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The LIFB-HISTORY and HABITS of .. ....... ;   ■ ■ ■    ----

TORTRIX PRONUBANA, Hb. ,

(With Special Reference to the Larval  

and Pupal Stages. )

C la s s i f ic a t io n .

Order - Lepidcptera.

Group - Tortricina.

Family - Tortricid.ae.

I . Introductory.

Tortr ix  pronubana is  f i r s t  recorded as occurring 

in B r ita in  in October 1905 when a single specimen of  

the moth was taken at Eastbourne (Adkin, 1905). I t  

is  recorded as having appeared in Guernsey in 1898 

(Lowe, 1900). The moth is  of Continental origin  

and was figured, without description, by Hubner in 

1797 and 1830. According to M i l l i e re  (1859), the 

species i s  a native of Southern Europe, S ic i ly ,  Cor

sica, I ta ly  and Spain. Since i t s  f i r s t  appearance 

in B r ita in  in 1905 - i t  i s  evident that the moth has

firmly established i t s e l f  in the South of England -  
gradually working i t s  «ray North. Within the past

three /
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three or four years the species has become so abund

ant in the South as to prove harmful. In g la ss 

houses at the Royal Botanic Gardens, Kew, serious  

damage is  being dene by the larvae to a great variety  

of p lan ts .

The general l i f e -h i s to ry  of the insect has been

worked out by Adkin (1906 and 1908), who, however,

has not given a detailed description of the la rva l  
stages. Accordingly, i t  was decided to conduct a

further and more detailed investigation into i t s  l i f e  

history and habits -  with special reference to the 

l a rva l  and pupal stages. Material for the invest i 

gation was obtained from the Royal Botanic Gardens, 

Kew and the insect reared in the laboratory on car

nation plants and privet cuttings. Carnations have 

been badly attacked by this insect in Prance, (Molina 

1914). The laboratory experiments, conducted in the 

Entomological Laboratory of the Forestry Commission 

at Kew, under the supervision of Dr. J. W. Munro, 

and also in Dr. R. Stewart MacDougall’ s Laboratory 

in the University of  Edinburgh, were amplified and 

supplemented by observations made in the glass-houses  

at Kew.

Tortrix pronufaana i s  an interesting example of 

an insect which has within recent years appeared in 

our country from the South, gradually establishing  

i t s e l f  and spreading Northwards as i t  adapts i t s e l f  

to /



to i t s  new environment and climatic conditions. At

the present time i t s  actual d istr ibution  in Br ita in

is  not known but i t  would appear that, in the London

d is t r ic t ,  where the work was carried cut, the moth is

present in large numbers, in the open,South of the

Thames - while, North of the r ive r ,  although to be

found i t  does net occur abundantly. Continental

references to T. prcnubana state that the larva  is  
o

polyphagus. This is  amply borne out under glass atA
Kew, but in the open the larvae are found abundantly 

chie f ly  on privet ,  euonymus and ivy.

I I . LIFE HISTORY and DESCRIPTION of STAGES.

The Moth.

Descript ion , : -

The following is  a description of the moth given 

by Adkin (1907) and which appears to be the only one 

which has been published in Br ita in

”Tortrix  pronubana is  eas i ly  recognised by the 

bright orange colour of i t s  hind wings, which at once 

distinguishes i t  from a l l  i t s  a l l i e s  that are known 

to occur in Br ita in .

The Male (Figure 2) ,  measures from 15 -  17 mm. in 

expanse. Forewings warm greyish brown, fa in t ly  r e 

ticulated with darker brown, with a broad rich red 

brown fasc ia  from the middle of the costa, where i t  is  

narrowest, to the inner margin, where i t  broadens out, 

extends /
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extends to the anal angle and unites with an irregu 

la r  tr iangular patch cf the same colour that occupies 

the apical and hind marginal areas. There is  also  

a dark shade on the inner margin between the fasc ia  

and the base of the wing. The reticulat ions on the 

darker markings have a d ist inct  bluish colour when 

seen in a bright l igh t .  Hind wings bright orange, 

bordered with black, with a few black scales scat

tered along the vein3. C i l i a  of the fere  wing, 

brownish orange, of the hind wings pale orange.

The Female (Figure l )  i s  a larger  and more 

sombre insect. I t  measures from 18 -  22 m.m. in ex

panse, i s  s l i gh t ly  paler  in colour than the male and 

the reticulat ions are more c lear ly  defined. The 

brown fasc ia  i s  of  a dul ler  and less  reddish tone and 

i t s  central portion is  often indicated only in out

l ine  as i s  also the triangular patch of the apical  

and hind marginal regions. The c i l i a  of the front  

wings are brown from the apex fo r  about two-thirds  

of their distance, where they shade into orange to

wards the anal angle. Those of the hind wings are 

orange. The orange rings of the body are raore d is 

tinct than in the male. The female when at rest,  

might eas i ly  be passed over as a pale example of 

T. heparana.

There is  l i t t l e  variation in the fore wings, be

yond one individual being s l igh t ly  darker or l igh te r  

than another, but the black scaling of the hind wings 

i s  /
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i s  subject to very considerable modification, ch ie f 

l y  in the males. In the paler  examples, the black  

border is  represented by a slender l ine ,  just  within 

the fr inges and any further black scaling is  hardly 

discernib le .  In other specimens the border is  

black and black scales are scattered along the veins; 

while in the darkest individuals, the black scaling  

spreads over the wing so thickly as to almost ob- 

scure the orange co lour .”

Habits : -

General observations on the l i f e -h i s t o ry  of the 

moth were begun in August 1921 but no detailed stu

dies were then made. Detailed observations were, 

however, commenced towards the end of May, 1922, 

pupae being collected from the glass houses at Kew, 

the f i r s t  moths emerging from these during the la s t  

week in May. The moths were then confined in cages 

containing young carnation plants. Food was prov i 

ded in the form of sugar solution on a sponge and on 

b lo tt ing  paper but the moths were never observed 

feeding. The duration of the l i f e  of the adult in 

sect varies from 9 to 19 days, the sexes being ap

proximately in equal proportion. Table I .  shows 

the proportion of the sexes to one another and the 

duration of adult l i f e .

5.
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TABI® I .

Emergence Sex Death
| . 

Duration of adult l i f e .

23.3.22 I 3.4.22 12 days.

6.5.22 2 19.5.22 14

16.5.22 c* 25.5.22 10

24.5.22 2 9.6.22 16

25.5.22 cf 29.5.22 3 a ( deformed 
specimens)

n
2 5.6.22 11 tf

n a* 3.6.22 10 Vf

26.5.22 2 5.6.22 10 m

27.5.22 cf 9.6.22 14 ii

» <f m n m

30.5.22 2-
m 10 1«

21.6.22 cf 10.7.22 19 »1

The moths are inactive during the day ; i t  was 

usual for  a moth to remain frequently motionless in

one spot a l l  day long. In the greenhouses moths 

are rare ly  found during the day-time, unless d is 

turbed from plants when they would f l y  a short d is 

tance and again sett le  down. In the early morning 

sun and towards dusk the adults become active and 

on summer evenings, they were found in the open, in 

numbers f ly ing  about along with T. unifasciana  

in the neighbourhood of privet hedges where they had 

passed their  la r v a l  and pupal stages. The male is  

much more active than the female -  i t s  f l i g h t  being  

erra t ic  /
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erratic  and agitated ; the female ra re ly  f l i e s ,  but 

when i t  does i t s  f l i g h t  is  steady and i t  does not 

dart hither and thither as the male usually does.

The moths do not exhibit any marked attraction to 

a r t i f i c i a l  l igh t  -  but in the laboratory i t  was found

that they showed a tendency to keep at the side of

the cage nearest the window.

Pairing : -

So f a r  as has been observed the female pairs  

only once in her l i f e  time, and that very shortly  

a fte r  the moths have emerged. In one case a newly 

emerged male was put into a cage containing several  

females. I t  f lew excitedly round the cage and 

paired immediately with one of the females. In this  

instance pair ing  lasted lj? hours.

The female commences egg-laying almost immediate]- 

ly  the act of pairing has been completed. In the 

laboratory eggs were la id  occasionally during the day 

but much more frequently oviposition took place over

night or in the early morning and egg masses were 

found in the morning which had not been present the 

previous evening. This confirms observations made 

in the open when the moths were found to be active in 

the early morning and in the evening. The eggs are 

l a id  in masses usually on the upper surface of the 

leaves /
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leaves of the host plant hut occasionally masses are 

to he found on the under surface a lso. This position  

i s ,  however, not common. In captivity in the labo r 

atory, females have la id  two or three hatches of  eggs 

on the under side of leaves of carnations and privet - 

in addition to several egg masses on the upper surface.

The egg mass consists of a number of eggs which 

overlap, resembling the shingles of a roof and the 

shape of the mass, as a whole, apparently varies ac

cording to the shape of the l e a f  upon which i t  has 

been deposited. In the case of the long narrow le a f  

of the carnation -  the egg mass is  correspondingly 

long and narrow, while on the broad le a f  surface of 

privet the raass assumes a d ist inct  oval form. The 

eggs are l a id  in a number of masses which vary in 

size, the f i r s t  la id  masses being the la rger ,  consist

ing in some cases of as many as 200 eggs, while the 

la s t  deposited consist of only 10 -  20 eggs. The 

duration of egg laying of a single  female was found to 

be approximately 12 -  14 days during which 7 or 8 egg 

masses were la id .

I t  is  a common occurence to f ind egg masses de

posited on the glass sides of breeding cages in the 

laboratory ; on plant stakes and on the windows of 

the green-houses. A l l  f e r t i l e  egg-masses l a id  on the 

leaves /



leaves of host plants in the laboratory, hatched, as 

also did a large proportion of those la id  on g lass ,  

but, frequently, these la t te r  did not mature.

The f l a t  egg mass i s  at f i r s t  l igh t  green in 

colour and is surrounded by a mucilaginous substance. 

Each egg, oval in shape, consists of a large mass of  

yolk surrounded by an outer wa ll  which presents a re 

gular ret icu late  appearance. The *'c e l l s "  of the 

reticu lat ions were found, on microscopic examination, 

to be generally 5-sided. Towards the edges of the 

egg they appeared more or less elongated. No micro- 

pyle i 3 v is ib le .

Incubation Period (Table I I I .  page 13 )

The f i r s t  egg mass was la id  in the laboratory on 

the leaves of carnations on 27th May, 1922 and egg 

laying continued t i l l  the beginning of July. Condi

tions in the greenhouses approximated to laboratory  

conditions but eggs had evidently been la id  there 

pr io r  to the end of May. When work was begun in May 

1922, larvae were present in the greenhouses of a size  

which seemed to indicate that eggs had been la id  in 

A pr i l .  This was confirmed in Spring 1923 when i t  was 

observed that the f i r s t  moths of the year commenced to 

emerge in the glass-houses from the end of March on

wards .

The incubation period of the eggs varies from a 

minimum of 12 days to a maximum of 24 days, as fa r  as

observations have shown. The average period is  16 - 
17 /



17 days. In 1922, eggs la id  between 27th May and

10th June a l l  hatched within a period of 12 - 13 days.

The average temperature during this period was

69.70]?- On the other hand, eggs l a id  between 22nd

June and 2nd July }iad an incubation period of 18 -  19

days. This longer period is  explained by a f a l l  in

temperature. The average temperature during the
o 5̂period f e l l  to 62.7 * In May 1923 the maximum in 

cubation period obtained in the experiments (24 days) 

was accompanied by a s t i l l  lower temperature -  an 

average of 55.7°? over the period. I t  is  thus 

c lear ly  shown that the incubation period of the eggs 

depends on temperature conditions. Moisture i s ,  in 

a l l  p robabil ity ,  another factor governing the devel

opment of the egg-masses. The death of many of the 

egg-masses la id  on the glass sides of the breeding  

cages may be explained in this way.

Development :

The development of the eggs, as seen by the 

naked eye and low power hand lens, shows several sucJ 

cessive changes in colour of the egg mass. At f i r s t  

bright  green, the mass becomes gradually darker green 

in colour and eventually each egg shows two small 

dark dots representing a pair of eyes. The egg mass 

thus assumes a dark green colour - dotted a l l  over 

with small dark brown points. The next stage of

development is  the appearance of the mandibles as 

dark objects and the egg-mass, as a whole, becomes 

greyish-green in colour. Just p r io r  to hatching,

10.



tlie young larvae can be seen within the egg shells  

actively  opening and shutting their  mandibles and 

twitching their abdomens. The larvae, on emerging, 

gnaw a hole in the egg she lls  -  push their  heads 

through and thus rapidly escape. The f i r s t  young 

larvae emerged in the laboratory on 8th June.

TABLE I I .

The fo l lowing table shows the number of egg 

masses l a id  by two single  females which had been f e r 

t i l i s e d  and iso lated.

11
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Tabular

TABU3 I I I .

Statement of Incubation Period of Eggs.

Host .
“ 1

Deposition. Hatching. Incub. Period.

Carnation 28.5.22 7-8.6.22 12 days

It « 10.6.22 13 W!

T» 30.5.22 11-12.6.22 12-13 wr

On g lass  of G age w 12.6.22 13 im

h  «t " 31.5.22 11-12.6.22 12 ti

Carnation 22.6.22 10.7.22 18-19 it

h 25.6.22 12.7.22 18 t«

h 26.6.22 13 . 7 . 22 18 ti

Privet 25.6.22 13.7.22 18 tt
1

" 28.6.22 15-16.7.22 18-19 it

ft 3.7.22 21.7.22 19-20 it

II 30.4.23 20.5.23 20 ti

Carnation 3 .5.23 26.5.23 23-24 tt

tt 18.5.23 7 .6.23 21 it

Av. Temp. 28th May - 12th June, 1922 =  69.6°P.

" " 22nd June - 7th July, 1922 “  62.7°F.

" w 30th Apr i l  - 7th June, 1923 =* 55.7°P.

The /



TIES LARVA.

In the subsequent descriptions of the la rva l  

stages and duration of instars i t  is  necessary to 

c a l l  attention to the fact  that the observations 

were carried out during Spring and Summer -  i . e .  on 

the larvae of the Summer brood. The duration of the 

instars ,  therefore, cannot be taken to re fe r  to the 

larvae of the Winter brood, where feeding and, conse

quently, growth is  much slower and where the length 

of similar instars varies to even a greater extent than 

in larvae of the Summer brood.

The arrangement of the setae or hairs  which are 

found on the bodies of many lepidopterous larvae, has 

been studied by Dyar (1901) and, within recent years,  

Fracker, (1915). In his "C la ss i f ic a t icn  of Lepi

dopterous Larvae” , the la t t e r  states that "the larvae  

of the family Tortricidae are of su f f ic ien t  economic 

importance to warrant the expenditure of considerable  

time in the study of their structure ."  Accordingly,  

i t  was decided that i t  would be of importance to study 

the seta l  arrangement of the larva of T. pronubana on 

the l ines  of Fracker’ s work.

I t  was found that the 1st stage larva  alone d i f 

fe rs  in i t s  setal arrangement from the remaining 

stages -  the newly emerged larva  lacking certain setae  

which appear at the f i r s t  moult. Diagram A. shows 

the d istr ibution  of the setae on the 1st stage larva  

while /
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while diagram B..shows the arrangement in the re 

maining stages (2 - 7 ) .

Where differences occur in the external mor

phology of the larva at i t s  various stages, these are 

noted ; otherwise, the detailed description of the 

f u l l  grown larva  ( p a g e r s )  also applies to the 

younger stages.

1st Stage Larva .

Length 1-f -  2 m.m. A series cf measurements 

of the head capsule varied from .25 -  .26 m.m. in 

"breadth. The head is  dark brown to black in colour. 

The thoracic shield i s  not prominent and is  s l igh t ly  

darker than the rest of the body, being greyish-  

brown in colour. The remainder of the body i s  pale  

yellowish green. The sp iracles are e l l i p t i c a l  with 

a dark margin. The prolegs are provided with uni

ordinal crotchets or hooks -  i . e .  a l l  are more or less  

of one size. The crotchets number 9 - 1 0  per leg  

and are arranged in a c i r c le  which is  complete on a l l  

legs with the exception of the anal proleg where the 

c irc le  i s  not closed.

Arrangement of Setae:

The larva  is  well clothed with s t i f f  erect 

whiteish b r i s t l e s  or setae and their d istr ibution  on 

the thoracic and abdominal segments i s  diagrammatic- 

a l ly  shown in the Setal Maps (Diagrams A and B ) . The 

map s /
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maps have been prepared according to Pracker’ s me

thod of representing the arrangement of setae. Each 

segment of the larva  is  shown on the map by a r e c t 

angle, the upper side of which corresponds to the 

mid-dcrsal l ine and the lower side to the mid-ventral  

l i n e .

The d istr ibution  of the setae of the 1st stage 

la rva  of T. pronubana - which, i t  w i l l  be reca l led ,  

measures only 2 m.m. in length - cannot be observed 

without the aid of a binocular or a compound micro

scope. In studying this stage, in order to obtain 

a clear idea of the number and arrangement of the 

setae i t  was found necessary to use a compound micro

scope (Obj. 2/3M) examining the larva,  il luminated  

by a r t i f i c i a l  l igh t  and using a. condensor, Studies 

of mounted specimens were also made.

The setae arise  from s l igh t ly  raised tubercles  

and in some cases several setae ar ise  from the one 

tubercle -  for  example the two setae immediately be

neath the spirac le  on the f irst . (S ight abdominal seg- 

| ments, both ar ise  from the one tubercle. The tuber

cles are paler in colour than the surrounding ep i

dermis, and, on microscopic examination, i t  is  seen 

that they are devoid of the minute spines which are 

found a l l  over the rest of the la r v a l  skin (P ig .  10).  

The setae are simple and arise from p its  on the 

tubercles. They vary in length in d i f fe ren t  parts  

of /
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of the larva,  the head, carrying setae of the great

est difference in length.

Setae which are present in the f i r s t  stage larva  

are termed "by Fracker -  "primary“ : while those ap

pearing at Moult I .  are cal led  "sub-primary". A 

comparison of the two seta l  diagrams A. & B shows 

that on the prothoracic segment, the only dif ference
i

Between the f i r s t  and subsequent stages i s  the ab

sence in the former of one seta of the group A., which 

is  found s l igh t ly  below and anterior to the pro.thor

acic sp irac le .  The same difference occurs on the 

remaining thoracic segments (c f .  A2 , A3 -  Diagram B) 
The setae on the abdominal segments are num

bered a fte r  Dyar (1901). Seta V. (Diagram B) i s  

not found on any segment in the 1 st stage la rva  ; 

i t  arises at Moult I .  and is  thus sub-primary. On 

segment 9 -  groups IV. and VI. have each one seta  

less in the 1st stage larva. The arrangement on 

Segment 10 (diagram B) is  s im ilar in a l l  stages.

Habits and Duration of Instar;

On emerging, the young larvae are extremely 

active and immediately wander rapidly over the food 

plant. They are markedly pos it ive ly  photctrophic, 

always crawling towards the l igh t .  Never at any 

other stage in i t s  development was the c a te rp i l la r  

so active -  crawling rap id ly  about and, i f  in the 

least  /
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least  disturbed, dropping at once suspended by a long 

silken thread. In the laboratory the larvae were 

found to congregate at the t ips  of the leaves of the 

carnation plants, hanging in festoons on their  

threads and spinning quickly up and down. Adkin 

£1908) states that the newly emerged larvae wander 

long distances from their b ir th  place before set-  

t l in g  down to feed. Observations at Kew confirmed 

this, to a certain extent, but there was l i t t l e  d i f 

f i cu l t y  in getting the young larvae to sett le  on the 

plants on which they were born. In the green

houses, on the other hand, i t  was quite evident that 

larvae wandered from plant to plant and were thus 

rapidly scattered, although a l l  derived from one par

t icu la r  egg mass. This wandering habit of the 1st 

stage la rva  undoubtedly, as Adkin has pointed cut, 

gives the young ca te rp i l la r  every opportunity of ob

taining a p len t i fu l  food supply.

At th is  stage the larvae sett le  on the upper sur

face, (occasionally  on the lower surface),  of the

tips of leaves, in the l e a f - a x i l s  and in the flowers  

of carnations -  either singly or two or three to-

gether. After se tt l ing ,  a shelter of s i lk  i s  soon 

spun and the c a te rp i l la r  commences feeding upon the 

upper epidermis of the l e a f .  On other hosts -  fo r  

example on those, the leaves of which have a broad 

surface /
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surface, i t  was a common occurrence to find two 

leaves spun together, the upper surface of one to 

the lower surface of the other and, between the le a f  

surfaces two or three larvae feeding on the epider

mis. Where larvae sett le  in flowers - e .g .  Carna

tion -  the petals are spun together and perforated  

with several holes produced by the feeding of the 

ca te rp i l la r s .  Occasionally i t  was found that the 

f i r s t  stage larva  fed for a short time in one place  

and then wandered on to another. Usually, however, 

i t  remained in one spot t i l l  a fte r  the f i r s t  moult.

A l l  the larvae which emerged on 8th June and 

had been feeding in the laboratory cn carnation 

plants, -  moulted fo r  the f i r s t  time cn 18th June.

The duration of the f i r s t  instar was therefore  

10 -  11 days. This period was again observed in 

subsequent batches of larvae which were reared in 

the laboratory.

At Moult I .  -  as also at a l l  other moults with 

the exception of the la s t ,  the cast skin is  eaten by 

the newly moulted larva and only the cast head cap- 

sule is  l e f t  to indicate the occurrence of a moult. 

This habit has been shown to be also true of the Holly 

Tortrix  Moth, -  ( Eudemis haevana, Hb. ) (Huie, 1917.)

19.
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2nd Stage Larva.

Length 3 - 4  m.m. Breadth of head .30-.33 m.m. 

This stage can read i ly  be distinguished from the 1st 

stage la rva  by the colour of the head -  which is  d i s 

t inct ly  l igh t  brown -  as compared with the dark head 

of the previous stage. The thoracic shield is  more 

dist inct  and there are now indications i o f  dark mark

ings appearing upon i t .  The colour of the bodjr is  

of l i t t l e  value in distinguishing the stage. In 

general, the larva is  rather mere greenish in colour 4j
as a resu lt  of feeding but i t  was found that, as in 

a l l  other stages, the colour varied with the food 

plant. In some cases the larva maintains the pale  

yellcvv-green colour of the f i r s t  stage but in the 

laboratory, where larvae were reared on carnations,  

they showed a more pronounced green in their  colora

tion. The crotchets cf the prolegs are uniordinal -  

12 - 15 crotchets per leg .
I

Habits and Durati on of  In sta r :

The habits and method of feeding cf this stage 

are s im ilar  to these of the 1st stage larva.  After  

the 1st moult the ca te rp i l la r s  continue feeding in  

the same position as before, spinning a s l igh t ly  

longer and denser covering and, as a resu lt  of their  

increased size, eating more rapidly , but s t i l l  feed

ing upon the epidermis c f  leaves or upon the petals of 
the f lowers.

The /
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The duration of- the 2nd instar was again found 

to be, on the whole, constant fo r  larvae of the same 

brood. Larvae which moulted for  the f i r s t  time on 

18th June -  moulted again on 27th -  28th June. The 

duration of the 2nd instar  i s  thus 10-11 days -  the 

same as that of the 1st instar.

3rd Stage Larva.

Length 6 - 7  m.m. ; Breadth of head . 4 2 -  .48 

m.m. The head is  l igh t  brown in colour with vary

ing darker markings, now more d ist inct .  The thor

acic shield is  also l igh t  brown and has 4 dark mark

ings towards i t s  posterior margin. The hocks on the 

prolegs are uniordinal 15 -  20 (approx.) per leg .

Hab i t s  and Duration of Instar:

At the commencement of this atage the larvae  

continue feeding as before but towards the end of  

the instar end throughout the remaining instars ,  not 

only the epidermis, but the entire l e a f  is  eaten 

through. As the larvae grew cider and larger  they 

feed under a more dense silken covering and are 

usually completely hidden from sight by the r o l l in g  

of the l e a f  (F ig . 20) or leaves on which they are 

feeding. The larvae do not remain on one le a f  

throughout their l i f e  but, as food becomes scarce and 

exhausted, through the withering of attacked leaves,  

they move to fresh food and again spin themselves a 

new home and re-commence feeding. The 3rd stage 

la rva  /
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feeds singly ; i t  was unusual to find more than one 

cn a l e a f .  As the larvae grew cider they become 

less  active. Their readiness to hang down on threads 

when disturbed, sc noticeable in the 1st stage, is  

not nearly sc marked in the remaining instars .

The duration of the 3rd and subsequent instars  

varies very considerably. Owing to the habit of 

the larvae of feeding completely hiddqn between spun 

together leaves and, further, as a resu lt  of their  

wandering about on the plant, i t  was found extremely 

d i f f i c u l t  to fo l low  the development of individuals .

The duration periods, therefore, of this and the re

maining instars ,  are probably only approximate.

Larvae of one brood ( i . e .  emerging from the same 

batch of eggs) were, however, followed throughoxit 

their development and the resu lts  obtained give ap

proximately the length of duration of the d i f fe rent  

stages of la rv a l  growth. In 'rea r ing  a batch of  

larvae emerging at one time, as was dene, with 

T. pronubana, i t  was of interest  to notice that during 

the f i r s t  two la rv a l  stages the duration of the in -  

stars remained approximately the same for  individual  

larvae. In the third and subsequent stages, how

ever, some larvae grew much more slowly than ethers 

and, as a resu lt ,  the duration of the instars varied

to a great extent.

The duration of the 3rd instar varied from 9 

to 20 days. The f i r s t  3rd stage larva  moulted on 

July 6th -  i . e .  Moult I I I .
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4th Stage Larva.

Length 8 - 10 m.m. : breadth of head .62- . 67m.m.

The head is  l igh t  yellow brown with various darker 

markings.

The thoracic shield is  l igh t  brown with 4 dark 

patches on i t s  posterior,  border -  as in the 3rd 

stage larva.

In the laboratory, the larvae reared on carna

tions had now begun to assume a mere pronounced 

olive-green colour. The tubercles from which the

setae arise are more prominent.

The crotchets of the prolegs are s t i l l  unicrdinal  

and number approximately 25 - 30 per leg.

Duration of Insta r ;

As in the 3rd instar,  there is  a great variation
i

in the duration of the 4th instar.  The f i r s t  4th 

stage larva  moulted (Moult IV . )  on 18th July, and

cast head capsules of 4th stage larvae were found
\

continuously in the laboratory experiments up t i l l  

the middle of August. The minimum length of the 

instar  was 8 days and the maximum observed was 20 

days.

5th Stage Lar va.

Length 10-12 m.m.:breadth of head .78 -  .85 m.n. 

The markings on head and thoracic shield are similar  

to these found in the 4th stage larva.

The /



The body is  more d is t inc t ly  olive-green in 

colour with tubercles rather more prominent than 

heretofore.

The prolegs now are provided with two types of  

crotchets -  some hooks being longer and others 

shorter. As yet, no defin ite  arrangement of the 

two types is  found. The 5th la rva l  stage therefore  

d i f f e r s  from the preceding four instars ,  in the struc

ture of the prolegs. The crotchets again, number, 

approximately, 25 -  50 per leg.

Duration of Instar :

The duration of this instar again varies. Two 

larvae were found on 21st July which had apparently 

moulted fo r  the 5th time. Their cast head capsules 

; were not, however, found. This phenomenon was no

ticed on several occasions -  6th stage -  or apparent

ly  6th stage larvae, being found but no cast heads got 

to confirm the occurrence of the suspected Moult.

In the laboratory Moult 3J was recorded from 

27th July and at in terva ls  onwards from that date.

The minimum duration of the 5th instar was 

9 days -  the maximum was not determined.

jhth Stage Larva, 

length 12 -  15 m.m. Breadth of head .93-1.1 m.mL 

Head l igh t  yellow brown with numerous dark patch

es as found in the 4th and 5th stage larva.  Thorac

ic shield - yellow-green with sundry markings at i t s  

poster ior  margin.

The /
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25.

The dorsal surface of the body is  of a darker 

olive green than the ventral surface -  the anal seg

ment on the dorsal surface is  however, also l igh t  

green in colour. The tubercles are paler than the 

rest  of the body and the setae long and d ist inct .

The crotchets of the prolegs are now d is t inct ly  

b iord ina l  and are arranged sc that long and short 

hooks alternate ( f i g .1 0 ) .  The crotchets number ap

proximately 40 per leg.

Duration of Instar :

The f i r s t  6th stage larva moulted on 3rd August. 

The duration o f  the instar again varied but observa

tions showed a minimum of 10 - 11 days. In two re 

corded instances the duration was 17 - 18 days - 

but i t  was not possible to determine the maximum 

period.

7th Stage Larva.

The f u l l - g r o wn Larva.

General Descrip t io n :

The f u l l  grown larva ( f i g .  4) measures from 

15 -  20 m.m. in length and is  cy l indr ica l  in shape, 

tapering s l igh t ly  towards both ends. The head 

which var ies  from 1'.2 -  1.5 m.m. in width is  of a 

glabrous yellow-brown colour with various dark mark

ings, the size and position of which d i f f e r  in 

in d iv idua ls .
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The thoracic shield i s  green -  rather paler  

than the dorsal surface of the segments of the body 

and is  i r r egu la r ly  marked with dark-brown patches -  

most typ ica l ly  four, more or less triangular markings, 

along the posterior margin of the shield.

The dorsal surface of the mesothorax and meta

thorax and of abdominal segments 1 - 9 ,  is  o live  

green in colour, while the ventral surface, and the 

entire 10th segment are of a much paler green.

The spiracles are broadly e l l i p t i c a l  in shape 

and have dark margins : the prothoracie and 8th

abdominal spirac les are la rger  than the others and 

the 8th is  s l ig h t ly  more dorsal in position. With 

the exception of the prothoracic sp irac les ,  which are 

situated in the posterior h a l f  of the prothorax, A l l  

the spirac les are found towards the anterior boundary 

of their  segments and are placed between two tuber

cles which bear setae. A single seta a r ises  just  

dorsal to the spirac le  and two, with their or igin  on 

one tubercle, just  ventral and s l igh t ly  anterior to 

i t .

There are numerous fo lds in the body wall  of  

the larva  ( f i g .  4 ) .  Each segment i s 'd iv ided  dcr- 

s a l ly  by a transverse fo ld  towards the centre of the 

segment, while a longitudinal fo ld  runs ju st  above 

the legs ,  throughout the entire length of the larva,  

with the exception of the prothoracic and 10th ab

dominal segments.

The /
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The larva  is  'well clothed with s t i f f  white hairs  

the arrangement and d istr ibution  of which is  d is 

cussed below (page 32. )

Detailed Description :

The Head (F igs .  5 -  8 ) .

The head is  s l igh t ly  smaller and narrower than 

the thoracic shield and can thus be part ly  with

drawn beneath the shield. In a normal position the 

la t t e r  extends s l igh t ly  over the occ ip ita l  region  

of the head. I t  is  net depressed and is glabrous 

with, as previously stated, sundry dark markings at 

i t s  base.

The oc&elli,  which are situated on a dark patch, 

are 12 in number -  six on each side of the head -  im

mediately posterior to the antenna. The f i r s t  f ive  

o ce l l i  are arranged in a curve and are just  v is ib le  

dorsal ly  while the sixth is  more ventral in position.

The dorsal aspect of the head -  including the 

arrangement of the hairs, i s  represented in f igure  5.

The Antennae are 3 -jo inted. The basal mem

brane of soft chitin i s  well  marked and gives the 

antenna the appearance of having 4 jo in ts .  The 

basal jo in t  can be withdrawn within the basal mem

brane. The middle jo in t  i s  larger  than the ether 

two and is  dark brown in colour. I t  carr ies  two 

b r i s t l e s ,  one, the longer, a r is ing  ventra l ly ,  and 

the other, the shorter, which arises from the dorsal  

surface /
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surface. At the anterior end of  this jo in t  there 

are two small cones. The terminal jo in t  is  small 

and also carries at i t s  apex a f ine  b r i s t l e  and 

several small cones, one of which terminates in a 

f ine hair .

The Labrum ( f i g s .  6 and 7) i s  twice as long as 

i t  is  broad. The anterior margin, which projects  

inwards in the middle l ine,  and divides the labrum 

anterior ly  into two lobes, is  more strongly chit in -  

ieed than the remainder of the labrum. The "p la te ,! 

of chitin thus formed is  v is ib le  from the ventral sur

face. Dorsally, on each side of the middle l ine ,  

the labrum carries six  b r i s t l e s  and their arrange-
( C  O  V

ment agrees with that f igured by Trfcgardh (1917) fo r  

the labrum of Laspeyres ia  strobiie . l la .  B r i s t le s  I I I  

and VI. are marginal in position ; IV. and V. are 

submarginal, while I .  and I I .  are situated close to 

the middle l ine ,  some distance from the margin of  

the labrum and in l ine  with b r i s t l e  VI.

Ventrally the labrum carries no b r i s t l e s  but is

provided with six  thcrn-l ike chitincus projections -

three on each lobe, towards i t s  anterior margin. I I .

i s  d is t inc t ly  smaller than I.  and I I I .  and in this,

apparently d i f f e r s  from Tregardh’ s f igure  of the

haspeyres ia  strob i l e l l a . Further, the two chitinous

p lates  which are also present towards the centre of

the labrum of the above species, one on each side of

the middle l ine ,  are in the labrum of T. p ronubana, 
ent ire ly  /

28.



entire ly  absent. The ventral aspect of the head 

and the mouth parts are shown in f igure  8.

Mouth Parts _( f i g .  8 ) .

In the ventral view the mandibles are seen l y 

ing behind the maxillae and the labium. The max

i l l a e  l i e ,  one on each side of the labium and each 

i s  connected to i t  by a strong chitinous red. Each 

maxilla  consists of the cardc and st ipes,  the la t t e r  

being provided with two bow-shaped chitinous plates  

having the appearance of jo ints ,  but which, according 

to Borner (1907) are merely strengthening plates of  

ohitin. Each plate bears a b r i s t l e  at i t s  anterior  

border, while some distance behind the posterior  

plate  and on the border of the cardo and stipes,  

two dther b r i s t l e s  ar ise  of s l igh t ly  d i f fe r in g  

length.

The S t ipes carries a two jointed maxil lary palp 

the terminal jo in t  of which bears several minute 

pap i l lae  and hairs .  Also ar is ing  from the stipes  

and situated between the maxillary palp and the 

labium -  l i e  the fused galea and lac in ia  -  (or  what 

apparently corresponds to the galea and l a c in ia ) .

This structure carries s ix  chitinous projections of  

varying size and shape. They are as fol lows : -  

2 small cone-like projections, each with two jo in ts ,  

the second of which is  the smaller ; 2 f l a t  p la te 

l ike  b r i s t l e s ,  d i f fe r in g  from ordinary setae in 

being /
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being broader and f l a t t e r  and not tapering gradually  

to a f ine thread-like point ; a minute b r i s t l e -  

bearing pap i l la  and an ordinary seta a r is ing  close to 

the maxil lary palp.

The Labium l i e s  between the two maxillae and is  

modified, as in other Lepidopterous larvae to form 

the spinneret, at the tip of which the s i lk  glands 

terminate. The labium is  separated on each side 

from the maxillae by a stout rod of chitin. At the 

anterior end, on each side of the spinneret, i s  a 

small l a b i a l  palp, two-jointed and terminating in a 

f ine  hair .  The labium carries two setae which 

ar ise  s l igh t ly  behind the poster ior  pair of b r i s t l e s  

on the stipes.

Both in the dorsal and in the ventral aspects

of the head, the mandibular condyle is  v i s ib l e  as a 

small knob-like projection, situated between the 

mandibles and the antennae, but close to the former.

Thoracic Legs . (F ig .  9)-.

the coxa}-trochanter, femur, t ib i a  and tarsus. Viewed 

from behind, the arrangement of setae and chitinous 

plates is  as fe l lows : -

The basal third of the coxa consists of a chi

tinous p late at the posterior margin of which a 

minute b r i s t l e  i s  situated. Two long setae arise  

from /
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from the middle of the p late  one on either side.

A fourth seta is  situated immediately on the inner 

margin of the coxa.

The trochanter is  a small jo in t  and is  provided 

with a chitinous plate and a c lear area of a rt icu 

latory  chi tin at i t s  anterior margin. At each end 

of this c lear area, is  a minute b r i s t l e .

The femur carries two b r i s t le s  : one arises

towards the inner margin and the other has i t s  origin  

almost on the anterior surface of the jo in t .

The t i b i a which is  separated from the femur and 

tarsus by a clear area cf soft  chitin, bears four 

b r i s t l e s  or setae a r is ing  towards i t s  anterior mar

gin. A p i t  -  indicating the possible or igin  of  a 

f i f t h  b r i s t l e  is  seen towards the outer margin of 

the jo in t .

The tarsus is  darker in colour than the other 

jo in ts  and terminates in a claw which consists of  a 

sharp curved hook and a smaller blunt pad-shaped 

piece of chitin at the base cf the la rger  claw and 

on i t s  inner surface. Two short b r i s t le s  ar ise  from 

the inner margin, on the anterior third of the tarsus.  

In addition, the tarsus bears at i t s  anterior end two 

thorn-like b r i s t le s ,  more p la te - l ik e  than those a r i s 

ing from ether parts cf the leg .  One of these b r i s 

t le s  a r ises  from the outer margin of the jo in t  and 

the other ove r - l ie s  the claw, with i t s  insertion  

s l i g h t ly  posterior to the base of the claw.

On /
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On the anterior surface cf the leg  - the jo ints  

are devoid of b r i s t le s ,  with the exception of the 

t i b i a  which carries two setae towards i t s  anterior  

margin and situated, one on either side cf the 

middle l ine  of the jo in t .

P ro legs (P ig .  10).

The prclegs of abdominal segments 5 to 6 

are crowned with a complete c i rc le  cf b io rd ina l

(a lternating ,  longer and shorter) crotchets which
*»

number between 50 and 60 per leg. The anal prolegs  

do not have a complete c i rc le  -  the crotchets ex

tending only rather more than half-way round the 

foot. The crotchets are thickened plates cf chitin  

which are bent at the apex in the form of a hook.

Per some distance around the c i rc le t  cf hooks, but 

on the leg  i t s e l f ,  are numerous minute hair -bear ing  

p a p i l l a e .

A tubercle, bearing 3 setae, and which is  free  

from any spines, is  situated just  above each proleg.  

A single seta, a r is ing  from a tubercle, which iB 

also free from any spines, is  seen beneath each pro

leg  and close to the mid ventral l ine .  The base 

cf the proleg  is  devoid c f  the minute spines which 

cover the rest  of the epidermis of the body of the 

larva.

Arrangement of Setae.

Attention has already been drawn (page 1 ) 

to the seta l  maps (Diagrams A and B) which have been 
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prepared to i l lu s t r a t e  diagramraatically the number 

and distr ibution  of the setae in the 1st stage and 

subsequent stage larvae.

Adkin (1903-08) f igures the dorsal view of a 

segment of the larva of T. pronubana showing the a r 

rangement of the hairs .  I t  is  apparent, however, 

that his f igure  can represent the dorsal view of  

the f i r s t  eight abdominal segments alone.

In his c la s s i f ic a t io n  of Lepidcptercus Larvae, 

Franker (1915) f igures a segment of the larva  of 

Cydia pomonel l a  as representing the family T o r t r ic i -  

dae. While the larva  of T. pronnbana agrees in 

most points with Fracker’ s conception of the a r 

rangement in the Tcrtric idae, certain dif ferences  

and variations occur which i t  may be of interest  

to note. For example, the arrangement on the 9th 

abdominal segment d i f f e r s  considerably from that 

on the corresponding segment of the larva  of  

G. ppraonella. Further, in one case a variat ion  

was found in the number of setae composing Group 71. 

(Diagram B) on segment 8 of the abdomen. According 

to Fracker, the genus Tortrix , in common with sever

a l  other stated genera, is  characterised by this  

group being disetose. In one specimen of T. pronu

bana i t  was found that this group consisted of two 

setae on one side of the segment and of three
V

setae on the other side. This non-symetry was, 

however, only once observed. In a l l  other respects  

the /
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the larva  of T. pronubana was found to agree with 

the characters given by Fracker for the genus Tortrix.  

On the 8th abdominal segment, for example, the seta 

which, on the f i r s t  seven abdominal segments arises  

dorsa l ly  and s l igh t ly  posterior to the spirac le ,  on 

this segment invariably  is  anterior to and on the 

same leve l  as the sp irac le .  Fracker be lieves that 

this is  general in the Tortricidae -  except for  a 

few rare cases.

In f ra -Anal .Comb.

Situated beneath the anus, which is  almost dor

sal in i t s  position at the apex of the 10th abdom

inal ;  segment and poster ior  to the anal prolegs, on 

the ventral surface of the l a s t  segment there is  

a chitinous f lap  which is  prolonged into a number of 

sharp b r i s t le s .  This f lap  or comb ( f i g s .  11 and 12) 

i s  present in a l l  l a rva l  stages. The number of 

b r i s t l e s  varies from six  to ten -  the commonest 

number, however, being eight. In some cases the 

b r i s t l e s  are pointed but others are b i f i d  or have a 

jagged end -  as though they had been broken. Ex

amination of a number of combs never once showed one 

with a series of pointed b r i s t le s .  I t  may thus be 

assumed that the points have been broken either ac

c identa lly  in making the microscopic preparations  

required fo r  examination, or have been worn down 
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through use. The b r i s t l e s  are arranged in a fan

l ike  fashion according to their size. Where ten 

b r i s t l e s  are present -  the additional two are 

minute. In a dorsal view of the la s t  segment of  

the larva, the apices of the b r i s t l e s  of the comb 

can be seen projecting beyond the posterior border 

of the segment ( f i g . 12.)

The f lap  is  hinged to the ventral surface of  

the body-wall and is  capable of moving backwards 

and forwards through an angle of 180°. The apices 

of the f lap  can be brought together and closed in a 

f an - l ik e  manner. This f lap  appears to correspond 

with the " in f ra -ana l  lobe" described by Packard 

(1898) who states that his attention was f i r s t  

ca l led  to this lobe when examining some Oeometrid 

larvae, where i t  takes the form of a thick conical  

f leshy lobe, ending in a hard chitinous point. He 

suggests that i t s  function in the Geometridae is  to 

aid in tossing the pe l le ts  of excrement away, so as 

to prevent contact with the body. I t  would appear 

that the hinged f lap  with i t s  numerous hard chit in 

ous b r i s t l e s  which is  found in the larva  of T. pro 

nubana -  has a similar function. I t  is  worthy of 

ncte that although the la rva  feeds beneath a silken  

web spinning c lose ly  together leaves or peta ls ,  i t s  

feeding ground was never found f u l l  of excrement ; 

yet /
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yet a l l  around the twigs of privet and carnation 

plants, on which the larvae were feeding, in the 

laboratory, the excrement was p len t i fu l .  I t  is  

thus obvious that the p e l le t s  of excrement must have 

been ejected with some force from the home of the 

larva  and tossed some distance away.

An anal-ccmb with eight points is  found in the 

la rva  of T. vir idana (Sich, 1915-16). I t  had, how

ever not been possible  to ascertain whether such a ccrhb 

i s  present in a l l  members of the genus Tortrix or 

whether, indeed, i t  is  to be found throughout the 

entire fam ily ,Tortr ic idae . No mention is  made of 

i t s  presence in the larva  of the Holly Tcrtr ix  Moth, 

Eudemis naevana.

Colour Variation in I«arvae_.

Reference has already been made to the variation  

in colour of the larvae which renders that character 

useless as a means of distinguishing the d i f fe rent  

l a r v a l  sta,ges. Observations made in the green

houses where larvae were feeding on a great variety  

of plants (see Appendix) showed that similar stages 

on the same plant varied to some extent in colour.

Where a larva  had been feeding on a yel low-f lower - 

e . g « Cytisus fragrans -  i t s  colour was very pale  

green with a mere or less  marked yellowish tinge.

Such larvae transferred to the leaves of Cytisus 

gradually  los t  their yellowish tinge and became 

bright  /
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bright  o l ive  green. Larvae on one plant in p a r t i 

cular - Ifandina domest ica  -  were, with the exception 

of the 1st stage, always d is t inc t ly  yellow in colour 

with a very s l ight  trace of green. The larvae  

were feeding on the leaves of this plant in numbers : 

the plant was net in flower. Full-grown larvae  

reared on this host retained the yellow colour. A 

yellow dye is  obtained from the wood of this, and 

other plants belonging to the natural order -  Ber-  

berideae, an interesting fact which may be correlated  

with the yellow colour imparted to larvae feeding  

on i t s  leaves.

Larvae reared on carnations in the laboratory  

were more or less  of the same cclcur at correspond

ing stages but even in their case, a lso, there were 

differences in the shades.

I t  can be concluded that, as Poulton (189P.,1903) 

has shewn from ether Lepidoptera, the food plant has 

a d ist inct  e f fect  on the colour of the larvae feed

ing on i t .  At the same time, i t  was found that this  

e ffec t  was net the sane on a l l  individuals -  larvae  

on the same host and at similar stages of growth, 

d i f fe r in g  in colour from one another.

I t  was net, however, found that variations in 

colour of larvae resulted in marked variations of 

the adult moths. Pupae collected from many species 

of plants yielded adults d i f fe r in g  s l igh t ly  in den

s i ty  of  coloration. In some specimens the markings 

on /
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cn the fore-wings were darker than in ethers.

Adkin (1907) has drawn attention to considerable
.

modification o f  the black scaling cn the hind wings 

p ar t icu la r ly  in the male. I t  is probable that this  

s l igh t  variation  in the adult may be correlated with 

the colour variation in the larva but time has not
'

permitted of a study c f  this matter.
■I ‘ 5

Durat ion of 7th I n sta r ,

The duration of the instar,  so fa r  as has been

observed, varies from a minimum of 14 days, to a

maximum which was not determined. The f i r s t  pupa

was obtained in the laboratory on 14th August. From

that date onwards pupae were obtained from larvae

which emerged on 8th June. In two or three cases

pupation did not take place t i l l  Spring 1923.

Tim PUPA.

:Pupation :

Just pr ior  to pupation the f u l l y  grown larva  

completely covers i t s e l f  with a sheath of s i lk ,  

rather denser than that spun in the previous stages 

of i t s  development. The leaves are thus t ightly  

woven together and the pupa is  in v is ib le  unless i t s

shelter is  torn apart and the mass of s i lk  threads
I ■ ’ h;.\. I
brpken,. Pupation takes place in a ro l led  l e a f  in

the ax i l  of a l e a f  or between two or more leaves spun

together.

Description /
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The pupa is  at f i r s t  brown in colour but la te r  

darkens, in most cases becoming quite black. In a 

few cases, however, .the brown colour pers ists  

throughout the pupal period. The size varies from 

9 -  12 m.m. , the average being 10 m.m. As a general 

ru le ,  the males are rather smaller than the females 

but this is  not absolutely constant.

Dorsal Aspect. (F ig .  13.)

The head, prothorax, mescthorax, metathcrax, 

wings and nine abdominal segments and the cremaster 

are v i s ib le  in a dorsal view of the pupa. The 

tenth abdominal segment i s  not v i s ib le .  The 2nd 

and 3rd abdominal spiracles are v i s ib le  and their  

position as well as the arrangement of the spines 

and hairs on the abdominal segments are shown in 

f igu re  13. The 1st abdominal segment does not bear  

any spines. Segments 2 - 8  inclusive, bear two rows 

of baekwardly directed spines, one row near the 

anterior border of each segment and the other to

wards the centre. Segment 9 typ ica l ly  is  without 

spines but in one case a pupa was found with the 

9th abdominal segment bearing a central row of 3 or 

4 spines. ( f i g .  1&.) The spines on a l l  segments 

are extremely fine-pointed and viewed in a certain  

l i g h t ,  appear as though they terminated in f ine  

h a i r s .

The, /
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The cremaster ( f i g .  14) carr ies four pairs of 

hooks, 2 pairs  l a t e ra l  in position, which ar ise  from 

the dorsal surface of the cremaster and 2 pairs  

ar is ing  terminally from i t s  ventral surface.

The dorsal surface of the pupa, bears several  

yellowish hairs and the arrangement and d istr ibution  

of these on the abdominal segments are also shown in 

f igure  13. The hairs  arise from pits  and are net 

borne on tubercles as was found in the larva.

Ventral Aspect. (F ig .  15.)

Abdominal segments 4 - 1 0  are v is ib le  from the 

ventral surface. The 10th segment carries the anus 

and is  separeted from the cremaster by an indist inct  

intersegmental l ine .  The two pairs of terminal 

hooks on the cremaster arise: from the ventral surfacej.

Numerous yellowish hairs are again found. Their 

arrangement is  similar on segments 4 - 7 - each seg

ment bearing two single median hairs  ; two groups of 

three suh-latera l  hairs ,  and two l a t e r a l  hairs .  The 

sublatera l  groups on segment 8, consist of twe hairs  

only ; while segment 9, although otherwise resembling 

the 8th segment, appears to lack the pair  of median 

hairs .  Segment 10 is  without hairs and is  ind is 

t in c t ly  separated from the cremaster.

Lateral Aspect. (F ig .  16.)

The f i r s t  nine abdominal segments are eas i ly  

distinguishable in a la te ra l  view of the pupa. In 

the male chrysalis  the 10th segment is  not ( in  this  

view /
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view) v i s ib ly  separated from the cremaster by one 

intersegmental l ine  : in the female, only an in-

d ist inct  d iv is ion  is apparent ( f i g .  17). Thus, in 

neither sex, i s  thp posterior boundary of the 10th 

segment well  defined.

Spiracles are v is ib le  on segments 4 - 7 .  The 

sp irac les  on the f i r s t  three abdominal segments are 

hidden, beneath the pupal wings. A rudimentary 

spirac le  is  present on the 8th segment. The ar 

rangement of the p leura l  hairs is  best described by 

reference to f igure  16. In the la te ra l  view of

the pupa several of the dorsal and ventral hairs  are/

also v is ib le .  The 10th segment and the cremaster 

do not carry any hairs .

Pupal Sex Characters :

.A knowledge of sexual d i f fe ren t ia t ion  in the 

pupae of T. pronubana has proved invaluable during 

b io log ica l  work. The external generative organs of 

Lepidopterous pupae have been described by Hatchett 

Jackson (1890) and Poulton (1890). According to 

both authorities the male sex of Ileterccera is  d i s 

tinguished by a well defined l inear  depression in

the middle line of the ventral surface of the 9th 
I ' *

abdominal segment. This depression is guarded by
.
two trianguloid tubercles, placed one on each side 

of the middle ventral l ine .  According to Poulton, 

the furrow between the tubercles is the ancient 

opening /
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opening of the pupal vas deferens and now corresponds 

externally  to the termination of the ducts internally .

Hatchett-Jackson summarizes the characters cf  

a l l  the female Heterocerous pupae he has examined 

by "a  triangular forward extension cf the sternal  

region of the 9th abdominal segment, invading the 

sternal region cf the 8th together with, either (a )

.a l inea r  depression on the 8th sternal region and 

another at the apex cf the triangular extension i . e .  

actually  on the 9th segment -  or (b )  a single de

pression close to, or in the apex of, the triangular  

extension and produced by a confluence of the two 

depressions before mentioned.1' He further adds that, 

as a resu lt  of this forward extension of the 9th ab

dominal segment, the intersegmental l ine  between 

segments 9 and 10 is  not continuous from side to 

side across the ventral surface. Poultcn’ s obser-  

vations confirm those of Hatchett Jackscn and, at 

the same time, he discusses the actual segmental re 

lat ionship  of  the two depressions referred to in (a )  

above. The anterior opening, according to Pcultcn, 

indicates the opening of the bursa copulatrix and is  

always associated with the 8th abdominal sternite.

The posterior opening, on the other hand, which is  

I f o r  the oviducts, varies in i t s  position and is often 

obscure and unrecognisable and is  frequently fused 

with the anterior aperture. Poultcn states that 

i t  may occur immediately anterior to the apex cf the 

triangiilar /
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triangular projection of the 10th segment - i . e .  on 

the 9th sternite, or on the projection i t s e l f  and 

so on the lo th  sternite .

^Examination of pupae of T. prcnubana has shewn 

that as regards pupal sex characters, the species 

agrees in general with those given by Poultcn and 

Jackson and which are summarised above. The fo l low 

ing notes on T. pronubana in part icu lar ,  may be of 

interest : -

Male ( f i g .  1 8 ) : -  On the 9th abdominal sternite

there are two knob-like tubercles - lying between
•

which, in the middle l ine ,  is  a l inear  furrow or 

depression. The tubercles are eas i ly  v i s ib le  by 

means of a hand lens. The intersegmental l ines be

tween segments 9 and 10 are continuous from side to 

s ide .

Female ( f i g .  19) The 9th segment extends forward

in the form of atriangular projection, invading the 

8th segment. The apex of the extension reaches, in 

the middle l ine ,  to the posterior boundary of seg

ment 7. In the middle l ine  and on the extension of  

the 9th segment there is  a s l i t - l i k e  l inear depres

sion extending the whole length of the extension and 

provided on both sides with prominent l ip s .  Thus, 

two separate generative openings are not v i s ib l e  in 

the pupa of T. pronubana : both are fused to form 

one long s l i t - l i k e  aperture. There is no pronounced 

forward /
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forward extension of the 10th abdominal segment -  as 

Poulton f igures for several Heterccerous pupae : in

other words, the posterior boundary of segment 9 is  

not markedly extended forwards, the 9th segment pro-
j:.

jecting  forwards d is t inc t ly  from i t s  anterior  

boundary. The intersegmental l ines  between segments 

8 and 9, and again between segments 9 and 10, are not 

continuous across the ventral surface of the pupa.

.

Emergence :

P r ior  tc the emergence of the moth, the pupa 

wriggles i t s e l f  cut of i t s  shelter by v io lent ly  a g i 

tating i t s  abdomen. In the pupa of T. prohubana 

abdominal segments 4, 5, 6 and 7 are moveable in 

the male and 4, 5 and 6 in the female. According 

to Chapman (1893) this grouping of moveable abdominal 

segments is  found throughout the family Tcrtric idae.  

I t  is  by the agitation of those segments and with the 

assistance of the backwardly directed spines on it s  

dorsal surface, that the pupa moves from i t s  pupal 

shelter ,  remaining attached by the hooks on the 

¿remaster, to the s i lk  which formerly had entire ly  

surrounded i t .  The head and thoracic regions then 

s p l i t  and the moth emerges, leaving the empty pupal 

ca.se projecting from the leaves among which i t  had 

been protected. The moth, on f i r s t  emerging, r e 

mains close to the pupal case t i l l  i t s  wings expand. 

Pair ing  takes place scon a fter  emergence.

Duration /
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The duration of the pupal stage was found to 

vary to a great extent. The minimum period recorded 

was 11 days while the maximum was 45 dajrE. I t  was 

found that the pupal period of larvae of the winter 

brood was longer than that of larvae of the summer 

brood. Pupae lcept under similar conditions -  on 

the same plant and in the same greenhouse and which 

had commenced the pupal stage on the same day -  open

ed a f te r  periods d i f fe r in g  by a s many as six  days 

from one another. Table IV. shows the comparative

45.

Duration of Pupal Stage :

duration of the pupal period of the summer and winter

broods together with 

in the case of pupae

the variation that was observed 

reared in Edinburgh and at Kew.

TABLE IV.

Pupation Emergence Duration of
Pupal Period.

1921 -  Summer Brood.
(Tew. )

7th September 22nd September 16 days.
9 th " 19 th " 11 "

14 th " 30th * 17 "
28th August 9 th " 13 "■

1982 -  Winter Brood.
(Edinburgh).

17th March 16th April 15 "
23rd " 6th May 45 "
30th » 16th May 38 "

1923 -  Winter Brood.
(Kew)

18th April 16th May 28 m
23rd " 20 th ,r 27 "
23rd " 18th ■ 23 m
25th w 17 th " 22 "
8 th May 7th June 30 "

16th May 11th »* 26 ”

Summary /



There are two main broods of T. pronubana in 

the year - a summer brood which emerges from eggs 

l a id  in Spring and a Y/inter brood which emerges from 

eggs l a id  in Autumn. During Winter (October -  March] 

1921 -  22, larvae, which emerged in September at Kew, 

were transferred to Dr R. Stewart Macdougall’ s labor 

atory, Edinburgh where the temperature corresponded to 

that at Kew (50° - 60 °P ) . The larvae continued to 

feed slowly throughout the Winter months and showed 

no signs of hibernating. The f i r s t  pupa was ob

tained from these larvae in March. The la rv a l  stage 

of the Winter brood was thus prolonged to 5 - 7 months 

The resu lts  of the observations in Edinburgh were con

firmed in the laboratory and greenhouses at Kew during: 

Winter 1922-23. In one series of experiments where 

larvae were reared throughout the Winter, under 

greenhouse conditions the minimum period of la rva l  

l i f e  of the 'Winter breed was 33 weeks.

The pupal period of the Winter brood varies from 

2 ^ - 7  weeks (Table IV . )  Moths of the v/inter brood 

appear in Apri l  and continue to emerge throughout the 

Spring.

The following notes on the Summer brood are 

based on observations made at Kew. The f i r s t  eggs of 

the Summer brood are l a id  from the middle of April  

onwards. In the laboratory, the minimum period of  

la rva l  /
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la rva l  l i f e  of this breed was 68 days -  10 weeks -

47.

and the duration of the pupal period averaged 15 days. 

Moths of the Summer brood emerge from the beginning 

of August and onwards, when they deposit the f i r s t  

eggs cf the Winter brood.

There is marked overlapping of broods. Larvae 

emerging from eggs la id  late  in Spring do not mature in 

the Autumn but feed along with young larvae of the 

Winter brood, derived from eggs la id  in the Autumn. 

Further, whereas i t  was found that the majority of
i

larvae emerging in the beginning of June, pupated 

towards the end of August, a small number, on the other 

hand, continued in the la rva l  stage throughout the 

Winter and pupated the following Spring. I t  is ev i 

dent, therefore that, under g lass ,  a l l  stages cf  

larvae can be found throughout the year.

Mr J. H. Durrant has informed the writer that 

moths were seen by him near London f ly ing  around 

privet  hedges in the open during November, which further  

confirms the overlapping of Summer and Winter broods.

The observations and experiments conducted at 

Kew confirm those made by Adkin (1907). This worker 

also draws attention to the prolongation cf the la r v a l  

l i f e  of the species and the occurrence cf "two f a i r l y  

well defined breeds in the year."  I t  would appear 

that under g lass ,  at the temperatures at which 

T. pronubana is found to be troublesome at Kew (50° -

60 °F . ) ,  the two annual broods are also f a i r l y  well  

defined /



defined -  the moths issuing in numbers in early Spring 

and late  Sumner, As in the open, the la rva l  l i f e  is  

prolonged during the winter months.

TABLE V.

Stage

Egg Masses 

Larvae

Pupae 

Adults .

Autumn Brood.

From Middle of Augiist

End of August - March, 
A p r i l .

" ** March, April
& May

Beginning of Apri l  
onwards

Summer Brood.

Apri l  -  June.

Majority feed  
April  -  August - 

a few over-winter.

August onwards.

Majority end of 
August to Septenbe 
Others continue to 
emerge even into 
November.

The following Table (V I . )  gives a summary of the 

observations at Kew on the larvae and moths derived 

from single  egg masses of Summer and Winter broods 

respectively.

TABLE VI.

Summer /
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TABUS V I .

Summer Brocd :

Larvae reared on Carnations i n laboratory.

Ovipositicn 27th - 28th May.

Hatching 8th -  9th June.

Pupation 1st pupa on 14th August.

Emergence 17 pupae a l l  opened hy beginning
of October.

Duration of Egg Stage =  13: ¡days.

•* " Larval " =  68 »

( " " Pupal w =  15-17 days from 1921 ob
servations. )

Minimum period egg -  adult = 1 3 - 1 4  weeks.

Average temperature during period =  63°P.

Winter Brocd :

Larvae r eared on Carnat i on plants in Greenhouse. 

Oviposition

Hatching 30th August.
3f

Pupation 1st pupa 18th Apri l  -m a jo r i t y  be
tween 1st and 12th May.

Emergence 1st adult 16th May.

Duration of Egg Stage =

'• * Larval " ■» 33 wks. (minimum) :
average 35 -  36 wks.

” " Pupal H — 28 days (1st pupa) -
average 27 days.

Minimum period from hatching of egg to adult 37
weeks.

Table /___________ ______________________________________

xTwo larvae have s t i l l  not pupated on 26th June.
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Table VII .  gives a summary of the duration of 

la rva l  instars of the Summer brood. The larvae  

were a l l  derived from a single  egg mass and were 

reared on Carnations in the laboratory, the tempera' 

ture of which corresponded to that of the carnation 

.propagating house. Owing to the habit of the 

larvae in the la te r  instars of wandering about on 

the host plants i t  was found impossible to fo l low  

individuals from stage to stage : as f a r  as pos

s ib le ,  however, this was done. A3 has previously  

been stated (p a g e in )  great variation occurred in 

the duration of the instars .

TABLE V I I . /
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1 1 1 • ECONOMIC IMPORTANCE .

Host Plants :

The f i r s t  recorded host plant of T. pronubana in 

the open in Br ita in  -is a species of Euonymus (Adkin, 

1905.) The species is now found in abundance in 

certain l o c a l i t i e s  in the South of England feeding on 

euonymus and privet.  At the Royal Botanic Cardens, 

Kew, i t  is  present in large numbers, also on ivy and 

on lau re l .  I t  i s  only within the la s t  three or four 

years, however, that the moth has made i t s  appearance 

under g lass at Kew and there the larvae are found 

feeding on a l l  kinds of plants at temperatures vary

ing between 50°and 60°E. A l i 3 t  of the plants on 

which the larva  i s  found under glass is  given in the 

Appendix and, although not exhaustive, i t  i l lu s t ra te s  

the polyphagous habit of the species and shows the 

wide range of plants, embracing many Natural Orders, 

on which the la rva  thrives.

Through the kindness of the Director, Mr Chit

tenden, a v i s i t  was paid to the Royal Horticultural  

Society’ s Gardens at Wisley in August 1922 and again 

in August 1923. Mr G. Eox-Wilson, the entomologist 

stated that he had never been troubled with T. pro

nubana ., On both occasions a careful examination of  

the carnations and other plants under glass was made 

and i t  is  interesting to note that no trace of 

pronubana was found. I t  is curious that an insect,  

whi ch /
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which has proved so troublesome at Kew, should be en

t i r e ly  absent from Wisley and i t  is  probable that 

the species occurs in abundance only in certain  

l o c a l i t i e s  in the South of England.

A thorough examination of the glass-houses at 

the Royal Botanic Gardens, Edinburgh and at the 

Botanic Gardens, Glasgow showed that T. pronubana 

did not occur in either loca l i ty .

In Edinburgh, however, i t  may be noted that 

another Tortr ix  species was found in large numbers 

on a specimen of Arauka r ia  b r a z i l i e nsis in the 

Large Palm House. The tree was badly attacked -  the 

larvae not only spinning the leaves together and feed

ing on them but also boring into the stem and shoots 

causing exudation of resin , defo l ia t ion  and death of 

leaves and shoots. Numbers of  larvae were co l lec 

ted and reared in the laboratory at Edinburgh. Moths 

were obtained from these in the beginning of May and 

were ident i f ied  by Mr Durrant of the B r i t ish  Museum 

as Batodes angu3 t iorana, Haw.

In jury to Plants by T. pronubana.

Signs of Attack.

The f i r s t  indications of T. pronubana attacks 

are afforded by the spinning habit of the species, so 

characterist ic  of the family Tortricidae. Immediate

ly  a fte r  emerging the young larvae wander about in
iff' -./ .

search of a suitable place to commence feeding and 

having /
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having found such a place, t h e y  at once begin to spin 

a shelter for  themselves. Where the plants attacked 

possess small leaves -  e .g .  Gytisus fragrans and 

Pimelea sp. - the presence of the young larvae

is  more noticeable than in plants possessing larger  

and coarser leaves -  e .g .  Pianthus spp. In the 

former case several leaves are soon spun together 

while in the la t te r  type of plant the spinning of 

the young larvae is  not eas i ly  seen since they usual

ly  spin at the tips of leaves or in l e a f  ax i ls .  Con

sequently, the characteristic  knots of twisted spuh- 

together leaves, so obvious in sraall leaved plants,  

are not at f i r s t  present. As the larva grows, how

ever, they become more apparent.

Of the various host plants cited in Appendix,

Pianthus spp., Cytisus f rag rans , Acacia spp. ( in  

part icu lar  A. l ong i fc l ia  var. mucronata) and Chorizema 

i l ic i fo l iu m ,  are the most severely attacked. In 

a l l  cases, i t  was found that the larva  feeds on the 

leaves and fo l iage ,  par t icu la r ly  at the young growing 

t ips of  the plants attacked. On carnations, the 

presence of young stage larvae is  d i f f i c u l t  to de

tect.

In addition to feeding on the leaves, i t  is  com

mon to find larvae attacking unopened buds. This 

i s  pa r t icu la r ly  noticeable in Carnations and Pimelea 

sp. A small hole (P ig .  S I )  in the side of the bud is  

the /
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the only indication of in festation , the hud in a l l  

other respects appearing quite normal. Within such 

a hud, however, a larva is  present, feeding on the 

flower within and thus entire ly  destroying i t .  In 

la te  Autumn, - November, the flower huds of Pimelea 

sp. were hadly attacked.

The larva does not confine i t s  feeding to 

leaves and unopened huds hut also feeds on flowers - 

e .g .  flowers of Carnations, Cytisus and Acacias 

are frequently found with larvae feeding upon them.

A carnation flower attacked hy 1st and 2nd stage 

larvae has i t s  petals perforated with small holes 

resu lt ing  from the feeding of the young ca te rp i l la r s .

Injury Resulting from Attacks :

The damage done to the host plants is  due to the 

destruction of the le a f  tissue and consequent reduc

tion of l e a f  area. In the laboratory where young 

carnations were used for rearing the larvae i t  was 

found that a per fect ly  healthy plant (F ig .  22) was 

k i l l e d  6 - 8  weeks a fte r  infection with a number of 

larvae. The photographs (F ig .  22) show three plants,  

before, during, and a fte r  an attack hy T. pronubana.

In the glass-houses at Kew, however, the larvae  

are not present in su f f ic ien t  numbers to cause the 

death of the plants; i f ,  on the other hand, they 

were allowed to increase in numbers, there would 

be a grave r isk  of causing the death of the smaller 

plants /
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plants attacked. Buds and flowers are a like des

troyed and thus again injury of a d i f fe rent  nature 

dene to the plant.

Quite apart from the damage done to the health  

of the host plant, the presence of pronubana larvae  

tends to mar i t s  beauty -  causing bunches of twisted 

shrive l led  and withering leaves to appear (P ig .  22 & 

23), and flowers to become distorted and unsightly  

with the petals eaten and spun together. Such 

harmful e f fects  are of considerable importance any

where, and par t icu la r ly  in such places as the Royal 

Botanic Gardens, Kew, where i t  is  essential to main

tain the beauty as well as the health of the plants.

Mode of Dispersal :

Reference has already been made (page l*j ) to 

the habit of the 1st stage larvae immediately a fte r  

emerging, of wandering some distance before se t t l in g  

down to feed. In a greenhouse, therefore, i t  is  

obvious that infection from plant to plant at this  

stage i s  a simple matter, especia l ly  when the poly-  

phaguushabit of the larva  is  remembered. Purther, 

the characteristic  habit of the young larva of hang

ing in festoons from the le a f  tips is  of importance 

with regard to the spread of the pest from one plant  

to another. The s l igh test  draught waves these f e s 

toons to and fro so that they often come in contact 

with neighbouring plants. In a greenhouse there is  
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not the same p o s s ib i l i t y  of wind playing such a large  

part in the d istr ibution  of young larvae as in the 

open. I t  is  frequent, however, to find quite a 

d ist inct  draught in a green-house, especially on a 

hot summer’ s day when the " l igh ts "  are open.

The adult moths f ly ing  throughout the greenhouse 

obviously play an important part in d ispersal since 

the females lay  their eggs on p ract ica l ly  any plant 

and also on the glass sides and roof of the house.

I t  i s  apparent that the pest could be eradicated  

from any given glass house i f  means were taken to 

prevent the entrance of moths from the open. The use 

of insect-proof screens of wire gauze -  or, less  ex

pensive,. of muslin which could be f i t t e d  to cover a l l  

openings when windows are open, would e f fec t ive ly  

prevent moths entering or leaving a house. In this  

way, each house could be separately treated fo r  the 

pest and eventually i t  would be entire ly  eradicated.  

The screens, however, would require to be used per

manently since the species breeds f ree ly  in the open 

on privet ,  euonymus and ivy.

A further means of d ispersal is  found in the in

troduction of infected plants into houses formerly 

quite ’’c lean .” In Botanic Gardens i t  is the usual  

practice to transfer plants from propagating houses 

to the la rger  Green-houses. Thus i t  is  obvious that

infected plants may be conveyed from house to house 

and idea l  conditions provided for the spread of the 
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pest. This means of spread could he remedied by 

having a l l  plants care fu l ly  examined before trans' 

f e r r ing  them from house to house.

IV. CONTROL.

The -following series of experiments were con

ducted with a view to ascertaining the most p ract ica l  

and e ffect ive  methods of controll ing T. prcnubana. 

under green-house conditions. A study of the l i f e -

h istory has shown that such experiments should be 
»

devised to deal with the young larvae immediately 

a fte r  emergence.

Spraying Experixaents :

A• E f fect  of a Nicotine Spray on Newly-Emerged

Larvae.

Experiment I .

Nicotine Spray -  Commercial XI -  A l l  used in

the proportion of 1 part to 30 parts water.

May 23rd. Plants sprayed ; larvae on plants  
1st stage - 48 hours old :

May 25th. Plants examined -  resu lts  as shewn in 
Table V I I I .

TABLE V I I I .

Plant. Larvae Dead Larvae a live Totals %
k i l le d

A (Carnation) 34 12 46 73.9

B ( M ) 14 7 21 66.6.

C ( * ) 
( control , 
unsprayed)

— 7
( a l l  found)

7 -
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With a few exceptions the larvae not k i l le d  were 

in places which the spray had net reached : -  i . e .  

protected in the ax i ls  of leaves and in several  

instances, su f f ic ien t ly  protected froijj the spray hy 

a silken shelter, already partly spun.

Where the spray reached the larvae, death re 

sulted, hiit i t  is  apparent that i t  is not possible to 

reach a l l  larvae even 48 hours a fte r  emergence.

Experiment I I . :

According to Gribson & Ross (1922) -  the fo l low

ing Nicotine and Sulphur spray was used with excellent  

resu lts  in greenhouses in Eastern Canada, against the 

Greenhouse Leaf-Tyer -

Phlyctaenia ferrugal i s, H bn .

Soluble Sulphur - - - - - -  i  ounce by weight

Nicotine Sulphate (40/S) -  - - - 1 f lu id  ounce

Water - - - - - - -  - - - - - - - 6  gallons.

I t  was decided to use this spray in the above

proportions on an experimental scale, against 2nd
'

and 3rd stage larvae of T. pronubana. The following

are the results  obtained : -

July 6th - 3 Carnation plants - A, B, C, on which
1st, 2nd and 3rd stage larvae were pre
sent, since emergence, a l l  thoroughly 
sprayed, as above.

July 7th - Plants examined.

A. Larvae dead ~  6 ; Larvae a l ive  =  36
B. " n -  2 ; " 17
C. " " - J L ;  " " ~_10

Totals 10 63
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In a l l  cases the larvae k i l le d  were 1st stage 

and so not protected to the same extent by spun to

gether leaves, as the cider larvae. I t  is  evident 

that the small percentage destroyed is due tc the

fact that the spray did not reach the older larvae.

B . E ffect  of Nicotine Sprays on Egg-Masses. 

Experiment I I I . :

Plants -  carnations -  each with an egg-mass on 

their leaves, thoroughly sprayed with XI - A l l  

( l  in 30) : egg masses in a l l  cases just  about tc

hat ch.

TABLE IX.

Plant Sprayed Larvae Emerged Remarks

A 25th June Egg mass did not 
hatch : eggs
shrive l led  up.

B 28 th " 30th June A l l  eggs hatch
ed : but 2
dead larvae  
found beside
empty eggshells

0. Control & un- 26th June 
sprayed

A l l  eggs 
hatched.

4 iso lated 30th June 
egg masses

1st mass 
hatched 
July 3rd

By July 9th -  
majority of eggs 
in 'sprayed and 
unsprayed masses 
had hatched : 
cut of a l l  l a r 
vae - 4 or 5 
died on emerg
ing : % dead,
n e g l i g i b le .

4 isolated control & 
egg masses unsprayed
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Egg masses sprayed with Nicotine and Sulphur 

Spray (see above).

June 25th :

Mass A -  of approximately 60 eggs - sprayed 

m B _ n n 40 "

n G -  Control - and unsprayed.

June 26 th' :

Mass G -  a l l  eggs hatched.

June 27th :

Mass A -  majority of eggs hatched -  1 dead larva
beside mass.

1» *1 N  »  »1

June 28th :

Mass A -  A l l  eggs hatched - except 4 which were
not vet mature.

" B - 2 dead larvae beside mass -  several
eggs not yet hatched.

July 2nd -  Remaining eggs hatched in both masses.

In the above experiments nicotine, and nicotine  

and sulphur sprays in the strengths used did net pre

vent the hatching of the egg masses. In one case

only -  Experiment I I I . ,  Mass A. -  did a sprayed egg-

mass not hatch. I t  is  l ik e ly  that the death of

this mass was due to some other cause -  since a l l

other masses sprayed under the same conditions 

hatched.
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The larvae, on emerging, settled down to feed,  

as usual, on the leaves of the plants -  the nicotine  

by this time having apparently no e f fect  on the 

young ca te rp i l la r s .

In no case did the plants used in the above ex

periments with Hi cotine sprays, su f fer  in the least .

C. E ffect  of Arsenate of Lead Spray on Larvae._

In the following experiments, Strawson - Swift 

Lead'Arsenate Paste was used in the proportion of 

6 lbs .  to 50 gallons of water. This strength of
. .4.

spray is recommended by Lloyd (1920) for the con-
• I. ' •

t ro l  of Hadena oleracea.

Experiment V. : T ■■

June^ 6-th :

Plant A. -  with an egg mass of approximately 50 
.• ” - eggs just  about to hatch -  thorough

ly  sprayed, as above.

June 8th -  egg mass found hatched.

June 9th - 8 sickly larvae found - many others
wandering over plant and beginning  
to feed.

June 11th - 17 dead larvae ; s t i l l  a few feeding

June loth 2 n ” no ethers v is ib le .

Total larvae k i l le d  19 and plant clean.

In the control plant, a l l  leading sheets in

fected with larvae from an egg mass which hatched 

on June 7th.
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Plant 33 infected with 1st stage larvae and 
then sprayed as above.

” G -  sprayed - eggs about to hatch.

63.

June 8th :

June 9th - B - 1 dead larva.

G - egg mass just  hatched

June 11th - B - 1 dead larva.

C - 2 * M

June 13 th B _ W! W»

C _ 8 IK W

Beth plants sprayed again with fresh]* 
ly  made spray : suspected that
f i r s t  spray on June 8th was net 
s a t i s fa c to r i ly  mixed.

June 15th B - 10 dead larvae -  several l iv in g  l a r
:vae feeding on 
under side of  
leaves v/here spray 
had net reached.

C - 20 II II

June 18 th B - 6 11 II

G - 8 II ti

June 21st B - 1 II ?!

G - 1 II

June 25 th B - 2 »1 " a l ive  - none

C - 0 t* 1

Experiment closed.

Total Larvae k i l le d  B 23

" " " G 3 9 - 6 2 .
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Although i t  is  not possible in this experiment 

to estimate the actual percentage of larvae des

troyed since many wandered away from the plants,  

when they f i r s t  emerged -  yet, i t  i s  apparent that 

18 days a fte r  the hatching of the egg-masses, the 

plants were found to be free from larvae.

The Control Plant at the end of the same period  

was shewing signs of severe attack, the leaves being  

spun together and the tips of many withering, where 

the young larvae had been feeding.

E ffect  o f  Lead Arsenate on P lants :

Carnation plants were used in the above experi

ments and they did not su ffer  in the least  from the
%

spray : the only e f fec t  of spraying being the pale

.whiteish colour imparted to the leaves, by the de- 

posit  of lead arsenate l e f t  as the spray dried.

Fumigation with Hydrocyanic Acid Gas.

With a view to ascertaining whether hydrocyanic
.

acid gas was of any value for destroying the larvae  

of T. pronubana a series of experiments were con

ducted in a small green-house (cubic contents, 828 

c. f t . )  spec ia l ly  prepared for  the. purpose. The 

fo l lowing is  a summary of the experiments conducted. 

Valuable information regarding fumigation with Hydro

cyanic acid gas -  and the quantities recommended 

were obtained from Bullet in  Ho. 513 (Sasser and 

Borden, 1917) of the U.S. Department of Agriculture.
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Experiment I . -  14th August. 

Strength of Cyanide used 

Exposure

Temperature during Exp.

I tj- hours

62°F.

65

^ oz. per 1000 c. f t .

Table of Results. TABLE X.

Plant Alive -  before  
exposure

dead - a fter  
exposure

Remarks,

Carnation

Coleonema 

Albuma 

Rhododendron 

Edgeworthii 

Lhotskya 

ericoides  

Acacia  

Drummondii 

Acacia  

pulchella

12 (3 rd -7th 
stages)

7 w •*

4 « "

3 ii M

2 ti I»

4 (2nd-4th
stages)

1 (7th stage)

(3 "
4 (1 4th

5 (carious stages

0

0

0

0

0

0

0

0

x

x

Only one 
camati  on 
plant show
ed any si 
of burning, 
of leaves.

s l igh t  burn 
ing of  
le aves .

This plant 
was nearest 
j a r  contain
ing cyanide

u
fo of Larvae k i l led  =  7 

In the l ight  of subsequent experiments- with 

stronger doses of Cyanide, i t  is  doubtful whether the 

death of these larvae resulted from Hydrocyanic acid  

gas . )

Experiment /



Experiment I I .  15th August.

Plants as in Experiment I .  with the surviving  

l a rv ae .

Strength .cf Cyanide — \  oz. per 1000 c . f t t  

Exposure =  2 hours.

Temperature «= 67°F.

% of larvae k i l l e d  =  n i l .

Experiment I I I .  25th August.

Plants and Larvae as in previous Experiment.

Strength of Cyanide — 1 0 2 . per 1000 c . f t .
( requ is i te  quantity d i 
vided between 2 ja rs  so 
as to ensure better d is 
tribution cf gas)

Exposure -  «= 2-g- hours

% Larva,e k i l le d  =  N i l .

Experiment IV. : 26th August.

Plants and Larvae as before.

Strength cf Cyanide =  -g- oz. per 1000 c . f t .  -
but in 2 ja rs .

Exposure — 12-  ̂ hours.

fe Larvae k i l le d  1= N i l .

During the above experiments, larvae were also 

placed in the greenhouse in petrie  dishes covered 

with muslin and thus exposed to the gas. In no 

case, however, were larvae k i l led .

I t  may be concluded that fumigation of plants  

infected with larvae of T,. pronub ana - is  of no 

value as a control measure.
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Further Experiments :

Pyrethrum powder "burnt in a large cage in which 

had been placed a plant attacked by larvae c f  T. prc- 

nubana at various stages, was found to have no e ffect  

whatever on the ca te rp i l la r s .

Fumigation with Tobacco fumes as is  regu lar ly  

done at Kew to destroy green -f ly ,  had also no e ffect  

on the larvae : nor were moths destroyed which had

been confined in a cage -  two sides of which were 

made of wire gauze, -  the cage being placed in a 

greenhouse during fumigation with tobacco.

Conclusions drawn from Control Experiments :

The control of T. pronubana is  a d i f f i c u l t  pro

blem and the b r i e f  experiments cited above are suf

f ic ien t  to show that i t  i s  impossible to outline com

plete  and successful control of the insect without 

a further series of experiments conducted on a large  

scale under greenhouse conditions.

It  i s ,  however, evident, that nicotine and lead 

arsenate sprays are both e f fect ive  i f  applied immed

ia te ly  a fte r  the larvae have emerged and before they 

have begun to spin up. The chief  d i f f i c u l t y  experi

enced was that of reaching the young larvae with the 

nicotine spray -  while in the same way i t  was not 

easy to coat the entire plant with lead arsenate. 

Unavoidably - many le a f - su r fa c e s , - (those spun to

gether) were not covered with the poison. The older  
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the larvae the more serious was this d i f f i c u l t y .

Both upper and lower surfaces of the leaves require  

to be sprayed. I t  is  apparent that systematic and 

continued spraying with a nicotine spray from the 

time the f i r s t  eggs of the year are expected to 

hatch -  (end of March) -  would account for large  

numbers of young larvae. Owing to the marked over

lapping of broods, in this species, the spraying 

must be carried on at intervals -  (say - once per 

week, plants thoroughly sprayed) throughout^ Spring, 

Summer and Autumn.

While the results  of the arsenical spray are 

less  rapid and less apparent than these of the con

tact insecticide -  yet, since the larvae wander 

during feeding i t  is  obvious that i f  the plants be 

per iod ica l ly  sprayed the death of many w i l l  eventually  

resu lt  -  as has been shown in the above experiments.

Gribscn and Boss (1922) found a contact spray 

successful for  the control of Phlvctaenia fe rruga l is  

and so i t  would also appear that a nicotine spray is  

to be recommended in the case of T. pronubana. In 

the experiments at Kew i t  was found that spraying, 

with any insecticide, is  useless unless the young 

larvae (1st and 2nd stage) are tackled : the

spinning habit of the species makes i t  impossible 

to reach the larvae or the le a f  surfaces on which 

they are feeding, at la te r  stages.
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Fumigation with Hydrocyanic acid gas is  of no 

use in dealing with the pest. Molinas (1914) found 

that fumigation with nicotine gave no resu lts  and 

a fte r  experimenting with sulphuric acid and hydro

cyanic acid gas - f i n a l l y  abandoned any type of 

fumigation, a,s successful control measures.

At Kew the larvae have been destroyed and their
'

numbers successfully reduced by hand-picking.

While this is  a comparitively easy matter when the 

larvae are h a l f  to f u l l  grown, the younger stages 

are not eas i ly  seen and are thus usually passed over. 

Systematic destruction of larvae, pupae and egg- 

masses, - the la t t e r  being frequently found on the 

" l i g h ts "  of greenho\j.ses, -  are a l l  simple, p ract ica l  

means of reducing the numbers of the pest under g lass .  

I t  i s ,  however, f u t i l e  tc expect to eradicate entire 

ly  I1- pronubana from greeniiouses in a lo c a l i t y  such 

as Kew, where the species i s  found abundantly in the 

open in their  immediate v ic in ity .  Mention has a l 

ready been made (page ) of the suggested use of  

muslin or wire-gauze screens, to f i t  a l l  openings 

in the greenhouses and so prevent entrance and exits  

of adults. I f  this be done and systematic spraying 

and examination of plants be carried out before  

transferr ing  from house to house, the pest would, as 

fa r  as can be seen at present, be eradicated from 

infected greenhouses.
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T. pronubana has not proved so troublesone during 

1925 - as during 1921, and 1922, when this work was 

f i r s t  begun. Hand-picking has been carried cut with 

success throughout the period.

V. Parasites of T. pronubana.

M i l l i e re  (1859) describing the l i f e -h i s to ry  

of T. pronubana on the Continent, states that his ob

servations showed the species to be parasitised to 

an extent of - "by a Tachinid -  Morinia  b i g o t i , 

Robineau.

Adkin (1907), working in this country, in his  

f i r s t  observations did not obtain a single parasite.  

During Summer 1908, however, he reared several speci

mens of a Tachinid -  Zeni l l i a  roseana, B and B from 

larvae and pupae of pronubana. The writer has re 

cently been in communication with Adkin on this ques

tion of parasites and with his permission quotes the 

fo l lowing extract from a le t te r  he has received and 

in which Adkin records the Ichneumon - Oedemat cpsis 

scabr i c u la, (Jrav : as a parasite of pronubana : -

* « -------------- in 1907 I turned a le t  of T. prcnubana

eggs out on a eucnymus bush in my garden at Lewisham. 

In the spring of 1908 I searched the bush for  larvae  

but could find only two and each of them had a para

s i t i c  larva attached to i t .  I cannot say whether 

there had been more of the Tortrix larvae and that 
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they had been k i l le d  by the parasites or not, but 

these two were eventually sucked dry by them. I 

sent the parasites which I reared from these two to 

Claude Morley and he identi f ied  them as the Ichneumon 

Oedematop3is scrabicu la, Crav : The parasites

attach themselves to their  hosts externally  and the 

best description I can give of their appearance is  

that they are curled between the 2nd and 3rd segments 

or perhaps 3rd and 4th. Larva found with parasite  

attached -  Apri l  12th.

Parasites emerged -  May 29th and June 9th."

An Hymenoptercus larva was found feeding on a 

la rva  of pronubana, just  as Adkin describes above, 

on Apri l  13th, 1923 on a privet hedge at Richmond. 

Unfortunately the parasite  did not attain maturity 

but i t  is  probable that this was the same species o f  

Ichneumon as Adkin obtained.

In the observations made under g lass at Kew 

several specimens of two (probably ),  Hymenopterous 

parasites of pronubana have been obtained -  but never 

have any Tachinid parasites been found. In August 

and September 1921 -  3 Ichneumons issued from pupae 

pronubana -  the only parasites obtained during the 

summer of that year. In 1922 -  no parasites were 

found, although a thorough search was made in the 

houses at Kew and 30 or 40 pupae were collected - 

from a l l  of  which, moths emerged. In Spring 1923 -  

8 Hymenopterous cocoons were collected from plants  
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in the greenhouses ; beside each cocoon a shrive l led  

larvae skin was found. During Apr i l  and May -  the 

adult parasites emerged and an experiment was com

menced to fo l low out their l i f e - h i s t o r y . Owing to 

lack of material, however, this had, for  the present, 

to be abandoned. The parasites obtained have been 

submitted to Dr Waterston of the B r i t i sh  Museum and

he has ijromised to identi fy  them. At i^resent, how-
.

ever, the names of the species have not yet been re 

ceived. I t  w i l l  be interesting.to see whether they 

are the same as those reared in the open by Adkin-,. 

Owing to the extremely small number of parasites ob

tained at Kew, i t  is  quite impossible to give any 

f igures representing the percentage of parasitism.

I t  would appear that, up to the present,

I T. pronubana is  s ingular ly  free from parasites in 

Brita in .  Since the species is  a native of foreign  

shores and is  not indigenous to this 'country, i t  

has evidently been introduced without the parasites,  

which attack i t  so successfully and, according to 

M il l ie re ,  in such numbers, in i t s  native habitat.  

Hence as a natural means of control, parasitism must 

be regarded, at present, as of l i t t l e  importance -  

especia l ly  siuce paras it ised  larvae and, therefore,  

parasites, as well as unparasitised larvae are des- 

troyed by hand-picking.
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V I . Tortr i x  pronubana in Rel a t i on t c 

Dyar * s Hyp o the s i s .

Dyar (1890), in a paper on the Number of Moults 

of Lepidopterous Larvae, establishes an hypothesis 

which he has found to hold good for a l l  the species 

of Lepidopterous larvae he has examined. His 

hypothesis states that ’’the widths of the head of a 

larva in i t s  successive stages, fellow a regular  

geometrical progression and i f , ,  in examining the 

measurements of heads taken in following out a l i f e -  

history, any deviation from the calculated progres

sion is  shown i t  is  evidence that an error has been 

committed or that the larva has behaved in an abnormal 

manner." Dyar selected the head of the larva  for  

measurement '"as the part not subject to growth during 

the stage, and i t s  width as the most convenient mea

surement to take.”

He gives, in this paper, a l i s t  of species which 

shows the actual and calculated la rva l  head measure

ments, together with the ratio  exist ing between the 

measurements of successive la rva l  heads. The f o l 

lowing are a few examples, to explain further Dyar’ s 

Hypothesis. A l l  measurements are in millimeters  

and are correct to within .1 m.m.
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Species with Five Larval Stages .

Pap i l ic cresphoivtes , Gram.

Calculated .7, 1.1, 1.6, 2.3, 3.4

ratio  .66

found .6, 1.1, 1.6, 2.2, 3.4

Datana pa lm ii , Bent.

Calculated .5, X9, 1.5, 2.7, 4.6.

rat io  .58

found .5, .9, 1.6, 2.7, 4.6.

Species with Seven Larval Stages:.;.

Ha l is idota har r i s i i , Walsh.

Calculated .4, .6, .8, 1.2, 1.7, 2.4, 3.5

ra t io  .7

found ( .4 ,  .6, .9, 1.4, 1.6, 2.3, 3.5)
( .4 ,  .6, - ,  1.3, 1.7, 2.6, 3.6)

It  is  probable that the f igures  Dyar gives are 

| averages selected from a long series of measurements 

to i l lu s t ra t e  the remarkable s im ilar ity  between the 

measurements calculated and those actually found.

In the f igures given in Table XI. for  T. pronubana 

a l l  measurements are given and i t  is  thus apparent 

that whereas the general law holds, nevertheless  

there are considerable variations between measurements 

of similar stages.

The princip le  is  of considerable importance when 

viewed from the point of establishing the number of 
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moults for  any given species and hints at the pos

s i b i l i t y  of ascertaining the causes of variation in 

a l i f e -h i s t o r y .

During Summer 19?,2, whilst conducting experi

mental work on the biology of T. pronubana, i t  was 

decided to investigate the la rva l  stages and number 

of moults on the l ines of Byar’ s Hypothesis. Sc 

fa r  as has been observed i t  was found that growth 

in the species agreed with the results  which Dyar 

found fo r  other Lepidopterous larvae - namely, that 

the widths of the head of a larva in i t s  successive 

stages, fol low a regular geometrical progression.

In the experiments at Kew -  the procedure,was 

as fe l lows Batches of larvae were reared on car

nation plants and as the d i f ferent  moults occurred, 

the cast heads found a fte r  each moult were measured 

by means of an eye-piece micrometer. At the same 

time the breadth of the head of the newly moulted 

larva  was also obtained and in this way a series o f  

measurements of la rva l  heads and cast head capsules 

got, for ' ,  each instar.  I t  was found impossible to 

fo l low  an individual larva throughout i t s  l i f e  because 

of laboratory conditions where numbers of larvae were 

kept together on a limited number of host plants and 

also since larvae, when disturbed, moved to another 

part of the plant so that i t  was not always possible  

to obtain for  certainty the same individual that had 

been measured in preceding instars.

Measurements /
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Measurements of la rva l  heads were taken at the 

"broadest part ; i t  was found that i f  cast heads were 

mounted in "balsam on glass s l ides  before measurement, 

the weight of the cover glass,caused the head to 

s p l i t  and give too large a reading. This was 

especia l ly  the case in the la te r  instars. According

ly ,  i t  was found most satis factory ,  to measure a l l  

cast head capsules without mounting, merely placing  

them dry, on a microscopic s l ide  and measuring in 

the usual manner with the use of an eye-piece 

micrometer.

The breadth of la rva l  heads of similar stages 

was found to vary s l igh t ly  as can be seen in Table XI. 

given below. The variation, however, was not suf

f ic ien t  to upset Dyar* s Hypothesis. The ratio  

between the breadth of larva l  heads of T. pronubana, 

in any two successive instar^ was 1.3. For example 

the average breadth of a 3rd stage la rva l  head was 

.48 jn.m. and that of a 4th stage la rva l  head .63 m.m. 

The rat io  - .63 : .48 - is  thus 1.3. Having obtain

ed this rat io  i t  is  possible to calculate the size  

of the la rva l  head of any other instar.  Further, i t  

enables one to determine the exact stage of growth of 

any given larva found at random in the green-hcuses 

or elsewhere.

During 1922 -  the Summer Brood larvae underwent 

7 moults -  the pupa appearing a fte r  the 7th moult.

In /
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In October, an interesting observation was made : -  

The cast head of a recently moulted larva of the 

summer brood was compared with that of the larva i t 

s e l f  and i t  was found that),i while the cast head 

( .68 m.ra. broad) indicated 4th stage, the head of 

the larva i t s e l f  indicated 6th stage ( l . l  m.ra. broad).  

I t  is  thus apparent that the 5th stage of this cater

p i l l a r  had been entirely omitted and at Moult 4 

instead of getting a 5th stage larva - a larva cor

responding to a true 6th stage was obtained. It  must 

be borne in mind that the duration of the f i r s t  four 

instars of the l i f e  of this larva had extended over 

an unusually long period. The resu lt  of this appears

to have been elimination of the usual 5th moult and 

the production of a 6th stage larva at moult 4. 

Further, similar cases of delayed development -  re 

sult ing in the omission of a moult (emission of more 

than 1 moult was never recorded) - were observed 

during Autumn 1922.

The conclusion may thus be drawn that, whereas a 

larva  may prolong it s  l i f e  to a considerable extent, 

in so doing, i t  undergoes fewer moults than a larva  

undergoing more rapid normal development. This 

would seem to be the direct resu lt  of the slow growth 

i t s e l f  which would appear to render frequent moults 

unnecessary. I t  forms evidence to show, as has been 

frequently stated, that changes of skin or moults are 

the resu lt  of growth.

TABLE /
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SUMMARY

The moth, Tortr ix  pronubana, Hb., has lately- 
proved troublesome■in the glasshouses at the Royal 
Botanic Gardens, Kew. I t s  l i f e -h i s to ry  has been 
studied and shows two main broods in  the year*
The periods of duration o f  the various la rva l  stages 
and of the pupal stage have been studied in  deta i l*

A description o f  the external morphology and 
chaetotaxy o f  the larva is  given. Setal maps are 
given showing the d istr ibution  of  the setae on the 
thoracic and abdominal segments o f  the 1st.  stage 
and f u l l  grown larvae. The chaetotaxy o f  the 
l a rva l  stages is  similar,  except in the 1st. stage.
The growth of the larva throughout i t s  various stages, 
seven in number, (normally s ix  moults) conforms with 
Dyar's hypothesis that " the widths of the head of  a 
la rva  in i t s  successive stages fo l low  a regular  
geometrical progression and i f ,  in examining the 
measurements o f  heads taken in following out a 
l i f e -h i s t o ry ,  any deviation from the calculated pro
gression is  shown, i t  is  evidence that an error  has 
been committed or that the larva has behaved in an 
abnormal manner*H

The chaetotaxy o f  the abdominal segments 
o f  the pupa i s  described and sex characters are 
noted*

A se r ies  o f  experiments on the control of  
T* pronubana, under g la ss ,  Shows that spraying with 
Nicotine or Lead Arsenate i s  e f fec t ive  i f  applied  
before and immediately a fte r  the eggs hatch*
I t  i s  essentia l  that the spray should be applied  
before the larvae commence to spin their  webs. 
Destruction o f  the larvae by hand-picking i s  e f fe c 
t ive  but the minute 1st. and 2nd. etage-larvae are  
eas i ly  overlooked. Hand-picking combined with 
regu lar  spraying is  to be recommended as the best  
method of control.

Fumigation with Hydrocj^anic Acid Gas was 
found inef fect ive  against larvae*

The screening of windows and venti la tors  with 
gauze or muslin is  recommended as a check on the 
in festat ion  o f  clean houses*

Two Hymenopterous parasites ,  not. yet ident i f ied ,  
were bred from larvae and pupae o f  T* pronubana but



Summary (Continued).  ( 2 * )

the percentage o f  parasitism was extremely low.

A l i s t  of  host plants o f  T.pronubana under 
g la ss  and in the open is  given in an” appendix.

: In conclusion, the writer  wishes to express his
indebtedness'to Dr. J.W.Munro for  his advice and 
encouragement during this work.which was carried out 
under his supervision. Thanks are due to the
Director o f  the Royal Botanic Gardens, Kew, fo r  the 
many f a c i l i t i e s  which were so w i l l in g ly  granted fo r  

iexperimental work and fo r  general observations in  
the greenhouses. The writer  has also to thank 
Mr. G. Atkinson, A rt is t  to the Royal Gardens, Kew, 
fo r  preparing the f igures o f  the moth. : : : : :
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A P P E N D  I X ,

Host Plants of T. pronubana, Hb.



Acacia, L.

A. armata, R. Br.

A. baileyana, B. Muell.

A. eultrifcrmis,  A. Gunn. 

A. Drummondii, Benth.
X

A. lon g i fo l ia ,  W il ld .

Var. mucronata 

A. n e r i i f o l i a ,  A. Gunn.

A. platyptera, Lindi.

A. pravissima, R. Muell. 

A, pulchella, R. Br.

A. riceana, Hernel.

Agapetes, G. Don 

A. Moorei.

A lb izzia ,  Dura.zz

A. Ju lib r iss in ,  Durazz

Asparagus, Tourn.

A. sprengeri, Regel.

Boronia, Sm.

B. e la t ic r ,  Bartìi.

Bucklandia /

Leguminosae.

Vacciniaceae
■

/

Leguminosae.

L i l iaceae

Rutaceae.

APHBNDIX.

Host Plants of To r t r ix  pronubana, Hb., 

under G la s s  a t  Ke_w_._

( k denotes plants on which larvae are most abundant).
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Bucklandia, R. Br.

B. populnea, R. Br.

Callistemon, R. Br.

C. Cunninghamii, Hort. 

C. salignus DC.

Calythrix, L ab i l i .

C. tetragona, L ab i l i .

Hamamelideae.

Myrataceae

Myrtaceae

Oestrum, L. -  Sclanaceae

C. aurantiacum Lindi.

(Larvae yellowish in colour on this plant,

Chcrizema, L ab i l i . Leguminosae.
X

C. i l ic i fc l iu m ,  L ab i l i .

G l i anthus, Banks & Sol. -  Leguminosae. 

Species not determined.

Ccleonena, Barth. & Wendl. 

C. àlbum, B. & W.

E

Coronilla, L.

C. glauca, L.

Var. variegata.

Rutaceae.

Leguminosae.

Cytisus, L. 
x

C. fragrans, Lara.

C. f  i l i p e s , B. & W.

Leguminosae.

Daphne, L.

D. odora, Thumb.

Thymelaeaceae



Dianthus, L.

various species.

! Erica, L.*

E. bcwieana.v 

Ericstemcn, Sm.
.

E. buxifclius, '  Srn.

E. scaber, Paxt.

Geranium, L.

Species not determined.

Grevi l lea ,  R. Br.

G. alpina, Lindl.

G. d e c id e s ,  Sieber.

Gr. ornitlicpcda, Meissn.
*

G. punicea, R. Br.

G. robusta, A. Gunn.

G. thelemanniana, Hugel.

■

Helicbrysum, L.

11. rupestre, DC.

Lhotskya, Sch.au

L. ericoides, Schan.

Mitrar ia ,  ¡Cav.

M. coccinea, Cav.

Nandina /

3C

Caryophyllaceae. 

Ericaceae.

Rutaceae.

85

Geraniaceae. 

Proteaceae.

Gcmpositae. 

Myrtaceae. 

Gesneraceae.



Uandina, Thnb.
K
N. domestica, Thb.

Berberideae.

(Larvae markedly yellow on this p lan t . )

Pimelea, Banks & Sol.
j

P. ferruginea, L a b i l i .  

P. Snidia, Willd .

var. pulchella.

P. l igustr ina ,  L ab i l i .

| Poinciana, L. f

P. S i l l i e s i i ,  Hook.9

\ Pscralea, L.

P. pinnata, L.

"hymelaeaceae

Leguminc8ae

Leguminosae

Rhododendron, L. - Ericaceae

R. Edgeworthii, Hook.

R. formosum, Wall.

Var. Sibsonii.

R. Oldiiamii, Maxim.

R. Schlippenbachii, Maxim.

Tricuspidaria, R. & P,.

T. lanceolata, Miq,

T i l ia ceae ,

I /
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The writer is  indebted to Mr J. H. Durrant fo r  the 

fol lowing l i s t  of plants from which T. pronubana, Hb. 

has been recorded in the open, in Br ita in  and abroad:

Arbutus, L.

A. unedo L.
'

Aristo lochia, Tourn.

Species not determined.

Ericaceae,

Aristo lochiaceae,

Asphodelus, L.
■ ■

A. ramosus, L,

L i l i a c e ae ,

Oneorum, L.'
'

G. tricoccon, L.

Simarubaceae.

Cytisus, L.

G. l in e fo l iu s ,  Lam.

Legumincsae.

D ig i t a l i s ,  L.

D. obscura, L.

Daphne, L.

D. gnidiun, L.

Euonymus, L.

E. japonicus, L.

-
Euphorbia, L.

Species not determined.

Geranium, L.

Species net determined.

Scrcphulariaceae

Thymelaeaceae

Gelastrineae.

Euphorbiaceae.

Geraniaceae,

Ja sminimi, L. - Oleaceae.
Species net determined.



8 8 .

Ligustrum, L. - Oleaceae.

Species not determined.

lotus', L. - Legumincsae.

L. rectus L, & other species.

M ercuria lis , L. - Euphorbiaseae.

M. e l l ip t ic a ,  Lam.

Olea, L. - - Oleaceae.

0. eurcpaea, L.

Passerina, L. - Thyraelaeaceae.

Species uncertain.

P is tac ia ,' L . -  Anacardiaceae.

P. Lentiscus L.

Rhus, L. - Anacardiaceae,

R. Goriaria , L.

Robin i a, L. -  Leguminosae.

R. pseiidacacia, L.

Rosmarinus, L, - Labiatae

R. o f f ic in a l is ,  L.

Rubus, L. -  Rcsaceae.

Species not determined.

Scabicsa, L. - Dipsaceae.

Species not determined.

Smilax /



Smilax, L. -  L ilia eeae .

S. aspera, L.

Solidago, L. -  Gompositae.

Species not determined.

Thymus, Tcurn. -  Labiätae.

T. vu lga ris , L.

Viburnum, L. - G ap rifo liaceae .

V. tinus L.
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