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PLACE in CLASSIFICATION.

Order - Coleoptera.
Sub~-order = Adephaga.
Division - Serricoriﬂé.
Family =~ Ptinidae.

Genus - Ptinus.

INTRODUCTION.

The material on which the following notes
and descriptions are made was originally supplied by

Dr. R. S. MacDougall in June 1929. The origin of

the material is unknown. The insects were in ground|

nut cake (Arachis hypogea) and had been lying in
Edinburgh for thres or four years.

This mate%ial supplied my stock during all
the expseriments and no difficulty was experienced in
gatting any of the stages of development at any time
of the year.

For the purpose of making observations ths
insects were placed in circulér glass topped tin boxes
(3-4" diam. x 1" deep). These were more satisfactory
than cardboard boxes of the same description as the
insects can bite holes through cardboard.

The Ptinids are priﬁcipally stored producs
rests /
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pests having world-wide distribution through being
transported in articles of commerce.

Niptus holdleucus and Ptinus fur are well known

cosmopolitan insects and are very destructive pests,
doing a great deal of damage to stored products and
textiles.

In common with other members of fhe famiiy, the
species under consideration is é stored product pest
capable of doing.considerable damége both in the adul
and larval stages due to the fact that it can adapt
itself to a wide variety of food material of animal
aé well as of vegetable origin.

Being a comparativaly'recent intro@uction to
Burope, its economic importance has not yet been fullj
ascertained, although it is reported from various
quarters doing consideraﬁle damage .

So far no work on the 1if64hist0ry and habits of
Ptinus tactus; gither in Britain or elseﬁhere, has
been published. Several isolated records and obser-
vations are to be found in ths literature, however,

‘As a thorough knowledge of the biology and life-
history of g pest is essential for its successful con
trol, it is to be hoped that the following investiga=-
tion on the structurs and biology Qf Ftinus tectus
will contribute to this end.

The writer desires to express his great indebted

negs to Dr, C, B. ¥Williams and Dr.R. . MacDougall

for /
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for help, advice and encouragement given throughout

the course of this work.

METHODS and TECHNIQUE.

The material forming the stock was kept at

room temperature and drawn upon as required.

Bresding Experiments: ‘To determine’ the length

of the wvarious davelopmentél gstages and to make obser
vations thereon,the sggs were kept in_small shallow
glass petri dishes (sbout 2" x 4") and kept in.a dark
cupboard at room temperature. .
The newly hatched larva was transferred into -
similar sized petri dishes with food material. Thisg

method facilitates the finding of moulted 1srval skini

o

and hence the number of moults. All the observationg
recorded were made under a hinocular microscope.

As no reliable external differences exist betwee)

=3

the male and female, rupae of each sex were bred sepa
rately to maturity. After emergence matings were
wmade, the two béetles being kept together in tin boxes
with food material to determine the number of eges
laid and the preoviposition period, . etc.

lorphology and Anatomy: Degcriptions and

-

figures of the egg are based on natural untreated
fpecimeng viewed under compound microscope.
The Tarva:  General descriptions are based on

living specimené with the aid of a high power (40 to

150 /




Jingly difficult to make out the number of spiracles,

e

minutes. 1In.some cases, however, this was not suffi-
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150 diameters) binocular microscope. As it is exceed-

gpecimens had to be killed by dipping in boiling
water for three minutes, taken out and pricked with
a.needia to facilitate the penetration of 107 KoH
solution in which the larvae wéra boiled for 10 td 15
cient to get rid of the contents of the alimentary
canal, and it‘was.found necessary to sever the head
to rid the body cavity of all its contents. The larv
after boiling, was-washed carefully in water and put
in glacial acatic aéid for 10 minutes. This penetrat
the chitinous exoskeleton rendering_it‘easy to stain
with acid fuchsin in which the specimen was kept foq
about half an hour. Aftér staining the specimen was
transferred to a slide and the cuticle split into two
symmetrical halves under the diséactingfmicrosodpe.
These were dehydrated in'ébsolute élcohol, cleared in
Fxxmk Carbol xylol and mounted in balsam for micros-
copic examination.

For detailed examination of head and mouthparts,
specimens were boiled in caustic potash as described,
and the various parts separated under dissecting micr
scope, dehydrated, cleared and mounted.

The larva (P1.I. Fig.2) is drawn from a specimen
boiled in KoH, stained, but not mounted as this cause

considerable / -




considerable distortion and folding of the cuticle. : gf?

The Larvse Tracheal Syatém. De Faure's

mounting medium (recommended by Dr.A.D.Tmms,Bull.Fnt.

3 Res.XK.1929) gives excellent results. It has the ! ;ﬁ;

following composition :=

G‘U_m Ara-bic “a e e o @ 30 glns .
Chloral hydrate S35 1. B0
i : Glycerine Ceih o 20 ccs.
: Distilled water 4 6Q Vv : :

TR Dy b o b B S gl g B g

Chloral hydrate of Cocaine 50 "
The larva is killed and simply placed in an excavated
; slide with a few drops of the solution, cover slip

fixed and the whole left for two or three days, then

examined under the microscope. The whole system can

be seen well defined against the pale cuticular back-
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ground .

Anatomy. In dissecting. the larval alimentarf
canal, a very useful method is to place the larva
(after killing it) on a slide with a few drops of
3 el ; Iéotonio salt solutiﬁn under the dissecting microscops.
: The larva is straightened lying on its back; by means |- e i

of a spear point dissecting needle a lateral longi-

tudinal slit is made along one side of the cuticle
;{ ' when promptly a portion of the canal protrudes, leaving
the other side deflated; a similar cut ialthen made }
along it. Now the cuticle can be easily separated |
doing little or no damage to the delicafe parts.

In order to make a permanent prepvaration of the

dissected/
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dissected out digestive'system, it is first fixed in
Carnoy's Fluid for 10 minutes, treated with 90% Alco-
hol for 10 minutes and stained with Bosin (Alcoholic)
dehydrated.in absolute Alcohol, cleared in Carbol xyl
‘or Clove o0il, and finally mounted in Canada balSéﬂh
When desired to examine nuclei, as in the case of the
salivary glandé or’malpighian tubules, s doﬁble stain
Iis used. After fixing in Carnoy's;washin 90% Alcoho
- 70% = 507% = 30% -~ 5% - water, each stage occupying
about 10 minutes, stain with Methyl Green for 10 min-
uﬁea, wash in water, again stain with Carm alum for
about half an hour,'wash in watef, 5% Alcohol - 304 -
50% etc. up to absolute Alcohdl, clear and mount.
This-gives excellent fesulté.

Ehrlich's and Delafield Haemotoxylin were also
tried, the method being the same as above; the double
stain method, however, gives the best results.

The Pupa. General dqscriptions and figures
are based on living specimens. Attenpts were made
to obtain permanent preparations but“these.were uﬁ—
successful. Boiling in{K%HF%b remove body fat caused
the displacement of the aﬁfendages. Leaving speci=
mens in xylol for a few days to remdve Lhe'fat render

them very dry and fragile.

The Adult = Description of the

forphology.

head of the adult is best done on a live specimen as

the /
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the mouthparts are withdrawn in killed specimens.
For the mouthparts, however, specimens were
boiled in 10% KoH for about 20 minutes, dissected

under the binocular, dehydrated, c¢leared and mounted.

In the case of the thorax and abdomen boiled specimenp -

were used. These were treated with acetic acid and
stained with acid Fuchsin to stain the tranéparent
membranous structures. This was especially helpfu;
vhen studying the wings and their venation, as some
of the veins are transparent and can not be made out
with accuracy in unstained specimens. Such prepara-
tions ﬁare eitﬁ;r mounted directly in De Faure's Fluid
or. dehydrated, cleared and mounted in Canadé balsam.
éﬂﬂf?ﬁl' The method for dissecting out, stain-

ing and mounting the digestive system is the same in'

the adult as for the larva.

The Male Repfoductiva Organs. For exposing

these, a needle is pressed at the junction of tha'

thorax and abdomen when the latter is easily separated..

The abdomen is then placed dorsal side upwards on a
slide with a few dropé of salt solutien and is ready
for dissection_un@er the binocﬁlar. The pleurae are
carefully teased out to separate the tergites from
the sternites, both these can then be removed leaving
the organs in as near their natural position as pose-

sible. Great care is essential in dissecting out

the /
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the male orgéna because the least pressure on the

aedeagus is enough to evert the internal sac which is

delicate and rather transpsrent and is therefore apt

B ik B o it e

to be broken off and lost, eécaping recognition. Even
3 ; |with great care it gets broken off and lost in a good

many preparations.. A drop of aqﬁ?us Fosin added to o

PR e g TS e e

the preparation is very helpful as it stuins the in-

——

ternal sac, connecting membranes and other transparent

| structures. Having completed the dissectibn, it is

E then fixed, stained, dehydrated, cleared and mounted : ii}
ag described. Here again the best results are ob- " e b

tained by the double stain method.

With the Female Reproductive Organs the same pro- ﬁ
i cedure is adopted. ' | ' ﬁ‘

Figures were drawn with the aid of a Camers Lucida. . ;;
E i ' - ' i

FAMILY _CHARACTERS. it

o

¥ EE According to Fowiar the name Bruchidae is T jﬁ
. given by several continental authors to the family
FPtinidae which comprises about sixty gensra and 400
species, having very wide distribution.

The following are the charazacters :-

1)) ﬁﬂﬂﬂﬂﬂﬁﬂ 1l-jointed, long, filiform or very faintly
serrate and inserted upon the frons.

T T

] : (2) Thorax - narrower than elytra and usually con=- , R |1
stricted at base. ' ; I

(3) Blytra - completely covering the abdomen.

(4) /
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(4) Legs - 1long and not retractile with femora
clavate, at apex.

(5) Tarsi - five-jointed with the first joint not
: shorter than the second.

(6) Abdomen = composed of five segments of which the
first is not elongate.

The Genus Ptinus contuins over 100 species,
50 of which occur in Burope of which 9 are included

in the British List.

GENERIC CHARACTERS.

(1) Blytra - punctured, pubescent and striated.
(2) Scutellum - distinct.

(3) Tarsi = with 5th joint long and narrow and a
little longer than the 2nd.

(4) Antennae - contiguous or almost so at base.

FOWIER'S DESCRIPTION of the SPRCIES.
(Coleoptera of the British Islands,Vol.VI.pl46,1913).

Short, thick set, dark brown with .thick yellowis
pubescence which is easi;y rubbed off; in some speci=
mens it is whitish especially on the scutellum - head
almost as broad as thorax, antennaes thick and compara
tively short; thorax as long as broad, uﬁeven, with
longitudinal furrows and with strong prominences at
the posterior angles. Sculpture rather coarse, con-
cealed by the pubescence. Elytra oblong, acute and
flatter in the male, and very convex in the female,

with /
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|In 1915 Walker recorded it breeding in chocolate powde

e P L oy TP e TR e W et L P T TR AT ers,

with strong and coarsely punctured striae ; legs
rather long, ferruginous, more or less pubeécent -

Length 2% to 3 mm.

Ptinus tectus was first described by

Boieldieu in 1856, from Tasmania. It is now common

a1l over Europe and widely distributed in Great Britain

and Ireland.
It-was first found in Britain in 1901, and des-
cribed as a British sﬁecies by Professor Hudson Beare

in 1904,

MATERIAL DAMAGED.

In 1913 it was recorded by Durrant and Beveridge at-

tacking ration biscuits.

and thriving on cayenne pepper.

In 1920 Scholz in Germany recorded it on dried meat.

In 1921 (Bur.Bio.Technology,Leeds. Bull.2,lst Jun.192]

e o e,

It was recorded as doing damage to malt corns
already mechanically dameged and it was stated
that it préfers the wheat grains and othar
foreign seeds with less resistent husks.

In the same year Carpenter records it in Ire-
land in a store of Casein and also aaping.hole

in carpets.

In /

p.52 (Abstract from R.A.®. Vol.9,Ser.A,p.14§
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In 1922 it was recorded by Knapp in Britain as a pest
of Cocoa and by Zacher in Germany as a store
product pest.

In 1923 Walsh recorded it damaging packets of dessi=-

cated soup, also feeding on waste flour and
dead flies.

In EEEZ Zaoher in Germany recorded it as a Cocoa:
wa,rehouse pest.

In }23& it was recorded by'Theobold infesting stored
hops in Britain. ‘

In 2252 Von Langerken in Germany recorded it on

poultry foods.

It would thus be seen thﬂt?tinus tectus can
adapt itself to food material of the most varied
character. | |

The writer bred Ptinus tectus on vérious
kinds of biscuita, 0il cakés; linseed caké and casein
in which latter the larvae bind the granules, giving
the casein a matted appaarance; Both larvae and
adults destroy corks, reducing these.into a powdery
mass. They also eat holes in paper. I also saw then
repeatedly in the laboratory feeding on dead blue=-
bottles and eating dead individuals of their own
species.,

bers in the wooden portions of a breeding cage.

Von ILengerken in Germany records a similar

case /

The larvae ate shallow oval pupation cham-
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case of larvae boring into a wooden box for pupation
and further adds that the adults on emerging continueq
to bore through to the outside. This raises the
question whether the beetles, larvae or both can play
the roles of wood destructorg. .

It is known that the Ptinid Niptus hololeucus

can attack wood previocusly damaged, and wool and simi -

lar fabrics impregnated wifh grease.

The following Ixperiments with Ptinus tectus
were carried out :-

Experiment 1.

15 larvae kept'in an observation box with pisces
of verj hard wood with smooth surfacas from a block
previously attacked by wood=boring beetle sp. In a
few days several larvae were noticed on the floor of
the box covered with fréss. . Later aeverai long,deep
irregular grooves were made through the smoéth sur-
face of the larger pieces. " The smaller pieces wera
reduced to a fragile powdery mass and a considerable
amount of frass was produéed as a result. | The groove
referred to were quite different from the regﬁlar
shaliow oval chambers bitten into the wood for pupa-
tion purposes. I

Young larvae when kept ﬁnder similar conditions
soonér or later died, doing no damége to pieces of
wood. 'Unlike the older larvae, however, the adult

beetles /
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beetles did no damsge to pieces of wood of the same
origin.
The fact that Carpenter records it eating holes

in carpets suggests that Ptinus tectus can do damage

to woollen material.

Experiment 2.

‘Four observation boxes with the following content

1. With 15 beetles and unsoiled pieces of woollen mates
5, dioe . dow o do. silk materiz
3 do. and pieces: of wool and silk soiled

with animal fat.

4, do. and pieces of wool and silk soiled
with olive oil.

These were examined after abhout one month. No
sign of damage to the material was noticed in any of

the boxes.

Experiment 3.

Three boxes with contents as follows:-

1. 10 larvae and pieces of unsoiled woollen material.
2 do. do. unsoiled silk material.

3. do. do. wool, gilk,and sweetened

biscuits(on which the larvae

are known to feed).
The larvae were nearly full grown; the materisl
was of the same origin as that given to the adults.
The bhoxes were examined after a‘period of about
four weeks when it was found that in all cases the
larvae ate several émall round holes in the wool and
8ilk material.

The /
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The above Tixperiments lead to the conclusion , :'é
that Ptinus tectus in the adult stage does no damage ; ;
| to wood, wool or silk material. The larvae, however, ; -
at least the older ones, do considerable damage to iqg
wood previously damaged, as well as to wool and silk %
material. i i
: £
EXTERNAL _ANATOMY. B
The EGG. - nl; ' | igﬂ
The egg (P1.I Fig.l) is oblong oval in shape, - ' | i‘é
opaque, milky whits and shihing when newly laid. | ? f
Bges vary somewhat in'shape and size, some are more ? j
glonzate than othérs. As thc time of hatching ap- ‘i
proaches the egg loseé its éhininess'and becomés { ;
rather transﬁarent, so that the larval heaa and man-  %.

dibles can be seen through the shell. Viewed with
a hand lens, the egg looks smooth, showing no patterr].:
Under the high power of a microscope, however, it

shows a roughly hexagonal pattern.

l'easurements of Fifteen Tggs :=

Tength |Breadth |Length |Breadth |Lenmgth |[Breadtn

.53 mm. .30 .52 3 .49 =3 |

.6 e B .3 4 BT %
; .57 .29 | .5 .29 45 | .25 i
.56 30 i ee BB ol el B A3 |
55 S .25, .46 $33 ; “‘

Thus the size varies from .4 x .25 mm. to .6 x .29 mn.

b

the /
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the first laid eggs being of a larger size.

The eggs are laid singly; they are covered with
a sticky secretion so that they are commonly found
adhering to particles of food mmtqrial and pieces of
debris; they break easily when an attempt is made to
free them.

The larva 1ies‘doubled up inside the shell.

Hatching: When the larva is ready to emerge,
it bites a roughly circular hole in the shell , and
by pressing its body agéinat the walls of the egg the
shell is split along the long axis; finally,_thé larv:
backs out of the egg. After emergence, the egg-shell
still retains its original outline; often empty egg-
shalis are mistaken for whols éggs.

The Newly Emerged Larva is a small, hairy grub

with a wrinkled body and 3 pairs of tho;acic legs.

It has a dull, rather transparent cuticie so that the
alimentary canal can be seen through it. The head is
proportionately 1arge,'extehding beyond the outline o

the body which is fairly densely covered with hair,

increasing greatly in length at both body extremities!

The outline of the segments is clearly marked; the
spiracles are so minute that it' is difficult to make
them out.

The head differé ih colour from thut of the full

grovn larva. In the first stage larva the frons and

genae /
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16. :
genae. or cheeks have the same colour as the epicranium 'é %?
which is straw coloured. In the older larva the frons : ;Efé
and genae are dark reddish brown in colour. éi
The head measurss .25 mm. across; the body mea- 11?;% ;
sures 1.0 mm. long and ..23 mm. broad. i‘
i |
The FULL GROWN LARVA. in
The fully developed larva (P1.I. Fig.2) is a !
fleshy, hair& grub with a cu;#ad, deeply wrinkled 2 | ' Tt
; body. The dorsal surface is markedly convex; while 3 ;
: the ventral is flattaﬁed, with the quy bent in_d' | |1ﬁ
semi-circular manner, almost cylindfical in cross  15?
section, The posterior part of the body is abruptly -;;, . é$?£
rounded off. The body colour is yellowish whita; e . %;' ff; 1
glistening, clothed fairly densely With fine outstand- : f_? -?;% e |
ik ; ing hairs which reach their greatest @ensity-aloﬂg i ' 'Eé ;g
i the last abdominal segment. The colour of the head :f 5%
% approaches that of the body. : Ak  ;;€:L' : r&?
Length Breadth ' Length Breadth ' g
: , in mm. = in mm. in mm. in mu. : ig
Bu5 i toReBeh i B P04 75 :
5.65 1.5 ek ' l.4& M it
5.5 1.8 6.0 1.75 - 8 il
; The above figures are.only approximate. As the é%
larvas are bent in their natural position this doss ?§ 
not anabie their exact length to be daterminéd. If f:' i3 . ?g
the larva be stretched, one is apt td ggt fictitiously .  ;' ot éé
large figures. . : "i%
o ' The / J |
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The larva is made up of a well marked chitinous

head capsule and twelve segments. The posterior por-|

tion of the head is deeply sunk into the first thor-

acic segment. 4

The three thoracic segments are larger than the

R T T R T e e

T i

abdominal (with the exception of the last). The first{

I

eizht abdominal segments are of equal size; the 9th

S

B i

PR

is the largest. The last abdominal or anal segment
E consists of three lobes surrounding the anus, the

oﬁening of which is on the ventral fac¢e, and is marked

by a red crescentic shaped area which stands out pro- i g
E minently froq-the pale cuticle. é ?-55
3 The larva moves very élowly using the anal seg-  §:
ment ag an organ of locomotion. %
Legs: There are Thiae prairs.of legs. Bach leé ?J@
1

(P1.I. Fig.3) shows the following parts :- Coxa, tro-

chanter, femur, tibia, tarsus with a strong -claw.

‘Spiracles: There are one pair of prothoracic

] and eight pairs of abdominal.spiracles; There are . i
é no spiracles on the last abdominal segment. The ; ;%1
i thoracic spiracle is the largest, measuring .21 mm. ih gﬂ
E diameter. The abdominal spiracle measures .15 mn. ' ?
? : The abdominal and thbfacic spiracles are biforous, |

i.e. each having two contiguous openings separated by
a partition; one of the openings is round in outline,
the other elongate with a rounded end, and measures

+12 mm. along its long axis.

_ The /
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The abdominal spiracles (P1.I. Fig.4) are diffi-

el s s

cult to detect in fresh specimens.

e

The Head (P1.I. Fig.5) measures 1.0 mm. in dia-

e

3 meter. Viewed dorsally, it is almost spherical in - ¥
outline, fairly thickly covered with fine outstanding ;-3

hairs. It shows the following parts :=-. : | E
The evwicranium (Et) occupies about three quarters d i RE2

of the whole area of the head, with a medium groove
running along its. whole length. This groove is

called the epicranial suture (Ets). When moulting ? -
takes place, the larval skin'splits along this suture |
; Anterior to the epicranium is the Egggg(Fr) of a dark ' Eéih
reddish brown colour. The antérior part of the frons 1H

: : ; fi
is darker in colour than the posterior where the mar- E

gin is wavy. The surface of the frons is not smooth

but is intersected with linear dapressions. Anterior LA T i
to the frons is the epistome (Ept) a raised thick band
of chitin of the same colour as the neighbouring por=-
tion of the Frons. _

‘ Anterior to the epistome is the clypems(Cly) and

adjoining it is the almost hemispherical labrum(Lbr). I

e G

s The very deeply coloured, highly chitinised mandibles

(n) can be seen on either side of the labrwn,which, iﬁi

along with the clypeus, partially cover the inner ; | ?
margins of the mandibles. These meet along the
median line when closed and move laterally. Y- I;;'

When the head is viewed laterally, the antennae(A) I :

can /
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can be clearly distinguished,  each situated on the
extremities of the anterior border of the the frons,
~dirsctly behind the mandibles. They are very minute
and sunk in pits. 1ach antemna(Pl.I. Fig.6) is made
of two segments - the basal jsshort, wide and pale in’
colour; the terminal, of a lightar;reddisﬁ brown than
the frons, conical in shape and without RELEE b other
sensory structures.

Lateral to the antennal pits, on either side of
the head, are two raised tubercles which stand out
more prominentiylthaq the frons. These are ocelli
(PL.I. Fig.5,0). Fowler, p.178, V.iv. states that
in the Family Ptinidae,.larVae have no ocelli, but
this is most certainly incorfect for this species.
The ocelli, four in number, occﬁpy an extremely antarbl'
lateral position, and it is probaﬁly on this account |
that they have been overlodked. . I

The ocelli can best be seen if a fresh larva is
examnined under the microscope, with the reflected -
light shut off and the transmitted light used. The
ocelli can thus be clearly seen as four luminous
spots, two pﬁ either side of, the mandibles laterally.|
Or, if a larval head is boiled in'KoH, washéd, stained
and the sides spread and mounted for microscopic
exaﬁination, the ocelli can be seen protruding beyond
the level of the frons. The light is transmitted

through the anterior convex portion, i.e. the "lens"

of /
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the dorsal surface there is a groove running almost

of the ocellus.

Bordering the antennal pits laterally, the
colour of the frontal patéh disappears, assuming for
a narrow strip the general colour of the epicranium.
The colour sppears again on the genae or cheeks.

The mouthparts are as follows :=

The epistome(P1.I. Fig.7,Ept) a narrow strip of
chitin with a wavy margin, much darker in colour than
the frons to.which it is fused.

The clypeus(Cly) a broad transverse area about
twice as broad as long, and aimost devoid of hairs;
it islfusad with the iabrum and has two Y-shaped
chitinous supports. The two limbs adjoin the labrum
while the single one adjoins the epistome.

The labrum(Lbr) semicircular in shape, nearly

as broad as long, ccvered with small stiff bristles

which reach their greatest density along the anterioy .

and lateral margins.

The mandibles (P1.II. Fig.l);each mandible is a
strong, robust, highly chitinous structure, almost
black in colour; roughly triangular in outline viewed

dorsally, quadrilateral when viewed ventrally. On-

parallel to the lateral border of the mandible. The
inner or cutting edge is produced into three blunt

teeth, the apical being the largest. 'On the lateral

(outer) /
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(outer) margin of the mandible, there is a tuft of
outstanding bristles. Tach mandible is worked by two

muscles - the extensor muscle(Exm) which is long and

thin, attached to the #lorso-~lateral margin.of the

mandible, and the retractor muscle(Rt.m) attached to

the ventral surface, this is-the'stronger and broader
gf the two. Hach mandible afticulates in a ﬁit in
the epistome.by means of a strong round dondyls(Co).

g st Ilan [PLaIT. Figad).  THons ord s
outermost parts, lying on either side of the labium;
each is composed of the following sclerites:-

(a) The Cardo(Ca); & chitinous, roughly triangular
plate, articulating with the head capsule and
bearing a few lateral bristles.

(B) The §§;ggg(8ti); a broad sclerite, articulating
with the distal border of the Cardo and bearing

numerous long hristles.

ing the maxillery palp(Mxp) a sensory structure,
composed of three joints, the basal two are short
and broad with a few bristles and sensory pits
on their surf%ce, while the apical joint is elon-
gated and bears at its distal end sensory pits
and papillae‘arranged like a crown.

long, outstanding, curved bristles which give it

a comb-like sppesrance.

(e) / S

(c) The Pulpifex(lixf); a feebly chitinised arsa carry-

{g}
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(e) The Lacinia(la) is a narrow toothed sclerite,
situated inwardly next to the Galae .
The Iobium or fused second pair of maxillae rhade

up of the following pérts Ly

(2) Submentum(Sme) a large, rather feebly chitinous
sclerite, bearing numerous ldng bristles.

(b) Mentum(Me) has two well chitinised 1aterai areas
which stand out mQre prominently.than tﬁe medial

area.

(¢c) The Labial Palpifer(Lf) carries a pair of labiszl
palps(Lb.p); dach palp is composed of two joints|
a very narrow basal one and an elongate apical

one. Between the palps is the ligula(Li), a

narrow lobe closely studded with minute bristlesQ

THE PUPA.

(P1.IT. Fig.3). 1 'I. A

The pupa is soft and easily crushed.

Colour: .At first shining white, thﬁs differing
from the larve which is yellowish white. As ‘the pu-
pation period advances, the pupal colour darkens intg
a light golden, and finally into a dark golden colour.
o The eyes are the first ofgans to become marked
as two blackish spots, then the mandiblas.

The pupa measures from 3.2 mm. to 4.28 mm. long
1x 1¢4 mm, to 2.0 mm; at itsvproadest ﬁoint¢ |

The /
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The EE%Q(H) is strongly bent beneath the pro=
thorax, so that it cannot be seen when the pupa is
viewed dorsally. The antennas(A) arise from the fron
of the hcad between the eyes(By) and are directed
backwards along the sides of the body, passing behind
the femora of the first and second pair of'legs, the
terminal antennal joint lying near the outer mafgin
of the Hlytra(®l) above the femur of the 3rd pair of

legs. Viewed dorsally, the various division of the

body (except the head) can be seen.

The Thorax has a median groove running along its
whole length; its sides are produced into two lateral
protuberances. On the sides of the pronotum there
are s few spines. :

The scutellum, which is nearly triangular in
outli;e, can be seen at the posterior end oi the meta
thoracic éegment, and a fairly wide, longitudinal
scutellar groove ig seen on the metathoracic aegmenf.

There are 9 abdominal segments, each bearing a
few short spinés; A.fairly long spinal process is
borne on the posgsterior margin of the 9th tergite.

Number of Spiracles. There are two pairs of

thoracic spiruacles occurring on the meso and meta
thorax. The abdominal segments bearing spiracles

are the lst to 7th inclusive.  The total number is

therefore nine pairs.

Viewed ventrally, the head and mouthparts are

clearly /
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clearly distinguishable; anteriorly lies the vertex
(Ve), in the centre the frons(Fr) and on each side

the genae(Ge).
The Mandibles(ln) are attached to the frons;

between them is the labrum(Lbr); below the mandibles

are the labial palps(Lb.p); in the centre and on

each side the maxillary palps(Mxp.).

The first pair of legs is attached to the pro-
thoracic segment, and show the various parts, viz.=-

(C)
Coxa,?femur(F), tibia(Ti) and tarsus(Ta).

The legs are folded underneath the body. The
femur and tibia of the first and second pairs of legs
overlap the elytra which obscure the 3rd pair ofllegs
The elytra arise from the mesonotum, extending in a
postero~-lateral direction with their apices underf
neéth the body at the end of the fifth sternite.

The wings are attached to ﬁhe metathoracic segment
and are flat against the undersurface of the elytfa,
;their fips projecting beyond the margin of the latter

Ixternal Sexual Difference between lMale and Fama}g

Pupas.

There is a strongly marked difference between

‘msle and female pupae. On the ventral face of the
last ;bdominal éegment of the o’ pupa (P1.TI. Fig.4)
thers are two contiguous knoh-like projections which
are invisible dorsally. The female pupa(Pl.II.Fig.5)

has in_the same pogition two round projections, with

two /
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two finger-like processes arising from their centre. f éié ﬁ
' . o
b These finger-like processes probably form the ovi- E- ; :
\ I+ Et i
positor stylets in the imagines. These sexual differd i Boid 8
|| #es) &
ences were verified by isolating pupae possessing the :h,;-é E
respective characters referred to, breeding these to i: %’J %
: I° s 8
maturity and subsequently dissecting out the repro- E- ?'; i
ductive organs. ‘ ' iﬁ %}E a
Measurements :- ii v
_ _ c ! i
i Female pupae - |  Male pupae ; | J.‘i
Length [Breadth | ‘TLength. [Breadth ' e
in mm. in mm. - in mm. in mm. B
y : 1
3.68 1.8 - 3.40 1.4 i "
; - fir B
3.76 1.58 3.40 1.6 g
3.92 1.96 R %o e B B ‘
3.80 1.68 g0 T8
3.88 1.82 3.60 1.68 I
a6 et #2586 4.28 2:,0' il
32 1,60, 3.6 25605/ : i!i
Thus, speaking generally, female pupae are ii!ﬁ
slightly larger than mzle pupae, though occasionally §1i_
g ' {50 R
3ﬂpupae are larger or equal in size to the females. Hil! g
~ L
1
ADULT iz 8
‘ (PL.III. Fig.l) : - .
, [ et il 2
| . : i i
Head (P1.TIIL Fig.2). : | " &
| IHER
The head is strongly bent beneath the prothorax | . : R i k
and is roughly triangular in outline when viewed dor=- iy'i :
: . L :
Y sally. The posterior part of the head is deeply sunk Eiii i
: SN §
v X filiha
: into / ' b | E
i e, A e :
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into the prothorax, the margin of which overhangs the

vigible portion of the head. Close to the margin of

e e A . 53

the prothorax is the gpicranium(Tt) with its median,

\ |l i
|
|
{
|

longitudinal epicranial suture(Bts.) dividing it into

two epicranial plates. Laterally are the compound ;

eyes(By) which take the form of two prominent tuberclds

almost black in colour. Between the eyes are the

antennae (A) which are almost contiguous at base and

are composed of eleven joints in both sexes(P1.III.

Fig.3), the basal and terminal joints being the lar- 5 égf i

gest; the intermedia?e ones.are of equal dimensions. s § 5
joint ' e B
Fach antennal/arises from the preceding one by a’' shor]

,__r

neck(P1,TII.Fig.4,N). ; _ i

Adjoining the epicranium is the-Egggg 0= Ol SRR :ﬁ
Fig.2,¥Fr.) whibﬁ starts between the antennal bases.
It is not a flat structure, but has a median raised
triangular area, the apex of the triangle iying between

the bases of the antennae.. Adjoining the raised area

on either side are two oblique grooves for accommo=

dating the basal portion of the antennae which are

directed downvards at rest.

Anterior to the frons is the Clypeus(Cly), a

narrow, transverse structure marked off from the frong il
!

by a suture, its anterior border being emarginate,

overhanging and partly concealing the labrum and the
bases of the mandibles.

The Labrum(Lbr) is retractile,at rest, only a H

narrow /
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‘roof of which is formed by the strongly" concave under

27,

narrow portion of it can be_seen; its anterior border
is thickly set with fairly long bristles. The labrum
overlies, concezling the sharp inner dutting edges of
the mandibles(Mn) whose upper surface at this region
is excavated to acconmodate thg labrum.

The }Mandibles are convex structures dorsally,
their tips overlapping at rest. . "

Looking at the head laterally, the genae are
seen on either side of the head. They are separated
from tﬁe fronto=clypeus by a suture; their antero-~
lateral portion, adjoining the ciypaus; is swollen
into a pouch-like projection fo accommodate the
maxillae when retracfed and to allow'fbr the lateral
movement of the mandibies. . :

If tha head is_separatéd from the préthorax,,its

posterior hidden'portion is revealed; it is much

lighter in colour and has a smooth surface, not coverdd -

with pubescence like the rest of the head. The epi-
cranial suture reaches as far baqk as the posterior
margin of the head capsule which is round in‘oﬁtline.
Looking at the head of a living specimen ven-
trally, the labium and mexillae with their respective
sclerites can readily be seen with a binocular micro-
scope. During periods of inactivity, these struc-

tures are withdrawn into an arch-like cavity, the

surface '/
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surface of the mandibles and the sides formed by the

gehae or cheeks as described. The points of articu-~

lation of the maxillae and labium with the head capsujle

act like "ball and socket" joints, allowing these
barts to be withdrawn and partly sunk into the buccal
cavity, so that when the head éf a quiescent or dead
specimen is examined ventrally the only parté that
can be seen are the maxillaiy and labial ﬁalps, the

rest of the parts being obscured.

The Labrum (P1.IV. Fig.1).
A slightly flattened sphe:ical structure proadar
than long (.16 mm. x .12 mm.), its front margin is
lighter in colour than the rest and is clbseiy fringec

with fine, long, outstanding bristles.

The Mandibles (P1.IV. Fig.2).

Highly chitinous, almost black in colour, stmngj
convex dorsally. Their inner or cutting edges are
produced into two sharp teeth, the apical of which is
the mofe promipent having a marked 6Ur?aturé. On

the outer margin are a few shortlbristles. The man=

dibles articulate with the head by a prominent globu=

lar condyle(Fig.2,Co) and are worked by two sets of

muscles, the inner being the broader.

. The Maxillae (P1.III. Fig.5). .

Divided into b

1.|/

y e ‘
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1. Cardo(Ca), a roughly hemispherical sclerite, ar-
ticulating with the head capsule, with long
bristles scattered over its surfacs.

Articulating with the outer border of
the Cardo is the

2. Stipes(Sti), a triangular sclerite covered with
bristles, and bearing oﬁ its outer of laterall
border the palpifer, on its inner border the
parastipes.

3. The Palpifer(Mxf.), a slightly backwardly curved,

| subpyriform a?ructure, narrowed proximally,
broadening distally, its surface is scattered
ovef with bristles. The palpifer bears two
structures, viz.- the gaﬁ%e and the maxillary

Pralp.

4., The Maxillary Palp(lxp.), arises from the inner
- margin, just before the apex of the palpifer.
It is four-jointed; Fhe first dr basal joint
ig long and narrow and slightly curved, the
2nd and 3rd are smaller but stouter, the api-
cal being the largest nearly as long as the
preceding thres, its apex bearing sensory
[ papillaa. Just below the origin of the palp
arises o shelf-like process which carries thg
galae.
5. The gg%%i(Ga), a, two-jointed structure. The basal

joint is narrow and transparent, the apical

dark /
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dark in colour,and carries a patch of very
closely set, long, curved, dark golden bristles
which overhang, snd can be distinguished from,

those of the lacinisa.

6. The Parastipes(Pa), distinguishable as a distinct
sclerite, narrow proximally, greatly broaden-
ing distally; its outer portion(adjoining the
8tipes) is much darker in colour, consequently
more highly chitinous than the inner portion.
The .pa.x.‘astipes carries the

7. lacinia(La) whicﬁ terminates in a row of 6loselyl
placed, golden brown, short, curved briatles{

The Labium.

Divided into :=-

Submentum(Sme), a fairly narrow transverse scierite

' attached to the froht margin of the gular

plate.  Above the submentum'is the

Mentum(¥e), a triangular, hédvily chitinous plate with
a concave outer surface bearing bristles.. In
the middle there is a kidney-shaped ﬁambranoue
area, the borders of which arelvery dark; this
is pfobably the hyﬁopharynx.

/‘ .
The labial Palpifer(Lf..) is a feebly chitinous ares

beset with bristles, carrying the three jointe
labial palps; between these is thdligﬁla(li.)

densely clothed with minute bristles.

The Gular Plate(G.p.) can be:seen occupying a median

pogition /
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position on the ventral side of the head. On ' I
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either side of the gula are the genae(Ge).

The surface of these structures(gula snd genaé )

does not bear bristles snd presents a beauti-

fully corrugated appearance under the micros-
cope. These corrugations appear on the sub-
mentum and mentum, the surface of the latter

bearing bristles.

T h o Fa X .

The Prothorax (P1.IJII. Fig.l,Pr.). The largest

of the thoracic segments and is the only part visible
externally (with the exception of the scutellum of
the mesothorax) when the elytra are closed. It is
freely movable on the rest of the thorax, with a

median groove running along the whole of its dorsal

surface. Its sides are prominently produced. The
pronotum is made up of onse single sclerite; the pleursle
are likewise, not sub-divided, there being no suture

marking off the notum from the pleurae.

Ventrally, .the prostarnum carries the first pair

of legs; it is a narrow sclerite ending in a prominent

blunt process on e=ch side of which are the coxal

cavities.
In the prothoracic legs (P1.V.Fig.l) the Coxa(Cx)
is spherical, covered with palish pubescence. Follow-

ing the coxa are the trochanter(Tr) also round in out+

line /
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line; the femur(F) clavute; the tibia(Ti) elongate;

the tarsus(Ta) composed of five segments, the first

larger than the second, third and fourth. The lasi- ﬁiirwl.w““&$

thxree-are of equal size; the fifth is long and slender | |
; : |
and- bears dewhle claws(Cl.). - . Tirﬁﬂf i
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The Maesothorax.-
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The Mesonotum (P1.IV. Fig.3) measures .4 mm. in

diameter. A highly chitinous structure, the colour

i S
s Sy

being light golden brown; almost completely hidden : |

|partly by the pronotum and partly by the elytra when

closed; it is differentiated into:-

i

Prescutum, BScutum and Scutellum.
The Prescutum(Ps) occupies a narrow anterior area.
Behind the prescutum lies the Scutum(Sc). Its anterod

i

lateral corners are produced into pointed processes

known as the prealar processes(P.p.) which articulate

with the base of the elytra, while. the postero-lateral
corners of the Scutum are produced into two blunt
processes(p) which/articulata-with the base of elytral . Qéoﬁ/_

The Scutellum(Scl.) occupies a median position

terminating posteriorly in a prominent, dark coloured,

sub-cordate process, commonly referred to as the

'Scutellum', which ig the only visible porfion of the

|mesonotum when the elytra are closed

f ( Beneath the 'Scutellum' and on either side of it

i
b
;'.;
E
it
|; :I
|
i
E

are two dark coloured lobes called the postergites(Pt].

Arising from each postergite is an elongate process,

called /
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called by Snodgrass the yoke plate(Y.p), which articu
lates with the meta-prescutum.

Ventrally the Mesosternum (P1.V. Fig.2,Str.2) is

seen; it is differentiated by a well marked suture

into an anterior portion called the 'Basisternite

(Bs.?), and a posterior called the Furcasternite(Fs.2|)
The Basistefqite is a large median p1a£e, in the
middle of which there is a triangular groewe-
The Furcasternite is situated behind the Basi-
sternite and consists of a median lobe with a pair of

lateral excavations, ths coxai cavitias(cc.z), on

either side; into these the mesocoxas(Cx.2) are attached.

The Furcasternal Apophyaqg(F.a) arise from the

antero-mesal corners of each coxal cavity ventrally.
The coxae are spherical co#ered with pale pubescence:
situated on the transverse suture markipg off the b
meso and metaéterna which are fused. The suture

referred to is ventral.

The lfesopleurae consist of a pair of triangular
plates on either of the mesosternum. These are -

The Episternum(Eps.2) and the Epimeron(Tpm.2).

The Iipisternum is a convex plate adjoining the
lateral margin of the basisternits; it is-prdduced
antero~laterally into a pointed process which articu-
lates with the ventral base of the elytra.

The Epiméron is a smaller tfiangular plate,

lateral /
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lying most anteriorly and sloping ventrally; its an-

34.

lateral to and adjoining the episternum; it gives

support to the middle pair of legs.

Metathorax.

Much broader than the mesothorax. The dorsal
surface, termed the metatergum; fhe véntral, the
metasternum. . |

The Egig&gﬁggm (P1.1V. Fig.$) measures 1.2 mm. if
diameter. ﬂifférentiated into :- |

The Notum(No), & broad, convex, chitinous Btrucs
ture, semi transparent, except for the dark coloured
ridges marking off itg various parts.

The Postnotum(Pn), a dark coloured, narrow, transg
verse band lying posterior to the notum.

The Notum shows the foilowing sclerites t=

The.Prescutum, Scutum and Scutellum.

The Prescutum(Ps), a narrow, transverse area

terior and latéral margins are dark in colour, being
highly chitinous, the rest being'feebly chifinous'and
consaquently much lighter iﬁ colour. The middle por-
tion is shaped for the reception of the mesonotum. On
gach side of tpa median line are tﬂo.convax lobes,

the prephragma’ (A.p.). ILateral to these, on either

side, are two pointed processes, the lateral arms of

the prephragma of Hopkins(D). These processes arti-

culate with the yoke plates of the mesonotal postergite.

Proceeding /
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ranged in a triangular form.

35.

Proceading laterally, on either side, are two
promingnt round processes, situate on the oblique por
tion of the prescutum, these are ﬁuscle discs(M.d.).
The extreme lateral margins of the prescutum are
curved posteriorly, ending in a pointed process, in
intimate conqection Wifh the lateral margin of the
scutal lobhes. Closely applied to the luteral end
of the prescutum is a tfiangular process,
notal wing process'(A.N.P.) which articulates with
the first axillary sclerite of the wing. The pres-
souhn D separated from the scutum and scutellum by
a light coloured membranous area(M.a.).’

The Scutum and Scutellum are situated posterior
to the Prescutum, the scutellum occupying a median

position, dividing the scutum into two separate plate

the Scutal Lobes(Sc.t.).

At the middle of the scu-
tellum there is a U=-shaped depression ‘The Median
Groove'(M.G.N.) of the Notum, the sides of which are:
dark colouraed, highly chitinised ridges. At its an-
terior end lies a dark area with minute bristles ar-
This area lies in very
close proximity to the scutellar process of the meso-
notum. The posterior portion of the median groove
reaches as far down as the postnotum; On aeither side
of the groove, internally, is a triangular obliqué
These grooves are called by Snodgrass the

groove.

Tntodorsum(En). Anterior to the medion groove

thers /
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there is a transverse dark chitinous band, the

transverse ventral ridge(T.V.R.) of Snodgrass, a

s branch of this on either sids marks off the scutal
g from the prescutal 1obasCPa1h1though the entodorsun
.and the transverse ventral ridgelara internal struc-
tures, yet they are visible externally. There is a
faint ridgé running diagonally along the Béutal lobes|,
along the ridge, and on this there is a group of

minute bristles.

The extreme lateral margin of the scutal lobes

. MR S

is produced into a pointed process, the Posterior ' 14

notal wing process(P.N.P.) which articulates with the |

third axillary sclerite of the wing.

g

Ths Fostnotum (Pl.IV.'Fig.4,Pn), 2 transverse

strip of chitin, dark in colour, situated posteriori
to und attached to the notum. Laterally, it bears

two processes on either sgide. The inner process is

simple, directed ventfally‘and is in intimate con-
nection with the first abdominal tergite which lies
above it. The outer process is curved and is attached
to the dorsal surface of the membranous meta=-epimerum|
Between the two processes is situated the first ab-

dominal spiracle. ki

The Metapleura

Tach metapleur+ﬁ (P1.IV. Fig.5) consists of two I R4 il
k

aplerites one above the other . The upper one is

3
called / . ﬁ
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called the epimsrum(Bpm.), it is transparent and
feebly chitinous and is hidden when the elytra arse

closed. The lower sclerite, the episternum(Eps.3d),is

well chitinised, adjoining the sternum and is partly

visible when the elytra are closed. The episternum

is made up of two areas; the lower is strongly chiti-

nous, the upper'being semi-transparent andlfeably
chitinous. The former area is visible when the elyt
ars closed, the latter is hidden.

Arising from the episternum is a chitinous Y-

shaped process, the Parapterum(Pat.) which articulate:

with the heads of both costa and subcosta. The

of the spisternum, terminating anteriorly in the

Pleural wing process(Fl.w.p.) which articulates ﬁith

the first axillary sclerite of the wing, and poster=-
iorly in a coxal process clbsely.appliad to ihe meta-
cOXa, .

The Metaste rnum.

The Metasternum (PL.V.Fig.2,Str.3) is a large
plate of chitin, situated posterior to, ﬁa.nd fused
with, the mesosﬁernum. It is differentiated into
two regions, viz.- the bagistsrnite(Bs3), anteriorly,

occupying almost the whole area of the metasternum,

and the furcasternigg(Fs3) postariorly, occupying a

small area at the posterior margin.  The furcaster-

nite consists of a median lobe with an elongate,

excavated area on either side, these are the coxal

cavities./
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cavities. Arising from the furcasternite internally
is a furcal apophysis composed of one single stem
branching anteriorly into two long curved arms.

The coxae(Cx.3) are very elongate, reaching up
to the coxal process of the episternuﬁ.

The Thoracic Spiracles. Therae is in the adult,

as in the pupa, two pairs of thoracic spiracles,
occurring on the meso and metathorax. No spiracles

are present on the prothorax. Careful dissection is

necessary for locating the spiracles as they are situ
ated between the pleurites.

The mesothoracic spiracle(Pl.IV.Fig.6,Sp.2) is

situated on a membranous area between the meso-epister-

hum(Eps.2) and the basal porﬁion of the elytra.

The metathoracic spirac;e(Pl.V.Fig.Z,Sp.3) occurs

between the meta-episternum and the meso-epimerum.

Alary Polymorphism.

Kigsenwetter and Seidlitz(1877),quoted by Miss
Jackson (Trans.Roy.Soc.Bdin.Vol.LV., Pt.III. No.27,
p.721), state that in the Ptinini the hind wings are
frequently reduced or entirely absent, either in both
sexes or only in the females. |

In the course of dissections of Ptinus tectus,

it was found that all the individuals dissected pos=-
sassed wings; some have large well developed wings

folded underneath the elytra, others have reduced

wings /
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mens were examined for the condition of the wings,

39.

wings lying alongside the abdomen under the elytra.
It is those syecimena with the large wings that have
been referred to as spreading out their elytra and
making leaps by means of their outstretched wings.
Occasionally, specimsens are fouﬁd with the tips of

the wings protruding from the apical portions of the

elytra. In order to investigate this point 112 specii

and in addition disgsection of the reproductive organs
made to find their sex. The result is given in the

following table :=-

ERS

Brachypterous Macropterous Intermediate,i.s.
(reduced wings) | (well developed | one long and one
wings) short wing.
] o 9 i Q o7
42— |- 49 10 s A 453

|One of the female specimens examined had one brachyp-

Thus, 12% of the spécimena examined possessed
fully developed wings. Referring to the tablé, it
is interesting to note‘that‘¢ females and 3 males
posgessed different types of wings, i.e. a fully
devalopad or macropterous wing on one side and a reg-

duced or brachypterous wing on the other(P1.V.Fig.3).

terous and one large macropterous wing. This was much
folded and could not be flattened out. This type of

wing reduction is, as far as the writer is aware,

unidque 4




occurrence of this reduced condition could be traced

unique amongst Coleoptera. No records of similar

in the literature.
The occurrence of both types of wings on the ong

individual probably represents the transitional form

between the fully developed and the reduced condition.

No difference in the genitalia of the:two forms
could be detected and, as would be seen from the
table, the variation‘is not connected with sex.

I _ The only outward differencs that could be detsc-

)._!— t{‘b\‘{ T
ted bwteen the two forms is the degree of chitinisa-

h6
tion of the metatergum of the two forms;in the barchyp=-

terous aspecimens the metatergum is not as strongly,
chitinous as it is in the macropterous specimens.

Measurements -

Macropteroustﬁing - Brachypterous Ying.

Greatest| Greatest Greatest|[Greatest
length.| breadth. length. |breadth.
3.5 mnm.! 1.0 mm.- 2.5 mm. | .4 mm.
4.7 1.6 2ab 5
5.0 1.5 B ¢ 45
4.0 1.2 25 .4
5.0 Lah 2.5 4
4.2 L 25 23 .55
4.8 1.5 2.4 .5

It would be seen that the macroptsrous wing
varies greatly in size, while the brachypterous is

remarkably constant, the latter wing being roughly

half the dimensions of the former.
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The Venation of the Macropterous Wing(P1.V.Fig.4).

All the principal veins, viz.- the Costa, 8Sub-

costa, Radius, Media, Cubitus, Anal, are easily recog

nisable, the last, however, being very indistinct in
unstained specimens but can be easily made out on
staining. The anal areaﬂAa) is well defined.

The _C_o_s_ht_a:(f:’;s) a distin'cf., fairly shor_lt. vein aris+
ing from the wing base and running along the anterior
margin for a shbrt distancs. It ends in a prominent
curved head(H.cs.) which articulates with the parap-
terum of the met&-episternum. The costa 1s connected
to the subcosta by a prominént chitinous hook.

The Subcosta(Scs.) about twice the length of the
costa, arises from a prominent head(H.Scs) below the
cosfa SR b runslalong separately for a little distancq
and then very close to the costa for another short
distance, going much further than the costa, till it
.fuses with the radius. 'fhe head of ti'le subcosta ar=-
ticulates with the posterior process of the parapterum
of the meta-episternum (P1.IV.Fig.5).

The Radius(R) has its basal portion closely ap-

plied to the subcosta and its head, and has a Y-shaped
pfocess(Pl.Iv.Fig.?,P) the two arms of which are dir-
gcted towards the base of the wing. The anterior arm
is closaely applicd to the subcostalhead, while thse

posterior arm is connected with the radial plate of

Hopking /
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Hopkins (P1.IV.Fig.7,R.P.) which arises from the

sacond axillary sclerite of the wing. The radius
merges with the subcosta#vein, continuiﬁg along the
costal margin for some distance, up ﬁo about the
middlé of the wing, becoming expanded into a black
triangular area, then for a short distance directed
béckﬁards and finally curving forwards formiﬁg the

recurrent radial vein (P1.V.Fig.4,R.R.) which lies

in close proximity with the short branch of the
media. '

The Madis, (Pl.v.Eig.4;M.) is the most prominent
vein, being much darker in colour than the others.
It arises at the basal portion of the wing, balow
the radius, without going as far back as the latter.
It'is connected with the radius by a dark wg?y strip
of chitin, continuing its course behihd this point,
becoming much fainter and finally uniting with the

mediul plate(Pl.IV.Fig.7,M.P.). The media runs

e

along the middle of the wing, terminating at the anal

epd. Before its términation it gives off a curved

branch which lies very close to the recurrent radial.
The Cubitus (Pl.V.Fig.4LQu.) arises from the

3rd axili#ry wing sclerite. It is connected with thd

media at its base by a thin strip of chitin arising

from.the medial plate. At its basal portion it di-

vides into two parallel branches which run along for

some /
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some distanqe gnd then unite for a short distance,

dividing into three branches which reach the an#l
margin. While the cubitus is typically three-branchgd,
yet occasional specimens are met with with a three-

branched cubitus in the one wing, and a four-branched

cubitus in the other, such branches giving off two

or more secondary branches near the anal margin.

The Anal(.A.V.) is.a short vein running along

the margin of the anal area.

The spical area of the wing is completely devoid

' of veins.

The Brachypterous Wing (P1l.V.Fig.5).

The apical area isg very much reduced and trun-
cated. The anal margin is continuous and not differ=

entiated.into a distinct anal area as in the case of

the well developed wing. Some reduced*wjngd are flag,

others have transverse creases along their surface.

T

The znterior margin is indented at a point about the
apical termination of the costal vein.

The Veins - The Costa(Cs.), Subcosta( Scs.) and
Radiué(ﬁ) are clearly seen, following the same course

as in the maérépterous wing. The black triangular

area 1is wéll marked. The Fedia(l) is well defined,

but not as prominent as on the developed wing nor doep
it pursue the same course as in the lutter. It runs

along and branches close to the anal margin, terminatirg

a /




a little distunce before the apical margin; its brancp
does not lie close to the recurrent radial vein(R.R.)|

The Cubitus(Cu.) is very LR Reh: 0H st inin
it shows clearly! branching basally info two branches
as in the developed wing and proceeding for some dis-
tance almost parallel to the anal margin where it
terminates without giving off any branches.

.The Anal is untraceable.

There are no veins in the apical truncated
region, but a few dark lines are visibie.

The principal difference between the two types
of wings lies in the great reduction of the apical
region in case of the Braoh&pterous wing.

Colour. The wings are transparent with minute
dark bristles occurring all over the-surfaca; '-A_ :‘I
fringe of fine hairs occurs all along the anal margin|
the posterior margin being free from h#irs;'f

Articulation of Tings (PL.IV.Fig,7).

The head of the Costa articulates with the parap:

terum of the metapleurum, and with the head qf the
subcosta by meuns of a chitinous hook. |

The head of the Subcosta afticulates with the
head of the first axillary sclerite dorsally,_and.with
the parapterum vantrally.. ;

The 1st Axillary Sclerite (Ax.I), the scapular

plate of Hopkins, irticulates with the anterior notal|

wing /
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wing process(A.N.P.) medially, with the pleural wing
process and with the curved posterior end of the pre-
scutum.

The 2nd Axillary Sclerite(Ax.II), the subscapu-

lar plate of Hopkins, is in intimate connection with

the 1lst Axillary. The thin, rather transparent, radial

plate arises from its anterior end and connects it
with the base of the radial vein.

The 3rd Axillary Sclerite(Ax.III), the flexor
\

plate of Hopkins, is closely connected along its

anterior margin with the medial plate(M.P.), a feebly

chitinous trisngular area, with well defined mergins,|-

which connects the 2nd and 3rd Axillary Sclerites
with the bases of the media and cubhital veins. The
3rd Axillary articulates with the 2nd'Axillary and
w1th the poatarlor notal wing process(P NP )

The artlculatlon of the wings 13 tha same in

the long and short winged forms.

The Abdomen (P1l.V. Fig.6).

There are five visible abdominal sternites and
seven tergites; the true number of sternites, however
is eight. This can only be mude out on severing the
abdomen where the first true sternite. is repregented
by a horizontél membrane; the 2nd is represented by a

vertical keel or phragma, both modified to accommodat

the elongate metscoxae.

The /
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The first visible sternite is really the 3rd;
the 4th, 5th, 6th and 7th are all visible; the last
two can be bent either separately or together, their
junctions with the preceding segments are so modified
that théy_can act as a‘sort of a hinge. This is the
case in both male and feiale abdomih%, the bending’
taking place during the acts of copulatioh and egg-
laying. _

The true eighth segment(P1.VIIT.Figs.l & 3,5.8)
is completely withdrawn in to the abdomen and only
protrudes during qopulation or egg-laying, the ovi-
'positor and the male genitalia protruding betwsen
its sternite and tergite. It is of great importance

as its internal surface affords areas for the attach+

ment of the muscles that actuate the ovipositor anﬁ

-

the male genital organ. In the femzle the 8th sters
nite is fused with a long chitinous rod(Ro) that sup+
ports a band of muscles.‘ In the male, the sternite
ig in intimate relation with the spiculum.gastrale

or fork. The pos%erior margin of the 8th abdominal
segment is fringed with hairs, its colour heing much

lighter than the other abdominal segments.

The Abdominal Tergites. Seven well marked ters

gites are visible when the elytra are removed and
one concealed, making eight. The first tergite is

transpsrent due to its feeble chitinisation; its

posterior /
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posterior border, however, shows faint brown colour-
ing. It is in intimate connection with the meta-
postnotum, to which it is attached by a dark process
The succeeding six tergites are all well marked,
being of deep golden brown colour. The 7th tergite
ig in intimate eonngction'with and completely con=-
ceals the 8th tergite at rest, while the latter
becomes vigible only when the 8th segment protrudes
out of the abdomen,

The Pleurites. The lateral areas of both 1lst

and 2nd tergites carry spiracles. Their pleurites
are untraceable, the first visible pleurite bélongs
to the true 3rd abdominal segment (the 1st visible
sternite). The 3rd to 7th'pléuritss inclusive are
all well marked and carry sﬁiraclesb iThus there are

seven pairs of abdominal spiracles.

INTERNAL ANATOMY.

(PLs. VT, “bo TX,)

Larve .

Trachesl System(P1.VI.Fig.1).  As mentioned

before there are 9 pairs of spiracles, eight abdominsl
ig ;

and one thoracic. Tach spiracle/united with its

neighbouring spiracle by means of a fairly thin un~

branched tracheal tube, thus forming two lateral

spiracular /




branches within its segment. Although the meso and

g 5 b i e e LS i S L Ry

spiracular trunks on either side of the body, reachin
as far forward ags the prothoracic spiracle. Arising
from each spiracle agteriquy andﬂpggteriq;ly are
spiracular trachea{which divide and redivide into
metathoracic segments are devoid of spiracles, yet
they are fairly well supplied with tracheal branches
arising out of the prothoracic and first abdominal
spiracles.

‘A stout spiracular trachea arising out of the
prothoracic sPifacle_suppliea the head capsule.

The Alimentary Tract (P1.VI.Fig.2), a long tubu-

lar structure, occupying almost the whole of the body
cavity and bending twice within it;. It measures abou
11 mm. which is about twice the length of the larva.
It is divided into three parts:=-

1. The Foregut(F.g.) consisting of :=-

(a) The Oesophagus(0s), a simple tube passing

from the buccal cavity into the forspart of the
thorax; it begings to dilate to the crop at the
posterior margin of the mesothoracic segment.
(b) The Crop(Cr); this is a dilatation of the
hind portion of the oesophagus; it occupias the
metathoracic segment and the 1lst to 5th abdominal

segments. At its hind end there'is a slight con-

striction where it merges into the midgut. No

gizzard is prssent.
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2. The lMid-intestine or Midgut(M.i.): A long tubu-

lar struc%ure, fairly uniform in diameter through
out its length. It runs along the hind portion
of the body, bending upwards, continuihg for
gsome distance then joining the hind gut at a

™

constriction.

3« The Hind-intestine or Hindgut(H.i.) - divided into
thrse parts:- '

(a) The Ileum(Il.), a short pyriform structur

lined with fine strandsg of chitin. It opens

with a constriction into the =

(b) The Colon(Cn.), a tubular structure, at
the forepart of éhich arises a large hollow, .
kidney-shaped structure "the Caacuﬂ(Caef). The
colon is followed by the, hindmost part of the 3

alimentury canal, namelﬁ, the rectum. There is

no distinct line of demarcation betwsen the two.

(¢) The Rectum(Re.), a long, narrow, bent
tube, lined with prominent strands of chitin
which is thrown into irregular folds. The rectu
terminates in the anus.

The Malpighian Tubules and Silk-producing Organ.

The malpighian tubules(M.T.) are six in number, long,

fairly wide (measuring 0.7 mm. in diameter),delicate

e e

tubes lying in the body cavity. Their epithelial

cells are characterised by their large size and the

great / . il h?
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great prominence Qf their nuclei. They bpen at their
proximal extreméties at the junction of the mid and
hind inte:tines, singly. Their distal ends are not
free but uniting to form a single stem closely at-
tached to the wavy walls of the rectum(Pl.VI.Fig.3),
without, however, emptying into it. The common stem
then difides into six branches the ends of which
double up by bending and joininé the main brahch.
Thegse branches are so closely united together at thei
lower extrem#tias that they form a regular pear-shape
silk~=producing organ(S.0.) which is sometimes free
from the rectal walls, or with its proximal part
firmly attached to the rectum, the distal part being
free. . Frequently one finds a silken thread protrud-
ing for some distance out of the distal extremity of
the silk-producing organ, the threads being used for
cocoon formation and are discharged tﬂrough_the anus.

The organ is well supplied with trachea&

Salivary Glands (P1.VI.Fig.3). The salivary

glands ure pear-shaped structures communicating with |

the oesophagus by short slender ducts. ‘On double
staining, their large prominent nuclei can 5e seen
closely congregated. These structures were found in
all eariy stage larvas dissected. It is difficult
to say with accuracy in which spacific stage they

occur as the number of moults, as pointed out, is

variahle. Oareful search failed to find any glands

in /
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glands are not present. It is divided into :=

1. The Foregut(F.g.) begins with the oesophagus

natural (unstzined) preparations it appears as a
nearly globular, transparent bulb lined with finse

striations of chitin. The crop is followed by the

of chitin.

tion where it joins the hindgut. -

3. The Hindgut or Hind-intestine(H.i.) consists

the following parts:=-

its hind end the tract bends upwards for some

in older, i.e. last stage, larvas. The glands pro-

bably become atrophied when the final stage is reached

The Alimentary Canal (P1.VII. Fig.l) measures 6.75 m
in length. It closely resembles that of the larva in

essential structures but differs in detail.. Salivary

which dilates into the Crop(Cr.) with extensible thin

walls, capable of expanding into a large siza. In

Gizzard(Gi.) which is lined with closely set strands,

2. The Midgut or Mid-intestine(M.i.T~consiSts of a
long, fairly wide tube, not as long as the correspond
ing structure in the larva. It is uniform in diamete

throughout its length; it ends in a slight constric-

-(é) The Ileum(Il.), very similar to the larval; at

53s

(0s
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diatancé in the Abdominal cavity and then downf_.i
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(b) The gglgg(Cn.%{at its forepart arises a "cascum" :/,
(caa.) which is pearshaped 'and small in size,
Qiffering from the larval coecum. In natural
position the coecum is. firmly attached to the

| _. : structure corrasponding to the larval silk-vpro-

ducing organ; it can, however, be eaéily sepa=

rated. The remaining part of the colon is tubu-

lar. As in the larva, I could not make out a
distinet line of demarcatioﬁ between the colon
and rectum.

(c) The Rectum(Re.), a long, tubular structure, ter-

{
Q ;/

minating in the anus, and (is)not lined with L
strands of chitin. Closely attached to the "

rectal wolls is situated a structure correspond-

ing to the larval "silk-producing organ"; in

older specimens it is firmly united with th
\ 5 ‘.

walls of the rectum throughout its length, in

'younger specimens it is only united at its

anterior end;_

The_lMplpighian Tubules(M.T.), six in number,
much narrower than the larval, measuring 0.3 mm. in
diameter. They arise at the junction of mid and
. f; ' hind intestines, uniting distally to form a single

stem which runs along the rectal walls for some dis-

tance and then forming the "silk producing organ”.

The male reproductive organs lie on either side of

the /
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the abdomen ventral to the alimentary canal. These

consist of :-

l:. Paired testes.

25 o vasa deferentia.
3 " accessory glands.

4., seminal vesicles.

g. Cofimon or ejaculatory duct.

Aedeagus.

"

The Testes(Te.) are paired étructuras, each
consigting of six blind tubes or diverticule, sub=-
pyriform in shape. Vhen immature they are semi-trans
parent anteriorly and muddy coloured posteriorly.

The tubes are Bepafate-and not closely bound togéthez
When mature they are whitish, opaque in éolour,’fra~
gile and closely bound together. (1t will be noted
that Fig.2 is drawn from an immature specimen).

The testes open into the genital ducts or Va?a
deferantia.

The Vasa deferentia(V.d.) econsist of two tubes
leading from the testes to tﬁe'common or ejaculatory
duct formed by their uﬁion.

Seminal vesicles(S.v.); these are enlarged por-
tions of the Vasa deferentia, arising close to the
junction of the vasa with the-testes.

The Accessory Glands(A.G.) are two blind diver=-

3

ticula tubular in shape which arise at the junction

of the two vasa defersntia.

Tn mature specimens the tzstes, the vasa defer-

entia, the seminal vesicles and the accessory glands

are /
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are whitish opagque in colour, being full of spermato-

zoa, which have a pear-shaped head and a fairly long

flagellum.

The Common or Ejaculatory Duct(E.d.); a fairly

wide tube at first, tapering gently; it is ensheathed

in a wide membranous tube which bends downwards and

then upwards in natural position; it opens'posteriorly

into the internal sac, situated inside the medién

lobe. There is a chitinous structure at the junction

of the ejaculatory duct and the internal sac termed

"the transfer apparatus" (PL.VII.Fig.7,T.A.).

The qgi;inous Structures of the lale Genital Tube.

In the following description the writer was

greatly helped by the WMemoir of Sharp and Muir(1912)}

and the terminology used is that adopted by the same
writers. |

'The Spiculum gastrale or fork(Fig.2,S5.g.& Fig.4

&

lies most ventrally, close to the abdominal sternite
is in clése connection with the termination of the
alimentary canal and the 8th abdominal sternite.
This is a caliper-shaped structure with two pairs of
chitinous arms. The inner pair are broad basally,
gradually tapering. The outer pair are thinner
strands of chitin, closely applied baswully to the

outer margin of inner pa%r. The apical ends of both

pairs of amms or prongs are flattened out for attach

ment to the membrane called the second connecting

membrane /
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membrane. The basal end of the spicuium ig strongly J 1? 1
curved and is firmly attached to a circular band of ﬁi ;
muscles at the base of the tegmen. . | é
The Tegmen(P1.VII.Fig.3,Tg.) dorsal to the spicu- ;P ;
fimeedneiakntapt o ‘ | Ié .
(a) The basal piecs, : : '_; ;.é %
g (b) The lateral lobes. . i:gyi {
Tho basal piece(Fig.3,B.p.), this is a curved é fi% :
band, the ventral and lateral portions of which are 2 %f% 4
u _ chitinous, while the dorsal portion is membranous. %:*% 3'
: ' It encircles the base of the lateral lobes, and Ei %‘
partly encircles a large bulb of circular muscles at P
the base of the median lobe. - ' :; i !
The lateral lobes(Fig.3,1.1.& Fig.5) paired, . 25 *
lateral organs, roughly triangular in shape, broad \ 1 Ifl.i
 ut base, with a constriction which marks off the : : f‘ i f-
apical from the basal portions. They taper to a \ ; | Jiqg ?E
blunt point bearing hairs and articulate with the : | F*
median lobe dorsally at the point of articulation = | . il
g = (P;ar.); their blunt apices project slightly beyond i
the apex of the median lobe to which they are closely :#
applied basally, their apical ends being free. The i
: ! lateral lohes project outside the 8th abdominal seg- ?i
I & i men£, holding the female during the act of copulationi : ﬁ?
The curved basal piece, together with the base of ﬁ; :
the latéral lobes form a bulb enveloping the base of i . |
the median lobe. ;
The / :
|
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The Median lobe(Fig.3,M.1.& Fig.6), a funnel-

shaped, cgrvad structure, the dorsal and lateral sidsls

of which are highly chitinous, the ventral portion =

membranoua. Thus, its walls can be brought together ;P%.a ;
by muscular action for the eversion of the internal ; ; E

gacy: It de produch’dorsally into a strong condyle, _ 3 é.n
"the 'point of articulation"(P.ar.), with a "median : T %;; :
1 foramen" (Fig.6,M.f.) at its base, where tﬁe ejacula- X ﬁ:‘f““ . It ;};E g
b 1' tﬁry duct enters; and a median orifice(M.o0.) near the| -)\iiﬁ%}z:; i?ﬁ? |

apex on the ventral side where the internal sac is o ?h i_ijg

everted., _ ) AL | ; \ .
Between the medisn lobe and the lateral lobes :iéséhl

lies the first connecting membrane. Within the medizn

lobe is a set of muscles round the internal sac. The

function of the median lobe is to act as a guide,

bringing the internal sac into a position that it can l¥ i

enter the female genital tube. - _I ' | : - E {ﬁ f

The Intornal Ssc (PL.VII.Fig.7,I.s.) is the most _ i 1

intimate part of tha'copulatory mechanism; it is the [ = . . ; Lj E .

only part of the male genital tube that enters the 5 f ;

female genital tube, the median and lateral lobes I ; é: i

l _f -acting merely as guides and pfotéctors to the sac. E? ; E
Normally, it lies completely enclosed within the E% ! 'i

median lobe. As has been already pointed out, the ; ;

greatest care is needed to demonstrate this structurel

The mere killing of a specimen may be.enough to everty .

s
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the sac which is very easily broken off and lost dur-

ing dissection. This was noticed on Xkilling speci=-

.| mens whilae watching them under the dissecting micro-
scope. The internal sac is a tubular membranous

structure, the apical end of which is very complex,

S HE T P, e T e

armed with patches of hairs and minute scales of

chitin. Inside this portion there is a structure gy i
: in '
presenting the appearance of a long, coiled tube/which

e L

the flagellum is situated. The presence of this long

flagellum was demonstrated by placing a cover slip

on the dissected organ with a drop of aqueous Tosin

when, by applying gentle pressure with a dissecting
needle, instead of the sac protruding as expected, a ; !

long flagellum,nearly as long a5 the whole bestle,

protruded at the median orifice. \

The Female Reproductive Organs (Pls.VIII. & IX.)

| i- ' ‘ The female reproductive orgmns lie on either

-

; side of the abdominal cavity ventral to the alimentar;

canal. They consist of. :=-

1. Paired ovaries.

2. Puired oviducts.

3. Unpnired oviduct or uterus. :
4., Vagina. 8 . ' ?, !
5. Accegsory gland. HIEE
6. Receptaculum seminis. ' _ lie
7. Bursa copulatrix. _ i
8. Ovipositor.

e b

" The Ovaries(Pl.VIII.Fig.l1l,0v.) are paired struc- i i

tures, sach consisting of six ovarian tubules(0.t.) : : b

divided /
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divided into ovarian chambers(Fig.2,0.c.) posteriorly,
nutritive chamber(N.c.) anteriorly, and a terminal
filament(T.f.) apically. Th& ovarian chambers, two
;n humbar, ea.ch encloaeé one egg in different stages
of-maturity,lanteriorly small undevaloped eggs, pos-
teriorly large ones. The eggs pass from the ovarian
tubules into the oviducts(Ovi.) which join to form a
common duct, the uterﬁs(U.). Following this is the

Vagina(va.) which passes into the ovipositor(Ovip.).

The Bursa copulatrix(B;c.)'oPens into the anter-
ior end of the Vagina. It encloses the chitinous

Receptaculum seminis(R.s.) and the Accessowy gland(A.gl)

both structurses communicate with each other 5y a
small duct and with the vagina by a long one. 1In
order to ascertain the structure apd resPGétive_ppsi¥
tion of the bursa.copulatrix, receptaCU}um seminis
and accessory gland, the organs ware'dissacted out.
and doubly stained. On examination under the miérof
scope the acoessoryhgland with its large nuclei was
traced. The receptaculum seminié, being ectodermic
in origin, is lined with chitin. A fresh preparation|
of the reproductive organs with the accessory gland:
and the ovipositor cut off was treated with hot 10%
KoH, which dissolvéd the ovaries etc. and the mem=-
héénous pouch (the Bursa);surfounding the receptacu~

lum, this being the'only parf remaining when examined|

aftai 24 hours.

The /
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-nutritive chambers. The receptaculum seminis is

-enlarges. As egg 1ayiﬁg approaches, the ovarian

The Different Stages of ﬁhe Female Reproductive Organg.

In a newly emerged female (PL.VIIT.Fig.1l), the
abdominal cavity is full of fatty mafter which is
drawn upon during the process pf maturation and
de%alopmant éf 8ZES . The ovarian tubules are small,
trangparent, more, or less unifdrm throughout their

length and are not'differentiated-into_ovafian and

empty. Gradually the ovérian tubules lengthen and
become filled with a brownish substance, their pos-
terior portions becoming constricted, the constric-

tions marking off ovarian .chambers, and the oviduct

chambers become very much awollen(Fig.2) due to the
praesance of nearly mature ova. At this stéga as
many as six practically mature, full-sized, and thres
partially developed ova can be found in the ovaries..
The raceptacuium seminis. is round; its accessory |
gland and comnunicating duct are prominent, due to
their glistening opaque contents, the spermatozoa.
After egg laying (P1.IX) the walls of the ovaria
chamber,within which the egg developed, collapsse and
can be seen lying close together, remaining in this
position till'anéther egg from the.neigthH;ing cham=

ber passes through when the wulls become temporarily

swollen and then collapse again. After all the eggs

are /
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are laid the ovaries shrink up and contract, the
receptaculum seminis assuming its original size.

The Structure of the Ovipositor.

The ovipositor (P1.VIII. Fig.3,0vip.) is a tubu-
lar chitinous structure, consisting, roughly'speaking
of two hollow chitinous tubes, one inside the other.
It is made up of severél parts.:-

1. A long internal chitinous tube(I.t.) into which

the vagina passes. This represents the fused

pair of inner valves, forming a tube through which

the eggs pass.
2. A chitinous tubular sheath(Sh.) surrounding the.

by .
inner tube; supporte@;;wc long chitinous rods(Su.

This represents the anterior pair of valves of
the ovipositor. _ 5 \
3. A lowermdst portion, the posterior extrem%ties'of
which are drawn out and bear atylets(Sy.); This
repregents fhe lateral pair of valves. ‘
4, A membrane(X) surrounding the extérnai chitinous
sheath.
5. A long curved chitinous roa(Pl_.v:rII.Fig.l,Ro.).
(1) The internal chitinous tube runs through
almost the whole length of the ovipositor.
F2) The sheath surrounding it is fairly wide,
supported by two long, almost parallel chitinous rods

The rodsg are capablae

running throughout its length.

oA
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terior ends almost touching. This is brought about

of two broad, curved, arch-like plates(Fig.3,Z) pro-

surfeces Just before the stylets there are on each

61.

of being drawn very close to each other, their pos=- .

by muscular dction. In preparad specimens.the number
of the rods is apt to be mistazken for four instead of
two, dve to the infolding of the lateral walls of the
sheath, giving the impression of an extra pair of
rods. This is beét investigatedlin fresh specimens
under & high power dissecting microscope. -

(3) The lower portion of the ovipositor consists

duced into two spoon-like processes(P) projecting
inwardly and articulating with the posterior ends of
the longitudinal chitinous rods of the outer sheath.

Loterally, the plates thin out, becoming constricted

at a 1oint on the lateral margin. The constriction |\

acts as a hinge, allowing the lateral movement of.

their long posterior draﬁn-out_postiona (vearing

stylets) which an'ba brought very close together or

apart by musoular.action. ‘The dravn=-out portions end

in stylets which are sensory in function, each bear-
ing about three bristles on ita'apex, as well as a

few sensory papillae. Sensory pits occur on the

posterior plate 8 to 12 long bristles.

That the lower portion of the ovipositor is bent
ventrally, almost at right'angles‘to the anterior
portion, during egg laying, has been observed by the .

writer /
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observe the action of the muscles controlling the

“and the reproductive organs dissected out in salt

solution. The ovipositor was'acfually sgen moving.

writer, 'although actual oviposition has not been
obsérved.’ On two occasions, while digsecting the
reproductive organs of mature females, the stylets
were seen moving towards one another, and on clossar
obserﬁation with high power (x 150) of dissecting
micrd Scope, the lower part of the ovipositor was
seen to be bent at right angles at the syoon;iike
projections referred to. The posterior drawn;out
plates were moving towards each other against the
constricted area. .On putting a drop of 5% K%ﬁ on
the organs, the ovipqsitor assumed ifs normal straigh

position. The writer was fortunate in being able to

ovipositor.

A mature female ready to la¥y its eggs was killeg

On closer examination with high.power, two sets of
longitudinal muscles were clearly seen extending and
distending. The specimen was laid ventral side up-

wards and it appeared that the two sets of muscles

work independaently and not simultaneously. The right

set moves the lower part of the ovipositor'in an up=
ward, uﬁd slightly lateral, direction; in so doing,‘
the outer chitinous sheath becomes constricted, its

longitudinal chitinous'suppérts coming very close,

their /
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their posterior ends almost touching. This set of
muscles is attached anteriorly to the vaginal walls
and posteriorly to the internal surface of the 8th
abdominal gsegment. The left set oflmuscles is attach
‘anteriorly to the anterior end of the long chitinous
rod, posterioriy it is attached to the last true
abdominal segment. It brings about the lateral
movement of the ovipositor. The muscular motion
was continued for.about three hours after it was
noticed. On the following day all movement had

ceased.

t

'The chitinous rod is a long,slightly curved

strip of chitin given off from the anterior ﬁargin
of the 8th sternite, tapering anteriorly and branch-
ing into two arms-postariorly, with a median groove

running throughout its length.
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Bl6logys.

(a) Larval Habits:

As soon as_tha larvs hatches, it starfs
feeding at once; young larvae are more active than
older ones. The larvae, in coﬁmon with their parent
beetles, are strongly negatively phototropic, moving
away from direct 1igﬁt. When a strong light is shone
on them they appear very uncomfortable énd react by
violent twisting of their bodieg. The writer found
this method verj gffective in locating the larvas,
especially the small early stage ones feeding in
powdery food material as they envelop themselves‘in‘
the particles thereof, making it very difficult to
distinguish them and thereby escaping notice. When

the electric light is placed near them they begin to

twist and move about, in this way they can be located.

The larvee are usually hidden under lumps\ of food
.material or among debris where they'get plenty of
shelter. 3 ‘

In powdery or granulsr material, i.e. casein,
powdered oil cake or biscuits, they feed intérnally,
moving about below the surface. If insufficient
shelter be provided they provide that for themselves
by qonstructing.lksely formed chambers in which they

i\
feed. The material used in constructing these cham-

bers is not silk as used for cocoon formation, but ig

axcret%ry v
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'ribbons.

- skin behind the head is split along the mid-dorsal

"lies on it's side motionless, with head all one pale

PTRoTT
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excret%ry material which comes out at the hind end

of the larvs in the form of long, coarse, fragile

After the larva has fed for about a month, it
ceases feeding and prepares for moulting. The first
step to accomplish this is that the head is split
along the median longitudinal groove; "the epicranial
suture", up to about half its length; ihe head next

splits along two laterally oblique lines, and the

line up to the beginning of the last abdominzl seg-
ment. The larve finally rids itself of the moulted

skin which is usually found close to the hind end,

211 crumpled up. In this moulted condition the larvs

colour, legs fully stretched; if irritated it answers

by giving a feeble twist of its body.

Number of lMoults: This is very variable. Most
of the larvae kept under observation moulted twice,
some moulted three times, others four time but not

more . _
Tt seems that there is a good desl of contro-

versy amongst writers regarding the varidtion in. the
number of moults. Some state that it is affected by
temperature; the higher the temperature the more the
number of moultsl Others state that a lower temperad -

ture increases the number of moults, while others

state /




state that the number of moults does not depend on |

temperature; among these Braune(1929), working on

Niptus hololeucus, states that normally there are two }
ﬁ'; moults but can be increased to three in case af star-

vation. Pohl (quoted by Marcus(1929)), working on

the same insect, states that the number of moults is

six. , o
The sarlier larvae are softer bodied grubs, due s

PoE e R
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to the comparative freedom of their body cavity from

fat. When dissected at these stages,'two thin layers

S e 7 A

of fat on either side of the alimentary canal are
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found, while the rest of the body cavity is free fron

fat. In the case of the adult larva, however, the

body is firm, due to the haa?y accumulation of pure

white fat vhich completely fills the body cavity.

When the lurve becomes completely developed, it ceases ' i

feeding, and starts to spin a cocoon, wherein it
. - ' |moultsg finally, and changes into the pupal condition. S {

Under favourable conditions, i.e. when the food supply

ig plentiful, the coccon is constructed from the food|.
material and the spinning threads secreted by the i -

larva; such cocoons are oval and so densely walled

that the individual inside themis invisible. The fact

that the food material is mixed with the secreted
threads has a biological significance, in so far as
the emerging beetles could find an available supply

of food at hand toltida them over possible adverse

conditions /
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conditions of food shortage. Severallnewly emerged
beetles were dissected and their alimentary canal
found to contain particies of food material. Under-
unfavourgble conditions, thg cocoon is made up of
spinning threads aione, and is elongate oval, with
thin walls through which the animal inside can be
seen. Occasionally, two or more cocoons are found,
fixed togetﬂer hy their outer walls, there being no
internal communication between the individual cooooné.
|Larvae bred in observation boxes, or in glass vessels
fix a portion of their cocoon to either the floor or
walls of the vessel b} means of a sticky secretion.
The fixed portion is bafe.and not spun ofer, acting -

|las a sort of window. The spinning material is soluble

in water and not in alcohol, and is capable of absorb+t

ing moisture firom the surrounding atmosphere. Under
moist conditions, the cocoons may becoﬂe?%ough and
leathery in texturse thét in gome cases the beetles
fail to emerga, getting imprisoned within the cocoon.

Within the cocoon, when the time for the final

moult approaches, the larva assumes an elongate form, |

the hind end shrinks snd straightens from its previous
rounded form, and then later the skin becomes opaque,
dull, shrinking so that the outline of the individual

segments and their folds ié obliterated, and finally

the last larval skin is discarded, revealing the pupa

The /
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The discarded skin lies very close to or remains at-
tached 'to the hind end of the pupa.’

If a larval cocoon be disturbed, the larva leave
it altogether, never returning to it; it may either
construct another flimsy, thin walled cocoon or pupate

without a cocoon; the last condition is very rare.

During the whole of my breeding experiments-and obser!
vations, only two larvae survived after pupating
without a cocoon., Several others, however, changed'

into the pupal condition Withoutla-cocoon, but these

gooner or later died without attaining the adult staée.

(b) Pre-emergence :

When the pupa has transformed into the fullj

' not- .
developed imagine, the latter does merge from’ the

<4

cocoon, but lies in it dormant for some time. At
thig stage the beetle is very pale'in colour and soft
bodied, the exoskeleton has not hardened yet, although

the reprodﬁctive organs at this stage are fully devels

oped. Gradually, the colour darkens, and the chitinoys

parts harden, until finally the normal dark brown
golden colour_is attained and the exoskeleton fully |
hardened; then the beetle is ready to emerge by bitini
a roughly circular hole through the cocooﬁ. This

" pre-emergence stage" occupies about three weeks at
a temperature of 61°F.

(c) Sex Ratio :.

of /
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of 143 specimens dissected, 69 were females and 74
males. After emergence, the beetles start feeding
till the reproductive organs become maturs, then
copulation takes place.

(d) Copulstion :. takes place during the day or

night. The writer never observed it take place at

temperatures below 50°F. On the average it occupias'

about five minutes; a pair were noticed to remain
attached for 10 minutes at 606F. |

In the act of copulation, the dﬂﬂounts the back
of.the-ﬁg heads in_fhe same direction. The tip of

the male abdomen is bent, the 8th abdominal segment

protrudes, followed by the aedeagus, the lateral lobes-

of which held the female stylets which protrude from
the 8th abdominal segment. The'dﬂkeeps stroking the !
i with its antennae all @hé time.

Copulation takes place repeatedly. It is diffif
cult to differentiate between efficient and gpparent
copulation, unless dissection of the genital organs
ig resorted to. I noﬁiced repeatedly newly:emerged
pairs in apparent copula; on digsection, no spsermato-
zoa, could be found in the g_recEptaculum seminis_or

its gland, proving that effective copulation could

not have tsken place. In several cases, the apparent

1y copuleting pairs proved to be Both males when dis-
sacted. It is known and verified by the writer that

R
efficient /
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efficient copulation could_ohly take plsce after a
period of feeding for fhe maturation of the reproduc-
tive organs. hPairs bred from pupae were isoléted{
after two weeks no spermatozoa wefe found in the ﬁ-
organs.

(e) Bgg Laying

Copulation is folléwed by egg layiﬁg which
takes plaée three to four weeks after emergence. This
period is calied the "Prao#iposition Period" (see table
and it can be prolonged under unfavourable conditions.
The eggs are found gt'all seasons of ‘the year. I
found them in all months except January and February.
They are 1laid hidden among debris, lumps of food

material, etc. In observation boxes a favourite
place for egg laying is empty cocoons; the eggs are

glued to the cocoons which they resemble somewhat in-

.colour, making the ecgs exceedingly difficult to detecty

If the beetles are given such substances as wool,

or wood, which do not form suitable food material, no
eggs are laid.

Table

silk

Number | Mate of -aiifg-on Preovi- Date after| Ovipo- Number |
Tmergence (which first| position| which no sition of eggs |
egg was period eggs were | pdriod counted. |
e a8en. in days.|_ _ found. in days

2 (Jii) 25.10.29 |23.11-29 29 13.12-29 20 9 |
2 (5’,‘?) 8.4.30 30430 22 1: 6:30 | 32 11
7(28’,35;) 114430 | -1 .- 530 20 7.6.30 | A7 31 |

> (J’i) 30+ 4:30| 24 . 5.30 24 18- 630 | 25 8

i & 3 4
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It would be seen from the above table that the
number of eggs laid by each femals varies from 8 to
11, averaging 9 to 10 aggé. and that the oviposition
period accupies thfee to five weeks.

(f) Habits: The beetles are strongly nega-
tively phototropic, and are strongly attracted to
moisture. If moist pieces of cotton Wooi be placed
in an observation bof, in.a short time the beetles
swarm over thém, lying flat and remaining thereon as
long as half an hour. Where the insecta‘are.common
moist rags or pieces of canvas can be used with ad-
vantage to trap them. They are very sensitive to
temparature; at temperatures below 50°F. very little
feeding and activity take placa; in cold weather they
lie congregated together in groups. The small riga
of temperature, arising from hoiding an abgerva%ion
box in the hand, is enough to: r_.exlcl‘er‘:ﬁ;ieln active;
they slso become more active when an electric light
is shone on them. This method is_ef.'f'e‘étive when

looking for live beetles in the food material, as they

in common with other stored préduct pests sham death.

In this condition they lie on their back quits motion
less, ﬁith their antennae alongside and their legs
fglded in against the body, unliké really dead beetle?
whose antennae are curved and legs extended from the_

body. Gentle breathing on the death ahammers renders

them /
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them active. VWhen given soiid-food material, e.g.
biscuit;, oil cake, etc., they "mill" more of it than
they consume. The greater part of the material is
reduced intq a fine powdery conditiﬁn'by the bestles.
(g) Flight : The quéstion arises whether the
beetles spread by flying or simply by being trans-

ported in articles of commerce.

Several specimens of Ptinus tectus were notided
standing on pieces of food material, in a character=-
igtic attitude, with their antennae fully extended
forward, expanding their elytra at right angles to
the body, and by tﬁa use of their fully stretched,
well developed wings they make leaps 14 to 2 inches

| 14nds - This can hest he noticed when temperature is

for some. time, although they were seen using their

wings at room temperature(60°F.).

Dendy states that Rhizopertha dominica can

easily be made to'fly in captivity by bringing an

the same was tried with Ptinus tectus, but with nega-
tive result.

(h) Resistance to Starvation :

The beetles could remain alive without food

for considerable periods; under such condi’tions the
¥

renain /

about 709F., as when the beetles are kept near a fivel
\

electric light near them when they are warm and activd:
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remain very quiescent unless disturbed. 12 beetles
placed in a clean tin box with no food matarial‘on

the 15/12/30, on thé 23rd March 1931 nine out of the
twelve were alive. The dead beetles were removed when

noticed as Ptinug tectus are known to eat dead indi-

viduals of their own species.

(i) Longevity of Adults

. No. of | Date of Date . ex=- Months] Live Dea&h- Rema.rks .
.l.- : beetles. emergence | amined. adultsJ adults|

6 o810 29 .20 4.90 (=6’ 1 5 The live beetle

: ' diied the follow- [
; ing day. ;1“
: 14 2% 490 | 641 H50 1Y Bk 2 12 [The| 1ive bestles
1 _ ' werle dissected; b
' 1 male & 1 female.
12 Tay 1930 6 11 30 6 12 |All|l dead.
6 May 1930 | 611 30| -6 1 5 |Oon dissection the

livie beetle was
found to be male.

It will thus be seeﬁ that the bsetles can live aP

long as 6 to 6% months.

| i TLife - History.

The Lgg Stage.

- e o

1 Date of NDate of Egg stage Temperaturs.
b Iaying Hatching in days ‘
! _ 23+ P28 8- 829 16 _ i
YA | L 24 . 8.29 11 . 929 18 o0 ; |
: 29 . 8.29 17 - 9-29 19 | ‘
30.8:29 19 - 9:29 20 to
\\ ' 10 » 9:29 3.10 29 23 6301,
22 .9.29 14.10-29 22 :

Thus the egg stage occupied from 16 to 23 days,

1 averaging about 19 days at room temperature.

e e — - ™ ™ s s 'ri\’r.":ﬁ_! |




S S s e LT

ot it e

The Larval Stage.
Date of Date of Larval No. of Temperaturel
Hatching. Pupation. | periods TMoults.

' in days.
8.829 7-11-29 91 2
11..9-29.« | 18 . 1-30 129 3 550
L7 .9 29 20 . 1-30 123 2
9. - g:39. - [ 165 2430 119 2 to
14-10-29 25 . 2.30. 134 4 6307,
19.12.29 1o 4 80 138 4

The Pupal Stage.

of moults is also variable.

It would be seen that the larval period is very

variable, ranging from 91 to 138 days. *fhe number’

Date of - Date adult Pupal
Pupation. was first stage Temperature,
seen. in days. :
5 -
16 - 1 30 27 * 2- 30 42
18 -1 30 28 -.2.30 41 e 55o
20 -1 30 4 - 3.30 43
7 -3 30 1+ 4530 25 to
10 -3 30 10+ 4-30 30 6007
11 - 3 30 9.4.30 29
14 - 3 30 17 . 430 34
7.530 | 31.5.30 24

Pre /

The pupal stage thus varies from 24 to 42 days,

averaging about 33 days at room temperature.




Pre-emergencs Stage.

Date adult Date adult Pre-emergence Temperature|,

was. seen. emerged. period in days.

4.3.30 26+ 3-30 22

14.+.3.30 4 . 4.30 . 21 550

1:4.30 16 . 4.30 : 15 .

10 « 4.30 29 . 4.30 19 .

D T s R e hale’ 60°F. .

i o . |

This stage varies from 2.to 3 wesks. A pair
of beetles (€Jand $) bred from pupae emerged on
11/4/30, thesa were kept separately in a box with
ample food material and left in a dark cupboard at
room temperature all summer(temperatura 550-to 68°F. )
On the 7/11/30 the conténts of the box were ex;mined;
the parent beetles were dead, and 9 livé beetles :

(the progeny) were found; one of these was actually

dissected out of the cocoon. Thus, the sumnmer genery

tion from beetle to heetle occupies sbout 210 days

under the most favourabls conditions, so that there

can only be one annual generation in this country. o

There is such an overlapping of generatiohs that it ) I
is possible to find all the stages at any period of | _ [ H

the year. e ' : | )
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EXPLANATION of IETTERING.
A = Antenna. E = Byg,
As.= Anal ares. Tl.= Elytron.

Abd.= Abdomen.
A.G.= Accessory gland.

A.N.P.Anterior Notal
Wing Process.

A.P.= Prephragma.
A. V.= Anal vein.

Ax.I. 1st Axillary Sclerif
of Viing.

M.II‘RI"G dO. - do.

Ax.III. 3rd do. do.

B.C.= Bursga Copulatrix.

B.p.= Basal piecs.

Be.2= Bggisternite.

Ca.. = Cardo.
Coa.= Coecum.

C’ o o= Coxa.l OaVity-

3
—
|

= Claw.

Clypeus.

[an}
=

=
H

Cn. = Colon.

Cos. = Condyle

Cr. = Crop.

Cgs = Costal vein.
Cu. = Cubital vein.

Bxe . = ‘Coks.

D. = Lateral arms of
prephrapema.

e

R.d.= Ejaculatory duct..
Fpm.= Tpimeron,

Eps.= Bpisternum.

En. = Entodorsum;

Ept.= Epistome.

Ft. = Epicranium.

Tts.= Epiﬁranial-sutura.

Tx.m. Extensor muscle.

By. = Bye.

i

s Femur. -
F.a.= Furcal apophysis.

Fr.

1}

Frons.

I

F.s.= Furcasternite.

G.. = Gula.
Ga1§q4
anes, .

Ge, = G

Ga o

Gi. Gizzard.

Y

1}

Gip.= Gular plate.

H Hesd.

i

H.i.= Hind intestine.
H.ce. Head of Costa.
H.scse,Head of Subcosta.
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M =
Mea. =
M.d. =
Ve, =

M.G.N.

: Tl-ﬂl.-oll =

.i., =
M.f. =
M.p. =
M. =
MNeo. =
Mr. =
Mt =

Mxf. =
Mxpe. =

TIleum.

= Internal Sac.

= Internal tube.

Membrane of
Ovipositor.

Leg.

Lacinia.

= Labium,

= Labial palp.

Labial palpifer.

= Ligula.

= Labrum.

Iateral lobs.

Vedia(vein).
Membranous arsea.
Muscle disa.
Mentmn.

Vedian Groove of
tha Notum.

Median lobe.
Mid intestiné.
Median foramen.
Medial plate.
mandihle
Median orifice.
Mesothorax.

Malpighian tube.

Maxillary palpifer.
Vaxillary palp.

|ov.

=)
I

80.

N = Neck.

N.c, = Nutritive chamber.
No. .= Notum.

Nop = Mesonotum.

0 = QOcellus.

O.c. = Ovarian chamber.

i

Os. = Ossaphagus.

O.t. = Ovarian tubule.

Ovary.
Ovi. = Oviduct.

Ovip.= Ovipositor.

Process.

Pa. = Parastipes.

|P.ar.= Point of Articulatig

i

- |Pat. = Parapterum.

P1. Pleuron.

Pl.r.= Pleural ridge.
Pl.w.p.Pleural wing process
Pn. = Postnotum. |

P.N.P. Postefior Notal
Wing Process.

P.p. = Preslar process.
Pr. = Prothorax. ;
Ps. = Prescutum.
Ps.l.= Prescutal lobe.

Pt. = Postergite.
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e F————Tp




e R

| Re.

Ro.

P.po
RHaRe

R.S.

Rt.m.

Il

il

89 = Segments 1-9.

I

Retractor muscle.

Radius.

Rectum.

Chitinous rod
of Ovipositor.

Radial plate.

Recurrent Radial
vein. i

Receptaculum
Seminis.

Scutum.,

Scutellum.
Subcosta,

Scutal lobe. .
Spiculuﬁ Gastrale.
Shea th.

Submentum.

Silk producing orgat
Spiracle.
Sternite.
Stipeé.
Sternum.
Meso=~sternum.
Weta-sternum.
Chitinous Rod§
supporting ovi-
positor sheath.

Seminal Vesicle.

Stylets.

T =
o I
T-Ao =
i
TP =
|Tg. =
Tj. =
b PO
P VR
u =
Vg =
vadc =
-Ve. =
Wips ;
ll
Yopo =
2 =

Thorax.
Tarsus.
Transfer Apparatus.
Testes.
Terminal filament.
Tegmen.
Tibisa. .  - :
Trochanter.

Transverse Ventral
Ridge.

Uterus.
Vagina. .
; {

Vas deferens. i _$
i

Vertex. \

Wing.
Wing procegs. n

Yoke plate.

Arch-like plate of - - - 5
ovipositor., i
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INTRODUCTION.

The experiments forming fhe subject of this
paper were carried out in the Physiology Department
of Edinburgh University, through the kindness of
Prqfessor Sir B. Schafer,¥F.R.S., to whom I desire to
express my indebtednass. I am particularly grateful
to Dr. P. Eggletan for the interest he has taken in
the ﬁork, and for much valuable help and advice. My
thanks are also due to Dr. C., B, Williams for many
helpful suggestions.

Dr. R. S. MacDougall informed the writer

that he had kept a Ptinid, Niptus hololsucus, in a

tightly, glass stoppered bottle, with casein as.food
material, for eight years, during which time the bottl
was laft intact. The bottle was then opened and the.
contents turned out aﬁd examined when numbers of live
pupae, larde and adults were found. He therefors .

suggested to the writer that the study of the respira

tion of the Ptinid, Ptinus tectus, as Lo how far it
can withstand oxygen deprivation and CO2 accumulation
would form a useful and interesting piece of work.
The material forming th¢ stock was kept in
thfee bottles varying from one to two litres in capa-
city, and in a biscuit tin (about 12" :x 4") with a
tight fitting lid. The material was reduced to a
fine powdery condition, and it is remarkable to see

larvae deep down in the compact mass, against the

walls /
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walls and bottom of the glass containers, as under

such conditions the air space is bound to be very .

small indeed. The tin referred to above was left

undpenad for six months (the material therein being

e - |8" deep); it was then opened, when the material was :f : [f

o w2

; i ? £7Ts . 1| i
"J- - found in a fine powdery and sllghtly caked condltlon. 36 _ i

ﬁ 'From the very bottom of the tin, a lump of oil cake '
/ (1" x 2" in diameter) and welghlng about 6 gms.; wa s

taken out broken up and found to contain no fewer

than 12 live larvae, 2 llve pupae and two adult. beetles

ready to emerge. Yet under such conditions of depri-
vation of gir they can live and multiply. This sug-

gests, at first sight, that the oxygah requirements

of Ptinus tectus are very small, and that the beetles

kg | “ 4
can live quite happily when the oxygen supply is very
low.

The EHffect of Vermetical Sedllng on Ptlnus tectus.

- The effect of hermetlcal sealing on insects,

particularly on grain pests, was sxudiad'by Barnes & -
Grove and Dendy; the latter demonstrated the inability
of grain weevils to live in heﬁmetically sealed ves&ﬂm;- 

under these conditions the insects succumb as soon as

the oxygen supply has been used up and a corresponding

amount of CO2 produced.

The writer found that hermetical seallng KlllB ;

both larvae and pupae of Calliphora (blue bottlas).
In fact pupns kept in air tight vessels showed no

development /
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development, and on dissection were found to contain
a mass of fatty material. Hermetical sesaling was
also found fatal to the pupae of Drosophila; in one
case 8 pupae were hermetically sealed in a 90 cc.
glass jar; after some time, one fly emergéd. On test
ing the jar, as shown later, it was found to have a

minute leak in the parrafin wax.

MNMETHODS and TECHNIQUE.

For hermetical sealing, the beetles, larvase or

pupae were placed in small (40 cc) bottles with tight

fitting glass stoppers, these, and the inside of the
neck of the bottles, being heavily vaselined and a

thick layer of melted parrafin wak painted round the
junction of stopper and neck. The bottles were fin-
ally tested by immersion in warm water for 10 to 15
minutes and watching for air bubbles. The control
bottles had the inside of the neck vaselined and mus-
lin tied tigh'tly round the neck. When desired to

make analysis of the gases present, after the death
of the animals, glass bulbs (25 s, capacity) with

two delivery tubes were used, the tubes being sealed
by means of a blow pipe, and immersed in warm water
to test for leakage. The food material was supplied
in the form of swset biscuits which stood at room

temperature for a few dajs.to absorb enough moisture

for /
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All the experiments

were carried out at room temperature which ranged

for the animals' fequirementé.
from 55°F. to 68°F., averaging 60-62°F. Several
experiments were carried out in an eiectric incubaton
kept constanﬁly at 27.5°C. to 299C., The mortality
amongst the beetles was very high. The beetles in -
the control as well as in the sealed bottles died,
despite the fact that they were well supplied with
moisture in the form of aﬁ bpen glass jar filled wit}
water, and kept in the incubator. The sume results
attended my breeding experiments in the incubator.

Thege facts lead to the conclusion that constant

temperature is fatal to Ptinus tectus, at least in

the adult stage.

EXFERIIENT A.

Tffect of hermetical sealing on Ptinus tsétus.

4, 40 cc. bottles with 10 beeties and food material
were sealed hermetically at room temperatﬁre

(€7°F.) on the 2rd July 1930 at 3.30 p.m.

4 other hottles with 10 beetles and food material in
each acted as control.

The whole left in a dark cupboard. On the
8th August 1930, the contents of the bottles were
turned out and examined.

All the beetles in the sealed bottles

Result:

were dead and failed to revive.

1 contained 8 live and 2 dead beetles.

1 " 10 " a.nd. no n "
1 n 7 % and 3 ¥ i
2 . 5 % anagz ¥ ¥

In the control bottle: =

S —,

e R

——r——————

e e e o S s . A



o
——

forming cocoons, the food material being in a much

EXPERIMENT B.

Started the same day as A. 2 bottles each con-

taining 15 larvae with food material were hermetically

sealed, 2 more with the same number of larvae in each
acted as control. They were kept'in‘a small cardboard
box at room temperature and not examined till the
middle of October, when all the larvae in the sealed
bottles wers dead. " In one‘of the control bottles)
15 live beetles were found and 12 live beetles in the

other.

FXPERIMENT Pi.

Repeated the above experiment on the 31/10/30
with 12 larvae in seach bottle. On the 3/2/31 the
contents of the bottles were turned out and examined.

All the larvse in the sealed bottles were dead without

matted condition. In the control bottles 10 1live
larvae in their cocoons were found in one bottle, and
9 live larvae in cocoons and one alive in the food

material in the other.

FYFERIMENT C.

Effect of sealing on Pupae.

On the 31/10/30, 10 pupae placed in a 40 cc.

bottle and hermetically sealed; 10 more placed in a

similar size bottle acted as control.

On -/

TR |
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On the 3/2/31, the contents of both bottles were
turned out and examined.

ITn the sealed bottle - 4 dead beetles and 6 dead
pupae were found.

In.the control bottle - 7 live beetles,
- 2 dead " in cocoons,
1 not accounted for.

EXPERIMENT D.

The gases present in sealed vessels in which
the beetles were killed. '

3 glass bulbs (25 ce. each) with aali;ery tubes
were used; each contained 10 beetles with about 1 gm.
of food material. The bulbs were sealed by blow pipe
at room temperature (63°F.) on 30/10/30 at 3.20 p.m.
3 tubes, each about 25 ce. capacity, with 10 beetles
and 1 gm. of food material in each acted as coﬁtrol.

Daily observations and records were kept.

Date |Temperature | Bulb %.| “Bulb 2.| Bulb 3.
7 1130 550F, 1 dead 1 dead | All alive
8 11 30 56 - 2. noom
9 11 30 56 2 " A Wi
11 11 30 57 giam it B 3 dead
1311 30| 48 = D 5 N b
14 11 30 60 5 o 7 "
24 11 30 59 all dead g. all dead
30 11 30 53 LT all dead | " "

In /
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The analysis were made by the use of Haldane's
gcas apparatus and carried out in the Biochemistry
Nepartment of Tdinburgh Royal Infirﬁary, through the
kindnese of Dr. C. P, Stewaft.

The results of the foregoing experiments indicate

that Ptinus tectus in all its stages is killed in air

tight vessels; a certain amount of the initial oxygen
present is consumed and a corresponding amount of CO2
produced.

Dendy states that grain insects (Calandra and

Rhizopertha) in hermetically sealed vessels succumb
'

as /

7
In the control tubes on 30/11/30 :-
1 contained 7 live and 3 dead beetles.
T - 4 6 ] n 4 .ﬂ ]
1 " 9 " " 1 " : it
Result of analysis of gases in bulbs on 1/12/30
(after 31 days).
Composition of atmospheric Air.
co2 R ) 2
0.03 20.93 79.04
Bulb 1. Bulb 2. Bulb 3.
co 0 N CoO 0 B CcO 0 N
2 2 (bfﬂﬁﬁbT 2 2 2 2 2 2
3.047 [15.95 [ 81.01 [4.24 [14.62 [81.14 5.12 [13.56[01.p2
i .It
NWo beetlas revived on testing. \




before doing so they produce an amount of Co2 equiva-

died in an atmosphere containing about 13 to 15% of

as soon as the supply of oxygen is exhausted and that

lent to the amount of 02 constmed. My experiments,

however, do not show the same results; the beetles

L8]

oxygen, consuming about 5.77% of 02 and producing abow
4% C0o.

Effect of Diminished Oxygen Pressure.

In experimenting with gases and mixtures of
geses on the beetles, it has to be remembered that
they can lie perfectly torpid and motiohless for a
number of days without, however, losing their powers
of recovery when conditions are mﬁre faYOurable. A
éood many of my experiments had to be repeated, owing
to failure to realise this fact. It is impossible to
tell whether the beetles are actually.dead.before
turning them out and giving them s chance to revive
under favourable conditions.l-The beetles after the
period of the experiment were tried for revival by
gentle bfeathing on them, and then left for 24 to 48
hours in a petri dish at room.temperatufe and then
again tested by gentle breathing; if they spowed no
movement it was concluded they were dead:

All tha observations recorded in the following

pages were made with the aid of a hand lens.

SurviVa13/
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99.8% pure.

|lan absorption tube, filled with sofnolite, to absorb

| compressed Nitrogen cylinder. At the start of the

Survival period of Ptinus téctus, in very low

Oxygen Concentration, Zero, CO», and normal water

vapour pressura.

METHOD : - The inert gas used was pure Nitrogen

supplied by the British Oxygen Gd.,and'guaranteed
The Nitrogen from the cylinder was passed through

any possible Co2. The Nitrogen-was then passed into

another tube fitted with ground glass stoppers con-

taining the beetles, 8 in number, with food material,
the 2 absorption tubes pléced.in a beaker full of

water and finally the excess Nitrogen bubbled into

water. The rate of flow of the Nitrogen was regulated

by means of a fine adjustment valve attached to the

experiments a rapid current of N2 was passed througﬁ
for about 10 minutes to wash off the gases in the
tubes and then the rate was slawed down to about 15
bubbles per minute, which rate was kept up right

through: the experiment.

EXPERIMENT /
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EXPERIMENT E.

Started on 4. 2.

Sl
6¢ 26

10, 2.

Taken out and examined for revival, 1 started
to move feebly;

tested with the same result.

21

-t T

31

3
31

gL

- 3 p.m. All alive and moving.
- 11.15 a.m. 5 moving but rather feebly;
1 quiescent,but showing movem
] of legs.
2 motionless.
3:40 pom. § alive and moving feebly.
3 motionless.
- 12.10 p.m. 3 walking - the rest motionle
- 10.15 a.m. 2 alive moving feebly; the
rest apparently dead.
3425 p.m. Only 1 moving feebly.

10.20a.m. No movement seen; all appar-

the following day they were again

A
(=]

31. at 12.30 p.m.

" ently dead. -

EXFERIMENT F.

Started on 24.2.31 at 11 a.m.

5, 2731
26.2.31
28.2.31
2.3.31

(s
3

v

V' N o o w
W ot W be | W
i

(U8 o Lo o (w

=

1 &

10.30 a.m.

3 p.m.
100 30 e llls

10.25 a.m.

turned out and tested for revival; 2 showe
very feeble movement. :

2 plive snd the rest dead.

All alive and activae.
All alive but slightly feeble.
7 moving feebly, 1 motionless.

6 moving(climbing the vertical
walls of the tube.
2 motionless.

5 moving feebly.

5 alive, 3 moving and 2 very fee
the rest apparently dead.

Only 3 showing movement.

Only 2 ¥ " i
All motionless.

ent

ble,

e
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EXPERINENT G,

Started 6.3.31 at 11 a.m.

9.3.31 -« All but one showing movement.
10.3.31 - 2 motionless, the rest active.
11.3.31 = 5 moving.
13.3.31 = 3 alive.
14.3.31 - All motionless. :
16.3.31 - Turned out and tested for revival, all
_ apparently dead.
17.3.21 = . All dead.
18.3.31 - All dead.

The result of* the last three Experiments indi-

cate that Ptinus tectus could tolerate diminished

oxygen bressure, asllqw'as 1.5 mm. of mercury, for a
périod ranging from 5 to lQldaya at a temperature of
about 159, It would also be noticed that the de-
privation of oxygen-and not the presence of GO is
responsible for the death of the beetles.

Dendy states that with the purest nitrogeﬂ that
could be obtained (99.22%)_sealing grain weevils for
44 hours was sufficient to kill them.

TWow seeing that the beetles could tolerats
diminished oxygen pressure for about & days, it would
be interesting to find out the survival pefiod under
anaerobic conditions.

sary to use an inert gas (Nitrogen) freed from all

traceg of 02, This was done by washing the N p

thoroughly /

To achieve this, it was necest
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‘rubber stoppers, one at each end; a Berkfeldt filter

| with glazed top, fitted tightly through cork A, and

‘about 2 litres of the alkaline solution poured in,

thoroughly in an alkaline solution of Sodium Hydro-

sulphite.

e : 7/ /)
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1VETHOD : -~ A large glass cylinder(about.5 £t

long and 2" in diameter) fitted with 2 well fitting

a thin piece of glass tube through cork B. The glass

cylinder stood upright with A downwards(see fig.);

o glazed end of the filter being connected by a
1. 'th of preseure rubber tubing to the fine'adjusf-
ménx xlve on the N2 cylinder. The N2 was forced
throﬁb iﬁhe filter, frothing as it went up to the
solutiorn *ollected at B, wﬁshed in a hottle contain-

ing 10% Na  to free it from any possible Cop, and

finglly /
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o |
finally passed on to the beetles contained in a U tube
I with well fitting ground glass stoppers, thus getting
& the Np absolutely pure. e : ' i E
EXPRRINENT H. ol | i i
3 | u|
The experiment was run in duplicate = . i
; - i
Tube "a" = a current of pure gas passed for % hour 1
on 19/2/31; stoppers closed at 4.20 p.m. o %
Tube "b" - here the current of gas was passed for ' ?
17 hours; stoppers turned off on the 20th. A
at 10.30 a.m., in both cases ensuring the
é : compléte-freedom-of the tubea from any : ;i 5'
f}__ traces of foreign gases. :
i Da,te l"lal'l : i "-‘__- ll'b'l!
I ' " e g
g _ 20.2. =10.45 a.m. All aliva.aﬂd active. b ;
= 21.2. = 9.45 a.m.|5 active . |All alive and gl = ?
i {H - , 1l motionless active. 8
J £\ 23.2 = 1.45 p.m.|5 alive but | ° jall alive but
| ke feeble rather feeble. i
1. | | 24.2. =12 noon  |All very quiet, [all alive but .
i e "~ |only 1 showing very weak. :
i - feeble movement :
, of antennae.
\ 1 5 hours later all
4 \ '  |movement ceased.
.1 i : Turned out & exam- ;
i RN : _ ined for revival; £t il
_.\ ‘ \ all apparentlyldead. , _ ci : hE
?_\ || 25.2. = 1 p.m. |All recovered and| Only one showing e ' if
i \ quite active. | feeble movement gf - 1¥
. TG A e _ ; .| legs; the rest it
| R R _ %) .| apparently dead. i §i
i \ | 26.2. = 1 p.m. . same ' |all movement ceaspd . F
\ 75327.2. : ' ., /5 } ;- '2ll motionless Sl
'\\ e \ ¥ v
"i,\ .28 /
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no result, all
apparently dead.

2 FEy : game On being again
tested for reviwa
one showing very

feeble mo¥wement o

parently dead.
The following day
all dead.

It is obvious from Experiment H. that Ptinus
tectus could live under absolutely anaerobic condition

for a period of at leust six days.

Tffect of Different Concentrations of Carbon Dioxide.

METHOD:~  The carbonic acid gas used was supplied

by the Distillers Co. and guaranteed 99.5% pure.
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legs, the rest ap+

14,
. Date ngm ENY
28.2. = - All recovered and|Turned out and ex-
quite active. |amined for revival;
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Two Winchesters of equal size (about 2% litres
capacity) each fitted up with a tightly fitting two-
holed rubber cork, through which tﬁo'glass tubes, one
reaching to the bottom of the bottle,the other not
p;ojecting beyond the level of the cork, the -two
long tubes being connected by é-length of rubber
tubing; Bottle A P calibrated and then filled
up with'water, then the desired gas is introduced.at
6:, tHe pressure driving tha water  inte By until the
level at A drops to a ppﬁnt representing the required
percentage. s -

The mixture of gases was shaken up and allowed
to stand for some time and fhen.lad on to the beetleé
contained in an absorption tube with well fitting
ground glass stoppers and finally'bubﬁled in water,.
the rate gf gas flow being reguléted by.msans of a7
screw clamp at C. After a few hours, the level of
the.pressure Winchestef_B was raised, to'ensura an

even flow of gas from'A_by raising the water level

therein.
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18.

The gases used in Experimanté 1 to 4 inclusive
were éhemically prepared; the Oxygen and Nitrogen
were supplied by the British Oxygen Company; purity
99.8%.

The results of the last twelve experiments indi-

cate that Ptinus tectus can tolerate very high con-

cantrafions of moist COp; under such conditions they
remsin absolutely motionless, apparently dead, with
their legs and anténnaa extended,-dhring the whole
period of treatment, without,howeVBr, losing their
powers of recovery.

Cole records similar results for the grain weevils

Calandra granaris and Calandra orvzﬁe, and states

that almost any concentration of CO» in the atmospher:

o

in which the weevils live may be disregarded as a
praventive agent. .

It remained to find out the efféct of pure CO2
(99.5%). Here a rapid current of the gas was passed
direct from the cylinder into an absorption tube con=-
taining the besetles, and finally bubbled into water,
the current being p@ssed for 15 minutes,after which
time the stopcocks were turned off. Befofa use the

tubss were thoroughly tested for any possible leakags

mffect /
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he used moist COp in order to eliminate the possible

21,

Experiment 20 was carried out in exactly the
same way as the other two, except that the absorption
tube containing the beetles was thoroughly dried in
a water oven, the food material supplied was of the
same origin and moisture content(6.66%).

_These experiments indicate that, although the
beetles can tolaerate high concentrations of moist CoZ
yet low concentrations (15-20%)of dry CO2are fatal to
them. ' |

" Cole, experiménting-with gfain weevilg, states
that pure dried .CO2 is vafy fatal, acting either as
5 poison or as a desiccator, or both, and notlmerely
as an oxygen barfiar. |

Dendy, also experimenting on the grain weevils,
states that COQlaxerts a poisonous effect upon the
weavils, apart altogether from the question of dimin-<
ished 02 pressure; he further adds that at 30-310C.
gﬁignggﬁlggxggg wos killed in less than 12 days in

an atmosphers containing 14.08 - 22.567C02, though

13.887% of Oxygen still remained. In his experimentg

effact of desiccation.
Referring to Bxperiment J, it would be seen thaf

Ptinus tectus could stand complete dssiccation for

much longer periods than those of Experiments 18 to 20

It is obvious than that the C02 exsrtad a poisonous

effect /
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effect on the-beetles and that the question of desic=

cation can béfdisregarded .

Moisture Requirements of Ptinus tectus.

It is well known that & certain degree of humid-
ity is essential for the existence of all insect 1lifel
Fxperiments carried out to determine the amount of
moisturs raquired for certain insects,involvﬁng the
use of closed bottles to keep out moisture, are quite

unreliable as no allowance has been mads for the fact

that hermeétical sealing alone is fatal to insect life|,

apart altogether from any other factor (Dendy).
The question was therefore investigated without
resort to closed receptacles.'

BXPERIVENT 7J.

Registance of Ptinug tectus to Desicecation.

VETHOD: Compressed air being used, the writer
was informed that the air is, deliversd from the com-
pressed air plant in a fairly dry condition; the air

was fyrther thoroughly dried by bubbling it into a

=1

special moisturs trap, nearly filled with concentrates

sulphuric acid.
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The air was led in at A, washed thoroughly in the aci(
and then collected at B, passed through an absorption
tube filled with "Sofnolite" to absorb any possible
oxides of sulphur, passed on to the beetles contained
in a U tube with well fitting ground glass stoppers ‘
(with food material) and finally bubbled into a
beakerful of water, thus ensuring a constant current
of thoroughly dried air. The beetles were‘sevan in
number, and the biscuits supplied for food had a
moisture content of 6.?ﬁ.l

7 beetles kept in a small glass tube acted as
control. . |

The experiment was started on the 5th 3anuary,
1931 at 3.10 p.m.

6.2.31 =11 a.m. All alive and active.
2.30 p.m. All alive, 6 active, 1 feeble.

|

7.2.31 =11.40 a.m. Beetles vary quiet; on being disturbed

6 moving about, 1 apparently dead.

9.2.31 = 1 a.n. 6 alive and quite active; one dead.
10-2.31 pd 10 Ei-m‘. Same. '

Il pda Tl w0 M 6 alive but rather quiet; movement Was

ggen daily.

2.3.31 = 10 a.m. 3 quite active, 1 alive but very fegble,

2 apparently dead, making 3 dead.

10.3.31 - " "™ 3 alive and active, the rest apparer
dead. '

The experiment was stopped on the 16th of March
1931, contents turned out, 1 beetle alive, the rest

apparently dead. No further revivals on subsequent

testing.

h

tly

—————
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In the control tube - 6 beetles alive and 1 dead.

It would thus be seen that Ptinus tectus is

extremely drought hardy, withstanding complete desic-

‘|eation for about pne month which is really remarkable,

The LOVWER and UPPER LIMITS of TEMPERATURE.

The Lower Temperature Limits: Grain and stored
product pests as a group are unable to withstand con-

tinued low temperatures in a dormant condition. Of

the Ptinids, however, Ptinus fur may be sble to stand

dormancy (Payne).

Txperiments on Ptinus tectus show thst the beetld

in both larval and adult stage is exceedingly cold
hardy, and can withstand continued low temperatures

for a fairly long time. The insects under such con-

ditions are quite torpid (legs and antennae outstretchs

lying dormant as long as ths temperature is low. Wher
conditions of temperature become more favourable, they
start normal feeding and activity.

BEXPERIMENT K.

On the 5th February, 1931, at 2.30 p.m., 8 adult
beatlas were placed in a swall glass petri dish with
food material, in an electric refrigerator, kept con-
stantly at about freezing point; it was taéted on
savaral ocﬁasions, the témpérature varying from -1°C.
to + .25°C.

On the 9/2/31 at 10.45 a.m., the beetles were

i

taken /

a)

<7

ik i‘ b T

-
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taken out and found quite torpid, revived by gentle _ ! ;

breathing, 7 started crawling about feebly, later

became active,ll apparently dead. The same day ét
11 a.m. 8 more beetles were placed in the refrigerator. L e Ol
On the 17th, at 10.45 a.m. t.hey were taken out 3 -
aﬁd tested for revival, in about 5 minutes all began
to move about;lthey were again put back,
On the 19th at 12.45 p.m. they were taken out and
warmed by gentle breathing for about three minutes,

6 began to craﬁl, put back.

On the 23rd at 10.55 a.m. repeated above procedurq.

Tmmediately 3 bégan to move and then a fourth. They -

i were kept at room temperaturse.

24,2.3). 4 glive but very feeble, 4 moticonless. - i i

25.2.31. 4 alive and very active and feeding, the S | ]

rest motionless.

26.2.31. 2 revived, making 6 alive and 2 dead; no

it " further revivals.

2.3.31. 6 alive and active and 2 dead. " | }

REFERIVENT K3 .
6 larvae put in the refrigerator on

5.2.31 and left till the ' - i

; 28.2.31 9 alive and 1 apparently dead.
Sk They were put back..

2.3.31 4 alive and 2 apparently dead. They were , l
i
f

2 i

: left at room temperature for 24 hours.
3.3.31 1 recovered, making 5 alive and 1 dead.

. Bxperiments K and K1 show that the adult bgetles
and the larvae can withstond a temperature of about ' &

0°C., the former for a period of thrue weeks and the

" latter for about four weeks and probably much longer. i
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Sy 27. : |
e |
: Preferred Temperaturs. ' :
§ In order to investigate this, a replica of a v
! piece of apparatus, originally designed by Dr. C. B. '
Williams was used. ¥ 1 :
4
L ek
|1
|
i
[
; -
The apparatus consists of a long piece of glass ‘
tubing / L
V | :
’ ‘- i
i
jin




‘| tures when heated by a small Bunsen burner at C. The

part of the tube is found by a thermometer'which can

wander at will, choosing a spot approximating to theip

28,

tubing, about 5 ft. long and 1" in bore, supported on
two retort stands; a long piece of.soft metal tubing
tightly coiled spirally round the glass tube, the endsg
of ‘the- matal tubing beirig atbabhed ke a M shaped glast
tube A connected to a funnel B by means of rubber -
foints, the whole system being filled wi%h water which

circulates round the glass tube aﬁ different tempera=~

interior of the glass tube being thereby heated at

different temperatures, the exact- temperature at any

be moved along insidé the tube by long fieces of
thread fastened to if.

The apparatus being placed in such a position
as would give its whole length as uniform exposure '
to light as possible, the beetles (15 to 20 in number)
are placed in the tube and both ends ére then plugged

with pieces of cotton wool. The beetles can now

prefarred temperature. Some tend to se£tle in a posi
tion opposite the spot where the metal tubing comes
in contact with the glass tube. The biggeét number
of heetles congregating in a-posiﬁion betweean the
coils of the metal tubing; this spot is marked, the

thermometer slid to it and the temperature recorded

is the preferred temperatura.
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2,

2

Started with 20 beetles; after one hoﬁr 9. congre-

29..

gated at a spot, the temperature being 25°C.

25 beetles - 8 of these settled at 23.5°C.

25 . '_10 Seadt ] n

2290

The preferred temperaturelfhus varying from

to 25°C., averaging 23.5°C.

o
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tubing, about 5 ft. long and 1" in bore, supported on
two_retort stands; a long piece of.soft metal tubing
tightly coiled spirally round the glﬁss tube, the end;
of the méfal tﬁbing being éttabhed to & T shaped glass
tube A connected to a funnel B by means of rubber 4%
Joints, the whole system being fi1led with water whicl
circulates round the glass tube af different tempera=~
‘| tures when heated by a small Bunsen burner at C. The
interior of the glass tube being thereby heated at
different temperatures, the exact-température at an&
part of the tuhe 1 found by a thermometer‘which can
be moved along insidé the tube by long ﬁieces of
thread fastened to if. .

The apparatus being ﬁlaced in such a position
as would give its whole length as uniform exposure '
to light as possible, the beetles (15 to 20 in numbep
are placed in the tube and both ends ;re then plugged

with pieces of cotton wool. The beetles can now

wander at will, choosing a spot approximating to theiy

prefarred temperature. Some tend to seﬁtla in a posi
tion opposite the spot where the metal tubing comes
in contact with the glass tube. The biggeét number
of heetles congregating in a-posiﬁion betwean the
coils of the metal tubing; this spot is marked, the

thermometer slid to it and the temperature recorded

is the preferred temperatura.
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PLATE T,

Begg. x 1) 0

Fully developed larva. X 37
Leg. x [0
Abdominal spiracle. x
Torsal view of head. x 130
Antenna. x gL

Frons and Epistome. x ‘ﬁo
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BATERNAL ANATOMY of the LARVA.
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e % Fig.l. ZILarvel mandible. x v _
e : ' 2, Larval labium and maxillae(ventral aspect). x [20
3. Pupa (ventral aspect) x Y 0O | _ '
- 4, 8th and 9th Sternites of male pupa. x /20
" 5. 8th and 9th Sternites of female pupa. x /20
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RXTHUAL ANATOMY of the - LARVA and PUPA.
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PLATE III.

Adult beetle (dorsal view).
Head. (dorsel view). x 4 O
Antenna. x ‘(?a :

Two antennal segments. x |20

x 30
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BXTERNAL ANATGMY of the ADULT BRETLI.
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IS PLATS IV. ‘ :
'Fig,li Labrum. x %60 : 5 g
: ©. .« 2. Mandible., x |3® . | i
: : mnotum y ;
: : - 3. Mesotergum (dorsal view). x 180 :
© 4. Vetatergum (dorsal view). x 8% . . W
' =R 5.  Metapleuron showing pleural articulation of Y
yob ' wing (internal view). x 3%,

2 e B ! . 6., Articulation of Elytron and the position of
: f Wetathoracic spiracle (mesopleurae spread out)
External view. x §o0 .
7. Lateral area of Metatergum to show notal artlculation
of wings (external view). x 33v :
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BXTERNAL ANATOMY of the ADULT BUETLE. . PLATE IV.
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PLATE V.
Fig.1l. Right prothoracic leg(dorsal aspect). x q0
2. MNeso and meta sterna, the right meta coxa
removed to show the coxal cavity and A
its attachment. x ¢ 5§
3+ Wetatergum with a brachypterous wing on one side
] and a macropterous wing on the other.
4, Wacropterous wing(dorsal view). x. Yo
5. Brachypterous Wing (dorsal view). x $ ¢ ‘
6. ‘Abdomen (dorsal view). x U \
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. : PIATY VI.
i Figs1l. Tracheal system (diagrammatic).
2. Alimentary system. x 17 !
3. Silk-producing organ. x g '
4, Salivary glands. x 330
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INTERNAL ANWATOMY of the LARVA.




Fig.l.
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PLATE VII. |

Alimentary System. x Y0 /

Vale reproductive organs. x 4o

‘O&égagﬁa and median lobef. x 9o

Spiculum gastrale. x §§Y

Lateral lobe. x §5%

lMedian lobe. x €%

Apical portion of median lobse with internal

sa.c completely everted. x 3bL0
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INTERNAL ANATOMY of the ADULT BRETLE. PIATE VII,
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" PLATE VIII. | ¢

Fig 1. Female reproductive organs.
Immature, after emergence) x 7{7

2. Reproductive organs of a female raa.dy ; 5 gl
to lay eggs. x %0 "

3. 8th, Abdominal segment and Ovipositor. x7)0 3
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| INTWRNAL AWATOMY of‘the ADULT BEETL{. «
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- PLATE IX.

Female reproductive orgars after egg layiﬁg.
(6 eggs, 2 from the right ovary' and 4 from : :

the left ovary, were laid). x 7]y
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INTERNAL ANATOMY of the ADULT BEETLI. |
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PLATE  IX.
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