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A—INTRODUCTORY.

INx Prof. Poulton’s paper in the Philosophical Transactions
of 1887, vol. 178 B. pp. 311-441, “ An Enqniry into the
Cause and Extent of a Special Colour-relation between
certain exposed Lepidopterous Pupe and the Surfaces
which immediately surround them,” he recorded some
experiments on the full-fed larvee of Papilio mackaon from
which he inferred that this species was not susceptible to
the colours of its surroundings, a conclusion which sur-
prised him, having regard to the marked dimorphism of
the pupe [the larva not showing any corresponding dimor-
phism te which the different colours of the pupwe could be
ascribed, as in the case of the geometrid genus Eplyra
(Phil. Trans. /. ¢. p. 437)], and Prof. Poulton suggested that
further experiments should be tried, more especially as he
had had ouly eleven larve, of which two died. At the
meeting at Cambridge in August last of the International
Congress of Zoology M. Bordage of Rénnion communicated
a paper in which he expressed the opinion that the pupz
of the genus Pupilio appeared to have lost any suscepti-
bility to colour which they might at one time have
possessed, but Mr. Trimen, your President, gave an instance
to the contrary, and expressed the opinion that too few
experiments had been made to warrant at present any
conclusion on the subject.
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Early in July last I happened to mention to Prof.
Poulton that T had then a considerable number of larva of
P. machaon which I had received from Germany, and at
his suggestion I experimented on some of those I had left
at this time, receiving much useful information from him
personally as well as from the very full record of his
experiments on other species, in the paper above referred
to, and in his subsequent paper in the Transactions of this
Society for 1892, pp. 293-487.

The experiment thus begun gave rise to many other
experiments in which different species were employed.
The results were in large part displayed and an account
given of them at the meeting of this Society on October
5th, 1898 (Proc. Ent. Soc. Lond. 1898, pp. xxx—xxxi).
Professor Poulton was at the meeting and also showed the
results of some further experiments he had been making
in 1898 (Proc. Ent. Soc. /. ¢. pp. xxxii—xxxiii). The same
day I suggested to him that it would be useful to arrange
the results of my experiments according to the standards of
colour which he had already published, and construct fresh
standards for the species with which he had experimented
but little or not at all. He approved the suggestion and
agreed to arrange the results accordingly, and also offered to
include the results of the experiments he had recently made.

This memoir accordingly appears in our joint names.
The name or initials of the worker who conducted the
investigation will appear in the heading of each descrip-
tion. Professor Poulton is responsible for the new
standards of comparison and the tabulation of all the
pupe. In arranging the pupew, he allowed due weight to
the description of my results so far as T had made one.

F. MERRIFIELD.

A few brief words are all that are necessary to form my
introduction to our joint paper ; inasmuch as Mr. Merrifield
has fully explained the circumstances under which it came
to be written. I was only too pleased to act upon his
suggestion, and thus to combine the record of our investi-
gations. It is more convenient in every way that there
should be a single complete account instead of two less
complete ones. The method adopted of placing the initials
of the writer after the title of each Section he has com-

municated makes our individual responsibility perfectly
clear.
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A portion of my investigations were carriel on jointly
with Miss Cora B. Sanders, of Lady Margaret Hall,
Oxford. These Sections are preceded by her name or
initials as well as my own.

T'he experiments upon the colours of the pupze of Fanesse
70 were carried on, under my direetion, by Miss Mabel E.
Notley and Miss Florence A. Wright, of Lady Margaret
Hall. Their names are added to the title of the Section in
which the experiments are deseribed.

Some interesting observations of Mr. A. H. Hamm and
Mr. W. Holland of the Hope Department of Zoology,
Oxford, form in large part or entirely the subjects of two
Sections to which their names have been added.

Sir John Conroy, F.R.S., very kindly helped me in
determining the quality of the light retlceted from the
various backgrounds, and his name has been similarly
added to the Appendix in which our results are described.

I wish also warmly to thank Mr. W. Holland and Mr. A.
H. Hamm of the Hope Department for their most efficient
help in many parts of the work; Mr. C. V. A, Pecl for
kindly lending specimens which have been described, and
Mr. Arthur Sidgwick and Mr. Nicholson for drawing my
attention to interesting observations made by them which
are recorded in Section L.

E. B. Pourtox.

B.—EXPERIMENTS UPON THE PUPA OF
Pupilio machaon.

1. EXPERIMENTS UPON THE SUMMER PUP.E OF
Pupilio machaon. (F.M.)

I an generally away from home from nine or ten o’clock
until five or later, and therefore my opportunities for
taking a larva just at the right moment, when it has
done feeding and before its sensitiveness to colour has
begun, are imperfect. But I was able to select fourteen
larvae, which seemed to have arrived at the full-fed stage,
and I prepared a few glass cylinders of about 6 inches in
height and mostly 8} inches in diameter, though some
were an inch or two wider, which 1 placed in flower-pots
nearly filled with earth. They were in two divisions, viz.
(1) furnished with dark sticks, and (2) furnished with light
sticks. Division (1) had about six dark brown sticks of
from ] to ¢ of an inch in diameter taken from an old
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faggot-stack, and had a roof of black net. Division (2)
had the same number of peeled and therefore nearly
white willow slips of the same size, and had a roof of
white muslin.  The sticks were secured by driving them
into the earth, and the cylinders were in both cases
exposed to the same amount of light, 7. e. close to a
rather large window, but on most days moved from the
W.N.W. to the E.S.E. side of the house, and back, to avoid
hot sunshine. As larvee, where crowded, have been found
to affect each other’s pupal colouring (Phil. Trans. 1887,
l. c. Ent. Trans. 1892, /.¢.), only two or three were placed
in each cylinder.

I exhibit the eleven pupz or pupa-cases, which were
obtained under these conditions. As the dark pigment
resides in the pupa-case, it is easy to see on examining
this whether the pupa was a green one or not, as, if the
pupa was a green one, the pupa-case is practically free
from pigment, thongh sometimes stained in places by the
meconium, whereas if the pupa was bone-coloured the case
is much darkened by brown or black markings.

It was obviously desirable to ascertain what was the
proportion of grey * and yellow-green pupa in my stock, and
on going through the whole remainder of them, 145 in
number, I found that 76 might be described as of the
former and 69 of the latter or yellow-green form. Many
of these however were of intermediate colouring, and
it was not casy to classify them. Seven of the 145 had
pupated on the green carrot-tops on which the larva had
been fed; of these six were yellow-green, one was grey.

This made a very strong case for susceptibility, but it
was not conclusive, and I determined to try the experiment
on a larger scale with the second brood.

Before describing in detail the results of this and other
experiments it is necessary to tabulate the colours which
the pupa of P. machaon is known to assume, so as to
have a standard of comparison. The following table and
description were made by Prof. Poulton on May 2nd, 1899,
after carefully comparing the whole of my pupa together
with a number belonging to Mr. C. V. A, Peel.

2. ResuLts oF THE ABOVE ExprrIMENTS. (E.B.P.)
There is a distinct dimorphisin in the pupa of Paprlio
machaon, and the intermediate forms are very rare as

* See note on page 374.
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compared with the extreme. The two forms may be
classified as (1) yellow-green, and (2) grey.* The former
Lave a yellow ground-colour with deep green markings,
the latter a bone-coloured ground with dark purplish
brown, and in places black markings. With few exceptions
the dark markings of the grey forms correspond in position
with the green markings of the yellow-green forms, the
chief exceptions being on the surface of the pupal wings,
where the green forms a more continuous area, less
interrupted by the yellow ground-colour than the dark
marking is by bone-colour.

This correspondence 1u position becomes all the more
intercsting and remarkable when it is remembered that
the two markings are entirvely different in constitution,
origin, and even in the pupal layers in which they are
respectively situated, the green pigment being relatively
unstable, probably a modified form of chlorophyll derived
from the food-plant, and situated in the deeper laminated
layers of the pupal cuticle, the dark pigment being very
stable (remaining permanently in the empty pupal case),
solely due to the metabolic activity of the animal organism,
and confined to the thick layer of cuticle which lies above
the laminated layer and forms the outermost part of the
pupal shell. (See Poulton, Proc. Roy. Soc. 1885, Vol.
xxxviii, p. 279, in which however the laminated layer is
cerroneously distinguished from the “ true cuticle.”)

We can again classify the (1) yellow-green and (2) grey
Jorms as () dark and (b) light, thus :—

. a. Light forms.
1. Yellow-green { b, Da}/* i J )

(. Light
b Dark

»

2. Grey

”»

* I formerly spoke of the darker pupw as brown (Phil. Trans. 1887,
l. c. p. 407), a deseription which is clearly incorrect. Mr. Merrifield
has introduced the appropriate term “bone-colonred,” which accurately
expresses the appearance of the ground-colour of these pupe as well
as those of the corresponding forms of Pieris napi and P.rapz. The
whole appearance of these pupa is lowever due to the combined im-
sression made by the pale ground-colour and the dark markings, and
i think that “grey” expresses this effect as a whole more truly than
any other word ; although there are pupee in which the markings are
so ineonspicuous that the effect seen is that of the ground-colour
alone.

E. B. P.
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A light yellow-green form (1 @) is bright yellow over the
dorsal surface slightly mottled with green on the sides, this
colour becomning distinct round the spiracles and forming
a spiracular streak interrupted between the abdominal
segments. At the posterior extremity of the pupa this
green streak is continued on to the sides of the anal spine,
and in the more strongly marked pupe of this degree the
whole of the spine is green. The green mottlings are
rather more distinct upon the abdominal segments below
the spiracular band than they are above it, and have a
more pronounced longitudinal arrangement. The dorsal
region of the thorax is also more or less mottled with green
which becomes concentrated to form a distinct apical patch
on the mesothoracic median spine. The wings, limbs,
antenng, and head are deep green, the latter being, in the
palest pupe, the most strongly coloured part of the whole
surface.

In the more deeply coloured of the light forms (1 )
the mottled green tends to spread backwards from the
mesothoracic spine forming a broad indistinct greenish
band.

In the dark yellow-green pupe (1 b), further development
and coalescence of thre mottlings transform this dorsal band
into deep green. It occupies the whole dorsal area between
the subdorsal rows of small tubercles. Below, the green
of the spiracular stripe,—continuous in pupz of this degree
—spreads upwards and invades the yellow ground-colour
leaving only a yellow lateral band, sharply defined above
where 1t terminates at the level of the subdorsal tubercles,
while below 1t gradually passes into the invading green.
Anteriorly this yellow band terminates below the meso-
thoracic spine. The dorsal green band is palest (yellowest)
in its median part and in the posterior half of its length,
in front of the caudal spine, the dorsal surface of which is
green. The band is also interrupted in the region of the
metathorax by a yellow patch, traversed by a green median
line.

The light grey forms (2 a) resemble the light yellow-
green (1°a), substituting bone-colour for yellow, and dark
purplish-brown for green, allowing of course for the greater
contrast between ground-colour and marking which is thus
brought about, and for the difference over the wings which
has been already alluded to.

The dark grey forms (20), by making a similar substitu-
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tion, resemble the dark yellow-green (1 ). The purplish-
brown is increased in extent as is the green of the corre-
sponding form (1 ), the dark dorsal band becoming a
specially  prominent feature which contrasts strongly
with the appearance presented by the light grey pupm
2 a).

: I will now apply the arrangement suggested above to
the resalts of Mr. Merrifield’s experiment. The pupwe were
compared on May 2nd, 1899. Three of the 14 larvee died
without pupating. Of the remaining 11, 6 bad been
placed in the cylinders furnished with dark sticks; 5
of these pupated on the dark sticks. In ecomparing
these summer pupe and putting each in its place in the
scale of colour, great assistance was derived from DMMr.
Merrifield’s descriptions made in 1898, when more of the
pupe were alive and those which were dead had changed
less extensively.

All the pupe attached to dark sticks were clearly grey
forms (1), except one (probably dead), which was inter-
mediate between yellow-green and grey, having a bone-
coloured ground with many of the markings, especially
upon the wings, greenish instead of brown. Of the remain-
ing 4 pupz, 1 had emerged in 1898, and was intermediate
between dark and light grey (2 @, b) or a lightish dark
grey (2 0); 1, still alive, was also a (2 ¢, 1) ; 2, dead, were
certainly grey, and probably dark grey (2 b).

The sixth pupa was dead and much discoloured, but from
Mr. Merrifield’s description i 1898, it had evidently been
a yellow-green form (1 a) or (1 b): “The larva had
imperfectly attached itself to a dark stick and had then,
before pupating, fallen on the earth which, being moist,
was of a dark colonr. It had there formed a yellow-green
pupa, somewhat misshapen.”

Of the 5 placed in hght surroundings, 4 were attached
to shaved white sticks.

Two were dead, but both were evidently yellow-green,
one probably a light and the other a durk form of this
degree, (1 @) and (1 b).

Two had emerged, but both had been yellow-green and
one certainly a light form (1 «), the other probably dark

1 b).

( The fifth pupa, attached to the white muslin top, had
also emerged. This pupa was an exception, being a distinet
light grey form (2 «).
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3. EXPERIMENTS UPON THE WINTER Pupx oF Lepilio
machaon. (F.M.)

In order to continue the experiments, begun upon the
summer pupa, I obtained from Germany, from the 31st
of August to the 2ud of September, 1898, about 150 more
larvee, most of them young.

Apparatus.

In order to cope to some extent with the difficulty T had
in taking the larve just at the right moment, owing to my
long daily absences from home, I provided two specinl
breeding-cages. These were made of % inch deal,each in two
compartments. Thus there were four compartments the
external dimensions of which were 16 inches in height, 12
inches in depth from front to back, and 8 inches in width.
The front of each cage was a sheet of glass, about 14
inches in width and 12 inches in height, as it started at 3
inches from the bottom ; it was vertically divided down
the middle by the thin deal partition between the two
compartments. The backs were of perforated zinc, corre-
sponding in size with the glass fronts, and the outer sides
were of deal containing the doors. The tops were open,
but covered with woven material as stated below. The
framework of the top, and generally, was about an inch
wide, and there were many angles more or less shady,
vertical, and horizontal, where the parts of the framework
met at right angles.

The compartments were covered internally as follows:—
The whole of the interior, except the glass front and the
perforated zinc backs, was covered with tissue-paper ; black
in the black compartment, white in the white compartment,
green in the green compartment, and about one-half orange
and one-half yellow (the division being vertical) in the
orange-yellow compartment. The perforated zinc backs
and the open tops were covered with woven material, viz.
the black compartment with double black muslin (covered
with a slate), the white compartment with double white
calico, the green compartment with threefold yellow-green
art muslin (fourfold on the top except for the brassica experi-
ment hereafter described when it was twofold), the orange-
yellow compartment with orange-yellow leno; this leno,
instead of paper, being also used in some of the angles of
the framework.

The fronts of the cages were placed within a few inches
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of a second-floor window about 3 feet wide and 6 feet high,
they were facing the W.N.W. and looking into an open
country, and were often screened by a mushn window-
blind during hot sunshine. No direct light from the sky
reached any part of the interior except a sinall part of the
bottom and of the sides.

Much orange light came through the roof of the first
compartment, very little greenish light through the top of
the green compartment, and much white light through
the top of the white compartment; in addition to white
direct light, inuch was reflected from the coloured interior
of these three compartments, but the black compartment
was very dark inside except the part close to the glass
front.

The effecct was that the black compartment was for the
most part very dark ; the white, green and orange-yellow
compartments much lighter, as the tops transmitted much
light, and the colours were such as to reflect a great deal
of light. In the green compartment, however, while
covered with the fourfold art muslin, very little light
came through the top. In all cases a little light came in
through the chinks of the doors, and a very little through
the draped perforated zinc at the back. In all four com-
partments there were shady regions in the angles of the
framework, and I found so many of the larvee had a dis-
position to select these shadier regions for pupating, where
of course the coloured light would operate less strongly,
that I found it expedient to transfer them, when I conld
do so in time, to receptacles where they were exposed to
stronger light. For these purposes I prepared glass
cylinders of the dimensions before mentioned, covered at
the bottom and for about two-thirds of the outside circum-
ference with paper of the appropriate colour, leaving clear
the one-third next the window, and the tops being usually
covered with paper of the same colour, but sonetimes with
clear glass. In this way I fitted up cylinders for the follow-
ing colours: black, white, green, yellow, orange, Dutch
“gold,” all provided with sticks covered with paper of the
corresponding colour. These cylinders were placed on thin
pieces of wood or cork carpet with tintacks driven through
the bottow, forming spikes on which the coloured sticks
were fixed. The bottoms, as well as about two-thirds of
the circumference opposite the light, and the tops, were
covered with single or double paper of the proper colour
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secured by three ties of thread and on the tops by a sheet
of clear glass. In the case however of the dark sticks the
bottom was of dark cork carpet, and these cylinders were
clear all round, with a sheet of clear glass on the top.

In order not to crowd the larvee, 1t was my practice to
transfer them, when spun up on the sticks, to wide-mouthed
Bordeaux plum-bottles of clear glass having a greenish hue,
of about the same size as the cylinders, but fitted for two-
thirds of their circumference with coloured paper inside
instead of outside, and I sometimes transferred larva direct
from the compartments of the breeding-cage to these bottles,
as pupating against glass in front of coloured paper did
not appear to me to be the same thing in effect as pupat-
g against the coloured paper. In these bottles the
coloured paper was inside, and therefore nearer the larve
than in the cylinders. The sticks in the bottles could not
be prevented from shifting as heavy larvee crawled over
them, and the larve appeared to dislike this, and to be
more restless and slower in pupating than when the sticks
were fixed.

The cylinders and bottles were placed within a few
mches of the window above referved to, or of another
window having the same aspect, but only about 4 feet
high by 3 feet wide. As the objects in both were neces-
sarily near the light, and, except m those given over to
black, light, coloured or uncoloured, was admitted all round
and by the tops, the larve in these were as a rule exposed
to much more light, both direct and reflected, than those
in the breeding-cages.

I also hined a clear glass saucer with green carrot-tops
and placed it in a second saucer with green carrot-tops,
among which some larve pupated, the surtace being covered
with a sheet of clear glass.

Most of the machaon larvee in the eylinders or bottles
spun up against the coloured sticks provided for them, but
in a few cases they spun either against the glass where it
was covered outside by coloured paper or against the clear
glass front of the cylinder or bottle. In these cases I
always classified the pupz as “orange through glass” or
as ‘“orange on glass,” the pups in the latter case being
often not near the special colour, although the larve in
moving about had probably been at times exposed to the
colour influence. If, however, these larva follow the same
laws as those of Vanessa urtice, they are only sensitive when
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at rest on the surface upon which they will afterwards
pupate. (Phil. Trans. 1887, l.¢.) Allowance must be made,
on the other hand, for the possible disturbance of larva
after they have entered the susceptible phase.

Colours of the different surroundings.

Besides these black or coloured eylinders or bottles T
had clear glass cylinders or bottles supplied with the other
objeets enumerated below for the pup: to attach themselves
to, some alsn being shut up in absolute darkness. The
result was that I obtained several classes of pupw, viz.
from—

1. Black paper («) in strong light, (4) in more or less
shade.

2. Dark sticks from old faggots or freshly-cut dark
alder.

3. Dirty white paint, being that of a breeding-cage ten
years old.

4. Darkness.

5.. Light-coloured dry stems (dead stems of Epilobtum
hirsutum).

6. Dead reeds, light brown in colour.

7. Dull green reeds.

8. Bright golden yellow oatstraw.

9. Dutch “gold,” with embossed pattern.

10. Green paper (a) in strong light, (b) in more or less
shade.

11. Green carrot-tops.

12. White paper () in strong light, (¢) in more or less
shade.

13. Yellow paper (@) in strong light, (0) in more or less
shade.

14. Yellow orange leno (@) in strong light, (6) in shady
corner.

15. Orange paper (a) in strong light, (5) in shady
corner.

Some of these had the further differences which are
indicated 1n the exhibit and deseribed in the classification
of the pupze.

T exhibit the results of all these exposures, 72 individuals.
All of these may repay study ; the details will be described
by Prof. Poulton. I could perhaps have made the Exhi-
bition Case more attractive as well as more effective for
purposes of comparison had I detached the pupz from the



Adjustment of eolowr in various pupe, ee. 381

coloured backgrounds that in most cases adhered to them;
but I thought it eminently desirable that the exhibition
should supply its own evidence, so as to enable all whosee
it to draw, independently, their own conclusions. I supple-
ment it, however, with all the other pupm obtained in the
course of my experiments. As general results it will be
enough perhaps here to say that the 16 pupe of L.
machaon on the black paper-covered sticks and on dark
natural sticks are all grey, with the exception of one,
which is yellow-green ; those that were in a strong light
are very dark; that of the 4 on carrot-tops all are
yellow-green ; that of the 9 on white paper 1 is_grey
and the other 8 all yellow-green or light grey with a
greenish tinge; that of the 6 on yellow paper 2 are
greenish-grey and the other 4 yellow-green ; and that of
the 4 on orange paper all are yellow-green.

These results seem to me clearly toprove the susceptibility
of P.machaon.

The pupz of P. machaon on the other coloured sur-
roundings employed did not give such definite results;

particulars are given in the next section.

4 RESULTS OF THE ABOVE EXPERIMENTS. (E.B.P)

The pupz were compared May 2nd, 1899.

The various conditions to which the larvae of P. machaon
were subjected will be considered in the same order as that
adopted by Mr. Merrifield on p. 380.

(1) BLACK PAPER. («) In strong light.

2 pupe, fixed to black tissue-paper, were very dark
grey (2).

1 pupa, fixed to black tissue-paper, was intermediate
between dark and light grey (2 @, b).

1 pupa, tixed to black tissue-paper, had emerged, and
was grey, probably similar to the last.

1 pupa, fixed to black net, was dead, and was grey,
probably similar to the last.

I o

(b) In foir light.

The single pupa (dead and discoloured) was fixed to
black net. It was impossible to place it with any certainty,
but the appearance suggested that it had been yellow-
green.
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() L a durk corner.

All the pupwe were fixed to the black paper.
1 pupa was very davk grey (20).
3 pupe (one dead) were grey, probably light (2 «).
1 pupa was grey, probably intermediate between dark
and light (2a, b).

[

(2) DARK STICKS (ONE MUCH LIGHTER THAN THE REST).

All the pupa were attached to the sticks.
2 pupm were dark yrey, (2 0) one very dark.
] pupa, on the hghtest bark, was light grey (2 «).
2 pupa (dead) were grey, probably light (2 «).
1 pupa (dead) and much altered, was probably the
yellow-green form (1) described by Mr. Merrifield
on p. 381

6
- (3) DIRTY WHITE PAINT.

1 pupa, fixed to the painted surface, was intermediate
between dark and light grey (7 w, b), but with
some tendency, in the possession of a greenish
tinge, towards the yellow-green form (1)

1 pupa, fixed to the painted surface, was dead and
changed in colour, but it had probably been
yellow-gireen (1).

eo!

(4) DARKNESS.

2 pupe were intermediate between dark and light
yellow-green (1 a, b).

1 pupa (dead) had altered in colour, but had been a
light form of either (1) or (2).

1 pupa was probably light yellow-green (1 @), but had
darkened, apparently preparatory to emergence.

1 pupa was intermediate between (1) and (2) and also
intermediate between dark and light (e, 0).

5

The absence of strong pigmentation, and the tendency
towards yellow-green rather than grey, were the marked
results of darkness, so far as these 5 pupz are concerned.
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(5) LIGHT-COLOURED DRY STEMS (Epilobium hirsutum).

1 pupa (dead and discoloured) was probably light grey
(2a).

1 pupa (dead, or perhaps discoloured, preparatory to
emergence) was probably a yellow-green form (1).

o

(6) DEAD, LIGHT BROWN REEDS.

Both pupa had become greatly discoloured, and one at
least was dead. The position of one was uncertain; the
other had apparently been a yellow-green form (1).

(7) DULL GREEN REEDS.

1 pupa, fixed to reed, was intermediate between darik
and light grey (2 a,b).

1 pupa, fixed to reed, was intermediate between grey
and yellow-green (1,2).

2
~ (8) OATSTRAW (BRIGHT GOLDEN YELLOW).

1 pupa, fixed to straw, was a light grey form (2 «), with
some tendency towards yellow-green.

1 pupa, fixed to straw (dead and discoloured) was of
uncertain position, but clearly it had not been
highly pigmented.

[l

(9) DUTCH “GOLD” (EMBOSSED).

—

pupa, fixed to “gold,” was intermediate between
dark and light grey (2 «,b), with a shight tendency
towards the yellow-green form (1).

pupa, fixed to “gold” (dead), was intermediate
between dark and light ycllow-green (1 a,b).

—

{1 b

(10) GREEN PAPER. () In strong light.

1 pupa was darlk yellow-green (1 5).

1 pupa was light grey (2 ).

1 pupa was dead and of uncertain position, but pro-
bably it had never been strongly pigmented.

3
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(b) In good light.

The single pupa was dead and discoloured, and its posi-
tion uncertain. 1t was obvious however that it had not
been strongly pigmented.

(¢) In fair light.

I pupa was intermediate between light yellow-green
and light grey (1, 2 a).

1 pupa (dead or emerging) was probably a yellow-
green form (1).

2

- (d) In shady corner.

1 pupa was light grey (2 ).

1 pupa was intermediate between light and dark grey
(Z2a,b).

1ol

(e) Fixed to glass near the green paper.

The single pupa was dead, and so discoloured that it
could not be placed.

Hence green paper is far less powerful than yellow or
orange paper (Nos. 13, 14, 15), or the natural green of
chlorophyll (No. 11) in the production of green pupa of
this species, thus agreeing with the results already obtained
in the case of other species (Phil. Trans. 1887, and Trans.
Ent. Soc. 1892, I ¢.). It is noteworthy that the most
shaded part of the green surface produced the strongest
tendency towards grey forms.

(I1) GREEN CARROT-TOPS.

1 pupa was intermediate between dark and light
yellow-green (1 a, 1).

3 pupe (dead or emerging) were yellow-green, probably
of the same shade as the above (1 «, b).

S

(12) WHITE PAPER. («) In strong light.

4 pupe were light yellow-green (1 a), one of them
with a tendency towards grey (2), and one very
remarkable in possessing an almost white ground.

1 pupa was intermediate between light and dark
yellow-green (1 a, D).






















































































































































