xyletinus olim)

rufescens
1826, Sturm, Cat., P.206.

testaceus

1825, Duftachmidt, Fauna Austr. II1I, p. 46.

1832, Sterhens, Ill. Brit. Ent. ¥and. V, Appendix, p.417.
1837, Sturm, Deutschl. Ins. XI, p.69, t. 237, £. P,Qs

1839, Stephens, Man. Brit. Col., p.200.

1849, Redtenbacher, Fauna Austr., P.353; ed. 1I, 1&58,P.560.
1852, Bach, Xaferfeuna 1I, p.l1l6.

1877, Kiesenwetter, Haturg. Ins. Deutschl. V, p.l160.

1889’ S&idlitz, Fauna Balt., p.ﬁﬁs.
Fauna Transsylv., p.541.

1892, Fauconnet, Faune analyt. Col., p.3C5.
1900, Alluaud, Bull. Soc. £nt. Fr., p.20.

b) CLASSIFICATION:

- 36 species have been attributed by JUNK (1912) to the
genus, Lasioderma. The majority of these species occurs
in the Palaearctic zdne in places like Corsica, Algiers,

France, Southern»Russia, Gfeece and Spain. But geveral

species have also been recorded in the U.8.A., Canary Ie-

landé and.Japan.' The species, serricorne, is listed as
© 12/..cosmopolitan..
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cosmopolitan. '
EEITTER (1911, p.316) gives the following as the
distinguishing characters of the species;;-

Whole body ferruginous or testaceous. Pubescence of
prot.horax‘ ent.ireiy éimple, directed backward and not parted
in the middle. LlLength 2 - 2.5 mm. *

An account of the general characters of the specles in |
the various stages 1s iven below,

c) CHARACTERS:
1) BBG
. Bize j

The size of 340 eggs measured by the author was as

followst~
length =~ 0.40 mm. (0.29 - 0,50 mm.)
diameter - 0.21 mm. (0.18 - 0.23 mm.)

Thege figures represent greatest length and greatest
diameter. [Eggs were held in position by placing on a slide
. made slightly sticky by a light smear of _homy. This
facilitated microscopical measuring.

RUNNER (1919) obtained the following meassurementgi-

1ength - {)045 . 20.44 - 0,46 m.)
diameter « 0.20 mm. (0.19 - 0,21 mm.)

Thege figures show averages that agree closely with
those obtained by the present author, but ranges that are

smaller.

General de'scrigt:lon.
' In shape, the egg is ovoid, elliptical, but the author

has noted that most of the eggs are elightly asymmetrical,
and that, while the ce‘phalhic pole is rounded, the opposite
pole may be pointed (Pl. I,‘_rig.A_) or rounded (Pl.I, fig.B).
Egge may be somewhat distorted in shape when laid in very
confined places, as narrow cracks or jammed in amongst othe:lrw

eggs; but this does not appear to affect hatching.

X Translation ty Dr. H. Endreae.

13/.00:133‘-0-




The surface of the egg, as described by RUNNER (1919),
is smooth, without reticulation or sculpture except a
portion at the cephalic pole which is covered with numerous
papilleae. (Fl. I, figs. A & B.). |

In colour, the egg is pearly white at first, bécoming

more opaque and dull in colour as incubation proceeds.

.

11) LARVA (Pl. I, fig. C.).
The lengti: of 2 groups of larvee wag measured, one
group having been killed by exposure in a cyanide killing
bottle and the other by immersion for about 24 hours in
kerosene.
Each group of larvae comprised 3 sets, namely, newly=
“hatched larvae, last-instar larvee reared on cigarette

tobacco, and last-instar larvae reared on mealie meal. 100

larvae were measured in e ach set. Both gets of last-instar

larvae were reared at B5°F and 76% relative humidity.

Newly~hatched larvae were collected and measured before
any feeding took place, and last=instar larvae as soon as
they started to construct their pupal cells. |

Larvae were measured microscopically, and some iffi-
culty was experienbed owing f.o their curvature, especlally
the last-instar groups. In all cases, the larvae were
arranged under the ocular micrometer scele with the dorsal
side down, and gazit.ly straightened out by means of 2 dis-
secting needles. It was found easier to arrange the newly-
hatchedy larvae on a slide made slightly sticky with a thin
emear of honey. ‘

Table I gives the aversge lengths cbtained and the
extremes (figures in brackets). In e'ach get, the ﬂguras
obtained through the two different methods of killing
correspond closely and do not show that the cyanide had any
contracting effect or that the kerosens hhd any swelling

14/..~coo°ft‘ctuo|).-oro ‘

ot el aaam oy L



- 14— -

effeét. It is presumed that either of these 2 methods 1s
eéually valid in larval measurements of this nature. |
(Killing by immersion in boiling water, even for the ghort-
est possible time, could not be used as it caused swelling

and even bursting of the last-instar larvae reared on

mealie meal.).

Tﬁble I 1 The lengths of different batches of

larvae.

DESCRIPTICN OF LENGTH( Ms.)

LAKVAL SET KILLED BY MEANS | KILLED BY MEANS

OF_CYANIDE. CF_KEROSENE.
NEWLY-HATCHED 0.49 0.50 -
(0041 - 0065) (0-42 - 0064)

LAST~INSTAR 3.01 2.90

TOBACCO - (2.32 - 3.62) (245G ~ 3.67) _
LAST=-INSTAR 3.45 3.41
MKEALIE MEAL (3.03 -~ 3.92) (3.03 - 3.75)

A comparison‘between the 2 last-instar sets shows the
greater size of larvae reared on mealle meal compared with
tobacco. Amongst other developmental media, too, come
parisons of this type can be made and it is apparent that,
in general, quality of food affects larval alze. This
effect will be shown to persist through pupal and sdult
ata{es. “

General deseription.

The larva is scarabaseoid, and generally assumes a
curved positicn, especially the older larvae.

The newly—hatched larva ‘is semi-trangparent. As it
develops 1t gradually becomes more yellowish white in colour i
with chitonous parts brown. The presence .of food in the
alimentery canal or of feecal pellets or dust, rroﬁ a darﬁ
foodstuff adhering to the larval hairs, may disguise the
.true yellowish white colour and give the larva a brownish

appearance.

| 15/oqoosirﬂt'1nﬂtarqﬁzi
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_ Firat-instar larvae are sparsely set with very long,
pale hairs. Last~instar larvae are set entirely with long,
silky yellowisgh brown hairs. The positions of some of thest
hairs have been described by Dr. Boving (RUNNER - 1919, p.14.
as specific characters, as followsi- '

"wedian region of epistoma with a row of 5 setae on
each aide, lateral regions naked; labrum with about 7
straight setas on the upper surface at each anterior corner,
several long, medianly curved setae along the anterlor
margin and an oblique row of 3 shorter, stouter, hoog-shaped
setaw on the under surface on either side of and posterior-
ly approaching the median line; clypeus naked; stipes
labialis, mentum and submentum with long soft setaw; maxile

lary articulating area not setiferous.”

The length and width was measured of 4 groups of pupaé,
namely, female pupae reared on mealle meal, male pupae
reared on mealie meal, female pupae rearad on tobacco, and
male pupae reared on tobacco; Zach group comprised 100
pupae. All were reared at 85°F and 76% relative humidity.
Measurements obtained, both averages and extremes (figures
in brackets), are given in Table 2.

Table 2¢ The lengths and widths of 4 different
groups of pupaa.

TESCRIPTION CF LERGTH wIDTH

PUPAL GROUP (Mm) (M)
FEMALE - 3.25 1.56
VMEALIE Mbal (2.93 = 3.43) (1.32 - 1.64).
HAIE = ‘ 2.99 : 1.44
UEALIE MEAL (2.71 - 3.21) (1.29 - 1.54)
FEEALE - 2.85 1.39

EALE - 2062 1027
AVERAGE . 2.93 1.42

Table 2 shows the greater average size of pupae reared

on mealie meal then qi'tobacco. 1t exemplifies the fact
“'»M-u—auﬂ—-_-_____‘___mlﬁj_.‘_._._‘f_hn{' - i
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that the influence of quality o food on gize, seen in the
larval stege, persists in the pupal stage.  Because it

1s possible to sex the pupse, a further size-factor can be
dlagnosed, namely, the difference in eizes of the two sexes
g - the average aiz;a of females 18 greater than that of males
reared on the same foodstuff.  The fangea, however, overlap
to some ext.eht, thus excluding measuring as a reliable means

of eexing.

General description:-

The pupa (Pl. 1I, fig. A.) is naked and w.ite with a
very slight gfeenish tinge when first transformed. 7This
colouration may be uniform, but, most frequently, scme
plgmentation of the eyes is evident a&s aoon as the larvasl
skin has been shed from them and before the skin-has been

#s reached the terminal

segments of the emerging pupa.
The pupa has externally all the adult characters.

The tips of the elytra at.tain. the fourth visible ventral
aegment\ of the abdomen. The metathoracic legs lie bensath
the elytra and do not attain the tips of the inner wings.
‘i'he head is bent upon the thorax and beneath the pronotum.

KUNNER (1919) has ascribed to each of the ultimate and
penultimate abdominal segments, a pair of fleshy, latero-
ventral protuberances. He has, however, not diacriminé.tad
between the terminal segments of male and female pupae, and
hag {llustrated only a female pupa. The author has not
been able to trace any literature referring to this sexual
‘dimorphism among the pupae of this species, nor any illus-
tration of the msle pupa.

In the female pupa appendages are present oi\' the ul~-
timate pair of lateral lobes. These are very distinct and
are absent in the male. (Compare téxt figs. 5 and 6; and -
on F1. 1I, figa. A & B). ‘

17/0-: .&.é_‘ga.‘s_y& Gesse
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Fig. 5 - Terminal segments of female pupa.
Ventral view. (x 84)

Fig. 6 - Terminal segments of male pupa.
Ventral view. (x 98)

This clear structural difference provides a reliable
way of sexing living pupae. Thiafof great practigal
importance in ﬁionomical work, especially as there a.jpears
t0 be no way in whiech to sex living adults from external

differences.

m/.....r'o&...-.'t-c.
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Two factors may, however, prevent sexing in this way.
Firstly, the last larval integument may adhere to the
terminal segments of the pupa in the position illustrated
on F1.I, fig. D.4. 1t may be impossible to remove the
integument without injury to the pupa, but the number of
times sexing is prevented in thia way is insignificant.
Secondly, in a very old pupa, when the lateral lobes are
disappearing and the terminal segments have started to
invaginate (described below), sexing in this way is imposs-
bile.

iv) ALULT.

Size.

The length was measured of 4 groups of adults, namely,
' females reared on mealle meal, males reared on mealie meal,
females reared on tobacco, and males reared on tobacco.
Each group comprised 300 individugls. All were reared at,
85° and 75% relative humidity. Measurements obtained, both
averages and extremes (figures in brackets), are given in
Table 3. Frequency distribution curves (Fl. IV, A & B)

were constructed from the individual measurements.

Table 3: The lengths of 4 different groups of adults.

o

DESCRIFTICH OF ADULT LENGTH

GRCUP (MM) .
FEMALE - 2.4
NVEALIE MEAL (2.08 - 2.84)
VALE = 2.2
MEALIE MOAL {(1.71 - 2.59)
FEMALE -
TOBACCQ 2,2

(1-58 - 2046)

MA.LE - 109
TOBACCO (1.46 - 2.34)
AVERAGE 2.2

On Flate IV the average of all 4 groups, 2.2 mm., is
denoted by om.l It is nbted that the bulk of the mealie
meal measurements is greater than the mean, while the bulk

of the tobacco measurements is smaller. This illustrates
the fact that influence of quality of food on larval size
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persistas in the adult stage. 1t has already been seen in
the pupal staege. The adults, themselves, very probably do
not. feed.

Dead adultes were sgexed after they had been measured.
This methed of sexing is described later.  The dlfference
in size of the 2 sexes seen in the pupsey is -evident here
tool The average size of the females is greater than that
of the males within the same foodstuff.

The overlap of sirze-ranges of males and females is
sufficient to preclude the uee of size as a reliable criter-
ion of sex. As far as is known, there are no external
characters differentisting male end female adults.

General desgription. \

The adults (Pl. IX, Fig. C) is elongate~cvel and moderw
ately convex. It is a uniform brownish red or reddish yellow.
The whole body is pubescent. The punétuat;i‘ta—n of the upper
surfacey is fine, uniform, and not dense. That of the pro-
thorax is directed backward and not parted in the middle.
Llytra are not striste. |

The head is broad and strongly inflexed. The syes are
small. Antennaee (Fl. 1I, Fig. D) are ae:;r,a;t;e and rather
narrow. The second and third Joints are gmeller than the
first, the third dist.inci.ly f.riangular_‘,' the Fourth to tenth
abtout ss wide as long, the alevenfh ovﬁl.

The thorax is strongly convex. Front anglas are acute,
but hind angles are wanting. ' . |
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VIl - BIONCKICS.

1., GENERAL TECHNIGUL.

a) Stock culturess A
A continuous supply of insects was obtained fram about

20 dual-display jara filled with infested "army” biscuits
and kept in a breeding room at 85°F and 60 - 70% relative
humidity. Thesge proved very satisfactory a&s gtock cultures
because about the only attention they required was the oc~
cagional addition of fresh biscults., Mealie meal cultures
were very suitable for experimental work but not as stock
cultures as they declined too rapidly and had constantly

to be renewed.

b) Experimental cultures:
' (1) Mealie meal (Text £ig. 4).

Kealie meal cultures for experimental work were set up
88 described by BARE ET AL. (1947, p.2) but the mealie meal

was used pure and not mixed with yeast.

Cultures were started and cleared as described in the
samé paper on pr. 3 - 4, and adults were handled as des-
cribed on p,3. In blonomical work, wherever numbers of
live adults had to be handled, this suction device was used,
€.g. where adults were confined with sections of tobacco
. midrib to obtain egg cultures.

A culture in a pint fuit jar, sterted with 300 active,
newly-matured adults, generally resulted in about 600 - BLL
new adulta. #here smaller cultures were required, as where
Jars had to fit into dessicators, a correspondingly small |
number of adults was introduced to prevent overcrowding.

In a mealie. meal culture of this type, adults, on
leaving the pupal cell, chew their way straight to the
surface of the mealie meal where they are immediately visi-
ble. This fact enabled accurate estimates in large numbers
to be made of the lengths of larval to adult atages, &s ,
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follows:i-

‘ ¥hen & large batch of larvae hatched in a stock egg
culture on the same day, this date was noted and the larvae
collected by transferring singly on a pin-point to a small
square of black paper. ¥hen all had been coliected, the
paper was placed face-down on the surface of a mealie meal
culture, so that the larvae came in direct contact with the
mealie meal. | '

As soon as laz;vae and pupae had developed and resulting
adults became visible on the surface of the mealie meal,
the date was noted, and the number of emergents. The
culture was then completely cleared. This gave the time
taxen for the development of a known number of adults. This
dating and counting was repeated for each daily batch.

When all had emerged, the average length of the larval to
adult stage (x) of the whole group of emergents, at the
temperature and humidity to which the culture was exposed,
could be calculated.

" For all work in desslicators, about 100 - 200 larvae
were placed in small Jars about 10 cm. tell and 5 - 6 cm.
in diameter. -

Another advantage of a mealie meal culture is that,
where pupation occurs up against the glass, (Text fig.4),
daily developments in the pupal cells can be recorded. To
make these records, an ink ring was drawn on the glass
around & larva as scon as it started constructing a cell.
The rings were numbered and a daily record of development
in each cell wag kept. éhen the adult finally left the
cell, ring and number were erased. In this way, average
prepupal, pupal and resting adult sgages could be calculated;
and also the total average prepupal to active adult stage |
(y)« ALl the data could be obtained from one culture.
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#ith reference to this technique, tall, narrow jars
were preferable to short, wide ones, Further, where a
larva was ringed and numbered, but disappeared from view.
through constructing one wall of the pupal cell up against
the glass, or through-crawling back into the mealie meal,
ring and number wefe erased and the observations had tobe
discontinued. It was impractical tov remove pupal cells
from the culture under obgervation and break them open to
record development as, among other difficulties, the pupal
cells arée hard and the oOccupants easlly dameged.

In conclusion, a single mealie meal culture can give
values for both x and y (described above)l; and a subtract-
ion of y from x gives the average length of the larval
stage for any particular set of conditions. This method

was used in Table B8 in some instances.

i1) Tobaccos

Tobacco cultures, similar to the mealies meal type
described above, were used when large démbers of adults
were required, e.g. for determining sex rati‘on or obtaining
bopulating couples for oviposition an& longevity experiments.
Here, finel&-divide;i tobacco, or shredded cigarette tobacco
was used and tamped down well in the jar, as deseribed by
EARE etc (1947) for mealie mesl. -

Cn the whole, however, individual obsgervations were
made on larval development in tobacco by confining a aingle
larva in a vial (about 1.5 em. diam. and 6.2 em. tall =
hereafter referred to a8 a "small vial") with a small, flat
squere of leaf not. bigger than é" 8qs This was renewed
wheén neceseary. An average-sized dessicator held about
50 of these vilala comrortably.

In this way daily obaervationa could be made, ganerally
without opening up the vial and removing the cont.ents.
Fupal cells were often constructed up against the glass in

which case obgervations could be madalaa with the geal;e
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meal cultures. #here, however, ths contents of the pupal
cell were not visible, the cell could easily be opened
slightly, as it is much more delicate than that constructed
in mealie meal.

#hen such observations began with newly-hatched larvae,
the length of the larval, prepupal, pupal and resting
adult stages could be accurately determined for a given

set of conditions.

¢) Observations on eggs:
(i') Large egg batches:

Where large numbers of eggs were required, as for
determining viability end incubation period or obtaining
newly-hatched larvae, the following procedure was adopted:-

The lamina was stripped from t.he,midrib of a tobacco
leaf and the midridb cut into sections about 4 cm. long.
fach section was smoothened off with a blade 80 that there
were no depressions or irregularities except the one main
central groove. This was algo filed down 8o that it was
even and very shallow,

Such a section of midrib was placed in a a-pint fruit
Jar with about 200 getive adultas and left for 24 hours.

The adults generally laid the majority of their eggs
in the central groove of t;he midrib. If this was suitably
ahallow-and regular, the eggs could be clearly seen and,
being laid one behind the other in the groove, could easily
be counted. (Text fig.7). When counts were made, eggs
that were not laid in the groove but irregularly over the
midrib, or were 8o obscured as to make observations diffi-
cult, were destroyed by plercing with a very fine pin.

A section of midrid left for 24 hours with about 200
newly-cmerged adults often had 50 - 200 eggs laid in the
groove. For the bigger experiments such as exposure of
eggs to cold or heat, about 8 « 12 Jars were set up with
midribs and adults, the adults being obtained from stock
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cultures or, sometimes, mealie meal cultures. If it

was necessary, (as with these experiments on control) to
determine viability alone, a couple of sections of midrib
were placed in each jar and left for a QOupl§ of days

bef'ore removing and counting the eggs. Where, however,

the incubation period was req. ired, a single midrib was
placed in the Jar for a maeximum of 24 hours. All the eggs
were presumed to have been laid on the day on which the mid-
rib was removed from the jar. Subtracting this date from
the date on which the first hatchings occurred, gave the

pericd of minimum incubation.

Fig.7 - A small section of tobacco leaf midrib
showing eggs laid in the groove (x 28).

A Jar of 200 active, newly-matured adults generally
gave a supily of eggs over a period of about 4 days.

This technigue was found to be more satisfactory than
that described by BARE ETC. (1947, p.3). Further, it
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involves no handling of the individual eggs. ' It was
found impossible to make observations on the viability and
incubation period of eggs by transferring them to slides
made slightly sticky by a thin smear of honey, as is often
suggested, as the eggs are generally glued down onto the
surface on which they are laid and a large number ere
damsged on transference. '

Midribas were handled by constrﬁcting trays (text fig.
8) as follows:i= _‘

A rectangle of corrugated cardboard about 4 cm x 10 em.
was fixed to a bigger piece of heavy cardboard by means
of 2 paper clips. Midribs fitted meatly into the grooveg
of the corrugated cardboard, which were numbered for record
purposes. The sides of the heavy card base were sloped
so that two such trays fitted into the average desslcator,

Inmediately on removal from the jars, the sections of
midrib were placed in the trays. The whole tray was
placed on the stege of the dissecting microscope for count-
ing and general obgervations. Such trays of eggs kept in
dessicators and at controlled temperatures and removed
daily for observation, could give information on the via-
bility and incubation period of large numbers of eggs. and
provide large numbere of newly-hatched larvae.

It i3 to be noted that larvae must be removed from the
midribs as soon as they hatch. If not, they tend to start
feeding on other unhatched eggs thus upsetting recordss
or they may burrow into the midribs spoiling them for future

uge.

11) Number of eggs per female
vhere it was dqsired to record the nufnber of eggs
laid per female beetle, the following procedure was adopted:—
A mealie meal or tobacco culture was cleared and
| copulating couples removed from among the adults that
emerged within the following 24 hours. Bach couple was
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Fig.8 = A cardboard tray for holding tobacco

leaf midribs on which eggs have been
laid.

placed in a small vial. Each vial was numbered and a
record kept of the date of emergence of the couple.

After 24 hours the cultures were again completely cleared
in readiness for the next batch of emergents. In this.
way the date of emergence of a couple was always accuratew
ly known.

A coupla in copula could be gently transferred from
the culture to the small vial without causing the beetles
to separate. Therefore, it wag cbnsidered that this
trangference did not disrupt the copulation in eny way and
had no detrimental effect on future egg-laying.

A small section of midrib was placed 1n each vial}
each section was about 1.5 cm. long and cut with sloping
ends to facilitate microscopic examinstion. Further, the
section wag smoothened off and the groove cut down so that
it was shallow snd even, as previously described. Vials
were placed in dessicators at controlled conditions of tem=-
rerature and humidity.

¥henever obsgservations were made, generally every 2 or

3 days, the vials were removed, opened.‘am both vial snd
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the eggs were laild on the midrib and were easily located

and counted. As some of the eggs were sometimes laid on
-the sldes and base of the vial, these were also always
examined microscopically and the eggs counted. As the
surface was glass and the vial small, this examination was
not difficult, especially if done against a black background.
The muslin covers were never exafined, as the proportion of
eggs laid on these in a few test cases appeared to be neg-
ligible.

After an examinstion, the number of eggs was recorded,
all the eggs were cleared from both midrib and vial, and the
midrib end adult pair replaced in the vial. The vial,
in turn, was replaced in the dessicator at the original teme
perature and humidity. _

These small sections of midrib could be used repeatedly
in this way, unless they became mildewy, in which case they
ware discarded and replaced by fresh ones.

‘From this type of experiment, the total number of egge
laid by a female could be calculated as well as her longevity
and that of the male. As soon as one beetle died 1t was.
removed and sexed, as described below, and as the date of
emergence was known, the longevity of males and females could

be calculated separataly.

d) Sexing of adults:
Fupae alone could be sexed from external differences,

as previously descridbed. W#ith adults, couples in copula
had to be collected for oviposition and longevity experi-
ments to make sure that a true pair was obtained. ¥hen
thege died they were sexed. Samples of dead adults wore
also sexed to obtain sex ratios, (when not enough pupaee were
available), and to obtain figures on the correlation of size
and sex. '

Sexing was done as followg:~

Adults were placed separately in small vials with a

little unheated 1C% potassium hydroxide for about 24 hours
..‘..28/‘.1:...




if spscimens were old and dried, longer if fresh. It often
facilitated sexing if the abdomen waas dissected off and alone
left to soak in the potassium hydroxide.

On removal, the beetle or abdomen was pleced with
ventral gide up on a slide and examined microscopically.

The shape of the genitalia "in situ” could be clsarly seen
through the sternites especially if the specimen was examined
against a white illuminated background. #here the beetle
had been left intact, it was necessary to arrange the abdomen
80 that light was not blocked from the dorsal side by the |
elytra. | o |

The distinctive shapes showing through the sternites
have been diagrammatically represented for the male (Plate
III, fig. B) and the female (Text fig.9.)., What theae
shapes represent is described below:- o
i) Male genitalia.’

The male genlitalia are shown on Plate III, dorsally
(£ig.A) and laterally (fig. C.). ' Terminology is based on'
IMMS (1948, p.156) and SHARP & MUIR (1912). The author is
well aware that this’'is a highly controversial fiell and that
the terms used here are open to critic¢ism. The necarest
systematic relations described by SHARP & MUIR (1912) are
various members of the Ptinidae, from which Lasioderma
gerricorne differs in certain respects. A description of
the male genitalia of Lasioderma serricorne follows. ‘

~ The aedeaegus 18 strengthened with a thin, chitonous,
rod-1ike supporting structure. (SS). | _ _

The aedeagus itself is composed of a proximal tegmen, a
central median lobe (ML), and an internal sac (IS).

The median lobe is long, thin and curved with the point
of articulation (PA) on the doreal aspect. 'rhe modian
orifice (X0) is near the distal end on the ventral face.
Through this orifice, the internal sac is evaeginated.
(PL. III, £ig.C). Thie sac bears en armature of stout
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hooks and hairss It is the region of the aedeasgus which
completely enters the vagina of the female during coitus.
At rest it is invaginated within the median lobe. The
median foramen (MF) is near the proximal end of the median
lobe on the dorsal face. Through this aperture, the ejacul-
atory duct (ED) passes. . .
The tegmen 1s the ring of sclerites around the proximal
part of the median lobe end unites the ‘éedeaegua to the
abdomen. It is composed of a basal piece (BP) and 2 lateral
lobes (LL). The basal pilece is a thin chitonous plate
encircling the proximal end of the median lobe and joining
at the point of articulation.
The lateral -lobes lie laterally to the median lobe
along ite distal half. They are hairy distally.

i1) |Female genit;alia. |
‘The female genitalia are shown "in situ" in text fig.o.

The vagina 18 supportéd by a thin, chitonous sﬁppbx‘tizag
étructure, and widens distally. At rest, the ovipositor
lies telescoped within it. In this figure the ovipositer
is shown partially evasginated. ‘

30/- .Toxt :18.90
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SUPPORTING
STRUCTURE

VAGINA

e T

OVIPOSITOR

Fig.9 - Ventral view of abdomen of female
showing genitalia in position -
ovipositor partially evaginated.

e) Control of temperature and relative humidity.

To obtain the temperatures required for experimental
work, the following devices were used.

108°F, 100°F, 98°F,

90°% and 75°F - two types of incubator.

85°F - a large breeding room.

7CO%F and 63°F - 2 brine-cooled rooms.

48%F - a large cool room for storing
chemicals.

- 38°F - a household refrigerator.

109F - & large fish-storage room.

&OF - a "deep-freeze" cabinet for making

ice~-cream.

lower temps. - brine-cooled rooms.

Fluctuations in temperature were kept as low as pos:ible

with each device.
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Relative humidity was controlled by doing all work in
dessicatora. Thesge contained aﬁlphuric acid solutions of
various concentrations to control ;he vapour pressure of the
air within the dessicator. . Solutions were prepared accord-
ing to tebles compiled by WILSON (1921).

Within the small experimental cultures used, the
temperature, to which the insects were exposed, wasg the
' same as the surrounding qir)temperatnre i1.e. as the tem=
~ perature recorded in the devices described above. It was

 decided to determine whether this applied to insect infestat--
ion in practice. For instance, was the'tsmperature ingide

a bale of tobacco the same as the external air temperature?
The determination was made as follows:-

Temperature was recorded on a thermograph having two

long heat-sensitive terminals. One terminal was placed
.at different depths and in different positions in the bale

of tobacco and recorded internal temperature (A); the othef
was left outside the bale to record external yoom temperature
(B). The test bale measured 34" x £8" x 24" and weighed
about 220 lbs. It was covered with a single layer of water-
proof paper, and a single layer of hessian external to this.
Before recordings commenced the bals atmoasphere was allowed
to reach equilibrium with that of the store room. Average
weekly temperatures are given in Table 4 for both A and B.
Headings wer§ spread over both winter and summer.

Tahle 4t Temperatures inside a bale of tobacco (A)
correlated with external room temperature (B).

A B

mmw : mpt .
{ INCHES) (oF) (°F).

12 ' 72 74

69 - 7L

61 62

. 80.85 61

59 ' 60

%) 6l 61l

' 6l 61
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Table continued...
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A B
IEFTH I EALE TroME ~ TLXP.
( INCHES) (°F) (°F)
6 60 62
&9 60 :
E8 60 |
68 59
57 58
&7 87
4 €9 71
69 71
6l 61.5
60 6l
59 60
59 60

Table 4 shows that average external air temperatures

only exceed average internal bale temperatures by about

1°F, over temperatures ranging £ rom §7 - 729F,

The maximum

difference recorded between A & B for any week wag 3°F,
These differences are not significant where general activity

and development of the insect are concerned, unless critical

temperatures are being considered.
Thua, for practicsl purposes temperature inside and

outside a bale of tobacco can be considered the semej and,

if the atmosrhere aurrounding‘t.he bale has & temperature of

x%, then results obtained in experimental cultures at x° can

be appligd to insects infesting the bale.

#ith reference to Table 4, it is to be noted that insect

1
infestation seldom extends beyond 6 = 8'°.

v,
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2. THE EGG STAGE.

a) Viability and incubation period:
' Table & gives the viability and incubation period of

eggs under 3 different sets of conditions, namely, 76%
relative humidity and various teh:peraturea, 44% relative
humidity and various tempei'atureé, and 85°F and various
hﬁmidit.ies.’ From the f:lgﬁrea éiven, the graphs on Flates V-

. (viability) and VI (incubation period) have been constructed.

In Table §, each total number of eggs observed was
compoged of several different batches of eggs laid at
different times, and the number of separate batches per

conditicn was never less than 7, and sometimes as many as 27.

Batching at the lower humidities was sometimes only
partial, i.e. the larva chewed open the shel; but died before
leaving the egg completely. These were counted as hatched.
Eggs were kept under observation for at least 30 days if
there wag no sign of hatching.

The average incubation periods given are the average
minimum periods of the €fifferent batches (See TECHRIQUE -
observationa on eggs (i)).

¥here mould developed at the highest humidities, it
wag scraped daily off both midribs and eggs as completely
as-posaible. 4t obscured the eggs if left, but apparently
had no detrimental effect on their actual development.

L)

Table 53¢ The viability and incubation périod of
eggs at various conditions of temperature
and relative humidity.

TEEP.] R.He ]| YOTAL NC. & AATCHED | AVEHRAGE INCUBATION
(OF) | (%) 6F EGGS (DAYS)

105 75 387 0.0 -

100 492 £80.3 5.6

95 352 99.7 5.0

85 4 234 100 5.6

75 216 L 29.6 - 8.8

70 236 t 99.8 14,0

63 199 [ - 91.9 20.9

48 158 C.0 ‘ -

.....
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Table 5 continued....

TEMP.] KH. | TOTAL NO. % HATCHED | AVERAGE INCUBATICN.
(°F) | (%) OF EGGS. ' (DAYS) .
106 44 160 0.0 o e
1G0 660 2.1 7.3
.96 |}, - 429 62.9 . Bl
90 321 98.4 5.6
.86 . 203 100, 0 6.7
76 241 99.1 8.1
70 X . 476 88.9 . 15.0
63 240 865.8 20.0
-, 48 235, 0.0 -
85 1C0 . 143 97.2 6.2
95 c2l - 93,2 5.7
87 199 99.4 6.3
75 234 1C0.0 5.5
44 .. 203 100.C 6.7
32 179 83.2 7.0
23| - - 4086 : 53.8 7.0
17 222 30.6 8.2
.9 219 . .1 . 5.0 - 10.2

Tables and graphs give the following data with reference

to \Iriabilit.y and ineubation period.

Viability: | | ‘, ‘ |

1) Vviability (PlL. Vj fig.A) is practically 100% between
70 - 90°£;_fpr both 44% and 755» relative humidities.

2) At 75% R.H. 1t 18 algo practically 100% at 95°F. There
is a sudden drop tol the upper criticel temperature
which lieg between 100 = 1C5%F. At 44% R.H. this
critical temperature is nearer 100°F.

3) The lower critical temperature for both humidities lies
between 48 ~ 63°F. According to CRUMB & CHAMBERLIN

(1934) this temperature is about 56°F.

4) At 85°F and various hwn:lditiea (Fl. vV, fig.B) viability
does not decline gignificantly until the humidity has
fallen below 32%. Thereafter it declines steadily.

Incubation period:
1) Incubation period (P1.VI, fig.A) appears to be shortest

" at 90°F for 44% R.H. (6.5.days) and at 95°F for 763 R.H.

(6.0 days).
; -
2) . Above and below optimum temperatures, the period lengh-

ens to much the game degree for both 75 and 44% R.H.
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3) At 85°P, (P1. VI, Fig. B) relative humidity has little .

effect on the incubation period, until the humidii'.y

falls below 23% when the period ig prolonged.

b) Development.

The following are daily obaervations on the development

and hatching of the eggsi~-

lat & 2nd day:
3rd & 4th day:

5th_day:

7th_days

Egg pearly whit,e and .t,ransparent. - slight.l}
more opaque at cephalic pole.

Reat of egg almost as opaque as cephalic
pole which is no longer so clearly distinct.
Whole egg opaque. Larval mandibles pig~
mented and visible as two amall trianglea

at cephalic end. Sometimea outline of
larva faintly visible through shell.

Egg hatching. Larva generally chews
t:hrough ah-ell at approximaiely the poster-
ior margin of the papillated region so‘ that
this lifts up like & cap and t.he Ma
~emerges through this opening.

Larva often eats -rhole egg-shadll, eapecially
if no other food is available, when it may
also _attack other unhatched eggs.
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3. THE_LARVAL STAGE.
a) Larval feeding:

As previously discussed, it 1s the larval stege which
actually consumes the infested commodity.

Of the grest veriety of materials attacked, two have
been chosen for comparative developmental purposes. These
ere tobacco, chosen for its low carbohydrate content and
great economie importance, and mealie meal, chosen for its
contrastingly high carbohydrate content and because it is so
satisfactory as an experimental medium.

The tobacco used throughout was lst grefde flue-cured

* Virginian leaf {class (b) FC/AS) defined in the GOV. GAZETTE
EXTRACRD. (1939, p.824). | N\ ‘
1) DNutrition.

Table & givea the constituehﬁ of gensralised samples
of the two experimental media., For the tobacco, nicotine
content was obtained from BOVINGDCN (1933) and the other
percentages from WILSY (1914, p.730). For the mealie meal,
all percentages were obtained from HENRY & MORRIS(N (1923,
p.709).

‘ Table 6: The constituents of tobacco and mealie meal.

CONSTITUENT MEDIUM.
TOBACCO HEALIZ MZSAL.
% %

Moisture 10 = 25 10 - 20

Ash 16 = 25 1.5

Protelin 7 - 13 Y « 10
Fibre ) 8 « 10 H = 2.U
N-free { Carbohydrates. 3 -
extract

rat 3 4.5 = 5.0

Nicotine 1- 4 S

In Table 6, the figures given for the moisgture content
of tobacco apply to ordinary atmospheric humidities, Tobac-
co is very hygroscopic and the chenge of moisture content

- with air humidity is given in Table 7. '
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The figures in Table 7 have been obtained from
BOV'IF.'GDOH (1933, p.58), from the United Tobacco Co., and
the moiaturé contents corregponding to44% and 32% R.H. were
determined by thé aﬁth'or according to the method laid down
by H.M. custofns, which involved heating of samples in an
electric oven for 16 hours at 100°C. These two humidities,
44% and 32%; were fox_;znd to correspond to 9.5 and 7.8% moisture
content fespectively. Héwly-hatched larvae at 85°F, devel-
oped on tobacco at 44% but not at 32% relative humidity.
Thus the critical molsture content of tobacco for the devel-
opment of newly-hatched larvae, lies between 7.8 and 9.5%
at 85°F, o '

Table 7: .The moiature content of conditioned

tobacco leaf at various relative
hmditieaa

RELATIVE HUMIDITY MOISTURE CONTIENT.
o7
-

20
32
44
60
56
60
65
70
76
80
100

LR
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Storage of tobacco at this low i-anga of relative
humidity would, therefore, control infestation, but is not
practical as the tobacco becomes brittle and high losses in
handling due to breaking and crumbling are caused. (NAUDE
& SICHLL, p.1l). High humidities during storsge cause
reduction in condition and the possible development of mould.
Government regulations in various countries generally stip-
ulate that tobacco must contain between about 11 ~ 14% of
molsture by weight, and this is well within the limits of
the moiature content required to make it susceptible to

" infestation by Lasioderma serricorne.
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Even at a maximum of 4%, (Table 6), the nicotine in
éured tobacco has no apparent ill-effect on the development
of the larvae.  (BOVINGDCON - 1933). .

Table 6 shows that the chief difference between the
constituents of mealie meal and tobacco is the amount of
carbohydrate present, 64 - 72% total cerbohydrate in the
former, 11 - 13% in the latter. FRAENKEL & BLEZEIT (1943)

| gshowed that the presence or absence of carbohydrates was.a

destermining factor in the natural distribution of a variety
of insects on different fooda. The fact that Lasioderma

serricorne can develop in the absence of carbohydrates -means

that 1t .can infest a much wider varlety of natural foods,

than insects like CZphestia kilhniella, Sitodrepa sp. and

silvenue sp. which must have carbohydrates.

Nevertheless 1t has been ahowr; in f.hie discussion that
in mealle meal, with its high carbohydrate content; all
stages of Lasloderma gerricorne grew bigger than corres-
ponding stages in tobacco, with its low carbohydrate content.
Further, it will be shown that larval development is quicker
in mealie mesl and adult longevity greater. In this respect,
although there are some conflicting reports, most authorities
agree that the larvae attack the higher grade tobacco leaves
more readily than the ;Lta’wer. The better grades are said

to ba sweeter, 1.e. contain mors eugars, than the lower.

| The suthor has not traced any references to changes in
the constit:uenta of tobacco during curing, or to factors
preventing attack on unfermented or growing tobacco. It is
generally considered that the larvae "prefer" the older
leaves in the most advanced stage of fermentation. Accords
ing %o HUNNER (1919) end others, the way in which leaf is
cured sometimes affects its susceptibility to attack. Thus,
flue-cured tobacco is often more readily attacked than fire-

cured.,
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Further expeériments by FRABNKEL & BELEWESTT (1844), point
to the probable presence of intracellular symbionts in the
larvae. Thege are considered to supply vit.amé.na of the B
group, enabling larvae to develop in foodstuffs lacking
these vitamina. This may be a further factor enabling the

larvse to attack such a variety of materials.

i1) [Feeding habits:
According to KUNNER (1919) newly-hatched larvae can

live for 5§ = 10 days without food, but according to VAN LER
VEEN (1940) they survive a maximum of 48 hours. : »

On emergence, they are much more active than at later
stages and capable of crawling a considerable distance in
gearch of suitable food. Also, in the earlier stages, they
tend to migrate from infested to uninfested materials.
~ According 't.o VAN DER VEEN (1940) they are able toichew
through such wrappings as twill, packing paper, cellophane
and sisal=kraft paper; and the perforations are so minute
that they are practically invisible. |

In leaf tobacco, larvae , aa they feed, tunnel out long
cylindrical galleries especially near the midribs. They |
tunnel in all directions making damage very diffuse. In
samples Of baled tobacco examined in Rusela, 40 - 60% of the
leaves bore ti-acea of infestation, whereas, generally only
about 2% of the leaf sﬁrfaee wag ac-t.ually destroyed (USTINQV
1932). ihere several larval tunnels meet and cross,irregul-
arly-ghaped holea are formed (Text fig.l). Brown, dust-like
frass is evident on an :lnfeét.ed leaf.,

Tobacco in the interior of bales is seldom attacked,
demage generally being confined to the outr6 - 8", Accord-
ing to KEUCHENIUS (1917), this is irobably because of the
carbon dioxide, ammonia and other gases generated in the
centre. | _

In mealie meal cultures, eggs are laid on the surface,

and resulting larvae feed down intoc the mealie meal in all

directions. . . 46/ Vv Larves...
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Larvee are negatively phototropic, at least in the
immature stages, and when exposed, tend to hide in the folds
of the: leaf.

b) Larval development.
1) Rate of development:

With reference to rate of development, two tables (8 & 9)
have been compiled not only for the larval ai.age, but also
for the prepupal, pupal, resting adult, total laryac‘n to
active adult, and total egg to acpiv& adult stages in both
mealie meal ard tobacco at various temperatures and relative

humidities.

Table B:

Table B gives the averuge rate of development for each
condition. Soma of thé average;s are calculated, e.g. the
egg to adtive adult stege, which is calculated using average
incubation periods given in Table 5. Dashes denote no
development of newly~hatched Mﬁae wag seen to occur, and
blanks denote no observations made.

Table 9 :, |

In Table 9, wher;a possible, the range ,ih days of rate
of development for each set of conditions is givey, and also
the number of observations (figures in brackets) made to
determine the aversages in Table B. Blanks denote no ob-.
servations made, though they may h:ave been calculated in
Table 8. As all the egg to active adult atages have been
calculated in Table 3. these columns have l;een onitted al-
together in Table 9. Dashes denote that no development of
newly-hatched larvae was seen to oceu;'. '

From the average "egg to active adult" stage as given
in Teble 8, the graphs on Fl. V1I have been constructed.
Tables and graphs show 3 6!;' t.he fac;ora that definitely
influence rate 61’ development,, the fourth is controversial.

The raciors are as followssi~-
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Teble B: Rate of development of verious stages at different temperatures and
relstive humidities in todbacco 2nd mealie magsl,

I
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| Table 9: (i) The renge, in days, of the developmentel periods given in Table 8,
{11) The number of observations Mmade to determine the avernge lengths of
stages in Twble 8. (Figures in brackets). ‘r
CONDITRE ONS 'F()BACF‘O N EALIERE WERL. |
F. H., Larva FPrepupa | rupa “Testing arva to aotive }lLarva [Prepupa Pupe stifig {Larva to |
oy g Adult Adult ’ Agult Active !
- ' : Adulg,
fiiio - - - - s - - - - - .
, 95 - ':?3!; 28 - 51 1 - & - 5 2 -6 2 - 3 3 -4 -5 L 55——%
— (29) (29) §29) 2(29; 2(5)4 '~3(5'»)5 . (5:)) (90) o 1
5 " = -4 - = - IR 5 25 =3 :
i ?(26 v {26) (26) (26) {25) (25) l25) : (74) =
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1). Nature of larval foodstuff - development in mealie
meal is more rapid than in tobsacco.

2). Tempsrature - In both media at 762 R.H., the optimum
‘temperature-range, that causing most rapid development, 1is
about 85 - 95°F. The upper eritical temperature for newly-
hatched larvae lies between 95 - 1CUPF, and the lower between
48 - 63°F, perhaps between 55 - 60°F., However, older larvae
may be able to withstand this low temperature. lLarvas, and
in particular these older larvae, are the stage most resis-
tant to low temperatures. In very severe winters, the larvae
which remain dormant until temperstures rise ,. are most likely
to survive. They are therefore considered to be the hiber-
nating stage. If temperatures ars low, but not guite low
enough to c¢suse actual hibernation, they make development
continuous but extremely slow. Thus at 63°F 1t was obsar-
ved that the larval etage was at least about 106 days in |
tobacco, and about 65 in meslie mesl. Development was also
protracted in subsequent stages, and to such an extent that
lack of time prevented these observations being completed

up to the time of writing.

At 44% R.H., the optimum temperature is slightly lower
than at 76% R.l. Above and below this, development ia .
prolenged and critical temperatures are much the same as at
76% R.Hs OSurvival rate of newly-hatched larvae is very low
at 95°F and 44% R.H. in tobacco. |
3). ERelative humidity =~ Larvae davelop over a more limited
range of humidity in tobacco than mealie mesl. In the
former the optimum ia probablfy about 761, while in the latter
it is probably slightly higher. Above and below the optimum,
in both cases, daveloj:ment is lengthened. Especially at
higher humidities, where the foodstuff becomes mouldy, sure

vival rate 13 very low, e.g. in tobacco at 856°F and 85% R.H.
The lower critical humidity lies between 32 and 44%
for newly-hatched larvae in tobacco, but is even lower than

*
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23% in mealie meal, and in this region development is very
prolonged.

4). Some oviposition factor = The rangesa given in Table 8.
show that there is considerable vai‘iation in the rate of
develorment of larvae even when kept under the seme physical
corditions and on the same foodgtuff. HOUJE (1950) noted
this in the case of Ftinus tectus and suggeét.a that the rate

of development of & larva may be influenced by the age of
the adult beetle at the time when the egg was laid., This
epplies even to a ghort period of egg-laying, namely 10 days.

A further factor influencing rate of develorment, and
one not illustrated here, has been menticned by FUNNER (1919),
namely, the form of the larval foodstuff. Foods in a com-
pact or concentrated form e.g. pressed yeast cakes and pres-
sed plug chewing tobacco, caused a higher rate of development
than more diffuse foode, €.g. loose, shredded tobacco.

11) kcdysis.

A variation in the number of moults per larval stage
has been noted.

21 larvae were exsmined daily while feeding on leaf
tobacco at 85°F and 75% relative humidity. Results were
as follows:- |

14 had 4 moults (6 stadia)

4 " 3 " (¢ " )
3 * 5 " (6 )

Thua the average larva probably moults 4 times.

The stadia ranged from 7 to 9.5 days. The three
la:;vae with 6 stadia had perforce the longest periocd of
larval dewelopment.

The larva is generally quiescent for about 24 hours
bef'ore moulting and ceases to feed, Sometimes it constructs
e rudimentary cell from which it emerges after moulting to
continue feeding.

45/00000Dur1mf"“
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4., THE PREPUPAL, PUFAL AND RESTING ADULT STAGES.

a) [Fetamorphosis: _
At the end of the final stadium, the mature larva

constructs the pupal cell, generally neer the surface of
the foodstuff. In tobacco, this cell is fragile &nd come
posed of frass end small particles of tobacco cemented to-
gether by a secretion of the lervse. The pupal cells ars
generally oveid, and large enoughtto permit free movement,
but, vary considerably in shape and‘completaness, this depend-
ing largely on the location of the cell and character of the
food substance. In leaf tobacco, the larva freguently
utilizes folds in the leaf for part of the cell. It may
also use an angle betwoen two surfaces of a container e.g.
between base and sgides of a vial. On a flat surface it
simply forms a covering over itself. ¥ithin dense food
substsnces, as mealie meal, the surrounding material forms
the necessary protection, the walla of the cell being thinly
lined, though the cells may be constructed up against the
surface of the. container (Text fig.4). Sometimes no pupal
cell is constructed. It is then difficult to determine
the onset of the prepupel stage. In the pupal cell, the
larva liss quiescent while 1t undergoes structural changes
rreparatory to pupation. This 1s termed the prepupal stage,
and according to RUNNER (1918), the hody contracts somewhat
and becomes more deeply wrinkled. But tha prepupa is
apparently not distinguished by any 6ther external modificat-
ien.

Immediately before pupation the body straightens out.
Then the last larval integument iz shed (as illustrated on
Fl. 1, figsy Dy 1 - 4, and as previously described under
larval ecdysis) and the pupal stage commences. The larval
integument generally lies free in the pupal cell, but gome=
times remains attached to the terminal gsegments of the pupa
until pupation terminates.

47/--.?“9&‘.0:,0
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Pupse turn arcund freely in their cells elthough they
geneéally 1ie on their backs.

The following daily observations were made on the
external changes occuring during the development of the pupa,
and resting adult, at 85°F and 75% relative humidity:-

lat day: Outer perimeter of eye, and then finally
| whole eye, lightly pigmented.

2nd_day: Eyes uniformly light brown.

3rd_day! Eyes very dark brown. Inner edges of

mandibles light brown. Whole pupa tinged
with a light brown especially the wings.

4th_day: 'Inner edge of mandibles daribrown. Head
more pigmented than the wings. lLateral lcbes
of terminal segments disappearing. A very
thin, transparent membrane is visible covering
the wﬁole pupa.

6th_day: Enveloping membrane shed. #ings moved to
dorsal side. Thie marks the onset of the
resting sdult stage. Adult soft, light brown.
Abdominal segments posterior to the 5th visible
sternite invaginating but still protrude beyond
the elytra. |

6th and _7th day: Adult darkar and hardening. Terminal

abdorinal segments invaginated further but still
projecting beyond elytra.

8th day: Adult completely pigmented and hardened,
Terminal gegments have invaginated so that
the posterior margin of the 5th visible aternite
is applied to thé posterior margin of the last

:"t.ergﬂit‘e‘. © Abdomen covered by elytra. Adult
iz now ready to leave pupal cell and this marks
t.he onset of the active adult stage.
*he ective adult chews its way out of the cell to the
surface of the commodity it is infesting. It 1s then that
8dult life, involving mating and oviposition, commences.:, .

48/--.-.%90..0.0
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The "egg to active. edult" developmental periods given in
Table 8 therefore include the following stegesi-

eggy larva, prepupa, pups, resting adult.

b) EKate of development.

The prepupal, pugpal and.rest.ing adult stages are uffect-
ed in much the same way by foodstuff, temperature and humi-
dity as previouply degeribed for the larvaj;. but as these
stages are shorter the effect 1s not always s0 conspicuous.
This applies e‘ipecially when comparing the efiects of the two
different foodstuffs, tobacco and meallie meal. The lengths
of the stages under various conditions are given in Table 8.




- §Y =

6. THE ADULT STAGE.
a) Feeding:

There 1s no evidence that either sex feeds in the adult
stage. The only damage done by the adult is the chewing of
an exit hole to reach the surface of the commodity in which
it has pupated. Typical exit holes in the wrappings of
cigarettes are shown in Text fig. 2. The adult apparently
lives on the reserves of nouriéhment. acquired in the pupal
stage. - |
b) Copulationt

There is no definite pre-oviposition periocd, copulation
and oviposition can commence as soon as the active adult
stage 1s reached. The author noted that copulation sometimes
occurred the instant that adults reached:";urfac'e of a mealise
meal cultui-e, a fter making their way from the pupsl cell.

All adults, used in oviposition and longevity tests, had
copulated on the first day of active life.

Further, copulation was often noted to occur more than
once in the life of a single heetle.  #hether more than one
copulation is necessary to the female for complete ovipositicn
is not knowmn. DICK (1937) has suggested, on the basis of
experiments on Tribolium confusum, that besides supplying
spermatozoa, additionel copulations may have a stimulating
effect on the rate of oviposition.

Bo egga were obtained from virgin females by the author.
This egrees with the observations of RUNNER (1919), DICK {1937
and POWELL (1931). |

The position of the adulte in copula is shown in text
fig. 10. The male initially climba on to the dorsal surface
of the female and extrudes the copulatory organ intc the
vegina of the female, before olimbing down to one side and
moving round to face in the opposite dirsction.

This process may take a few geconds, but pairs can re-
main in copula for anything up to several hours. A few
instances were recorded when the length of the copulation

50/- se s .exceeded- LN
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exceeded 24 hours. Fairs in copula were generally station-
ary, but could move about freely if disturbed.

v -

h 4

Fig. 10 = An adult pair in copula - male on left.

(x 23).
c) Oviposition.
(1) Deposition.

Eggs are generally laid singly and glued down onto the
surface on which they are deposited. They are most often
depocsited in cracks, crevices, grooves or folds. A surface
with such inequalities e.g. the tobacco leaf and midrib, is
preferable to a smooth surface, e.g. paper or glass.

Both physical form of the oviposition site and odour
play a part in inciting egg-laying, but, according to IOWELL
(1931), DICK (1837) and others, odour is relatively unim-
portant in comparison with physical form. Thus sand, erush-
ed glass, sawdust, iron filings, wcol, glass-wool and powd:r-
ed potassium dichromate incited oviposition, provided that
the size of the particles supylied was small enough. (POWELL
- 1931). Sometimes the female will not lay at all if no
suitable site is presemt.

In all experiments, discussed here, on the number of
eggs laid per female, the oviposition sites were constant,

651/csc.namelycesee
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namely, a eection of tobacco midridb placed in a small
'glaas vial.

According to VAN DER VEEN (1940), adults can gnaw their
way out of the pupal cell to the surface of a foodstuff,
but théy never gnaw their way back into the substance to
oviposit, even through such a delicate fabric as thin muslin
covering a bale of tobacco. The female can, howsver, pierce
a covering, like m;uslin, with her ovipositor, and lay an egg

on its inner surface or directly on the substance beneath.

ii) Number of eggs per female:
| The number of eggs laid per female was determined

using adults reared on mealie meal. Freliminary experi-
ments showed no Appamnt difference between the number of
egus laid per female reared on mealie meal and the number
per female reared on tobacco. Therefore results of ovi-
position experiments given in Table 10 can apparently be
applied to‘females reared on tobacco as well as on mealle
meal. | |

.Table 16 giveé the average number of eggs laid per
female at various temperatures and relative humidities.
30 females reared on mealie meal were used per condition.
Couples in copula were collected and immediately transferred
to the conqitions to which they were to be eiposed. In all
cages this was the first eopulgtiop 9f each of the pqi:;mé’ﬁ"&i
within 24 hours, after emergsnce from the pupal cell. C(wie.

position sites were constant throughout.
Cbservations are graphically represented on Pl., VII1I.

Regults show that the optimum temperature, (resulting
in the largest number of egga laid per female), is 70°F.
Above and below this temperature there is a steady decline
in numbar. ‘ N

The upper critical temperature probably lies between
160 ~ 1069F. At 44% relative humidity it is probably
slightly lower than at 78%. ' ‘ |
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Table 10: . The average number (and range) of eggs
laid at various temperatures and relative
humidities by females reared on mealie meal.

CONDITIONS | R.H. | AVG. NO., EGGS/ | RARGE .
. TEMP. % FEMALE. | '
of
100 76 4.6 . 0= 24
95 - " 9.0 0= 46 .
85 LI 24.4 0=-175
70 " 338.8 Q- 77
63 oo 30.0 4« 75
48 ’ n ; 0.2 O - 3
as . " 0.0 0=-0
100 44 0.2 0=-3
=13 " 5.6 0 - 25
85 " ©17.1 0 - 50
70 " 28.3 0 - 61
6l " 11.3 0 - 32
48 " 001 o - 2
38 c o 0.0 00
85 05 37.2 10 - 79
" - 87 © 33.4 0 - 105
" 75 24.4 0 -7
" 1 44 17.1 0 - 50
LU S - - 14.8 Q0 - 48

The lower critical temperature liece between 38 - 48%F
for both humidities. This result contradicts the statement
made by RUNNER (1918, p.22) that "eggs ﬁsually are not
deposited at témperat.ms below 709F." At 85°F and various
humidities, 96% R.H. gave the highest yleld of eggs which
.declined as the humidity declined. The yield at 75% R.H.
was higher for every temperature-group than at 44% R.H.

111) Ovipositien pericds |

DICK (1937) has grouped the Coleoptera into 4 types
according to their oviposition cycles. He has classified
Lagioderma gerricorne as.the first type, viz., specles which
live only a short time as adults and lay all their eggs
within a few days.

Ag previously mentionsd, there is no definite pre-
oviposition period. Oviposition can occur within 12 hours
after copulation, and copulation can occur immediately the
beetle embarks on the active adult atags.

().
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Further, there are no definite inter-oviposition pericds.
Eugs are laid irregularly throughout the oviposition period. -

The oviposition period itself ig by no means clearly
defined, and was noted to be anything up to 30 days. How
ever, in the case of 100 females kept under various condit-
ions, an average of 57% of the total number of eggs was laid
within the first 3 days after the initial copulation. After
this period, the percentage gradually tailed off.
d)  gex Ratios

To obtain the sex ratio in mealie meal, a total of
1,200 pupae in 4 different batches was sexed. Pupal cells
were dropped into bo;ling water to disintegrate themz and
random samples of the freed pupae were sexed. To obtain the
gox ratio in tobacco, 420 adults were sexed in ¢ different
batches of 70 each. Results were as follows:-

In tobacco, males - 46.4%
' females - 53.6%

In mealie meal, males - 47.9%
. . females o 52.1%

The results show a glight preponderance of females in
both media. This agrees with reports of RUNNER (1919,p.21)
end REED etc. (1935).

e) Loggeﬂtx. ‘
Table 11 gives longevity of males and females reared

on mealie meal and tobacco at 4 different sets of cohditior{s.
Each average was obtained from observations offi 30 individuals.
Table 11 ghows that, on an aversge, adults reared on
mealie meal live longer than adults reared on tobacco. This
applies even when comparing the longevity of the male reared
on mealie meal with that of the female on tobacco. Thus,
in contraat to c'ﬁ;iposition, it appears that longevity of the
adult is influericed by the nature of the foodstuff on which
it developed in the larval ctgQ:..
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Table 1l:1 The aversge longevity of males and females,
reared on tobacce and mealie meal, at 4 ‘
different conditions of temperature and
relative humidity. (Range in Brackets).

CNDIT LUNS » LONGEVITY IH DAYGS.

TENFJ KB« MALE ¢ FEMALE. |
op % ! Mealie Keal { Tobacco f Memlie Meal 4 Tobacco.

95 . 75 16.8 13.5 20.3 14.9
(6 = 23) (10 - 16) | (9 = 29) (9 - 23)
44 13.0 8.5 17.8 12,0
(9 - 17) (4 - 13) (9 -« 21) (7 - 21)
85 76 20.9 14.0 . '26.1 16.1
(14 - 30) (3 -~ 20) (11 - 37) (4 ~ 23)
44 166 12.7 19,9 15.3
(9 ~ 25) (8 - 18) (7 - 38) (7 - 23)

Further, longevity is influenced by sex and physical
conditions as shown in Table 12 and, grarhically on Pl1. IX.

30 adults were ebserved to obtain each average given
in Table 12, and all adults were reared on mealie meal.
Therefore, the results are applicable only to adults resred
on meal ie meal. For those reared on tobacco, longevity can
be expected to be somewhat shorter, to the dégree ghown in
Table 11.

That there is a difference in the longevity of the two
sexes 1s evident in Table 12 and Pl. IX. #ith the exception
of longevity at 85°F and 87% relative humidity, the average
longevity of the female 1s greater than that of the male
expogsed to the same set of conditions.

The effect of phyaical conditions on longevity is also
evident in Table 12‘:151.. IX. Both sexes are influenced in
the same gendral way by various temperatures and relative
humidities. Longevity is greatest at 48°F, and above and
below this temperature it decreases fairly rapidly. Average
longevity of the 2 sexes at 38°F and 756% R.H. is 34.2 days,
which 18 in close agreemeni with the figure obtainsd by
SWINGLE (1938), namely, 33 days at 40°F,

At 859F and various relative humiditigs, the greatest
longevity for the male is attained at 87% R.H.j whereas
for the female at 76% R.H. Above and below these humidities
the longevity decreases. At 76% R.H., over the whole range
of temperatures, the longevity is practically always greater
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than at 44% R.H., when -the same sexes are caupared.

Table 12: The aversge longevity (and range) at
various temperatures and relative
humidities, of male and female adult.s
reared on mealie meal,

CORDITIONG, : Léﬂmﬁt T Ay
FERATE

TELF W HeH o . IE ALL
It EOF‘} (%55 Avgr Eﬁe- ; Avergﬁa R_agﬁe.
95 | v 16.8 | 5= 23 . - 20,3 11 - 29
R . 20.9 |14 - 30 . 28.1 11 - 37
70 n 34.5 (|22 - 46 45.1 16 - 87
63 n . 43.4 |33 -~ 61 .60.2 | 34 - 81
48 " 8800 34 - 124 11201 54 - 142
38 " 29,3 |21 -~ BO 39.1 2l - BO
100 | 44 3.2 | 2~4 " 3.4 2 -4
95 | " | 13.0.| 98-17 |- 17.8 | 9<-21
85 " 1605 9 - 25 , 19-9 7",' 38
70 " 34.2 [23'= B3 © 40,8 8 = 65
63 " 44.5 {30 = §7 57.5 65l - 66
48 " .- 83.2 27 - i22 ' 111.0 60 « 136
38 " 23.4 | 8 -40  24.3 B = 75.
8s | 85 - 20.8 |15 - 27 L 21e. 15 = 27
87 24.2 {16 - 36 , 23 .4 l « 33
75 2009 14 - 30 . 2601 11 - 37
44 16.56 9 - 25 19.9 7 - 38
9 1502 9 - 24 17.1 3 - 30«

£) Troplsms _and general activity. |
Adults are positively phototropic up to a point. Accord-

ing to HEED ot.c‘. (1934), thejv are attracted to moderate
1ight, btut are repelled by sunlight or strong electric lights.
This attraction towai-ds moderate light is the principle used
in various types of light traps.
_Adults have a habif of fefgning death when disturbed.
They are most active at high tamperétuma, and, though
they may live for a considarhbla period at temperatures like

48°F, they are very inactive. They remain largely mot.ionless;

and with head ﬁﬂemd beneath the prcmotum and lega drawn
closely together, t.hey appear 11:‘01895.

They are fairly steng fliers. Of & number of individ-
uals released out-of-doors on a calm day,.several were noted
to fly up over an 18 ft. roof. RUNNER (1918) observed beet-
Ies\flying from one warehouse to another on the opposite qide

of a street.
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6. NUMEER OF GENERATIONS.

In Cape Town about three overlapping generations a year
are expected. There i's no definite emérgence period, but
adults are more prevalent and active, and development quicke
ery in summer. [Each stage of the insact may be .found at
almost any time during the year., . There appears to be no
definite hibernat.ion, but a mere slowing up of development
in each of the diffurent atagea during the comparatively |
mild winter.

The range of -i:emperat.ﬁre and humidity broducing this
anngyal developmental cycle is given in Table 13.

a

Table 133 ‘remperatum and relative humidity in a
‘ Cape Town tobacco leaf store.

MCONTH GROUWFLCOH T VS

TEMP, (OF) | K.H.(%) | TEMP (OF)I R.H.(%).
March, 1950 | - 73 72 - m 78
April, - 66 77 87 76
kay, " . €3 79 66 80
June, " ~ -+ 60 81 65 78
July, " 56 79 61 81
August, " 60 70 62 79
Sept., * el | o7y . 62 . 80
Octey " 67 68 [ 65 80
Nove, ¥ : - 68 €66 ~ |} 68 78
Dec., " . 70 656 i 69 79
Jan., 1951 | 7 65 70 77
Febo’ " 75 65 . . 71 78
Annual Aversge | . €6 n | e7 78

To obtain monthly averages in ‘rablt; 13, 2 thermohygro=
graphs were run concurxéntly,‘ one in the basemant and one
at ground floor level of a local tobacco store. Temperate
ure and relative humidit.f at ground floor level showed great-
er daily fluctuations than in the baaement. but it is noted
that monthly and annual a\rarages are very similar.

At ground floor level, the maximum temperature recorded
during the 12 months was 88°F in March and Jamuery; the
minimum was 46°F in July.  The maximum relative humidity
was 94% in April and July; and the minimum was 40% in
December. These extremes never persisted for longer than
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24 hours. The aversge conditions recorded during summer
were 71°F and 68% relative humidity, while during wim.ex-
they were 61°F and 75% Relative humidit.y.

Temperatures concurrently recorded in a ground floor

laboratory in another suburb of Cape Town, were very similar

to those recorded at ground f£loor level in the totacco store.
Thus, the series of t.emperat.urea given in Table 13 is probab=
ly typical for Cape Town.

According to JEPSON (1839), there may be 4 - 5 gensre
ations a yeer in a place .lika Mauritius, where annusl average
temperatures and relative humidities are higher than in
Cape Town. In cont.rast, only one generation probably occurs
in England where the mean out.docr temparature only exceeds
60°F during 1 - 2 months.

eeeeee

§8/ CONCLUSIONS.




7. CONCLUSIONS.

Viability and incubation perioda of eggs are influanced
by ‘physical condit.ions. COndit.iona cansing the shortest
incubation pariod (6 - 6 days) and the highest viability
(89 ~ 100%) are _probably about 85 - 95°F and 60 = 9Ub relat.-—
ive humidity.

Critical conditions for hatching &re ag followsi=

‘Upper critical temperature  « 1CO ~ 1CBOF

Lower " " | - 48 « 639 (probably
: about 569F)

SR * - prelative humidity - less than 9

Rate of larval development is affected not only by
rhysical conditions, but alsc by nature of foodstuff, form
of foodstuff, and possibly by age of adult beetle at the
time of oviposition.

Thysical conditions cauaing the most rapid development
appear to be the same as for the egg stage, nemely, about
85 -~ 95°F and 60 ~ 90% relative humidity. Critical condit-
ions for davelopment of newly-hatched larvae are as followsi-

Upper critical temperature - 95 - 100°F

Loway ® n - 48 - 839, (probably
hetween 55 - 60%).

" " relative humidity:

In tobaceo - 32 - 44%
In mealie meal ~ less than 23%

Tha _J.ower eritical humidity-range corresponds 1o 7.8 -
9.5% moisture by weight in leaf tobacco at 859F.

The effect of foodstuff has been shown through a com-
parison of developmental rates on meslie meal and tobacco.
Development was more rapid on the former than on the latter.
This may bs due to higher total carbohydrate content of
mealie meal (64 - 72%) coampared with tobaceco (11 - 13%).

At the optimum conditions previously mentionad, the average
period of larval development on mealie meal was about 16 -
22 days, and on tobacco about 34 ~ 44 dao_'s.
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The optimum conditiohs'. for rate of development from
egg to active adult, cause the shortest incubation periocds
of eggs, but not the greatest average number of eggs laid
per female. This number is attained at the same humidity-
range (60 - 90%), but the optimum tempsrature is lower (about
70°F). Under these conditions, the average number of eggs
per female is about 20 - 37. At 85 - 85°F and 60 - 902
relative humidity it is about 9 - 35. The upper critical
temperature for oviposition probably lies between 100 - 105°F,
and the lower between 38 - 48°F. | ‘

Neither the number of eggs por female nor the sex ratio
(females slightly outnumber males) is apparently influenced
by liarval foodstuff,

The effect of foodstuff is, however, seen in adult,
longevity, as well as the effect of physical conditions and
s6X. '

On the whole, longevity is greater in mealie msal than
tobacco, and greater in the female than the male. At
85 = 96°F and 60 - 90% relative humidity, longevity was as

followgia
Mealie mealt
female ~ 20 - 26 days.
male «~ 16 - 23 *,
Tobaccot

female - 14 - 17 *#
‘mele - 13 .15 *

Longevity is least at high temperatures (about 100°F),
low temperatures(less than 38°F) and low relative humidities
(less thangi). It is greatest at about 48°F and 75 - 95%

" relative humidity.

To sum up, physical conditions moat favourable for the

development of the epiciea appear to be 85 - 85°F and 80 - 90%

relative humidity, when the "egg to active adult® stage takes -

about 35 - 60 days, depending on foodstuff and other factors.

s‘l/lcoo.hle mostooooo;;
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The most révourablq_roodstuff eppears to be one high in

carbohydrate content and in compact or concentrated form,

In Cape Town, where average summer conditions are about
71°F and 68% relative humidity, and winter conditions about
61°F. and 76% relative humidity, about 3 overlapping gener-
ations can te expected annually, with a period of very slow
development during the winter.
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Among a great varisty of other fumigantsl used, such as
ethylene oxide, ammonia gas and methyl bromide, the latter
gseems to hold most promise of adequate future control. It
has great penetrating powers, diffuses readily, is not in-.
flammable or explosive, and apparently causes no alteration
in taste or processing qualities of the commodity treated, -
and leaves no significent residue. It ia highly toxie to
many however, and haa to be handled with great cars. An
edequate dose for baled tobaceo is considered to be 2 lbas/
1,000 cuble ft.

Although control by refrigeration is at present more
expensive than fumigation, there is a tendency to prefer it
in tobacco factories as it does not endanger factory peraon-
nel in any way. This is a field for a great amount of .
experimental work, as much of the data availa‘dle on tempere
atures and exposure periods ims conflicting.

2. Original investigations:
The present author, owing to limited time, was able to

carry out only a few original investigations on two aspects
of control, namaely, refrigeration and heating.
1) Befrigerstion:

The egg stage alone was tested. Eggs had been laid on
leaf midrips, as previously described, and were exposed
naked::.aqd 'f:ln situ®. About 200 eggs were expossd per cone-
dition. ' L

Egga' ware exposed to temperaturas ranging from 2 - 10°F _
for varying periods. Results of observations are given in
Table 14. W |

Results iﬁd:lcata that for an exposure of 12 hourse, which
is often termed the maximum exposure for practical purposes,
8 lower temperature than §9F is required for complete cmtrél.
Further, the larval stage is hore r9sistant than the egg to
low temperatures and should also be used in testing to deter-

period. .
64/....'1‘&1)18 1403000




Table l4: Percentage hatching of eggs exposed to
~ Low temperatures for various periods.

—TEEF. DUEATICR OF PLRCLN TAGE »
oF " EXPOSURE HATCHING,
< (Hours)
Q=2 %] ' (o]
.15 0
b ) 8.0
10 7.8
il 6.5
. 12 5.0
10 . ‘ 6 , 30.0 -

It 18 noted that SWINGLE (1938) cleimed complote mor-.
tal':lty of eggs at 10°F after one hour. The reason for the
discrepéncy in the results is not apparent.

11) Heating:

Bafore manufacturs, tobacco is generally reconditioned,
i.0. made more pliable with raising of the moisture content.
This conditioning ususlly involves eithér a thermal vacuum
process or steam=heating under pressure. The egg stage
was axpoged to both these processes which were as followsi-.
a) Thermal vacuum process.

A partial vacuum of 14 1b./8q. in. was created and
broken by an injection of steam. The temperature rose to
1809F where it remained for about 3 min., £allto 160 « 1550F
within the next § minutes.

Cf 284 eggs exposed to this procesa, 0% hatched.

b) Stesm-heating under pressure.

Steam was injected into a "steam=box" until the pressure
reached 40 lb./sq.in. end the temperature resched sbout L6C
- 170°F for 6 Minutes.

Cf 795 eggs exposed to this process, (% hatched.

In each case, test-eggs were laid on midribs, as
previoualy described, and each total nuaber exposed was
composed of several different batches testsd at different
times end in different. positions in the "thermo-vactor® and
“steam~box.” In the first process midribs were placed in

85/s00eOtBle0e0.




metal spikes (described by SHINGLE - 1938, p.7) end these
ware driven into the bales of tobacco. In the second
process, whare loocse Yhanda" were exposed, midribs were
placed in wire geuze capsules and these were bound into
specially labelled "hands" generally near the butt-end.

Both these processes apparently control the egg atege .
completely. #hather this alao applies to the larval stage
is not known. If this is so, factories using these parti-
cular processes during reconditioning will ensure 100% free=
dom of their manufactured ﬁroducis from infestation, provided
there is no gubsaquent reeont.am:lnationl during manufacture.

These mroceeses are, however, not always applied to
all types of tobacco, and some manufacturers do not use them
at all, having preference for other methods of reconditioning,
where pliability, flavour and other qualities of the tobacco

are concerned.
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IX - NATURAL ENEMIES.

The following natural enemies of Lasioderma gerricorne

have been mentioned in various works:-

- Coleopterat Tenebriocides mauritanicus L.

Thanercclerus girodi Chevr. and
T, buguetl lLef.

H no ras

Aplestomorpha pratti Cwfd.,
A. vandinel Tucker, and A.calendrae How.

Lariophague distinguendus Forst.

Rorbanus &p.

Eruchophegus sp.
Cerhalonomia gquadridentatsa Duchaussoy.

Mites:
Pediculoides ventricosus Newp.

Monleziella sp.

L Seiulus sp.
~ Chortoglyphus gracilipes
Cheyletus sp.
Rhagidia 8D+ ’

Q‘Eoglxphua’ 8p.
Ko one stage of the insect under discussion is immune

to attack, but none of the nétural enemies is considered to
be of great importance frf:m the point of view of biological
control,. '

Cf these, only 2 ty,es were encountered by the author,
nemely, 2 épécies of mites, and the "“cadelle," Tenebrioides

mauritanicus L.
Cne species of mits was Fediculoides ventricogusg, the

other was doubtful, probably a Gamasid or Farasitiform mite.
Theseimitess were particularly troublescme smong test eggs
where they were '&011 camou:laged, and where their attacks
could sariouaiylupsat records on viability. They ere
considerad ;c.o attack every stoge of the insect.

Tenebrioides mauritanicus was found in cultures on "army"

biscuits., It i8 predaceous to some extent on larvee and

Pppaeﬂ ' - 67[’-...:.-.
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X « DISCUSSICN

From the preceding account of the biology of Lasioderma
gserricorne, it is apparent that this insect has character-
istics which commend it to the attention of experimentalists.
Like Tribolium confusum, described by FARK (1934), it is
cosmopolitan and fairly easily obtainable; 1t has a moder-
ately short 1life cycle; and it is easy to breed. #¥ith
the idea in mind that it may be a useful test insect in both
theoretical and practical problems, the present author has
pald attention to techniques of rearing, sexing, handling
and observation. |

Theoretical probleme in which Lasioderma serricorne has
already been used as & test insect include the following:=- ‘
a) Experiments by FRAENKBL & ELEWETT (1934 & 1935) on the
nutrition of the larvel stsge.

This stage can exist on a wide variety of materials;
and it ie of interest to determine what factors permit this
wide chéice of fooda. In this connection, Fraenkel & Blewett
have found that the larvee can develop in the absence of
caerbohydrates. They alsc suggest the probebls pregence of
intracellular symbionts sup,.lying vitamins of the B group and
enabling larvee to develop in foodstuffs lacking these vita-
mins. |
b) Experiments by DICK {(1837) on oviposition..

The adult female will oviposit on & wide variety of
substrata. Dick has studied the relative j.mportanca of
tactile stimuli and odours in oviposition.

Further, Lasioderma gerricorne, may well be used in the

future as a test inssct in theoretical problems so far applied
only to other species by various workers. These include

the followingi-

a) Experiments by DICK (1937) on copulation of Tribolium

confusum,.
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¥hether more than one copulation is mcessaryl to the
female for complete oviposition is not known.  Dick has
suggeated‘ that besides supplying spermatazoa, additicnal
copulations may have a stimulating effect on rate of ovi-_
position. This may also applyl to Lasioderma_serricorne,
where more than one copulation has frequently been noted in
the life of a single adult pair.

b) Experiments by HOE (1950) on rate of development of
larvee of Ftinus tectus.

Considerable variation was noted inrate of development
of these larvae, even when kept under the same physical
conditions and on the game roodst.uff.k The present author
noted similar variations amongst larvae of Lasioderma serri-
corne. Howe has suggested that the rate of development of
a 1aw; may be influenced by the age of the adult beetle at
the time when the egg was laid. It is of interest to deter-

mine whether such a factor may operate in the case of
Lasioderma gserricorne, and if not, what factor does cause the
variation. .
c) Experiments by numerous authors on population densities
among various test insects, e.g. Tribolium confugum and
Sitophilus oryzae.

It shoul& not be daifficult to rear experimental
populations of Lasioderma serricorne under controlled physical

conditions and in suitable cultm"es, such as a known weight
of mealie meal in a container of known volume.
d) Attempts to establish the phylogeny of the Coleoptera on
the basis of the comparative anatomy of the male genitalia by
SHARP AND MUIR (1912). _ A

The pregent author has described the male genitalis
of Lasioderma serricorne. The nearest relations described by
Sherp end Xulr are various Ftinidae. Structural differences
between the genitalia of these forms and that of Lasioderma
serricorne exist, e.g. in the symmetry of the Alateral lobes.

#hether the difference is of such a degree as 10 give further
‘ 69/-. .auppOrt.. .
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gupport to the separation of the Anobiidae from the Ptinidae,
is yet another theoretical problem.

Econanic entomologlists have paid much more attention to

Lagioderma gerricorne than the theorists. As stated in the
introduction to the paper, most experimental work on thia
insect has been directed toyards practical control.

The present author, as previously mentioned in this
discussion, has paid attention to techniques of rearing,
sexing, handling and observation, with a view to the large~
scale use of this insect in sclentifically planned experiments
on éon_t.rol. There has been a paucity of such experiments:
for, despite the mass of work done on cocatrol, many experi-
ments have been fragmentary and inadequately qualified by
data relating to conditions prevailing during the experiments.

In addition to the techniques described, other bio-
logical daia in this paper may be of use in planning control.
Some of the applications of this blological, and in particulan
‘bionomical data to control are:- i
a) Descriptions of the various steges and type of demage ...
done aid in determining the nature of infestation.

b} Data.on the 'duration of the life cycle, activity and
productivi't;y under various physical conditions enables
estimates to be made of the number of generatioris that can
be expected in any location, where conditions of temperature
" and relative humidity are known. The nearer the known
conditions approximate to the microclimate of the infesting
insect, the more acurate will be the estimates.

Such knowledge further enables estimates to be made of
the degree of infestation likely to occur at any place and
at any time, and, consequently, of the stringency of the
~ control measures to be applied. '
¢) Data on the habits of the insect can be applied in a
variety of waya.‘i

7°/o-oooolt hulttop_ B
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It has been shown that insects are not necessarily
confined within the limits of the commodity they arp in-
festing, 6.g. a tobaceco bale. Adults can chew their way
out of a bale to mate, and females may lay their eggs not
cnly on the surface of the bale and on tcbacco debrie in
the vicinity; but elso on rough surfaces and in cracks and
creviceg éﬁch as occur in wooden structures; walls and Tloora
of a store-room. Here, too, adults mey hibarnate. Further,
newly-hatched larvee are known to be very active and crawl
fair distances in search of food, and to be able tc chew
through such aubstances as packing paper and twill. Thus,
infestation may aaaily'spraad from infested to uninfested
materials. |

These habits emphesise, firatly, the importance of
cleanliness and removal of infested material. Secondly,
they indicate that where a store has contasined infested
tobaceco, though infested bales and debris have been cleared
away, the store ghould also be completely sterilised before
stocking it with clean bales. This is especially neceasary
if only a short time elapees between the clearance and the
ré-gtocking. - Sterilisation involves the destruction of eggs,
larvae and eny other stéages found on the walls and floors,
etey Of the store itself.

The habits and location of the various stsges show that
it ie chiéfly the adult and egg that may be found on the
surface of a commodity, e.g. on the outside of a tobacco
bale. It is these stsges, therefore, which are mosat likely
to be affected by a contact insecticide, applied, for in-
stance, to the exterior of a bale, or to the walls and floors
of a store-room. Such an insecticide must, therefore, be
chogen for its effect on thaée.particular stages.

In this connection, very tentative experiments by the
author, indicated that DDT solutions (approximately 5%)
cauged less than 503 mortality among adults. At this
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concentration, therefore, DDT does not appear tc be a

- gatisfactory insecticlides for spraying store-rooms, and,
further cannot be applied directly to the bales. Solutions
-1ike &% pyrethrins appear to‘t‘:é much more satisfactory.

The positive photot.ropiam of the adults is the pri'neiple
used in various types of light traps, which have been found
to aid in reducing infestation. o o
d) Data on the ranges of temperatures and humidities at
which the various eteges can develop, in particular, the
upper and lower critical -comiitiona, may be of importance.

- When materials are put into storage at conditions cut~
side the developmental range, e.g. 50 = 55°F, there will be
no growth and reproduction amongst insects already present.
However, this initial infestation, though checked, may not
be completely destroyed unless a certain minimum period
of storage 18 exceeded. lLess than the minimum mey merely
cause quiescence with a return to originsl activity as soon
as the material is removed from storage. '

At the low temperature-rangs of 50 - 55°F, nawly-hatched
larvae do not apparently survive, and the percentage hat;ching
of eggs, if any, is prcbably very low. (Table § shows that ’
the author obtained 0% hatching at 48°F). But the périod:
of storage will probably have to exceed 4 - 6 months before
ell original infestation will actually be killed. This
minimum period needs to be more accurately determined,

It must also be determined what effect such 1oh.g X~
posures to low temperatureg will have on the conuition of the
materisal in storage. ‘

e) Data on natural enemieg may eventually lead to a method

of natural control.

Finally, the author has attempted to contribute directly
to economic entomology. ' -
Lasioderma_serricorne (in the egg stage) has been used
as & test ingect in a few original experiments on practical . -
72/ ¢ «scOntrol...
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control through heating and refrigeration. Refrigeration
seems promising enough to be the gubject of future fesa,arché
Farticuler attention should be pald to the larva in future
experiments, a8 this is the stage considered to be most
resistant 1o low temperatures. ‘ ‘
The most promising fumigant, at present, seems to be
methyl bromlide, and its use in ¢cont.r91 opens another avenue

of research for economie Qn;omologists.




X = SUMMARY,
From literature, the following information has been

obtained:~

1.

2.

e

4.

5.

Lagioderma gerricorne (F) has been placed in the sube

family, Xyletininae, family, Ancbiidae.

It 18 described as ccemopolitan but more ‘prevalent and
active in the warmer regions of the glode.

It attacks a great variety of materials but, at praéex:xt.,
cured'tobacco 18 mofs important economically. It has
not been known to attack growing or unfermented tobacco.
The larval stege does the most damage, largely through-
contemination of the product, partly through direct
consumption. The adult apparently dces not feed. ‘
Nene of the naturel enemies ia considered to be of great
importance from the point of view of biclbgical control.
(A list of some of these hag been compiled).

The following contributions have been made by the

present authori=

1.

2.

General descriptions have been given of egg, larval,

pupal and adult stages and of their development, habits
and matamorphosis. They héve ibeen illustrated and
measured. |

Measurement of both pupal and adult stages shcwed the
difference in average size between the two 58X68.
However, owing to overlap of the size groups, measurements
were not reliable criteria of éex-- Thus other teche
niques of sexing had to be elaborated, aa sexing was
essential for some aspects of bionomical work. The
author's methods of sexing living pupae and dead adults
have been described. In this respect, adult genitalia
have been described and illustrated. Ko way is spparent-
ly known of eexing adults while still alive. ‘

74/. seee «3. Measurements.-.
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3. -liiaaaureme"nts“ show the effect of larvel foodstuff

4,

6.

(exemplified by tobacco and mealie meal) on size of all
at.agés. (Throughout the investigation, tobacco and
mealie meal were used ag experimentsl media for c'om-b
parative developmental work. They differ largly in
their carbohydrate content). | |

In addition tosgexing, other techniques have been elabe
orated for bionomical work, and most of these have been

‘described. Among these are techniques for 6bsarv1ng

egge on tobacco leaf midridbs end the stages in mealle.
meal cultures. '
The following bionamical aspects have been studied:-

‘a) The effect of various physical conditions (in the

normal range of tolerance) onie

(1) viebility,

(11) incubation period

(1ii)lengths of all steges

(iv) oviposition rate.

An egtimats has been made of the number of generations
that cen be expected under the physicel conditicns
experienced in Cape Town. ' |

The effedt of extreme physical conditions on the -
egg stage have been studied from the point of view of
control. A faw experiments have been done, using low
temperatures (O - 10°F); and high temperatures {150 -
180°F), coupled with a partial vacuum or pressure.

b) The effect of larval foodstuff (the two experimental
media) on the lengths of the verious stages, (including
the adult). There is apparently no effect on oviposition
rate.

e) The difference in adult longevity of the two sexes,
and the sex ratio in the two experimental medis.

75/’0:;.»?}13 pre“ﬂtoo--) .
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The present. author has, wit.h original observations,
entirely covered ‘the ﬁeld suggested by the 5 sections given
above. In addition, howaver, the work of other suthors haa
somet.imeds been quot.ed for camparative purposes; or for_
supplemantary phrposea where no‘ original observatioﬁs hava
been made. Examples of the latter arei-

&) The effect of form of foodstuff end sge of adult as
possible factors inﬂuenciﬁg rate of larval development.

b) The effect of site on oviposition. '

¢) The number of genarations found under other conditions
than those éxperienced in Cape Town.

d4) A brief gurvey of meﬁhods of contﬁl.
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