STUDIES ON THYSANOPTERA,

Thesis submitted by,
U.S. SHARGA, M,Sc,
for the
Degree of Ph,D,, Edinburgh University,

o e S T I S S TR B TR W e







PAPER I,

MORPHOLOGY AND ANATOMY OF THYSANOPTERA,

(PLATES 21., FIGS 1.135).




MORPHOLOGY AND ANATOMY OF THYSANOPTERA,

CONTENTS,

. INTRODUCTION,

II, TECHNIQUE,

III, MORPHOLOGY,

A, APTINOTHRIPS RUFUS GMELIN,

o b W M M
L ] L] [ ]

6.

B

EGG,
LARVAL STAGES,
PRE-fUPA.
PUPA,
ADULTS,

a, PFemsle,

b, Female var stylifera,

L]

c, Male,

d, Male var stylifers,

STRUCTURAL DEFORMITIES,

LIMOTHRIPS CEREALIUM HALIDAY,

1
2
]
4
5
6
7

EGG,

NOTES ON EMBRYOLOGY,
LARVAL STAGES,
PRE-PUPAL STAGES,
PUPAL STAGES,

ADULTS

MOUTHPARTS,

Page,

18
21
25
25
30
31
35
38

48
48
49
52
81
68
786
91



IV,

VI,

ii

ANATOMY,
1, DIGESTIVE SYSTEM,
2. GLANDULAR SYSTEM,
3. EXCRETORY SYSTEM AND FAT-BODY,
4, WNERVOUS SYSTEM,
5. REPRODUCTIVE SYSTEM,

BIBLIOGRAPHY,

LETTERING AND EXPLANATION OF PLATES,

Page,
101
101
109
120

133

128

143

146



I. INTRODUCTION,

The present plece of work deals with the external

morpholcgy of two species of thrips, Aptinothrips

rufus and Limothrips cerealium; and the internal

anatomy of some of the species representing the two

gub.orders of Thysanopterg, Aptinothrips rufus

Gmelin, is the common grass inbabiting species and
occurs either singly or mixed up with ite variety
gstylifers Trybom, These two varieties are chiefly
distinguished by the number 6f antennal joints,

| Females are found throughout the year, Males are very

rare and only few A, rufus males were collected, !
No stylifers masles were found by me, The larvae also
occur on gresss and are common, Pre._pupae and pupase
are found with great difficulty, No mele larval,
pre.pupal or pupal stages ever came to notice,

The other species, Limothrips cerealium Haliday, is

the well kmown corn thrips, which has been believed
to0 cause sterility in oats and wheat, It is found
during spring and summer on grasses, wheat and oat
plants, The eggs are laid in slits made in leaves
and the larvae after hatching go inside the leaf.
sheaths or ears of corn, Almost all the stages ale
found simultaneously on wheat and oat plants in

summer,

A/



A review of the previous literature shows that
except a short description of adult stages, the youngi

forms of A, rufus, and L, cerealium have never been |

completely described, The female pre.pupse of A, rufus

and the mele pre.pupae and pupae of Limothrips cerealium

gre described here for the first time, The collection

of Aptinothrips rufus revealed the presence of certain
unusual antemnal deformities, which are also described

here in detail, The mouthparts of I,, cereslium were

studied, and are described here, establishing the

| homology as far as possible, A short note on the

embryology of L, cereslium is also included,

The internal anatomy of Thysanoptera has been
very little studied, This is partly due to the
minute size of insects, Most of what is known is dud
to the pioneer work of Jordsn (1888), Uzel (1895) ani
Buffa (1898), In 1915, Peterson made a study of the‘

gsalivary glends and head.glands in H, femorslis and

. Cephalothrips wyuccee, In 1928, Klocke published a

peper on the anstomy end histology of Thysanopters, |
But his work does not present a comnected view of the
‘different internal parts,

Ten common species were taken for dissection
purposes which are:.
AEOLOTHRIPIDAE:. 1, Melanthrips fuscus(sSulzex),

| THRIPIDAE:./



 THRIPIDAE:- 1, Aptinothrips rufue(Gmelin) 2, Odonto;
|  thrips ulicis(dalidey} 3, Limothrips
cerealium[Halidaygl4. Helliothrips haemor+
rhoidalislBouchéi 5, Taeniothrips vulgat.
issimus(Haliday); 8, Taeniothrips atratus
Haliday; 7, Thrips tabaci(Lindemany ‘

8. Rakothrips robustus (Uzel), A

PHLOEOTHRIPIDAE:. 1, Haplothrips diatinguendue(UzsP,
| i

| The digestive system presents some peculiasrities

' gnd in order to homologise the parts in the three

|
families of thrips, with the typical digestive system

of other insects, certain new nomenclature has been
introduced where considered necessary, So far only !
| four rectal glands were known to occur in thrips and

- I also found usually four in most speciles; but in

_Melanthripa fuscus, five rectal glandé were found fo%

' the first time in Thysanoptera, The salivary glandsﬂ

! also show difference of form and attachment, and in i
the course of anterior ducts, The femals reproductiﬁe

‘ organs are more uniform except the difference in the |
form of receptaculum seminis; but the malse reproductive
organs show sometimes great dissimilarity, 1In Odontd_

|
thrips ulicis, a third kind of unpaired gland is found

and in Taeniothrips atratus, the two testes are con.

nected by a commissure, These structures are not
| found in other species of thrips examined, Besides,

. other/



have been written, I am also grateful to Dr G,D,

other minute details of form, and internal structuras!

or their abnormalities are noted and described,

The work was done in the Department of Agrioult-;
ural Zoology, University of Edinburgh, under the Bupe¥_
vision of Dr C,B, Williams, I am greatly indebted to:
him for suggesting this work to me and for placing atl
my disposal, all hls collections and literature on |
Thysanopteras without which the present paper could noF

i
Morison for identifying a few species of thrips for

me, and for sending me & specimen of the male of

Aptinothrips rufus var stylifers,




IT, TECHNIQUE,

Thrips were first collected on s white sheet of

thick paper.board; and killed by transferring them in

70% alcohol with a fine brush, They were later on

passed through 90% and then absolute alcohol,

Clearing was done in Carbol.xylol, end specimens wer&

mounted in balsam,

The other medium recommended by Dr Imms (1929)

|
was also tried and found very satisfactory for these

' insects, The medium consists of the following in.

igredients,
1, Gum arabic X " 4 30 gr;
2., Chloral hydrate > = 50 gr,
3, Glycerine 4 3 i 20 cc,
4, Dist, water g . 50 cc,

5

Chlorhydrate of Cocaine 0.5 gr.

Filter after mixing:.

This medium had the advantage that it was very

convenient, Killing, fixing and mounting was done

in &

in s

single operation by placing the specimen directl&

. |
drop of the fluid, The first_stage larvae, which

' 1in alcohol tend to shrink, died in an extended con.

dition in this medium; and the halrs on the body of

the young and adults were also clearly seen,

The study of chitinous parts and the distribution

of hairs on the body, was done by boiling the specimens

for/



for ten minutes in a 10% solution of KOH, They

were agsin reboiled in water to remove alksli and
finally placed in 70% alcohol, Staining of chitin was
done with Acid fuchsin,

Dissection was done with a pair of fine needles

- under Leitz binocular microscope (X75 3 X150, ) in the

following way, Living thrips were placed in a drop
of clear water or physiological selt solution and
stunned by pricking them on the head, For the dis.
gection of alimentary canal, the head capsule was

opened, and the anterior part of oesophegus was cut
|

from the pharynx, then the last abdominal segments
- |

were quickly pulled out; drawing the whole alimentary
|

tube outside, The dissection of the glandular system|

2

their ducts, and the nervous system required graduslly

. breaking away the chitin carefully in small pieces,

In all cases, idea should be concentrgted in dis._

. gsecting out one system only; and in no case should |

thrips be killed in any fixing fluid before dis.
goction, Preserved or fixed specimens are useless i
for successful dissection as the internal parts

become coagulated and tend to remain inside the body,

making the dissection all the more difficult,

The internal structures were fixsd in Bouin's

. fluid and first washed in water and then in weak

alcoholic/



| glcoholic solutions to remove plecric acid, Corrosive

gublimate also proved good fixing resgent, Carnoy's

| fluid proved unsatisfactory as the presence of absolute

| alcohol created internal currents with the water in

| epithelium of the mid._intestine, i

the tissues and crumpled the delicate internal parts,
The usual stain used was haemstoxylin and eosin,
Carmalum and methyl green was also tried, and gave

good results with glandular tissues and the enteric
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ITTI, MORPHOLOGY,

A, APTINOTHRIPS RUFUS(GMELIN),

1, EGG.
The egg (Fig 1, P1,1) is a soft, lightly

bluish, translucent white, more or less kidney.shaped

 object, as is typical of the family, it measures from

.2668 - ,313 mm, in length and ,08 - ,116 mm, in breadhh,

' It is comparatively very large in proportion to the

|
gize of the abdomen, and the simultansous development

of several eggs inside the body causes e considerable

' distention of abdomen, The eggs are seen inside the

' body through the chitinous body wsall,

The middle ﬁart appears thickest, and the anterior
and posterior ends seem to have been drawn out in the

form of s neck, The anterior part is slightly brosder

 than the posterior (Fig 1.2, P1,1) and the dorsal esnd

|
' the ventral surfaces correspond to the convex and the|

concave sides,

It is enclosed in a thin chorion which has s
smooth shining white surface, Inside this is the
vitelline membrane, These being thin and flexible,
the egg assumes other shapes also within certain

limits, It occurs more usually, if the egg is not

fully mature,

2./



2, TLARVAL STAGES,

(a) First Stage larva,

(Fig 7, P1,3)
' Total length ,857 -~ .842 mm,

| General body colour pale yellow or whitish yollow,
.Head lighter or slightly darker than the body which
is yellowish, The inter.segmental areﬁs appear as
' white bands, Antennae, 6 legs and tenth abdominal seg.
:ment shaded, Mouth-cone dark,
The antennae (Fig,8, P1,2) are six._segmented,
e little longer than the head, The measurements from

' ons and five individuals are:.

(1) segments:.. 1 2 3 4 5 8 Total
'Length(right) 16.6 20 20 30 10 16,6 ,115 mn,
" ({left) 80 20 20 25.3 /10 13,8 113 mm,
Breadth(right) 23,3 20 20 23.3 10 6.8 =
" (left) 23,3 20 26.626.6 10 6.6 -

(5)/

# The measurements of the segments of antennse
are given in microns,
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(5) Segments:. 1 2 3 4 5 8 Total,
Length(right) 18 20 20.268 30.40 10 16.20 ,113.,133 mm,
" (left) 16.30 20.23 16-26 23.40 10-13 13.20 ,113-,13 mm,
Breadth(right) 23 20 20-26 20.26 10 8 -

A (left) 23 20-23 23.268 20-26 10 5 5

First segment (Figs, P1,2) bowl_shaped, wider
than long, shaded at the inner sides; second segment
' c¢lub.shaped, almost as long as wide, darker at the
| proximal two.thirds part and whitish distally, giving
| e banded appearsnce; third segment wine.glass shaped,
pedicellate, longer than the preceding ones and
slightly wider than the second, the peduncle and
the base whitish, while the middle part derk with a
whitish anterior edge; fourth segment oblong, about
twice as long as the first, the proximal and distal
part shaded with a whitish area in between; fifth
| segment shortest, almost as long as wide, dark; sixth
! gsegment conical, longer than the fifth and uniformly
édark.
i Head lighter yellow with darker carina having
very dark sides almost touching the base of the first
- antennsl joints, the central part of the carinas varies
. from light to darker, The mouth-cone dark with light
brown labium and the sutures, The head ig slightly
1onger than broad with two small orange coloured eyes

| at/
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at the cephallc angles of cheeks, The length of the

' margin, above the eyes and the first antennal joint,

' very small, cheeks parallel, or very slightly curved,

The mouth cone small, lies between the coxae under

| the prosternum, The measurements are:. Length ,093 _f

.12 mm, ; Breadth ,066 . ,076 mm,; width across eyes i
,086 . ,07 mm,; width of vertex (between eyes) ,033 _;
.038 mm, 3 length of eyes ,023 . ,026 mm,; width of
eyes ,01686 mm,

Prothorex pale yellow, almost as long as the head,

| but broader than the head, It is broader than long

with sides sub.parallel, having anterior and posterior
rounded angle, It messures ,086 . .1 mm, in length
gnd ,128 - ,14 mm, in width,

Pterothorax also pale yellow, longer than the
head or prothorax and also broader than either of
them, It is almost as long as broad, It measures
o1 - ,17 mm, in length and ,166 - .176 mm, in width,

The fore, middle:end hind coxae, and all femorsa
shaded at the besal part and lighter at the distal,

The tibiae and tarsi of all the legs shsded with

1ighter areas, The fore, middle and hind legs are

. glmost equal, The fore coxae and the fore femora are

| slightly broader than others,

The sbdomen (Fig,9, P1,2) is pale yellow except
the last two segments, The ninth segment yellowish

and lightly shaded; the tenth segment completely dark,

. Abdomen/
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Abdomen fusiform ending posteriorly in a circular

opéning, The first segment is very short and ig seen

'wilth difficulty, The rest of the segments are clearly

| yisible, The length and (bresdth) of ten abdominal

 segments are:. ,02 - ,03 (.14 . ,18) m.m; ,03 . ,0486

' (.156 - .19) m,m; .03 - ,053 (,153 - ,3) m,m; ,03

| 053 (,168 - ,203) m,m3 ,083 ~ ,053 (.1563 - .2) m m;

.04 . ,053 (.146 - ,19) m,m; ,036 - ,04 (,133-,183) m, m;
<038 = 05 (.09 = ,153) m,m; .038 - ;05 (.07 « .103)

m,m

-

.038 (,046 - ,068) m m, The first few segments
|

. from second backwards are almost equelly long and ]

broad and the segments at the hind part slope down
graduslly and the breadth decreases,

CHAETOTAXY ..

A S [
There are many hairs on the last antennsl

' segments than on the basasl ones (Fig,8, P1,2), The

hairs on the head are very minute; while the maxillar&

| gnd labial palpi are also provided with short thin

' heirs, The hairs on the sides from 1 . 5 abdominsal

' gegments are very minute and not clearly seen, and

dorsally also they are smell, Counting from the sixth
abdominal segment, the following spines of consequence

are seen on the sides of the segments (Fig,9, Pl,2),

- The lehgth of segments 1s also given for comparison,

INO/.
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INO, of Length of the Length of the
| Segment, segment, side hairs,
| 8 .056 m,m .024 m,m
7 .056 m,m .11 m,m
8 ,054 m m 044 m m
9 .05 mm .112 m m
10 .05 m,m .11 m,m |

The length of the hair on the sixth segment

is 1like the preceding ones and 1s the smallest of the
Ehaira that occur on the sides, On the seventh segment
' laterslly, there is a very long hair on each side;
dorsally also four short hairs are seen, On the
;eighth segment, on the sides the hairs are smaller,
and dorsally also are four almost equal hairs; |

On the ninth segment a long hair on each side and a
| pair of shorter heirs situsted dorsally; On the tantﬁ

|
' segment besides the two side hairs, there are two long

'hairs dorsally, All these hairs are long, situated

'almost round the distal mergin of the last segment,

b, Second Stage larva,

(Fig 10, P1,2)
| Total length 1,01 - 1,21 m,m,

Longer then the first stage larva, General body
colour pasle yellow with darker antennae, head, legs
'and the last two abdominal segments, Mouth cone dark,

Antennse /
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Antennae six segmented (Fig 11, P1,2) about one

'and one.third times as long as the head, The segments

' are clearly visible and the length and breadth of

(1) Segments:. 1

' Length(right) 20

% (left) 20

' Breadth(right) 28,6

L (left) 26.8

i

_(5) Segments :. 1

Length(right) 16-20
no. (left)  18.20

Breadth(right) 23.286

o (left) 23.28

2 3

4

26.8 28,8 40

26.68 26.6

38

20 23.3 20

20 23,3

2 3
23-28 23.30
23-26 28-33

20 20-286
20 20-23

20

segments from one and five specimens are as follows:.

5

13.3 16,8 .14 mm
.6 13,3 16,6 .14 mm

10
10

4
3640
368-48
20-23
20-23

8 Total,

8.8
8.8

5 8

io-ls 16-20
10-13 16.20
10-13  8-10
10 8-10

The form and shape of the segments are similar as

| in the first stage larva,

First segment (Fig 11, P1,2)

much wider than long, shaded at the inner sides, less

s0 at the basej; second segment léngar than the first

and longer than wide, shaded at the basal half and

1ighter anteriorly; third segment longer than the

preceding two and almost as wide or wider than the

gécond segment, darker in the middle with the peduncle

and the anterior part whitish; fourth segment longest,

about /

Total,
.14.,153 mm,

.14.,156 mm,

-—
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gbout twice as long as the first and elmost as wide

' as the second or third, unlike the first stage larva

it is completely shaded dark with fine thin white

lines, giving the appearance of large black bands with
thin white lines; fifth and sixth smell and completely

| shaded,

Head 1lightly shaded, with prominent dark carins,

' Two orange coloured eyes at the anterior cephalic ends,

| Facets not distinct, cheeks parallel, similar as in

' the first stage larve, The measurements are:.

length ,11 . ,113 m,m; width L0866 - ,09% m,m;
width écross eyes ,08 - ,09 m,my width of vertex
(between eyes) ,043 . ,05 m,m; length of eyes ,0233 mm;
width of eyes ,0133 . ,016 m,m,

Prothorax psle yellow, almost as long as the

head but much broader, Sides almost parallel with

' anterior and posterior angles rounded, It measures |

.1 mm in length and , 143 . ,156 m,m in width,

Ptefothorax also pale yellow, longer than the
prothorax and also much broader, gSides sub.parallel,
It measures ,183% . .25 m,m in length and ,183.,23 mﬁ,
in width,

Legs shaded with lighter areas, Fore, middle
and hind legs almost equally long and brozd,

The abdomen (Fig 12, P1,2) in the second stage
1arva is much broader and longer tha%ﬁthe first stage

larvaj fusiform; general colour pale yellow with
ninth/



18,

'ninth and tenth segments darker as in the first stage

larva, The length and (breadth) of ten abdominal
sogments are:. ,04 - ,053 (.173 -~ .226) m,m; ,056 -
- 073 (.196 ~ .246) m,m; ,08 - ,083 (,208 - ,273) mm;
.056 - ,093 (,208 - ,273) m,m; ,068 -~ ,093 (,196 -

| .273) m,m; L0686 - .093 (.183 - .258) m,m; .066 - .09

' (,166 - .2) m,mj; ,058 - ,073 (.136 - .2) m,m; .083 -

1,066 (.11 - ,13) m,m; ,046 - ,066 (.088.. .073) m, m;

The first abdominal segment is short, The first few
abdominal segments from second onwards are aglmost
equal,

CHAETOTAXY : .

The hairs on the distal segments of antennae

' are profuse (Fig 11, P1,2), and are similarly distri.

' puted to those in the first stage larva, The hairs

on the head, thorax, legs and first to fifth abdominal

' sogments either laterally or on the dorsum, are
' sparse and very minute, Taking the sixth sbdominal

- segment as the representative of the preceding ones,

the following hairs are found on the sides (Fig 12,

P1,2).
No. of Length of  Length of
sogment, Segment, lateral hairs,
6 ,0033 m,m .04 m,m
7 .09 m,m .0733 m,m
8 .0768 m,m . 0533 m,m

The /



The lateral halrs on the sixth and eighth segment?

are slightly longer, and the long hairs on seventh, |

‘ninth and tenth segments are shorter than the lateral

hairs on the first stage larva, Similarly the hairs |

5n_the dorsum are also shorter than the 1st stage
larva, This differentiates the first and second stage

1arvae, The longest hair is seen laterally on the

soventh segment, the hairs preceding it being very

' gmall and the succeeding ones also smaller, Dorsally'

| on the seventh, four short hairs are present; On the |

| oilghth segment also are four short dorsal hairs,

| besides two long lateral ones; On the ninth segment

‘ tWwo long hairs are seeﬁ on the sides and two short
ones dorsally at the distal end of the segment(Fig 12,
P8, The length of the outer hairs is ,066 m,m, |

' glmost as long as the segment (,06 mm,) and the_inne£
short ones ,03 mm, On the tenth segment also four |

. 1ong hairs afe present at the distal end of the segment,

| The.outar ones are smaller than the dorsal ones whicﬁ
are ,05 m,m, long, almost as long as the segment

(,05 m,m,)

3./
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3., Pre_pupa (female),

(Fig 13, P1,3)
Total length:. 1,1 m,m,

Almost as long as the second stage larva, General
body colour pale yellow, antennae, legs and abdominal
tip lighter and whitish, No shading on the head,
mouth-cone, antennae, legs, and abdominal tip, Eyes

' reddish black, Thorn.like spines on the abdominal

tip yellowish,

The antennse (Fig 15, P1,.3) lie straight in front
of the head, clothed in a thin membrane, various
gegments not clearly distinguishable, A few faint
constrictions divide the antennae obviously into four
| joints, The length and breadth of visible joints and

5 the total lengths are as follows:.

Segments 1 2 3 - Total,
Length(right) 20 30 38.6 53,3 ,l4a m.m
" (left) 16.8 40 36,6 53,3 ,15m,m
Breadth(right) 368.68 33.3 30 25.3 -

' (left) 38,86 33,3 30 23,3 g

The antennase are sbout one and one fifth times sas
long as the head, All the segments whitish, First
joint more or less bowl.shaped much wider then long;
second gegment longer than the first; third still

‘1onger/
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' longer but less wide than the first or second: fourth

is longest about three times as long as the first aﬁdl

very much less wide, oblong with a blunt anterior end,
The bases of the antennae are situsted near each other,
Head lighter yellow, rounded above eyes, almost
a8 long as broad, cheeks parallel, eyes short, No
carina visible, Mouth cone not seen, only a short
faint outline: gives the presence of the mouth-cone ;
1ying somewhere between the fore coxae, The maasure_;
mente are:. 1length ,12 m,m; width ,126 m,m; width

across eyes ,113 m,m; width of vertex (between eyes)

,04 m m, s length of eyes ,01686 m,m; width of eyes

| «06 m,m, !

. | the head, and wider than long, slightly wider poster.

Prothorex lighter yellow, longer and wider than |
|

iorly, sides sub.parallel with anterior and posterior

rounded angles, It messures ,13 m,m, in length and

.16 m,m in width,

Pterothorax also lighter yellow, longer than

the head or prothorax, almost as long as the breadth

of prothorax and wider then long, It measures , 166 m#.
in length and ,188 mm, in width, |

Legs whitish, various parts not clearly defined,
tibiae and tarsi enclosed in a membrane as the femors,
The legs end in a rounded, blunt, club.shaped structure,
The length of the fore, middle and hind legs almost
equal,

Abdomen/



' iorly, ending in a blunt tip, The segments are not

20,

Abdomen is pele yellow, whitish at the tip, fusi.

form, wider anteriorly and graduelly tapering poster-!

g0 clearly differentiated as in the larvae, The

| 1ength and (breadth) of first to seven abdominal seg.|

| hairs about ,023 m,m, long situated at the posterior

ments are:. ,04 (,176) m,mj; ,066 (,186)m,m; ,L073
(.21) m,m; ,073 (.22) m,m;,076 (.,22)'m,m; ,083 (.21)1111!11;
.07 (.198) m,m, The last three segments are not

well differentiated,

CHAETOTAXY ;.

The hairs present on the last antennsl
gegments in the larvel stage are absent here,
Antemnse almost smooth (Fig 15, P1,3), The head bear?
very minute hairs, one hair on each side below the ‘
lateral profile of the eyes, On the prothorax ene |

very small heir behind the coxse and two other short

corners, Pterothorax bears very minute hairs on the

gides, The hairs on the sabdominal segments are also

. yery minute, Each segment bears one short latersl

halr and from first to fifth segments, the lateral

hairs measure about ,L023 m.,m in length; on the sixth |

. and the succeeding segments, the hairs-are proportion.

stely longer, about ,043 m,m in length, On the
dorsum slso are situated very minute hairs, The loné
heirs present on the sides and dorsum in larval stages
aTre absent in this stage, On the ninth segment, at

the /
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ithe posterior part, a short distance from the tip are

' visible four stout, strong, thorn.like yellowish spines
(Fig 14, P1,3), These spines are absent in the larval
stage, Hach measures ,025 m,m, in length and ,0083 m,m
broad at the base, These thorn.like spines at the
posterior part of ninth segment with undifferentisted
gntennae lying in front of the head and pale whitish.

yellow colour are characteristic of pre_pupal stage,

4. Pupae (Female),

(Fig 16, P1.3) |
Total length .88 . 1,071 m, m,

Almost as long as the pre_pupa, General body

' e¢olour pale yellow, antennse and head not so pale

a8 in the pre.pupsa, ILegs and abdominal tip whitish,
; Eyes deeply reddish black, No dark shading on the

f head, thorax, gbdomen or legs; resembles pre.pupa in
colour,

Antennese instead of lying in front aes in the
1arvael and pre.pupal stages, are turned upwards and
lie on the back of head (Fig,16, P1,3); reaching as
far back as the end of head or a little over the
prothorax, The antennas are clothed in a thin
membrane and the various segmente, which are somewhat

. indistinct in the pre_pupal stage, are not seen at

all/
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gll in the pupa, Each antenns appears as a simple

' club with no trace of segmentation (Fig 31, P1,5),

' The basal portion of each antenns lies over the front

:margin of head, from where it bends upwards, and

appears as a wide round basal segment, The antennse

' gre wider basally and narrower distally, At the

 projections, In advanced stage, when the adult is

the outer skins of antennse with four short conical

distal end each gives rise to about four short conical

partially formed and is about to emerge in a few days,

distal projections, are seen enclosing the true

segments of the future adult form (Fig 32, Pl,5),
The antennae as lying backwards on the hesd measure
about ,14 _ ,156 m,m in length and the broad basal
part about ,043 m,m in width,

' Head resembles pre.pups in form and colour,
It is slightly longer than broad, with short eyes |
gituated at the anterior sides, Cheeks almost parallﬁl_

A distinct mouth cone is not visible; but under higher

| magnifications, an impression of the cone may be seen

| 1ying between the anterior coxae as in pre.pupse,

i
The measurements are:. Length ,13 .,143 m,m; width |

L11 - ,123 m,my width scross eyes ,096 - ,11 m,m;

width of vertex ,05 - ,0566; length of eyes ,L04 -,05 mm, ;

width of eyes ,0166 - ,0266 m,m,

Prothorax pale yellow as in pre._pupae, Slightly

ghorter than the head, but much wider, It measures

.11/
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.11 -~ ,133 m,m in length and 153 . ;173 m,ﬁ in width,
Pterothorax is also pale yellow as in pre.pupae,
It is almost as long as the head; but broader than |
' the head end prothorax, No wings present, It mensnrbs
,133 ~ ,153 m,m in length and ,186 - ,186 mm, in width_
| The segments of the fore, middle and hind legs

| are not clearly differentiated and resemble pre._pupa
in colour and form, The length and breadth of fore,

'middle and hind legs are almost equal,

The abdomen resembles pre.pupa in form and colour,
It is brogder anteriorly and gradually tapers poster.|

'iorly ending in a blunt tip (Figs 18, 17, P1,3),

'The length and (breadth) of first to seven abdominal
sogments are:. .03 . .0368 (.166 - .183) m,m; |
.063 - ,068 (.17 - .238) m,m; ,053 - ,083 (,176-.256)]

'm,m; ,083 - .07 (.19 - .263) m,m; ,058 -~ .07 (.2 -

((.193 - .228) m.m,

|
.266) m,m; ,068 - ,073 (.196 - ,253) m,m; ,068 - 073

| CHAETOTAXY s’

Antennse are salmost smooth with two visible
'short hairs at the basal wide part and four short pro.
jections distally (Fig 31, P1,5). Head also is almost
'gmooth; on the prothorax two short hairs may be seen
on the distal part behind the coxae, A few short
hairs may also be seen on pterothorax, The distribu.

tion/
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| distribution of hairs on the sbdomen (Fig 17, P1,3)

pither dorsally or on the sides is more or less of

the same nature as in pre_pupa, Each side of the

first to five abdominal segments, bears a very small
hair about ,01688 m,m long:; On sixth segment the
lateral hair is slightly longer than the preceding

|
and measures about ,0268 m,m in length; On the seveth
sogment, laterally there is a still longer hair about%

.06 m,m long; dorsally there are four short hairs,

On the eighth segment, there are four short dorsal

hairs glmost as long as on the previous segment, the

lateral hairs are longer, On the ninth segment, there

are two long hairs on the sides and two short ones

dorsally about the middle of the segment, Posteriorly

there are four xxxxx thorn.like stout spines about

| ,0168 m,m long and ,0066 m,m wide at the base (Fig

17.18, P1,3), The spines are yellowish, sub.erect |
pnd thorn.like, and are simiiar to those found on ‘

the ninth abdominal segment of pre.pups, The position
i

of antennse over the head, and the spines on the

ninth abdominal segments are characteristic of ;

Aptinothrips pupa,
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Female,

(Fig 19, P1,4)

Total length ,97 . 1.3 m,m,

Body slender, genersl colour pale yellow, lighte%

yollow in the middle of head, thorax and abdomen,

deeper on the sides and at places whers two chitinous

surfaces overlap,

' The antennae are about 1,27 times as long as the

head, approximate at the base and composed of six

gegments (Fig 27, P1,

5).

gnd five specimens are:.

1 (1) Segments:. 1
Length(right) 23%.3
| % (1eft) 26,86
!Breadth(right) .30

. - (left) .30

|
(5) segments:. 1
Length(right) 23
0 (left) 23.26

Breadth(right) 26-30

I
[ (left) 26230

2
38.3
33.3
28.6
23.3

33-.36
33
23.26

23.26

The measurements

30 23.3
30 30
20 20
20 26

3
30=33
30-33
18-20

18-20

5
23,73
23,3
20
20

2330
26~30
20

from

8
70
88
20
20

5
23-.26
2328
18.20

18.20

one

Total,

. 193 m?.

.2 mm,

B Total,
66-70 .193..2 mm,
83.86 ,19-.2 mm,
16-20

16-20

First segment light yellow, bowl._shaped, short,

ibroader then long and broadest of all; second segment

| (Fig/
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|

i

|

(Fig 27, P1,5) yellowish, more or less cup-shaped,
'with a broasd basal handle, longer then the first and
l1onger than broad; third segment yellowish, spindle. :
gshaped with a peduncle to join with the second segmen%,
the peduncle at the anterior eﬁd'brOad with very shori
minute proceSSes,one on each side, shorter and thinner
than the second segment; fourth segment yellowish
spindle.shaped, shorter than the third but almost
equally wide as the third; fifth segment similar in
form éi the fourth, slightly brownish black at the

' distal part, almost equally long and broad as the

:fourth segment; sixth segment longest, resembling a
cone, lightly brownish black at the base and deeper |
brownish black at the distal part with shining hair |
bases, It is over twice as long as the second or

equally broad, |

Head yellow or paler, longer than broad, having |
| two small eyes at the anterior edges of cheeks, The :

|

|

|

‘ third segments, The segments three to six are slmost
|

|

| margin of the head above the eyes forms an obtuse

I |

angle with the cheeks, the two sides meeting in between

' the two basal joints of the antennae, where a short
‘ angle is formed, The cheeks are parallel, The eyes

' gre small black, slightly protruding, with about fiveI
| facets in the lateral profile, The mouth cone with

| mouth parts brownish black, palpl yellow, The mouth

cone is short and blunt and lies between the fore coxae,

The /
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' The maxillary palpl three segmented (lengths 15, 4, 8)

and the labial palpi two segmented (length 2, 9 ),

No ocelli present, The measurements are:. Length

| 143 - ,18 m,m; width ,113 . ,126 m,m; width across

' eyes ,103 .~ ,118 m,m; width of vertex 33 . 50 mic,

1ength of eyes 40 . 43 mic,; width of eyes 23 . 30 mi?,

‘Prothorax yellow, concolorous with the head, :
It is about as long as the head and slightly wider
than the head, the sides diverge posteriorly with
rounded angles, Length ,143 _ 194 m,m, and width
.116 - ,15 m,m,

Pterothorax yellow, concolorous with the head
and prothorsx, It is about as long as the head or the
prothorax, wider than either of them and wider than
long, sides almost parallel; no wings present,

Length ,15 . ,16 m,m; width ,186 . ,208 m,m,

Legs yellow, coxae, trochenter, femora and

| tibiae concolorous with the body, The tarsi paler or

' whitish yellow with brownish black tip within, the

length of fore, middle and hind legs almost equal,
All coxae equally wide, Fore femors slightly wider
than the middle and hind, All tarsi almost equal,
Abdomen yellow, concolorous with the rest of the
body, having deeper yellow bands where segments over.
lap; the intersegmental areas in stretched specimens
appearing as white bands; and the area occupied by
ovipositor deeper yellow, The last abdominal segment

deeper/
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' deeper yellow, dark brown at the distal part ending

in a black abdominal tip,
The abdomen is cylindrical in form, broader at
the anterior part, tapering posteriorly and ending

in a conlical point, The length and (breadth) of teﬁ

' abdominal segments are:. ,03 . ,05 (,188 - ,2) m,m;

078 - ,093 (.21 - .2843) m.m; .07 - 083 (,213 - ,253)
m.m; ,073 - .08 (.22 - .258) m,m; ,073 - ,083 (,216 -
+266) m,m3; ,073 -~ ,08% (.21 - ,238) m,m; ,073 - ,083
(19 = ,8)Ymoms 07 = 088 (,3198 = 15) m mi 056 <
.066 (,08 -~ ,08) mym; ,08 - ,088 ( ends in a point),
The first abdominal segment is very short, and teles.
coped in the pterothorax, The second segment is
longer and broader than the firet, The segments
three to seven are almost equally long and broad as é
the secdnd, from the seventh segment onwards, the
tapering begins, and the tenth segment ends in a
point, The eighth and ninth segments carry the saw_:

1ike ovipositor,

CHAETOTAXY .

Heirs are situated on all sntennal seg.
mentss but are short and inconspicuous at the basal |
half, becoming more visible and profuse at the distal
end gspecielly the last segment (Fig 27, P1,5).

The hesd, prothorax, pterothorax and legs are almost

smooth, with short minute hairs visible in specimens

treated/
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treated with KOH, Hairs on the dorsum and on the
sides of the first to eight abdominal segments are as
a rule few and inconspicuous; but increase in size

and prominence upon the last two abdominal segments,

. Taking the eighth abdominsl segment as s repreasntati%e

of preceding ones, it will be seen that four very
minute hairs are present near the posterior margin,
Anteriorly also two short hairs are present, Besides;
two pores are seen below the middle posterior pair of
hairs (Fig 20, P1,4), No long hairs are preéent,
Similar short hairs are present on preceding segments,
On the ninth segment there are very long promin.
ent hairs, At the posterior margin, there is a row
of four long hairs; the outer pair is very long and

measures 30 mic, in length (Seg, 19 mic,), the inner

| pair is shorter and messures 22 mic, in length,

Besides, above the base of the outer pair is a shorti
heir and down below nesr the margin is a shorter hair
between the outer and inner long hairs (Fig 21, Pl,4ﬁ.
There are two pairs of pores, the first pair is
gsituated anteriorly and the second pair between the
outer and inner pair of long hairs (Fig 21, P1l,4).

Two rows of long and short hairs are situsted

' on the posterior part of tenth segment (Flg 22, P1.4).

| The proximal row consists of four long hairs, two

gituated on either side of the median fissure, The

outer hair on each side is about 17 mlc, long (Seg,

27/



30,

27 mic, ) and is shorter than the middle pair which

i is 21 mic, long, Slightly posteriorly there is the
distal row of six short hairs, three being on each
glde of the median figsure, These are almost equal,
and are much shorter than the proximal row of hsirs,

' Beyond the tenth segment, a short structure is visible
| which is probably the vestige of 11th segment, Tt

carries two minute terminal hairs (Fig 22, P1,4)

(b) Femsle var stylifera, i

The femsle of this variety is similar to A, rufué
in colour, length and the distribution of hairs on
f the posterior abdominal segments, 1It, however, diffe%a
| in the number of antennal segments,
The antennse are elght segmented (Fig, 28, P1,5)
gnd the measurements of the segments from one and five
individuals are:. | |
i(1) Segments:. 1 2 3 4 | 5 8- 17 8 Total,
Length(right) 23.3 33,3 30 23,3 23,3 40 10 13 .19 m,m,
| 8 (1eft) 20 33 26.8 23.3 28,8 43 10 13 ,19 m,m
Breadth(right) 30 26.8 16 20 16 16 6.6 3 4
" (left) 30 23.3 20 20 20 18 6,8 3 v

(5)/



(5)segments, 1 2 3 4 5 8 7 '8
Length(R) 20-23 30-33 26.30 23.26 23-28 40.46 10 13

31 2

(R =right: L = 1left)

Breadth(R) 30 23.26 18-20 20 16-20 18.20 8 3

' ghadeds and the eighth slightly longer and conical

(L) 30-33 23-.26 16.20 20 1620 16-20 8 . B

The form and colour of first to five segments are
‘ gimilar as in A, rufus, The besal part is concolorous
with the head, shading distally to brownish black at

' the tip, Sixth segment here is much smaller than in

the rufus; seventh is smallest, cylindrical and deeply

end concolorous with the preceding segment, The hairs

. are profusely situated on the distal segments,

The head, prothorax, legs and abdomen do not

1 ghow any important morphological differentiation,

- The only difference noticeasble is in the antennse

|
|
|
[
mentioned sbove, ; _ |
|
|
|

(c) Male,
(Fig 25, P1l,4).

Total length:. ,19 - ,23 m,m,

Body much more slender; wingless as females;
much smgller then the female, General body colour
‘1ight yellow, dark brownish within the tarsi; mouth

cone and the fifth and sixth antennal segments dark

brown/

(L) 20-33 30-33 26-30 23.26 2326 40-43 10.18 13.18 ,19.,208m

Totel,

«19-,21 mn




' brown, The last abdominal segment bluntly rounded

(Figs 33.34, P1,5), and not ending in a black pointed

tip as in females,

The antennae six segmented (Fig 29, P1,5), and

32

gimilar in form and shape as in females,

and breadth of antennal segments in two specimens

ale:.
(1) Segments:. 1
Length(right) 20
" (left) 20
Breadth(right) 26,8
E (left) 23.3
{2) segments:. 1
Length(right) 20
" (left) 20
?readth(right) 23.53
" (left) 23.3

The antennae gre sbout one

30
30
23,3
23.3
2
30
30
23,3
23,3

26,6
26,8
16
16

26,6
26,8
186
186

4
25.3
23.3
16
18

28,6
23,3
18
18

and one_half times

5
23,3
23.3
186
16

20
23,3
18
16

The length

8
56, 6
56. 86
16
16

80
56. 6
16
18

Total,
» 166 M m
18 m,m

Total,
.17 m,m

.17 m.ml

a8 long.as the head, The totel length and individual

gegments are much shorter thaﬁfthe female, The colour

gnd shape resembles the antennse of females,
basal part being yellow and the distal dark brownish,
Hesd pale yellow, slightly longer than broad,
with two smell black eyes situated at the anterior
mergin of cheeks where it forms an obtuse angle with

the slightly arched anterior mergin of head as in

females;/

The



| females; cheeks parallel; ocelli wanting, Mouth cone

33 i
|
|

dark brownish reaching to about three.fourth distance

- of the prosternum, The measurements are:.

' Length ,116 - ,123 m,m; width ,1 . ,103 m,m,; width

acCross eyes ,096 -~ ,10 m,m; width of vertex ,033 .

' ;046 m,m, ; length of eyes ,033 . ,038 m,m3 width of

eyes ,0266 -~ .03 m,m,

Prothorax concolorous with the head, almost as
long as the width of the head, and slightly wider thaﬁ
the head, sides sub._parallel, slightly widening |
posteriorly with anterior and posterior asngles rounded,
It measures ,10 - ,103 m,m in length and , 13 ., 614 m,m
in width,

Pterothorax ahort, concolorous with hesd and

prothorax, It is about as long as the head and almosi

ae wide as the prothorax, slightly wider than the i

' head, Wings absent, resembling female, It measures

broader structure than in the femsle, The yellow

.12 - ,123 m,m in length and ,136 . ,1468 m,m in width,
Legs are pzle yellow concolorous with the body,

almost equal and shorter than the female, Fore feﬁora

brosder than the rest, All the tarsi almost equal,

Abdomen is also pale yellow, concolorous with

the rest of the body, It is a much smaller and less

| testes are visible through the translucent body wall

in sixth and seventh abdominal segments (Fig 25, P1,4),

The first abdominal segment is comparatively much

ghorter/
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shorter than the rest; the second segment is broader
'and longer than the first; and the third to seventh | -
segments are almost equally broad; eighth, ninth and
' tenth slightly become narrower st the hinder end;
the tenth abdominal segment unlike femsle is brosder
Ignd bluntly rounded, The male genital apparatus is
| carried by the ninth and tenth abdominal segments,

On the wventral side, the demsrcation between ninth

and tenth sterniteshis not clearly seen, The length

' and (breadth) of ten abdominal segments are:.

.02 - .023 (.133) m.m; ,053 - .086 (.153 - .188) m.m;
,0535 - ,083 (.15 - ,178) m,m; ,053 - ,0669 (.15 - |
J176) m m.5 063 = 50868 (315 = <176).m 1055088, . 4064
(.15 - ,178) m,m; -, 053 ~ ,088 (.15 - .,16) m,m3 ,058 .

| .086 (,133 - ,148) n,m; ,04 (.1 - ,11) m,m; ,083

(.033) m,m,

CHAETOTAXY ;-

Hairs are present on all antennal segments,but

;more'ﬁensely on the last antennal segment than on the

basal joints (Fig 29, P1.5), The hairs on the head,

prothorax, legs and pterothorax are very minute and

gparsely situated, Similarly, on the first to eight

abdominal segments, the hairs are very minute on the

gsides and on the dorsum, On the eighth segment a few

minute hairs are present dorsally (Fig 33, P1l,5).

Very characterigtic hairs are present on ninth

abdominal /
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abdominal tergite, Laterally there is a very long
hair; dorsally at about one_seventh from the anterior
end of the ninth tergite, are a pair of long hairs
gbout ,04 m,m long, These hairs are thin and long,

- Further backwards in.the middle of the dorsum, about
| one.third from the anterior end are situated two
égtrong, yellow, thorn._like spines, which are much
Tgtouter and shorter than the preceding ones, These
' resembles pointed thorns and ars about ,022 m,m long
and g mic, wide at the base, Slightly posterior to
these and slightly awéy from the middle, are two
spines, resembling the preceding ones, but much shorter,
These are about ,014 m,m long, On the tenth tergite
such structures are not seen, only a few short ones

may be seen,

| (4) Mele var stylifera TFaubom)
(Fig 26, P1,4).

Total length:. ,185 m m,

Slightly shorter than the rufus, Body slender,
' colour light yellow, dark brownish within the tarsi,
| Mouth cone and distal antemnnal segments dark brown,
Closely resembles rufug.wele in colour and form,
| It differs from rufus male in the number of antennal

| joints, (Fig 30, P1.5),
The /



The antennae are eight segmented and are éimilar
'in form and shape as in the rufus male; except that
the terminal segment is divided here into two joints, |
:The length and breadth of antennal segments in one

gpecimen are:.

(E)Segments:_ 1 2 > 4 5 8 7 i 8 Total,
Length(right) 18.5 25.9 20.6 22.82 22.2 B53.3 7.4 11.1 ,150 mm
‘ " (Left) 4.8 .25.9 - 25.9 22.2 22.2 33.3 7.4;11.1 .17 mm,
Breadth(right) 25,0 20.3 14.8 17.7 17.7 16.8 5.5 3.7 -

B (left) 22,2 22.2 14,8 18,5 18,5 18,5 7,4! .7 &

The antennae are about one and one.hsalf times as
long as the head, as in rufus, First segment bowl.
shaped (Fig 30, P1,5) wider than long; second long;
third also long pedicellate, Segments one to three

 pale yellow as in ggggg, ”éégﬁents fourth and fifth

| almost equaly fourth lightly shaded at the anterior ;

| part and fifth slightly darker; sixzth apindle_shaped}
much shorter than in the rufus, uniformly shaded; i
seventﬁ and eighth segments smallest, also uniformly
dark, The total length of the antennse is almost

| equal to rufus; the individusl segments slightly
gshorter; otherwise similar,

Head slightly arcuste anteriorly, with deep dark
G5en af ‘s cenbaile shis. Chesks perallel; ocelli

. wanting, Colour pale yellow; almost as long and

broad as in rufus, The measurements .are:.

Length/
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Length, ,114 m m; width ,1 m,m; width across eyes
.092 m,m; width of vertex ,L047 m,m; length of eyes '
,033 m,m; width of eyes ,0222 m,m, '
Prothorax concolorous with the head, sides
' slightly diverging posteriorly, almost as long and
éa broad as in rufus, It measﬁres .088 m,m in length
gnd ,14 m m in width,
Pterothorax is short and yellowish as in rufus,
It measures ,129 m,m in length and , 148 m,m in width”
| The legs are gimilar in colour and measurements, as
in rufus, !
The abdomen is pale yellow bluntly rounded at the
posterior end, It very closely resembles in form and
' measurement with rufus, The length and (breasdth) of
ten abdominal segments are:. ,029 (,14) mmy ,055 (,17)
m, 13 ,055 (.177) m,m; ,047 (.18) m.m; 047 (.18) m.mj
. .047 (,177) m,m; ,055 (,155) m,m; ,047 (,133) m,m;
.055 (.107) m,m; ,047 (,077) m,m, With slight indiv.
idual variation eand the allowance for pressing, the |

measurements of abdominal segments in gtylifere and

rufus are alike,

The distribution of hairs are similar on the

| body and the last abdominal segments, The ninth
torgite possesses the characteristic thorn.like spines
as in ggggg,. Exoépt the difference in the antennae,

' no other differentiating morphological characters

are noticeabls,

Described/
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Described from one male collected by Dr G, D,

Morison, on 18,8,28 at Muchalls, Kincardine, Scotland,

6., STRUCTURAL DEFORMITIES,

During the collection of Aptinothrips rufus,

a few cases of deformities were noticed, Such deform.

| ities were found commonly in the number, size and form

|of antennal joints and rarely in head, thorax or

iabdoman, In all cases it was the females that were

' deformed, The males, however, are rare and a fow

| wore never found abnormsl,

| which were captured were normal, Deformities in

larvee rarely came to notice and the larval antennse

There are two forms of Aptinothrips rufus, the

|
commoner six_jointed form and the scarcer eight.

jointed, Priesner (1918) found a single case with

' goven. jointed antennae which he has described as

forma intermedia, I never came across any specimen

in which both antennse were seven.jointed, Once I

found g specimen with one antenna seven.jointed and

- the other eight.jointed, But the sixth.joint was not

normally formed, This may lend support that probably

a much lasrger collection of eight.jointed form may

reveal/
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| roveal the intermediate form also, The commoner form

- of antennal deformities are grouped here under five

divisions:.

1, Reduction in the number of joints,
2. Malformation of individual joints,
3, Presence of & single median antemnnsa,
4, Fusion of two joints,

5, Presence of normal six and eight.jointed antennai

in the same individual,

Of all these five forms, the presence of six

. and eight.jointed antenna in the same individual is

very striking and throws some light on the linkage |

' of the two forms of the species, The deviation from

| the normal in the number of antennal joints does not:

: i
. appear to interfere with the breeding, as some of the

- thrips contained mature eggs,

1, Reduction in the number of joints (Fig 35, Pl,8).

This form of deformity is by far the common.

o8t and is frequently met with during collecting,

. The reduction is found usually in one antenna or

| occasionally in both,

Thus in figure 35’.p1.6 a specimen is shown
in which the left antenna is five._jointed and the right
one six_jointed normal,

The /



The measurements are:.

Antennal joints 1 2 3 4 5 6
Right,Length ,0222 ,0333 ,02592 ,02592 ,02592 ,0888
" Breadth ,02592 ,02592 ,01851 0222 .01851 ,01851

Left,Length .0222 ,0298 ,01851 = .0222 . 0555

Breadth ,02962 ,01851 ,01851 - . 0222 . 0222

Right antenns normsl, Left antenna abnormal,
ghorter than the right; first joint normal; second
ghorter and smaller than the right; third joint also
shorter but as wide as the right, All 1 .. 3 joints
| pale yellow concolorous with the joints of the right
gide; fourth joint absent; fifth joint almost as wide
| as long.but shorter from the right side, slightly da%k
| plgmented showing resemblance with the fifth of the :

right side, The sixth joint shorter, but wider, smoéey
dark, !

In figure 36, P1,8, the right antemnna is eight.

: jointed and normel; and the left antenna’is seven.

- jointed and abnormal, The .measurements are:.
2 3 4 5 8 7

ok ‘
Right Tength ,0222 ,02962 .02962 ,02592 .02592 .0444 .0111

Breadth ,02962 02592 ,01851 .01851 ,01851 .01851 .0074

Left,rength ,0222 .029082 .0222 .0222  ,0333 0222 Te

Breadth ,02062 ,0222. ,01851 ,0222 .01851 ,0148 -

Total

« 1925
mm,

. 13703
mm,

8 To
.0148 .,

. 0037
.0148

. 0037

tal
121
mm,

154
mm,
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First and second joints normal; third slightly
ghorter than the right; 1 . 3 joints pale yellow,
concolorous with the three joints of the right; fourth

' joint similsr in form as in the right, but shorter;

| £ifth joint larger and darkly pigmented resembling

. the fifth of the right side; sixth joint shorter and
less wider than the right; seventh joint sbsent;

' eighth joint similar in size and form as the right

ijoint,

Priesner mentions a case in which he found a form

- with seven antennal segments, Here, though seven i

gogments are present, the fifth and sixth are deforqu_

If these had been normally formed, this antenns would
| resemble the normally formed eight.jointed antenma |
with the seventh segment missing,
In figure 37, P1,8 the right antenna is deforméd
and five.jointed; while the left is normal snd six.

' jointed, The measurements are:.

1 2 3 4 5 8
Right Length ,02592 ,02062 .0222 . ,0222 .05925
Breadth ,02962 ,0222 .0186 & .01851 .0222

Left Length 02592 . 0333 .02062 ,02962 ,029082 ,0888

‘Breadth ,029682 ,02592 ,01851 ,01851 ,01851 ,01851

First and second joints similar to the one on the

1eft side and normgl; third joint shorter and less wider

than the third of the left side; fourth joint absent;
fifth/

Total,

. 1518 mm,

. 1968 mm,
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 fifth joint shorter but as wide as the left one and

| glightly pigmented; sizth joint shorter but slightly

'wider than the left one, The left antennal joint

' normal and well formed, |

In figure 39, P1,8 the left antenna is deformed
!and much more grotesque than the right one which is
normsl snd six._jointed, The measurements are:.
Antennal joints g 2 3 4 5 8 Total,
Righg.Length .02692 L0333 .02592 ,02592 ,02592 ,0829 . 198 mm,
* |Breadth ,02962 ,02592 ,01851 ,01851 ,01851 ,01851 -

Lefﬁ,Length .02592 ,02962 01851 - .02962 ,01851 1074 mm,

" Breadth ,02082 ,0222 .0148 = .02592 ,0111 g

First and second joints of the left antenna normal
and similar to ones on the right side; third joint very
| small in length and width from the one on the right |

glde; 1.3 pale yellow concoleorous with these sagmenté
- of the right side; fourth joint absent; fifth joint
;'much swollen, grotesque héving smoky pigmentation;. |
- sixth segment very short, appearing as a nodule withl

| gmall terminal hairs and deep dark pigmentation,

In figure 40, pl,8 both antennae are deformed
and the reduction of joints is much greater than
previcusly seen, The left antenna contains only four
joints and the right antenna six, but the joints are
abnormal, The messurements are:.

Antennsl /
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Antennal joints | 2 3 4 5 8 Totel,

Right ,Length 02592 .0333 ,0322 ,02592 .0333 02592 ,159 mm,

t

Breadth .,02962 ,02592 ,0148 . 0222 . 0222 ,0148 3

Left Length .02592 03703 - . 03703 - . 0629 . 148 mm,

]

Breadth ,029682 0222 5 .0222 . JO1BBY e

| Owing to the absemce of two joints in the left
[

antenna, the total size is much reduced,

|

| Right antenna six.jointed; first and second joints
normel; third joint short; fourth normsl; fifth joint
1onger and wider than the normal size and slightly :
:pigmented, sixth joint much smeller and deeply pigmenﬁed.
| Left antenns only four segments; first and second
normal and pale yellow, concolorous with these on the
right side; third joint absent; fourth joint much

1onger and as wide as the one on the right side; fifth

joint also absent; sixth joint is long and normel,

In figure 43, pl,8 the right antemna is deformed

|
with six joints, while the left antenna is eight.

jointed and normel, In this case the reduction is
!still greater than the g2nd example and the eight.
jointed form possesses one antenna six._jointed, But
this has no resemblance with the normal six_jointed

form, The megasurements are:.

Antennal/



Antennal joints 1 2 3 4 5 8 7 | 8 Totel,
Right,Lengﬁn .0222 ,02982 ,0222 ,02592 - .0592 a | opnn .%%fov

" preadth .0333 ,02592 ,0148 ,0222 - . 0222 - | 0037 -
Left,iLength.;OQQSB 0333 ,02082 ,02962 ,02592 ,0444 ,0111 ,0148 '%%f
" Breadth ,02962 ,02592 ,01851 ,0222 ,01851 ,01851 ,0074 ,0037 _.
Right antenna six_jointed; first and second joints
ishorter than these on the left; third joint shorter
and less wider than on the left; 1.3 pale yellow and
concolcrous with the three basal segﬁents on the left;
ifourth joint shorter but as wide as the left; fifth
joint absent; sixth joint longer and wider than the
normal; seventh joint absent; eighth joint longer but

a8 wide as the norms]l,

2., Malformation of individual joints,

It will be geen from these figures that in
most ceses, the reduction or fusion is followed by
malformation of joints, The joints are shorter or |
10nger than the normal size and have grotésque appeaf-
ances, The two baéal joints are invariably normsl,

' The greater number of individuals were found to have
malformetion of the terminal joints, (Figs 35, 37,

' 39, 41, pl.s8),

3,/



45

|
!5_ Pregence oOf a single median antenna, (Fig 58’ Pl1l,.8)

This was a very unique specimen in which noé
' |
~trace of the second sntenna was visible, In addition,

|
the joints are not well formed, The measurements arels.

Antermal joints, 1 2 3 4 5 6 Total,
Median entennsrLength ,01851 ,03703 ,0333 ,0222 ,01851 ,05925 .188 mm,

| Breadth ,0222 ,02962 .01851 .01851 ,01851 ,01851 =

Firgt antennsl joint not well formed; the basal |
boundary not clearly seen, situated slightly on the |
| right side; second joint very prominent and large;
' third joint longer; 1.3 joints pale yellow; fourth |
| joint curved and depressed on the left side; fifth |
joint rounded and as long as broad; sixth joint long

‘ and deeply pigmented like the normel,

| 4, Fusion of two joints, (Fig 41, P1,8),

g Occagionally the two joints are fused to.

gother to make s single long jolnt, 1In most cases

there 1s an indication showing the place of fusion; |
but in some cases no trace is visible, The measure.
' ments are:.
Antegnal joints 1 2 334 B 8 7 8 Total,

Left,Length 02592 ,0333 .044 . ,0407 . .0111 1518 mm,
"* Breadth .02962 ,0222 .0222 .- ,01851 . .0074 5
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| First and second joints normsl and pale ysllow:
' third and fourth joints fused and the slight constric.

| tion reveals the boundary; fifth joint absent; sixth |

; joint deeply pigmented; seventh joint absent; eighth

|
! joint small and short, like normal,
| .

5, Presence of normal six and eight_jointed antenna

in the same individual, (Fig 42, pl,s)

The presence of six and eight.jointed
| gntenna in the same individual came to notice from

s large number of examinations of eight_jointed forms

I
i The measurements of one specimen sre:. I
|
|

Antennal joints 1 2 3 4 5 e | 8

Right ,Length ,L02592 ,02962 ,02962 ,02592 ,02592 ,0444 .Olil , 0148

Left Length ,0222 ,02962 ,029062 ,02592 ,02592 ,0518 o

]

|
Breadth ,02962 ,02592 ,01851 ,01851 ,01851 ,01851 .0044 . 0037

Breadth ,02962 ,0259 ,01851 ,01851 ,01851 ,01851 - | -

| The right antenna is eight.jointed and the left

'six.jointed, The lengths, breasdths and pigmentations
of individusl parts agree with normal ones, on two

iaep&rate forms, It is possible to conceive that this

iand the seven.jointed intermediate form (Priesner)

' suggests the connection between the six and eight_

'jointed forms which are only distinguished by the

; antennal /

Total

.196
mm

« 1BHL
mm.
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|
' antennal characters,

No deformity of the head was noticed, Rarely a
| fow thrips with distorted thorax and abdomen were
noticed, In one case the enterior part of the thorax
was considerably constricted, which appeared as a

i
' neck; and in the other cese the abdomen at the posterior

ipart was greatly constricted, ' |
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B, LIMOTHRIPS CEREALIUM,

1, THE EGG,

The eggs are laid in slits made in leaves

' gnd appear as white épots through transmitted light,

Oviposition in the beginning is heavier at the lsaf.

' bases, but later on spreads to any soft green part

| gnd even to glumes,

The eggs taken out from the leaf sheaths or from
inside the body of thrips are delicate, more or less
kidney.shaped structures (Fig 3, P1,1) with light
bluish white tinge, as is typical of the family,

They measure ,284 . ,315 m,m in length and ,L094 .

sl m,m.in breadth, The anterior part is broader

and the posterior narrower; while the dorsal and
ventral sides are the convex and concave sides of

the egg, The lower ova in the ovarian tubes are the
first to reach maturity, and the simultaneous develop.
ment of two or more eggs causes a distention of
abdomen; and the eggs occasionally lie up to the
gsecond abdominal segment, Tﬁa mature egg is very

1arge and is even visible through the dark chitinous

. body wall,

Externally, the egg contains a delicate, smooth
gshining chorion, Below that is the vitelline membrane
which is also delicats and thin (Fig 3, P1,1),

Owing/
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Owing to the soft nature of chorion and the vitelline

. membrane, the egg is capable of changing form within

. certain limits, The 1less mature oggs change their

. forms very easily with 1ight pressure, 1Inside the

vitelline membrane may be seen a large number of

' 1arge and small yolk spheres (Fig 3, P1,1),

2., NOTES ON EMBRYOLOGY,

The eggs when laid are whitish; but in
course of development become slightly brownish and
finally two red eyes begin to appear, a few days
before hatching, This change in colour is due to thse
profound changes that are taking place inside the egé.
Several workers agree that the goerm band is immersed B

and that rotation of the embfyo takes place, when the

| appendages come to lie finally on the concave side

[ Of the 2gg,

In one of the earlier stages it is seen that ;

the embryonic area is small, and the spherular

| embryonic mgss lies at the anterior end towards the

convex side, This stage may be taken anslogous to
a stage prior to rotation, 1In a later stage, as
seen in one of the eggs (Fig 4, P1,1) the embryonic

ares is considerably larger, At the posterior end,

it/ g
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it is curved twice and also proceeds anteriorly with

a curve, From the anterior end it slightly projects

. downwards towards the concave side, Five embryonic

' 10bses are also visible situated near the embryonic

area, These are probably the rudiments of certain
future structures, This stage may represent one in
which rotation has taken place, Such an egg measureﬂ
.284 mm X ,094 m,m, The yolk droplets are few and

Neills!
geattered widely inside, Ne eyeskor the division of |

the embryonic area is seen,

In later stages, the embryonic area is consider.
ably developed and gives the shape of an embryo with
eyes, antennae and rudiments of legs (Fig 5, P1,1),

At this stage the embryo is enclosed in the chorion,

'with antennae turned downwards and the tail part pro.

jecting upwards, In the middle, at the concave side,
are the rudiments of legs, These appear to have been
formed from the thres posterior embryonic messes, |
What is the fate of the other two is not clear,

The segmentation of the body is not visible, while

the head appears to be separated from the thoracic

'region_ The eyes are clearly visible and the antennse

are projecting downwards closely applied to the
anterior part of the head region, No yolk spherulss
are sesn, Such an egg measures ,37 m,m X ,15 m,m

In still later stageé,ths embryo has grown much

1larger/
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' 1arger inside the egg.shell, The legs and antennse

are well formed and the division of the body into

| head, thorax, and abdomen is faintly visible (Fig a,

P1l,1). The eyes are situated at the sides of head

g8 red spots, These eggs measure ,33 . 34 m m X

.11 . ,15 m,m, The antennae are seen segmented gnd
turned downwards, In further advanced stages, the

embryo is still larger, Although it remains folded

up, it has well developed legs crowded in the middle

at the concave side, and the segmented antennse are

bent downwards, The segmentation of the body into

|
head, thorax and abdomen is clearly visible, At this

gtage, paired thin maxillary stylets and an unpaired

stout yellowish mandible are seen for the first time
(Fig 111, P1,18), It measures when dissected out
.44 - 5 mm in length ;3 ,004 m,m, across the head;
.12 m,m across the thorax; ,11 m,m across the mid.
gbdomen and ,03 m,m between the eyes, After this

stage the embryo hatches out as the first stage

larva,




3, LARVAL STAGES,

(2)
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First stage larva,

(Fig 44, P1,7)

Total length _,44 m m _ ,88 m,m,

| Newly emerged larve very small, about ,44 m m

ilegs and tip of abdomen white,

Mouth cone yellowish

in length, Body colour yellowish white; antennase,

with a chitinous yellow unpaired masndible clearly

and tip of abdomen shaded lightly,

visible, After feeding, the colour changes, Body

colour slightly deeper pale yellow, Antennas, legs

The antennse are small (Fig 45, P1,7), with six |

clearly-visible segments, The measurements of segmaﬂta

from one and five specimens are:.

(1) Segments 1
iength(right 14
| ® - (left) a4
;Breadth(right) 25
" (left) 29

'(5)Segmants 1
Length(R) e

" (L) 11.14
Breadth(R) 25.20

" () 25.29

2
22
22
22
25

3
33
33
25

29

22.25

22.25
22.25

22.25

4
44
44
25
25

29.33

29..33
25.29

25.29

5 8
11, 14
£l 18
11 7
11 9

40.44

44.48
35-29

2529

5 8
11 14.18

11 14.18
11.14¢ 7211

11.14 7.11

Total,
Y 153-. 14‘8 mm.

«129.,148 mm,
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The gntennae are sbout one and s half times as

long as the head, First segment rectangular, broasder

' than long, lightly shaded at the bassl part and

:slightly deep on the inner side; second joint longer

with rounded gides, slightly more pigmented at the

besal two.thirds and whitish anteriorly; third joint

 cup.shaped and pedicellate, the pedicle as well as

the anterior part whitish and the lower middle part
gshaded; fourth joint oblong, longer than broad, and

| more than thrice the length of the first segment,

| colour whitish with very light pigmentation, five or

' six indistinct rings present, the anterior part

being very prominenf g0 as to represent a separate

segment; fifth segment shortest almost as long as
' broad and slightly more deeply pigmented than the

| rest; sixth joint shorter, almost as long as the first;

| but about one_third or less in width as the first |

gogment and more deeply pigmented than the fifth,
Head pale yellow with two round orange red eyes

situated at the anterior gngles of the cheeks, It is

| almost as long as broad or slightly broader, An area

at the extreme anterior part of frons, between the
antennae, lightly shaded, and bounded on each side
by two deep dark lines, The mouth cone darkish, with
the tip deep dark, Labium and other sutures, also
lightly pigmented, Cheeks almost parallel; the mouth

lying between the anterior coxae under the prosternum,

The /
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The measurements are:. length ,077 - ,096 m,m;
preadth ,081 - ,103 m,m; width across eyes ,077 -

,092 mm; width of vertex ,048 . ,055 m,my width of

' eyes ,011 - ,017 m,m,

" Prothorax pale yellow, slightly broader then long

' and glmost as long as the head, Sides parallel with

anterior and posterior corners rounded, It measures
.0703 -~ ,096 m,m in length and ,11 . .144 m,m in
breadth,

Mesothorax pale yellow, shorter in length than
the prothorax but slightly broader, gides almost

parallel, It measures ,0481 . ,077 m,m in length

_ and ,107 - ,155 m,m in breadth, Metathorax also pale

yellow with parallel sides, Almost as long and as
broad as the mesothorax, It measures ,L055 . ,074 m,m
in length and ,103 . ,155 m,m in width,

All the legs are glmost equal and lightly shadad-
the sutures and lines being darker, On the inner |
sldes a deep dark line from tarsi to tibiese is.clearl&
visible,

Abdomen fusiform tepering posteriorly and ending

in a circular opening, All the segments pasle yellow

with whitish intersegmental bands, except the last

' segment which is whitish and is shaded with wvery light

plgmentaetion, The length and (breadth) of ten

abdominal segments are:. ,0185 - ,0259 (.092 -.137) mm;
.0298/



;0898 L ,037 (,096 - ,1407) m,my ;0225 - 037 (,1037 |
,144) mmy ,0259 - ,033 (,1037 - .148) m,m; ,0259 -

L,037 (,1037 -~ .,144) m,my ,0259 - ,037 (.1037 ..137)

m,m; ,0296 - ,037 (.098 - ,1298) m,m; ,L0259 - ,037

(,077 - ,1074) m,m; ,0259 - ,0333 (,055 - ,074) m,m;
,0296 - ,037 (.0407 - .055). The first segment

ghortest of all; the breadth of the segments from

|
gecond to fifth almost equal, the rest of the segments

tapering gradually,

gﬁAETOTAXY:_

Three basal antennal jolnts devoid of

' conspicuous hairs, Fourth joint possessing a few at

the distal part; one conspicuous hair on the inmer

| gide below the last ring and one on the outer side

beyond the last ring (Fig 45, P1,7). The segments

| fifth and sixth possessing s few long and short hairs,

Halrs absent or very minute on the head, thorax and

1egs, ver§ minute halirs present dorsally, and on |

' 1.6 abdominal segments, none seen on the sides, |

probably being very small, The first conspicuous |
and very long hair visible on the sides of seventh |
gegment, Measuring the hairs situated dorsally and
laterally, the following measurements are obtained
(Fig 48, P1,8),

No, /
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|
|

' No, of Length of Hairs on Dorsal
' Segment Segment, the side, hairs,
7 .0296..,037 mm, ,055.,086 mm, ,0111 mm,
8 .0259.,037 mm, ,0148.,0259 mm,, 0111 mm,
9 .0259.,033 mm, ,051-,082 mm, ,0148 mm,
10 ,0296-,037 mm, ,0148-,0185 mm,,0407~, 0518 mm,

| From the above measurements it is seen that the
| lateral hair on the seventh segment is much longer
than the length of the segment, dorsally there are
 four minute hairs indistinctly seen, On the aighfh
isegment laterally there is a short hair almost as
!long as the length of the segment; the four dorsal

' short hairs are as long as on the previous segment,
%On the ninth segment again there is a very long hair
| situated laterally, dorsally only two short hairs are
issen. On the tenth segment  the lateral hairs are
ZGOmparatively shorter while the median ones are very

' |
long,

(b) sSecond Stage larva,

(Fig 46, P1.7).

 Total length 1,04 - 1,64 m,m,

Body colour pale yellow, antennse, head, legs
and the lest abdominal segment deeply shaded,

Differsntiated from the first stage larva in size snd

in/
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| in colecur which is darker on the parts above mentioneh,'

The entennae are long (Fig 47, P1,7), six seg.-

' mented and the average measurements from one and five

| individuals are:.

@(1) Segments 1
Length(right) 18
Fa s (def) 48
|Breadth(right) 25
| (left) 25

(5) Segments 1
Length(right) 18

" (left) 18

Breadth(right) 25.29 22.25

2
29
29
22
25

3
48
48
25
29

2
29-33

29.33

¢ (1eft) 25.29 25

4 5
56~ 11
55 11
22 11
22 11

3

48.51

48.51

25.29

25.29

8
18

5159
51.59
22

Total,
185 mm,

o177 mm,

5
11
11
11-14

22-25 11.14

6 |
18-22
18

7
7 |

Antennse are about one and a half times as long

' i
‘a8 the head or a 1little longer, First segment almost

| rectangular with anterior sngles rounded, wider than

' long, darkish for the most part, except a little

gide and at the outer basal corner; second segment

'almost cylindricel, longer than broad with anterior

'rounded angles, much longer than the first, deeply

anteriorly; third joint more or less cup.shaped,

' shaded at the lower two.third part and whitish

pedicellate, as long as the first or second, the

pedicel/

!whitish anterior part, more deeply shaded on the inmer
i

Totel,
.181.,196 mm,

«177-.192 mm,
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| pedicel and the anterior part whitish, the middle

 part shaded; fourth segment oblong, over three times

a8 long as the first and almost twice as broad as the

fifth, whole segment completely shaded with six

| whitish rings, the sixth ring wider; fif'th segment !

gshortest, almost as long as bfﬁad; sixth segment E

almost as long as the first but least in width, Both

the terminal segments deeply shaded, |
Head dark with yellowish tinge, almost as long

|

a8 broad or a little longer, Two derk eyes at the

| 1ateral angles of cheeks, The area at the extreme |

Mouth lying between the anterior coxase under pro.

gnterior of frons, extending between the two antennae,
dark, with dark lateral lines, appearing very con.
trasted, Mouth cons dark with the tip almost black,

Labium and other sutures shaded, Cheeks parallel,

| sternum, The measurements are:. Length ,1037 ., 122

m,m3; breadth ,1037 -,118 m,my width across eyes

. 0922 7 .1037 m,m; width between eyes ,055 . ,0703 m,m:
width of eyes ,0148 .,0185 m,m,
Prothorax ysllow, broader than long, slightly

1onger and broader than the head, sides wider post.

' eriorly and sloping anteriorly with corners rounded,

Mesothorax yellow, shorter than the prothorax;

but much broader, sides almost parallel, It measures

el = ,133 m,m in length and ,214 . 255 m,m in width,

Metathorax also yellow, sides parallel measuring

.118/
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| ,118 - ,137 m,m in length and ,214 _ ,277 m,mr in

breadth,

All the legs almost equal in size, dark with

' 1ight areas; sutures and lines darker, deep dark lines

' on the inner sides of tarsi and tibiae vigible,

Abdomen much 1onger and wider than the first
gtage larva, All the segments yellow, wider anter.
iorly and tapering posteriorly, with white inter.
gegmental areas, Ninth segment lightly shaded
gosteriorly. Tenth segment slightly more shaded

throughout, The length and (bresdth) of ten

| gbdominal segments are:. ,0481 - .0629 (,185 .,274) mm;

| ,0629 .,0925 (.2 - .292) m,m; _0703 . ,0814 (.214 . |

.314) m,m; ,0703 -~ ,0851 (,289 - .318) m,m; ,088 -

| ,0851 (.229 - ,314) m,ms ,0703 . ,0851 (.222 - ,.3507)

m,m; ,086 . ,0851 (.,211 - ,292 ) mm; ,074 - ,0851

(,174 . ,233) mm; .055 - .0841 (.111 . .129) m, my

. ,0407 . ,0829 (.0518 . .068) m,m,

The first segment is the shortest, while second |

to sixth segments almost equally wide, the rest

tapering, the tenth is least wide,

CHAETOTAXY ;.

First three antennal segments possessing
very minute hairs, On the fourth segment one very
stout hair on the inner side before the sixth ring

and a similar one on the outer side beyond the fif'th

ring/
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ring (Fig-47, P1,7). On the mesothorax, two long
conspicuous hairs in the middle, slightly inside,
about 98 mic, from the gsides and measuring 59 mic, in
1ength and situated 130 mic, apart, Two similar long
hairs about 55 mic, long on the metathorax, Dorsal

hairs on the first to fifth abdominal segments very

minute, about 11 mic, long, No hairs visible on the |

gldes of first to six abdominal segments, On the |
fifth segment, there are six short dorsal hairs, as
on previous segments, about 11 mic, long (Fig 49,
P1.8); Simil&rly,six.ﬁaifa 11 mic, long situated
dorsally on the sixth segment, On the seventh segment,
oﬁe very long hﬁir about 51 mic, long on each side;
dorsally four shorter hairs, outer pair slightly

l1onger gbout 22 mic, long and the inner pair shorter

f about 14 nic long, On the eighth segment,long lateral

hairs sbout 37 mic, long but shorter than the iateral
hairs on the preceding segment, Four dorsal hairs
present, outer psir slightly longer, about 25 mic,
long and the inner pair about 18 mic, long, On the

ninth segment, a row of important hairs are situated

at the distal part of the segment, The outermost hair

situated on the side is about 48 mic, long; longer

than the preceding one, the first inner pair very I

| short, about 11 mic, long,; the second inner pair very

. long and conspicuous, about 51 mic, long, as long as

the /
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the lateral one on the seventh segment, the third

:1nnefmost pair, slightly longer than the first pair,

|
|
|
I
|
xxx messuring 14 mic, On the tenth segment the dorsal
pair of hairs is much longer (about 44 mic, long)

 then the shorter lateral ones, 14 mic, long,

 segments (Fig 51, P1,7) more clearly differentiated;

' while the last one may be divided into two by a small

4, PRE-PUPAL STAGES, - |

(a) Female Pre-pups.,

(Fig 50, P1,7)
Total length 1,2 . 1,68 m,m,

Body colour pale yellow, or slightly deeper in
gome ; antennse, legs, wing rudiments and part of head
more transparent and almost colourless, I

Antennae 1lie straight in front of the head, and

various segments not clearly visible, The first two

constriction, The megsurements are:.
| Segments 1 2 Last Segment, Total,
Length 2940 29.37 85.122 «159. 196 mm,

Breadth 3744 33.44 25-29 -

First and second joints shorter than the last,

broader/
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broader than.long, Last segment having two indistinct
E jolnts, the first measuring 48.55 mic, long and'gg |
mic, wide; and the second one 37.74 mic, long and
' 25 mic, wide, The segments are not differentiated
' a8 in the larval stages, -
Head is wider than long, widest posteriorly and

rounded anteriorly, Two red eyes present, Traces

of ocelli visible in some, Mouth cone not seen,

The measurements are:. ,11 . ,137 mm, in length and
148 - ,185 mm, in widthy; width across eyes ,137 -
.1593 width between eyes ,08 -~ ,11; width of eyes
| .0148 . ,0296 mm, |

Prothorax pasle yellow, sides parallel, anterlor
|and poéterior angles rounded; longer and wider than
the head, It measures .142 - o173 m,m in length and
.22 - .26 m,m in width, |
| Mesothorax pale yellow, concolorous with pro.
 thorax; sides almost parallel; much longer and wider
ithan the prothorax, It measures .12 - .18 m,m in
' jength and .28 - .33 m,m in breadth, Metathorsx also
' of the same colour as mesothoraxs; wider than. long;
sides parallel; almost as long and wide as mesothorax,
It measures ,12 . ,18 m,m in length and ,28 . ,34 m,um
' in breadth,

Legs almost equal and whitish with rounded ends,
?Diatinct tarsi not visible, Rudiments of wings
visible/ |



' the first pair, and reaching up to the anterior part

| of third abdominal segment,

83

visible and short; the first pair on the mesothorax
gbout .38 m,m long and reaching up to the middle of
gsocond abdominal segment; the second pair arising

from the metathorax 34 m m long, almost as long as

Abdomen long and fusiform tapering posteriorly,

|
pale yellow, concolorous with the thorax, The first | .
|

 gegment shortest as in larvae, the rest few almost

Jequal, and tapering posteriorly, the last segment

being small; ninth and tenth segments not very clearly
visible except under higher magnifications, The
1ength and (breadth) of xxx ten abdominal segments are:.
.083 - 0784 (.25 -,3) m,m; ,094 - .11 (,3 - .363) m,m;
.11 (.31 - ,39) m.m; ,094 - ,12 (.34 - .41) m,m;

.094 - .11 (.33 - .39) m,m; ,094 ? .11 (.33 -.37) m, m;

| ©094 - .11 (.31 - .33) m,m; ,0784 - ,094 (.25 - .28) |

' m,m3 ,0784 -~ ,094 (.12 ~ .15) m,m; ,0784 -~ ,094 (,078

)

|
m,m, |
|
|
|

CHAETOTAXY .

Antennae glmost smooth, On the head two

' hairs 11 mic, long below the ocellar traces; poster.

| iorly four long hairs 11 mic, long situsted below the

' eyes, Four moderately long hairs about 25 mic,

' situated near the posterior margin of prothorax,

Hairg on legs scattered and very minute; none visible

on wing rudiments, Abdomen more or less smooth;
none /
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none visiblé on ﬁhe gides of first to six segments
gnd few visible dorsally about 14 mic, long, Four
minute hairs present on the dorsum of first to sixth
 gegments (Fig,54, P1,8), On the seventh segment one
1ong hair about 44 mic, long on each side; dorsallﬁ
. four as on preceding segments, shorter than the laterél,

'gnd 29 mic, long, On the eighth segment laterally

iona hair on each side about 44 mic,, as long as on

' the preceding segment; dorsally four hairs about

|29 mic, long, a8 long as on the preceding segment,
iOn the ninth segment one long hair on each side aboutl
37 mic, 16ng, shorter than the preceding; dorsally
;three pairs; the outermost palr very minute and thin |
about 18 mic, long, and situated above the posterior
irow; the posterior two pairs minute, weak and thin;

' the outer pair slightly longer (18 mic,) and thicker
than the inner pair which is small (11 mic, ), and thin,
|On the tenth segment, a longer pair situsted dorsally

(25 mic, ) and a smeller, laterally (14 mic,)

(b) Male Pre-pupsa,

(Fig 52, P1,7)

'Total length .88 . .1.48 m,m,
Shorter than the female pre.pups, Colour pale

yellow or still lighter in some; antennae, legs,
almost /
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almost translucent white or colourless, Woeuihigpied

ipviaidallg. Several dark pigmentary bodies scattered

' inside the abdomen,

Antennae straight, lying in front of the head,

Segments not clearly visgible, Indications of three |

sogments apparent (Fig 53, P1,7), the first two small

' and the third long; but the last one may also be

congidered to have two joints, The measurements are:.
Segments j et 2 Last Total,

Segment,
Length, 25-37 25.33 ' 96-114 .148 - ,174 m,m

Breadth 20-40 33-40 22.40 -

Antennae shorter than the female pre_pupa and

also the first segment shorter and thinner, The first

| joint and second joint shorter, and the third joint

about four times as long as the first, The first an%
second joint wider than long, The last joint divisible
into two joints, the first measuring 44 . 55 mic, |
long and 22 . 40 mic, wide; and the second one 51 .

59 mic, long and 22 . 25 mic, wide, The various
sogments not so clearly differentiated as in the
iarvae,

Head wider than long, widest posteriorly and _
slightly rounded anteriorly, Two xXxxx reddish dark
eyes present, No trace of ocelli visible, The
measurements are:. ,1037 - .14 m,m long; .11 . ,188

m,m in width; ,1037 - ,151 m,m across the eyes; width

of eyes ,014 . ,022 m,m and width between the eyes
. 059/
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Prothorax pale yellow, widest posteriorly and
gslightly sloping anteriorly, Longer and wider than
the head; but wider than long, It measures _,128 .

, 157 m,m in length and 157 . .25 m,m in width,

Mesothorax pale yellow, concolorous with the

. prothorex; sides almost parallel, Longer and wider
' than the prothorax, and wider than long, It measures
| ,094 _ 174 m,m in length and ,205 - .31 m,m in width,
: Metathorax also of the same colour as the mesothorax,
; wider than long and almost as wide as the mesothorax,
| It messures .078 ~ .14mm, in length and ,205 . ,31
| m,m in width, i
Legs almost equal and whitish, having rounded
' ends, Sepsrate structures not well made out, Tarssl
' ends round and not distinct, Wing rudiments absent
unlike female pre._pupa which Heme short wing rudiments,

Abdomen long, concolorous with the thorax, First

segment shortest, rest few almost equal, and hind
 ones tapering, The length and (breadth) of ten
abdominal segments are:.
.047 - ,063 (,205 - ,284) m,m; ,078 - ,094(.221-,315)mm;
L0683 _ .094 (.221 - .347) m,m; .063 - .094(.236-.363 )mm;
| .078 - ,094 (.221 . .363) m.m; ,063 - .094(.205-,347)mn;
| .078 - .11 (.189 - ,331) m,m; 063 - ,094 (.173.,3)mm;
.078 - .11 (,128 -.222) m,m; ,063 - ,094 (,063-,11) mm,

CHARTOTAXY:. /
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QHAETOTAXY :.

Hairs on the antennae, head, thorax and
1egs, very minute and more or less inconspicuous,
Hairs on the first to sixth abdominal segments either
dorsally or laterslly very small, On the sides of

first to five segments very minute hairs about 11 mic,

'1ong and on the sixth slightly longer about 14 mic,

l1ong, The first long hair visible on the sids of

geventh sabdominal segment about 37 mic, long,

Similarly on the sides of eighth and ninth segments
long hairs present,as long as on the sides of seventh
segment, Dorsally on the eighth segment four long
hairs present about 22 mic, 1ong‘(Fig 55, .PL.8.), . ;
On the ninth segment dorselly four weak thin hairs,

' situated posteriorly, the outer pair slightly longer

' gbout 18 mic, long and the inner pair shorter and

weak about 14 mic, long, On the tenth segment two

hairs fairly long, situated dorsally, about 18 mic,

long, and two very small side omes, about 11 mic, long,
i
|

- ——



68

5. PUPAL STAGES.’

(2) Female Pupa,

(Fig 58, P1,9)
Total Length 1,04 . 1,8 m m,

Slightly larger than the pre_pupa; colour pale
yellow or still lighter in some; antennae, legs, |
' wing rudiments and tip of abdomen whitish or very
E1ight1y yellowish,. Mouth cone not visible, .
| Antennse laid back along the top of head reaching

beyond the head, a 1little over the anterior part of
Ipronotum,\ Length of antennae over the head from the
| basal rounded pqint about ,21 m,m, ' The segments not
'visible, three or four light projections visible on
the outer sides, the fourth or the last bearing s

- short heir; terminally three or four projections with
short hairs} similérly on the inner side two or three
gshort hairs on light projections; basally one long
thin hair about 18 mic, long on the outside; and &
ghort one glightly ins.ide, (Fig 61, P1.9).

Head wider than long, widest posteriorly and
slightly sloping anteriorly, Two xxxxx dark red eyes
present situated slightly anteriorly, and the traces
of three ocelli present between the eyes, appearing

in some as deep brown mass, Mouth cone not visible,

The /
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The measurements are:. Length of the head = ,142

- .234 m,my; width of the head ,173 . ,221 m,m; width |

gcross eyes ,142 . ,173 m,m; width between eyes , 047 |
- .11 m,m; width of eyes ,031 - ,083 m,m,

Prothorax pale yellow, sides sub.parallel, widest
posteriorly and sloping anteriorly with anterior and
pésterior corners rounded; wider than long, almost as
1ong as the head; but wider than the heed, It measu%es
,157 - ,205 m,m in length and ,189 . ,284 m,m, in
width, .

Mesothorax pale yellow, concolorous with the

‘prothorax; shorter thsn the prothorax but much wider,

It measures ,1268 - ,1890 m,m in length and ,L238 ., 383

m,m in width; sides almost parallel with anterior ;

corners rounded, Metathorsx of the same colour ss
the mesothorax, wider than long, sides aimost parallel,
It measures ,11 - ,173 m,m in length and _ 238 . ,3%43

m,m in width, |

Legs almost equal, whitish, with rounded ends,

E_Distinct parts not present, tarsi not differentiated,

Two pairs of long wing rudiments present, one pair on

. the mesothorax and the second pair on the metathorax,

The first pair measures ,6863 - ,773 m,m in length and
extends to the fourth or the fifth abdominal segﬁsnt,_
The second pair almost equal to the first, measures
.631 - ,709 m,m in length, and extends to the fifth
or sixth sbdominal segment, In cases where the

s bdomen/
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abdomen is much telescoped, the wing rudiments reach |

much posteriorly, as far back as the seventh abdominal

segment, The long length of the wing rudiments and

' the position of the antennse over the head,apparently

. differentiate the pupal stage from the pre._pupa,

| Abdomen long and large, pale, the tip whitish

and tapering posteriorly, The first segment shortest

:-as in pre.pupa, the rest few almost equal, Ninth and

tenth segments not well differentisted, except under

high magnifications, |
The length and (breadth) of xxx ten abdominal

 segments are:. ,031 . .078 (.268 - .315) m, m;

| ,047 _ ,142 (,284 . .363) m,m; ,047 - .126 (.315 -

| .394) m,m; ,063 - .126 (.315 - .4) m,m; ,063 - .1386

(3185 - .4) mms ,047.- 128 (.3 -~ .37) m,ms ,088 <

| ,126 (.284 - .347) m,m; .063 - .1268 (.238 - .315) m.ﬁ;

| P& 518 (P8 tata ) s 2007 (SR s - 19 ) mm

The abdominal segments are slightly longer and wider

| tha.z% 3;]:19 pre.pupa, |

CHAETOTAXY s

Two hairs (37 mic,) situsted between the

: eyes above the ocellar pigment, Below each eys is s
' palr of shorter hairs(29 mic,), On the prothorax at
each anterior corner is a hair about 22 mic, long,
Slightlylbelow the anterior line in the middle,is a
ghort pair situated 74 mic, apart measuring 18 mic,

1ong/
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' long, About two_thirds down st the sides slightly

 inwards is a longer hair on: each side about 29 mic,

long, On the extreme hind part, a short distance

from the posterior margin, is situated a row of long

 prominent heirs about 55 mic, long, On the ptero.

thorax; besides some minute hairs, a few distinct

;ones-are made out, There are two pairs of short

hairs situated in the middle between the first pair

of wings, The first pair of hairs is short, situated
above and is about 14 mic, long; the other pair
gsituated posterior to the first pair is slightly
larger and is 25 mic, long, The first pair is separ.

ated about 48 mic, from each other and the second pair

about 74 mic, from each other, Slightly posteriorly |

in the middle, between the second pair of rudiments

of wings, is a palr of hairs about 37 mic, long and |
separated 59 mic, from each other, At the costs of
the first pailr of rudiments of wings are situated

5 or @ vér& short hairs, Hairg on the legs minute
and scattered widely,

On the abdomen, dorsally all the segments are

'provided with hairs; while no hairs are visible on

first to sixth segments laterally, On the second

abdominagl ségmeﬁt there are six hairs, the outermost

about 11 mic, long and the inner four hairs equal and

about 25 mic, long, Similar arrangements prevail on

the /
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| hairs situsted almost at the posterior mergin, The

outer pair is about 25 mic, long and 3 mic, thick at

the succeeding segments as far as sixth, On the sixth

typical of the preceding type, there are six dorsal
hairs, the outermost shortest, about 14 mic, long

gnd inner four hairs equal about 29 mic long, (Fig 57,

On the seventh abdominal segment, g very long
heir on the sides (55 mic,) at the posterior part of
the segment, Dorsally there are four hairs, all
equal, about 48 mic, long, Similerly on the gighth
gogment, four dorsal hairs about a2 mic, long, longer
than the preceding dorsal hasirs; and on each side a
jong hair about 70 mic, long, much longer than the
1ateral hairs of the preceding segment,

.On the ninth segment, posteriorly a long hsir
gbout @2 mic, long on each side, Dorsally, besides
2 short pairs of hairs, there are four stouﬁ strong

posterior
first short pair is situated a little ,to the anterior
margin of the segment and measures about 7 mic, long,
The second short pair is situated still further back,
glightly above the outer stronger hairs, It measures
11 mic, long,  Then are the four thorn_like spines

very characteristic; but not very prominent, The

the base, is longer and slightly thicker than the
inner pair, The inner pair is 22 mic, long,and
slightly less thick at the base, These four stronger

hairs/

’
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hairs stand almost straight from the body segment,
| The tenth segment is provided with two stronger hairs
dorsally, about 29 mic, long, and the side ones are

1onger and thinner, about 44 mic, in length,

(b) Male Pupa,
(Fig 58, P1,9)

Total length 1,0 -~ 1,44 mm,

Shorter than the femsle pupa, and almost as long

a8 the pre.pupesl stage, Colour pale yellow or still
| 1ighter, antemnnse legs, and tip- of abdomen whitish,
. mouth cone not visible,

Unlike the pre.pupal stage, antemnnse are laid
back over top of head, reaching in some up to the
gnterior part of pronotum, Length of antennae over
the head shorter than the female pupal stage and
measure ,144 . ,188 mm, from the basal rounded point;
Segments likewise not visible, a few weak elevations
both outside and inside sesn and also at the terminsl
part, |

Head almost as wide as long, cheeks parallel,

Two large deep red eyes present at the anterior |
' |
céphalic ends, No trace of ocelli present, Colour

1ight yellow, The measurements are:. Length ,L126 . |
173/
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,173 mm, ; width 126 - ,173 mm, ; width across eyes

.11 - .15 mm, ; width betwesn eyes ,031 . ,094 mm, ;

width of eyes ,031 - ,083 mm,

Prothorax paler, sides parallel with posterior
rounded corners, Wider than long, Almost as long as
the head and wider than head, It measures ,L142 .
,173 mm, in length and ,189 . ,236 mm, in width,

Mesothorax also paler, concolorous with the pro.
thorax, Shorter than the prothorax; but much wider,
gides sub_parallel, It measures ,L094 . ,128 ﬁm. in
1ength and ,205 . .3 mm, in width, ﬁetathorax of the

game colour as mesothorsx, sides almost parallel,

glightly longer than the mesothorax; but ss wide as .
the mesothorsx, It méasures .083 - ,142 mm, in 1eng€h
and ,265 - 3 mm, in width, i

Legs whitish, almost equal with rounded ends, !
Tarsi not visible as separate structures, No wing
rudizﬁents present,

Abdomen shorter and not so wide as in the femalse
pupa, Colour light yellow, glmost cylindrical and
slightly sloping posteriorly, the terminal segment
not ending in a conical point, The length and (breadth)
of ten abdominal segments are:. ,031 . ,083.(,173 -
.268) mm,; ,078 -~ ,094 (.205 - .3) mm,; .063 . ,094
(.221 - ,331) mm,; ,063 - .11 (.221 . ,331) mm,; |

.083 - .11 (.236 - .347) mm,; ,063 - .11 (.236 -.347);
.063/




| 1ong, situated in the middlse,

| 88 on the previous segments, On the seventh segment

75
|

[
063 -~ .11 (.236 - .331) mm,; .078 - .11 (.205 - .315)

mm,; ,094 . ,142 (,173 . .268) mm,; ,047 - .11 (.078

a2 1757 'mm,

CHAETOTAXY : -

Two hairs about 22 mic, long situated in
the middle between the eyes, Two shorter hairs about
11 mic, long bselow each eye. On the prothorax s short
hair at each anterior corner about 11 mic, long; in
the middle 2 shqft distance from the anterior margin
a very short pair of hairs about 7 mic, long, On the
mésothorax in the middle, there are two short pairs
of hairs, the anterior pair about 11 mic, long and the
posterior longer about 18 mic, long, Similarly on

the metathorax, there is a pair of hairs about 18 mic

Laterally no hairs are visible from first to
gixth abdominal segments, Six short dorsal hairs on
gocond segment, about 18 mic, long, Six hairs are

present on the sixth abdominal segment almost as long

a long hair at the posterior side, about 29 mic, long,
Hairs of similar length are present dorsally, On the
oighth segment the lateral hairs are rather long,
about 37 mic, long; dorsal hairs almost as long as on'
the previous segments, (Fig 69, PL.8).

On the ninth segment posteriorly, four short

hairs/




ﬂon previous segment, All the hairs sre straight, the

| On the tenth segment terminally, there are two dorsal

76.

hairs present somewhst stouter than the dorsel hairs

outer ones slightly longer (14 mic,) and stouter than

the inner ones'(ll mic,), Laterally a hair on each

gide (37 mic,), as long as on the previous segment,
These hairs which are characteristic of pupal stages
are very small and difficult to see in comparison with
the hairs found on the ninth segment of other species)

hairs about 18 mic, long and two lateral about 22 mic

10ng,

6. ADULTS,

(a) Female,
Totel length .1,3 - 1,68 mm, r

Winged, Body elongate, slender and tapering

posteriorly ending in a blunt point, General colour

deep derk, yellowish brown or slightly lighter at
gsome places and very deep at other places,

Antennae eight segmented (Fig 64, P1.10) lying
in front of the head, about one and a half times as
long as the head or slightly more, widely separated
ét bases, The measurements of segments from one and

i
five individuals are:.



(1) Segments ik '2' g 4 6 8: 7 8 Total,
;ength(right) 25 40 55 44 44 @2 14 18 303 mm
" (left) 23 40 55 44 44 88 14 18 303 mm
Breadth(right) 37 29 22 20 20 20 7 3 .
" [10Et) 87 85 9% 03 S0 80 P 8 L
| i
(E)Seéments 3 2 3 4 5 8 7
Lengt4(n) 22-25 37-.40 48.55 40.44 40-44 P59.82 11.14
: “L) 18-22 B37.40 48-55 40-44 40.44 59.68 11.14
Breadth(R) 33.37 25.29 20.22 20-22 20.22 18.20 7
’ (L) 33237 25.29 22.25 22 A8.21 « 18-20:"+ 7

| but less wide, sloping posteriorly and wider anter.

| short, much wider than long, more or less rounded,

S

The length of individual segments and the total
length varies within certain limits, éégment one
i
cup-shaped, dark yellowish anteriorly and darker

posteriorly; second segment longer than the first

iorly, deep dark brown; third more than twice as

8 Total,
14.18 ,274..,30

. mm .
14.18 ,274.,30
mm,

3

3

1ong as the first and less wide than the second, ,
slightly pedicellate, pale darkish brown; fourth and
£ifth clavate more or less equal in length and width,
slightly deeper brown than the third; sixth segment

fusiform, longest, almost two and & half times as

long as the first, as wide or nearly as wide as the

preceding, colour dark brown as on the previous

segment; seventh segment and eighth segment short, |

cylindrical; seventh shortest of all and the eighth

L

gegment /
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segment much more slender, Both segments concolorous

| with the preceding segment, Outer angles of third and
| |

| fourth developed, specially strongly developed on the|

third outer side, each bearing one long sense cone,
sixth also-bears‘one long slender sense cone on the |
inner side at about two_thirds of its length, |
Head dark brown, with a tri_radiate spot connected
with the curved 1line below the left eye and a similar
detached spot below the_right. 'The line over the
anterior margin of head below the bases of antennas
gnd the sides below the eyes also slightly darker
brown, Head is little longer then wide, slightly
gloping anteriorly; cheeks parsllel or very slightly
arched, Surface of head not reticulated, Front
strongly arcuate produced between the bases of
gntennae, Two dark eyes of moderate size situsted
at the cephalic ends, and surrounded by s yellow
margin, triangular above and slightly protruding,
| with about eight or nine small yellowish facets
visible, Three ocelli distinct, arranged in the form
of a triangle between the eyes, well separated, the

two side ones almost equal and larger than the

gnterior one which is shortest, A1l the ocelli havin

09

dark red crescents on the inner margins, Mouth cone

short, lying under the prosternum, between the anterior

|
coxXgse, Maxillary palp short, two.jointed; labial palp

two.jointed, Mouth coné with tip deep dark brown,
The /



| Coxae, trochanter, femora of all legs almost equally
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The messurements are:. Length ,157 . ,189 mm, s width
AB7 = o170 mmg s width across eyes ,14 . , 157 mm, 3
width between eyes ,083 . ,078; length of eyes ,083 i
- .078; width of eyes ,039 . ,047 mm, |
Prothorax dark brown concolorous with head,
It is as long as the head and much wider; sides widenl
ing from the head posteriorly; posterior corners
rounded, transverse margins nesrly straight, It
measures ,157 - ,189 mm, in length and ,205 . ,23%6 mm,

in width,

Mesothorax dark brown; or more or less rusty

brown, deeper dark at anterior overlapping areas and
over sgutures, It is slightly shorter or as long as |

the prothorax, and much wider; wider than long, about

one and g third times as wide as the prothorax; sides|
;
slightly arched with anterior corners rounded, ,

It measures ,126 . ,189 mm, in length and ,288 . ,331

in width, Metathorax also dark brown, and'ooncolorouF

with mesothorax, almost as long as the mesothorax and

mm

|
slightly less wide, sides parallel and abruptly getting

narrower, It measures ,14 . ,173 mm, in length and i
238 ~ .3 mm, in width,

Legs almost equal, rather short and not thickened

dark brown; the femors of the first pair slightly
darker and thicker than the middle and hind, Fors

tibiase, all tarsi and terminsl parts of middle and
hind/




fore.vein continuous from the base, and the second
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hind tibiae yellow, Fore tibiae darker at the outer

than the inner marging; the basal part is dark yellow;

while the middle-and the anterior part are yellow,

Wings present, long, slender, and membranous,
folded back on the abdomen in normal position, and
tapering gradually from the base to the tip, Fore-
wing dark brown, slightly clearer at the basal part
and having a lobe or gcale at the hind part of thé
base (Fig 62, P1,10)., It is about one_seventeenth
g8 broad in the middle as long, The anterior fringes
congisting of few long hairs (28-29) and posteriorly
numerous longer hairs (86.87). Two longitudingl

veins present, and represented by areolar areas, the

pbranching from the fore-vein from about one.fourth
its length from the base, Both veins and costa
béaring short, stout, dark brown spines, TIwenty_two
$0 twenty.four are present on the costa, Fore-vein
in 811 having eleven spines of which nine are close
and continuous, and the apical two widely separated

from them and situsted at the anterior two_third part

-

the three basal spines very smell and minute, while
the rest strong and easily seen, The second vein

bearing about ten stout short spines, The lobe or

scale is darker brown with two conspicuous long |
sPines at the outer angle and about six at the inner

margin, The fore.wing megsures 1,04 - 1,1 ﬁm, in
1ength/ I
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length and ,083 mm, in width, The lobe or scale A

| measures ,157 mm, in length, The second pair of wing%

fis much clearer and whitish or very slightly yallowisb,

' l
'with long and thin costal fringes (Fig 63, P1,10). J

| A darker 1line running throughout the length indicates|
itha presence of s single vein, The lobe or scﬁle is |
present, with two long thin hairs at the outer angle,
It measures ,97 . 1,05 mm, in length and ,047 mm, in
width in £he middle,

Abdomen long and cylindrical, dark brown, darker

| at the tip and having dark transverse bands due to

overlspping, The first segment short and the remainder

' glmost equal in lengths width almost equal up to
géventh and then abruptly decreasing, The last three

gegments gsub.conical and the tenth segment ends in

g blunt tip, The length and (breadth) of ten abdom.
| inal segments are:. ,063 - ,078 (,189 - ,252) mm, ;
i.094 - .126 (.268 - .315) mm,; ,094 . ,126 (.284 .

«,363) mm, 3 ,094 - ,186 (.3 ~ .378) mm,; ,078 - ,126

‘(.515 - ,394) mm,; ,078 -~ .126 (.3 - ,378) mm,

| «078 - ,11 (,284 . ,351) mm,; 078 - ,11 (.236 - ,3)mhn,

|
047 < 078 (,342 ~ J173) wm, 3 078 = 1Y (,078 ~

. 094) mm, _ |

|
|
| CHAETOTAXY :.
| Hairs are present on all antennal segments

' and are very minute and fine on the first joint; on

rtha/
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| here and there but majority situsted more or less in

| eyes, each anterior to the two lateral ocelli;

the rest they are fine but longer, a few scattered

one whorl at the anterior parts of the segments,
Third segment has a sense cons dbout 18 mic, long at
the anterior outer angles; a similar sense coné‘slight
1onger about 22 mic, long, present at the anterior
outer part of the fourth segment; the rest having no
gense cones except the sixth which has one Jn the
outer side anteriorly about 14 mic, long and one

slightly larger about one third from the front on the

inner margin about 22 mic, long, (Fig 64, P1.10),

Several hairs present on the head, two moderately

1ong hairs about 29 mic, long situated between the

posteriorly below the eyes, a row of four shorter
hairs about 18 mic, 16ng, A row of very short hairs
at the anterior margin of prothorax, Posteriorly ﬁ-
row of short snd long hairs; at each outer corner s
very long hair about 70 mic, long; slightly inside,

s Very short one on each side about 11 mic, long;

further inside, a slightly longer hair on each side
about 14 mic, long; further inside one hair on each
gide, shorter than the preceding,about 11 mic, long; |
in the middle s pair of long hairs about 25 mic, |
longer than the preceding, except the corner ones,

|
|
|
On the pterothorax in the middle, four pairs of hair%
present / ‘
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present, each pair arranged transversely, the first

' gnd second pairssmall about 18 mic, long, the third

peir longer sbout 37 mic, long; the fourth pair short
almost as long as the first or second, Other short
hairs are scattered all over the surfacse,

Hairs on the first and second pair of.iegs very
minute or long, but much more slender and thin,
widely scattered over the surface; coxzae, trochanter
and femors of the third pair of legs having small
thin hairs; on the tibia at the inner sides a row of

gtout spines present used for combing the fringe of

| the wings (Fig 65, P1,10); at the inner posterior ang

| & very stout and long spine gbout 37 mic, long,slight

s bove that towards the outer side another spine about
25 mic, long, at the inner margin there are about
olght spines shorter and thinner, the last one being

very small and weak, On the tarsi, two stout spines

;e

1y

on the imnmer margin and a pair situated almost diagoa

ally, the middle spine being on the dark line that

| runs to the tibiae, Beside these, there are several |

other shorter hairs situated near the surface,

Hairs are present on all abdominal Bégments but
aT® conspicuous only on the posterior part, First
to fifth segments have very short dorsal hairs,

On the sixth segment, dorsally, at the posterior part
18 & thin short hair on each side about 22 mic, long,
dorsally four hairs, the outer pasir on each side’

about /
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gbout 25 mic, long and the inner middle pair shorter,
gbout 18 mic, long, On the seventh segment dorsally
four hairs in the middle and two at the posterior

gides, the posterior side hairs longer and stronger

gbout 33 mic, long, (Fig, 69, P1.10). Of the dorsal !
four hairs, the outer pair on each éide about 25 mic,
1ong and the inner about 22 mic, long, On’the-eighthJ
gogment, the ﬁostérior gide hair is very strong and

gtout about 44 mic, long; dorsally about the middle

four hairs, the outer.pair about 29 mic, long and .
the inner sbout 18 mic, long, Posteriorly on this i
gegment.:are.'two pores, Also a similarly long andi
stout hair is visible from the side sbout 44 mic,, like

the one situated at the posterior dorsal side, On the
ninth segment:, the hairs are most numerous and some |
are very long and some very small, The hairs are
gituated in a whorl at the posterior part of the

segment, The outermost hair on each side is very

long about 155 mic, long; above that on each side is

a Very short hair about 14 mic, long; slightly inside
is a moderately long hair on each side about 37 mic,;
long; further inside is another very long hair, aboué
155 mic, long, as long as the outermost; further‘in_!
side is a shorter hair about 22 mic, 1oné; in the i
middle is a pair of long hairs about 94 mic, long; i
Anterior to the third pair of hairsfrom the outside |

is & small hair about 14 mic, long; situsted anteriorly

are/



'in the middle; terminally two very thin hairs are
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are two pores, On the tenth segment, there is a cleft

gitusted on esch side of the cleft and measure about 1
18 mic, long; slightly anteriorly towards the sidses
is a thin long hair about 74 mic, long,  Further
gnteriorly on each side of the cleft is a pair of

very strong, deep dark brown thorn.like spines about

40-48 mic, long and about 7 mic, wide at the basej ;

}neér the bases of each of these thorn.like gpines are

 present ome pore, All the stout strong hairs are dark

brown in colour,

(b) Male,

(Fig 86, P1,9)

Total length 1,04 - 1,4 mm,

|
Apterous, Body shorter and stouter than the

female, bluntly rounded at the posterior tip, Genera?
cOlour dark brewn, paler than the female, becoming |
yollowish brown at places, _ -
Antennae eight segmented (Fig #8, P1,10), shorter
than the female, about one and one.third times as
1ong as the head or slightly more, widely separated
at the bases, The measurements of verious segments

from one and five individusls are:.

CLY/
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;(1) Segments Lot B o8 A aBris 8070148 geTotal;
Fength(right) 22 33 40 33 33 48 7 11 233 mm,
|t (1eft) 22 33 40 33 33 48 7 11 .233 mm,
‘Breadtn(right) 29 22 23 22 .23 18 7. . 3 &
P (left) 29 24 22 22 2 18 7 3 5
| .
(5)segments 3 2 3 4. 5 8 7 8 :
Length(R) 18-22 20.33 37.40 29.37 29,37 44.48 7.11 1114 ,214.,24
(L) 18-23 29.33 37.40 29.37 '29-37 40.48 7.11 11.14 .218-?2&4
Breadth(R) 25.33 2225 20-34 20-25 20-22 18 7 3 Hr
" (L) 29-33 22.25 19.24 18.24 20.22 18 7 3| =
First segment short, wider than long, more or {

| 1ess cup.like, dark brown for the most part except the
gnterior white margin; second segment longer than the
|first but less wide, 1ongaf than wide, sloping poster_

jorly, concolorous with the first, and uniformly dark

brown; third segment sbout twice as long as the first

broad anteriorly and sloping posteriorly, ending in
e pedicel, colour pale yellow, having a sense cone at

the outer anterior part; fourth and fifth segments

clavate almost equally long and broad, slightly darke

=

than the third, fourth joint having a sense cone at
 the anterior outer angle, Sixth segment fusifbrm,

much longer than any of the preceding ones, uniformly
darker then the preceding ones; seventh and eighth

sogments short and cylindrical; concolorous with the

| sixth segment; eighth very slender,

Head dark brown, As long as broad, slightly/




| g bsent, but rarely with three, or two ocelli; all

| a light dark tinge, lighter in colour than the head,

and well separsted, all having dark red crescents on

- palp dark brown, Mouth cone with tip dark brown,

87.
glightly sloping anteriorly; chesks parallel or very

glightly arched; surface not reticulated, Front

Two dark eyes present at the anterior cephalic ends,
gurrounded by a yellow ring, triangular above and

protruding very slightly if at allj; ocelli usually

the ocelll when present smell and almost equal,

aTranged in the form of a. triengle between the eyes

ﬁhs inner margins; when only two ocelli are present,

it is the anterior one that is missing, Mouth cone

ghort, lying under the prosternum between the anterior

cOxae, Maxillary palp short two ségmented and labie

The measurements are:. Length ,143 . ,173 mm,: width
.142 . ,173 mm, 3 width across eyes ,134 . ,142 mm,
width between eyes ,0683 - ,0789 mm, ; length of eyes
.083 mm, and width ,03%1 - .039 mm,

Prothorax yellowish brown or rusty brown with

| gtrongly arcuate produced between the bases of antennae,

1

|
a8 long as the head or a 1little shorter; wider than i
long and much wider than the head; sides almost '

parallel with anterior and posterior cormers rounded,

| transverse margins nearly streight, It measures |

126 . ,142 mm, in length and ,142 . ,221 mm, in widy

Mesothorax/

h,
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Mesothorax yellowish brown or rusty brown con.

colorous with the prothorax, slightly shaded at some

parts, almost as long as the prothorax or a 1little

shorter, wider than long and slightly wider than pro;l

thorax, gides very slightly arched, rounded anteriorly,
It measures ,1105 -~ ,142 mm, in length and ,189 . .25%
mm, in width, Metathorsx also yellowish brown con. |

|
colorous with mesothorax, slightly shorter than the E

mésothorax or almost equal, wider than long and as =i
|

wide as the mesothorax or a little less, gides almost|

parallel, It measurés 0683 _ ,128 mm, in length and J

J173 - ,252 mm, in width, No wings or wing rudiments
present, I
. Legs almost equal, short and not thickened; i
yollowish brown; fore femora slightly thicker and
darker than the other femora, Fore tibiase, all tarsi|
and terminals of middle and hind tibiae, yellow,
Fore tibiae more darkly shaded at the outer margin

than on the inner,

Abdomen shorter and narrower than in the femalej

| cylindrical; bluntly rounded at tipj; yellowish brown |

| clear trensparent area situated in the middle of

beécoming darker posteriorly; segments overlapping,
giving a dark banded appearsnce, Segment one shortest,
and the second to seventh almost equal; the anterior
tWo or three segments slightly wider posteriorly,

Third to seventh segments having each a roundish

sternites/
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gternites, Ninth ségmant very large and bluntly

conoid, Segment ten small, cylindrical and clearly

 seen, retracted within the ninth; copulatory apparatus

projecting a little from the tenth segment, The
measurements of abdominal segments are:. Length
(Breadth)z; .047 (,142 - ,189) mm,; ,078 - ,094 (.189i
- ,262) mm,; ,078 - ,094 (.205 - .,268) mm,; ,083 -
.094 (.221 . ,284) mm,; ,063 - ,078 (.221 -~ ,3) mm,;
.065 - ,094 (,231 . ,3) mm,; ,085 - .078 (.205 - .2345

'mm,; ,063 - 078 (,189 - ,268) mm,; ,094 - ,126 (.173

- ,221) mm,; ,047 - .094 (.083 - ,078) mm, : i

OHAETOTAXY s |

Third and fourth antennal joints have
each a sense cone at the anterior outer angles,
shorter than the sense cones on these segments in |
the femele, The sense cones are also present on |
the inner and outer sides of the sixth segment
(Fig 88, P1,10). The two hairs between the eyes

anterior to the two lateral ocelli if they are
|

. present and a pair of hairs below the eyes are slmost

| equal to those present in the female, A row of shorﬁ

hairs are present on prothorax also, At the hind

par't of prothorsx at each corner is a long hair

(44 mic,) shorter than in female, slightly inside
aTe three shorter hsirs on each side; in the middle
is & pair of hairs longer than the preceding three
peirs, On the pterothoraz, in the middle, are

situated/



| gegmsnt is a thin small hair (22 mic, ), On the eighth

| 3 mic, wide at the base, On each side of this is a

90

gitusted four pairs. of short heirs, each pair in trans.
verse rows, All the legs are more or less smooth,
with short and thin hairs scattered at long distances,

Very small heirs are present on the first to

geventh abdominal segments, On the sides of geventh

sogment, the lateral hairs are longer (29 mic,) then
on the preceding segment (Fig 67, P1,9)., Dorsally
are present six short hairs, Near the posterior
margin slightly towards the sides on each side is a
hair about 29 mic, long, as long as the lateral hair,
Hairs on the ninth segment are very character.
istic and quite unlike those present in the female
(Fig 87, P1,9)., Laterally there is a very long hair
on eacﬁ side gbout 77 mic, long, slightly inside on
pach side are three very short hairs, each about 11

mic, long, the two are in a line and one slightly ant

erior, Dorsally about the middle are two very long ,
thin hairs about 74 mic, long, In the centre are: i
black chitinous aressending in a point anteriorly,
At the posterior end,eaoh black area has a short thick

dark brown thorn.like spine about 14 mic, long and

pore, and posteriorly is a pair of short thick hsirs

(14 mic,), Posteriorly towards the sides slso are

two  black chitinous areas carrying dark brown thorn.
1ike spines, about 18 mic, long and as wide as the

pair/



' a detailed study of twelve species: of Thysanopters,

o1,

pair in the middle of the segment, On the sides of
the tenth segment are another pair of long hairs,
The tenth segment bears distally a row of 8 . 10 very

minute haifs,

7. MOUTHPARTS,

The mouthparts of Thysanoptera have bee:
the subject of study for a very long time and the
literature on it shows the great divergence of views
held with regard to the interpretation of parts,

The earliest work on the subject is' by Karl Jordsn

(1888) on Parthenothrips dracasenae, Garman (1890)

described the mouthparts of Limothrips cerealium and

callsd to attention for the first time, the asymmetry
of certain structures, Later on Bohls (1891), Uzel
(1895); Buffa (1898); and Hinds (1902) described the
moOuthparts of various thrips, interpreting the parts
differently. Uzel (1895) while agreeing with Garman
(1890) on certain points differed as regﬁrds the
unpaired mendible, 1In 1896, Garman further supported

hils interpretations, In March 1915, Peterson made

|

and gave a deﬁailad account of the mouthparts, He
interpreted certain parts differently, and also

correlated/ ‘



' are used in a general semse, (Fig 70, P1,11).

| gone lying under the prosternum and reaching about
| the middle of fore coxae, The mouth cone is short,
| bluntly rounded and very dark brown, When seen

| dorsally the mouth cone is cocnnected with the frons

correlated the interpretation in the various femilies|

92
|
of Thrips, 1In June 1915, the semé year, Borden gave
another account of the mouthparts based on considerable
comparative study of thrips and made out certain new

parts not dealt with by Peterson (1915) and adopted

Garman's view,
In the light of these studies it seemed desirable

+0 re.describe the mouthparts of I, careaiium and to |

see how far these interpretations can be applied,

|
|
|
|
|

The head of Limothrips cereslium is smooth and

g1l the sclerites are so thoroughly welded together
that no trace of different sutures is wvisible, There.

fore, such parts as frons, vertex, gense and occiput

The sucking mouthparts form a broad unjointed

(Fig 70, P1.11) by a strongly chitinized dark thick.

ening rummning obliquely across the front of the headJ
|

. This thickening is much nearer to the left eye than

- to the right one,where it takes a sloping course,

This oblique part of the front thickening is con.
nected with a strongly chitinized dark spot situated

below the left eye, by a strongly curved thickening

(Fig 70, P1,11), Such a connection is wanting on |
the /



93

the right; although s rudiment of chitinized part is
present below the right eye, The mouth parts are

10dged in a short, strong, blunt cone and consist of
the following parts, The figure 70, Plate 11, shows

the mouth parts as seen ventrally,

(i) Glypeus and Labrum,

The clypeus and labrum are

the mesal structures lying on the wventral side of the

mouth.cone, The clypeus is a small membranous portio%

(Fig 70, P1,11) separated from the frons by a thick
chitinized rim above ,and below by the proximal marginé
of the thick dark brown triangular plate, It is

aSymmetrical as it curves up on the left side forming%
a broad.part of the mambrénous connection with the !
labrum, The labrum forms the front part of the mou;hi
cone, appearing as a triangular highly chitinized

plate, It consists of two parts, the distal symmet.

rical round socket at the tip and the proximal asym. |

|
- |
meétrical piece, The proximel part is drawn out i
i
| congiderably towards the right side, while the left

|

i part is quite symmetrical,

i Therse has been considerable difference of opinioﬁ
[regarding the parts to be designated as clypeus and !
| labrum, Garmen (1890) held that the whole: triangular!
| two -Jjointed, heavily chitinized plece is the 1abrum
and the anterior membranous part is the clypeus,

 Peterson/
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poterson (1915) on the other hand, interprets from
the study of the homology of parts in the two sub_
orders, that the clypeus consists of proximal membran.
ous part and the distal chitinized part; while the

1abrum is the terminal socket at the tip of the mouth

According to him clypeus is highly asymmetrical and

the labrum is symmetrical, In my description above,
I have followed Garman's view; bscause it seems to
me, that the membrsnous portion is very clearly
separated by the thicker chitinous part, Besides,

the two parts of the labrum are separated from sur.

rounding ares by distinct sutures or thickenings and

are equally chitinized and concolorous,

(ii) Haxillgg,

The maxillary sclerites are two tri-
angular pieces situated by the sides of labrum and !
form the side walls of the mouth cone, 'Laferally
they graduslly taper towards the tip and are closely
aPplied to the tip of labrum, The palpl are two

gsogmented having a few tactile terminal hairs, The

maxillary sclerites are also asymmetrical, the left
one resching further forward owing to the grester
space thers, than the left ons,

The maxillary stylets are paired structures
lying inside the mouth_cone, BHach consists of three

parts (Fig 71, P1,11), The first or proximsl part

is/




in a sharp point, Occasionally, the suture between

| cophalic margin of the maxilla, The second part is

95,
is heavier, slightly twisted and is applied to the

gshortest and is separated from the distal part by a
faint suture, The third or distal part is very long

and needle.shaped, It is thicker basally and ends

the distal and the middle pieces is not clearly
visible and the whole pisce appears one.segmented,
But an examination of meny specimens reveals that
the stylet is three_segmented, Gafman (1890) in his

work on I,, cerealium, and other workers on other

thrips have described gnd shown the stylets as com.
posed of two parts only, .So far as is known, Peterson
(1915) has been the first to demonstrate that the

maxillﬁry stylets are tri_segmented, and my observa.

tions on 1., cerealium confirm his stetement,

As regards the homology of these pafts, it

appears that these sre some parts of maxillae as they
are associated with them, Garman (1890) and Petersoﬁ
(1915) seem to agree that these parts are modified
galea or lacinia, Jordan (1888) considered these
stylets as mandibles basing his observations on
embryonic development, Similarly Uzel (1895) adopted
this view, But this view is not tenasble as it appsar
evident when their connections with the cephalic
margin of maxillae are made out, Besides, in the

embryonic /




embryonic development long before the embryo hatches

| out, these paired thin structures are evident along

06

with the thicker structure, (Fig 111, P1,18),

(111) Mendible,

The mandible is a single large
gtrongly chitinized structure situated on the left
gide of the mouth cone, It is joined by its broad
base to the chitinous thickening at the place,wheré
the chitinous band runs to the left eye, It consists
of two parts, the baéél bulbous part and the distal,
1ong needle.shaped part, aaparéble by a faint suture
(Fig 722, P1,11), Longitudinal sections reveal the
presence of & canal throughout most of its length,
but whether there is an aperture at the end, is
difficult to say, On the right side, no such structu
is visible; but a rudimentary piece homologbus wigh
the left mandible may be found, This rudimentary
piece of the right side is distinguishable from the
1eft piercing mandible by the size and the position
of attachment, It is s small structure,slightly
wide anteriorly and puateriorly,aﬂ%igﬁelight con.

striction in the middle, It is applied to the

céphalo.lateral side of the pharynx, Although severs

workers have invariebly recorded this or an equivalent

piece on the right side; yet Borden (1915) mentions

that he never found anything corresponding to it

re

1
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i

on the right side in Euthrips tritici, and other

thrips he examined, However, this rudimentary piece,

has been found in all specimens of I, cerealium, T

oXamined,
As regards their - homology, Garman (1890) was
| the first to call the left piercing organ,the left

1]

|

!mandible;énd the right rudimentary piece as homologou
| 0 the left mandible, Jordan (1888), however, inter.
‘preted the left mandible as modified epipharynx,

His conclusions were derived from embryological
gstudies, 1In the figure of the embryo, he showed the

asymmetrical pisrcing organ as the upper portion of

the anterior end of alimentary canal and concluded thaft
when the adult stege is reached, the connection of the
epipharynx with the slimentary canal is lost and it |

becomes firmly fixed to the head capsule, Peterson

e

‘ (1915) and others homologize the p&fts as Garman(1890
| has done and my observations confirm their statements|,
?'As regards the embryonic stage, I have found the

aaymﬁatrical plercing organ (mendible) as a yellow

shining structure after a certain stage of development

of the egg, It has not been observed as forming part

of the alimentary canel as Jordan (1888) suggested;

but appears to be attached to the same place as in
the adult stage after hatching, As regards the parts
comprising the mandible, Garman (1890) found in L,

cérealium/
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| cerealium that the mandible was single jointed;l On |
the other hand, I have invariably found the mandible
two.jointed, separable by a faint suture at the
junction of the basal and distal parts, Occasionally
the suture looks fainter and the piece appears single;
jointad,. In this. case ﬁy observationé agree with

Poterson (1915)

1
|
|
|

(iv) Labium, i
Labium or the lower 1lip forms the hind

pert of the mouth cone, It is a broad, trough.like

gtructure, It is attached on the sides to the tri.

| angular maxillary sclerites, and consists of two

gClerites separated by a suture (Fig 73, P1.11).
The proximal part is the sub.mentum and the distal
the mentum, At the distal end of mentum is a whitish

mémbranous area, which carries the labial palpi,

The palpi are twb aegmeneed, the proximal piece being
very small and the distal longer and cylindrical
boéaring a few terminal tactile hairs, At the distal
end a few chitinous elevations are visible which

probably have gustatory function,

‘(v) Hypopharynx,

|
|
This is a long, heavily chitinized

sebro_shaped structure (Figs 70.72b, P1,11), It con.
sists of g distal, flat, pointed part; and a proximal‘

piecs/ |
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;piece which consists of very long muscular attachment
i
radiating far under the frons of the head, The distal

chitinous part appears to lie in a dark brown spindlel

shaped groove of the pharynx, Jordan (1888) figured

: |
thig plece correctly and showed a similar position ini

Heliothrips dracaense; but he did not describe it,

Whaﬁ he called hypopharynx, is the lower vestibular
part, described here as pharynx, in which the anterior
chitinous part rests, Buffa (1898) also did not :
describe this structure, He described a chitinous i
gtructure as epiglottis, lying under the vestibule,

his hypopharynx, It appears that Buffa (1898) called

the posterior tubular part of vestibule, described
here as pharynx, as epiglottis, Borden (1915) first

described this structure under hypopharynx; but he |
did not show the connection with pharynx, IHe has :
moreover neither déscribed nor figured the pharynx, i
Garmen (1890) and Peterson (1915) also do not seem

t0 have described this structure at all,

(vi) Pharynx,
This is a moderately long, heavily

chitinized, dark brown vestibular strﬁcture, lying

under the membranous clypeus and the lebrum (Fig 70)J
|

P1,11). It appears to comsist of a single plece only,

However, with regard to shape and size, it is divisible

into/ |
|
|




| this part as pharynx and mentions that it is a
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into two parts, The proximel part is wide and vesti_‘
bul&r' while the distal part is e small chitinous

tube opening within the ental groove of the labrum, |
On the right side of the vestibular psrt, is attachedl
the rudiment of the right mandible, As mentioned
above this part was called hypopharynx by Jordan
(1888) and his epipharynx was,what hasg been described,

a8 ths left mandible, Peterson (1915) describes

gtructural modificetion of alimentary canal, homo.

10gous with the pharynx of sucking insects, My

| observations in I,, cerealium agree with his,




' 101,

IV, ANATOMY,

i
1. DIGESTIVE SYSTEM,

| " The digestive system consists of a tubular
' alimentary cenal, and in all thrips is divisible on |
| gtructural basis into three parts; the fore_intestineg
! the mid_intestine and the hind_intestine, The surfacé
' and histological structures of fore and hind_intestin;
are éimilar, but different from the mid_intestine, |
The fore and hind-intestine are lined with chitin,

' The alimentary canal in Aptinothrips rufus

(Fig 75, P1,12) is about twioe.as long as the inssct;
- and consequently lies in e convoluted form in the |
‘ body cavity, It measures about 2,3 mm, in length,
The fore-intestine (Fig 75, P1,12) is a small,
! very short thin tubular part,about one.eighth the
length of the whole intestine, It consists of a
chitinous pharynx, an oesophagus and a short crop,
Long muscular fibres are situated in its walls,
having small nuclei scattered at long intervals,
Clear and digtinct cell walls are not visible,

The pharynx is a short dark brown highly

chitinized vestibular structure lylng under the
mémbranous clypeus and chitinized labrum, There
are also certsin muscles attached to 1t which help
suction,

| The /
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|

The sucking pherynx leads into the oesophagus at!
its hind part, and this is & short delicate thin wall?d
jtube of even calibre about one and thrae_fifths of

the length of fore.intestine, measuring about 16 mm, |
' in length and 13,3 mic, in width (Fig 75, Pl1.,12),

The oesophagus slightly dilates posteriorly where
it joins with the mid.intestine, This part I have
called crop, since it is homologous with the crop in
| other insects, The crop is about three times as wide
| a8 the oesophagus, and in fresh dissections, it 1is |
E visible as & clear white hinder part of oesophagus, i
| Jordan (1888) in Heliothrips dracaenae Heeg, called |

the whole tube behind the pharynx to the beginning
- of the mid,intéstina,oesophagua (Schlund)s; and Buffa‘

(1898) in Heliothrips haemorrhoidalis Bouché, called |

the hind part,the cardias; while Uzel (1895) called

é the hind par},a dilation of the oesophagus

| (Brweiterungen des oesophagus), This part I have |
| called crop, since in other species of thrips it is
much widened gnd is decidedly homologous with crop
in other insects, The crop messures about ,1 mm, inI
length and ,0386 mm, in width,

The mid.intestine (Fig 75, P1,12) is the longas?
part of the slimentary canal, and lies in a convoluted
form in the body cavity, It is about six times as
long as the fore_intestine and three times as long
88 the hind intestine, Anteriorly it is dilated to |
form/ |
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éform a cylindrical wide tube where it joins with the

| !
' ¢rop, This front portion of the mid.intestine (Fig

75, P1,12) is about three times as wide as the crop
gnd is like & cylindrical tube,which is about one

third of the length of the mid-intestine, It is |

,528 mm, long and ,1 mm, wide, Further back it narrows
|

into a long narrow tube, which again dilates poster. |

jorly where it joins with the hind intestine, The

- | middle portion is about 42 mic, in width at its front
end and widens slowly to 71 mic,;and finally to 85
' mic, where it joins with the hind_intestine, At the

| junction of the mid and hind intestine are situated !
four malpighian tubes (Fig 78, P1,12).
The structure of the mid_intestine 1s altogether

different from the fore and hind.intestine, as is
easily seen in stained preparations under high magni.

fications even without gsectioning, The walls of the
mid.intestine are composed of enteric epithelium |
which consist of large,clearly demarcated,poiyhedrﬁl
cells paved all through (Fig 98, P1,18), The cells
are flat and contain one or apparently more than one

nuclei which are very large and prominent, Some of

these cells are very large while others are smaller,

' Some measure 36.41 micron in length and 28 micron-
| in width with two or more nuclei, each 13 micronaacroéﬂ.
| The chromatin granules and-other parts of the cells

al® also clearly seen within the nuclei and the cell
. walls/
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'walls,

The hind.intestine in Aptinothrips rufus (Fig

73’ P1,12) is shorter than the mid_intestine, and its

beginning is marked by the insertion of malpighisn

|tubes. It is about twice as long as the fore.intestine
iand one.third as long as the mid_intestine, The hind.

' intestine is not a tube of even calibre but is dilated
at certein places (Fig 76, P1,12), Jordan (1888)
' did not homologize the parts of hind_intestine in

Heliothrips dracaenae, Uzel (1895) in Asolothrips

fasciatus divided the hind_intestine into small in.

' testine and large posterior intestine, Buffa (1898)

|d1vided the hind.intestine in Heliothr;pa hegemor.
rhoidalis on the bgsis of rectal glands into:.

s ﬁfe-glandular part, 2, Glandular part, 3, Post.
glandular part, and his division has been accepted

and epplied by Klocke (1926) in Thrips physopus,

I find that this classification is not based suffic.
iently on homologous structural basis to justify
their application in A, rufus and other species;

although they are correct, I, therefore, propose

’

t0 divide the hind_intestine into, ilium and rectum,

- on the basis of the presence of a definite constric.

|
|
| A '
| tlon separating one from the other, The pre.glandular
‘part of Buffe (1898) will now be ilium, The rectum,

|

- however, may, for the sake of convenience, be further

 divided/
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' divided into glandular and post.glandular part as
' done by Buffa (1898),

The ilium is a short tubular structure wider
!anteriorly at the junction of malpighian tubes and
geparated forwards from the mid.intestine histologic.
ally, and posteriorly from the rectum by a slight
' constriction, Klocke (1928) has also shown that there
are definite ring muscles between the ilium (pre-

glandular part) and rectum (glandular part),

The ilium messures gbout 123 mic, long and 70 nmic,
'wide at the top and 33 mic, in the middle, The colon%
is considered here as absent or undifferentiated with%
1lium, i
The rectum (Fig 76, P1,12) is a wide pyriform
structure distinct and swollen in fed and un_pricked
specimens and rather shrunken otherwise, It is about

| 28 micron in length and 100 micron in breadth, The

|b1adde:_shaped roectum carries four oval rectal glandsé.
| which are well separated from one another in the wall?
}of the rectum, Each rectal gland is about 50 mic,

‘1n length and 38 mic, in width, The glands when
|stainad appear to contain very large nuclei, each

| about 20 mic, across, The hinder pert of the rectum

| which does not possess any glénds is a tube of almost

|
even calibre, opening finally to the exterior through

the anus,

The alimentary canal in Aptinothrips larvae is

‘Proportionally/
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proportionally shorter; but is of the same form, ﬁarte

|
| and structures, as in imagines, There are four rectal

¥
‘glanda present in the first stage larvae (Fig 77,

P1,12) and similarly in the second stage, as in the

| imagines,

The digestive system is similar in Limothrips

cérealium Halidays; Odontothrips ulicis (Heliday);

Teeniothrips atratus(Halidayp Taeniothrips vulgatis.

| simus(Haliday)y Thrips tabaci(Lindeman; and Kakothrips

robustus(Uzel), In Heliothrips haemorrhoidalis @ouchsi

the alimentary cenal (Fig 78, P1,12) is,as described
and figured by Buffa (1898), and differs from A, rufus

and other species, that the mid.intestine after the |

| constriction of the cylindrical front portion of midJ

; intestine, instead of narrowing as in A, rufus, widens

b i
out considerably and proceeds backwards for a short
distance and then narrows as shown in the figure,

The rest of the mid and hind-intestine (Fig 78, 79
P1,12) is similar to A, rufus, The mid_intestine 1g |
similarly paved with enteric epithelium as in A, rufﬁs

(Flg 78, 79 P1,12). |
In Melanthrips fuscua{hulzeﬂ;LAeolothripidae), '

the fore.intestine is a very large, long, and wide |

structure (Fig 80, 82,P1,13), The mouth leads into g

sucking pharynx which leads into s tubular thin

| oésophagus, The oesophagus widens out considerably

. at the posterior end into a long wide chamber, the

crop/
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crop, The wide posterior chamber of the fore.intestine
in this specles gives the true shape of a crop of
other insects, In A, rufus and other species the
crop on the contrary is attenuated,

The mid.intestine is a long wide structure as
in A, rufus The front portion of the mid_intestine

(Fig 80, P1,13) instead of being tubular as in A, rufus,

is & much wider, spindle.shaped and shorter structure,

narrowing posteriorly into a thin tube and widening
|

again slightly before joining with the hind_gut,

| Occasionally specimens were found, in which the front

. |
portion of the mid.intestine was slightly constricted

| in the middle (Fig 82, P1,13); but these may be con.

| gldered as abnormal cases, The walls of the mid_ |

 intestine are composed of clearly demarcated poly. '

| part or slightly shrunken when pricked; and tubular

hedral enteric épithelium (Fig 97, P1,15) a8 in A_rufﬁs.
The hind_intestine of M, fuscus consists of a

short ilium which is broader anteriorly and tubular

posteriorly (Fig 81, P1,13), separated from the rectu#

by a short well defined constriction as in A, rufus,

The rectum is long and wide at the anterior glendular

and thin posteriorly, There are five rectal glands

situated in the anterior part of the rectal wall,and are

widely separated, The presence of five rectal glands

in Thrips has not been previously noted, as Jordan

(1888), Uzel (1895), Buffe (1898), Klocke (1928) and
myself/
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L]

¥ |
| myself found only four rectal glandsin other species

of thrips, The post.glandular part of rectum is short

|
(Fig 80, 81, 82,P1;1%).
In Haplothrips distinguendus Uzel (Phloeothripidae,

Tubulifera), the alimentary cansl is a shorter and
much wider structure. (Fig 83, P1,13) unlike that of
A, rufus and other species of Terebrantis, The moutﬁ
| 1eads into a vestibuler pharynx which leads into s
thin tubular oesophagus, The oesophagus opens post.
eriorly into a crop which is wider than in A, rufus
and other species of thrips; but shorter than in

Melanthrips fuscus (Aeolothripidae), The crop opens

ipoatariorly intc a wide mid.intestine (Fig 83, P1,15}
‘ The mid.intestine is shorter but very much wider
! structure than in Terebrantia, The front portion of
the mid.intestine is long and cylindrical and very
nuch wider than in other species of thrips examined,
Posteriorly, instead of narrowing as in A, rufus or

other species of Thripidse or in Melanthrips fuscus,

‘it opens into & wide globular chamber, The wide |
| chamber gradually narrows down into a thin short tube

which dilates considerably posteriorly before opening

‘into the hind gut, The entire structure of mid.
| intestine is composed of clearly defined enteric
| : 2 |
oplthelium with prominent nuclei as in other species,

| The hind gut of H, distinguendus (Fig 84, P1,13)

consists anteriorly of s short ampulla.shaped ilium,
i Whic,h/ . "
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'which is separated from the rectum by a well defined i

igharp constriction, The rectum is pyriform, very wid?
at the anterior glandular part, becoming tubular snd
|thin at the posterior, post.glanduler part, There are;
{four oval rectal glands in the globtilar wall of the i
éanterior part of rectum, The poat_glanduiar part is
' thin and tubular, The general outline of alimentary |

'cenal in this species resembles that of Trichothrips

' copios as described by Uzel (1895) and Phloeothrips

ibrunnea as described. by Jordan (1888).

2, GLANDULAR _SYSTEM,

A réview of the previous work on salivary
glends in Thrips, shows that there has been consider.
able difference of opinion regarding the numbér of
' sallvary glands, and the course of their ducts, in

various species of thrips in the two sub_orders of

| Thysanoptera, Below is summarised according to their
' nearest homologies, the number of salivary glands as

found by Jordan (1888), Uzel (1895), Buffa (1898),

Peterson (1915), Klocke (1928) and by me, in various
species of thrips; and are arranged according to the

three families of Thysanoptera,
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It will be seen from thb above table that in |

Aeclothrips fasciatus (Aeolothripidae), Uzel (1895)

described two pairs of salivary glands, one pair shor&

| |
and thick and the other pair long and tubular, He

' did not trace the anterior course of ducts, and his

' ghort glands are separate posteriorly, In Melanthrips

fuscus (Aeolothripidese), I have found only two pairs
of salivary glands, The first is very much smaller,
more or less cylindroid with a thin anterior duct,

|
similar to the short,psired, salivary glands of A,ru g

of salivary glands is thin and tubular (Fig 91, P1.1%),

and other species (Fig 90, P1,15), The second pair

gimilar in structure to that of other species and
arising similarly from the sides of the hind part of |
! the front portion of the mid_intestine (Figs 80, 82 i
| P1,13), These two short and tubular salivary glands |
;re therefore homolcgous with the short aﬁd tubuler

glands of various species of thrips,

In Heliothrips dracaense (Thripidae) Jordan %
(1888) desoribed two pairs of salivary glands, one |
pair short with large cells and nuclei, and the other

. palr tubular and long, He showed the short pairs
% s®parate and did not trace the anterior course of |

. ducts, Buffa (1898) in Heliothf;pp haemorrhoidalis

found three kinds of paired salivary glands,
| According to him, the first pair is the smallest,
| having/
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;having large cells and nuclei, The second pair is
;globular or spherical with larger cells and nuclei,

' proximally each ends in a thin duct and distally each
igland is separate and is joined with the terminal.
;filament from each group of ovarian tubes, The third
pair is long and tubular, He likewise did not trace

the course of anterior ducts, Buffa (1898) on the

other hand found one pair of extra salivary glands

' besides those two pairs already mentioned by Jordan

(1888) in H, dracsenae (Thripidae), and by Uzel (1895)

in Aeolothripé fasciatus (Aeoclothripidae), Peterson

(1915) in Heliothrips femoralis found only two pairs

of salivary glands, one short and one long,homologous

with the first (short and thick) and second (long and

| tubular) pairs of Jordan (#, dracasnese, 1888) and

Uzel (A, fascistus, 1895), and the second (short and

- thick) and third (long and tubular) pairs of Buffea

. (H, haemorrhoidalis, 1895), Moreover his two short

thick salivary glands are separate posteriorly in 3

H, femoralis and anteriorly the ducts go straight to

the common duct, In eddition to these glands, he

méntions a third type of gland which he designates as

- the head gland, being different in histological

| structure from thoracic glands, Recently Klocke (1928)
' described three pairs of salivary glands in some of
; the Thysanoptera, he studied, Wost of his work was

done on Thrips physopus; but he does not exactly

mention/
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mention the species in which he got the first pair, |

' According to him the first pair of salivary glands :

is pear.shaped, extraordinerily small, and lies dorsal
to the alimentary canal, bending downwards between

| the brain and the sub_oesophagial ganglion, He has

not been able to find the openings of these glands

' gnd he mentions that Jorden (1888), Uzel (1895) and

Buffs (1898) have not described this kind of gland,
The other two peirs are similar and homologous with
the short and thick, and long and thin salivary glands,

! In Aptinothrips rufus there are two peirs of |

'salivary glands, one pair being short and thick,and |
|
the other pair long and tubular (Fig 85, P1,14),

The first peir,more or less oval (Fig 88, Pl.14)l

18 situated in the metathorax and the first abdominali'

|
'The two glands which normelly lie on each side are |
i |
'not separate, but are joined at the posterior end by

'sogment; and lies either dorsally or laterally,

'a small fine connective tissue (Fig 86, P1,14),
|If not properly manipulated, the connection breaks |
iduring digssection,and the two small glands appear as é
‘unconnected organs on either side of the alimentary
canal (Fig 85, P1,14), Two very short ducts which
1le embedded in the central glandular tissue arise at
;the anterior ends of the short glands (Figs 85, 88.
P1l,14), These ducts pass forwards and after joining

Wwith the sides of the "widened parts" or the reservoirs
of/
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of the second long salivary glands, proceed forwards,
iThﬁ ducts are of uniform diameter throughout, The
!connaction of the ducts with the sides of the reser.
ivoir is so intimate and close, that I have not been
able to separate the ducts without breaking,
!Apparently the ducts do not open in the reservoir,
!as they continue their ccurse forwards,as separate
iand distinct structures,and are separate from the
‘dusts of the othér pair of salivary glands, The duct
| from the right short gland unites with the duct of |
' the left salivary gland much anteriorly and forms the?
icommon duct which opens into the common duct of the
iother peir of long and tubular salivary glands; thus
 forming the main duct of the salivary glands,which
opens more anteriorly into the oesophagus (Fig 85,
|P1,14),
| The cells of these glands are very large and
distinctly differentiated, and sometimes their nuclei

'are even visible in unstained preparations, One or

tWo-deeply staining nuclei are present in each cell
‘and sometimes various stages of nuclear division can |
Tbe séen, The gland is about 134 mic, long and g1 mic,
'broad; while one of the component cell is 71 mic,
ilong and 33 mic, wide, with the contained nuclei about
16 mic, across, 1In fresh dissections, they appear as
iclear translucent structures,

The second pair of salivary glandsis a long,

|
:narrow,/
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narrow, clear,thin.walled tube, situated laterally to

' the alimentary cansl and extends to a much greater

' 1ength in the abdomen than the first pair (Fig, 85,

P1,14)., In some this palr of glandsis a very narrow

gtructure, while in others it is slightly broader,

| Posteriorly the glands originate as tubes on each

side of the cylindrical hind part of the front portion

of the mid_intestine, They extend anteriorly,more or

| 1ess,as homogeneous tubes except near the gides of

oesophagus where the ducts widen out to form faservoiis
10 which are attached the ducts of the short salivary
glands already mentioned, The enlarged portion of
the lumen probably functions as a storage chamber,
Anteriorly the right and left ducts unite to form a
common duct of the short salivary glands as already
described,

The colls of these glands are wvery long with
very fine central winding lumen (Fig 87, P1;14).

The nuclei are short, scattersd at long distances,

Distinct cell walls are not seen which give the !

f aPpearance of a syncytium, The tubular glands are

 about 4 mic, wide with the nuclei about 3 mic, acfosé.

In Limothrips cerealium, the short pair of

salivary glands (Fig 88, P1l,14) is much longer and
thinner than in A, rufus, It is two cells thick with

et s

well differentiated cell wall, BEach cell contains

usually two nuclei, but one only may be present,

Anteriorly/
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' Anteriorly there is a thin duct arising from each,
and posteriorly the glands are joined together by a .
ghort connective tissue aslin A, rufus, The other

' pair of glandsis tubular,and is similar to A, rufus |

I1n_struot.ura and place of origin,

In Odontothrips ulicis, the short salivary glandg
|

'are long and thin,having a duct anteriorly in each

f gland, and joined posteriorly by a connective tisauei

(Fig 89, P1,14) as in A, rufus and L, cerealium,

Two more or less similar pairs of short and thic%;
| 1ong and tubular salivary glands are present in !

Taeniothrips vulgetissimus and atratus(Hallday) Thriﬁs

| tabaci Lindeman; Kakothrips robustus(Uzel)eand H,haemor.
rhoidalis(Bouchél These two pairs of salivary glands

| ‘are homologous with the first (short and thick) and

| gecond (long and tubular) pairs of glands of Jordan

(H, dracaenase, 1888), Uzel (A, fasciatus, 1895) and

. Peterson (H, femoralis, 1915); and with the second

. of glands found by Buffa (H, haemorrhoidalis, 1898),

|
i
|
(short and thick) and third (long and tubular) pairs |
|
|
and Klocke (Thrips physopus etc., 1928), I have not |

been able to find the first pair of glands described

by Buffs in H, haemorrhoidalis (1898) or the head

gland of Peterson (1915) or the very small pear.
shaped gland found by Klocke (1928), in A, rufus and

/
other species, except H, haemorrhoidalis Bouche,

Further it is important to note that the short

salivary/
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salivary glands in A, rufus; O, ulicis and L,cerealium

are joined posteriorly,and in A, rufus their anterior
gucts meet the reservoirs,before proceeding forwards, |
| to form the common duct as discussed previously,

In Heliothrips hasemorrhoidalis, three kinds of

| salivary glands are found, The first gland is un.

' peired, It is thin and small, wider posteriorly,

!gradually becoming thinner anteriorly (Fig 92, Pl.lS)L

' Inside,s few scattered nuclel may be seen,with a thin

'olsar Jumen, It is situated on the left side and i
appears to be associated with the left mendible, The
gocond gland is paired, ovoid and thick (Fig-93,P1.155,

gimilar to the short and thick pair in A, rufus etc,

Posteriorly, these short salivary glends are not i

joined with each other by any connective tissue,but :

are connected with the terminal filaments from each l

' geparate group of overian tubes in the female, Male;
of this species are not known, Each short gland haai

8 duct anteriorly, The third gland is paired, tubular

| and long, arising from the hinder part of the front |

;pOPtiOn of the mid.intestine (Fig 78, P1.12),a8 in

iother species, This species is the same which Buffa

;(1898)also studied, As will appear from the description

!given above, I have found three kinds of glands,

! 8imilar in structure and form as described by Buffe

| (1898), But the first gland has not been found paired

a® Buffa (1898) describes, In all my dissections,

I/
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I have found a single, unpaired gland,on the left

' gide, if the dissection is made dorsally, and on the |

right side if ventrally, appearing associated with

' 4+he mandible, Buffa (1898) has figured it in his

,1ongitudinal gection of thrips on the right side only,

| which position it will always taeke ,if the sections

are seen from the ventral side, The mandible in this

'case will be seen on the right side,

Uzel has described three peirs of salivary glands,

flrst pair very small, the second pair short and

. in Cephalothrips yucces, homologous with the two

' pairs of glands found by him in H, femoralis,

- In Haplothrips distinguendus,two pairs of sslivary

|

|

In the sub_order Tubulifera, Jordan (Phloeothrip%
brunne#} 1888) described two pairs of salivary glands,
one pair short and thick and the other pair long and

thin, In Trichothrips copiosas(Phloeothripidae),

thicker ,and the third pair long and thinner, Peterson

(1915) described a long and a short pair of glands

glands are present (Fig 94, P1,15), and unlike the

previous species of Terebrantia, none of them are

connected with the mid_intestine, The first pair is

gshorter and thicker than the second pair which is

longer and tubular (Fig 94, P1,15), The first pair

- is thick, slightly constricted in the middle, and

- comnected posteriorly with the long salivary glands
by/
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iby a thread.like, fine, comnective tissus, The cells

are large and the cell_walls are well differentiated,
;each,with one or two promiﬁent nuclei (Fig 95, P1_15);
Anteriorly a thin duct is present, The second pair

Iof_aalivary glands is longer and much thinner (Fig 98,

P1,15), Posteriorly each is connected by a thin

filament to the terminal part of each side of ovary

' (Fig 95, P1,15), Several small nuclei are seen :
scattered inside the gland, and a clear lumen is alsoi
geen (Fig 96, P1,15), Anﬁeriorly a fine duct is |

present, In Trichothrips copiosa, Uzel (1895) heas

ghown that the short thicker peir is comnected by a

fine filament with the ovary, In Haplothrips dis.

tinguendus the connection is always with long thin

|
| ’
ypair of salivary glands,
|

As regards the form of the first pair of short
thick salivafy glands in Terebrsntia, they are blasdde

| shaped (Jordan; H, dracsenae, 1888), globular to thic

spindle form (Priesner; Aeolothrips, 1928) or sac.

N -

shaped (Priesner, Taeniothrips 1928), In Aptinothri

|
they may be described as long oval, In other species

of Terebrantis, some are long and thinmer,while in

|

iothers oval and thicker, In Haplothrips distinguendus

i(TUbulifera), the form of the first pair is quite |

' unlike those shown by Jorden (1888) and Uzel (1895).
All the previous workers sgree as regards the long

and tubular form of salivary glands in Terebrentia,

and/
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and in Aptinothrips rufus and other species of Tere.

prentia studied here, they are tubular and alike,

With regard to the position of the first psir of

ghort salivary glands in the abdomen, they are situ-

s ted according to Jordan (H, dracaenae, 1888) in the]

beginning of abdomen or in the hind burst or after

Buffa (H, hsemorrhoidalis, 1898) in mesothorax or

g fter Priesner (T, vulgatissimus, 1928) partly in

0

mesothorax and partly in metathorax, In Aptinothrip

| rufus, I have found them partly in the metathorax and

. partly in the first abdominal segment, i

In the larval stages of Aptinothrips rufus, I |

have found the same number of salivary glands situ.}
ated similarly as in the imagines, Priesner also |
|

(Aeolothrips fasclatus and Taeniothrips ericae,1938?

found only two pairs of éalivary glands 1in the larvél

stages,

3, EXCRETORY SYSTEM AND FAT-BODY,

The excretory products are principelly
discharged through malpighian tubes, which are .
present in g1l Thysanoptera, Besldes these, cartaiﬁ

fat.bodies are also present,

Malpighisn/
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Melpighian tubes:.

Jordan (1888) described four mal- |

pighian tubes in H, dracaenae and Phloeothrips brunneg,

In H, dracaenae, he mentioned that the two anterior ‘

|
10bes 1lie contorted with each other and with the mid_

gut, Uzel (1895) mentioned the same number of mal-

pighian tubes in A, fasciatus and Trichothrips copiosaj

but in A4, fasciatus, he has described and shown that

common canel on esch side which finally opens at the

| place of union of mid and hind.gut, Buffa (1895)

; |
also described the same number of melpighian tubes in

H, hﬁemorrheidalis and showed them lying by the sideﬂ

' of mid and hind-intestine, { l

In Aptinothrips rufus, there are four slender,

moderately long, cylindrical malpighian tubes, a pair

lying on each side of alimentery canal, and opening at
the junction of mid end hind.gut (Figs 75, 76, P1,12).
They do not 1lie free in the body cavity or intertwineh
with each other, Two anterior tubes, one on each side,
run forwards, and two posterior ones run backwards; !

80 as to be closely applied to the mid and hind._gut, |

' The malpighian tubes running posteriorly are more

firmly applied to the sides of the hind.gut then the

. anterior ones, The anterior ones, therefore become

easlily separated from their positions and appear to
lie free in the body cavity, while the posterior peir

remging /
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remains applied, Each tube opens by a separate open-
| |

|ing into the ilium,

| In fresh dissections, the malpighian tubes appea%
!brownish and it has been observed that they contain
%géme minute granules which are quickly thrown out in
Iths ilium by & kind of rhythmic movement,

In stained preparations, the nuclei appear very

1arge (8 - 11 mic, across) and are clearly seen nesr
the sides; while the central part is occupied by a |

1ong winding lumen (Fig 99, P1l,16), Each tube measures
about 457 mic, in lengthsy 16 mic, wide at the base,

| 13 mic, in the middle and 10 mic, at the apex,

In Aptinothrips larvae,; I have found the same

' number of melpighian tubes opening separately into
the ilium, as in the imagines, |
Four gimilar cylindrical malpighian tubes of

' various length are found in L, cerealium; Odontothrips

«ulicis; Heliothrips haemorrhoidalis (Figs 78, 79,P1.1%);

‘Taaniothrips atratus and vulgatissimus; Thrips tabacij
|

Kakothrips robustus; Melanthrips fuscus (Figa 80, 81J

82, P1,13); and Haplothrips distinguendus (Figs 83,

| 84, P1,13), opening separately at the junction of mid
and hind-gut, In Haplothrips distinguendus (Tubulifera),

the malpighian tubes are rather longer, and deep brownish,

oPening very closely together between the mid-gut and

the ampulla_like ilium (Fig 84, P1,13)

Fat/
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| |

|

| Fat-body:- |
The fat.body in Aprinothrips rufus 1lies

- !
!primarily in the form of two long lobes (Fig 100,

| _

' P1,14) on either side of the body cavity; but second_|

farily may form several lobes packed round the various
| internal structures, It consists of large globular
' ¢olls loosely comnected together, which become easily

broken into small groups of cells, They appear

greenish in colour in fresh dissection, 1In stained

preparations, they appear as a mass of vacuolated

fround cells (Fig 101, P1,14)., The nuclei are large

and round ,and are present in some cells and completely
' absent from others, Fat.bodies are found both in |
larval and adult stages, Similar fat.bodies are found

| in L, cerealium (Fig 117, P1,18) and may also be |

present in other speciss of Thysanoptera,

4, NERVOUS SYSTEM,

The nervous system in Aptinothrips is re-

i presented by a strongly developed brain and a greatlﬁ
i concentrated chain of large ganglis lying in the
. thorax and ﬁbdomen; '
| |
| Brains_ i
|

The brain is relatively large and can be easily

| 4 |
| Qifferentiated from other ganglia by its position, / !
. : |



| gnd in A, rufus appears to consist of two flat broad

gnteriorly and posteriorly slready mentioned, The
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position, form,and size, It lies in the head capsule
|
jobes (Fig 102, P1,18), Each lobe is wider anteriorly
gnd arched at the outer angles; and is narrowsr post.
eriorly, There is a short depression at the anterior

middle part of brain where two lobes seem to meet,

On each side, the lobes slope down and make an in. |

verted Y-shaped depression posteriorly at the place
of union, Slightly below the anterior outer angles, |
gach lobe has a very short thick optic nerve which
bears distally a globular optic ganglion (33 mic,
geross), No definite suture across the vertical

modian line of the brain is seenj; except the notch

brain measures gbout 83 mic, in length and 133 mic, |
in greatest width, Behind the brain are a series }
of four large ganglia which according to their ‘
position can be named Prothoracic, Mesothoracic, i

Metathoracic and Abdominal genglis,

Prothoracic ganglion:.

This is a moderately large and thick ganglion
1ying in the prothorax, Anteriorly it is joined

with the brain, and posteriorly with the mesothoracic

. ganglion by a strong and thick commissure,

Mesothoracic ganglion:.

This is the second thoracic ganglion situated

1N the mesothorax, It is almost as large as the/
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the Prothoracic ganglion, Anteriorly it is joined

ganglion; so that the pro and mesothoracic ganglia

ale very close together,

Metathoracic ganglion:.

This is the third large ganglion almost equally

| broad as the two previously mentioned, It is con.

nected by a thick commissure with the mesothoracic

| ganglion anteriorly and first abdominal ganglion

posteriorly, Posteriorly is attached a nerve on

' each side,

:First abdominal ganglion:.

| by & very short thlck commissure with the prothoracic

The first abdominal genglion is a large spindle

| form gtructure slightly widely separated from the

motathoracic ganglion; and therefore the commissure

joining the metathoracic and the first abdominal

ganglia  is clearly seen, It is longer than thoracic|

ganglia, and measures 90 . 118 mic, in length and
50 -~ 86 mic, in width, It is situated behind the
pterothorax, probably occupying thé first and second
| abdominal segments, but not in the metathorax,

At the posterior end medially, it gives rise to the

| ganglion is attached a fairly thick nerve,

iNerve/

unpaired nerve chord, At each posterior side of the |



126

| Nerve chord:.

i The nerve chord is a median unpaired
gtructure originating from the hinder part of the
:firat abdominal ganglion and extending to the whole
l1ength of the body, It is slightly thicker anteriorly,
and thinner posteriorly, At regular intervals, it
gives rise to & pair of fine nerves in each segment

|
&
There are no visible thickenings or ganglia at the

places where the segmental abdominal nerves originate,
| The first pair of abdominal nerves arises about 50

mic, from the first abdominal ganglion and the aecondi
pair is about 84 mic, from the first pair, The width

; |
of the nerve chord between the first and second pair ‘

of abdominal nerves is about 10 mic, Posteriorly it

| becomes still thinner,

Larval Brain:_

In the larvee of Aptinothrips rufus,

|
, |
the brain is large in proportion to the size found
|

in imagines, It consists of two long lobes united in|

the middle where s suture is distinctly seen (Fig 103,

' Pl,18). It is rounded at the posterior end,and presents
 tWwo very deep notches, one anteriorly and the other

i

' posteriorly, Anteriorly each lobe glves rise to a

' neT've the "Antennsl_ocellaris nerve", This nerve and

'1ts branches innerve the antennae and the eyes,

| The most interesting thing noticed in the larvae is |

the / i



| always been found in prothorax or partly extending in

'nerve chord (Fig 104, P1,16), The commissure in

| thrips distinguendus (Tubulifera) the brein is much

anteriorly and having slight projections st the
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the situation of the brain, The larval brain has

the mesothorex, The head capsule is entirely empty,.

Each lobe measures: about 133 mic, in length and K0 mic

in breadth, The brain of the larvae; and the imagines

with four ganglis,contain large number of small nucleg

which staein deeply, i
. |
Similarly concentrated nervous system is found

in the rest of the species of Thysanopters examined,

In Limothrips cereslium, the brain is long, wider

anterior angles showing the place of optic nerves,
Posteriorly there is a concentrated chain of three .

|
thoracic and one abdominal ganglia with a median

this species is thick and clearly seen, In Haplo.

larger and of different shape, The optic nerves are

gituated at the anterior outer angles and are very
short and thick with short thick optic ganglia,

|
Posteriorly it has also a similar chain of three

thoracic and one abdominal ganglis with a median nerv

L

chord (Fig 105, P1,18).

Jordan (1888), Uzel (1895) and Buffs (1898) have

Tigured the shape of the brain differently in the

species they studied, Since the shape of the brain

depends upon the form of the head capsule, there is
bound /



' the pterothorax,lying in the first and second abdom-
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.pound to be some difference, as I have also found in

|different species examined, As regards the position

ofizbdominal ganglion, I have always found it,after !

inal segments, : |

5, REPRODUCTIVE SYSTEM,

(a) FEMALE,
Externally the femeles of Aptinothrips

(Thripidae) are distinguished by the presence of an
ovipositor which is the most important external sexual

character (Fig 19, P1,4), It is attached to the

' elghth and ninth abdominal segments and is clearly

of four valves, between which the eggs pass out, two

|

; |
visible through the body of insect, It is composed ‘

|

| of which form the under pair, and two the upper pair,|

The under pair is attached to the eighth segment andl
the upper pair to the ninth segment, The ovipositor |
lies curved downwards,es in all'iiripidae, Each paip
of two valves are widely separated basally and closeiy
lying distally, Their anterior and posterior surfaces
aTe provided with sew.like teeth, | |
The two valves of each pair on each side are

closely fitted together, so closely as to move

forwards and backwards upon each other without being

displeced/



‘row of eight teeth which are also prominently seen,

|
129, : }
|

displaced, The upper or posterior valves are sabre.
gshaped, curved downwards and pointed at the end

(Fig 23, P1.4)., The upper valve is provided with

| sharp minute, large number of saw.like teeth, pointed

basalwards, throughout the whole dorsal length, except
|

e short distance from the base, Ventrally or on
the lower edge of the upper plate is a ridge (Fig 23,
Pl,4) which fits in the groove of the dorsal part of
the lower or anterior plate (Fig 24, P1l,4),

The lower or anterior valve is similarly curved

and sabre.shaped; and as mentioned above is provided

' with a groove at the dorsal part into which fits the :

ridge of the upper or posterior valve, The ventral
or anterior side is indented with saw.llke teeth for |
the greater part of its length (Fig 24, P1,4), |
It carries sixteen sharp pointed teeth from tip to

above the middle, Just inside are situated a second |

Internally in Aptinothrips rufus the reproductive

organs consist of an ovary normally composed of eight
ovarioles lying in two groups, with four ovarioles in
each, on either side of the hind gut (Fig 1lo06éa, P1,1s),

Occasionally a few individuals have been found to con.

tain an abnormal ovary (Fig 107, P1,17). These have

'nine ovarioles altogether, lying in groups of five

and four ovarian tubes, The ovarioles do not 1lie

free in the body cavity, but the terminal filaments
from /



form a single filament and this combines with a simil
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from all ovarioles of one side or group, combine to

one formed on the other side,to form a long median

1igament, This ligament is finally joined with the

posterior comnective tissue of the short salivary

' glands,

Bach ovariole is a long tube which holds the

developing oocytes one behind another in a single

ar

chain (Fig 106b, P1,16), The oldest oocyte is situ.

| ated near the base where the tube meets the oviduct,

During earlier stages of growth of the basal oocyte,

the remaining upper part of the ovariole keeps the

' median position (Fig 106b, P1,16), But when the

oocyte has become very large and acquires the char.
acteristic bean_shaped appearance of an egg, the

upper part is tilted to one side, on the top of the

f egg (Fig 2 P1,1), 1In each ovarian tube, only the

basal oocyte reaches maturity at any one time; but
soveral eggs in different tubes may develop simult.

aneously, In no case has it been observed that two

- oocytes of the same ovarian tube may reach simult.

aneous maturity, It is only when the basal egg has
been pushed out that another oocyteltakss its place,
The wall of an ovariole is a delicate transparent
membrene and is capable of great enlargement during
the maturity of an egg,

Three distinct regions can be distingulshed in

an ovariole, 1, Terminsl filament, 2, Germarium/
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!Germarium, 3., Vitellarium,

1, Terminal filament:. ;

This 1s a long hair_like thread,
iand is the terminsl prolongation of the outer wall of
| ovarian tubes, The terminal filaments of all the

ovarioles combine to form a ligament which is joined
' with the basal part of the short salivary glands,

This maintains the ovary in position, (Figs 106s,
106b, P1,18),

2, Germarium:. _
|

This is represented by the long conical

part of the ovariole, and consists of a mass of cells

_ !frOm which the primordisl germ cells are differentiat?d
!(Figs 1065, 106c, P1,18), The nuclei of the cells
|stain deeply, This portion contains a large number
of small cells in various stages of develoﬁment from

up downwards, and which later on give rise to young

oocytes (Flg 106c, P1l,18), The nuclei of the small
gérm cells also stain deeply and are prominent,

No nutritive cells have been recognized,

/

3, Vitellarium:_

It constitutes the longest part of

“the Cvariole, and contains the developing oocytes,

The epithelial layer of the wall encloses each oocyte

| in a definite,clearly visible follicle, All the !

ovarioles/
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|
| ovarioles are paniostic,as no vitellogenous cells ar%
 present either apically or in between the oocytes,

!All the ovarioles open by a short thin duct into a

ifairly wide, short, tubular oviduct, From two te

| four oocytes have been observed to lie in vitellarium,
|

|
The oviducts are paired,short, tubular ducts which

|
| anteriorly receive the ducts of the ovarioles and

‘Poateriorly combine to form a common duct, Hach

!oviduct megsures about 33 mic, in length and 34 mic,

in width, Posteriorly the common duct is continuous i
with a wider passage or vagine, The common duct
anteriorly measures @6 mic, and posteriorly (Vagina) |

about 100 mic, in width,

Assoclated with the vegine 1s the receptaculum !
séminis (Spermatheca), It is an oblong retort.shaped,
flat structure, clear and shiny in fresh dissections i
(Fig 108, P1,17). When stained the walls contain

prominent nuclei, The receptaculum seminis leads by

a moderately long, wide canal, situated at an angle,
a8 in a retort, and opens dorgdally in the vagina,

Colleterial gland or other sccessory glands and burss |

copulatrix or their homologous parts have not been |

observed in gny dissection, The receptaculum seminis
(méasures 114 mic, in length and 50 mic, in width,
| _

The duct is about 25 mic, wide with nuclei-,s mic,

‘acroas_

Similarly in other species of thrips, Odontothriﬁs
liote/
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‘ulicis; Taeniothrips atratus and vulgatissimus; Thripé

' tabacl; Heliothrips haemorrhoidalis; Limothrips

coreglium; Kaekothrips robustus; Melanthrips fuscus '

| gnd Haplothrips distinguendus, the ovary consists |
|

'normally of eight ovarian tubes, divided in two groups

%of four, and lying on each side of the hind-gut,

' 'The ovarioles in some species are short and contain !
ifewer oocytes, and in some long,containing several,
|

This depends partly on the breeding time also,

During the hibernstion period, the ovary is much

attenusated,

In Odontothrips ulicis, the ovary, at the breed-

Iing time, is a very long structure composed of eight |

| ovarioles (Fig 109, P1,17), BEach ovariole 1s divisible

| into three parts as in A, rufus, There are greater i
number of oocytes arranged in a chain, The ovarioles

| open into the pﬁired oviduct which posteriorly form i

:the common duct, This widens out a 1little pOEteriorlﬁ

t0 form the vaginae, In the middle of the common ducﬁ

is situated the brown body (Fig 109, P1,17), charact&r_

istic of most specigs of Thysanoptera, Slightly

. below, opens the duct from receptaculum seminis,

Anteriorly the terminal filaments join to form a

ligement which is connected with the posterior con. |

nective tissue of the short salivary glands, '

| In L, cerealium also the terminsl filaments form s

ligament which jbins with the connective tissue of
the /
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the short pair of salivary glands,

In Heliothrips haemorrhoidalis, however, the

| terminal filaments from each group of ovarioles of
pither side join separately with the posterior part

' of the short salivary glands which are separate,

This connection of terminal filament with the short

galivary glands is different from(%%g above species; |
[
'and my observations confirm Buffa'%&finding_ !

In Haplothrips distinguendus (Tubulifera), the ‘

iovary is similarly composed of eight tubules, arranged

dooriled s tla b0
in groups of two and lying similarly as,ifiethor ﬂ“ﬂ*nﬁﬁlf byt

gpoies (Fig 110a, P1,17), Each ovarian tube is
' similarly composed of three parts with a mature oocyte

'at the base (Fig 110b, P1.17), Anteriorly the four |

ovarian tubes of each side join to form a thick con.
'nective tissue which is connected with the long pair
:of separate salivary glands, by a fine thread.like
ifil&mant (Fig 94, P1,15), In this connection it

fdiffers from ether members_ofﬂTerabrantia.

g The receptaculum seminis slightly differs in |

' shepe and the length of duct in different species of |

| thrips, In Odontothrips ulicis (Fig 109, P1,17) ‘

it is more or less oval, retort.like with a very ahor?

(duct opening directly in the vagina, In Limothrips |

gerealium, it is more or less similar flat structure,
fwith & moderately long duct, opening in the vagina,

The sides and body are lined with cells having prom.
'inent/ |
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proﬁinant nuclei, In the duct the outgoing canal is

' glso seen, (Figs 112.113, P1,18), In Thrips tabaci,

it is spherical at the end, bent inwards, with a long
winding duot'(Fig 114, P1,18), The canal is also eaeg
throughout the whole length of the duct, In H, hsemor.
rhoidalis, it is rounded or globular with a very shor%
| duct similar to that shown by Buffa, The cells i

lining the walls are fairly long (Fig 115, P1,18),

I
' In Haplothrips distinguendus (Tubulifera) the ‘
: i

'receptaculum geminis is a long bladder shaped struc.

ture,with a fine duct,opening directly in the vagina,

The duct slightly widens out before opening in the

oy I
' duct as shown by Jordgn (1888) in Phloeothrips brunnehé

|
and Uzel (1895) in Trichothrips copiosasbut the widen.

vagina, No empulla.like structure is found in the

|
| ing may be homologized with that, The receptaculum
 seminis is brownish in colour and is filled with a

Pfluid having a dense collection of sperms, |

i
|
| (b) MALE,

In Aptinothrips rufus, both sexes are

‘wingless and the males are externally distinguished ‘
‘chiefly by their short size,and the form of last

abdominal segment which is bluntly rounded (Fig 33,

|P1.5). Dorsally the abdominal rings are complete and

the /
l
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the divisions of eighth, ninth and tenth abdominal
tergﬁﬁ are easily distinguishpd, The ninth and tenth
sternal plates appear to be fused forming a single
median plate, The male genitalia are carried by thei
fused ventral plats,ahd consist of a pair of rods or |
claspers, and a median unpaired rod, the penis or :
aedeagus, The penis is a yellowish chitinous structure
wider basally and thinner distally, The paired rods
or claspers are also chitinous and are closely applied
to the greater part of the median penis, Basally the
claspers form curved chitinous thickenings which
pncloge the thicﬁer base of the penis,

Internally the reproductive organs consist of a;
pair of saffron yeliow testes lying in the 8.7 or .
7.8 abdominal segments, BRach testis is more or 1esai
club.shaped structure composed of four chambers in !
some, whlch are filled with spermstozoa (Fig 118,
P1,19). The testes are about 108 mic, long and 28 m£c,
wide at the top, Posteriorly the testes are con. |
neotad with & palir of clear white vasa deferentia
55 mic, long and 8 mic, wide, which open separately ;
into the bulbous part of ductus ejaculatorius, |

the vasa deferentla widen out a 1little which swelling

_ may be homologized with the vesiculae seminales of

other insects, The vesicula geminglis is not pouch.

shaped; but is 8imply the widened posterior part of

vas/ -' |
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=

| |
I__. ; » |
'yas deferens, Another very prominent structure assoc.
| 4ated with the reproductive organs is a pair of clearI
' translucent white accessory glands, They are long
bladder.shaped structures slightly constricted in the!
'middle, and wider proximally and distally, 1In figurei

118, P1,19, the left accessory gland is slightly dis_‘

torted at the top; while the right one is normal,

' In steined preparations (Fig 120, P1,19) the sides

i
and the whole wall of accessory glands are composed |
of large cells having prominent nuclei (5 mic, across),

The glands measure 143 mic, in length; and 34 mic,

wide at the top, 33 mic, in the middle and 43 mic, at
the base, The accessory glands open separately by

'very minute openings into the bulbous part of the

(o1

ejaculatory duct, The openings of vasa deferantia an
laooeaaory glands appear to be close together, The I
‘ejaculatory duct consists anteriorly of a bulb.shaped
!(Fig 121, P1,19) highly muscular structure (28 mic,

| across), into which open the accessory glands and

|
‘vasa defsrentia, Posteriorly it continues its course

a8 8 fine cansl to the intromittant organ, The

sPermatozoa in Aptinothrips lie in the chambers of

the testes (Fig 119, P1,19) and are very small,

flagella.like bodies, measuring about one micron in
- length,

In Limothrips cerealium, the testes are saffron

yollow, wider at the top, and more or less club.
shaped / .
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club_shaped (Fig 122, P1,19) as in A, rufus, They

do not appear to be divided into chambers; and in the

anterior wide part a mass of spermatozoa can be sesn,

' The testes are about 196 mic, long and 59 mic, wide

' at the top, Posteriorly, the vasa deferentis are very

thin and translucent white, and slightly widen out

pefore opening into the bulbous part of ejaculatory

' duct, There are also two pairs of long, cylindrical

gccessory glands; about 196 mic, long and 48 mic, wide

' in the middle, They have cellular structure, and open

' goparately into the ejaculatory duct, but are not

constricted in the middle, The ejaculatory duct is

| bulbous anteriorly,as in A, rufus; and this wide part .

is gbout 55 mic, long and 40 mic, wide, Posteriorly

it continues backward as a fine canal, Associated

with this thin part is a structure with very weak
musculature, and having small scattered nuclei,
Klocke (1926) calls this part "Ringmuskel des Ductus

ejaculatorius" in Thrips physopus; and it appears s

' similar structure is present in I, cerealium too,

In Taeniothrips vulgatissimus, the testes and

vésa deferentis are all coloured with orange.yellow
pigment; and no demarcation of orange yellow testes
and white tubular vasa deferentis are present (Fig 123,

P1,19). The whols part is about 114 mic, long, In

 the absence of any differentiation, the head part

will be called testes and the posterior part as

V&Sa,/
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vasa deferentia, The testes are pear._shaped about

44 mic, wide, Vasa deferentia are short, thicker, con.

colorous with the testes and befdre opening into the i
| |

iejaculatory duct, widen out much more, than in the

-‘previous species, to form vesiculae seminales, The

gccessory glands are round or spherical, short struc.,
|

i
| tures about 84 mic, long and 48 mic, wide, These
open separately into the anterior chamber of ductus

ejaculatorius, which is smaller as in other species,

The bulbous part of ejaculatory duct is about 25 mic, |

1ong end 22 mic, wide,

In Tasniothrips atratus, the testes and vase

deferentlia are orange yellow as in T. vulgatissimus

| and measure about 151.188 mic, in length (Fig 130,
:Pl,zl). The testes are pyriform sbout 51 mic, wide
in the middle, Posteriorly the vasa deferentia are
| short, thick, concolorous with the testes, and widen i

out before opening into the anterior chamber of duc tus

ejaculatorius, The accessory glands are paired, largb,

bladder.shaped structures, about 111 mic, long and

62 mic, wides; longer and wider than in Taeinothrips

vulgatissimus, The accessory glands have cellular

structure and open separately into the anterior
| chamber of ejaculatory duct as in other species, |
The bulbous part of ejaculatory duct is 37.48 mic,

long and  33.53 mic, wide, Posteriorly the duct is
Tine, / ’
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| fine, and is associated with the ring musculature, as

in I, cerealium, The most unusual structure noted in

this species is the presence of a commissure which
ooﬁnscts.the two testes (Fig 130, P1,21)., The com.
missure is concolorous with the testes and is very
delicate, bresking away in dissection, if the re-
productive organs are not carefully manipulated,

so far as is known, this connection is not noted in
any other species of thrips,

In Odontothrips ulicis, the testes and vasa

|
|
[
i
|
|
deferentia are similarly pigmented; and are short,
ﬁaffron yellow or orange yellow, measuring 155 mic, |
in length (Fig 124, P1,20), The testes are club. i
shaped, short, about 59 mic, wide in the middle ‘
(Figs 124, 128, P1,20), The vasa deferentia are verﬂ

|

|

ghort tubes which widen slightly before opening into

the ejaculatory duct as in all the previous species
(Fig 126, P1.20), The accessory glands are paired,
round and small, about 85 mic, across, and oﬁen
séparately into the ejaculatory duct, In stained
preparations, these appear having cellular wall with
prominent nuclei (Fig 125, P1,20). The anterior
chamber of the ejaculatory duct is much more prominent

in comparison with other structures, and is very 1oné

and wide, quite unlike what is found in any other

Species of thrips, It measures ,205 mm, in length

ahd ,110 mm, in width in the middle, Posteriorly it‘

is/ |



| gtructure showing weak musculature and scattered
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is continuous with & fine thin duct going to the

jntromittant organ, Associated with this part is e

nuclei (Fig 127, P1,20) which has been previously

| galled the ring musculature of ductus ejaculatorius,

iwide/

| not known; but probably the fluld is used during

duct,

connected with the posterior chitinous part is anoths%

gtructure concolorous with the testes, and is design.
|

gted here as the third unpaired gland (Figs 124, 128.;

P1,20). It -is about ,221 mm, long and ,078 mm, wide,
This gland ia a large, orange yellow, bladder.shaped
gtructure, and is filled with a slightly viscous
brownish fluld, 'The exact function of this gland is-
copulation, This gland is so characteristic, that it
can be seen separate from testes,even through the dark.
chitinous body wall of maléa. - This gland has not

been previously noted in Thysanoptera, : !

In Melanthrips fuscus (Aeolothripidae),the testes

aTe orange yellow, pyriform, differentiated from the
posterior short vasa deferentia,by colour (Fig 129,
P1,20), Each testis is about 51 mic, wide and con.
tains spermatozoa, Posteriorly the vasa deferentis
al® very short and pale, opening by small thickened
bases into the anterior chamber of ductus ejacul.
atorius, The accessory glands are paired and spherical,
opPening Soparately into the bulbous psrt of e jeculatory

The anterior chamber of e jaculatory duct is
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| wides as found in most thripids and is 55 mic, long

ejaculatory duct, Unlike the members of Terebrantia

ithere are two pairs of accessory glands, The first

rejaoulatory duct, The second or the inner peir is
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and 40 mic, wide, Posteriorly it is continuous as a

gmall, thin canal as in other specles of thrips,

In Haplothrips distinguendus (Tubulifera), the

testes are long, wide, lanceolate or in some spindle.
gshaped structures,covered with dark reddish pigment
(Fig 131, P1,21), Occasionally specimens are found

|
|
|
in which the testes are sub.globular and bilobed, |
|
Posteriorly they are connected with long thin vasa I

deferentis which widen posteriorly to form long ,

vesiculae seminales in which a large collection of

gpermatozoa may be seen, These finally open into

i
|
| :
or the outer pair is long, wide, bladder.shaped, |

about ,378 mm, long and ,11 mm, wide (Fig 133, P1,21)

Posteriorly each opens by a short canal into the

ghorter and thinner about ,284 mm, long and kK078 mm,

wide, opening similarly by a short duct into ductus

éejaculatorius, Either of the two pairs of glands

may be deformed and shorter, The openings of the

accessory glands and vass deferentia are very closely

situated and the ejaculatory duct is very thin,

In stained preparstions, the walls of both pairs of
glands appear to be composed of flat, polygonal, large

c®lis, in each of which large, round, nuclei may be

| 8%en, (Fig 132, 133, P1,21),
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LETTERING AND EXPLANATION OF PLATES,

{1 O {1

Il

| IO 1 A 1 O 1

nunwnn nnu

(2) LETTERING, |

six to ten segments,

-antenns

anus,

antarior

anterior chamber of ejaculatory duct
antennal.ocellaris nerve,

abdominal ganglion, |
accessory gland, |
first pair of accessory glands
gecond pair of "

brain,

. brown body,

cell, i

canal, -

chorion,

clypeus, |
constriction, i
commissure, ’
crop, |
connective tissue, i
common duct,

chitinous thickaning, ;

duct, !
ductus ejaculatorius,
duct of short salivary glands,

aye L]

embryo,

embryonic area,
embryonic spherules,

filament,

frons,

follicular epithelium,
fore_intestine,

front portion of mid_intestine,



n,ch,

ocel,

mnnniu

o

fnunununmnnunu

ownmwnnnn

i u

nmunnnuwn

147,

glandular part,

germarium,

third unpaired gland,

groove,

grand common duct (main duct),

hypopharynx,
hind_intestine,
hind portion of mid_intestine

ilium,

lef't,

labium,

labrum,

1eg.

ligament,

leg rudiment,

lumen,

left mandible,
labial palp,

long salivary gland,

mandible,
musculature,
mesothoracic ganglion,

‘mid.intestine,

malpighian tube,
metathoracic ganglion,
maxillary palp,
maxillary sclerite,
maxillary stylet,

nucleus,
nerve,
nerve chord,

ocellus,
oviduct,
Ocesophagus,
optic ganglion,
ovariole,
oocyte,
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munnnmwnwn

mau

mnmnunn

i

147a,

pore,

pharynx,

posterior,
protoplasm,
prothoracic ganglion,
post.glandular part,
pre.glandular part,

rectum,
ridge,
regservoir,
rectal gland,
right,

ring musculature of ejaculatory duct,

right rudimentary mandible,
receptaculum seminis,

sperms,
suture,
short salivary gland,

testis,
teoeth,
terminal filament,

vacuole,

vaginse,

vitelline membrane,
vas deferens,
vasicula seminglis,

widening of the duct,

yolk,
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(b) EXPLANATION OF PLATES,

PLATE I, |

Fig, 1, Mature egg of Aptinothrips rufus,

2., Mature egg of A, rufus,showing the terminal
ovariole tilted on omne side, X 330,

3, Mature egg of Limothrips cerealium, |

4, An embryonic stage in the development of
L, cerealium,showing the curved embryonic
area and embryonic lobes, .

5. Further advanced stage in which eyes
antennse and leg rudiments are formeé_ |
The antennae do not appear divided,

6, Still further advanced stage in which the
antennae are divided and legs have grown
larger, The embryo is still enclosed in
the chorion,

PLATE IT,

Fig, 7, First stage larva of Aptinothrips rufus,
8, Antenna of first stage larva of A, ruius,
9, 8ixth, seventh, eighth, ninth and tenth
abdominal segments of first stage larva of
_gpginothrips,showing hairs on the dorsal ‘
gide,

10, Second stage larva of A, rufus,

11, Antenns of the second stage larva of A rufus,

12, Seventh, eighth, ninth and tenth abdominal
segments of second stage larva of Aptino.
thrips, showing the distribution of hairs
on the dorsal side,

|
PLATE III,

Flg, 13, Female pre.pupa of Aptinothrips rufus,

14, Last abdominal segment Of femsle pre.pupa
of A, rufus showing the four thorn-like |
spines,

15, Right antenna of pre.pups of A, rufus,

16, Female pups of A, rufus, SRR

17, Last abdominal segmént of femele pups of

: A, rufus,showing the distribution of hairs
and thorn.like spines on the ninth segment,

18, Ninth abdominel segment of pupa of A, rufus
showing thorn.like spines,
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PLATE IV,

Fig, 19, Femald Aptinothrips rufus, ;

20, Dorssl aspect ol eighth abdominal segment |
of A, rufus femals,

21, Dorsal aspect of ninth abdominal segment of
adult female A, rufus,showing the distribu.
tion of short and long hairs, '

22, Dorsal side of tenth abdominal segment of
the female A, rufus, showing short and long)
hairs,

23, Upper or posterior valve of the ovipositor
of A, rufus. '

24, Lower or anterior valve of the ovipositor |
of A, rufus female,

25, Male of A, rufus Gmelin,

28, Male of A, rufus var stylifera, Trybom,

PLATE V, |

27. Antenna of femsle Aptinothrips rufus,
28, Antenna of female var styliisra, |
29, Antenns of male A, rufus,
30, Antenns of masle var stylifers,
31, Antenna of femsls A, rufus pupse, =
32, Antemnna of an advanced stage of female
A, rufus pupsa.in which the internsal
segments are formed, ‘
33, Eighth, ninth and tenth dorsal abdominal |
segments of male A, rufus,showing the
distribution of hairs and the character.
|

istic thorn.like spines on the ninth
segment,

34, Ventral segments of male A, rufus, showing
the ninth and tenth sternites and the
ventral plate, |

PLATE VI.

Flgs,35.43 vVarious forms of antennal deformities
found in Aptinothrips rufus femals,

PLATE VII,

| Fig, 44, First stage larva of Limothrips cerealium,
45, Antenna of the first stage lerva of L,
| - cersgalium, =

| :g./ Second stage larvse of I,, cerealium,




Fig,

Fig,

Fig,

Fig,

47,
50,
51.

52.
53,

48,
49,

54.

55,
57,

59,

56.
58,
60,

88,
67,

62,
63,
64,
85,

68/
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Antenna of the second stage larva of L,
cerealium, X
Female pre.pupa of L, cereglium,

Antenna of female L, cerealium pre.pups,
Male pre.pupa of L, cerealium,

Antenns, of male pre.pupa of I,, cereslium,

PLATE VIII,

Last abdominal segments of first stage

larve of I, cerealium showing the dis. |
tribution of hesirs on the dorsal side,
Last abdominal segments of second stage -
larve of I, cerealium,showing the dis._
tribution of hairs on the dorsal side,
Last sabdominel segments of female pre._pupa
of 1., cerealium,6 showing distribution of
hairs on the dorsal side, The hairs on
the ninth segment are all wesk,

Last abdominal segments of I,, cerealium |
male pre.pupa,showing the halirs on the
dorsal side, ‘
Last abdominal seogments of female I,,cereal
ium pups,showing the number and distribution
of hairs on the dorsal side, ‘
Lest abdominal segments of male IL,cerealium

pupa, showing the number and distribution |
of hairs on the dorsal side,

PLATE IX, -

Fomale pupa of Limothrips cerealium, |
Male pupa of I,, ceresglium,

Male pupal antenna of L, cerealium,
Female pupal antenna of I, cereslium,
Male of I,, cerealium,
Last abdominal segments of male L,cereslium

showing the hairs and spines on the dorsal
side,

PLATE X,

Fore_wing of femsle Limothrips cerealium, |
Hind.wing of female I, cereslium, '
Antenna of female I,, .Cerealium,

Hind tibia and tarsus of femaie I, cerealium

showing the presence of characteristic
thorn.like spines on the inner side,



Fig.

Fig,

Fig,

Fig,

68.
89.

70.
71,
728,

72b
73.

75.
76,

T

78

79.

80,
81,

82,
83,
84

91,
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Antenna of male I, cerealium, l
Last abdominal segments of female L,
cerealium,showing the distribution of
Tong and short hairs on the dorsal side,

PLATE XTI,

Ventral aspect of the mouth.cone and head
capsule of Limothrips cerealium, '
Maxillary sclerite, and maxillary stylet
in I, cerealium, P

Left mendible of I, cerealium, f
Hypopharynx of L cerealium, :

Lablum of I,, cerealium,

PLATE XII,

Alimentary canal of Aptinothrips rufus,
Hind part of the alimentary canal of
Aptinothrips, showing the insertion of
malpighian tubes division of hind_gut and
the presence of four rectal glands,
Hind_gut of first-stage larve of Aptino.

thrigs showing the presence of four ractal
glands !

Alimentary canal of Heliothrips haemor.
rhoidalis, showing the origin of long
salivary glands and the enlarged mid_intestine,
Hind gut of H, haemorrhoidalis showing the
insertion of malpIghlan tubes, and four
rectal glands,

PLATE XIITI,

Alimentary canal of Melanthrips fuscus,
Hind gut of M, fuscus showing the insertion
of malpighlan tTubes and the preaence of
five rectal glands, _
Alimentary canal of M, fuscus, showing the
abnormal fore mid.intestine,

Alimentary canal of Haplothrips diatingu.
endus , i
Hind gut of H, distinguendus,showing the
insertion of malpighian tubes ampulle.like
1lium, end the presence of four rectel
glands

Long aalivary gleand of M, fuscus,




Fig, 85,

88.

88,
89.

100.
101.

Fig, 90,

L]

93.
94,

95,
98.

Fig, 99,
102,
103,
104,
105,
1082
106b
108¢

Fig, 107,
108,
109,

110a

110b/
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PLATE XIV, |
Anterior part of the alimentary canal of
Aptinothrips, showing the anterior course |
of ducts from two pairs of salivary glands,
Short pair of salivary glandsin Aptinothrips
Long sallvary gland of A, rufus,
Short pair of sallvary gIa:ﬁEi N b cerealium
Short pair of salivary glandsin Odontothrips
ulicis, |
Fat bo dy in Aptinothrips rufus, -
Two cells of the same f_%_body,showing |
vacuolated appearance, '

PLATE XV,

Short salivary gland in Melanthrips fuscus|,
First kind of short and Thin sallvaTy gland
in H, hsemorrhoidalis,

ShoTt and TRICK aali_ary gland of H, haem..
orrhoidalis,

Two pairs of salivary glands in Haplothrips
distinguendus, showing posteriorly the -
connection with the ovary,

Short salivary gland in H, distinguendus,
Long salivary gland in H, distlnguenﬁus I

PLATE XVI,

A part of the malpighian tube in A, rufus,
Nervous system of Aptinothrips rufﬁﬁ

Larval brain of A, rufus,

Nervous system of LimOTArips cerealium,
Nervous system of Haplothrips dlstinguondus,
Normal ovary of Aptinothrips, ‘
A single ovariole from A, rufus ovary,
Terminal part of an ovariole showing
germarium and oocytes,

PLATE XVII,

Abnormel ovary of Aptincthrips rufus,
Receptaculum seminis of A, ruius,
Fe?ale reproductive organs of anntothrlps
ulicis
Fomale reproductive organs of qulothr;ps
distinguendus,




Fig,

Fig,

Fig,

Fig,

110D,

11€.

111.

112,
113,

114,
115,

10 B
98,

118,
119,

120,
121,

122,
123,

124,

125,

128,

i
128,
129,

153

A single ovariole from the ovary of
H, distinguendus,
Receptaculum seminis of H, distinguendus

PLATE XVIII,

An advenced stage embryo of, Limothripé

ﬁgggglinm_ehowing the presence of pasired
maxillary stylets and a single thick
mandible,

Receptaculum geminis of I,, cerealium,
Recepteculum seminis of I, cerealium,
showing the cellular outline,
Receptaculum seminis of Thrips tabsci,
Receptaculum seminis of Hellothrips
haemorrhoidalis,
Fat_body of L, cerealium,

Enteric epithelium from the mid.intestin
of Aptinothrips rufus,

PLATE XIX,

Male reproductive organs of AptinothriPS!

—

rufus,

Testis , vas deferens and a short vesicula

seminalis of Aptinothrips,

Accessory gland of male A, rufus,
Anterior musculsr chamber of ejaculatory
duct of A, rufus,

Male reproductive organs of I, cerealium,

Male reproductive organs of Taeniothrips

vulgatissimus,

fuscus,

PLATE XX,

Male reproductive orgens of Odontothrips

ulicis,
Accessory gland of male O, ulicis,
Testls, vasa deferens and veslcula
seminalis of 0, ulicis,

Ring musculetUre of jaculatory duct,
Third unpaired gland in male O, ulicis,
Male reproductive organs of MeIanEEFi 5




154,

PLATE XXI.

Fig, 130, Male reproductive organs of Taenliothrips
atratus, showing the connection between

the two testes,

131, Male reproductive organs of Haplothrips
distinguendus,

132, Short accessory gland of H, distingpendus

133, Long and large accessory glanﬁ or H,
distinguendus,

134, A single cell from these accessory glands,
highly magnified,

135, Photomicrograph of the male reproductive |
organs of Odontothrips ulicis,showing the
third unpaired gland,
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I, INTRODUCTION,

Limothrips cerealium has been known in this

| country as a pest of cereals, especially wheat, for

| Samuel Goodenough in the years 17968 sand 1798 show

many years, The communications by Marsham to Rev,

that this insect even then was doing appreciable
damage to wheat crop,
Kirby was the first to detect this insect, and‘

call it Thrips physapus, In a letter dated 27th

August 1795, he mentioned his findings (Marsham,1796)
on the nature and extent of damage to wheat crop,

He described it briefly, found the early steges, and |

| ears of corn, According to him, this insect was

noted the apterous male for the first time in the ‘

| responsible for considerable damage to wheat crop

that year,

Haliday in 1836 gave its correct systematic

position, and described it as Limothrips cerealium,

According to him in 1805 the wheat crop in England

suffered immensely; and at Piedmont (1805) about one
|

 third of the wheat crop was destroyed, The contemp.

orary journsls of that year give some ides of the

' same (Heliday, 1838), Since then, Limothrips cerealium

' hes been recorded at various localities in Britain

| by Williams (1913); Bagnall (1910); Morison (1928)

- and others,

. |

Miles/



Miles (1921) draws attention to the fact that

' the pest damaging cereals in 1918 in England was

| gterile spikelets in oats, Theobald (1922) found that

' demaged wheat in Kent; and occasionally oats and

| Denmgrk; Finland; Spain; Australia; United Stetes of

probebly L.cerealium or L, denticornis which caused

' 1ife;hiatory of this species, the nature and extent

Limothrips cerealium:.and L, denticornis seriously

other ceresls also, He gave a short description of i
damage with remedial measures, Since then, there |
have been no obaervﬁtions on this pest in this countﬁy,
In other parts of the world, it is also reputed
to damage cereals especially wheat and oats, It has

& very wide field of distribution, and is found as

8 pest of qefaals in France; Italy; Germany; Austris |
Hungary; Norway; Swedsn; Rumenia; Russia; Holland;
America; Egypt; Indis end North Africa, '

In the absence of any work on the biology and

|.0f damage to crops has been hitherto overlooked in

this country and elsewhere; and occasionally it is

stated that it is not capable of damaging the crops,

In this paper; therefore, a study of the details of

biondmics and life_history of Limothrips cereslium

has been made alcng with its econonmic status as a

| pest of whest and oats by experiments in Laboratory

and fields, in the neighbourhood of Edinburgh, Scotland,

The /



The other thrips under investigation was Agtino_

!thrips rufus, occesionally found on wheat and other

Gramineae; but chiefly found in low grasses and turfJ
It is & very common species found in the adult stage
throughout the year, 1In spite of itj being wingless,
it is known at present to have a very wide geograph.

jcal distribution, This species is interesting on ‘

account of the presence of two forms differentiated

by the number of antennsl joints, Both these forms
were found by the writer, the one with six.jointed
antennese being much more numerous than the one with

pight.jointed antennse, Beyond & short note about

the occurrence of two forms by Williams (1913) and
' a similar note by Morison (1924), nothing has been
| gaid about it, A study of the habits and life_hiatoéy
was mede in the summer of 1930; and the details of

goasonal distribution of larval and adult forms, and!'

variations in fecundity of the two forms, were atudi@ﬁ

in collections made from grass fields.nsar Edinburgh;

| throughout the year, |
The writer during the course of investigafion

came across an externsl and san internal pasasite of

Aptinothrips rufus, the former was a Trombidium larvas

and the latter a new species of nemstode,
The work was done in the Department of Agricul.
tural Zoology, University of Edinburgh, under the

supervigion of Dr C,B, Williams, The writer has

great /

. 1



great pleasure in thanking him for suggesting this

' plece of work and for valuable advice received during
Ithe progress of work; and also for placing at the
writer's disposal his collections and literature on
thrips, The writer also wishes to theank Dr G,D, MoriLon

for copies of his papers on thrips and for the loan |

of a slide of the very rare male of Aptinothrips rufus
|

var, stylifera,




IT, BREEDING TECHNIQUE,

Breeding of Limothrips cereslium was csrried out

in the departmental green house, Wheat seedlings

were brought from fields when 4.5" high, and planted

in flower pots with one seedling in each pot, Care
was taken to have flower pots large enough for the
plants to grow well, In certain cases some plants
had to be excluded from observations on account of
defective growth, After the plants had taken roots

and were doing well, one female L,cerealium was pl&ch

gt the bases of leaves touching the growing stem,
Previous digsections had been made from the time of
the first appearance of the adult to determine the
maturity of égga, When a greater majority of thrips
contained mature eggs, they were liberated on plants,

The thrips congregated at the bases of leaves, and

a study of feeding, oviposition, and other habits of!
the adult were made in this way,

When the larvae hatched from the eggs, they
génerally tried to move inwards into the leaf.shesths,
which made it difficult to observe the stages., The
larvae, therefore, after emergence were removed and
placed on leaves having leaf.sheaths attached to them
which were placed in petri.dishes lined with wet

blotting paper. The blotting paper was kept moist,

: and/
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6. |

| .
| gnd the covers of petri.dishes were kept slightly open
| |
‘50 that excess of moisture masy not prevail, '

Great difficulty was experienced as the leaves would
)
'dry out or become rotten or larvae would wander over

Ithe wet blotting paper, and be killed by water while
J .

crawling at the margin or would go beneath the leaves

The larvae being voracious require fresh succulent
1eaves and any slight interference makes them reatle%s,
| This resulted in great mortality in the beginning, |
Congequently during this method of breeding, the

examination of leaves heving thrips larvae, was made

goversgl times in a day to ensure that the larvae

| were free from water or other injuries, This method

‘ was abandoned later in the year, when ears of wheat |

were available; and the following method was found

| very successful for breeding these thrips, The

| hablts of larvae, moulting, and other details wers

studied in this way, ‘
It was noted in the fields that the larvae .

after hatching go down inside the leaf.sheaths and

| from there, later on, take up a position in between
the calyx and corolla, after the emergence of the
flower head from leaf.sheaths, They continue to

| feed there till adults emerge, Medium.soft calyces

‘ were removed from the ears and each newly hatched

| larva was placed into one of them which were placed

‘ in a thoroughly over.wet blotting peper forming the

lining/ ‘ |



!1ining of petri.dishes, This gave great ease for

| examination under different magnifications of bin.
|
ocular microscope, The dish covers were placed

slightly open to avoid condensation of too much
| moisture inside, The outer margin of calyx when
| removed from its position curls down a little, and

| gives & little Of shade to the feeding larvae inside,

| and glgo leaves a little space open above for examina.

|
tion purposes, The outer surface of calyx becomes

wet in 2.3 days, and keeps it succulent and juicy

| for the larvae to feed, The larvae did not try to |

|
wander away except at the beginning, when first

| larvae to feed as much of green material as possible,
: Another gdvantage of this method was that by the

| time the larvae turned into pre.pupae and pupse, the

placed with a brush, Any attempt to wander away
was hindered by the hairs on the outer surface of
calyx and the film of water down below, The calyces

were'changed every four or five days to allow the !

margins dried up a little and curled down, These

curved spaces proved suitable sheltering plsces for
the resting stages, and the pupae often crawled down
under them, By tilting the calyx slightly, the preo.
pupal and pupal stages could be easily seen under the

binocular microscope, The larval periods were the

' only difficult periods to get over, Occasionally

after the second moult, the pre.pupae were placed

into/



!into dry calyx, where stages up to the adult were ‘
lobserved. The adults on emergence remsin inside the |
|Ga1yx if it is green; and continue feeding till dry,
Since the female is capable of laying over a long

period, it was sometimes confined into a fresh calyx

| a8 described above, where it oviposited, The egg

Ia.nd_la.rval periods in this case were observed in the
lsama material,

The effect of continued feeding on wheat plants

was investigated in the departmental green house,

‘Limothrips cerealiumwere liberated on some wheat

' seedlings in very large numbers; while others were
Ikept free, Similar conditions were given as far as
| possibls in the gresnhouss to the infested and non.
:infestsd plants, The results of their attack on the
plants and ears were also noted,

The breeding of Aptinothrips rufus was tried in ;

gummer over grgss seedlings sown in xxx small specimen
| tubes, The females of six._jointed form containing

| eggs were left on the seedlings, and the date of ovi.

!poaition was noted, The larval stages were observed
on grass bladés with hand lens (X20) or sometimes the
hatched lsrvae were placed inside wheat calyx and
moulting and other habits were obsserved as in

Limothrips cerealium,




' meadow grass had been sown in the field used in the

ITI, LIMOTHRIPS CEREALIUM,

(I) APPEARANCE, : . |

The factors that seem to determine

the emergence of Limothrips cerealiumfrom hibernation

is probably inecreased sunlight and warmth due to
|

wheat fields at Libertdn and Boghall Experimental Fa%m
|

change of season, The meadow grass near the sown

was examined from April onwards for Limothrips

coerealium by sweeping with a net, But no thrips were

|
found in April, The exXamination of wheat seedlings

|
ghowed that they were free, Limothrips cerealium was

first found in small numbers on 21st May 1930 in }
Edinburgh, from meadow grass situated by the side of |
wheat fiseld at Liberton,

The dissection of these thrips showed tﬁat they‘

had immature ovary with no developing eggs, At this

time, in this district, wheat plants were small and. |

had no thrips on them, According to the farmer the

| Previous year for wheat, From this date onwards,

greater number of thrips were always captured in

every sweep from meadow grass, till by the middle of |
[
June they were found in enormous numbers, _

The emergence of Limothripe cereslium at Boghall

Experimental Farm,situated on the slopes of the

Pentland/



cersalium on it, The meadow grass at both these plao%

Limothrips cerealium in late May and early June was

they appear to feed till the wheat crop was in a

10,

Pentland hills, was later; as they were first taken
on 3rd June from meadow grass, The wheat here had

just sprouted from the ground and had no Limothrips

was fairly high and good, Since the collection of

made from meadow grass both at Liberton and Boghsall

Experimental Farm, it appears that the grass crop was

the first to contain the emerging thrips, on which

|
suitable stage of development, The ovary and alimen.|
tary canal of the earliest collected thrips were all |

gmall,

e T e W e
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| (IT) OVIPOSITION, '

In the Liberton district, the wheaﬁ plants
iin the field adjoining the grass field where thrips |
Ihad been found, had grown about a foot, high by the !'
first week of June, The thrips caught first on 21st
May showed that they had no mature eggs, but the |
dissection of 18 females on 28th May revealed in. two

that the eggs had begun to develop, By 4th June all

|the wheat plants were heavily infested with Limothrigs
@ersalium which had by now migrated from grass to whaét,
| In some cases, eggs were also found embedded in the i_
19af tlssue near the bases of leaves, It appears,
 however, that in the field eggs must have baenllaid
sarlier than 4th June when they were first noticed,
Immediately after the migration from‘the grass

t0 wheat plants, xxx Limothrips cerealiumwere invari._

ably found at the bases of leaves, and consequently

' in the beginning they oviposited chiefly at the bases

of leaves, But later in the season, oviposition

 spread all through the plant, The fomeles continued

|
| e8g laying for a considerable time, and the eggs were

laid from the apex to the base of leaf, inside the |
leaf.sheath or in the calyx also, On oats, femeles |
oviposited in the interior of leaf.sheath and calyx; |

but much less in the leaves,

In/



| _ |
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|

i In Laboratory experiments no definite time for

' oviposition was noted, but generally more females
!were seen ovipositing in the morning than in the !
'afternoon, The process of oviposition was closely

| ;
‘watched and ig as follows:.

' The female when left on a wheat plant went to
Etha base of leaf., There it kept on alternately feed.|
iing and moving till a suitable spot seemed to have

' been selected, It then arched the abdomen slightly |
| and brought the ovipositor to an angle and forced it |
!up to the hilt into the tissue of the leaf, The
‘ovipositor seemed to penetrate the leaf tissue not
Ilat right angles but obliquely, After moving the
ioVipOSitOP forwards and backwards into the slit, the |
| fomale became motionless; and some motion at the tip |
of abdomen showed that the egg had passed into the
slit, The ovipositor was then withdrawn and the |
insect moved to anothér place and began feeding, |
The time required was 2 minutes, and only one egg

‘was laid in each pocket, It has never been.obgerved,

a8 some mention in other species, that the female
ilacarates the tissue with mouth, and then penetrates |
'the ovipositor for laying eggs,

! If the leaf be examined against light, after

Ithe females have oviposited, the eggs appear as small
white specks scattered throughout the leaf surface, |
ibut_more at the base, Some eggslare laid desp, others
[superficially occasionally even with the end projectiﬁg

out,
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(IIT) HATCHING,

The eggs when laid are whitish, but in i
courgse of time change to brownish with two visible
rod spots, If the shell of an egg is removed under

a binocular microscope at this stage, a fully formed

' 1arva is found with flexed head, and antennae end

' the body and not visible, appears at this time as a

| with each movement until only the tip of the tail

!

|

legs closely applied to the body, : i
When the larva is fully formed, it breaks throu%h

the chorion, the head with two bright red eyes being

the first portion to emerge, The larva then moves
backwards and forwards or sgideways with slight jerks,

The whole larva, with antennse and legs applied to

pale yellowish projection from the leaf surface and

is seen moving itself, It emerges little by little

remgins in the egg, =

When the greater part of the body has come out,
the antennse separate, and then the legs one after ‘
another, The larva now falls forward on to its 1egs!
and pulls itself free, moving a little away, and

resting to harden before feeding, Hatching of eggs

was observed throughout the day; but most hatching

| took place in the forenoon, The time required from

the emergence of head to complete separation was
usuglly 20 . 30 minutes; but may be accildentally

more in gome cases,
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|
|
|
|
IV, HABITS OF ADULT AND LARVAL, _STAGES,

When Limothrips cereslium females come out

of hibernation in spring,” they go to the standing

meadow gresses, and feed there till wheat plants

have come up, Then they migrate to the wheat crop
|
inside the leaf.sheaths, or in the folds of the grow.

and take their position at the bases of leaves,

ing leaves when the plants are young, Here they feed

and oviposit, When the earlier leaves become tougher)
| they move to other tender leaves and feed and oviposit
there, Sometimes the number of femasles per plant is

considerable, g0 that several can be found at the

base of each leaf, and inside the leaf_sheaths,

| . |
| Later on when the ears are being formed, and are stilh
enclogsed inside the last folded leaves, they feed on

|
|
the glumes in the ten&er stage, As ears grow out, I
Ithsy take their position inside the glumes and ovi. |
IpOBit in it there, The process of feeding of adultsi
was observed in the Laboratory inqide gingle glumes ;
under the high power of the binocular microscope and

| is as follows:. The femsle seeks out a tender place,
After finding one it applies its mouth-cone and a

thicker rod (probably mandible) is first inserted

iin the tissue and the mouth cone 1is slightly jerked,

| and then the thinner rods (maxillary stylets) work

their/
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their way in, This lacerates the tissue, and then iq
applies the mouth cone closely, so that the further
process is not visible but probably consists of
:sucking the fluld, After remaining at that place for
ia short time, 1t moves to another place and repeats
'the operation, This method is repeated at short
intervals often causing the formstion of white spots
ior streaks, |
The larvae on hatching from early laid eggs
on lower leaves migrate to sheltered places inside

the leaf.sheaths or folds of leaves and joinlthe i

adults in feeding, The larvae seldom feed on or

' under leaves in the open in fields; but slways in

sheltered and tender places, As the larvee hatch

out before the ears are out of the folding 1eaveé,l

‘they may also feed on the young developing ears,

When the ears come out, some larvae remsin in the

Ilaaf-aheaths and some take thelr position inéide !

?the calyces or corollas of the flower, They feed

iin the same way as the adults, The chlorophyll of

' inside of the leaf.sheaths and glumes is as a result

largely destroyed, Larvae hatching out from eggs

' laid later in the calyces or corollas join the older

larvae from the leaf.sheaths and the adults; and all

feed simultaneously inside the parts of wheat ears,
At these sheltered places in ears and in the

leaf_sheaths, the larvae in due course turn into

' pre.pupas/
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| pre.pupae and then pupae, The pre.pupae are small, |
yellowish with small wing peds, and carry their ,
' |
antennae forwards, The pupae are also yellowish but |

with longer wing pads and with the antennae carried !

backwards over the head, These are the immature
stages of females, Occasionally pre.pupae and pupase

otherwise similar but with no wing pads are met with,
These are the immature stages of males, During these
'afages no feeding is done, The pre.pupase and pupae

are always found at sheltered places inside the leaf.

sheaths or inside the celyces or corollas, but never
i on the leaves in the open, The females and males oni
iemerging from pupse begin feeding temporarily at }
their places of emergence; but later on migrate to |
other places, _Tha females feed during the rest of
the geason on wheat till harvested and do not oviposit,
The males also feed and later pair with the females;

but die out after the wheat gseason,about the end of

August or September,




{ 8imilar structures are also found in the ssecond larval

. tall end of the pupse or the newly emerged adult,

X7

(V) MOULTING,

There are four moults during the develop.

mént of Limothrips ceresliumfrom egg to adult, giving

two larval stages and two non.feediné pupal stages,

the first pupal stage being of short duration,
- The casts of skin of the first and second stage

l1arvae are thicker than the pre.pupal or pupal skins,

_The chitinous coverings of antennse, legs, and internal

mouth spines are visible in the first larval casts,

casts which are also thick; but slightly darker at L
the antennal, head and annal areas, These casts cani
be easily seen in the calyx both in fields and in fhs
Laboratory, The pre.pupal and pupal casts are

thinner and translucent; and are sometimes curled upi
They are also found in the calyx but with difficultyq
Occasionally the exuviae are seen sticking to the

The process of moulting hes been obgerved several
|

times in the Laboratory, and is as follows:. |

| The first stage larvs does not appear to feed during

a day or two before moulting and the intestine does

not appear to contain any green stuff, It becomes

' 8luggish and motionless, The colour at this time is

pale yellow, A slight wriggling movement is observe#,

The antennse are brought close together and the head

is/



|tail part is first observed to empty and appears to

|
' have & shrunken skin, The legs are also slightly

' gnd the larva slowly wriggles out separating the legs

J

18,

is bent downwards, arching the body slightly, The

tucked in, Now the skin at the top of head bufsts,

|
from the old skin one after another, The contraction
of tail end and the legs inside the 014 skin appears
to cause a force on the anterior region of the head
from where the skin burst in a longitudinal fissure,

The antennee and legs after moulting are soft, The
|

old ékin now remains sticking to the hind part, and
though the larva is éble to move its antennse and

pbody, it is not at first able to walk, After gaining
strength, the old skin separates, The process of |
ecdysis in second stage, pre.pupal and pupal stages
are similar, - The time required for moulting in the

larval stages was found to be 12 . 20 minutes and in

the pupal as much as 30 minutes or more, The old

pre-pupal skin remsins attached to the pupse and the

f-puPae have been seen to move slowly without any

| hindrsnce, |




(VI) LIFE-HISTORY,

Limothripscaraaliumafﬁer emergence from

:hibsrnation feed for some time and lay eggs on wheat
or oats from early June onwards, The egges in course
of time develop, and the stages are passed in leaf.

?sheaths or in ears of corn till it is time for

'harvesting. When the corn is ripe, about 23rd August,
and is being harvested; only adult males and females,

'all of the new generation, are found, The following

!table gives the dates and the length of egg, larval,

pre~pupal and pupal periods of Limothrips cereslium

Idurin.g June to early September in the Laboratory,
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Table I gives the life._cycle of the eggs laid
in June, July and early August, It will be apparent
from this table that there is no appreciable length. |

ening of the life_cycle periods during July and Augua%,

' The slight differences in days appear to be due to

individusl differences, The average egg periods 1aat?
from 10 . 13 deys; the first larval period from 5 . 7

days, but once one first stage larva moulted in 4

| days on 19,7.30. The second larval period is from

occurred on the 5th or even the 4th day; and once |

8 - 10 days usually, but once one second stage larvs
moulted in 5 days on 3,8,30, The pre.pupal period
lasts usually 2 - 3 days but sometimes moulting
occurred after one day, The pupal period lasts for

6 - 7 days gemerally, but occasionally moulting

- |
one mgle pupa moulted after 3 days, It appears to be
a very unusual departure, and the figures of the malé
pupal period are not enough to glve any conclusion,
The total life.cycle, therefors, requires 30 . 35 days,
but twice the period required for an adult to emerge'
was 29 days, The emergence of the last adult in the
Laborstory was on gth September, The wheat was
already harvested in the field, and no young stages
wore found, Only adults of both sexes were found,

At Boghall Experimental Ferm, the wheat was sown

| rather late and there a few pre.pupal and pupal stages

| could be still found with difficulty, but no larvae,
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(VII) FLIGHT,

The flight of Limothrips cereallum was

observed several times on bright sunny days in wheat
and oats fields; from the ears of standing corn or
from the bundles lying about in the field after being
harvested on 25th August, In the Laborstory it was
also obgerved, A large number of wheat earts prev.

' iously containing many pupae and adults were fixed
into the soil containéd in a wide.mouth jar, It was
observed that on bright sunny days when the jar was
placed in direct sunlight, males and females would

- come out and wander about over the ears of corn, some
of them pairing and some of them going up to the top
of ears, This would happen, even if the jar was in

' gshade but the sun was bright near by, The females
after reaching the top of gwns or any other sharp
point would turn round backwards, throw their front
legs in the air, - They would then turn their tails

up several times, separating the wings each time
which then extend nearly at right angles to the body:
but close up when the tail is turned down, At one

of these moments of extending the wings, the thrips
would fly off, Occasionally they would jump only to
, another ear, So long as the sun was bright, a large
number of thrips were observed flying on 5th September

' in the Laboratory, If by chance, some clouds /
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clouds obscured the sun for some time, they would
return to their hiding places, and in a short time
wore not vieible at all, This was observed several
times during September on bright sunny dasys, The
distance covered by a single flight was found to be
' 5 -~ 8 ft, in the still air of the Laboratory, It
:appears possible, therefore, that during the period
when the crop is ripe or''is harvested, Limothrips

@erealium fly off and may be carried long distances
' over the grass Or nesar by crops or other places through

| the agency of winds,

D S e S e e
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(VIII) MATING,

Mating was obgerved in the field on esrs of
wheat where males and femasles congregated on sunny
deys, In the Laboratory also, mating wes observed on
pars infested with males and females and put in a jar
for flight experiment as described previously,

Once on 30th August a newly emerged msle and female
were intentionally introduced within a calyx used for
breeding purpose, The male did not seem to be able
t0 see the female inside the calyx even from a short |
distance, The'mala and female kept on feeding and
accidentally met each other inside the calyx, but the
female moved aside, The male now seemed excited as
the copulatory organ waes seen coming out and retracting,

The male again met the female and suddenly climbed

over its back, turning its ebdomen underneath, and

pairing took place, This position was similar to that
described by Buffa (1907)., Then there were short
agbdominal jerks and after that the male remained
motionless for about six minutes and then separsted,

Occasionally it has been observed thet femsles
would paess males with no attempt on the part of males
t0 follow, And once the tall part of a male was so
forcibly jerked up that the curved and pointing mele
génitalia penetrated the thoracic region of the female
and/
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and remgined there for a long time till separated,
Mating does not take place shortly after emergence
from pupa, A male is able to fertilise several

fomales,
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(IX) PROPORTION OF SEXES,

The earliest collection of Limothrips

.¢orealium on 21st May from meadow gress consisted of
| females only, and later only feﬁales were found over
wheat and oats till late in June when males were first
'found on 29th June in fields after emergénce from
the pupase of the new generation, During the rest of
' the crop sesson . July, August and early September .
' males weré found and sometimes in enormous_numbers;
.Thﬁ counts on various dates from oat and wheat fields
' give a rough proportion of the two sexes collected, |
From oats, 25rd July 433 0'd : 162 0,0,. From wheat,
' 24th July 257 ' 0" : 351 0,Q ; 28th July 610 0
188 0,05 2nd August 4 0'0" ¢ 15 0,0, from one head;
- 5th August 7 OZO)': 30 0,0 from 3 heads; 23rd August
3 Oﬂozz 10 q_q. These collections were made from
Libertpn fields, The crop was harvested on 25th
August, and the bundles were left in the fields,
The collections from these bundles give this proportion,
27th August, from wheat 1 Cf‘(?- 5 Q;Q s 4 07«07»
80 Q. 0, . From oats, on 3rd September 112 6‘6'3
51 0,0 . By the end of September, although the
bundles of wheat and oats were lying in the fields,
no mgles were found, except a few dead ones, and a

few living females, At Boghall, on 29th August, from

wheat /
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wheat 6 § d : 21 0,0, From oats 54 4 1 10 g 03

'and on 15th September, from oats 8 Q*Q‘and no males,

The lsst meles were captured in the field on the 3rd
September,

The females later on were found hiding in between

' the folds of leaf.sheaths of grass in the field, and

were thus collected on bright days during late Sept.

' ember and early October, Males being apterous are

not able to fly, and die on the plants after fertilis.
ing the females, The preponderance of males occas.
ionally in bundles of oats in fields may be due to

the fact that the femsles had flown away, The females

| that hide in the grass are no doubt fertilised females,

| During the winter, fertilised females hibernate, and

lay oggs on wheat and oats in the coming year; all

' the mgles dying by early Autumn, In the Laboratory,
' males were found alive over gress till 14th October,

- and after that only females were visible,
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| (X) FOOD PLANTS,

| This species has been found to confine it.

; :self exclugsively to Graminese, It has been collected

 from various meadow grasses, wheat and oats, During |

gummer it breeds on wheat and oats and partly on couch
 gress also, During the rest of the year, it lives

on grass, probably faeding occasionally, In Russia

it hes been found on Brachycolus noxius causing the

folding of leaf.sheaths, and in Norway on barley,
The writer did not find this species on barley at
Boghall Experimental Farm, In other parts of the

world it has been mostly taken from wheat and oats,
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| (XI) NATURE AND EXTENT OF DAMAGE TO OROPS,

(a) WHEAT, |

In the fields when thrips migrate to wheat
plants, they start faediﬁg there, and oviposit in the
leaf tissue, inside the leaf.sheaths and in the glumes

later on, Heavy oviposition may cause the blotching

iof leaves which dry up soon showing white spots all

over the leaf surface, The feeding of adult removes
chlorophyll from the leaves which sometimes show

considerabls white patches, The larvae on hatching

' g0 inside the leaf.sheaths and in the leaf.folds

' joining the parents in feeding, The leaf.sheath is

not destroyed to such an extent as the leaves, and

sometimes one fails to notice the damage to leaf.

‘sheaths; but in some plants it is obvious, The larvse

- continue feeding on the tender growing leaves of the

wheat plant, and congregate in greater numbers in the

immer folds where the ears are being formed, The

newly emerged adults and the hatching larvase now feed
on the tender parts of the growing ears both from
above and from below; but less in the middle where

they do not seem to pensetrate in large numbers on

' account of the tight folding of the leaves, The

developing flowers at the top and at the base of the
ear are therefore subject to constant feeding of

large /
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large number of larvae and adults,as long as it re.
'mains inside the leaf, The top part is the first to
pmorge and the basal part the last, so occasionally
!the top part is not damaged; while the lower part is
damaged, The ﬁiddle part of the ear is usually 1little
.damaged but the top and the basal florets are some.
times 80 much damaged that they fail to develop seeds
later on, When the ears grow out, the larvae and
gdults go up aloﬁg with them, and take their position
inside the glumes, Here they continue feeding and
are joined by other larvae hatching from the eggs
laid in the glumes, But the damage at this stage

to individual floret is not visible, as only the
chlorophyll of the inside of calyx is destroyed,

When the larvae are inside the corollas, the anthers
and ovary are destroyed, and the individusl floret

| fails to develop seed, But this is rare and the

| damsge is mostly done when the head is enclosed in
‘the sheathihg leaves, This feeding and damage con.
tinues till the end of the season when damage may

be severe, Theobald (1922) found that the wheat crop .
in Rent was aolmuch demaged that the tips of grain
had become pallid and no grains were formed at these
portions, and when corn was thrashed out, the grains

wore shrivelled, These he ascribed to L, cerealium

and 1, denticornis, The present writer, however,

did not get any. L, denticornis in the Edinburgh
District/




District on wheat last summer, The wheat crop at

:Libarton was 80 badly damaged on account of heavy

| infestation of L, cersalium, that the effect on leaves

and leaf.sheaths was very much apparent, The leaves

dried up soon and gave a blotched appearance, while

' the inside of glumes was white, At the Boghall

Experimental Farm wheat fields, the damage was not

' 80 apparent and the growth of plants and seeds was

| gomparatively good,

Jablonowski (1928) while discussing the economic

status of L,cerealium mentions that recently the

importance of thrips in general has been over.estimated

' gnd that L.,cerealium are not responsible for the

injury to cereals that is constantly sscribed to them,

He further states that the injury to stalks and ears

' of wheat has been superficial, and is due to mechan.

ical causes chiefly wind, The writer in order to

 determine the mnature and extent of injury to wheat

B

plants, carried out a set of experiments in the
Laboratory, One set of plants was infested with

large numbers of L,cerealium in the beginning of June,

and the other set was kept free, Both the sets of
plants were grown in as similar conditions as possible,
Plate 1 shows the ripe ears A.B from infested plants,
and C.D from free plants, It will be seen in

this plate, that in both ears A.B, the lower and

top parts have failed to develop seeds; while the

intermediate/
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intermediate parts are also damaged with very small

' geeds (cp Theobald, 1922), and the length of the ears

is sméll, In uninfested plants, the ears C.D are
1ong, stout, with fully developed seeds both at the
base and top, Thle experiment shows conclusively
that‘Jabldnowaki's ideas are incorrect; and that

L.carealivm in cases of heavy infestation is capable

of causing serious damagelto wheat ears, as shown

in Plate 1, A_B, But such contrasting difference ofi
damage side by side in the fields are never met with
on account 6f other factors which keep & check on |

the abnormsl damage of L.cereslium to ears of wheat,

An actual extent of demage to wheat seeds was
established by taking ears of wheat at random from

two fields, Since there was marked difference in

| the number of L,cerealium at Liberton and Boghall

' Experimental Farm wheat fields and their injury to

wheat, counts from two fields were made, The number
of immature and sdult thrips found was slso counted,

The following figures give the results in a summarised

form,

TABLE 1II,/
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TABLE ? s SR
” A, Liberton Wheat fields,

No, Total

of ears No, of No, A No, No,
Date taken, florets unset, damage adults, young,
24,7.30 50 1163 209  17.9 608 578
i
B, Boghall Expt, Farm fields,

208 4 1.9 12 11

18.8.30 10

-From the above figures, it will be seen that at
Liberton wheat fields, the percentage infection was
much greater than at Boghall,
by the high infestation of thrips at Liberton wheat

' fields, The highest number of thrips found here was

125 adults and 25 larvae per head,

| (b) OATS,

This was also apparent

Limothrips cerealium has been known for a

long time in this country as a pest of oats, and in

1920 was reported to cause sterility in oats in

'England and Wales,
host plant. on the
States of America,

hes been raportedato'cause "blighted" ears or "white

top" /

It is also recorded on the same

Another species of thrips which

Continent and in the United
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top" in Canada is Anaphothrips striatus, Osborn,

In the field, the adult female thrips on
‘mlgrating to oats in late May or early Jume, do not
oviposit in leaves normally, but inside the leaf.
gheaths or later on in the glumes, The leaves un.
'1ike wheat loaves, remain green and do not show any
;sign of injury, The leaf.sheaths, however, are
?damaged by the féeding of adults first and later by
;the larval stages, but externally this is not visible,
iLater on the hatched larvee migrate to the tender

' inflorescence and join the larvae hatched from leaf.

' sheaths where the inflorescence is developing,and

' gtart feeding, The inflorescence 1is therefors

' attacked before it leaves the leaf_sheath, In pro.
portion to the number of adults and larvae present
inside the leaf_sheath, the basal part of the inflor.
eécence is subject to injury for a longer time, The
flowers at the base fell to develop seeds, and appear
as thin, white, shrivelled spikelets in immediate
contrast to the green blg spikelets above, The longer
the basal part remains inside the thrips infested
leaf_sheaths, the greater is the damage, Later on
when the inflorescence is completely out, the eggs
.laid in the spikelets hatoh and the larvae along with
the older larvae from leaf.sheaths feed inside the
calyces or more rarelj inside the corollas, .

Somtimes /
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gometimes the whole of the inflorescence is damaged

| gnd no developed seeds are seen, But generally the |
basal or occasionglly the top part is affected when
:it remgins held up inside the leaf_sheath, Plate 2
‘ahows the spikelets at the basal parts of the inflor.
:escance demaged by thrips, |
! The extent of injury to oats was calculated by
Icoun.t.ihg the unset seeds in the affected inflorescenc?,
' The following gives the results of examination in

| gummarised form,

i TABLE III,
i

Liberton oat fields,

—~No, Oof Total
dama ged No, of No, % Adult TImmature
Jte | Inflo, Exem, spikelets wunset Damaged thrips forms, |

%.7,30 71 1811 818 38,3 595 2076

From the sbove table it will be apparent that

the percentage of unset spikelets in affected inflor.|

| escence is .very high, But the percentage of affected
‘inflorescence in the field was not very high this

|
| year,

B e O O D
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(XII) HIBERNATION,

some of the adult females 6 after feeding
 for some time on wheat and oats and after getting
fertilised, fly off before the crop is harvested,

| During late July in wheat fields at Liberton, adults
'were found in greater proportion than the early
 stages, The examination of the crop later on showed |
: that very few young stages could be found in early
?August and none whatsoever by late August or early
' September, The wheat and oat crops were harvested
in these fields on 25th August, By this time most
of the femgles had already gone away to the grass field
close by, Some of course remained under the bundles |
of corn left in the fields; but these were mostly i
males, The number of femsles remeining in corn I
bundles further diminished by the end of September
and none were found after this date, The thrlps were,
however, collected during 1ate August and September,
by pulling out grass blades and examining the inside
of the folds of the leaf.sheaths, The females were
found hiding deep in the folds of grass, where eggs

' gnd lervee of Aptinothrips rufus were also found,

Thie species therefore migrates on to the grass
in the adult stage, before the crop is harvested and
after, when the corn bundles are lying in the field,
It takes shelter in late summer after the crop is

harvested/
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narvested over grass, probably feeding occasionally,

and hibernating during autumn and winter months,

The dissection revealed that fat bodies were greétlyi '

developed and the intestine wae shrivelled at this

time, _ i
'Miglv(lgzl) while carrying out investigation in

Shropshire on insects of grasses thought that

L, cereglium feeds through winter in the larval stages
|

in the hollow stemmed gresses, Theobald (1922)

thought that L,cerealium seem to pass the winter

' either as pupas or adults generally in the soil or

in hollow stalks among grasses and stubbles, There
is, however, no proof of these statements, The

presence of Limothrips cerealiumtogether with the

eggs, larval, pre.pupal and pupal stages of Aptino.
thrips rufus which breed throughout the year in grass,

might have led them to ascribe the larval stages to

| hibernating L,corealium females,

S e P S e e e e e
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(XIII) SEASONAL HISTORY,

The thrips were first collected over

meadow grass on the 21st of May 1930, On subsequent

idatea, the number of thrips in each collection from

' meadow grass increased, till by 26th May, large

numbers could be found, Wheat plants in the adjoining
fleld at this time were small and did not contain any

L, cerealium, Thrips later on migrated from mesdow

grass to wheat and by the 4th or 5th June, all the
wheat plants were observed to be severely infested,

By the end of June only a few L,cerealium could be

found over meadow grass and that too with grest dif_
ficulty, Mgles and females of the new generation were
observed for the first time in the field on whest by

29th June, By 27th July, the number of immsture

 stages decreased, when more adult meles gnd females

~were found, In August no 1st stage larvae were found

in fields, and the stages found were pre.pupse and
pupae, These also decreased, till by 23rd August

no immeture stages could be found, The thrips now
migrated to mesdow grass agein, The crop was harvested
on 25th August, No thrips were found by the end of

August or September over the harvested whest bundles,

' Thrips were, however, found in these months inside

the leaf_sheaths of grass in the field, Only females

weére found, The accompanying diagram (No,1) gives

a/
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g sketch of the seasonal history as noticed in the ‘
‘Liberton district wheat field,

The species appears to be single brooded, Females
Ioviposit and feed during summer on wheat or oats and
finally migrate to grass, sheltering and hibernating
' there as adult female, As the early females keep on
flaying eggs for e considersble time, all the stages
'are found simultaneously over wheat plant, and Ehere
' 1s an overlapping of the early females with the
:femalas of fhs new generstion,

The dissection of the females of the new genera..

tion on 23rd July and on 1lst August, and lster on,

: showed that they contained no developing egge in the |

' ovary, Large fat bodies were present inside the

 abdomen at this time,



41,

: IV, APTINOTHRIPS RUFUS, GMELIN,

(I) EGG_ LAYING,

i The females live on various grasses,

' gnd areée found throughout the year, Eggs are found

in éptinothrips rufus (with six_jointed antennse)

! all the year round; but in the variety stylifers

|

i(with eight.jointed antennae) eggs have been noted

ionly in the warmer months of the year, The eggs arai

| 1aid in slits made in the leaf tissue, and are

| scattered all over the leaf surface, In transmitted
1ight, the eggs appear as white spots which facili.

|
" tates detection,
|
|
|

| (IT) HATCHING,
The eggs when mature appear dirty
brown with two small red spots near the surface of
' leaf, The 1ar§ae break the shell, and come out by
- slow forwerd end backward movements, similar to that

described in Limothrips cerealiunm,

(III) FOOD PLANTS,

This species lives,meinly, on
various grasses, and can be collected at any time of

the year, but in the summer has been found also on/

T = o e gyl e S —



' on oats, wheat and barley, Occasionally they lay
eggs on wheat and the larvae feed inside the ears or |
the leaf.sheaths, Sometimes, they are found in con.

' giderable numbers in young wheat seedlings, inside

. the leaf._sheaths near the roots,

(zv) LIFE-HISTORY,

An egg laid on 31st July hatched

on 18th August, and two eggs laid on 2nd September
'hatched on 21st and 22nd September respectively,

This gives the egg period of 18.20 days in August

and September, The first larva, hatching on 18th
August, moulted on 28th August, giving the 1st larval
period of 8 days; the second larval moult occurred

on 1st September which gives the 2nd larval period

of 8 days, The third moult occurred on 3rd September
;and the adult female emerged on 9th September,

.This gives the pre.pupal and pupal periods of g and

' 6 days, The whole life.history from the egg laid

on 31st July required 40 days, This species is many
 brooded, as the egge are always found in the abdomen;

and in the grass leaves, along with larval stages,

throughout the years but the broods overlap,
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(V) SEASONAL, OCCURRENCE OF THE TWO FORMS AND MALES,

| Both six and eight.jointed forms were found
| throughout the year on grasses at various places, in
ithe vicinity of Edinburgh, The six._jointed form was
ifound to be very common end widely distributed, and
!has frequently been found to occur alone without the
.feight-jointed form which is scarcer and has a more
Ilimited distribution, At certain localities, however,
' poth forms were found in the same collection, It has
.been observed sometimes that movements of a few yards
mekes g difference and one begins to get the other |
.form, But at certain localities only eight.jointed
form.occurred and no six_jointed form was collected,
| This isolated distribution of the two forms is very
remarkable, Williams also informs me that he had a
;similar experience of the species in the South of

England, He observed, that the commonest form was

siz.jointed, while scarcer and more local variety was
 the eight.jointed one, The two forms did not ususlly
| occur together, and out of many records, he only twice
got both formes together, Morison during collections
of thrips between 23rd October 1923 and 27th Januery
1924 from Aberdeen ares, found that females of

Aptinothrips rufus taken from beating grass at three

different/
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idifferent 1ocalities (near Bridge of Dee Fishery

' Station, Craibstone Experimental Farm) were each time
iassociated with A, rufus ver Comnecticornis, Uzel,
EHe also found thest six.jointed form was very common,
iThe following is the summarised table of the collec. |
!tions mede last year with the locality and forms

collected therefrom,

TABLE IV/
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: It will be sesn from the above table that at
;King's park (Holyrood park), arees A, only six_jointed
iform was found all through the year and no eight_
!jointed form was ever taken from this place, From
ltha area B, only two collections were made in
;september and October and only eight.jointed form was
 found, At area O, the two forms were found mixed up |
in different proportions as given in the table,

' It is possible, however, that they were really separate
a8 the area of collection was slightly larger, From

- !
| the Blsckford hill, area C, on the left gide of the

loch, the two forms appeared mixed up in different

iproportions, and once from erea A, as many as 138

gix.jointed form were collected with no mixture of
eight.jointed form, From the area B, all the thrips
were eight.jointed, From the Morningside locality, |
no six._jointed form was found at area A; and at grea
.B, all the thrips collected were elght.jointed, with
no mixture of six._jointed form et any time during thd
RIS o e PR SR C, the six. end eight_jointed
form was found mixed up in different proportions,
Unfortunately the collectlons at the ares B were
made for only three months, as the grass was later

on cut and removed by the owners of the land,

Larvae have also been found all the year r'<:~um:1’i

| only from such localities where six_jointed form

occurs /
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occurs throughout the year, Greatest percentage of i

' larvge were found during winter, and the collections

pven from under the snow gave adults and larvae with

green material inside the intestine showing that they

' had been feeding quite recently, In Spring the per.

| contage of larvae found was less; and in Autumn the

percentage of larvae found was least, The numbers of

larvae, pre.pupae, pupae, females and males collected

'during the year are summarised in table No,V,

It will be seen from this table that no pre_pupab
were found in November and December 1929 from several
hundreds of females collected, The first pre._pupa wap
found on 19,1,30, In February and March, none were |
found, end in April four were found, two from the .
same collection on 23,4,30 and one on 25,4,30 and onJ
on 29,4,30, In May and June one pre.pupa was found
on 30,5,30 and one on 18,6,30 respectively, From July
t0 November 1930, no pra_pupae were found, In all
goven pre.pupae were found throughout the year from
a large numbér of collections, Pre._pupal stages seem
t0 be rare, and as they remain at sheltered places,
beating of grass does not bring them out so easily,

The number of pupae found was proportionastely
greater, No pupae were found in November, TIwo pupas
were found in December, the first on 20,12,29 and the

other on 30.12.29, In January also, two pupae were

found, one on 13,1,30 and the other on 15,1,30.

In/
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.In February and March none were found, The greatest
number of pupae wes found in April, 1In a single col.
' lection, thirteen pupae were found on 11,4,30; while
two were found on 23,4,30 and two on 28,4,30, In May

elght pupae were collected, three on 5,65,30 and three

on 13,5,30 and two on 20,5,30, In June four pupae

were collected the same day on 8,6,30; and none were
 found in the collections made on other days, 1In July
one pupa was found on 15,7,30, and in August two

wers found on 22,9,30, In October no pupae were found

from geversl oollectiona, and in November 1930 one

was found on 5,11,30, Since, the larvae are found
all through the year, the pupae also occur throughout
- the year, though in various pr0portiona,. Very few
| pupae were collected in winter, which seems to be
correlated with the higher percentage of larvas found,
- In Spring and Summer greater number of pupae were
cOllected; depending probably upon the less number

of larvase found,

Males are very scarce in this speciss, Uzel inl

Bohemia and Hinds in America did not find any males, |

: Bagnall and Williams also record the rarity of males,
Williems in September 1913, found twenty males among
many hundred females, Morison during his collections,
between the 23rd October 1923 and the 27th January 1924
from the Aberdeen area, collected 200 females, 10
males, 35 larvee and 4 pupae, This gives a fairly

large proportion of males,
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In England, he found oﬁa male in Winter among several
hundred females, The writer during the course of
great search got only 15 males out of many femsles

in the whole year, All the males collected were six.
jointed and no malse with eight.jointed antennae has
been found, Recently, however, Morison has sent the
writer s slide of fhe male of eight.jointed form,
collected by him on 18,8,28 in Aberdeen, The monthly
distribution of males is summarised in the same table

(No, V), A male was found for the first time in

 November on 28,11,29, No males were found in December

gnd January, In February three mesles were taken from
one collection on 17,2,30; and in March none were found,
In April tﬁo mgles were found, one on 11,4,30 and the

other on 28,4,30, In May none were found, In June

 five were collected the same day on 4,8,30 in one

'colleotion, In July three males were found on 23,7,30

and in September only one on 16,9,30, No males were

 found in October and November 1930, According to

' this distribution, fewer males were found in winter

and more in summer,

The greater prepondersnce of six_jointed females

'and the rarity of males restricted to some certain

small areas, and the wider and commoner distribution
of females only, suggests that over greater areas, the
six_jointed form is purely parthenogenetic, At those

places/
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;placas where meles occur, a limited percentage may be
s6Xual, as even there the femsles are in grester
majority, In eight_jointed form, no males were col.

' 1ected by the ﬁriter; but the collection of few males

Eby Morison, is suggestive that this race is also onlyI

isexual in limited and small localities, For the
 greater part it is apparently parthenogenstic like

:ths gix_jointed form,
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(VI) SEASONAL AND RELATIVE FECUNDITY IN THE TWO FORUS,

Since the first collection made in November

1929, the six_jointed form has been found to contain

:eggs in various proportions all the year round,

As seen from table V, fewer females contained eggs

in November, but in succeeding months, the number of

females with eggs increased, In Spring and Summer, s

very great number of females were found to contain
eggs, At this time it was very easy to get the eggs

of this form, In May, the percentage of females con.

taining eggs was highest for the year, From July

onwards, the number of femsles with eggs decreased,

so much so, that agein in November 1930, the number

- of females with eggs was lowest, Individusls with

one or two eggs were found very commonly; but some.

- times as many as five eggs were found in one female,

The number of females with number of eggs found in
various months of the year is also gilven in the same |
table,

The eigh@-jointed form which occurs ususlly

éingly or occasionally mixed was not found to contain

. eggs till March in any of the collections, Eggs were

- first noted in them in April on 23,4,30, from a
| collection made at Balerno, In this collection

sbout 93,7% of females contained eggs, During May

RN
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T
A et

B (0
%‘: (&)

and June also considersble number of females were

found to contain eggs, From July onwards again, no

oggs/
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eggs were found, In this form slso, during breeding
season, individuals with one or two eggs were very
common; but in May as many as five eggs have been
found in a single female,

Table V also gives the summarised figures of

' the fecundity of the two forms; and the number of

females with number of egge from November 1929 to
November 1930, The graph No,l represents the fecundity
curve of the two forms obteined from these figures,

It will be seen from this greph that the fecundity
in six_jointed forﬁ is lowest in November and increases
in December and January; but falls again in February,

During succeeding months, the fecundity again pro.

| gressively increases, when in May, it is highest for

the year, Later on, the fecundity decreases,
It will be further interesting to observe that there

are two short fecundity peaks, situated exactly equi.

|
'distant from the highest peak in May,

The fecundity curve of the eight.jointed is also

 drawn on the same scale, and shows the contrasting

' difference in the period and intensity of fecundity,

It appears probable that breeding in this form occurs
only for a short term of the year, Naturaslly the
number of broods per year in this form must be con.
slderably fewer than in the six._jointed form in which
breeding takes place all the year round, Although the
breeding of eight.jointed form was highest in April
and/
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and in gix_jointed form in May, they seem to coincide
that both forms had highest fecundity in April, May
gnd June,

This differenoe in the rhythm of the breeding

periods of the six and eight.jointed forms presents

. gome interesting questions of specific importance,

Recapitulating from what has been said before, it

 appears that the eight.jointed is a definite form

with a life.cycle of its own; breeding for e short

period, and usually living isolated and having fewer

| broods in a year, The six_jointed has been considered

a8 variety of eight.jointed form by Uzel, Bagnall and
others, But seeling that it differs in the number of
antennal joints, usually lives separately and breeds

ell the year round, with considerable number of broods

' per year, it seems desirable that structural differ.

ence correlated with biological difference should be
sufficient to warrant a specific distinction, However,
there are certain other points which are also to be .
considered, Recently Radulesco (1930) experimenting
at Saint Genis laval (Rhome), France, considers thet
eight. jointed form under certain conditions of tempers.
ture and dryness, gives rise to six_jointed form,

The writer during field collections at certain areas
always found eight.jointed form and no six_jointed:
while if such occurred in nature, some six.jointed

form/



form aught to have been found at those places,
Similar had been the experience of Williams, But
gsometimes at places the two forms have been found
mixed by Williams, Morison and the writer, Priesner

during some of the collections found a form with

seven._jointed antennae (f intermedis Pr, 1928), and
the writer from a large collection of eight._jointed
form, got some femsles having one normal six.jointed i
antenna and the other normel eight.jointed, These
various records seem to lend support to the view that

' the eight.jointed form is a highly unstable form,

and may under certain conditions give rise to siz.
:jointed form,

| The collection of eight.jointed male by Morison,:
:in Aberdeen,opens up the field for supposing that |
eight.jointed form has also & small sexXuasl race,

|
' It therefore appears to the writer that there are.

!four reces, the sexual and parthenogenetic six.jointed
‘race, and the sexual and parthenogenetic eight.jointed
irace; ﬁnd that the parthenogenetic race of each form |
occasionally gives rise to sexual race, Since these

' two forms are so closely allled, the eight.jointed
form may under certain conditions produce fresks of
the type of seven.jointed antennae (f intermedia Pr,
1928); and the six and eight.jointed antenna in the

same individual noticed by the writer,



V. NATURAL ENEMIES,

(1) Limothrips cerealium,

No parasites were found in the fields which
may be said to be responsible for the mortality of
the young or adult thrips, Chalcids were found on
wheat plants, but they were never observed parasit.

ising this species; nor was any parasitised thrips

| ever collected, Tripoctenus russelli, parasitises the

bean thrips, Heliothrips fasclatus, in the United

States; and a relsted species has been found by Bagnall
in England; but no species of this genus ever came to

the notice here, The carnivorous Aeolothrips fasciatus,

reported elsewhere to feed on thrips was also never |

| captured in the fields

A very slight amount of mortality, no doubt, is|

caused among the young stages by rain; but this seems

| t0 be very little owing to the hidden positions of

' the larvae and adulte, The eggs feil to develop when

the leaves are hard gnd dry, The time of planting
appears to have some influence on the intensity of

attack,

(2) Aptinothrips rufus,

One externasl and one internal parasite came
t0 the notice of the writer during the collection and

atudy/



56.

| study of this species, The external parasite was a
|

' Trombidium larva and the internal parasite a nems.tode,

' Tylenchus aptini n, sp, infesting this species in

;1arge numbers, Uzel in 1895 found Trombidum larva
'infesting some thrips, and also nematodes inside
' Thrips physopus; but he gave neither description nor

 figures to make any comparison,

(a) Mite,
Meny times in the year, it was observed
' that the red mite was attached to the thrips and was
dragged along with it, The mite was always found to |
attack in the larval stage. It 1s scarlet red, soft
bodied, with three pairs of legs (Fig,1, P1,3) and
' measures ,366-,433 mm, in length and ,166;.2 mm, in
breadth, The bephalothorax is large and is armed
with chelicerae gnd pedipalpi, The pedipalpi are
| segmented stout structures ending in strong pointed
' claws (fig,2, P1,3), The cheliceras are lannet_éhaped
- and geem to be retracted imside, in fixed preparstions,
. At the entrance of the mouth are situated two sharp
hooks (Fig,3, P1,3) which are probably used for
attachment, No eyes are visible, The legs ars six.
sogmented and end in three ungunes (Fig.4, P1l,3),
Hairs are sparsely distributed near the border of the
hind mergin,
The mite is so tenacilously attached that it is /
difficult/

—
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difficult to remove, It has always been found to be |
attached near the base of hind coxa one or the other
gide, near the lateral margin of the body, so that i
the head remains attached and the rest of the body |
is free (Plate 4), One Trombidium larve hes been
found on one thrips; but the infestation in some of
the collections was very high, These larvae appear

to suck the fluld out of the abdomen; but otherwise

do not seem to affect the thrips in any way,as some

of the infested thrips have been found to contain as |
many as three eggs, It appears that the mite detaohés

jtself after it is fully gorged,

(b) Nematods,
Nematodes were found in the body cavity

of Aptinothrips rufus, and occasionally in large

numbers, A study of the nema tode parasite and its
effect on the host is dealt with separately in Paper
LT,
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I, INTROCDUCTION,

The collection and study of Aptinothrips rufus

'made last year, in the neighbourhood of Edinburgh,
revegled the presence of an internal nematode parasitp
|

' which seemed worthy of further study, There is at

|
' present very little known of the parasites of

' Thysanoptera in general, and no record of any parasite

|
of Aptinothrips,

Uzel (15) in 1895 described s nematode in Thrips
physopus, In 1910 P,R, Jones (Russell, 1912) found I >
' s nematode parasite "working in the full.grown larvse

' of the bean thrips", Heliothrips fasciatus at Lindsay,

]

Cal In the absence of any description or figures i
of either of these two, it is impossible to esteblish
any identity with the one at present under consideraﬁ
' tion, '

The nematode infesting Aptinothrips were first

discovered in December 1929, and from that time a |
| regular record of the parasitise@ thrips was kept to
find out the degree of parasitism in various months
' of the year, and thrips from various localities were
. examined to find the local distribution of the
parasite, A study of the morphology and bionomics
was also made with various details of the parasitic

' 1life of the worm, It has been impossible to complets

the /
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the study of the free living stages which it is h0ped|

'may be completed by some other investigators,

| on,the examination of the parasitic stages disclosed

Generslly, eggs, larvae and females came out on
dissection, but sometimes only eggs or highly modifie@
females which can be easily overlooked were found, i
and occasionally only larvse, A closer examination of
the larviform worms showed that two morphologically
different forms were present together, one having
conicgl tail and stylet; and the other having no

recognizable buccal stylet, but possessing csudal

alse, spicule and gubernaculum, This ot the first

' sight appeared to be a different species; but later

the possibility of its being the male of the species,
The larvae having conical tail and buccal stylet will
be called form I and the males having caudal alae and

no buccal stylet form II in the following descriptions,
|

| The form II was very scarce in proportion to form I,

and was occasionally absent; while the form I was
always present whenever larviform worms were found,
All the stages of the two forms from the smallest to
the longest, and alsc the various stages in the

development of the parasitic females were found to

. exist together in certain dissections, though rarely,

It was interesting to observe that the young forms

of the males appeared morphologically similar to the

' mature forms, but that the early stages of females

were /
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were quite unlike the mature females,

|
The host Aptinothrips rufus has two varieties,

| one with six and one with eight jointed antennae and
although the six and eight jointed forms were some. |
itimea found together (eight jointed very scarce) in
' the infested locality; yet in no case so far have the
!worms been taken from the body cavity of eight jointed
form, The infection also haé so far been found in
| females only, liales are, however, very scarce in
the species, and only four males, all of which
‘worm_free, were ceptured throughout the year from
| the infested areas, It is possible that if more
imales could have been examined some would have been
found to be infected, The infection has been found |
| 4o be greater in adult females, the larval and pupal |
infection being rare and only established in a few
]casea,
The work was carried out in the Department of

! Agricultural Zoology, University of Edinburgh,under

' the supervision of Dr C,B, Williams, The writer is
:greatly indebted to him for many valuable suggestions
Iand advice during the progress of work, The writer
also wighes to thank Dr H,A, Baylis for some important

'suggestionﬂ,
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2. TECHNIQUE.,

Grass was collected, brought té the Laboratory
end beaten over s white sheet of cardboard, The
thrips crawled out from the fallen materisl, These
were transferred by a fine brush into s glass dish
containing a small quantity of water and floated on
t0 this. As the thrips can stand considerable immer.
sion, there was no danger of their being killed,

The dissection of live thrips was mede on a
microscope slide in a drop of clear tap water under

a Leitz binocular dissecting microscope (X75; X150)

'with a fine pair of needles, As the thrips generally

crawl out from the binocular field, they were first
stunned by pricking the head and then the anterior |
and posterior parts were slowly drewn apart, The

segments break apart and the contents pull out

' suddenly, Various internal parts were then slowly

gsoparated from chitin ﬁith the help of needles,

Thrips previously killed in any fixing medium did

' not prove good for dissection purposes, In the case

of infected specimens, eggs, larvae, males and females

of the nemstode came out immediately, The dissected

' skin of thrips was now removed, A very small quantiﬁy

of weter should be taken, as the worms being very

small spread out over the slide with the 1ikelihood

' of the various stages being missed,

The /



The worms were studied after being killed on a

glide over a heated plate or over the flame of a

Espirit lamp for a very short time, Excess heating |

cookg the specimens and the intestinal contents burst

out, A coverslip was placed over the drop of water
containing the worm and the edges were sesled down

by & very thin layer of Asphalt or liquid wax to

gstop the rapid evaporation of water, 1In order to

give a slight colour to the worms and their internal
|

parts, a trace of 1% aquous solution of Nile blue i

wes added to the drop of water containing the nems.

todes, Excess of Nile blue stains the specimens |

deeply and various internal parts are not clearly

seen, The details of the internal parts of the nema.

tode stages were studied from these preparations with

an oll immersion objective,

To preserve specimens of nematodes, the followiqg

medium suggested by Dr H,A, Baylis was used and found

- very satlisfactory,

1,
2.
3.
4

Carbolic acid 20 gus,
Syrup lactic acid 20 gms,
Glycerine 40 gms,

Dist, water 20 gms,

The specimens were killed in a drop of water

over g heated plate and mounted directly in the

' above medium, The edges of the covership were sesled

with Asphalt or gold size, The internal parts of /
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of the mature females were very clearly seen in the

s bove medium,

| In addition to the above, the following method

wes also tried, The specimens were fixed over slide
in a drop of Bouin's fluid, washed in 70% alcohol to |

|
got rid of Picric acid and finally brought into water,

Staining was then done with Delafield's haematoxylin

and counter_staining with eosin, The reproductive

organs of the normal and parssitised thrips were also

|
studied by this method,

- S e B O T S S e e



the body cavity of the host, These are the egg stage,

7

3. SYSTEMATIC POSITION,

Uzel (15) in 1895 (p.387) found 200 nematodes

|
description nor figures to make any comparison with

and many eggs in Thrips physopus; but he gave neither

the nematode stages found in Aptinothrips rufus,

van Zwaluwenburg (18) in a recent paper gives a
gummary of the early accounts of worms found in
insects, The only record in Thysanoptera that he
mentions is that of Uzel,

The systematic position of the worm has to be ‘
determined from the stages that have been found in R

éarly and sdvanced stages of the 1st form larvae, '

;mature and immgature stages of males (2nd form) and

various stages in the development of parasitic femaleL
The writer has provisionally included the ;
present worm as a highly modified member of-the genus
Tylenchus on the basis of behaviour and morphological
characters and has given the specific name "gptini"

after the generic name of the host, Aptinothrips

rufus

Dufour in 1837 described Sphaerularis bombi

parasitic in various species of queen bumble bees
(Eymenoptera, Bombidae), The male is 2 small taper.
ing nematode with pharynx, alimentary canal, sperm.

arium, ejaculatory duct and cloacal opening, The

figure/



figure given by Wulker (18) p.479 =also shows & pair

of spicula and gubernaculum, although they are not so

labelled, The meles therefore can be said to resemble

slightly the males of Tylenchus aptini, but the female
is quite diffareht, The early stages of the parasitic

female of Sphaerularis bombi is nematode like with a

pharynx ovarium, eileiter and a small vaginal pro.
|

. jectlon near the pointed tail, In successive stages |

. of growth, the vaginal appendage of the parasitic

| female grows into a long appendage meny times the size

| Tylenchus aptini, it will be apparent how very dif_

of the worm and the uterus, fet body and modified
intestine come to lie in it, Comparing the descrip. |

tions and figures given by Wolker (18) p., 479 with

ferent the early and late stages of parasitic femaleq

| are, Similarly, Atractonems gibbosum, Leuckart 1887¥

paragitic in maggots of the Dipterous fly Cecidomyia |

pini is not closely related as the parssitic female

1ike Sphasrulariag has a different developmental

history and the mature female is highly modified,
with large uterus and vagina; while the small body |
is attached to the enlarged vagine as an appendage,

In 1921 Cobb (3) described Howarduls benigna

from the body.cavity of the beetles Diabroticsa

vittata, D, trivittata and 12.punctata, There is
no detailed description of the mature or the early
stages of parasitic female or figures to ensble one
to make a comparison, From what is given, Howarduls

benigns /




benigna agrees with Tylenchus aptini in the mature ;

parasitic female which in both species is a cylindroid
|

gacC, with no alimentary canal and with anus vestigial

' or abgent, But aptini differs in not only not being

gyngonic and viviporous but in the presence of s
distinct stylet at the anterior end, Moreover the
presence of two types of larvae, one with conical
tail and stylet, while the other having caudal alae
and no stylet finally maturing into males, gives
sufficient grounds for its separation, 1In 1928,
Baylis and Daubney (2) placed Howardula under

Allantonema, Leuckart 1884,

In 1923 Wilker (18) described a nematode
|
Allantonems mirabile parasitic in the weevil Hylobius

abietis, As would appear from the figures given by

gWﬁlker of the Allantonems parasitic femsls on p, 398

from imago, on pp, 440, 443 from larvae and on

p. 445 from pupse, it is a large rounded inert organ.
ism in ell stages, In the mature state, it consists
of an inner and outer layer, a tubular ovary, lying
on one side of the body wall, a short receptaculum
seminis and oviduct, and a very large uterus occupying
a greater part of the interior, filled With eggs and
larvae: the vulvae is situated at the posterior end,
Bradynems, zur stfasseﬁ (19) is also a large sausage
shaped organism with bluntly rounded head and tail,

The mature parasitic female of Tylenchus aptini

resemblas /
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- reéamblas in being inert and sac.shaped; but differs
in the presence of a distinct stylet, oviparity, thei
| gituation of vulva on the side, and above all in tha‘
eaTrly stages which are so nema 1like in shape, possesé-
' ing a stylet, oesophagus and an alimentary canal, ‘
It is only in the later stages of parasitic life tha%

| the female is so modified and suggests kinship to

Allantonema, The writer previously had included it

under Allantonema, but the charscters as made evident
|

in figures 5g8.59, pls, IV.V 1lead to its separation

from Allantonems and Bradzgema.

Recently Goodey (8) established & genus Tylen

chinems for the reception of a new species of nematode
|

| Tylenchineme oscinellae parasitic in the frit_fly |

(Diptera, Cecidomyldae), The parasitic female is &
|
large coiled sausage shaped organism quite differenti
from the thrips parasite, _ ‘
|

The genus Aphelenchus and Heteroders include

plant parasitic species, the characters of which are
very different to include this species, ‘
. Now the insect parasitic nematodes in the genus

Tylenchus remain for consideration, Fuchs (4) in

1915 described two species, Tylenchus contortus and

Tylenchus dispar from Ips typographus and Cryphalus

picas (Coleoptera, Scolytidae); making two varieties

of the former and three varieties/
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varieties of the latter, Wﬁlker (18) described a

third species Tylenchus hylastis from Hylastls ateri,

(Coleoptera,Scolytidas),

The description of the parasitic femele by Fuchs
(4) and his figures (Plate 17 figs 12.13) resemble
the early stages (figs,50.52, P1,III.IV) of the para.

gitic female from Aptinothrips, There is, however,

& much greater morphological and biological similarity

| between the parasitic female, Tylenchus dispar curvi.

| dentis (Fuchs 5. p,196, fig,1) and the parasitic

stages (figs, 58.59, P1,V) of the present nemstodse

[ -
| fomale, The presence of a stylet, trace of oesophagus

constitution of ovary, oviparity, uterus and position

of vulva (figs,58.59, P1,V) are, among others, common

|
|
characters, The writer has therefore separated this

worm from Allantonema, Bradynema and Howardula chiefl%

on the basis of the above mentioned characters, of

which the presence of stylet in the early stages and

| & trace of it in degenerated later stage give resem.

' blance to Tylenchus, If the second form of worm with

caudal alae, spicula and gubernaculum be taken as the
male of this species which is very likely, the re-
lationship with Tylenchus is further enhanced,

The present worm is therefore included as a
highly modified member of the genus Tylenchus,

Since the degeneration of the mature parasitic female

is much greater than hitherto known in insect infest._

'ing/
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infesting Tylenchus, and other characters are so
different from known species of Tylenchus, it is
therefore given the place of g new species, provisional
to the disclosure of the trus relationship which the |

free living stages might reveal,
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4, DESOCRIPTION,

(1) EGGS:-
| The eggs are oval, broadly rounded
anteriorly and posteriorly, and slightly constricted!
in the middle (Figs, 1.6, P1,1,) The eggs measure
.04 - ,0607 mm, in length and ,02 . ,0285 mm, in
breadth, They are provided with a thin smooth non.
striated shell membrane or chorion filled inside withg
protoplasm in which small nuclei can be seen in |
| permenent and stained preparations (Figs,1.2, P1,1),
| Figure 3, P1,1 shows the state of egg ready for coming
‘out from the uterus, Large fat globules also appear
Ito be present (Fig.3, P1,1), |

The eggs 1lie free in the body cavity and float i
in the body fluid of the host, During growth the
iprotoplaam shrinks inside from the membrane or chorion
(Figs, 4.6, P1,1). The young larvee develop inside:
‘theeggsam@ reach a certain stage of development wheni
the general outline of the larvae can be seen inside
' the eggs,lying in various positions (Figs,7-14, P1,1),
The larvae finally break away the shell and emerge |
ioutside, in the abdominal fluld of the host,
'Occasionally no eggs are present, The highest number
!of oggs found in a single individual so far has been |
|215, Statistics of the number of eggs fqund in

‘various monthly dissections will be found below under

iaeasonal distribution,
i
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(II) LARVAE (FORM I),

The young larvae when they emerge from the |

egg membrane are very small (Figs,15.18, P1,1), i
' The principal measurements are:. Total length .1206:
~ .1448 mm, ; greatest width ,0137 . ,0172 mm, ; length
of stylet = ,00833 mm, ;§ width of the head across the
middle of stylet = ,01 mm,; length of stylet and

oesophagus = ,0216 mm, ; length of oesophagus =

., 0133 mm,

They have a well rounded anterior mouth, wider

' in the middle and a conical tail (Figs,15.18, P1,1).

' The mouth 1s followed by a strong stout stylet which |

is connected with a thin winding oesophagus, The

1

‘ oesophagus opens finally into a wide long alimentary
' canal which now occuples the rest of the young 1arvaf
| body (Fig,16, P1,1), Inside the intestine are 2180
ytb be found largs fat globules which staih deeply
‘with Nile blue (Fig.18, P1,1). Under lower magnifice.

| tion these larvae seem to have anteriorly some clear

i globular sreas situated by the side of the stout

fstylet (Figs,17.18, P1,1), After several ecdysis

Lthe larvae become larger and thinner (Figs,21.22,

P1,1), The figures 19 and 20, P1l,1, show the com.

' parative size of the younger and maturer forms of

the larvae under lower magnificetions

These older larvas (Figs,21.22, P1,1) are most
| often/
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often found in large numbers, When dissected out

' of the abdomen of the host they wriggle about in the

drop of water, The pfincipal megsurements are:.

Total length ,25 . ,3668 mm, ; greatest width _L01333 -
.0178; length of stylet = ,0133 . ,0156 mm, ; width |
of stylet ,00083 -~ ,00178; width of anterior tip =
.005 ~ ,00714 mm, ; width of the tail end = ,0033 .
,00557; width across middle of stylet ,008668 -
.00833 mm, Length of oesophagus ,0283 . ,045 mm,

The body tapers anteriorly and posteriorly,
The head is rounded end smooth (Flg,23.24, P1,1),

directly continuous with the body having no constric.

' tion, The head is wider than the teil (Figs, 21 and

22, P1,1), Posteriorly the body tespers and ends in |

' 8 small sharp point, The cuticle is smooth and non.

' striated, Separate lips or papillae have not been

observed, The general outline of these mature larvae

resembles some figures drawn by Wlilker (16, pp,401, |
404, 410) of the development of the larvae of Allanto.
nema and by Fuchs (4, Plate 18, Fig,18a) of the larvs

of Tylenchus dispar typographi,

The mouth is terminal and is connected with =
small stout shining stylet (Figs,25 and 31, P1,11),

Basal thickenings in the stylet have not been observed,

' The stylet is connected with a long winding oeaophagﬁs

(Figs,25 and 31, P1,II) which opens posteriorly into

the /
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the intestine, At the junction where oesophagus
opens into the intestine & glandular structure is
observed (Fig 23, P1,1 and Figs,25 and 31, P1,II),

the exsct mnature of which is not clear, The intesti@a
|

later on occupies the rest of the body and is a long |

wide straight tubular cansl (Figs,26.29, P1,II), |
i
It appears to stop a short distance from the poateri&r

tip (Fig,29, P1,II) and contains a large number of
reserve fat droplets (Figs.26-29, P1,II),

The larvae obviously feed on the fluid contents

| in the abdominal cavity of the host and the intestine.

ig therefore full of globules of reserve fat, No

distinect anus or any other structure appears to be i
visible at the posterior end, The young and the I
advanced larvae of this form are therefore similar |
in essential morpholcogical characters, except that of
gize, In one case the longest larve found was ,36866 mm,
in length and appeared to possess traces of reproducﬁ-
ive organs, The length of the organs was ,L0416 mm, |

gituated ,0733 mm, above the tail end,

- e - o= e



17

(ITI) MALE (FORM II), |

The second form nematodes are different from
|
the form I described previously, both in young and |

maturer stages, No case of the transformation of the

| £irst form into the second form has so far been

observed, These are very small and the younger and
maturer stages of this form are morphologically

similar, The principal messurements of young larvae

are:. Totel length ,13103 mm; greatest width ,01724 mm;

'width at the mouth end = ,006889 mm, 3§ width at the

' length from the tip of head to gubernaculum = , 12068 mm;

length from gubernaculum to tip of talil = ,01724 mm, ;

tail end = , 00344 mm,

These young larvae (Fig,34, P1,II) are found in

very small numbers from some of the dissections,
They are usually absent from larger numbers of dis.
gsections where only of larger sizes are found mixed
up with the larvae of the first form and the early
stages of the female nematode, They are distinguished
by their peculiar movement and by their morphological
characters, The body tapers anteriorly and posteriorly
(Fig,34, P1,II), Anteriorly the head is flat and is
separated by-a slight constriction with the main body,
No distinct mouth or stylet is seen and a degenerate

oesophagus may be considered to exist, A pair of

' caudal slae, spicules and a very minute gubernaculum

is/
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is present, (Fig,39, P1,III), '
After seversl moults the larvae assume the
meture form of male (Fig,36, P1,II), Fig,35 gives

an ildea of the intermediate size between the younger

and maturer forms of males, All the stages seem to

be morphologically similar,

‘The mature stages of this form (Fig,se,'Pl,II)

' aTe more commonly found than the younger stages

. younger and the maturer forms have been found to be

| .2482 . ,333 mm,; greatest width = ,01379 . ,206 mm, j

(Fig.34, P1,I1),in association with the larvae of th&

first form (Figs,21.22, P1,I), Morphologically, the |
|
|

similar,except that the mature forms appear to possess

|
testis, The principal messurements are:. Total length

length from anterior end to gubernaculum = ,2916 mm, :

length from gubernasculum to teil end ,02168 .,0275 mﬂ;

i
length of spicula ,078 - ,01168 mm,; length of guberJ
naculum = ,0418 . ,00517 mm, 3 width at the anterior !
end = ,00868 -~ 006889 mm, 3 width of the tall end = :
.0033 - ,00344 mm, i

The body of males (Fig.38, P1,IT) tepers anter.
iorly and posterioriy, The head is broader than the
tail, flat,and separated from the body by a short
oonstriofion (Fig,38, P1,II), The tail (Fig,37,

P1,II) is bluntly rounded, Lips or papillae are not |

|
present, The mouth aperture is not visible and there

is no trace of a stylet or an oesophagial bulb, |

A/



| A distinct oesophagus is not present, It appears to |

19
|
|

be degenerate, The indication of an oesophagus as a |

faint 111_defined wide area may be said to be present

from the head backwards, No intestinal gland is

| vigible,

Posteriorly the tail is curved and highly con.
stricted, ending in a rounded point (Figs,40 and 41,
P1,TITI). On each side of +the tail end are the
cuticular expansions or caudal alae (Fig,40, P1,III)
which arise a little anterior to the anus from the
ventral edge of the lateral field, and reach almost
t0 the-tip of the tail (Figs,40 and 41, P1,IIT),
The free edges of the caudal alae are not crenate,

There is & peir of spicules (Fig,37, P1,2 and
Figs,40, 41 P1,III) each being broad anteriorly and
tapering slightly towards the tip, A short guber.
naculum is also present (Figs,40 and 41, P1,III),

Figure 41, P1,III shows the spicula and gubernaculum |

' in a front position, The spermaries (Fig,42, P1,IIT)

consist of a long strip of glandular ares applied to
the sides of intestine, In all these characters it
resembles many species of Tylenchus,

The relstionship of this worm is difficult to
establish with certainty as the free living stages are

not known, Whether this male and the other larval

' stages in thrips belong to & single or two different

Species, the writer is not able to say till further
|

1ight/



| gT'ises separately from its younger stages and not
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1ight is thrown on the free living stages of the
parasite, But since the males are found along with
other forms, in most dissections, it appears to be

associated with the nemastode worm, That this form

|
|
!
that the 1st form larvae give rise to the males in
|

later stages of development is proved by the presence
of its young stage (Fig,34, P1,II) in the same dis._ !
sections, In no casse have these males been found
passing out thfough the anus or have they been found;
t0 be present in rectum, This goes to show tﬁat
they remain inside, and serve the purpose probably

of the fertilization of the females in the early

gstages which are so worm-like in appearance and which

| after fertilization assume the degenerate form on

maturity, The life-history of the parasitic female

also confirmg this possibility,

o e e O e —
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Hpures
‘Length
‘Mmdth
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(V) HEMALE::
' The early stages of the immeture femsle
i (Figs,43.47, P1,1III) resemble the early stages of thé
| first larval form described previously, and it is
i therefore difficult to differentiate them by mere
| cursory look, The slightly advanced stages of the
| female larvae (Figs,48a . 49a, P1,III) can be dis.
tinguished by their greater breadth, size,and by
their peculiar behaviour, The measurements from
' eight individuals of the early and late stagesshow
the growth in width,which the femslesundergo in

' subsequent stages of development,

43 45 46 48a 498, 50 51
| |
| 0.2 . 233 +85 .2448  ,2482 ,1551 ,2166
|
0.02068 .02413 ,02413 ,034478 ,03448 .03724 .05

‘ In certain cases the length may exceed ,275 and

.291 mm, The larvae (Figs,43.47, P1,III) taper
}anteriorly and posteriorly, The head is broadly .
lroundad and is not separated by any constriction with
yths body, It is provided with a short stylet (Figs,
i45_49a,P1,III) and has a long oesophagus oOpening into
the intestine, The tail is pointed (Figs.43 - 44,
!Pl.III). The body is filled with a large amount of
'reserve fat meterisl (Fig.,49a, P1,IITI) As regards
Itheir behaviour, they do not seem to be as active as
Ithe larvee of the first form, They moult several

times /
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| does not show any relstionship to its larval stages,

;times,as in some cases the empty old skin is clearly

22,

seen attached anteriorly (Figs,45_46_48a,P1,III),

| dissection, Figures 50, 51, P1,III and 52, P1,IV show
 the femsle form, which are intermediate between the
iearly and meture forms, In the larval forms the

' ovary is clearly seen as a tubular structure (Fig, 53

After several ecdysis, the exact number of which

' is uncertain, the mature stage of female (Fig, 54, !

P1,IV) is reached, 1In some cases all the stages of

female larvae as well as adult are found in one ,

2

P1,IV),

The mature stage of the female (Figs,K54 .58,

|
|
|
|
|
|
|
|

P1,IV and 58 and 59, P1,V) is highly degenerate and

|

| It measures ,268 . ,318 mm, in length and ,0868 -

|, 083 mm, in greatest width, The stylet is ,L00714 -

| .0428 mm, in length, Immediately after dissection

of the thrips the femasle nematods slips out and is

g0 unlike a worm that it can be mistaken for some

| internal organ or be missed altogether, It is a thin

| ¢ylindroid sac-shaped organism, Figure 54, P1,IV

ghows the state of parasitic female in a drop of weter
drewn after five minutes after dissection, It appears

brownish with clear transperent areas owing to the

random /
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random distribution of large quantity of reserve

material in the Iinterior, Anteriorly a short stylet

| shaped structure may be seen which under oil immer. |

sion becomes clearly visible (Fig,55, P1,IV),

A trace of ovarian tube may be occasionally seen in

| fresh preparations,otherwise nothing is seen owing

to dense fat globules, The margins are smooth and
not crenate, The anterior portion is broader than

the posterior which ends in a sharp pointed papills.
|

' shaped short teil (Figs, 58.59, P1,V), There is also

t0 be seen a clear hollow cuticular structure attacheﬁ
anteriorly and in some cases exXtending to ; great
length which gives a clue that the previous stage

was not as wide as this, The cuticular skin is found
in almost all cases of careful dissections, The

ghort stylet is only visible in fresh preparations.or
in carbol . lactic-acid medium, In fixed gnd steined
preparations the stylet becomes obscure, while some
indication of the tubular ovary can be seen,

Figure 58, P1,IV shows a haematoxylin and eosin stained
preparation of the femsle, The carbol -lactic-acid
preparation reveals that there is no alimentary canal
or anus (Fig,58-59, P1,V), A trace of degenerate

oesophagus may be located in some specimens with

| difficulty, -

The reproductive organs are well developed

. (Fig, 58-59, P1,V), The ovary is a long tubular

structure/
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structure reaching anteriorly up to the anterior end,

Posteriorly it makes a loop (Fig,58.59, P1,V), and

| then widens out to form a uterus, opening to the |

outside by a small aperture, the vulva is situated
by the side of tail papilla, Figure 59, P1,V shows
the cuticular skin attached anteriorly, the reserve
material distributed in the interior; and a mature
egg in the uterus at the verge of passing outside in
the abdominal cavity of thrips, |
The reproductive system when digsected out from
the sac.shaped parasitic female consists of a chain -
of ove in various stages of growth (Fig,57a, P1,IV),
Posteriorly the tube widens out and has mature ova,
Figure 57b, P1,IV is a detached part of the ovarian

tube showing eggs of advanced stage, From the denaitf

| of ova in the ovariasn tube (Fig,57a, P1,IV) it appears

that it is capable of producing a large number of

e8gs, The nematode is oviparous, as no trace of

1arvae ars found in the uterus, The excretory and

' nervous system are too degenerate and ars not visible

by the methods sdopted,

O e e e O e
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5, BIOLOGY,

(I) LOGAL DISTRIBUTION :.

The collection of Aptinothrips rufus

i from various areas in the following places, in the

| vicinity of Edinbﬁrgh, was made for nematode infec.

tion:. 1, King's park, 2, Blackford hill,

| 3, Morningside fields, 4, Bralds, 5, Liberton,

6, Gifford, 7, Boghall, 8, Aberlady (E, Lothian), |

9, Gullane (E, Lothian), 10, Forth Bridge (W,Lothiaé),
Of these ten places only certain areas in the !

King's park were found to contain infested thrips,

In the rest of the places no nematode infested thripﬁ
were found, The exact areas where nemstodes were
found are given for the use of any future worker, |

The first area is a few yards stretch of land on the

|
area is on the left hand side opposite the bridge on;
| .
- the puddingston loch road, (Map 1)

1eft hand side of the Dunsapis 1loch, The second

i It is very interesting to find the infection at |
| two places only, It may be that this localised dis.
. tribution may be associated with soil conditions or
that a further comprehensive examination may reveal
areoas at thié (King's park) or other places hitherto
| unknown, The infection in thrips has been found

throughout the year,
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(ITI) SEASONAL DISTRIBUTION,

Thrips were dissected on various dates
in every month throughout the year from December to
November 1930, An approximate count of the eggs,
l1arvae and females was also made to find out the
average density of infection, The following table

gives the result in summarised form,

TABLE I,
Number Number Males and
Date, Examined Infected ¢ Infection Hggs larvae Females

17,12.29 75 12 18,0 233 341 24
19,12,29 114 26 22,8 213 242 35
20,12,29 42 8 14,2 48 10 12
24,12, 29 9 2 22,2 28 15 2
htel for 240 48 ' 19,1 ~ B22 808 73
htember

1929,

Per female B 7% 13,2 1,5

8,1,30 18 2 1 i 73 55 4
16,1,30 41 10 24,3 95 79 23
117.1.30 29 4 15.7 47 41 4
3,1,30 25 8 24,0 47 72 12
128,1,30 12 4 33,3 23 20 4
;'Jtal for
tuary . 125 26 20,8 285 337 47
1930

Per female 10,9 12,9 1.8
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Number Number Males & il
Date Examined Infected ¢ Infection Hggs larvae, Femsles, 2;
5.2,30 44 8 13,8 138 162 12 i
7.2.30 38 5 13,1 63 34 5
24,2,30 131 52 39. 6 624 1432 75
Total for i
February 213 63 29,5 825 1628 o2
Per femgle 13,09 25.8 1,4
3.3, 30 53 9 16,9 . 83 108 15
17.3.30 27 3 i3 0 45 34 8
27.3.30 25 1 4,0 15 04 2
Total for _
March 105 13 12,3 123 168 23
' Por female 9.4 12,7 1.7
7.4,30 =~ 42 7 16.6 38 21 10 |
11.4.30 65 12 18,4 144 187 15 ?
25, 4,30 22 5 27,2 203 23 7 |
|
Total for .ﬁ
April 129 25 19.3 385 231 32 it

Per female 15,4 9.2 D)
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Number Number Mgles &
Date Examined Infected ¢ Infection Eggs larvae, Females,
5,5, 30 12 4 33,3 175 58 8
13, 5,30 77 21 97.2 252 357 18
30, 5,30 54 18 33,3 73 275 18
Total for '
May. 143 43 30,08 499 890 49
Per femsle 11.8 16,04 0.9
7.6.,30 39 15 ~ 38.4 94 315 19
#
18, 6.30 24 7 29,1 35 78 15
28,6.30 44 : 8 13.8 87 203 1%
Total for Y
T4 107 28 26,1 218 598 47
Per femsgle A 4 21.2 1e6
15.7.30 120 33 27.5 358 452 38
20.7.30 83 45 54,8 139 398 29
31,7.30 a8 8 27,2 189 74. 7
Total for 224 84 37.5 888 924 74
July
Per female 8.7 11 8
4.8,30 8 1 16.6 4 83 2
15,8,30 14 .2 14,2 130 2862 5
19.8,.30 18 5 31,2 287 302 18
25, 8,30 48 13 27,08 384 287 29
Total for 4
st 84 21 25,0 805 89 59
Per female 38,3 42,5 2.4

{8
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Number Number . Males &
Date Examined Infected ¢ Infection Hggs larvae, Females,
2,9.30 14 ; 3 21,4 15 25 8
16,9.30 36 : 13 36.1 232 411 36
22.9.30 76 19 25,0 265 545 33
il T 35 7.7 512 981 75
ept,
Per female 14,8 28,02 2,1
7.10,30 9 5 55,5 203 253 13
8,10.30 12 "B 41,6 33 84 14
9,10,30 35 13 ‘ 37.1 135 485 32
10,10.,830" 38 yd 19,4 118 341 - 10
23,3,30 57 10 17,8 44 107 14
e L 40 26.8 625 1270 81
Per female 15.8 31,7 2,02
5,11,30 54 14 - 25,9 - - 32
17,.11.30 41 9 21.9 40 52 18
19,11,30 85 186 24,6 289 196 40
ov. 1T 160 39 24.3 e A =
Per female a,g_ 8.3 _ 2.3
Total for
- the year 1805 463 25,8 5812 8573 678
1929.30
i per female 12,5 18.5

1.4
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From the above table, it will be seen that the

percentage infection on various dates in different

months of the year varies greatly and it does not

' seem possible to give any explanation of these

| fluctuations,

The lowest infection was. 4,0% on

' 87th March and the highest 55,5% on 7th October,

' The low and very high infection may be accidental,

and dvue to the small quantity of material availablse

- for examination on these dates,

Coming to the monthly infection it will be

. observed that the infection had an undulating curve

- throughout the year,

The lowest infection was 12,3%-

in March and the highest 37,5% in July,

' months it was different,

In other

It will be interesting to

| observe that during December to February the infec.

| constantly falls,

' tion constantly rises and from September to Novemboer

Reducing these figures from monthly infection té

geasonal infection, the following table is arrived aﬁ:_

TABLE II.
WINTER, | SPRING, SUMMER, AUTUMN,
No, No. No, No, No, No, No, No,
Exam,| Inf| % |Exam,(| Inf] % |Exam) Inf,| % |Bxam,|Inf | %
578 | 135/23.3 | 77| 81 |21.4| 415 133 |32.0] 435|114 | 24,2
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The infection was thus lowest in spring, and {
highest in summer; the infection in winter and autumn

being intermediate, The graph A.B shows the monthly

i

infection and the greph A~ _ Bl shows the sessonal

infection, The average infection of Tylenchus sptini

in Aptinothrips rufus for 1929.30 was 25, 8%, which is

quite a high proportion,

The.highast'number of éggs found was 215 in &
gingle iﬁdividual; of larvae 255; and of femeles 8,
the lowest number being a single female, The pro.
portion of males (form II) to the other stages of -

nemgtodes was (27:228)3 (4:43); (6:18); (4:38) and

(11:75) in various counts msde in October and Novembe},
| .

The number of eggs, larvae and females found on
various dates is summerised in table I, with the

average number per female for different months, and

for the year, |
|

e e S e S e S s T e e
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| (III) EFFECT ON HOST,

|
! The occurrence of parssitic nematodes
|

|
|
| inside the body cavity of insects has been recorded !
- |
to produce profound effect on the host in some cases,

‘while practically nothing in others, Thus Uvarov(1i4)
|

imantions one cese in which nematode parassites were
‘responaibls for an epidemic in locusts, Grasshoppers
| : |
| artificially infested with one or two nematodes fail

to develop gonads, According to Fuchs (7) p.175 |
|

| Tylenchus contortus diminishes the fecundity of the

| female to about half in most cases, and occasionally

| xills its host, Wulker (18) p.464 mentions that

|
 Allantonems paressitic in Hylobius has very little

' effect as he frequently found infested beetles in

|copu1ation and hsving ripe reproductive organs,
. |
' But he found that Atractonems gibbosum p,6 465 parasitic

in Cecidomyia pini larvae, kills the host or delays

the metamorphosis, Sphaerularia bombi, parasitic in |

 queen bumble bees, is reported to cause sterility,
‘aa the parasitized queens are unable to form new
'¢cOlonies,

| According to Gobb (3) p.6869, Howardula benigns

paresitic in Disbrotica reduces the size and weight

' of the host and in cases of heavy infestation reducing

|

| the fecundity, There is no suppression of the ovary,
as he found 10.20 thousand nems larvee deposited with

i_the/
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the beetle's egg, zur Strassen (19) p.7 found that

10-20 Bradynems has no effect on Aphodius fimetarius,

a8 the gonads of the female can reach maturity,

' Recently Goodey (8) also found that Tylenchinems ‘

|
oscinellae parasitic in frit.fly causes ths sterility

| of both sexes,

In Thysanoptera Uzel (15) p.387 found that the

presence of nemetodes in Thrips physopus reduces the

ovary; but no detsiled information is given,

The presence of nematodes has not been found to

' produce any effect on the external characters of

Aptinothrips rufus, The measurements of antennse,

thorax and-abdominal segments show that they are

| gimilar in both infested and non.infested thrips,

' In one case out of large numbers examined, it was

found that the infested thrips had one déformed |
gntenns, But this may be considered as a coincidence
between infection and structural deformity of antennae
80 commonly found in this species, Apparently it is
difficult if not impossible to differentiate the
infested thrips from the non.infested,from éxternal
characters, But in course of examination, the writer
could differentiate, to a certain degree of certainty,

by seeing the wriggling material inside the semi._

| transparent cuticular body, correlated with the

absence of eggs in such individuals, which facilitated
the sorting, and quick dissection for examination

purposes,
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|
|
Internally the presence of nematode stages has i

been found to bring about complete degeneration of thé
':ovary, A compgrison of the normsl énd parasitised |
ovary will bring out this point clearly,
| Normally the reproductive organs of the female
;thrips bonsist of an ovary composed of eight ovar-
' ioles arranged in groups of two (Fig, 802, P1,V),
‘Terminally the ovarioles of both sides are attached
together and these join with the hind end of the
" ghort salivary glands, Eech ovariole is a long tube
which holds the developing oocyte one after snother
in a single chain (Fig.s0b, P1,V), The oldest oocyte%
' is situated near the base where the tube meets with
the common oviducts, The wall of the ovariole is

| thin and is capable of great distention on the maturity

of the eggs, The ovarioles are paniostic and three

' chief divisions can be distinguished (Fig,80b, P1,V),
|

e ) EMALG L

1, Terminal filament:. & long thread attached to
2 A
the apical peritoni%iﬂlayer, -2, Germarium, This
| is represented by a long terminal conical part and

consists of a mass of cells -from which primordisl ger@

colls are differentiated, This part is apical and
contains large number of cells with big nucleil in

various stages of growth from up downwards,

3, Vitellarium, This is represented by the rest of

the ovariole and is the longest part, It contains

developing oocytes with no nutritive cells, All these

' divisions/
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divisions of an ovarian tube are seen in Fig, g0a,

P1,V, From a few to a large number of developing
oocytes may be found from base upwards, The ovariola%

opén by a short duct into the common oviduct,

There is an oblong, flat,retort.shaped receptaculum
seminis opening by a duct into the vagina (Fig, 60a,
Pll,v). '
In parasitised thrips the ovary as a whole ‘
becomes highly degenerate (Figs,éla, b; 62, Pl,v), !
gnd the insect is not capabls of producing any eggs, |
All the ovarioles may be degenerate and be representﬁd
only by a short thin germarium having terminal fila._
meﬁts (Fig,e1b, P1,V), The vitellarium in such
cases 1s absent or a few ovarioles in the ovary may |

ghow a trace of vitellarium (Fig,8lb, P1,V), There

is therefore s considerable variation in the shape
and size of the degenerate ovary which occasionally
appears like a rudimentary, small thread;lika finger
shaped structure, In cases of very high infection |
the ovary is so much attenuated that the wholse
gstructure appears thread.like or may not be seen
during dissection, The oviduct. vagina and recept.
gculum seminis are also considerably reduced in size,
Receptaculum seminis has been found to be present or|
absent, Figure @l1a,P1,V shows the ovary with some |

ovarisn tubes highly degenerate consisting of

gormarium/
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' germarium only, Figure @1b, P1,V is the highly

‘modified two ovarian tubes of the same ovary,

%Figure 62, P1,V shows that the vitellarium is com.

;pletely suppressed and the ovary comes to be repres.
Eanted by germarium only, Figures @3 andle4, PLYE
' show the photo.micrograph of the normal and degeneraté
fovary,

Goodey (8) p,333 found that in few cases, the

:presaﬁce of two to three or four Tylenchinems worms

in the abdominal cavity of frit_.fly did not much

IaffBGt the gonads which were healthy and of normal
|

size, 1In every such case, the worms were degenerate

and smalls and only partly developed, In Aptinothrips

|
'rufus also a few cases were found in which only a few
| pgge and larvae or only one or two larvae and few

|
i
' remales were present; yet the ovary was like normal,
|
But in all such cases the worms were not degenerate

at 8ll, Whenever larvee were found with females and |

eggs and in large numbsrs, the degeneration of ovary
was certain and evident, Besides, if the number of
mature females was high, the ovary was degenerate,

It may be that the presence of normal ovary, in spite

' of one or two larvae and fewer eggs, will be due to

the beginning of infection or that the fewer parssites
| are not enough to show the degeneration, 1In all such

cases unlike Goodey's (8) experience in frit_fly, the

nematode eggs, larvee or females were normal and no

sign/
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gsign of degeneration could be found, Some of the

nematode females had mature egg in the uterus ready |

| for passing out, It appears in Aptinothrips at leasﬂ

that nematodes always got the upper hand in suppress.

iing the growth and development of ovary,

The presence of Tylenchus aptini therefore in_

'hibits the growth of ovary and the infested thrips

are not able to lay any eggs, In most cases of |
infestation, other internal structures have not been

‘found to be affected, But a few cases were observed
|

' in which a very high infection had made the thrips
isluggish, and the dissection of these revealed that
the intestine was highly attenuated and had also be. |

' come very fragile, The galivary glands have never

!bsen observed to be affected, |

_ So far as hasg already been exXplesined the infectibn

| !
'has been found to be restricted to female thrips only,
and only in six_jointed form only, as these were in |
|

| great majority, A few stylifera were present, but

were worm.free,
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| (IV) TRANSMISSION OF INFECTION:-

The larvae are motile and the cavity of

the head, thorax and abdomen being continuous, the
larvae have been found wriggling about in the thoracic
and abdominal cavity; but never in the head region,
iWhen the first form larvae reach a certain stage of ;
idavelqpment (Fig,21.22, P1,1) they enter the intestin?
;and pass out through the anus, The photomicrograph |
:Fig,ss, P1,VI shows the larvae coming out from the
‘anus, The dark areas are the rectal glands characterL

‘1stic of thrips, Schneider (12) and Wulker (18) have|

 found the larvaes of Sphaerularia bombi, Allantonems

|
'and Bradynema taking a similar course, Goodey (8)

ialso found the similar course adopted by Tylenchinema!
!in frit_fly; but Cobb (3) found that the larvae of

'Howardula pass out with the egg, None of the previous
:workers have so far actually seen or described the
?process of going from the abdominal cavity to outside,

| The writer had been lucky in observing the proce?s
itwice during the period of study, The first form |
larve when it is mature bores by actively applying the
gtylet which is protruded slightly againat the wall of
;the mid gut, In this way the head passes in and then;
' the larva quickly makes the charascteristic wriggling

‘movement and slips inside the lumen of the intestine,'

' The /
|
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The wall of the mid.gut is a cell or two thick and
;no difficulty is encountered, After reaching inside,
‘1t descends downwards probably due to the force of
| the downward current of the fluid contents, which can
ialwaya be seen in this thrips, In this way it raaghes
| the pyriform rectum,

In the rectum occasionally several larvae are
found and it appears that they remain there for some
itime before passing out, Larvae have never beesn
iaeen in the fore.intestine, in the anterior bulbous

' portion of the mid.gut or the malpighian tubes,

?All the process of boring and passing to the rectum
' ie o matter of a few seconds only, It has been
[

further observed that if any kind of irritant is

appiiad to the rectum stopked with larvee, they aiths%
' move up or down instead of boring the way through thei
rectal wall, When they move down, they pass out of
the anus; and when they move ﬁp, they come in the
mid.gut from which they have been seen to come out,

' The rectum together with hind.gut is very short in
thrips and it does not take long to move up, It
appears probable that the cuticular wall of the

rectum offers the resistance, No second form of

' nematodes (males) has been found in the rectum or

coming out of the anus, This is probably dus to
' their not possessing a stylet and therefore incapable
' of boring their way out; thereby probably subserving

;the purpose of fertilizing the females,
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6. DIAGNOSIS,

Tylenchus aptini, n, Sp.

1, EGGS:. |
Length ,04 . ,0807 mm, ; width .02 . ,0285 m%m,
elliptical, |

LARVAE (FORM I),

|
(e) Young Stages:. 1length ,1208 . ,1448 mm,

i
width ,0137 . .0172 mm; length of stylet ,00833 mm;

length of oesophagus ,0133 mm, ; width across

stylet ,01 mm, Tapering anteriorly and posterioqu;
head rounded gnd broader than the tail which is |
pointed. Mouth, stylet, oesophagus and alimentary
canal present, Found in very large numbers, !

|

(b) Mature forms:. length ,25 . ,3666 mm,; width

,01333 . ,0178 mm, 3 length of stylet ,0133 . ;
it e wiath o syt Thba L ool A |
width at anterior tip .005 - .00714 mm, s+ width
of the tail tip ,0033 - .00357 mm,; width across
nid stylet .00666 - .00833 mm,; length of oesoph..
agus ,0283 - ,045 mm, Longer than the younger
form, Morphologically similar having mouth,

stylet and oesophagus etc, Found in large numbers,
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MALE (FORM II),

(a) Young Stages:. length ,13103 . ,2333 mm, ;

width ,01724 - ,0208 mm, ; length from anterior |
tip to gubernaculum ,1206 . ,22068 mm,; length
from gubernaculum to tail end = ,0172 mm, ; width

at anterior tip = ,00889; width of tail end

. 00344 mm, ; small, smooth skin apparent; head

- flat and separated by a short constriction from |

the body; caudal alae present; spicula and
gubernaculum present; no mouth opening visibls;
oesophagus degenerats, Found occasionally and in

very few numbers,

e

|
|
(b) Mature forms:. Total length ,2688 - ,3888 mm
width ,01379 - .02088 mm, ; length from anterior
end to gubernaculum ,2916 mm,; length from guber.
naculum to tail end = ,02166 - ,0275 mm,; length
of spicula ,00755 - ,01188 mm, 3 length of guber-‘
naculum , 00418 -~ ,00517 mm, 3 width of the anterio%
tip = .0066 - ,0088 j; width of the tail eﬁd .003#
- ,00418 mm; length of caudal alae ,0288 . ,0388,

Much longer than its young form, Body tapering

-gnteriorly and posteriorly; head rounded and flat;

sot off by a constriction from the main body: !
mouth, stylet not visible, oesophagus degenerate;
a pair of spicula and gubernsculum present,
Testis mature and spermatozos visible as small

dots,
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PARASITIC FEMALE,

(2) Young Stages:. length ,02333 . ,2482 mm, ;

width ,02068 .~ ,05 mm,; early stages worm.like,
tapering anteriorly and posteriorly with mouth,
stylet, oesophagus etc, Head broader than tail

which is pointed, Found mixed up with the.larvae

of other forms,

(b) Mature Stages:- ,288 - .,316 mm,; width ,0888

- .083 mn,; stylet ,00714 -~ ,0428 mm, A delicate
thin cylindroid sac, Brownish,with clear areas

|
owing to the dense deposition of reserve fat |
globulas'at certain places, Anteriorly broader, !
and rounded with a hollow cuticular skin attached,

Posteriorly slightly tepering with a conical

papills at the end, Mouth opening very minute or

not visible, Stylet visible under high magnificeal
|

tion in fresh examinations, becoming obscure after
fixation, Alimentary canal and anus sbsent,

Excretory and nervous system highly degensrate ané
not visible, Reproductive system seen in oarbol,!

1actic-acid medium, It has anteriorly s tubulsr

ovary which takes a loop posteriorly, and then

~widens to form the uterus, Ovary consists of

l1arge number of ova in all stages of growth,
Mature egg occasionally visible in uterus, Vulva
gituasted slightly on the posterior side near the

conical papilla, Mature forms inert and oviparous/
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oviparous, 1.8 females may be found in a single

thrips; one and two very common,

HABITAT ¢ Parasitic in the body cavity of Aptino.

( G - f{w)
thrips rufus;jThripidae, Thysanoptera),

Found in the neighbourhood of Edinburgh,

Scotland,

- e T G e S A S S G S e
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7. SUMMARY,

Eggs, larvse, meles and various stages of females

were found in the body cavity of Aptinothrips

rufus, in the neighbourhood of Edinburgh, Scotland,

The eggs are broadly rounded anteriorly and post.

eriorly, occurring in very large numbers occasion.
ally, The young develop inside the egg, Various
stages of young ensheathad in egg membrane are

also found,

The larvae have a mouth, a stylet, ocesophagus and
|

alimentary canal, The head is rounded and tail

is smooth and pointed,

The younger as wal a8 maturer stages of msles
are found, A distinct mouth or stylet is not
visible, A degenerate oesophagus may be present,
The spermarium may be seen in mature forms,

The tail is tylenchoid with caudal alae, a pair

of spicula and gubernaculum,

The early stages of female are brosder and short,
A mouth, stylet, oesophagus and alimentary canal
is present, Several moults take place when it is
changed into a cylindroid sac, Intermediate

gtages are also found,
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Mature female is a highly degenerate inert organ.
ism with a short stylet, Alimentary canal and
anus are absent; reproductive organs tubular,
forming a loop ﬁpsteriorly and then widening to
form the uterus, Vulva situated at the side

generally, Oviparous,

The larvae pass out through the anus of thrips

by boring the mid_gut; coming down to rectum by
the force of downward current of ligquid food,
No young or mature stages of males or females
have been obgerved coming out of anus or seen

in rectum,

The presence of parasites leads to complete
sterilization of the ovary of the host,-'In very |
rare ceses Of heavy infection, the thrips become
sluggish with fraegile intestine, Gonads normal
when few nematbdes are present, ©No cases of
degeneration of nematodes and presence of normal |

ovary observed as found by Goodey in frit._fly,

The parasite appears to have limited distributioﬁ
on sccount of its being found only at two areas
in the King's park, The extent of parasitism
varies from 12,3%% in March to 37.5% in July,

the average annual infection being 25, 8%

10, /
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The systematic'position of the worm in determined,
It is included in the genus Tylenchus and has

been given the name "aptini" after the generic

'name of the host, The characters which have

lead the writer to form a new species are dis.

cussed in the paper,
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9, LETTERING AND EXPLANATION OF PLATES,

(a) Lettering,

a.c,, allmentary cansl, 0,8,, old skin,
b,w,, body wall, o,t,, ovarian tube,
| C.al,, Caudal ala, ov,, ova,
c.,ar,, clear area, Y protoplasm,
oh,, chorion, rec,, Treceptaculum semini%,
O ogg. re,m, reserve mass,

e.l,, ensheathed larva, st,, stylet,

 f,g., Tat globules, 8D, , spermarium,
:g,, germarium, spil,, spiculum,
' g.0,, generative orgen, t., tail,
| gu,, gubernaculum, t,f,, terminal filament,l
j hy) head, t,p., terminsl papills,
Teis larva, ut,, uterus,

m.,  mouth, | ut,w, uterine wall, |
-In., nuclei, v, vulvae,

od,, oviduct, - vit,, vitellarium,

oes oesophagus,



PLATE 1I.

Figs 1.6

Figs 1.2

Fig 3,

Figs

Figs 7.14.

Fig,

Fig,

Fig

15,

18é.

51, ‘

(b) Explanstion of Plates,

Illustrate the forms of eggs found in the|

body cavity of Aptinothrips rufus, |

Newly come out eggs with protoplasm com.
pletely filling the interior,

The egg as seen in the uterine wall of
the mature parssitic female, ready for |
coming out, Large fat globules are also
seen,

The eggs in which protoplasm has shrunk
away from the chorion, large nucleil are
also visible, :

The various advanced stages of eggs in

which the larvae have developed, The

larvae lie inside the egg membrane,

The shape of the protoplasm taken in the
early stage of the development of larvae
ingide the egg., The large nuclei ars |

visible in the protoplasm,

Early stage of the first form larva found

in the bbdy cavity of thrips,

The anterior end of the same lerva showing
stylet, a short oesophagus and alimentary

can&l; The fat globules are seen scat.

tered in the alimentary canal,




52,

Figs,k17-18, Slightly advanced stages oflthe first
form larvee with clear areas visible
anteriorly and also large fat droplets
are visible, .

Figs,k 19..20, The younger and maturer stages of the
first form larvae as seen under low
power of the microscope,

Figs,21.22, The mature stages of the first form
nematodes as found in the body cavity

of thrips,

Fig, 23, The anterior end of the same with s .i
stylet, a winding oesophagus and an |
|

alimentary canal,
Fig, 24, The anterior end of s mature nematode
as seen under low power, A stylet and

a trace of oesophagus is visible,

PLATE II,

Figs .25-29, Il1lustrates the internal snatomy of
a first form mature nematode found
inside the body cavity of thrips,

Fig, 25. Anterior end of a mature first form
nematode with a mouth, a stout stylet,
an oesophagus and an alimentary canal,

By the side of the anterior part of

cangl
alimentaryhls a glandular substance,



' Fig, 26,

Figo ¥ 3?0

Fig, 28,

Fig. 29,

| Figs, 30.

Figs,31.33,

Fig, 31,

Fig. 32.
Fig, 33,

Fig, 34,

Fig, 35/

53, |

|

|
The second part of the body of the same‘
nematode with alimentary canal and lot |
of fat droplets, ‘
The third part of the body of the same |
nematode with alimentary canal and fat
globules,
The fourth part of the body of the samei

nemstode with alimentary canal stocked

with fat material,

The last part 6f the body of the same
nematode with the alimentary canal |
termingting near the tip of tail,
Anterior, middle, and the tail part ofI
snother nematode with fat globules, |
The anterior, middle and posterior parJ

of the biggest first form nematode

. found inside the body cavity of thrips,

The anterior part with a stout stylet,
an oesophagus opening in the alimentary
canel,

The hind pért of the same nemsgtode

showing the generative orgens,

‘The part of the oesophsgus with intest.

ine and a glandular substance,
The earliest stage of II form of
male nematode, with caudal alae,

spiculs etc,



Fig, 38,

Fig, 37.

Fig, 38,

PLATE TIIT,

Fig, 39.

Fig, 40.

54, ‘

The intermediate stage of the II form
male nematode with caudal slae, guber. :
|

naculum and g pair of spicula, The

stylet, oesophagus not visible, The
head has a constriction, |
The mature stage of the II form of male
nemstode with no stylet or oesophagus,

Spermarium is developed and spermatozos
are seen, Posteriorly there are

caudal alae, a pair of spicula, and a
gubernsculum, ol
The hind part of the intermediate stagé
of the II form of male nematode showing
gubernaculum gand & pair of spicula,

The fat globules are also visible, |

The head of the mature masle nematode

showing the constriction which sets off

the head from the body,

The hind part of the earliest stage of
the II form of masle nematode showing
caudal ala, a pair of spicula and g

gubernaculum, The tail end is rounded,
|

The latersl view of the hind part of

mgture mele nematode showing caudal ald,

a/
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a pair of spicula and a gubernasculum,

The tail is rounded,

| Fig., 41, The ventral view of the mature male

nematode showing spicula and guber.

naculum,

| Filg,k 42, The hind peart of the meture male nema..
tode showing spermsrium with sperma. |
tozosa,

Figs ,43.51, Varicus stages of parssitic femalse
found in the body.cavity of the thrips,

Figs 43.44, Earliest stages of the parasitic female,
with a short stylet,

Figs,k45.48, Later stages of parasitic female wit.hI
0ld skin attached at the anterior end;
A stylet 1s visible,

Figs, 47.48, Later stages of parasitic female,

|
Figs,47a.48b The anterior part of the same with old

skin attached anteriorly, A short }
stylet is seen, .
. Fig, 49, A still later stage of parasitic femsle,
. Fig, 49a, The anterior part of the same,
Figs,kK 50.51, Still advanced stages of the parasitic
Tfemale, .
Fig, 50, An advanced stage of parasitic female:
with a thin stylet situated anteriorly,
Fig, b51. The advanced stage of parssitic femalé
with a big old skin attached anteriorly,

Stylet present, vulvs visible posteriorly
at the side, !




PLATE IV,

Fig,

Fig,

Fig,

Fig,

Fig,

52,

53,

54,

55,

56.

56,

A much advenced stage of parasitic

femele with old skin attached anteriorly,
a stylet; and a vulve situated poster_!
iorly on the side,

A part of the ovarian tube with immature
ova as seen in early stages of parasitic
female,

A mature parasitic female which are

commonly found in the body cavity of

thrips as seen in a drop of water, :
Drawn 5 minutes after dissection,

The dotted area represent the brownish |
reserve fat, anteriorly a short stylet
is seen,

Anterior part of the parasitic female

with the old skin, A stylet is also
seen, The dotted part is the ovarian
tube,

The mature parasitic female seen after
fixing in Brown's fluid and staining
with haemetoxylin.Eosin, Some
indication of the tubular ovary is
visible, .Stylet obscure and not seen,i

Anteriorly an old skin is seen,



57
| : e
| Fig, 57a.b, The ovary dissected out from the body
of the mature.parésitic female, ﬁ
Fig, 57a, Ovarian tube showing small and large ov%,
Fig, 57b, A detached part of the ovarian tube

containing ovae in various stages of growth,

PLATE V. |

Fig, &8, Mature parssitic female in carbolic.
lactic-acid medium showing internsal
angtomy, 014 skin is seen anteriorly

and posteriorly e tail papille is visible,

Pig, 59, Mature parasitic femsle showing a ripe
egg in the uterus at the verge of
passing out, The old skin, and stylet
is seen anteriorly, Posteriorly a tall

papilla is seen, In the interior, the

scattered,

Fig., 602, Normal ovary of Aptinothrips rufus

|
|
regerve fat material is also seen
|
|
|
|
|
|

| showing the arrangement of ovarioles

and the receptaculum seminis,

| Fig, 60D, A single ovariole highly magnified
éhowing vitellarium, germarium and
terminal filament,

| Fig, 8la, Degenerate ovary from parasitized thrips,

i The ovarioles are degenerate and some

of/



Fig,

| PLATE VI,

|
Fig,
;Fig

‘Fig.

Fig,

Fig, e1b,

62.

63,

84.
65.

66.

58,

of them have got only germarium, Drawn
to the same scale as normsl ovary,

The two ovarioles highly magnified
drawn from the same degenerste ovary,

|
One ovariole consists of germarium only

»e

and the other with a big ova and g

degenserate germarium at the top, The

terminal filaments are also seen,

The two ovarioles from a highly degen.

erate ovary of a heavily parasitized

thripé. All the ovarioles consist of

gormarium only and a terminal filament,
|

Photomicrograph of a normasl ovary,
Photomicrograph of a parasitized ovaryj
Photomicrograph of a mature parasitic
female nematode,

Photomicrograph of the rectum of aptino

thrips rufus, showing the nematodes
passing out of the anus, The dark areas
ars the rectal glands charscteristic of

thrips,
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