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[INTRODIUCTION,

In the inteoduction to Yol, 1 of this woik, T referred shortly to
the axtent and probable causes of variation in the Noorva, and do not
now propose to travel further in Lhe same divection, but rather to ex-
tend the view over a few particular polnts nod then dealt with.,. Thers
are, however, one or lwo suggeslions previously mentioned which have
received valuable confirmation during the last few months, and to these
I will briafly refer.

In the introduction te Yol L, pp. xv-xvi, I reforred corsorily to
disease, as being n potent factor in producing variation, penerally in a
direction tending towards melanism.  Mr. Merrifield, to whom we are
greatly indebted for some valuable expeviments relating o the influ-
ence of temperature on pape in prodocing colour vardation i the
resultant imagines, has mads further experiments this year, one of the
specics operated on baing Fanessa wilioe, T was fortunate in being
present ab the mesting of the London Entomological Socioty when
these specimens ware oxhibited, and my iden that the darkening pro-
duced in Mr. Merrifield's experiments was dus to some form of disease
recelved the fullest confirmation. The specimens cxhibited did,
ecrtainly, display s fair amonnt of variation, and (hose which had been
exposed artificially to the preatest and most continucd cold weore the
darkost, but, al tha same time, with searcely o siupls exception, were
all more or less deformed, The result of the application of artificial
eold hern becomes sell-gvident. The auspense of the vidal functivns,
al # time just previous to emergence, when they should be most active,
andoubtedly affecls injuriously the constitution of the pupa, iha re-
sulling imaginesz, if any, being deformed, ill-developed ss to scalas
structure, and may become rather paler, ov dorker according as the
retrogression naturally tends towards o paler. or dacker coloration.
The influence of excessive artificial cold, in producing variation iz now
comparatively clear. It appesrs to e entirely indireci, and simply
nots by producing a dissased condition in the poaps, and a rvesultant
imago more or less deformed. It also appears to prevent the proper
formation of pigment and hunce prodoces, as it wers, an excess of
non-pigmental soales at the expense of the normal ones.  The general
obsoleacence of characteristic culonr and muwkings, in those specios
which are essentially Aretic, i8 wow explained, as wo see thai the
vilal functions are less active and therefore not so capable of develop-

scale and pigment, In some butterilies, the resulting influence
differs from that in some moths, s the influeece of 4 natural selection "
is generally o essentially diverse in the lwo groups; and the result
of retrogression is aldo different.  As an illustestion of what T mean,
it may ba safely nssumed, that the ved-brown of pofgalbloros and the
bright red of wrtiee ave both equally developed through yellow. Toth
are almost equally aoluble ns pigments, passing through yellow to
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white, and their pigments readily bleach, although the brighter ved
of wrifer in perlnpe move rapidly soluble, showing that the greater
elaboration tends to greater solubility. Btrong ammenia dissolves
the red of wreticr very speedily. Tt results, therefore, that the
brighter colour of seties is due to o fuller, and probably more
vapid, development of the pigment in the pupal siage, and that, if the
formation in the pigment in srtées be stopped in the process of its de-
velopment from the pigment-producing material, that the less perfectly
developed colonr would resull. Furiher than this, since we must
assume that the waste product which is to form the pigment has heen
stored up in the larval stage, and simply andergnes elnboration in the
pupal etage, it follows, thatthe less high{].-' developed colonr, fe. the one
which is produced by the lenst elaboration, maost be the result in those
instances where the vilal processes are for the time heing, stopped, as i=
undonbtedly the case when the pupee ave subjected artificially, oroilier-
wise, Lo s very abnormally low feroperature, This wonld readily acconnt
for the production of the dull coloration in the ill-developed wriie
before mentioned, and the tendenvy of the dark ground colour to
occupy the space uswally filled up Ly the pigmentary structures,

That the apparent rasult will not always be the same in different
species, and that sometimes this meomplete development of pirment moy
tend to produce aduller (darker?) and sometimes a paler imagn, is readily
geen ; but, it is olear, that in all cases, sn obsolescence or tendency to
olsolescence of positive mavkings must ensue,  For example, the pig-
ment may be prodused in scules having 1 base or framework of white
or black (o, in foet, any othey colonr).  In other words, the colonr of
the seale 1s Independent of the volonr of the base,  Now, if we disselve
all the piginent from the yollow portion of the wing of Colices  edusa,
the resultant wing is white, whereas, if we dissolve the pimment of
Vienessa do, the vraultant enlonr iz black. Hewee, a rebrogression of,
or failure to develop plzment in the former, must, T think, (el to
produce dull, whitish spocimaens; the vetropressiom in the latter to
produce black epecimens with & more or less diaphanous tendeney.
The normwal golonr of the basement structure of the wing must, there-
fure, bave a congiderable influenes on the net resull.

In the same way, it veandtz that retrogression in the case of Fudessa
wrfiver ends in darkening the ground colonr, in other words, of increasing
the dark al the expense of the bright eolours of the wing, and also
trequently in the simultaneous change of the bright wetiee-red into an
approach to the duller polyedfores-rod,  On the other hand, I considaer
i-]lw black form the most highly developed pigment coloration, in o
species like Teniocampa dustabiliz. 1t has reached this form through
Lrow, red and echreous from white,  Here, then, retrogression wonld
tend to produce & pallid coloration, thereby having a diametrically
opposite tendency, in a pradual change, from what resalis in Vadessa
T

To refer to another point. In the Iatroduction to Vol i, .
xiv. I just pentioned that Lord Walsingham had suggested that any
cane ftending to lessen the proportion of chemical rays of the sun
veaching the carth in woy pacticular locality, might influence the colour
of lepidoptera.  Mr. Merrifteld, by feeding larvie under differently
colonred glasses, aud by filtering light throogh bisulphide of carbon
dee, attempiod to gel svme results in (e direction,  When giviug an
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aecount of his experiments Lo the Entomological Society of London on
Decomber 2nd last, he said his results were absolutely wed, Mr.
Poulton, who had similarly experimented on lacvm of Guophos oliscu-
rala, r equally negative resalts, This fully bears ot my
supposition when [ stated in my work on * Melanism and Melanochroism
in British Lepidoptera,” p. 30,— At present 1 am unable to seo any
connection between cause and effect in this divection,”

With regard to the eoloration of lepidopters, we now come te a most
interesting branch of our study, and, at the outset, we may clossify
the eolours under two heads,  The colours produced simply by inter-
feremeos doe., of light waves on the surface of the wings — non-pigment
oolonrs ; those produced by the light entoving the scales and being
parkly absorbed and partly velocted, the resnltant colonr being given
by the reflected porlion = pizgment colours, T Lave geen the unhappy
term * physical,” cconsionally applicd to the former class, as il both
classes be oot in reality physical colonrs. 1t i poobable that every
ghade of colonr exists in sowme inscet or other, both as a pigment and
non-pigmant eclour, nol even excluding white and black, and thag
although in almost all cazes the natural evolution of eolour has been
from white, tho rosult is frequently obseoved by the colonr being
developed in or on normably blasok scales, or in or on a seale which s
normally some other eolony than white, and where vetrogrossion in
colowr appears to travel noe towsrds white, but nndoubtedly lowards
black, and hence the cesentindly different results froquently met with,
when our pramises appear to warrant us with sxpecting at any mic a
somewhat similar result. I iz ditticult, too, at times to difiereniicte
elearly belwoan a pigmentary and non-pigmentary colour, and fransi-
tions are wery frequent in o state of nature, fe, of essentially
non-pigmeantary  aoloncad  species peesenting troces of pigmentary
development, snd it iz not ulways clear whether this shonld be loolked
upon as & prograssive or tobrogreszive development.  Dut 1 think, in
slmust every instance, 1t 1 & progressive development, when normally
non-pigmentary spocies {ov eather seales) develop piomentary matier

Pigment 15 now generally considered {o be essootially & waste
product. The excass, v otherwise, of the food may, in this way, have
soms direct action on the general coloration, especially in the shade &c.,
developed. The kind of food, =0 far as relates to its chemical com-
position, 1 believe to have but little, if any, action whatever, and this
I fully explained some time since in ¢ Melsnism and Melanochroism in
British Lepidopters,’ pp. 58461, Tt seome impossible that this should
be 8o, because the vital processes of assimilation taking place in the
larva, change the vegetable into animal tissues and thus decompose
the food into its various constituents, elaborating that required into its
own tissuss, and excreting the romainder as waste,  When we come
to consider the quality and quanticy it is different, and sn excess of
food with a conssquent excess of waste in the tissues may, and probably
does in most instances, become converted into pigmient-producing
matter. An illustration of this kind bas come under my observation,
Bowme years ago, I bred and interhred Seleads iflusirarin, and 1T must
own that | was very careless as to food (hoth quantity and quality).
The result was that the brood #van out,” becime very small, and what
should have been the richly eolonred spring brood, differed bt little
in euluration from the less highly culvured smnmer brood. 1 kuow of



