<. - New species of Brachycerus.

ExrraNation oF Prates I. & II.

PLATE 1.
Fic. 1. Brachycerus cinnamomeus.

2. ' suturalis.

3. . exTTmIUS.

4. 'y disjunctus.

5. ' capito.

6. s 0TNESSUS.

7. ' rizator.

Ta. ’ 9 rostrum.

8. sy Faustis.

8a. " ’s rostrum.

9. 9 PrEcursor.

10. ’ phlyctenoides.
PLATE II.

1. Brachycerus albicollis.

2 ' electilis.

3 " obtusus.

4, ' draco.

5. . turbatus.

6 ' gryphus.

7 9 strumosus.

8 ' METENS.
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II1. Pedigree Moth-breeding, as a means of veryfying
certain important Constants in the General Theory
of Heredity. By Francis GALTON, F.R.S.

[Read February 2nd, 1887.]

It was suggested by Mr. Merrifield, in answer to my
inquiries, that moths, especially those which breed
normally twice in the year, would be very suitable
subjects for a course of such experimental breedings as
I have long desired to establish. My object at the
present time is to obtain data for the revision and
extension of a general theory of simple heredity, on
which I have lately published memoirs,* and especially
to test that portion of it which relates to Stability of
Type. In addition to this, the experiments I propose
would elicit incidentally many interesting results, some
perhaps quite disconnected with the objects immediately
in view.

The merits of moths as subjects of experiment are
that the arrangements for breeding them in large
numbers oceupy comparatively little space, and involve
comparatively little cost; their generations succeed each
other quickly, and they undergo no change in length or
shape of wing, &e., during their brief lives, so that the
difficulties elsewhere connected with age and growth
disappear; the specimens that are used in the experi-
ments can be afterwards mounted in cases, and be
labelled and preserved for future reference.

Mr. Merrifield has very kindly offered to commence
the experiments for me, and trusts to be able to continue
them for some years. 1 lay the proposed plan before
the Entomological Society in hope of eliciting the
suggestions and help of its members before the course
of experiments is fairly begun.

#“Law of Regression,” Journ. Anthrop. Inst., 1885; * Family
leeness in Stature,” Proc. Royal Soc., 1886; Family Likeness
in Eye-Colour,” Proc. Royal Soc., 1886.
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The intention is to start from the brood of a single
pair of moths (Selenia illustraria is suggested), and to
trace the changes of some one characteristic,—say of
the wing-length,—during many successive generations,
down three parallel but contrasted lines of descent ; the
broods being reared all along out of doors, and under
healthy and perfectly identical conditions. It will be
convenient to distinguish these three lines of descent
by the letters A, M, and Z. The A line of descent is to
be produced by selecting and mating one (or more) pair
of the longest-winged males and females that are found
in the brood of the original pair. The progeny of this
selected pair I will call A1 Qut of the males and
fernales in A i. one (or more) pair of the longest-winged
will be selected. The progeny of this selected pair will
be Aii. Out of the males and females in A ii. one
(or more) pair of the longest-winged are again to be
selected ; their progeny will be A iii. This process will
be continued for, it is hoped, at least six generations,—
that is, for three years. Every moth in each of the
broods is to be preserved, and those which become the
parents of the succeeding brood are to be labelled
accordingly. It is intended to mount the moths in an
orderly series, separating the males from the females,
and severally arranging them in the order of their wing-
lengths, beginning with the longest and ending with the
shortest.

The 7 line of descent is to be produced by selecting
and mating one (or more) of the shortest-winged males
and females out of the original brood. Thelr progeny
will be Z i. Out of these a selection of one (or more)
pair of the shortest-winged males and females will be
made, whose progeny will be Z. ii., and so on as before.
Moths which are small, owing to deformity or obvious
unhealthiness, should not be selected for breeding from.

The M line of descent is to be produced by selecting
and mating one (or more) pair of medium-winged in-
dividuals out of the original brood ; their progeny will
be M i. Out of these a selection of one (or more) pair
of the medium-winged males and females will be made,
whose progeny will be M. ii., and so on as before. It
will be understood that by medium-winged 1 mean with
reference to the brood in question, and not with reference
to the original brocd. The use of the M line is to
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afford a standard whence the divergencies of the A and Z
lines in each generation can most suitably be measured.
M will be affected, together with A and Z, by all the
influences that affect the entire stock, and will therqure
exhibit in an unmixed degree the A and Z p'eoulzamtzes.
Tt will easily be understood how important it is to attend
to the requirement already laid down that the three
lines of descent should be carried on under identical
conditions. .

The broods in the M and Z lines will be mounted in
the same way as those in the A line. Therefore for
every generation there will be three compartments 1n
one or more frays, each contalning (say_roughly) 100
moths, and, as there are two generations in a year, the
result of each year's breeding will be to fill six com-
partments.

After the sixth generation or thereabouts has been
reached in each of the three lines of descent, 1t 18
further desired to proceed conversely, by .breedmg
from medium specimens in each of the three lines, and
again from medium specimens of their several broods,
and so on until all trace of the A and 7 peculiarities
shall have disappeared from their respective descendants.

I have spoken of one or more pairs, because the moths
do not emerge simultaneously, and yet they must be
paired soon after they emerge. The ideal pair in the A
line would be the very longest-winged male and the very
longest-winged female of the entire brood, and in the
7 line the very shortest-winged. In practice we must
be content with an approximation to this. Two or three
separate matings will have to be made between the
most suitable of the brood at the time when they
require to be paired, but the eggs that are to be pre-
served and reared will be those of only one or two of
the most suitable of the trial pairs. The produce of
different pairs ought not to be mixed.

There will be little difficulty about the M pairings, as
mediocrities are numerous.

The wing-length is the characteristic with which it is
at present proposed to deal, as being more definite and
easily measured than others. A similar treatment
might be adopted in respect to other characteristics,
such as the area of the wing, or the area of the patch
of colour in the wings of such moths as may possess it.
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A would in this case symbolise large areas, and Z small
ones. Or the subject of experiment might be the depth
of the general tint. Or, again, it might be the greater
or less acuteness of the angle of the wing. Any variable
characteristic that exists in both sexes and in all
individuals can be treated in this way.

As there is no difficulty in treating the two sexes on
equal terms in statistical inquiries by first transmuting
all female measurements to their male equivalents [in
human stature this is effected by adding one-twelfth or
thereabouts; I use the multiplies of 1-08], so probably
the different broods of dimorphous moths may be
rendered comparable in the same way, and it may be
found unnecessary in Selenia illustraria to confine the
comparisons between spring-brood and spring-broods,
and between autumn-brood and autumn-broods respec-
tively. Thus the advantage of double-broodness, in
giving two steps a year instead of one, will probably
not be lost by experimenting on a dimorphous species.

Measurement.—The wing-length is to be measured
from the root of the wing to its tip (that is, from a to B

in the fig.). ahasto be estimated from

¢ the run of the upper and lower mar-
» ging, and can be determined with fair
o /~ precision. B is very well-defined in a

— normal wing. Should, however, the tip
be injured, the measurement is to be made from 4 to ¢,
and stated accordingly. Again, if both B and ¢ are
injured, measure from a to o, and state so.

In performing the measurement with a pair of com-
passes (or other scale) it is necessary to bring the points
very close to the moth, else a slight change in the posi-
tion of the eye will give discordant readings; and if the
eye is not moved at all the readings will be sensibly too
small. A magnifying-glassis desirable. TFor measuring
living but sluggish moths, I have contrived a pair of
compasses that work well and quickly when making
the ordinary measurements, and which carry a magni-
fying-glass. 1 will not, however, now give a drawing of
it, because I want to assure myself of the handiest form
of the instrument before doing so. Its principle is this.
Imagine a pair of fine-pointed scissors with very long
arms,—say five times as long as the blades; the points
of the blades represent the compass-points. At the end
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of one of the arms a scale is pivotted ; its free end runs
over a pin at the end of the other arm. As the distance
between the pivot and the pin is always five times that
between the compass-points, the scale is five times the
natural size, and can be read off easily to half milli-
metres, the pin acting as index. In using these
compasses the forefinger slightly presses the scale
against both the arm on which its free end rests and the
pin over which it runs. When the compass is satis-
factorily adjusted an increased pressure 1s sufficient to
clamp the scale, and it can then be read off. I have
also tried the glasses from one of the tubes of an opera-
glass, with & lengthened interval between them, so as to
form a microscope of very long focus, say 18 in. This
was fixed on a light rod that carried a m1111met}'e scale,
set across its free end at a trifle less than 18 in. from
the object-glass. On approaching the scale to within
half an inch of any small object, that object and the
scale are both in fair focus at once, and they are
sufficiently far from the eye to render the error of which
I spoke of little or no importance.

For the accurate measurement of dead moths I have
a much better instrument under construction, in which
T use & small microscope with cross wires in the short
limb of a pentagraph, and use the long limb both for
setting the microscope and for reading off the measure-
ments.

The details of the whole procedure are settled thus
far only provisionally, as it is reasonable to hope that
much has yet to be gained from the past experience of
others, and more by the earlier stages of the experiments
themselves, so far as they are new to experience. I
have considerable hopes that many persons may feel
disposed to work with me, for I am sure it will be
accepted as an obvious truth by all, whether they may
interest themselves in the technical explanations that
follow these remarks or not, that sets of broods of
pedigree moths, all of whose direct ancestors, male and
female, and all of whose uncles and aunts, great upcles
and great aunts, and so on for at least six generations,
are preserved in convenient trays for reiterated study,
would form a collection of first-class importance for
hereditary investigation. )

It would be well if in each case of experiment more
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than one stock could be reared, descended from the sam
original pair of moths, but in different places, in grdei
that the male and female pups may be occasionally
interchanged and the moths cross bred, by which the
evils of too close interbreeding would be diminished. 1
sincerely hope that any practical entomologist who may
be disposed to further these experiments will communi-

cate with me at 42, Rutland
with Mr. Merrifield. and Gate, London, S.W., or

APPENDIX.
ON THE PROPOSED METHOD OF DEALING WITH THE OBSERVATIONS.
After the results of the experiments have been obtained they

“iﬂl be treated by me in somewhat the same minute and technical
way that the data I now possess were treated in the memoirs

I

3

4

already Areferred to. It may perhaps be well to give here a brief
and partial account of the gniding principles.
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‘When we represent the wing-length of every specimen in & large
brood by a corresponding vertical line, and arrange these lines in
an orderly manner according to their lengths, and at equal
distances apart upon an horizontal base, we shall obtain a figure
like that shown in fig. 1. Here, however, only some twenty
vertical lines have been drawn, sufficient to indicate whatis meant.
Tt is not necessary to make & larger or more minute drawing for the
sake of mere explanation. The variability of wing-length, as indi-
cated by the difference between the lengths of the longer and shorter
lines, has been purposely exaggerated to make the meaning of the
figures more clear.

In fig. 2 these upright lines had been enclosed within 2 dotted
boundary whose vertical sides should lie at an interval of one-half
space before the first and beyond the last of the lines respectively,
and whose upper portion is a smooth curve drawn with a free
hand, touching the tops of the vertical lines; then the vertical
lines are supposed to have been rubbed out, and only the contour
or “scheme” to remain. This scheme contains, in a most com-
pact form, the measurement of every individual in a brood, or in
a population however large. A dotted vertical line, or ordinate, M,
is drawn to the curve from a point that bisects the base, and
horizontal line is drawn through the point O in the curve where
this ordinate, which is the * median » of the curve, meets it. The
median is practically the same a8 the average, and it is clear from
the construction that its value is quite independent both of the
width of the scheme and of the number of individuals to which the
scheme refers, so long a8 they are fairly numerous. The hori-
zontal line A O B is the “axis” of the curve; it divides it into
symmetrical halves. In fig. 3 the nearer half of the axis AO is
itself bisected, and an ordinate Q is drawn to the curve from
the point of bisection. Q is what T call the * Quartile” of the
curve.

In fig. 4, M and Q are all that remain, and they are all that we
are mathematically concerned with, When they and the interval
between them are given the whole of the scheme can be calcu-
lated; but the interval between them is unimportant for the
objects in view. 1t does not in the least maitter on what horizontal
gcale the scheme is drawn, as the values of Q M and other
ordinates at different fractional divisions of the axis are inde-
pendent of the horizontal extension. Q and M are the only values
in which we are interested, and it is with these that T work.

Tt has been abundantly shown by many, from Quetelet onwards,
and all my own many statistical inquiries confirm the view, that
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gléeﬁncilg\;ez 1};1 the above ﬁgul:e* is, or at least tends to be, of as
o : c ar?,cter as an ellipse or any other familiar curve; that
e?lil_a y a,dm1ts. of mathematical definition, and that it possesses
f(f(;t 1ta.,r .prop.ertle.s of its own that are of the highest importance
o da.r ;::;cal mglmrers.. Just as an infinite variety of ellipses may
oo Srawx a;:l e ;,x.ls A B, differing from one another in their
Prsension 2 vte- and below A B, but otherwise preserving the well-
nows g} portion of an -el_hpse; 50 may an infinite variety of
s @ a:o:;nal 'va/rw.bzlzty be drawn on the axis A B, differing
pom o8 other only in thfa amount of their extension above or
W 1t, as measured conveniently by the length of Q. They will

all mamta.'ln the Broportions shown in the table below, which refers
t(-)t hthe mlfidle nine-tenths of the curve. The twentieth part at
:(1) ber d(;n_d 1s sure to become irregular. O A is supposed in the Table
o Aeﬁt ;Bie.dtlﬁlto 50 parts, t.he division at O counting as 0°, and that
b ot X d,m‘ en,f when Q is f,a.k‘en eql‘la,l to 100 units, the several
ordiaates wn from the principal divisions on the axis are of

engths shown in the table. For any other value of Q all

the tabular values must i i i
o a0 st be changed in uniform proportion to the

Division. | Length of Ordinate.
0 0
10 38
20 78
Q 25 100
30 125
40 190
45 244
50 indefinite

.As the curve is symmetrical the same measurements apply t
either ha.lf of it, but in the one half they are made from tl?p vxis
upwards, in the other half they are made downwards. oo

I'f the curve derived from a series of measurements of
variable characteristic is found on trial to conform fairly well a']g
these. proportions, it may be assumed that the characteristi . in
q1.1est.10n vary ‘“normally,” that is to say, according to the rcs Ln
::flseldclli.wsfof d;:;flance, which specify the relative frequency of e:li);;

uck o erent lengths. Again, in so far -
normally, all the properties of thegla.ws of norrf?ail :zri;lz?gn :;?;g

justly be assigned to them. It was b
. tl
my deductions were made. ¥ the uee of these laws that

ha; ’i}l}gtge]rrvzia;?iuﬁaélal‘{i;lsedbll)l{ t})ese writers is of another kindﬂand
o , o .
T egnife or all that it is the basis of the
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I have exhibited to this Society, as an example of the law of
variability, a row of about 100 pods of sweet peas, the produce or
brood of a single plant, which I had arranged edgeways, like the
vertical lines in fig. 1. Their outline expresses very distinctly the
peculiar shape of the curve of variability.

The object of preserving the entire brood of moths is to obtain
careful after-measurements from which to deduce the values of
M and of Q in each case. When this is done we shall be able to
deal with each group in its entirety, and to submit it to mathe-
matical treatment.

The data I have hitherto used in my inquiries were rarely
derived from more than three generations, but the condition of
statistical constancy in the peculiarities of a population, of which
I will again speak, enabled me fo extend their scope. They
sufficed in this way to lead to many interesting, though perhaps
only approximative, results. One is that each parent contributes,

on the average, one quarter of the total hereditary peculiarities of
the child, each grandparent one-sixteenth, and so on. In other
words, that the two parents together contribute one-half, the four
grandparents a quarter, the eight great-grandparents one-eighth,
and so on, the whole heritage being thus accounted for. But when
none of the progenitors besides the two parents are known, their
implied peculiarities must be taken into acecount. They admit of
being calculated, and have to be allowed for in the form of an
inerease to the hereditary contributions of the parents. It is
found that each parent should in that case be held to contribute
one-third; the difference between one-third and one-quarter (or
one-twelfth) being the amount of the implied heritages. It is,
however, highly probable from other considerations that, though
this simple formula may be closely true for the parents, and
nearly true for the grandparents, it may become sensibly and
increasingly different for remoter progenitors. It is this that I
want to investigate, chiefly through inquiries into Regression.
Moreover, all theory concerning the cause and character of Stability
of Type, and of much else of high interest in any general view of
Heredity, must be based upon the facts of Regression, which such
experiments as those proposed can alone, 0 far as I see, be likely
to declare in a trustworthy way.

The laws of simple heredity, as I made them out, involve only
five constants. These admit of being separately determined, and
they are at the same time connected by an equation that serves to
verify their observed values. The equation depends on the fact
alluded to, that successive generations of the same population
yield identical biological statistics, although each family, or brood,
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is full of variations, and although the “median” of each charscteristic
in each brood is on the average always more mediocre than the
corresponding characteristic in the mean of the two parents. The
first of these events, fraternal variability,” increases the variability
of the population as a whole, and the latter event, which I call
“‘ Regression,” decreases it; the two can be shown to counter-
balance each other, and give rise to a position of stable equilibrium.
The five constants are (1), the Median of the race; (2), the Quartile
of the race; (8), the Quartile of the broods of the same parents,
i.e., brothers or sisters; (4), the Quartile of broods of a large
number of like parents, mixed together in a single group ; (5), the
coefficient of Regression. The laws in which these constants play
a part give calculated results that prove to be closely true to
observation in the ordinary cases of simple heredity, where there
has been no long-continued selection, but it does not at all follow
that they will hold true for the descendants of a long succession of
widely divergent barents. It is this that I want to test. The
point towards which Regression tends cannot, as the history of
Evolution shows, be really fixed. Then the vexed question arises
whether it varies slowly or by abrupt changes, coincident with
changes of organic equilibrium which may be transmitted here.
ditarily ; in other words, with small or large changes of type.
Moreover, the values of the Quartile in (8) and (4) cannot  be
strictly constant, and are probably connected in part with the
value of the median, and require a modified treatment by using
the geometrical law of error instead of the arithmetical one (Proc.
Royal Soc., 1879). Again, the diminution both of fertility and of
vitality that accompany wide divergence from racial mediocrity
have yet to be measured, by comparing the A and % broods with

the M broods. It was assumed not to vary in the approximative
theory of which I spoke.

f
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actical suggestions and enquiries as to the me
- P7¢[)L; zﬂiediggg Selenia illustraria for the purpose of
obtaining data for Mr. Galton. By FrEDERIC

MERRIFIELD.
[Read February 2nd, 1887.]

i cessary for the purpose of these experiments
11'.5 gsil:gg 11111()3 ina ]:iealthy state nearly all the 1nd11\;1dgals
in every successive brood, instead of merely to % .taltn aE
fair number of cabinet specimens,—the usual object o
larva-breeders,—more than usual care will be neciisa.ry
to avoid dwarfing and casualties. No a,pqlogy,1 qlle(i
fore, is offered for submitting the following getalc’ec
suggestions,—the result of answers kindly gn.'exth 0
many enquiries,—while at the same time further
information is invited. )
mf‘(S)’zlr:lcatg?z of Species.—The species chosen should b(?
variable in size and easy to rear, pair, and n}llea,sureé
and regularly double-brooded species haxf.e t e ggt'aa,d
advantage of reducing by one-half the period 1eq1}nﬁ
for bringing the experiments to an end. After tu y
weighing objections, the writer has determined to lry a
species of which he has considerable kno“jledg‘ei.Se_ enia
illustraria (the Purple Thorn), adding to his I'>1e~l1lm1na},.r31
experience by practising on the common ;S.lzbunaaud,
which appears a month earlier. Oth?l‘ double-broo ﬁ
species are recommended, viz., the Ephyras (especially
E. pendularia), Drepana falcula, and the Closteras ; amo_lig
single-brooded moths some of the common 'a,nd deﬁ:)t'
bred Bombyces, especially Hypogymna dispar, an ; a
variable, interesting, and easily reared Geﬁ)mglg,
Angerona prunaria. Those who can get O‘I'elilt e di t
culty of pairing which the butterflies genera yfp(liesend
would probably find the common a,niila l;3laés1ly ed an

-br d Pieris brassice very su -

dOIIl’lD 112 }r);gzﬁeto be desired that the same species should
be taken up by more than one observer, as in this way
the accidental failure of a brood may be guarded against,

TRANS. ENT. SOC. LOND. 1887.—PART I. (APRIL.)
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and provision may be made for oceasional cr i
to promote the vigour of the breed. Observ(éig ]loiﬁildl?g
countries where there is a large choice of double-broogded
uflsects, especially where the climate is such as to admit
% ghree or four broods a year, have great advantages
nder such conditions probably some of the silk-
pl(AduC}ng Bombyces would be favourable subjects.
theop‘mtffflor{a the bearing of the experiments on the
th tlly ) ; eredity to be elucidated, they can hardly fail
to irow light on many problems in evolution, such as
ose which have been investigated by Prof. Weismann
afs well as to furnish facts of interest in the life-histor ,
of the Insects chosen for experiment;—such as th}e,
%Oﬁoportlon of males and females, and the order in which
ey appear; the time of the day or night when the
emerge from pupa; the time when they are most activz
1on‘dthe wing, or in feeding as larve; the number of eggs
laid ; the duration of life in the several staces: the
influence of temperature, moisture, and food-pl;nt & ;
—facts many of which have a general interest for
sggﬁggoglsts, lzlut which are rarely recorded with
eness an X 7
ca,l;inet e e accuracy by those who only breed for
_ Attention is called to the importance, whatever i
1;, chosen, of starting with a healthy original Slsjf?occl:]is
upe freshly dug or obtained from larve found wild or
eggs from moths caught wild, are preferable, as there
ge;:.d tbe no apprehension that they are suffering under
of gc 8 ingsnder.ed by feeding under artificial conditions
o t% in (;361 ieechng. In any case the origin or history
shoul? E ock with which the experiments are begun
sho d be known. A supply from a foreign country
bts‘ not appear to be objectionable, if the species
obtained there is known to have the ordinary appear-
an’%ﬁl,eswe‘,t and‘ﬁali)its of the native specimens. P
vhe writer will be greatly obliged to any ent i
?a'\'lng had practical experiencegin the regringogoiglg’;:’
071 any suggestions tending to ensure success in t-he’a
e%{{emments determined on. He would be particularly
i)onlged by answers to the following enquiries:—How
bm%dcsarll‘esslll)celzt?‘lggls gs tlhe :ﬁS’elinias, spring and summer
- ely, be kept alive and quiet
f}im this besﬁ be d_one ? Can any better plgn be’ siggeélt%g
an that of subjecting them to cold and darkness, and

" should, all through its life, be subjected,
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enquiries as to breeding Selenia tllustraria.

what lowness of temperature will they bear without
injury ? Are the Selenias ever found feeding on flowers,
or are they known to feed in confinement ? Are the pupe
killed or injured by severe frosts? — Please address
replies to 24, Vernon Terrace, Brighton.

APPENDIX.
General Treatment.—For the success of these experiments it
seems very important to observe the principle that the insect
as far as possible, to the

natural conditions in which it exists, while protected from its

natural enemnies and from casualties. For example, 8. illustraria,
state of nature, lives in a much cooler, moister, and fresher
4 in-doors; its food-plant is exposed to
leaves are

in a
air than it does when bre
similar influences, to a much stronger light, and its
never in a flagging condition. On the other hand, the wild insect
is subject to the depredations of birds, mice, earwigs, beetles, ants,
ichneumon flies, and other predaceous and parasitic insects; and
is exposed to injury by storms. These considerations point to the
following precautions.

Larve.—TFeed the larve, when practicable, on growing trees out
of doors, confining them by * sleeves " of the material that most
readily admits light and air, but is close enough to keep in the
larve and exclude insect enemies ; muslin, leno, and calico have
been recommended for the purpose. This mode of out-door feeding
saves some trouble, but does not dispense with frequent super-
vision, especially in rough weather. The sleeves should be
frequently examined; enails and slugs will sometimes eat holes
in them. Shelter may be necessary in stormy weather ; for this
reason, dwarf trees and trees in pots are advantageous. In town
gardens a fencing of wire-netting is o
against larger animals. The sleeve should be opened frequently to
» and shift the larve to fresh quarters, and
folds in which the larve may get entangled should be avoided.
When they are nearly full grown it may be expedient to remove
them to a breeding-cage. The larve of S. illustraria seem to
move about in the latter part of the afternoor, but not in general
to feed till night. They should not be crowded.

Until the larvee are so large that they cannot crawl through the
interstices of the sleeve they may either be fed on a potted tree
in-doors, or, perhaps more safely, in a glass-cylinder, such as is
deseribed in books on larva-breeding (Rev. J. Green’s ‘Insect
Hunter's Companion,’ Dr. Knaggs’ articles in the early volumes of

the * Entomologist’s Monthly Magazine,” &c.), or in ajar. A simple

remove the * frass

ften necessary as a protection

et
i
i
[
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and handy one is a jam-pot, with the edge ground down smooth
and covered with a piece of very fine muslin, held in place by an
elastic-band, and having a piece of plate-glass laid over the top, and
occasionally shifted aside for ventilation, and to prevent the formation
of drops of water in which the larvee may drown. Though the pupz
is described as subterranean, it generally spins up between leaves.
If growing trees are not available, the larve should be reared in
a breeding-cage, standing in a cool airy place out of doors, well
supplied with food standing in water-bottles, the necks tightly
stuffed with moss, &. The cage should have a thorough draught,
and for the sake of the healthiness of the food-plant it is recom-
mended that the top at least should be of glass. There may be an
inch of fine light earth covered with a layer of moss, often renewed.
All moss and earth should be baked to kill enemies. S.<llustraria
will eat birch, oak, ash, hawthorn, sallow, and alder, but the young
larve sometimes will not take to all of these, therefore it may be
expedient to try them with more than one, and when they are
found to thrive on it they should be kept to it. Itis stated to be
best to cut their food from the same tree and the same side of it.
With the precautions suggested, and a very frequent renewal
of the food-plant, it is believed that the larve may be brought
up in out-door breeding-cages almost as successfully as by
tgleeving” them on growing trees. An occasional moistening
of the food with soft water from a scent-spray is useful, especially
if the breeding-cage is in an airy situation and the airis dry; but
in this case particular care should be taken to remove the layer of
moss with the frass and dead leaves collected on it, and at the first
symptom of mould or mildew the process should be stopped. All
the broods (long-, medium-, and short-winged) should be given the
same food-plant and treated in the same way.

Pupe.—As to the pupe, it is believed the best way is to keep
them out of doors, sheltered from rain, and laid in their slight
cocoons on earth covered with moss, and prevented from drying up
by placing the box containing them in a situation which will cause
the earth to be slightly moist at bottom, or, if this eannot be
arranged, by occasional watering with soft water from a scent-spray.
Though these pupz are generally found naturally in dry situations,
they are there continually exposed to more or less moist air, and
are in the winter rarely removed more than an inch or two from
moist earth ; and it has been found that if the leaves in which they
are spun up become quite dry, the moth has a difficulty in coming
out. The pupez should be oceasionally looked at, and a watch kept
for insect enemies, including the larvee of the Tinex. It would be
prudent to protect them against severe frost.
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Moths.—Double-brooded moths are very apt to be influenced as
to the time of their appearance by temperature. In an unusually
warm season if kept out of doors, and in an ordinary season if kept
in-doors, some of the moths will sometimes come out, or the cater-
pillars will spin up too soon, and the moths from them may come
out as a third brood. Conversely, if the temperature be very low
some of the larvae of the spring brood will feed up very slowly, and
some of the pup= go over to another year, instead of comin.fbI out as
a second brood. Any risk of this kind can generally be obviated by
moderate watchfulness, and by moving the insects to a cooler or
warmer situation, in or out of doors, as may be best.. In the South
of England S. illustraria should appear from the m%ddle or latter
part of April through May, and the second brood (its pupa-stage
lasting only two or three weeks) in August; any material departure
from these dates that may actually appear, or be threatened by the
rapid or slow progress of the larvee, should be counteracted by
shifting to cooler or warmer quarters.

Two pairs of each of the sizes (largest-, medium-, and smallest-
winged), will probably be enough to produce the required number
of eggs, and allow for casualties. After these pairs have been
selected and have mated, the rest of the brood should be killed, set,
and arranged in a drawer or store-box, according to size, the malc.as
and females separately; the breeding pairs, when they have laid
their eggs, being set and put in their proper places with the rest,
but labelled. Each successive brood will of course be kept separate
from all the others. To ensure mating, the pair should be placed
in a round bag of muslin, &e., over a fresh spray of the food-plan.t.
A rather warm and moist air seems most conducive to activity in
the winged state. )

To keep moths long in a living state they should be in a moist
air, and have access to honey diluted with water, best supplied by
soaking little pieces of sponge in it. A single female of §. illustraria
may lay 100 eggs or upwards. The female is apt to scatter her
eggs over the bag if left in it; if transferred to a jam-pot and
supplied with crumpled paper, she will probably lay in the creases,
which can then be cut out and attached to the food-plant as the
hatching period approaches. As it is necessary to preserve all, or
nearly all, of a brood of 50 or 100 moths in an unpaired but healthy
and vigorous condition till the whole brood is out,—a period which,
under ordinary circumstances, may last several weeks, especially
with the spring brood,—provision should be made beforehand for
this purpose. The males and females should be separated in the
pupa-stage (in all the species named they can easily be diseriminated
liy the different appearance of the antennse, alded by the different
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size of the abdomen). As soon as the first moth emerges the
remaining pupz should—without being exposed to a high tem-
perature or to sunshine—Dbe placed in a warm room, and the moths,
as they emerge, be placed in a cool moist place, and there be kept
in absolute darkness. A refrigerator, or a zinc cover constructed
on the evaporating butter-cooler principle, may possibly have to be
used here. For convenience in removing the moths without exciting
them or injuring their claws, it seems best to place each pupa in a
separate chip-box, having a black net lid. This is the course which
the writer intends to follow. The moths can be roughly sorted by
the eye, but for the sake of greater accuracy a pair of compasses
should be used. (See the remarks on these in Mr. Galton’s paper.)
If the species to be measured is small or lively, it may be necessary
to temporarily stupify it by placing it under a glass with a few
drops of chloroform on blotting-paper.

g

( 8 )

V. Description of a new species of Synchloé from Kilima-
njaro. By PHIiLP Crowrey, F.L.S., F.Z.8., &e.

|Read February 2nd, 1887.]

Prate III.

Amone some butterflies Mr. Watkins submitted to me
the other day, received by him from Mr. J. M.
Johnston, and collected by his brother Mr. H. H.
Johnston during his visit to Kilimanjaro, I found a new
species, which I propose to describe under the name of
Synchloé Johnstonii. It is very nearly allied to Synchloé
hellica, but differs from it in both sexes in having the
wings more pointed at the apex, and in the costal
margin of the fore wings being longer; the black on the
apical area covers rather a larger space, and the four
white spots in it are more definite. The marginal
black spots in the hind wings of the male are larger
than in S. hellica, and the spot near the inner
margin of the fore wings in the female is only repre-
sented by a few blackish scales. The male type is in
my own collection; the female in that of the Natural
History Museum, which also contains a male. HExpanse
of wing, 19 to 2°0.

In the accompanying plate (No. II1.) are represented
the male, female, and under side of Synchloé Johnstonit,
and also the upper and under side of the male of

S. hellica for comparison.

TxpraxaTion oF Prate IIL.

Fic. 1. Synchloé Johnstonit, male.
2. " . female.
) . under side of male.
hellica, male.
under side of male.
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V. Report of Progress in Pedigree Moth-breeding to Dec.
Tth, 1887, with observations on some incidental
points. By FREDERIC MerririeLp, F.E.S.

[Read December Tth, 1887.]

Prate V.

It will rest with Mr. Francis Galton to describe at the
proper time and place the results of the experiments in
pedigree moth-breeding which I have commenced for
him, if they should be carried to a successful conclusion ;
but in the meantime I am encouraged by him to write a
gort of report of the progress hitherto made, and T think
it is- possible that the facts already observed may throw
light on some points that are frequently subjects of
inquiry and discussion in entomological and other
periodicals. There are many of these points on which
1 have noted facts that may hereafter prove useful ; but
there are not many on which the observations made have
been carried far enough to justify me in occupying the
Society with them, and as to these I bring them forward
partly in the hope of receiving suggestions from investi-
gators qualified to offer them by scientific training and
alle}ngthened experience, to neither of which I have any
claim.

Having obtained an abundant supply of S. illunaria
(bilunaria of the ‘Entomologist’ list) much earlier than
of S. illustraria (tetralunaria of that list), I was led to
try more experiments with the former than I had at first
intended. I determined, in particular, to try the effect
of forcing, partly in the hope that if success attended
these efforts the period necessary to obtain pedigree
results would be much shortened, and partly because
I thought it would be interesting to know the effect that
would be produced by forcing a rapid succession of short
generations on an insect which in the natural state has
in temperate climates only two generations, one covering
four or five months mostly warm, the other seven or
eight months mostly cold, each of these naturally
alternating broods presenting such differences in size,
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colour, depth of hue, and, it is alleged, form, that until
one was bred from the other the two were considered
distinet species.

In describing my experience with the several groups
successively experimented on I begin with those brought
up under conditions most nearly resembling natural ones,
as they will afford a convenient standard of comparison
with such as were reared under more artificial circum-
stances. I therefore commence with those illunaria
which were ““sleeved ” on growing trees. I am inclined
to think that—except in the favourable circumstance
that they were more effectually protected from enemies—
the sleeved larve differed so little in their surroundings
from wild-bred ones that they may be taken as fairly
representative of the latter. I should, however, mention
that there was one period of their lives during which
nearly all the sleeved insects were subjected to a higher
temperature than the natural one. In order to bring the
moths out as closely together in point of time as possible,
when the first moth appeared, the remaining pups were
at once put into the forcing-box. I am not sure that this
was necessary, especially with the summer brood of
moths, for my experiments lead me to think that healthy
individuals of this species, if kept in the dark, will live
for ten days and more in summer, and for two or three
weeks or more in colder weather, without any impairment
of their functions, and only in rare instances will flutter
so as to damage the tips of their wings enough to prevent
convenient measurement.

Some preliminary explanations are necessary as fo
general freatment, and as to the sense in which I have
used various expressions. My reason for being a little
particular in these explanations is that any value such
experiments as I am describing may possess depends
entirely on a knowledge of the conditions under which
they were tried. I have not knowingly burdened the
narration with any statements, except such as seem to
have some bearing or possible bearing on the results
obtained. By “eggs,” unless otherwise specified, I mean
Sertile eggs; and by the expression “fertile,” as applied
to the Selenias, I mean such as turn red, though many
that go through the red stage and even the black one,
which indicates that the young dark-skinned larva has
been fully formed, often fail to hatch. As to the expressions
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17 periods, 1 must explain that I

found it impossible to observe, except on a,.'few %z%?sle(ﬁz,
the actual date of pupation which, barring e Bu{’:
takes place inside a leaf carefully sewn.foofge bselzvation
with the daily or almost daily, however bl}ﬁe , 0 servabor
1 was able to give, it was easy to see pret wa}f, e
larva began to spin up, and consequently a

1d1 i 1 and the

1 dividing line between the larva
that glme ?Lsdthe Ing)un(% on several occasions, when 'ghe
pupal periods. o nine

iod as thus defined lasted but eight O
3252 : t%algnl(;rv: remained in an unchanged condition for

d more. ) ‘
tW(I)nda;:();; ?;co]r:ﬁ 1 have found it expedient to note the

” ; (3. ey
i «pearly all” had, as larve, spul up
}1;221(1)1(} :z)hig do), or,y as moths, hland emergf;ll,lyb?;z\glgg
5 per cent., more or 1ess, gene a
%%I}?iil({l tl(l)z res%), from weakness of cons’u’gu’lnilotri1 eI 1;%;1;321’;
think. . Excluding these laggards, 1 th%n o
individuals of a brood were mostly to be ount o g
in point of time near to those that were 1or%g5es g'l feocing
ap, and consequently in emerging. Abou dpthem o
tlrl)é loss in my larvee‘afterbl had _fi)rsg i(c))ug:;ualties et
batching may, 1 think, be ascrl e_d Sa e
i d or snipped or aceidentally 19
aargﬁzn%usg; e\fvife in all cases taken out of their cocoons

and placed each in a separate'c_hip bo
k net, ¢
]loilda,c ;rom which its top had previo

stood on wire trays in cra ; ‘
Ergeesreg:é»;szre moved to crates kept dark by zinc covers

i e

standing in the cool room described later, r;)%eiu;gﬂiln
indow, almost always kept open, the sexes ing iy
:veparaté crates. 1 generally found the mofnhosr}leig ey
illunaria, “out’” when 1 came into the ro LI
the wer’e kept, about 7.80 or 8 a.m., but s‘c_>m ,tge -
20 yto 40 per cent., “&‘Oﬁlld cgm; voelgr d;l;;ltg differencé

: . ere 1 ' re;
{)?foxezsger? fitl(le:m(?ril()t.rgnd illustraria in the resting position.

The former rests with wings folded closely together over

its back, as butterflies do. Illustraria, on 'the other hand,

L lo
rests with the anterior edges of its fore ng?lat an Ia;lrilgc N
of 60° or so to each other, the wings bemglathzzgdomen
curved and the folds in them very wavy, amtc1 © A At
brought into line with them, so that the

“]arval” and ‘‘pupa
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somewhat the appearance of a curled leaf with the con-
cave side upwards. It would be interesting to know the
position in which the other English species of the genus,
viz., S. lunaria, rests. At first I fed the moths from
little pieces of sponge dipped in very thin syrup, but I
gave this up, as it seemed to promote mouldiness, and I
do not think the moths lived any the longer for it. I never
saw them feed, but had little time for watching them.
When ‘““nearly all” the moths had emerged they were
measured on their under sides, the wings being folded
together over their backs. The length of the fore wing
was measured from its tip or extreme anterior point
(8 in Mr. Galton’s figure, ante, p. 22). The other or
shoulder extremity is not so easily ascertained or
described, and at first the search for it gave me some
difficulty ; but after a certain amount of practice I found
that when a strong light fell obliquely along the wing in
the direction from the tip towards the shoulder, it
brought out a little dark transverse crease, in some
cases shortened almost to a point, between the root of
the hind wing (which, viewed from the under side, of
course overlies the fore wing) and the body, and this
crease I made my other terminus, taking the precaution
of always laying the insect to be measured in the same
position. This was done by fastening on the surface of
a sheet of cork two strips of the same at about five-eighths
of an inch apart, so as to leave a shallow flat groove of
that width between them, and laying the moth on its
side In this groove, a thin wedge of wood sheathed with
zinc being pushed along the groove so as to support the
wings, especially their outer edges, and the wings being
held down with the usual cork setting-bristle. A pair of
screw-compasses was then taken, one leg fixed on the
zine at the tip of the fore wing that lies uppermost, the
other leg adjusted to the crease by turning the screw,
and the length was marked off on a millimetre scale.
The habit of the Selenias to bend their wings backwards
when at rest facilitated the task, but I found chloroform
indispensable ; applied in the form of vapour by a few
drops on Dblotting-paper under a bell-glass just long
enough to produce insensibility, it did not seem to hurt the
insects in any way. The use of a pair of spectacles strong
enough to bring my eyes to see clearly at five or six
inches distance from the object was sufficient to enable
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iudge, to estimate differences amounting fo the
:zg%gsolf J: dxiillimetre, and I do not think all S(?il:n:cesf 0;
error taken together vs;ox;lld much exi?fif?egxialln s;sgred
illimetre. It ‘was not, however, un :
glllylhsleeved illunaria on the 22nd July that I ftttal-rlliz(i
to this amount of accuracy, and therefore mjy te.e'u per
measurements must be taken as only appromm% eflould
I think the general results are not far wrongc.1 8 v
add that the “ crease” cannot always be found, 1L1s1€631(:1 thz,
where the moth is very hairy; experience wil 1€ he
observer where it should be, and if the szlL)me pzle n
always measures, not much addition need be maf £
the percentage of error on account of the absence ol e
“crease.”” All measurements are of one Wn(n{g Obri y’the
that the ‘‘expansion of wings” would bfz Ouv'gf,h e
measurement given, plus about 3'5 mim. for thg V:ll n o
the body between the wings at the pom"c I{er.asmte' e
“ gxpansion of wings,” however, measurec 1011111 blp boulz
of a moth set in the English fashion, would (13 &,'
1 mm. less than double the expansion of th"a smdg e wing,
owing to the inclination downwards and forwar s, vired
After the moths had been measured, they W?leﬁpa,mes
off in eylindrical musiin bétgs5 kefgezgegla;g ;Zgl;:pt ames,
each about 8 or 9 inches by 5; s, except whore
otherwise stated, were kept on a shelf outside he Wi
facing W.N.W., and protected from eavy
(r);i?rbl ?Ofnfioqullj:lﬁere th% moths laid their eggs, gferlldelally
scattered over the muslin, and preferably in % f%u ¥
gave up inserting sprigs of the food-plant, as found
they rarely took any notice of them. Thbe e}g);gs,d whie
will bear rough handling, were detached by han y
f a knife, &ec.
th%}égsf];%]l the facts recorded are from my qwnhperii)lrrlgé
observation, as I did not leave home for more t 13an ‘da ¢
or four days at a time, except during the l%z{stf gnt be};
of September and less than a week at the end o (z 0 x)
and on these occasions I had an efficient locum tenens,
who had acted as my assistant at other times. i
I have a more or less full record in most cases o u e
number of eggs laid, the number hatched, the n?mthgi
of moths that pupated and of moths of eapllhge?l :
emerged, with dates and measurements, all of w 10' mh{
be useful for reference before the experiments are broug
to a close, and which will, I hope, be dealt with by
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Mr. Gal .
o i ;G)(;.];),eio {m as they bear on his studies in heredit
observed er %yopose only to give a réswmé of fac{s.
those who aro ient 1?:'ferent. br'oods, for the information of
Al e o axe elested in investigations of this nature
T have brought ;th een preserved, and are labelled an(i
broode. . Jhomi g me some specimens of the vai‘ious
onaria Tl ed seen th@t in the case of the forced
Conerations ?;h ad to do with as many as five successi
or “brood " I r ekyem; In speaking of a “generatiog’%
this sonos T havechon it as beginning with the egg; in
i Speonse L ba ve had to do with the first generation onl
that the Su’cCnged, stage. It is proper to remembe}lt
more rapid thass;on of broods would have been still
ns soapic U 1?&3 has been had I paired off the motllls
making o select a couple; the delay necessary for
hod g lon added about a week of time th e
7 dage larva,exlpﬁeneﬁce of the following peri.od's—;We
2 days, total 83 dan pupa 8 days, pairing and la igg
be possiblo o runaaj,ys; and I am satisfied that it w%’ul(gi
i 135 days, generation through from egg to egg
exhibit a diagram,* i i
obserrati gram,* which will be a gui
descriptgt)oxis tIl;athfollow, and will save m%gilded;?aiglelg
ronred and mar]ss og]s the connection of all the broods
ogg, lurva, and s the extreme duration of life in th
NI frox’n o %311111{35% hilzdt }I;heﬁduration of life in thg
selection was made for breed?ngrﬁogpe?[‘lﬁg El%i%sthe
. 80

selected generally li
were killed and P}liesle‘;evdedf.rom 7 to 14 days; the others

TeE
188 WE:PEaRSH\;ﬁNT?. wITH S. 1LLuNAriA.—The spring of
backny o Nm.ll remember, a singularly cold H Od
o pone. 0 tlunaria were taken for me till laérgh
A rom two females taken near Bright
oot ]findland 2nd May respectively b 1\%[ (Xl C.
R it S
e ox : ew For y
eggshz:j;h.of é%olrcr)lcken_hurst. They ?ali?tf?gmMil'SCt}éaﬁlg;
e i te_.olt the eggs laid by them were used
or brelimi fouy~ rials.  There were 271 left. I di doc
r batches into three, and mix.ing toévzied
, , mi> ether

O - by . o
ne thu“du fiormveach 7ba.tch, obtained three lots of 90, 90

 See Plate V.
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and 91 eggs for sleeving, bottling, and forcing re-
spectively.

s—DPreliminary. — The eggs were
oung birch-trees not exceeding

Though the trees were only
in so good & condition

SLEEVED ILLUNARL
placed in sleeves on
three feet in height.

planted last December they were
for moving, and were SO carefully removed, that the

summer foliage seemed scarcely checked by the opera-
tion. My back garden, in which they were planted, is &
cool one, shaded by a tall house on the E.S.E., and by
a wall of five to six feet along the q.9.W. side, and the
trees were mostly planted very near this wall. At mid-
summer they received no sunlight except between 10.30
and 1.30, and during most of this interval it was
partial. These retarding conditions were perhaps sonie-
what counteracted by the protection afforded by the
sleeve from wind and from all but heavy rain. The
sleeves were made of * Victoria lawn,” kept from
collapsing by three split cane-rings sewn in. There
can be no doubt that sleeviny is the least troublesome
way of feeding larve that require no eartl ; the only
trouble I have found is in shifting them while young
from one sleeve to another, but any loss in the process
was .prevented by spreading & slit newspaper on the
round below. My provision of growing leaves being
small, I frequently gupplemented it with fresh-cut twigs
of Lirch, willow, or occasionally rose, dropped into the
gleeve. Both illunaria and illustraria are very accom-
modating feeders ; they will eat most forest-trees and
shrubs, including brambles, and will also eal evergreen
honeysuckle (L. Lrachypoda), the variegated Japan
honeysuckle, and the smail-leaved evergreen Cotoneaster;
e survived a diet of ivy.

Mine seemed to prefer willow to everything else. When
to like the leaves that wexe

autumn came they appeared
beginning to turn yellow as much as those that were
still quite green. In the autumn my supply of growing

foliage became exhausted, and, when the larve had
mostly entered on their last skins, 1 moved them 1nto
breeding-cages : these had glass tops and ends, and
finely perforated zine sides, and the food in them stood
in bottles of water. Little as the ventilation was

found that in the dry weather, of which we had so much
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last summer and autumn, the food in them dried up
very rapidly, and I provided the sides with coverings of
varnished paper. The effect of these was that water
usually stood in drops about the glass inside and some-
times ran down the sides, but the larve seemed none
the worse for this. The dwarf sleeved trees were pro-
tected from birds, &c., by a cylinder of %-in. wire-
netting, with a hinged top of the same, and from slugs
by an outer ring made of a strip of perforated zine 6 in.
wide, any slugs within the ring being caught by greased
cabbage-leaves. When my first sleeved brood was
reared I put the eggs in the sleeve to hatch, but I after-
wards adopted the plan of hatching them indoors, and
putting the young larve in the sleeve when a few days
old. T judged it best not to erowd together young larve
of different ages; I am not sure the larger ones do not
under such circumstances sometimes eat the little ones.
By the time they have chauged their second skins no
naturally solitary larve can be more tolerant towards
one another. Having made these explanations, I will
shortly describe what happened to each successive brood,
referring also to the tabular statement appended.
Second generation (first summer brood). — From the
90 eggs I reared 34 male and 23 female moths, together
57, none of them being cripples. The eggs were rather
more than three weeks hatching; the larval period
averaged 88 days; the pupal period of the first moth
that emerged was 18 days. The pupz were forced from
the time the first moth appeared—15th July—and the
last came out 25th July. May and the early part of
June were very cold and dry. I paired off 9 couples,
7 of which laid fertile eggs. I'bred from the largest pair
(A) a medium-sized pair (M) and the smallest pair (7).
Third generation (A1, M 1, Z 1).—These eggs hatched
in 7 or 8 days; the larve averaged 50 to 60 days in
feeding up. I have obtained from them the following
pup®, now passing the winter out-of-doors, of A1, 101 ;
of M1, 64; of Z1, 60. As the sleeved food was in
danger of falling short, on the 18th September, when a
few were beginning to spin up, I transferred the larve
from the sleeves to breeding-cages; and on the 15th
October these breeding-cages were brought indoors to
hurry on the remaining larve before their food-supply
should fail. ~ All were in pupa by the 25th October.

R e e R
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BorTLED InLuNaRria.—Second generation.—These were
brought up on cut food in Bordeaux plum bottles, cogmlqg
with muslin, plate-glass being laid over the top an .Sle
away when the moisture inside the glass was (}-}lxciss%vai
The 90 eggs were three weeks in hatching; t g ary :
period averaged 80 or 31 days, the pupal 14 a}_ys.les
bred 81 males and 82 females, together 63 ; no c(ilpp s-
They were distinctly larger than the sleeveh ;nees
When the larve were about half-grown (on 18t une
I transferred half of them to an outdoor breedmg-dcag‘ é
The only difference I found in the moths so t1‘rea,te lviva,r
that they were about two days later, and weler_siin(l)a, ﬁlé
viv., the male averaged 17-60 instead of 17°70, o
females 19-00 instead of 19:50. The weather Wal&?tt.le
warm most of the time that there could have bﬁen ‘ lbut
difference in temperature between the two batches ; but
it was very dry weather out-of-doors, while tnil;h'unl-
bottles a moist atmosphere prevailed. I did not think
it necessary to continue this brood.

ForceD ILLUNARIA.— Preliminary.—The If01,',cmg i),():éela's
were two, their inside dimensions about 2 4" by e lé
and 2" in depth. They were of wood, with glazte_1 t'l(n
set on a shght inclination forwards, and vlen ];a,ttmm
capable of being closed, anq were warmed at t 14(3) ) hoa,d
by a zinc cistern, under which was a gas-jet. A ne sad
glass also in front and partially f‘t the oel}l_; Sh e
temperature was generally from 70° to 80 la r., S
occasionally (more especially when the; sun sxonejﬁ oo
the room in the afternoon) it rose to 90°, and some 1.1153.
at night it fell to 60°. In the summer it was ger;@lmt l y
some 15° higher than the air of the room. U;hl o 1e
larvse were about half-grown, and sometimes bl ?1}1;,
had spun up, the forced larve were brought up on ¢
food in bottles, or else in glass cylinders ha,\llln'g a,}c
sloping sheet of muslin at the bottom, with a ho elmllf
for the neck of a bottle containing food. When hali-
grown they were generally transferred to breedmg-cige‘z
placed in the forcing-box ; in both gases_tlle atmosp ?ll
was quite a moist one. The foreing did not begin 1;}11
28th May, when the eggs laid by the wild-bred moths
were on the point of hatching. ol 95

Second generation.—From the 91 eggs I reare ‘
male and 33 female moths, together 58: no (:'zrlpples.
K
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The hatching (not forced) lasted about 3 weeks, the
larval period 18 or 20 days, the pupal 8 or 10 days.
The moths were larger than the sleeved ones, but not so
large as those that were bottled. On 8rd July I paired
off two of the largest (A), 5 of medium size (M), and
2 of the smallest size (Z); and from all of these, except
one M and one Z, I had fertile eggs, which I bred from
as follows :—

Third generation (eggs not placed in the forcing-box
till earliest of them about to hatch).—The 8 broods did
not vary much in their rate of progress—the M’s were
2 or 3 days behind the A’s, the Z’s 2 or 8 days later
still : the larval and pupal periods together were about
the same as in the second generation. From 205 A 1
eggs I bred 68 male and 61 female moths, together 129,
six cripples; from 115 M 1 eggs, 35 males and 53 females,
together 88, one cripple; from 107 Z 1 eggs, 16 male
and 14 female moths, together 30, 8 of them cripples,
and two so weakly that they died before they could be
paired : many of the Z 1’s died as larve. The A 1's
comprised the largest I had yet bred; Idid not average
them : the M 1’s (averaged by taking every alfernate
one of each sex in the order of emergence) were slightly
larger than the average of the preceding generation :
the Z 1’s considerably smaller. I paired off 4 of the
largest couples among the A’s, 4 average couples of the
M’s, and 10 couples of the Z’s. None of the A’s or Z’s
laid a fertile egg: 8 out of the 4 M’s laid fertile eggs,
and from one of these pairs, paired 16th August, I had
210 eggs, which I bred from as follows :(—

Fourth generation, M 2.—These were not only slower,
but straggled more in their feeding up and emergence
than the earlier forced generations had done. The first
spun up 28rd September; by 8th October nearly half
had done so; and on the 1st November all had done so
except two, which soon after died. Many larve died in
pupating, and a few before. I have some reason to
think this was owing to their having been made too
Lot at one time. The first moth appeared 2nd October ;
by the 8rd November 60 were out, and on the 7th the
last appeared; but 3 or 4 are still in pupa, one or two
of them certainly heing alive. 36 are males and 25
females; 8 were cripples, and 8 more died hefore they
were paived off.  The hatching occupied about 10 daye
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(eggs not in the foreing-box ill the first eggs were about
to hatch), the larval period ranged from 26 to about 59
days; the pupal period seems to have been about 12
days. After the early alarm they were kept rather
cooler than the preceding forced generation had been,
as, with the advent of cooler weather, I found it ghfﬁcult
to keep up a high temperature without making the
bottorn of the forcing-box very hot. The average size
had again.risen on that of the preceding generation.
On 23rd October I paired off 6 couples, keeping them
in the forcing-box, and 4 of them were fertile. The
largest pair laid 170 eggs (called M 2, A 1), the medium-
sized 210 (called M 8), the smallest 80 (called M 2, Z 1).

Fifth generation.—About 86 of the first, 169 of the
second, and only 24 of the third hatched. The numbers
are now about 82, 151, and 21 respectively. I am
feeding them up on rose and evergreen honeysuckle,
and the most forward are nearly full-grown, as will be
seen by the living specimens I exhibit. I have made an
improvement in my forcing-box, 0 that I can keep up a
more equable temperature without danger of roasting
those which are near the cistern, and I keep it at about
70° to 80°.

TLruNaRIA.—General results.—Without venturing any
opinion on many of the questions suggested by an
examination of the facts above detailed, until more
facts have been accumulated, I may advert to a few of
them. It seems to be established that S. dlunaria
forces well, and there is evidence that the average size
of forced specimens is larger than that of the insects
reared on growing trees, and tends for a time to increase
from generation to generation, notwithstanding close
interbreeding. I am not satisfied that the fertility has
been diminished by the process of fprcmg R bx_lt it d_oes at
present appear as if extremes in size, especially in the
direction of smallness, have a tendency to be sterile,
and I think it prudent to select the breeding pairs from
some point quite short of either extremity in the scale
of size There is another fact established as to the
summer broods of illunaria,—-all of which that I have
reared, T need hardly say, are in appearance of the
summer type, Julioria,—viz., that, in accordance with
the usual” rule with the Geometre inhabiting this
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country, the female on the average is larger than the
male, and decidedly so. This will appear clearly by the
tabular statement I refer to. My own personal expe-
rience, which is confirmed by trustworthy information
I have lately received from several quarters, is that in
the spring brood the case is reversed, so that the male is
decidedly the larger; at all events, 1t seems certain that
the spring female has no excess of size approaching to
what she shows in the summer brood. In this conuection
I venture to call attention to the following points :(—(1),
of 272 Geometre described in Stainton’s ‘ Manual,” only
16 are recorded as appearing in the five months from
November to March; (2), illunaria in its spring emer-
gence is one of them; i3), of the remaining 15, 9 have
apterous or quasi-apterous females (there being only
two other apterous females among the 272, and these
two appear in April and Octoher respectively); 4y
another of the 15 (H. pennaria) bas the wings of the
female strikingly smaller than those of the male. Is 1t
possible that the relative size of the femalein the spring
emergence of illunaria is a step towards the condition of
apterousness, or, it may be, a remnant of it? So
far as I have had means of judging, dllustraria and
lunaria do not show such a difference between the sexes
according to the season of emergence, but their spring
broods are much later than those of allunarie, which
(unless Tephrosia laricaria (biundularia), another of the
16, of which I know but little, resembles it in this
respect), is unique among double-brooded English
Geometre in producing its early brood in a winter
month.

S. ILLUSTRARIA. — Mr. Barrett kindly sent me eggs
from a female taken in Norfolk in May, and Mr. Gulliver,
of Brockenhurst, supplied me with some larve beaten
in the New Forest. From these two sources I bred
9 males and 12 females, and, though the variety in size
was not very great, I selected a large (A), medium (M),
and small (Z) pair, the eggs from which I sleeved ; and
from them I have three batches of hybernating pupz,
viz.,, A 116, M 103, and Z 78. 1 reared several mixed
broods in the forcing box, with some remarkable results,
which 1 hope to follow up.
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Coxcruping REMaRks.—1 shall be very glad if the ac-
count I have given of the experiments with the Selemas(i
and of the ease with which they can be bred, shoul
lead others better qualified than I am to take up the
subject ; and I shall be glad to supply eggs of any race
bred. The remarkable changes which the larve undergo
in appearance, attitude, and habits, 80 well (_les.cnb_ed by
Mr. Poulton ; the perfection to which the imitation Ot
jagged twigs lias been developed n them ; the.grela
variation in size of individual moths, especially in the
spring brood, and In shape; the richness and variable-
ness of shading and colour 1 the wings, and tl.xezr
unusual positions when at rest, apart from other points
to which I have already called attention, make them &
very remarkable group, and they ought to havIe an
interesting family history. The experiments dan}G
trying with illunaria and illustraria will leave abun lar_l
scope for other investigators who may d1}°ect their
attention to these two species, and a very 111.terest,1.nigl
species, S. lunara, remains. Tephrosia laricara, wh}c
is stated to resemble illunaria in having an early spring
and summer emergence, and in the smaller size arll)d
different appearance of the latter brood, w.ould .aflso g
an interesting species to work up. Asto illunaria ant
Cillustraria, may 1 suggest that pl.‘actmal entom_ologlss,
would be promoting the investigation by preserving ?n.).
specimens they may meet with next spring, or @ ‘ali
sample of them, for comparison w;th the nurpbiisb
expect to bred? 1 ghould be particularly oblige L ?71
being afforded any opportunity of seeing, and, if judge
expedient, breeding from, specimens of either species

from Scotland or Scandinavia, where they are stated to'

be single-brooded, or from Ireland, Wales, or Central or

Southern Europe.

‘Note as to Measurement.—1 find it is practlc:able,
without piercing the insect, to measure the expansion of
wings of the chloroformed insect by setting it tem-
porarily, with cork setting-bristles, on & Hat settlr-lg-
board covered with paper ruled in square 'mlllemehes,
and after trial I recommend this mode demdedly as the
more safe and certain in its results. The tips of the
fore wings should be as widely sepzu‘at_ed as possible, s0
that the front edges of these wings will be nearly n a
straieht hine.)
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TABULAR STATEMENT OF FERTILE EGGS LAID, AND MOTHS
REARED, WITH MEASUREMENTS.

MOTHS. Larval
Eces. & pt}p; !
Largest.| Smallest. | Diff. | Average. pBrlo :
ays.
First Generation.
WiLp.
3 1 20-20*
Q 4 22-40 18-10 4-30 20-20
5 00 |
Second Generation.
SLEEVED.
3 34 18:70 16-70 2-00 17-35
? 23 20°30 16-30 4-00 18-24
90 57 | 160 | 40 | -89 51
BorTLED.
a8 31 18:70 16-60 2:10 ' 17-65
Q 32 20-70 1810 2:60 | 19-26
90 63 2-00 150 | |76l | 45
Forcep.
a8 25 19:00 15:90 310 17-54
Q 33 20-80 17-90 2-90 1395
91 | 58 | 1-80 200 | |14 30
Third Generation.
Forcep., Al
3 68 19-60
Q 61 21-10
228 129 1-50 30
Forcep. M 1.
ks 35 , 17-88
& 53 19-20
115 88 | ] 1-32 32
Forcep. Z1.
g 16 16-90 15-40 1-50 16:15
Q 14 18-30 15 60 70 l 17-57
107 30 1-40 | 20 | | 1:42 34
Fourth Generation.
ForceEp. M2.
3 35 19-80 17-00 2.80 1841
? 26 20-90 18-20 270 19-40
210 | 61 | 1-10 1:20 99 | 52

* Average of five males taken in spring, 21-50; of five females then
tg.ken, 19-90; difference in favour of male, 1'60. In all the later genera-
tions the difference is '89 to 161 in favour of female.

Exrranarion oF Prate V.
The explanation of this Plate will be found at p. 128.
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VI. Life-histories of Rhopalocera from the Australian
region. By Gervase F. MarHEW, Staff-Pay-
master, R.N., F.L.S., F.Z.8., &e.

[Read December 7th, 1887.]

Prate VI

Dunine a period of more than three years spent in
cruising off the coasts of Australia and New Zealand,
and amongst the islands of the Western Pacific, I
devoted as much of my leisure time as I was able to in
collecting Lepidoptera, and working out, to the best of
my ability, the life-histories of such Rhopalocera as it
was my good fortune to obtain the larve of. In doing
this there were many obstacles to contend with, such as
the constant change of locality, the shortness of our
stay at the different places visited, and the difficulty of
preserving fresh, for any length of time, the various food-
plants for the sustenance of the larve.

For many years I have taken the liveliest interest in
rearing Lepidoptera from the egg or larva, and noting
the habits of the different species in a state of nature,
and have often regretted, when perusing descriptive
works on exotic butterflies, that so little has been
written concerning their earlier stages, or so little said
as to the general habits, localities, times of appearance,
&e., of the species described. If, when practicable,
such information were furnished, the books would be
infinitely more valuable; and would, I feel convinced,
t_end to attract many more to the study of these charm-
Ing creatures.

Melanitis leda, Linn.

I.n Australia, T have met with this species at Cooktown,
Brisbane, and Thursday Island, and Mr. Masters in-
forms me that he has taken it near Sydney. It pro-
bably occurs, in suitable places, in all tropical parts of
Australia. In the Western Pacific T observed it at Fiji,
TRANS. ENT. 50C. LOND. 1888.—PaRT 1. (MARCH).




