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I, Intrcduction.

Studies upon the developrent of color and color pattern
in ingects have been undertaken for two purposes, firect, to dc;'
termine tho origin of the pigment-forming material and the pro-
cesses which change it into the adul: colors; and second, to
observe the changen, if nny, which tako place in the férm of
the color areas themselves, bringing about their transforma-
tion into the adult color patterna.

Whereever studies of thls character have boen made upon
the pupal wings of Lepidoptera, the obgservations have been al-
most entirely confined to the Yacrolepidoptera. The Micro-
lepidoptera, which are a more primitive group, and thorgfore
may be expected to give more direct evidence of the stebs in
the evolution of the color pattern; have been almost neglected,.
Wiithin this group, abundant and excellent material for such
a study is afforded by the specles of the genus Lithocollbtis.i’

he observations upon the dé&olopment of color in the
wings of Lithocolletis, prceentsd in this paper, were made with
the object of ascertaining the primitive color pattern.

It is a pleasure to express my-approciation to Dr. U. F;

Guyer for Lin wmany helpful suggestions durlng my work.
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TI. Historical.

Tower ('06) hassunmarized thé general results of re~
pearches upon the development of colors in pupal wings as
followa: |

"The ctudics upon the origin of color in the winés of
Lopidoptera have chown that there is a regulnr order of dovel-
opment, not only of colors, but also of the afoas in which
spots and stripes appear. The wings, which are colorless
at first, become op&que,‘yellowish or light drab, beginning
first near the base,of the wing and spreading distalward. .
Soon spots, stripes, and adult markings appear, at first prox-
imad, then more and more distad, then between the norvules,
and, last of all, upon the nervules. First the purely pip-
mental colors dovelop, and tliess are followed by the chemieco-
physical."

The principal roscarches have been those by Schiffer ('€9
van Bemmolen ('89), Urech ('91), Haase (’éé), Mayor ('96), and
rnost recently by won Linden ('98,'02). The principal work of
the firat three authorc wus upon Vanessa and Pyrameis,.
van Bemmelen ('89) has shown that the first color to appear
in Pyrameis cardui is a pale brownish yellow whilch deepeﬁs to
the reddish brown ground color; wupon this ground color the

~ black apots appear. The development of the color in Vanessa

urticae follows very nuch the same scquence, an pointed outl

A,
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hy both Van Remnelen and Uroch. Urech ('91) has shown that in
Vanessa io, the adult spots and colors appear directly upon the
primitive vhite of'the pupal wing; that 1a, the ysllow appears
over a rostricted area of the wing; following this a reddinh
tinge appears, which, over another pcrtlon of the wing gradu-
ally deepens to the reddish brown ground color; later, thea
adult bhlack npots develop ddrectly upon the primitive white
wihg; gore at least of the white apots of tho adult reprosedt‘
the primitive white of the pupal wing. In Van Bemmelen's
opinion, a considerable amount of modification takes place in
the wings after the flrst apprearance of color, so that thq
adult design may differ considerably frorm that firat laid
down. Urech's {!91) view is directly opposed to this; ac-
cording to him, the different color areas are definitely laid
down from the beglrining, and are therefore older phylogensti-
cally than the particular colors of the adult wing. He there-
fore regards color as the important factor in determining phy-
logonotic position -- "die Farbe iat das Prirmliire, dio Zeich- .
nung, das Secundiire”.

Haase ('6%) worked upon éevsral apecien of Papilio
and found that the wings are transparent or>colorlbss, later
beconing, whitish;' this white then givea,ﬁay to a yellowish
ground color upon which the adult colors begin to appear,’underf
going conaiderable developrment before reaching their dofinitivé:
adult conditlion.

© By
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Mayer (‘96) traces the dovelopment of the acaleg from
nmodified hypodermis cells, the"formative ceils of the scales",
from their first appearance as blunt outgrowths Crom these cells
until they are fully formed and pigmented. In addition to con-
firming the conclusions of previous investigators as to the
sequence in the appearance of coloré, Mayer hag shown that
"the transparent condition of the wings corrasponda to the per-’
iod befors the ascales arec formed, and to the time whon they are
5till completoly full of protoplasn. The white condition in
caused by tho withdrawal of the protoplasm from thescales,
leaving then as little hollow bags filled with air. In this
condition they diffract the light and appear pure'white."

"After tho protoplasnm has conpletely ﬁithdrawn_from
the scales, the 'blood' or haemolymph of the pupa enters then,
and soon after thias, the wing becomos of a uhiform dull yellow
or light drul. color, This color is due to the fact that soon
after the haemolynmph has entéred the scales 1t changes to u
Jull oshre-yellow, and finally to a drab color. Tho sane
change takes place in haemolymph which hao been removed from
the pupa and eoxposed to the ailr. The nature colors are due
to chemical changes in the haemolymph itself. They first
appear in places bepween the nervures, never upon the nefvuros
thomselves. The last places to acquire the maturo coloration
‘are the outer and costal edges of the wings and the norvuroé,ﬁ-%?:

"bull ochre—yéllow and drabs are, phylogenetically

6.
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speaking, the oldest pigmental colors in the Lepidoptera; for
these are the colors that are assumed by the hasmolymph upon
mere oxposure to air, The more briliant pigmental colors, such
as bright yellows,'rcds, greens, etc., are derived by moro coﬁ—
plex chonical processes. We find that dull ochre-yellows andv
drabs are at the present day the prevalent colors among the

less differentiated nocturnal noths. The diurﬁal forms of
ﬁepidoptera have almost a monopoly of the brilliant colorations,
but even in these diurnal forms one finds that Aull yollow or
drab colors are agtill quite common upon those parts of their
wings that are hidden from view."

The most recent researches upon the subject of devel-
opment of color in the pupal wingo of Lepidoptera are those of
von Linden ('99, '02). The results of her investigations
are cmbodied in two papers, the firét being practically in-
cluded in the second. Her obsorvations lead to the con-
clusion that the adult color:rpattern develops from a numter
of separate transverasoe bands which diaspone themselves upon
a uniform ground color in a manner characteristic of edch
species. A distinction is thus made between ground color
and that forming the color pattsrn. These transverse bgndé
(longitudinal according to Eimer's view) occupy definite pog-
itions upon the wing determined by the course of the nervures

and tracheas. This is the condition found among Papilios

T
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- Vanessas, Sphingids, the higher Bombycids and even among some
£ the Geometrids., These larger bands are formed by tho
broadening out and fuéion of narrower bands ("bandelettes
primairec") preserved only among more primitivq formsa. On
the one hand, the bands may fuse to form a uniform color; on
the othér,tbhey may break up into a seriea of spots, which become
smaller as the ground color encroaches upon them, The hindwing
is arrested at a point less advanced than the forevwing; this,
~ combined with'tho?greater tendency toward fusion of the banda
which is in fact duo to the modifisd form of‘the hindwing,
creates the erroneous inmprescion that the hindwing is more
advanced than the forowing.
The author claims that her results support the laws
which Eimer has promulgated for species difforentiation based
upon a study of adult coloration.

"I1 est donc avident que _les lois que Eimer a trouvéoa

en étudinnt la phvlogenese du dessin das Lépidoptérea psuvant

atre admipés point pour point pour .1'ontopensse."

"Mes‘renerchos preuvent'donc que les déssin des
Papillons ne parait pas.soudain;ment, # # # # que les phases
que ce dessin parcourt pendant son developpemont ontogéhé%ique,
sont analogues aux phasen quoc le deasin de 1'ecp$ce du Pépillon
a du parcourlr pendant nén developpement phylogénétique, que le
loi qui gouverne la biogenéae est aussl confirmee par ce pro-

oédé, qui s'accorplit pendant la métamorphone do 1'insocte,

.8‘
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ot qu'en fin les théorien de Eimer sont solidement fondées,
quand il dit que chaque animal ne peut varier que dans peu de
directions determinees par les influences du dehors ot par sa
propre constitution, et que 1'espece se forme par génépistaae."
Recapitulation is howe?ar'only partial and confined to
primitive forms:
“Les phénoménes de 1la phylogen%se se produlsent le
plus clairement dans le developpement du desoin chez 1les formes

les plus primitivesn. Chez lea groupes les pluag advances, ces

phénoménes sont masqués par 1l'intervention de. la tachygenése .
| qui montre sa plus grande influence dana le\developpement des
ailes inforicures.”

With regard to the succesaion of colors upon the wing
thesame author finds that it is only in the primitive forms
that the scales forming the dark markings pass through the
intermediate shades of yellow to reach their final gray or
black condition; 1in the highser forms they remain uncolored
until the scales forming the ground color reach their full
dovelopmaht, later passing directly from the colorless stage
into gray or black. " The color appears first at the tip of
the scales, spreading gradually. to the base.  Scales which
aro destined to acquire their pipgment later are not fully
formed when the scales of the rround color attain the adult
form and color. Therefore, color may be taken as a mecasure

of the degree of development of a scale. -

9.
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III. Methods and Observations.

a. Methods,

In the study of‘tha development of color in the wings
of Lithocolletis, specimens of the summer genorations were
used for observation. No overwintering pupachave been Ob-
sefved. In the surmmer generations, the average Auration of
the pupal state is about a week; 1t may be as short as four
or five days.

The chrysallds were removed from the mines shortly af-
ter pupation and kept under careful observation. For somne
tinme no change in the brown color of the pupa 1s to tre observed,
then two faintly darker brown spots, corresponding in position
with the eyes of the imago, become viasible through the pupal
envalope.. These spots rapidly turn black, and very short-
ly after, the wings, which up to this time have appeared trans-
parent through their thin chitinous envelope, begin to lose
their transparency. This marks the beginning of tho white
stapge. A day or two lator the yellow colors begin to appeaf
‘upon the wing. The chief difficulty in the atudy lies in
securing a éuitable series of these earliest stages, as the
colors are very faint at this period, and numerous dissections
are often required before the necessary matorial can bé ob=
tained. In later atagea, the markings are visible througp

the pupal envelope, and a choice of specimens can be made

10.
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with relative accuracy.

The dissections were made in (6% NaCl solution under
a slimple dissecting microscope of moderate power, by means of
fine needles set in match-sticks, One neodle is inserted
through the abdomen and held rigid; another through the
middle of'tho upper side of the thorax. The second neeodle
is then drawn forward, tearing apart the pupal envelope and
carrying with it the anterior part of the thorax with wings at-
tached. The structure of the pupa with separate qnvelopea for
wings and legs in the lower Microlepidoptera renders this method
of proceedure highly successful. The thorax may now be torn
apart, allowing the wings to float out flat. With a 1little
experience, it is possible to fomovo the wings in this manner
without the displacement of either gcales or cilia. The wings
thus removed from the pupa, vary in length from 1.5 to 2 mm,,
being theroefore about one-half the length of the lmaginal
wings.

The wings were examined with a sinmple lens to deter-
mine the general extent of the colorarocas. For the more
accurate obaer&ation of the positions and limits of pigmented
areas, and individual scales pigmented, i have used a compound
microscope, 16 mm. ob)ective, 4x eyepiece, giving a magnifi—‘
cation of 60 diameters. - The obsmervations wers made almost
entirely by reflected light, and under a cover glass. In

the early atages, where the colors are very faint, I have

11.
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found black paper, as suggested by von Linden, very useful for
a background. Somewhat later, a purs white background is ad-

“ vantageous'in the detection of the first appearanco of grayish
tints,

All of the winrg were examined in .6% KaCl solution,
ehorﬁly after removal from the pupa. Observations made thus
are vdatly more satisfactory than when permanent mounts are
empldyed. A number of the wings were however tranafoerred to
ababluté alcohol between pieces of glass to prevent curling,
and after about aﬁ hour embedded in Venotian turpentine made

. as fglgws: |
| QommerciaixVenico turpentine is mixed in a tall cylinder
glass with an equal volume of 95% alcohol, The mixture is
allowed to stand in a warm place for three or four WGeke and then
-decanted. f
The mounting medium thus prepared is thin enough to
flow edsily and not displace the delicate cilia. However, the
attendant darke?ing of the colors is a disadvantage in compaf-
- ing with adult specimens.

I have found it poseible to preserve all except the
earllest ntages-without the usoe of a rounting fluid, if the.
slide contairning the wing under a cover glass is 1mmeraed<1n
absolﬁto alcohol for a short period. Later the cover glansg

may be closely appfessed and fantened down around its edgesn.

Both forewings in each specimen were examined; the
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two sets of observations thuas serving as a check on one an-
other, In the following deacriptions reference is made to

the forewings only. The hindwings are practically unicolorous,
usually paler than the forewings, and reach their final develop;
ment somewhat in advance of the forewings. Their developrent
ylelds noé new facts, merely confirning the results of earlier

investigators upon the sequence of colors.

13+
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b. Observations on the\Developmeht of Color in the Pupal Wings.
Two factors were taken into consideration in doterﬁininn
the choice of species to be studied, namely, the general type
of adult marking, and the presence of certain characters such
as athical apot or dark marginings adj)acent to white streaks
" or fasciae. The objJect of the resecarch is two-fold, (1) to
determine, if possible, the primitive or fundamental color
pattern and its mode of transformation into the adult pattern,
(2) to determine the relative time of appecarance and manner of
development of thé various dark rarkings, the characters réferred
to above.
' Thé evidence furnished by the dévelopment of color in the
pupal wings taken in conjunctien with a comparative study of the
adult markings (to“be presented elsewhere) has convinced me .
that the primiﬁivo color pattern is‘componed of a serios of
uniformly colored pale yellow bands, seven in number, placed
tranaversely on the wing and separated from one another by
whito fascine (unpigmented areas) (Fig. 1). These bands are:
typically straight, and, with the oxception of the first,
cross the wing almost perpendicular to the margins. The
bands when presont in their prinitive condition, have cer@nin
defined positions. Their hypothetical typical poeitions are
11lustrated by Fig. 1. In what follows it will be noticed
thatithere is a definite relation 6f bands to velns.. Band-I_:

‘occupies ihe extrenmo base of the wing, beginning at the base

14, -
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of the dorsum and broadening on the costa; the white streoak
which sepnrates it from Band I1 passes obliquely from the base
of tho dorsum toward the costa, lylng over the point of origin
of the tubular portion of the lower medlnn véin. Band II
crosnes the wing on the basal side of vein 125 the positlon
of the white fascia which separates it from Band III geens
to be determinod rather by the point of origin of the tubular
portion of the upper median vein than by the tip of vein 12,
as this —rein ofton oxtends considerably beyond the origin of
the upper median vein without causing a corresponding broaden-
ing distally of the ascond band. It sometimes happens that
vein 12 is unurually short and then the white fascia lies over
its tip and over the origin of the uppor median veln, Cn
,the conta, tho inner border of Band III lies Just beoyond the
origin of the upper median, and on tho dorsum, the outer bof-
dor extonds almost to tho tip of vein 1h. Band IV cronses
beyond fha tip of vein 1r, and lies over the bases of veinna
11 and 2, its outer border being Just within the tibs of velns
11 and 2. Band V on the costa is placed between veins 11 and 9,
on the termén between veins 2 and 6 and lies over the trans-
verse_vein. Band VI is placed between veins 9 and 7 on ppo
costa and beyond vein 6 on the termen. Where, as is the case
- in the immediaste ancesatral genus, three veins are glven off

to the termen, the white fascia separating Bands VI and VII

lies over the tip of the third of these on the termen, and

15,
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over vein 7 on the costa. Band VII crosses tho apex of the
wing. Thus it will be seen that the position of the hrands
is largoly determined by the position of the longitudinal
nervures, the tips of the veins marking the extremities of
the unpigmented fasciae separating the bands. In no case
in the adult, has this pattern been preserved 1in its original
primitive condition as seven diatinct transverse bands; fusions
either partlal or entire have'taken rlace between two or rore
adjacent bands. Displacements have also occurred, due to a
shrinking away’of color from one side of a white interspace
and its extension over the white on the othor side. Finally,
some of the bands may have shrunk away almost entirely.

\ The following is a list of tho species 16 which the
development of the pattern has been traced from the first ap-

pearance of color to the adult markings:

Lithocolletis tiliacella Chamn. species in which two or
" tritaenianella Cham. | more of the bands have
been prenerved almont in
their primitive condition

as respects position and

shapo.

16.
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Lithocolletis crataegella Clen. species in which changes
" ostryaefoliella Clem) in shape or position or

" lucidicostella Clem. | both and more or less com-

" morrisella Fitch plete fusions of some of

" hamadryadella Clem. the bands have taken place

" bethunella Chan. and certain differentia-
" ulmella Clian. tions and specializations
" aesculisella Chan. have appeared, such as the

Cremastohombycia ignota F. and B. |[development of black scales
| atlplaces other than those| -
directly contiguous to the
white interspaces between
/ the® bands. |
In the following species, the development of the pattorn
was observed only in part for the purpose of comparing the dev-
elopment of certain characters in these species with that of
" similar charactors in related aspoclies, or with a viow of detor-
mining the relative time of appearﬁncé of certain unit charac-
tors:
Lithocolletis hageni F. and B,
" robiniella Clen.
" caryaefoliella‘01em.
Cremastobombycia solidaginis F. and B,
' In all of the species studied, the wingn are at first

transparent and glassy in appearance, corresponding to the

17.
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period, as observed by Mayer ('96), before the protoplasm has
been retracted from the scales. Following this, is the so-
called white stage, in which tho wings appear by reflected
11ght almost pure white, and by transmitted light pale buffish,
due to the haemolymph contained within then. The scales are
at this period, colorless and transparent, containing only air.
The white stage lasts from one to two days, giving way to a pale
yellow over certain defined areas, as the haemolymph enters the
scales and the pigment begins ﬁo form. This yellow color may
be pressrved throughout pupal devdlopment almost as oripginally
laid down, or it may go through a process of transformation
beférevreaching the adult condition, In either event, it
gradually'deepens in tint and conatitutes the ground color

upon which the dark streaks (marging) and spots are to appear.
The devolopment of the pattern takes place very rapidly during
the last part of the pupal state, The time intervening be-
tween the firat appearance of a tinge of yellow on the wings
and the oemergencoe of the imago 1s largely dependenﬁ upon temp- .
erature, and is often less than twenty-four hours. Develop=-
mont takes place more rapidly in day time than at night and

1o strikingly retarded during cloudy weather.

18.
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Lithocolletis tiliacella Chan,

In the first gpecimen examined, the wings were re-
moved from tho pupa at a very early stagoe of dsvelopment.
The yellow color 1is scarcely differentiated from the clear
buffish white wirg (Fig. 2). The only bands which can be
‘distinguished are II, III and IV, Band II croasses the wing
just before the tip of vein 12, thus occupying its primitive
and typical position. It is the palest and léast dofined of
any of the three bands present. TIts outer edre is definitaly
defined, but its inner edge fades into the clear basal part of
the wing, the color belng extended fartheat toward the bhase
Just within the costal and dorsal margins, Band III has aleo
preserved its primitive position and form, It is somewhat
darker4than II, but uniformly colored throughout its breadth,
the outer edge not darkened. Ites width is scarcely greater
than that of the ciear band preceding it., Band IV is the
moot deeply colored as well as the brdadoat of the three handas;.
it 18 of the same breadth as in the adult. Even at this ecar-
ly stage it 1s prolonged outwardly almost to the end of the
cell, The entire apical part of the wing and cilia ére of
the clear whitish color, thete being no indication whntever‘

- of bands.

The wing in the next stage examined shows considerable

advance over the stage jJust doscribed (Fig. 3). There has

19.
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been a decided deepening of color and the adult pattern has been
laid down with the possihle exception of bands VI and VII,
which have not as yet been clearly di€ferentiated as bands al-
though there is a faint yellow tinge in a few of the ncales in
the apical portion of the wing. These bands are usually indis-
tinct and sometimes ahsent even in the adult. Band I is united
with Band II along the.costa; this condition was apparently not
produced by th9 independent origin of Band I and its lator
fusion with II, but by a uniform and graduil deepening of the ¥ig
wing below tho costa. The outer edge of Band II is now some-
what bent outward in the middle, and the scales in the middle.
of the outer ocdge are beginning to deepén in color, thus fore-
shadowing the appearance of the dark margin, but there is as
yot no brown pigment in the scales. Band III is also somo-
what bent outwardly as in the adult and its dark margin is
present on the‘costa and dorsum only, the costal margining

" being much less distinet than the dorsal; mneither extends more
than a short distance onto the wing proper. The middle of

- Band IV 18 ‘faintly connected with a pale band bteyond, which
repreasents Band V. Its rmargine have reached nore neariy their
adult condition than any other of the wing markinrs. The mar=
gin on the dorsal half is almost as greatly doveloped as in
the adult; that on the costal half is represcnted only by a

few black nacales.

20,
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The next stage studied shows no further chango in the
shape or extent of any of the bands, the chahges which have
taken place beiny confined to a continuation of procesres al-
ready begun, namely, the deepening of the outer eﬁge of Band II
thus forming the interhal margin of tho first white fasciae in
the adult, the approximation of the costal and dorsal parts
of the margin of Band I1I, so that thoy are now but little
separated, and their darkening to the adult co}or, the advance ‘
of the margins of Band IV to theoir afult condition, the deepon-
ing of Band V so that it now appears quite distinct and as in
the adult. \

This 1s the only species studied which ahowh any dis-
tinction between the bands in regard to thoir. relative time
of appearance. Bands II, III and IV are the first to appear,
and in the youngest specimen examined BandIV was decidedly in
advance of the other two as shown by its deeper color and by
its extension outwardly in the middle. It is therefore prob-
ably safe to assume, that Band IV is in this species, the earli-
est to appear ontogenetically. As will be shown later, L.
tiliacella has probably in many rogpects conserved more clope-
ly than any other of the now oxisting specles, the primitivq_
type of color pattern, and hence the sequence observed in the

appearance of the bands 1in the ontogeny may algo be true for

the phylogeny.
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Lithocolletis tritaenianella Cham,

- At the earliest stage at which it is possible to dis-
cern any indication of marking, five very pale yellow bands are
| visible upon the wing (Fig. 4). These are unifornly cclored
and straight and are placed transversely upon the wing, showing
no cigns of fusion with one another. The first of thosne is
in fact I+II, as shown by the faintly paler streak extending
into it from the base of the dorsun. The second, Band III,
occuplen its usual position, but in this case the position
of the white fascia separating it from II is wholly determined
by tho point of origin of the upper median vein, as vein 12
extends for a considerable distance intp Band III. The third,
Band fV, i3 normal in position and shapo. That the fourth
band is in reality composed of Bandsg V and VI is shown by its
origin just bheyond the tips of voinan 11 and 2 and by its ex-
tension distall& ovar the tibs of 9 and 6 which in the prirwi-
tive color pattern mark the position of the white fascia sep-
arating Bands V and VI, Band VII crosses the apex of the
wing. The white interapaces between Bands II and III, and
boetween III and IV are of about the same ﬁidth as in the adult,"
but that between IV and V VI is considerably wider and shows
no indication of the angulation which is present in the adult,
that is, Band IV has not yet begun to extend outwardly through
the cell, The space separﬁting V+ VI from VII is at this

Ty - Ty
& .1‘« 3 a0,
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stage about one-half the width of V+ VI and extends entirely
"across the wing, thus differing strikingly from the condition
found in the adult.

The development for some time consicts merely in a un-
iform darkening of the ground color as firat laid down without
any change in the extent of the bands. At a somewhat later
stage, simultaneously with the darkening of the ground color
into the adult shade, changes in shape and more complete fusions
of asome of the bands occur. As soon as the adult color has
been attained, tre dark margins begin to develop. A specil-
men examined at this period shows that while no change has
taken place in the form or extent of BRands I +1I, and III,
Band IV has become outwardly .angulated as in the adult, thus
narrowing, especially in the middle of the wing, the white'fns—
cia separating it from V+ VI, On the doreal margin, Bands
V, VI and VII aro completoly fured, the small white costal
streak before the apex alcne remaining to mark the position
of the white fascia betwoen V#VI and VII. The scales along
the outer edgeé of Bands II and III are beginning to show
faintly brownish tips, this color being about evenly distrib-
uted alcng the entire edge of Band iI; in Band III the color
extends farthor toward the bases of the scales in the middle

' of the wing. The scales of the dorsal half of the outer edge
of Band Iv afo dark reddish brown, almost as in the adult,

but on the costal half of the wing there 1s only a verv slight
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deepening of the Yellow color, the margin here being.connidor-
~ab1y paler tharn the rargins of Bands II and III. There is a
very'slight deapening of scales on the outer border of Band V+VI,
ad Jacent to the white streak before the apex. The dusting

in ths apex 1a dense, the color bhelng darker armd more black=

ish fhan the outer margin of Band IV, and extende from the

white streak well around the apex and along the dorsal margin
almost to vein 6. This dusting is considerably greater in
extent even in this stage than that of the overwintering

forns In any stage.

Lithocollotis crataegella Clem.

This specier belongs to that iarge group in which the
imago is characterized by the presence of pairs of oppoaito‘
white costal and dorsal streaks, that is, all of the original
primitive bands have fused at least along the middle.of the
wing. L. crataogella possesres in addition a margined bhasal
streak, extornal as well as internal mdrgins to-the white
streaks (1. e, the dark scales developed on both sides of the
priritive bands and not only on the outer side, as in the two
preceding species), a stroak of dark scales along the middlo
of the wing, a patch of black scales in the apex and the blue
iridescence of the scales in the cilia. The study of the
development of the wings in this form, should therefore throwch

light upon the origin and mode of development of the above
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characters and indicate their relative time of appearance.

In the earliest stage examined (Fig. 5), at a perion
when the markings are pale yellowish and but littlo differontia-
ted from the colorless wing, the pattern strikingly resembles
that of the adult insect. The white basal streak 1s distinct-
ly outlined, beginning at the base of the dorsum, where it
seemp to he homologous with the white streak separating Bands
I and II, geyond this lying over a trachea which extends through
the cell just above the middle; Its tip seoms to coincido with
some portion of the white fascia separating Bands II and III.
The white patch near the base of the dorsum is identical with
that in the adult, and with the apcx of the baral gtreak
soems to constitute the 1lnat ventige of the whito farcia
separating Bands 1II and III. On the dorsal rmargin, the outer
edpe of Band ITI has ghrunk away toward the base, and at the
same time there has been a compensating extension of Band IV
toward the bvase, roesulting in a displacerent of the white atreak,
80 that instead of being over veln 1b, it is basal to it and
vein 1b reaches the margin well within Band IV, The first
pair of satrenks are already separated by & narrow line, which
is not nearly an broad inteornally as in the irago. At thin -
stage the costal white streak is not much narrower on the rar-
gin than the dorsal. Bands V, VI and VII are nituated nor-

rmally, except that V on the dorsum extends a little tasmally

O)
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over the tip of veln N. AThene bande while quite distinct on thsg
nargins and in the cilia, seem to fade away in the middle of the
wing. The entire middle of the wing fronm the tip of ths firat
dorsal white gstroak almost to the e~xtreme tip of the wing,
remainn colorless, so that it ins not pesalble to distinguish

the bardes from the intgerspacen geparating them. A compariaon
with the adult shows that this arsa coincides with that to

be occupied by the dark streal of acales through the middle

and by the apical patch of black acales,

In a specimen somewvhat more advanced, there has been
a slight deepening of color, but by no means, even in the
golden color,hans the adult ghade teen attained. The color
is otill yellow, with no tings of brown, unless the slight
darkening of the dorsal side of Rand IV, especially toward
tho second white streak, may be regarded as a foreshadowing
of that color. The middle of the wing from the tip of the firat
dornal atreak alrmoat to the apex (except for the grayish
black scales to be noted below) still retains its whitish ap-
pearance. Junt before the apex and beginning Jjust under the
tin of vein 7, and extending for a eshort diastance alcng the
underside of 7, are a nunber of grayish black scales. Thesno
appeared first beneath the tiy of 7, and were gradually ex-
tgnded toward the base. The patch is broadest townrd the

apex, whare 1t reaches alrost across the wing. The inner edgos

of the firat pair of agtreaks are more curved than in tho preced.
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ing speciren as.a regult of the broadening internally of the
yellow lino separating Llhemn. The scnles attached around the
apex are yellow and extend in an unbroken line to the second
dorsal atreak, that is, Bands V, VI and VII have united alonsg
the termen. Howaver, the acales whose apicer project}be—
yond these and which are dectined to constitute the iridescent

blue line in the cilia still remain pure white.

A specimen at a somewhat later stage (Fig. 6)‘shows a
little more of the orange brown tint, but the coler is no-
wilrre ac deep as in the aduli. The former coldrlesé nren in
the middle of the wing is still distinetly set apart from the
reat of the wing, but has becoms narrower, and is beginning
to acquire a faintly yellowish tinge. The white strealic are
now dofinitely blocked out due to the curving in of thc yél-
low color; they are however still connected with the ‘whitish
middle portion of the wing. The patch of hlackish scales near
the apex has increased in extent and depth of color until its
identity with the patch of black scales in the apex of the
adult wing is clearly established. It has how reached its.
adult condition and no further change takes place. The
carly origin‘and difforentiation of this patch of scales
shows clearly that it is a character quite gseparate and dis- .
tinct from the dark line of ecalegs in the adult extending from

it toward tue basz of the wing. The scales around the apex,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




yallow in the carlieriatages, are now tipped with pale brown,
but the outermost row of scales are ctill whitish as before.
There is aome deepening of the ground color just before the
firat and second paira of atreaks, the seacond dorsal astrenk
howaever, ia the 6nly streak which can be gald to have acquired
adefinite margin and even this is pale brownish, . The bagal

streak remains entirely unmargined.

In a. opecimen at ao 1little lautor atage than that }juat
‘described internal margins thourh very pale have appeared
along all of the white streaks; that of the second dorsél
sti1l continuss to be in advance of the otherec, The margin
of the first costal streak has deepened somewhat, and there
is a faint suggestion of gray around its tip. A gimilar
‘pale gray shade oxtenda from tho tip of the firet dorsal streak
through the middle of Lhe wing and around the tip of tho so~
cond dorsal streak. The graound color along the uppar edge of

‘thoe basal streak is somewhat darkened, but there ia no margin., -

In a wing at a considerably lateor period of doevelop-
.ment, the ground color appreaches the adult color over those
areas whero thero are no brown acalen. The internal nargins
of the costal and Adoraal streaks as well as the upper margin
of the basal streak are dark brown; the external nirgins of

theso streaks and the margin around the tip of the basal

streak while present are not as dark as in the adult and show
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and show a decidedly grayish tinge. Thinm gsame gray color is
prolonged from the tib of the firat dorsal ntreak along the
niddle of thp wing_in the area formeriy colotlens, but is much
paler than in the adult, This difference from the adult color
1s especially notlceable above the patch of black rcales, where
in the imago there is a deciied deopening of color, almont
blending with the black patch. There is but very little
deepening of color between the firast and second dorenl gtreaks
and the margin of the socond dorsnl streak is neither an deep.
nor ag wide as in the adult. The darFening of aéales in the
cilia started in carlier atages otill continues. There 1is
howsver no change from the colorless condition of the acales

which are to be deep iridescent blue,

The adult coloration apprears to bhe attained several
hours previous to emergence. At this time the markings are
plainly visible through the pupallenvelopc. Ths bluish iri-
descence in the cilia is now well developed. bbviouely

this is one of the last characters to appear ontogenetically.

Lithocolletis ostryaefolislla Clén.

This species possesses an:.apical dot in its typical
conditioh, componed of small black or blackish brown acales
arranged in an almost circular shape over the tip of the wing.

In tho youngest specimen exanined, the wings wero
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discected out at a period when they were losing their whitish
anpearance and becoming faintly banded. The last four bands
are stralght and placed transverssly on the wing, leaving
colorless bands between them. The basal portion of the wing
is exccedingly pale and the ground colur iz scarcely discern-
ible on the otherwisc colorlsss wing. The configuration

of the color arsas is much the same as in the adult, there
being the same outward angulation of Band III, internal to
the first pair of white streaks. A stripe along the middle
of the wing and a white spot on the dorsal margin remain
colorless and mark the pogition of the baénl streak and the

white dorsal spot in the adult.

At a slightly later stage, the markingsvjuet referred
to have bocome a little more distinct; the dolor ins still a
very pale straw (Fig. 7). The extreme base of the wing
while very pale, is still sufficiently contrasted with the
unpigmented areas, to show the outline of the basal streak
def'ined for 1its whole length, On the dorsal edgs, a‘pale
shado broadest on the dorsal margin reaches two-thirds of the
way across to the basal streak. On the bagal side of this
gspot the ground color soems a little deeper. Band III, al;
though much angulated outwardly, is nbt yet connected in thq
middle of the wing with Band IV; thus the first pair of white

streaks aro stil connected and form an angulated fascia,

— broadegt at its extremities, Bandg IV _V, VI and -VII-re-
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main entirely separate; and rotain their priritive straight
edges with the exception of the inner edge of Band IV which

has been somewhat produced toward the base at'its extremities.
Band III and Band VII are possibly a shade darker than the other
portions of the wing, the scalen attached around the apex pro-
jecting into the cilia are however paler and concolorous with

Bands IV, V and VI.

The ground color continuoe to darken reaching its adult
condition at- a relatively earlier stage than is the case in L,
cratasgella, At the same time (Fig. 8), the pale yellow apreads
onto places originally unplgmented; thus the bands become
connected by a paler yellow shade, so that the white faascias
are transformed into paire of opposite narrow white strealks,

At this stage in the development, there are four doraal as

well as four costal etreaks.' The apical dot is present,
dark brown and almost as large as in the imago and vory dof=-
initely outlined. Around the.eXtreme.apex, the scales pro-
Jecting into the cilia are :'tipped with brown, this color be-
ing deepest just opposite the apical dot, but qgickly fading
out on'either slde, so that it does not reach to the lasat

palr of white streaks. The apical spot and these few acaleés
around the apex are the only scales on the wing which show the
alightest sign of brown; The bands'are however a little deeper

yellow on their outer than on their inner borders.
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Very soon after the stage Just described, the dark
nargin of the second dorsal streak begins to develop; at
this time it consists of a few darker and slightly grayish
tinted scales ebmewhat removed from the dorsal margin. The
apical spot 1s brownish black and scems to have roached its
final development. The line in the cilia though darkest
immediately opposite the apical spot, is plainly vicible from
the fourth coatal to the third dorsal streak thus passing be-
low the fourth dorsal streak which at this astage han almoét

disappeared owing to the fusion of Bands.VI and VII,

Very little change is now needed to reach the adult
oondition. The margins of the second pair of white streaks
continue somevhat in advance of the others, and reach their fin-
al stage of development a little earlier. All traco of a

fourth dorsal streak finally disappears.

Lithocolletis lucidicostolla Clenm.

At the time of the first appearance of"a pale yellow
tinge upon the wings, 1t is possible to diascern faintly four
bandg in the apical half of the wing. Just before the apax.
within the area occupled by Band VII is a small colorless spot.
Wi£h the exception of the fact thnt'these fonr bands are not
connected along the middle of the wing, the adult color areas‘

are now laid down. The dornal portion of Band IV, the most
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proximal of these four bands, is continued toward the base as in
the adult, by a pale yellow streak along the fold. Its coastal
portion is preceded by a whits streak bordered internally by
pale yellow which is eiﬁ&nded along the upper median vein to

the base.

The apical dot is the first dark mark to make its ap-
pearance. While the yellow is still very pale, the ncales
of the formerly colorless apot near the apex begin to take
on a grayish tings. The deepening of scales over this ares
seens to take place in very much the sams manner as that of

the dark scales before the apex in L. crataegella.

The aﬁical spot continues to deepen and increase in
extent, reaching its adult condition before thore is any in-
dication of the formation of dark mafgins. Tho development
of the apical gpot is accompanied by a gradual and unifornm .
deopening of the ground color together with the fusion of all .
the bando in the middle of the wing, and of VI and VII on the
termen. The middle portions of the wing betweon the apices

of the white spots are somewhat paler, showling where the pig-

ment has recently appsared.

The darkening of acales in the cilia around the apex
and just below it on the termen, and the dark margine of the

firot costal and dorsal streaks are the next characters to

appear. A wing exanlned at this stage shows the scales in
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the cilia brownish with acarcely a tinge of gray, the margin cof
the firsi dorscal streak somewhat palef and brownish yellow,
exﬁending from the cilia to vein 2, and the margin of the first
costal streak paie and gcarcely distinct. Thene ohservations
are in agreement with those made on L. cratasgella and ostryane-
foliella, narely,that the dark markings appear carliest in

the apex of the wing on Band VII, and soon after on Band 1V,

The proceer of development conaists now merely of the
gradual appearance and darkening of the margins of the other
strealks and the extension of the line in the cilia to the

first dorsal streak.

Lithocolletis morrinsella Fitch.

At a periocd when the entire wing, viewed by trans-
mitted light, seroms uniformly colorless, the white markingas
as seen by reflected light are definitely laid down as they
will appear in the adult, and have alréndy acquired the lur-
trous pearly tint characteristlic of the adult. This white-
appearance is due entirely to a structural modification of
the scales, and can not be in any way ascribed to a precocious
development of the scales over thegse arcas, since when exan-

- ined, all of the scales of the wing are seen to be fully

developed.
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With the firect appearance of pigmentation, apale
yellow suffuses those portiona of the wing only which »~re des-
tined to be yellow in the adult (Fig. 9). In the basal half
of the wing, therefore, the yellow is confined nainly t6 the
rogion above the fold; therc is however a faint yellow tinge
Just before the dorsal arm of the fascia. There is a scarce-
1y diescernible tinge of gray at the base of the dorsum below
the basal streak and before the first dorsal streak. At
the tip of the wing, over the area to be occupied by the api-
cal dot, the acalen are beginning to turn gray, those outer-
most being the deerest. Otherwise, the areas occunied by
gray an@ black in the adult and by the white strenks, appoar
by transmitted light uniform and colorless. Examination by
reflected light shows *hat these two kinds of areas are not
homologous, since the white strenke stand out clearly as
structural modifications, while the ncales margining them and
those below the fold are duller and lack the pearly luster.
The bands and the white fascia and streaks occupy their nor~
mal psoitions. The absenco of a white streak over the tip
of ¥ein 7 is accounted €or when it is seen that the apical
aspot has acquired such propprtiona as to cover the tip of
vein 7, which in-this and related gpecies reaches the margin

nearer to the apex than usual.

In the next stago examined (Fig. 10), the ground color -

_hag deepened somewhat, and decidedly more of the grayish tint:
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has developed. The dorsal pgrt of the wing below the fold,

to be occupled by black scales in the adult, is pale gray:
beyond the fageia whore the scales are merely brown tipped,

the color ig still yellow, concolorous with the rent of the
wing. Internal and external margins of the streaks are beo-
ginmning to form simultanecusly, those of the first costal streak
are tho'deepest. The change 1s direct from the colorless
scnles margining the white streake to pale gray. The black
streak in the fold beyond the fascla is aﬁ this stage composed‘
- of pale gray scales, The apical dot is still pale gray,

but the outermost row of scales is much darkér and continuous -
on either side with a line of gray scales extending from the
fourth costal stréak to the third dorsal streak. The scales
whose tips are to form-the dark line in the cilia are still
white.

On tho next wing examined, the gray has docidedly‘
deepened along the dorsal margin, but the golden color has
not reached its final condition. The development of the
margina has progressed consideradbly, but now the internal are
decidedly in advance of the external margins. The former
have a blackish color eapeciallx townrd the costal margin;
the latter are still grayish. The external margin of the
first obstal s£reak is deeper than that of the others. The

black streak in the fold has increascd in elze and color un-

til ita extent 1s now definitely defined. The ncales around

’
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ite outer edge, which in the preccding stage were the only
dark ones, are now black. The 1line in the cilia is gray, btut

there is no indication of the bluish iridescence.

From this time on, no new characters appear, the devel-
opment conasisting only of a deepening of the colors to their

adult condition,

The sequence of colors and the relative time of ap-
pearance of the various adult chéracters is very much tho same
in L. robiniella as in the spocies just studied. The apical
spot'and the black streak in the fold reach their final con-
dition at a éomewhat earlier stage in comparison with the dAevel-

opment of the other markings.

Lithocolletis hageni F, and B,

This specien possesses a well-defined apical dot,

vory decided external margins to the whité streaks as well as
the usual internal ones, and a dark margin along the uppor
side of the basal streak. The margin along the upper nide
of the white banal patch is regarded as homologous with the
margin of a basal étreak, that along itn outsr aide withlthG‘
exterral margin of the white streak primitively separating
Bands Ii and III. The streak of ground coler beyond the
basal white patch is therefore the dorsal portion of Band IIT,

Vory few spoecimenc of this specles were available for
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study, but the obeervations confirm in general those made upon -

the five preceding species.

The apicnl dot appears well-defined and blackish at
a period when Eande V, VI and VII are still geparated from one
anothaer by curved white fnsciae extending entirely acroass the
wing and into the cilia (Fig. 11), The second pair of white
stroake are ptill connected, but Band IV is begirning to
project into them in the middle of the wing. At this time
the ground color of the wing is a pnle straw and lacks alto=-
gother the golden brown of the adult, The internal maréins
of the first and seccond streaks are besinning to form. The
inner edges of the banda, bordering the streaks outwardly,
present much the same appearance as they do in species where
the white atrenks never acquire external mareins, that is, the‘gc

ground color fades gradually into the white.

A dark line in the cilia begins to form soon after
this; the scales showing the brown pigment at thies time are
not those which will %te tluish irideascent in the imago; these

latter remain pure white and only acquire their plgment later.

In the third specimen astudied, the extent of the whiie
streaks has been finally limited, and the golden brown color
of the adult has been attained. All of tﬁe internal margins
of tho streaks, the dark scales at the apex of the firnt dor-

~f-w—wﬁ&&—stfeakT-%hoae-eeﬁnee%ing—thé—t}pe~oﬁ—%he—ﬁeoond—pa&r—o?——————
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strenks and tho two leaden colored lines of ncales running
acrosé the wing from the tipa of the third and fourth costal
streaks are present, In addition external margins arc present
on the white basal patch and on the first dorsal streak.

All of these borders are as they will appear in the adult.

In this specimen there was no indication of a deepening aldng
the upper oide of the basal patch, However this observation
can not be accepted as altogethor reliahle in indicating the
time of anpearancs of the margin of the basal streak since

the specimen was ovidently abnormal, the apical dot not being
present, llo other-apecimens were available to decide the

point.

Lithocolletis aesculisella Chan.

The apecies heretofore studied have been those belong-
ing to tha group having cylindrical larvae, and characterized
by thé principil nargina bf the white streaks being internal.
This apecies and those folléwing have tho so-called flat type
of larva, and the white streake of the imagoes have their
darkest margins on the outer side. That 1s , in the forner
group, the tendency is for the color bands to acquire first,'
dark margine on their outer edges; 1in the latter group the
condition {5 reversed and the dark color appears first on the

inner edges of the bands.
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In L, aesculisella at a poriod‘when there i3 scarcely
any differentiation between ground color and bands, the pat-
tern appears to te laid down almost as in the adult (Fig. 12),
The ban&s are vory pale buff, and Judgiﬁg from their uniform
color, appeared simultaneously. The pale shade at the base
which separates Bands I and II extonds entirely across the
wing, but the early fuslon of thens bands on the costa is
foreshadowed by the very faint tinge of buff Jjust making its
appearance in the costal portioﬁ of the pale fascia. Oﬁ the.
extreme costa Band V 1s indistinctly separated from VI, Band
VI is separated from VII by a white streak extending entirely‘
across the wing. With thene oxcoptions, the yellow marke are
defined as in the adult. The white ohlique dorsal streak
extends just within the termen, being separated from the white
streak before the apex as in tho adult. The distal end of the
oblique dorsal streak is probably homclogous with the middle
pertion of the white fagcia whioh in primitive typmaa soparates
Bands V and VI. In the imago it sometimes exiats as a gsoparats
srmall white spot before tho apicael dusting, and moro proximal
than the oblique'costal streak. Along the termen the cilin arsg
of an unbroken yellow color, showling that at thoe extreme margin,

there has teen u coaplete fusion of Bandes V, VI and VII.

Before any of the dark margins begin to appear, the

grounid color deepens into the orange yellow of the-adult.
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The external marein of the second fngela, and the dark Auskine
at the extrerne apex are considerably in advance of tho other
dark mrkings. Thoe margin of the sscond fascia, formed ﬁy

a dark lino of sacalee along Lii? inner border of Fand IV, in
most Aistinct in the middle portion of the wing and has not
aprpeared on the extremo dorsal end nor on the costal end bo-
yond the angle. Ita color at this stage ia brownish. In

one spacimen, the apical asacalee are not ags dark 2s the margin
of the second fusciu;‘ in another of the sama age, a3 indicated
by the state of development of the mafgins, tha dusting of the
apex ias somewhnt darker than the marpgin of thls fascia; in
both however, the brownish tint in'cénfined to the extrene
apex. There is 2 slirht darkening of thoe scales in the middle
of the wing on the inner border of Band III adjacent to the
firat white fascia, and alonp the outer side of the oblique

dorsal streak.

This dark margina of the fasciaé and of the oblique
dorsal stfeak continue to develop, but before they raach
their adult condition, the scales on the outer alde of the
costal gpot over vein 11 begin to Aarken. At this time, the
apical Austing is gtill confined to the apex of the wing and
is not extended along the termon toward the tornus. Thina oxtenm_.
gion of the dusting toward the tornus is a characteristic of

specimens appoaring in the summer and does not occur in fornma
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from overwintaring chryaalids, It develops after the other

adult charactoers have appeared.

Lithocolletis baethunella Cham,

In the youngest specimen examined, the ground color is
a uniformly pale ochercus, and upon it the extent of the adult
markings is quite definitely blocked out {Fig. 13): The
white fascia (or second pair of streaks) is however prolonged
outwardly at its angle along the wing to a poaition between
thie third pair of ctreaks. A conmparison with the adult showQ
the prolongaticn of the faseia is occupied by dusting on a |
ﬁhitish ground, thgt is, these white scales are destined to
becone black tipped. The third pair of strenks are situated
normally over veins 11 and T respectively. There is no white
spot over the tip of vein 9 on the costa; Bahds V and VI have
fused, A quadrate area in the apex remains colcrless; the
portion directly over vein 7 correnponds to the whito strealk
normally situated hore, the remaindor will be occupled by

dark dusting in the adult. The scales around the margin at

the apex arec yellow; these in the adult will be brown tippeAd
yellow scales. |

In a wing at a scmewhat later stage, there has baen
sone deepening of the ground color. Thers is a small patch

of scales just beyond vein 7 which are brown tipped and darker

.
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than any othor scales on the wing. In the extreme apex, tﬁo
scnalos extending over the cilia are not noticeably dark tipped.
Dorsal to the dark patch of scanles, the ncales over the forner-
1y colorlenna area becoms gradually paler; until near vein 6,
their tips show Junt a faint tinge of gray. A1l tha ncnles

in the prolonged portion of the fascia are bveconming pale gray
"tipped. There is also s faint gray tinge to the scalen junt
below the tip of the dorsal arm of the fascia, continuous with
the gray ih the proionged portion of the fascia. All o*f thesge
scales are much paler than those in the apei Just beyond vein 7,

but approach in color those near vein 6.

The margins of the remaining stredks soon make their
appearance; the dusting of the apex reaches the adult condi-

tion earliest.

A contrast in the sequeonce of development of dark
marks is afforded by L. carynefoliella Clen. In this species
the margins of the firat and second fasciae develop contoempor-
ancously with a small patch of dusting at the extreme apox;
and the margin of the seéond fascia is centirely complete
though not as dark ans in the adult, at a stage when thore in
no indication of.dark dusting beyond its angle. Thie dusting
is very variable even in the adult somotimes being very slight.

The significance in the difference in developrent will be dig~

cusned later.
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Lithocolletis ulmella Cham.

AR

In this npecies the pale yvellow appears simultaneoucly
over all those areas which are to remain yellow in the adult
or in which the scales are yellow with brown or biackinh tips.
Thp-whitc stroaks and the white dusted portions of the wing
remain colorleas, Thus, the second costai streak 1s produced
for a short distance along the cell, and the wing from voin 7
to, the apex is colorless, but the scales around the apex and |
below the oblique dorsal astreak which are yellow with brown

tipn in the adult hqvo already acquired the pale yellow color.

In the next stage studied, the color has become almosnt
asg deep as in the aduli. A numbser of the scnles projecting
from the extreme tip of the wing over the cilia are brown
tipped; theée are continued in a broken line through the
cilia to the tornus. Over the wing membrane near the npai; N
in the area which was transparent in the earlier specimén,‘.
the scales are becoming dark tipped. These'acnles-are_doep~
est toward the apex‘of the wing, becoming, very.paie gray: |
toward thoe tornus external to the obligue dérsal atroak. A
feow scales along tho costa corresponding in position with thé
dark scnlen in the adult are beginning to show darker tina, '
The scales mnrgining the firat and second costal strnnls,

which were whitish before, are now faintly gray. The color

| 40 unirormly developad over the whole ma x:gin.&nd._m_tha.pm »
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longed portion of the second etreak.

In a2 specimen a 1little further advanced than the one
just described, the apical dusting is almoct 2as in the adult.
Thiis darke» color does not quite reach the tornus, that is, the
external edge of the white dorsal streak is still rargined by
pale gray scales as before, The margina of the first and
second costal streaks have scarcely changed in color, but the
scales in the prolonged portion of the mecond streak have dark-
ened more rapidly; they are decidedly gray, but much paler
than thoso in the apex. The only new character which has ap-

peared is the dark line through the cilia.

Lithocoiletis haradryadella Clen.

In the earliont stage examined (Fig. 14), the basal
third of the wing i1s almost colorless. At tho extrone base
on the costal margin is a small patch of pale yellow scales
and a little beyond it another similar patch. These two
patches of scales form Band I. Beyond these is a somewhat
larger patch of pale yellow scales. This i1g the inner por-
tion of Band II; the line of ncales which mﬁrks its original
outer limit in the adult has not yet acquired any pigment.
Band III at this stage is reprosented by,& rather narrow

angulated band which extends across the wing somo distance

‘before the tip of vein 1b, The white projJecta into 1tq“qnglé

11
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on the inner side. Band IV is composed of two separate patches
of yellow scales, one on the costa and thoe other on the dorsun.
Their pointed apices lie over the\baaeh of veins 11 and 2 re-
spectively, the normal position for Band IV, but on the margins
they curvo back toward the base so that they are much farther
remaved from the ﬁips of the veins than usual. The middle

df tho wing to the apex is bolnrloss. Band V+VI 18 represent-
ed by a patch of scales on either margin. The dorsal patch
originates Just beyond vein 2 and extends over vein 6; the cos-
tal patch originates on the cell about midway botwesn veinas 11
and 9 but extends obliquely outward so that the inner edge on :
the costa 18 Just basal to vein 9 and the outer edge just

before vein 7, The white streak over the tip of veln 7 in

véry narrow and its corrénponding dorsal streak is indistinct.
The cilia belonging to Band VII areo all yellow with a fow white
ncales here and there extending'into then. Bands VII, V+VI
and IV are some what déeper than Band III; Bands I and II are
very pale, their palenens being caused by the lqrge adnixture

of colorless scales at this stage.

In the next gpeciren examined, apart from a glight
deepening of Band III and those beyond it, the only changes
observed are the following. The two banal ratches on the
costa, belonging to Band I, show a slight admixture of brown-

ish tipped white scales. The third patch (Band II) is now

faintly continued to the dorsum by a line of scattered yellow
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scales, and just beyond it, in the position normally occupied
by the outer margin of Band II, is an angulated line of very
faintly‘yellow scales, This marks the original outer limit ’
(phylogeneti~zlly) of Band II. Junst bafore the tip of vein

1b is a gimilar line of acales running parallel to the dorral
arm of Band III and marking its outer limit. These two lines
of scales sometimes do not appear until a2 much later period

in the developrent.  Their time of appenrance is largely
dgtermined by the number of yellow scales mingled with the

dark scales in the adult,. since it is only in the yellow scalcss

that the pigment appears early.

" In the noxt stage studied (Fig. 15), Bands I and II
in the basal part of the wing remain practically unchanged.
Band III is the same in extent, bui its color has deepencd.
Its internal margin is beginning to form, the scales adjacent
to the yellow becoming gray tipped. The gray pignont aprearc
directly in the whitish uncolored scnles of the preibuc stage
without passing through aﬁy of the intermediate stops. In
goneral, the hargin is broadest on the costa, becoming narrower
and paler below it, and not easily distinguishable toward the

dorsumn. On its inner edge, the margin is straight or slighﬁly

~curved as in the imago; on its outer side, the scales project

into theo angle of the band and fill up tho formerly colorless.

space. The tips of these scales arse darker than those of
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the margin elsewhere. - In this specimen there are only a

few ocattered yeollow acales beyond Band.III and rno indication

whatever of the dark line of gcalas which 1s to appear later.

The internal margin 8f Band IV is well marked on ites dorsal half,

confisting of several rows of dark tipped scales as 1In tho im-

ago. It curves between the two yellow patches, extending to

their apices, but not beyond them into the colorless fagcia.

The costal half of the margin consinsts only of a few pale gray

scales and does not' quite reach the doreal half of the margin.

Except for a few very fainltly grayish acales above the termen

on the inner edge of the dorsal part of Band V+VI, there is

no indication whatever of any darkening of ecales adjacent

to Band V VI. Belonging to Band VII, and beginning junt

behind vein 7, the scales covering the entire apex of the wing

are. gray tipped. Some of them, especially on the costal margin,

project over the ysllow rcales which are to form the line in tho
" middle of the cilia. The gray tipped scales of the apex, thoaé

between the two parts of Band IV and in the angle of Band III

are darker than the other scales forning the margins,

In a specirmen at a considerably moro advanced stage of
development, the scales composing the two patches at the bane
of the costa are entirely gray tipped and are very much the
same as}they will abpear in the adult. The colorlers geales
ningled with those forming the proximal part of Band II are
beginning to be gray tipped; thic 1s espocially noticeable

418.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



on the quadrate part above the upper nedian vein; below it

there ie only a line of a few scattered gray tipped scales

reaching to the Aorsum. The line of scales beyond, fornming
the original outer 1limit to Band II is pale gray. tipped through-
out, and thourh broader on the conta, is completeo to the ddrsum.
The broadening of the internal margin of Band III has continued.
Its external margin, separated from the yellow band by white,

is indicated by a single lino of pale gray tipred acales
runhing from the costa to the cell. The internal margin of
Band IV has broadened and deepened and has now protably

reached its aduvlt condition. It is not ponrsible to determine
whether the development is completed in any single specimen,
since there 1s a great deal of variation on the aﬁount of dumts
ing among the different individuals in this apecies. In this
stage, the scales which in the imago are the most distal of
those forming the dark sexternal rmargin of Band IV are tipned

with pale gray and connect with the duesting betwecen the costal

~and dorsal parts of Band IV. Those oh the inner gide of the

margin which will in a greoat measure f£il1 up the white space
between the margin and the yellow parts of the band are still:
uncolored. There 1s a very considerable patch of dumting
internal to Band V VI on tho dorsal margin, and connected with -
the apical dusting which has boen extended proxirally between
the parts of V+VI. The costal dusting is not nearly as dark-

and in somewhat scattered. In addition to the extension of
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the apical duasting proximally, therre has been an incrcase in

the numbter of dark scales ningled with the cilia. The dark
line throurh the middle of tho c¢ilia formed by brown tipred
yellow scales 1 now quite distinct. At this time mogt of

the dark markings are at least definitely defined in ponition;
there is needed to tring them to their final atate only a dark-
ening of those scales alroady gray tipred and in some places tho

appearance of pigment in other acales adjacent to these.

In a specimen to he described now, most of these
characbérs have appoared (Fig. 16). The patches of dark
gray scales at the base of the coota, and the line of ' scalen
boyond the third of‘these patches have increased and darkened
decidedly. The line of secales axternal to Band ITI has now
become dark gray tipped. External to Band IV the dusting
has been eitended towvard the base 8o that only a small white
streak is left bLetween it and the band on the margilng. The
dusting in the apex has been much increased and oxtends along
the margin especially on the cosata, and connects with the intor-
nal dusting of Band V, thus almost obliterating the whito mstreak

over vein 7.

Croemastobombycia ignota F. and B,

In the youngsst spocimen examined, one in which the

ground color was pale yellow, the extent and position of all the
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adult markings is defined (Fig. 17). The paleness 1is especlally
marked toward the apox, whefe it is difficult to distinpuish the
markings at all. The white fascia is considerably troader than
it will appear latsr. & careful cxamination shows it to lic come
posod of two parts, an inner fascia which is to form the white
fascla of the adult and in which the scales are whiter and are
fully formed, and an outer fascia, where tho scales are not as
large nor as well develcped and are somwwhat buffish in color.
These, scales will later form the black scales of the margin.

This same thing is true of the other streake, but ie not as
noticeable éxcept in the case of the first costal because of
their mofe ;rregular shape. The band betweeﬁ the pair of
strenks at throe<fourths of the wing length and the streak on;
closing the apex.is, as shown by its pomsition, equivalent to
Band V+ VI, The white strodk before the apex is situated over
the tips of veins 7 and 6* respectively.

In a later specimon, tho ground color has decpened to
that of the adult. The «cnles in the apex and in the cilia ro-
nain concolorous with the wing and are not darker at their tipsa.
The dark external margins of the fascia and astreaks are appear-
ing simultaneously and all are equally advanced. The ncales
forning then corresspond in position witii the colorloss scales
which formed tho outer part of the fascia in the preceding stage.
The pignent, which in pale gray without a tinge of yellow or

brown, is evenly distriluted throughout the entire scale  from .
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note to page 51.

[ .
An inconsistancy between the position of the apical

bands in rogspect to the dorsal veins in this cpeclies and that
descrlibhed as typic%l for the genus will at ohce be noticed.

In this apenios the whito streak separating Bands VI and VII

is situated over the tip of vein 6; Band V+VI extends over
the tip of vein 5. In other apocies where V and VI are Puaed;'
they cover the tip of vein 6, or where a white streak separates
them, it is placed over vein 6, and there is no vein lyinr
between Bnndé V1 and VII. This at once suggents the possibil-~
ity that. the intérpretation by systematists of the venation be-
vond vein 2 is incorrect and that wheres hut one vein roeaches
the termen, it is vein 5. A nore extended study and analyels
of the markings of relatsad genera would be necesoary to decide

the quesntion.
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the base to the tip. Nono of the internal margins has appesarad.

In a later atage the external margins are black as in
the adult, and internal margins are presant on the costal end
of the first whits otroak and lhe fagcia. Thero are no internal
nargins on the pair of streaks at three-fourths. As margins
of these gtreaks are not always prenent in theo imago, it is
impoasible to determine conclunivoly whether Lhsy normally.ap—
pear after the intarnal margins of the fascia and the first
streak. However as will be chown later in the discussion,
variable characters tend to appoar later in the ontogeny than

the Cfixed charactcrs of a specles.

The observations on the devalopment of color in the wingd
of C. solidiginia agree very clonely with thosc on the precedinsr
speciona. The configuration of Lhe color areas at their first
appearance 1s&the ganc as that ol Ltho adult. In thio gpeclee
howevrpe, the scales wlhich aro to fornm ﬁhe dark margins in the
adult are pale yellow, instead of, as in ignota, being colora
lesg and not fully formed. A comparison with the adult showg
that these are duark tipped yellow gcales, the durk pigmont
belng found at the tip of the scales and not, as in ignota,

almost uniformly distributed thirouchout the ontire gcals.
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IV. ilscursicn and Conclusions.

In genoral, I have found that the action of thrre
processes in sufficlent to explain the transtfmationwof the
saven primitive bands into the several oxisting patterns of the
ground color. Those three processes may be stated thus:

(a) The middle portion of a band may be produced distally until
it comes in contact with the band beyond it. (b) The extremi®
ties of a band may be broadened by being produced proximally.
(c) The extremities of a band may be narrowed by the retraction
of pigment from their outer edges. Theseo three procssgen

nay act separately or in'combination; the particuler pattern
produced. is the resultant of their combined activity. The
Tirst two of thene laws are based chiefiy upon tho changes ob- .
gorved during pupal developmsant, the third law ia deduced

from adult characlers, since the clhanges are guch as 2an nct

be otserved directly. The ovidence in detail.is ag follows:

In L. tiliacella ‘Pig. 18), seven dirstinst transverse
bandas of ground color are laid down} ofxthese, thore numbered
II, III and IV appear first; following these, Band I, at the
base of the wing, appears continuous in the costal half of
tlis wing with II; it is howover sufficiently separated from
it by the differencé in time of appearance. The thfeo bands
in the apex of the wing appear last and undergo no chango;

the connection of Band V with IV 1is brought about entirely by
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the extension outwardly of IV along the middle of the wing.

The changes in Bands ITI and III are brought about by the spread-
ing of tho color onto areas formerly unpigmented, that is, |
the facela bestween II and III is narrowed by the very elirht
growth distally of II along the middle of the wing, itls
extremities rémaining fixed; and by the extenslon proximally
of TII chicefly along the nmargins. Band IV reachea its adult
configuration oearliest; it is also the earlliest to acquire

the black pigment on its oulter esdge. Thin doen not appear

in the middle of the wing where the band has extended outward-
ly uriting with V, The outer-cdgos of tho extremities of
Band III have remainsd constant in realtion and the derk nraleg
appdar firnt here. In Band II there lias beon the least change
in shapé; the deepsening o€ the pigment along ita outer edge
occura more uniformly. From thin it follows that while the

general tendoincy is for dark pigment to develop along the outer

odges of bands adlacont to unpigmented arens, tho precine tims

of its appenrance along any band or portion of a band in re-

lation_to_other bands or portions of the -same band 1s detor-

mnined by the time when such bands orlpnrtiona‘of bands reach

their adult shape and color. Tho outer edge of & bund in

direct contact with ancther band ucquires no dark pirmant.

It would anrpear from the obgorvatlions on this spccies, that

the bands in thoir primitive condition are narrowor thanithsy

are in tho adull. A fascia may be narrowed by the uniform
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spreading of a band towsard the base.

These conclusions nre corroborated by the observatlionna
on-L. tritaenianella; all the bands howsvor appcar simultan-
gously and at this time all are astraight. Thero iz howover
a reduction in the apparent number of bands, V and VI being
completely united. Baﬁd IV peems no further advanced than
the others toward the adult condition; as in tiliacolla,
dsveloprent muet take place more rapidly, sinc~ its margins
reach their adult condition before those of the other bands.
Here also is tho first manifostation of that tendency, so
characteristic of all il:» nmore highly dirferentiated specics
of the gonus; toward the darkcning of scales in thie apex.

In tiiia =speerieg these acales are scattered over the entire &PpoOx%
instead of Beiug limited to a definitely defined arca, whero
thoe scales are modifiad structurally. Thia opocioes does not
in any stage, show the primitive type of marking; .a conaid-
erablo amount of development is however unscessary before the
color arcas attain their definitive final extent.

In L., crataegella, ostryaefoliella, lucidicostellan,
hageni and morrirella, in the basal half of the wing, where
in the adult therq is the grentost divergence from a tranaverse-
ly banded type of marking, the color areas, upon the first ‘
appearance of a uniform pale yellowish, have'almost exactly the
sane shapé and extent as in the adult. They undargo very

little change during development, except that in these spscies .
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as well as in tiliacella and tritaenianella,there is a pro-
gressive and gradual deepoening of the ground color. In the
youngest specimensc of ostryaefollella obgerved (Fig. 7) the
first pair of streaks are still connected; very soon however
they become seoparated by the union of Band III with 1V,

In the apical half of the wing, Bands IV, V and VI
appoar ag straight transverse bands (except in morrisella);
the tranasformation of the unpigmented fasciae between them
and between IV and V into pairé of opposite streaks im brought
about by the outward oxtension of Bands IV, V and VI along
the cell in a manner similar to that previously observed for
Band IV in tiliacella and tritaenianella. The obliteration
of a white streak 1s brought about by tho inward extension
of the oxtremity of a band tb-meet the outer edge of the
preceding band. In morrisella the pattern is predotermined
from the outset; the white fascia and streaks being produced
by structurally modified scales, which are destined never to

lacquire pigmont.

There are no reasons favoring the view that such a type
of marking as that found in crataogella is primitive: there
are many reasons for regarding it as having been produced
through a long process of oevolution, It is a matter of
general observation that the pale colors appear first ontogenst-
ically, black of the pigmental colors being last to appear;
it has been inferred that the same is true also for the phylog-
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eny. In the adults of these spoecies, there have developed,
in addition to the usual dark markings adlacent to the unpig-
nented areas, definitely limited black apots and streakas in ihe
apex. The scales thus rignented are also differentiated
structurally from the surrounding scules4by their namaller
size.  There is no such structural modificaticn of the dark .
tipred scales in the apex of tritaenianella. Obviously a
considerable period of time must have been requiredvfor the
final differentiation of such charactérs as‘these. That
-these apecies have undergone an extenslive process of differ~
eﬁtiation in the production of certain characters of a kind
which can only be acquired late iIn racial development, renders
it highly protatle that there has also been a far-reacﬁing
nodification from the ancestral condition of the cxtent o the
color areas. These phylogenetic changes are scarcely or not
at éll ropoeated in the ontogeny. Three prirmitive bandse are:
.8till preserved during the early stagen in the apex of the
wings;  the band proximal to these shows unmistakable signs of
ite origin from a straight transverse hand, its outer edpe
being straight. We may therefore with reasonable certainty
conclude that the color pattern of the basal part of the wing
may be traced back through a series of phyletic changes to
its origin from the first threeo pfimitive tarde,

The ontogeny offers no direct testimony of the neans

by which these results have been accomplished; 1t has given
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however visible evidonce of two actual dynamic methods by

which changes have been wrought, namely, the middle portion of

each band may be produced distallv until it comes in contact

with the band beyond it; the extremitien of a band mav be

broadened by being produced proxinallv., Thus are produced

firét, angulated fasciae, second, slightly oblique pairs of
oppesite streaka;‘ the final effect of the seccnd of the above
procesnes if acting alone is the entire obliteration of the
white streaks. That a third process has been at work 1is
indicated by observations upon adult forms. The dorsnal of

the first pair of white streaks in L, crataegella does not
occupy its primitive pemition over vein 1b, but has been dig-
placed toward the base and vein 1b reaches.ﬁho margin within
Band IV, that is, there has been an extension of the extremity'
of Band IV in this direction over the nréa formerly white.

But since a white streak still remains, there munt‘havn been

a conpensating drawing away of the outer o%ge of Band III at
its extronity. Such a withdrawal of vnigmont can not of courae
be ohserved ontogenetically. A third dynapic process in the -

transformation may therefore be stated thus: the extremities

of a hand may be narrowaed by the retraction of pigment from

their outer edgpes. Thie is an example of the shrinking away
of a band at one end. In this.case the shrinking takes placé
at the outer cdge of the band only. The result o the combined

action of the second and third of these processes is the pro-
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gressive movemant of the ond of the band toward the base.

These thrce processes are sufficient to explain theo

origin of all the typns of marking in this genus; the snoecific

reaults in any case dre due to the manner and extent of thelir

action, that is, whether théy act singly or together, and to

the relative rapldity of action of the three procesgnes.

In tre seccond division of the genus, tho oxtent of the
areas of grcund color uniergoes very‘little change during dev-
elopnent, The ground color appenrs in tho earliest stages
over those areas which in the adult are occupied by yellow

or reddish yellow scales, or by dark tipped yellow scales,

The ncales which in the adult are white with dark brown,

gray or black tins, do not receive pigment until much later;

they then pass directly to gray or brownish gray and thence

to black, without passing through the intermediate yellow-

ish and Yrownigh ghaden, The tendency for dark pigment to
develop along the edges of bands adj)acent to unpigmented areas

is exemplified in this group also, with this difference however,
. that it appoars first along the inner edge of a band. When
dark pigment develops in addition along the outer edge it ap-
pPears at a later pericd. Tho converse is truo in the first
division of the genus; the dark margin appoars earlier on the
outer side of a band. I can offer no oxplanation of the orig-
'1na; cauno of the difference in direction of development; theo

resﬁlt in either case seems to be tho oxprossion of the same

60,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissibn.




general tendency in developrent, acting however with different
dogrees of intensity on either side of a band." It would seem

that the developrment of unusually dark pigment on one side of

a band — tho acceleration of chemical processes over a local-
ized area — retards development on the other sids.

. The ontogeny within this division affords very little
evidence of the operaticn of the first two proceasen‘of evo-
lution defined earlie» in this discussicn, Bowever the shane
of the bands, and the separaticn of the whife fancine into
opposite spotr, with the total obhliteration of asome of the
snpots, is sucficient proof that these forces have acted during
the evolution of tho speclesn.

L., hamadryadella alone, of those obnrerved, shows *tho
outward prolongaticn of the ﬁiddle of a band; the gradual
extension distally of the dark dusting between the dorsql and .
contal portions of Band V+VI and its final contact with the
apical dusting (Fige. 15, 16) is an exarple of the working of
this léw. The third law postulated to explnin the displacerent
of oblique streaks toward the base receives declsive confirmatiqn
from the adulﬁ rarkings of the snme species. A narrow line
of ncales crosses the wing beyond the yellow portiona of each
of Bands II, III and IV, belng soparated‘from then by white,.
These scales occupy positions corresponding to thq outer nar-
gina of these bands; ontogenefically the dark pigment devel~

ops ir them after it has appeared on the inner margins of

—f—
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these bands. The concluaion is apparent that these lincs of
scalos mark the earlisr phylogenctic limits of thesc Lanis.
Tho bands have shrunk away, most rapidly on the costa and
dorsum, leaving behind them tho margins as visible evidences
of the process.

| In L. tiliacella (Fig. 18), which from its conservafion
of the greatest number of bands in a primitive stralght condi-
tion, the very pale ground color, and the entire absence of
any dark scales in some of the bands, may be regarded as the
most primitive‘of the American speciea, there is a differonce
in the time of appearance of the bands. In the more advanced
species, the bénds appear at the same time. Evidently then
in the higher species, there is a hastening and crowding
together 6f the earlier stages, so that the bands which former~
ly appeared in sequence now appear cohtemporaneously. Those
in the apox of the wing, which have experienced the least
modification during the phylogenetic development of the specles,
alone recapitulate the racial history during their ontogenetic
deveoloprment.

The discussion heretofore has dealt chiefly with the

procoessens which effect the final 11mita£ion and configuration

of the ground color. The general tendency toward the production

Oof dark pigment in rows of scales adjacent to unpigmented arens
has also been noted. These streaks of dark scales, which are

‘Usually transverse, and the various other characteristics,

[ ——— -
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such as the apical spot, the longitudinal streak of black scales
4n the apex and the black streak in tho fold properly constitute
the markings, in distinction to the ground color, and are super=-
imposed upon it.. While the progressive change in the configur-
ation of the ground color is the important factor in deter-~

mining the general evolution of the genus, and the differont

stages at which developrment has halted form the starting polnts

for the differentiation of the soveral groups of species, the
development of the markings ias the important factor in deter-

mining the phylogonetic sequence of the individual species with-

in each grpup.' A knowledgo of their mode of origin and rela-
tive time of appearance 1is therefore essential!

*In L, tiliacella and tritaenianella, it was seen that
the dark margin develops first along the edge of Band IV,
which is the firast band to reach 1its adult shape. In L, tilia-
cella, the outer edge of this band has hecome fixed before all
of the bands have even teen laid down, The dark margin ap=-
peara toward the coata and dorsum, in places where the outer
edgen of the band havo undergone no change whatever since the
first appearance of color. The dorsal margin seema t0 he
in advance of the costal. There is no darkening of pigment

along the bands in the apex, which appear comparatively late.

From these observations it appears that in the ontogeny the

dark margin develons earlieat along the edge of that band

which firat reaches its definitive adult condition. Bafore

—

e3.

Reproduced with permission of the copyright owner. Further reproduction prohibited without.permiss‘ion.




dark margins can develop, the edge of a band must have remained

fixed for an appreciable period of time.

_ In L., crataegells, ostryaefolielln and lucidicostelln,
the dark rargin on Bard IV 1is also the first to appear. The
apparent contradictien to fhé’principle Just laid down that a
dark margin develops earliest along the edge of the band
that has first reached its definitive adult cordition, lfea
in the fact that in these specieas the color areas in the rasal *
half of the wing arc deflined at the outset alrnost as in the
adult, while the bands in the apex repeat the ractal develpp-
nent, It might be expected then that the margin would appear
oarlieat along the first pair of stresks. It has however

required a much longer time in the evolution of the species

for the basal half of the wing to acquire its present aspect;
the development in the apical half haé core to a standatill
comparatively early in the phylogenotic history of the speciles.
Tho observed recapitulation in the apical threeor four bands
during the ontogenetic development, of the smteps in the racial
differentiation of the species, 18 in harrony with the con-
clusions of other investigators that it is only among primi-
tive forms that anything approaching a complete repetition
of phylogenetic changes 1s to be found in the ontogeny.

The apex of the wing (in resvect to the conservation
of primitive color areas) may be regarded as primitive in

comparison to the banso cof the wing. In tho phylogenetic

i
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development of this tyro of marking therefore, it is possible
that the margins appeared on Band IV while the tasal half of
the wing was still under the influence of dynamic forces
producing coﬁstant changes in the outlines of the areas of
ground color. No margins coculd have appeared in the tinzal
half of the wing unti} after these outlines had becoro per-
manent; Scme of these changos, as has been already shown,
are guch as can rnot be repeated during pupal development.
Hence the color areas in the basal half of the wing tend to

be laid down in their final shape, The_sequence of the ap-

pearance of dark markings, which are in reality a second series

of trans verse bands superimposed upon an earlier set, follows

the same order for the ontogeny ag’' for the phylogonéﬂy, that

is, in this second and more recoent set of characters there is an

actual recapitulation. The margins of Bandas V and VI appear
'later, correspondiing therefore to the sequence in the time of
'appearance of these bands phylogenetically, hypothetically
baged upon that of L. tiliacella. The margin of the upper
side of the basal streal corresponds in time to the outer
margins of the bands; it appears before inner marginas develop.
An outer margin of a band tendn to appear first noar the costa
Or.dornum, an inner margin near the middle of the wing, that
iz, at the apex of the outer side of a white atreak, thege

being the parts of the edges of the bandn which have reached

their pormanent position earliest. Therefore, the rolative

!
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" time of appearance of the dark margin of any band in the

ontogeny is dependent upon the time when the edge of that band

became fixed in the phylogeny.

In L, morrisella, narrins are formed almoat sirnultan-
oously on eilther side of the white streaks, by a direct change
to gray and thence to biack. The pigment in the other black
scalen devolovs in a similar manner withocut pasasing through

- the unual intermediate stares, The gray and black pigments
make their first appearance at an early stage, while the ground
color is still pals yellcw. The structural differentiation of4
the white scales, tha masasing of black scales in the dorsal
half of the wing, the exceodingly large apical spot ani the
black longitudinal streak in the £0ld all indicate the very
high phylogenetic position of this species. Upon the addi-
tion of these newer characters, the eérlier ones wore crowded
cloaser togethor and ﬁ@hcd farther back into the ontogeny,
rosulting 1n'their contemporaneous development.

In the species of the second division of the genus,
dark margino develop in confornmity with the principles already
enunciated. There are certain minor differences between this
ahd the preceding division attendant upon the original unex-
plained diversity in the inherent tendencies of the two divis-
lons, The dark mdrgin appears first on Band IV in the middle
Oof its inner odge, in contrast to its appearance in the other

divigion on the outer:aide and near each end of this band;
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a
the pame is true for Band III, This is, nocessary consequence
of the action of the three general procesces of evolution;

the middle of the imner edge of any band remaing stationary

and hence a margin will develop here earlier than at the ex-

tremities of the band.

In Cremaastobormhrycla ignota, the development 1s very
sinilar to that of the>species of the "flat-larval grdup".
The margins appear almost simultaneously, ihe scales changing
directly from colorless to gray and thence to black. These
scales, at tho time the yellow ground color spreads over the
wing, are not fully formed, thus contrasting with the similarly
unpigmented, but fully developed scales belonging te the white
fascia and streaks. ~In all other specles examined the scales
were all equally and'fully formed at the time of the first
appearance of pigment in any part of ﬁhe wing.
In many specien these dark streaks adjacent to white
are the only defined dark markings present; there may be a
fow ncattered ddrker tipred scales in the apex. An increase
in the amount of dark nigment producing additionsl dark mark-
ings manifests itself in either of two ways. (1) The number
of scales thus affected may be increased, so that the actual
extent of the wing occuplied by dark tipped scales 1s greater.
This is the direction that evolution han taken in the species
~of the "flat-larval group", and in a fow of the spocies of

the "cylindrical-larval group" (e,g. celtinolla and celtifol-

e——
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iella). Often, among the more highly diffeorontiated of the
species of the "flat-larval group", the entire apex of the wing
is covered with black tipped scales (e.g. agrifoliella).
Similaf areas may develop in other parts of the wing; thus

a patch of dark tinped scales may extohd outwards from the
angle of a fascia (e.gi bethunella). (2) There may be a
concentration of pigmeﬁt in comparatively few scales, which
with increasing differentiation tend to be segregated in definite
ly limited areas marked out by structural modifications of the
scales (e.ge lucidicostella and cratacgella). . In these case,
the scales are pigmonted almost ‘to their bases, not merely
dark tipped. With the eingle exception of obatrictella
among the species of the socond division of the genus, this
tendency is confined to the specien of the "eylindrical larval
group”, where it manifests itself in the apex either as an
apical dot or as a somewhat elongate or irraguldr patch of scales
broadest Jjust bhefore the tip of the 'wing. A sinilar longitud-
inal streak of black scales is present in the fold in robiniellé,
uhlerella and morrisella.

Finally, there may be a decided deepcning of the ground
color itself between the white atroaks. This process has : -
reached it highest developrent in robiniella, uhlerella and
morrisella.

| In the ontogeny, the development of ali of theme spec-

“ializations has been much abridged, and concomitant with this,

- 6e.
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their time of appearance has "been pushed hack farther and far-
ther into the earlier stages of pupal developnent, The dark
tipped scaler remain colorless during the time the yellow
scales are attaining their adult condition; 1lator they change
directly to gray and black. The pigment in the areas of dark
(tipped rcales in the apex and beyond the fasciae often appears
sinmultaneously with that of the margins. Somo variation is
to be noticed hefe; in L. bethunelld the gray pigment appears
in all the ocales beyond the fascia, simultaneously with the
beginning of the formation of the dark margin; in L. caryae-
foliella the dark margin of tho fascia is completo before any
pigment has developed in the arca beyond it. In the imago
the patch of dusting beyond the fascia is an established
constant character in bethunella; in caryaefoliella the
amount'of such dusting is'very variablé, indicating its recent
appearance in the specles,

It would seem then that only thomse characters perma-

nently established and of long standing in a species exhitit

this precocity of development; recently acquired or variable

characters appear ontogenetically in the order of their phylo-

genetic seéuence.

' This conclusion is confirmed by obasrvations upcn the
medé of development ontogenetically of other analogous dark
narkings, Comparison of imagoes indicates that the apical

8pot and the bhlack patch in the apex have originated phylogen-
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etically earlier than the streal of brown scales along the mid-
dle of the wing, but later than the dark internal margins of
the whité fasciae and streaks. In L. crataegella the pigment
in the ncales of the Tlack patch before the apex, which is
uﬁquenticnabla a characteristic only acquired through.dif?erenu
tiaticngtcnding over a long periodi of time, appears earller
than that in the brown scales extending along tre middle of the
wing, and reaches its definitive adult condition while the
lattor are still wholly unpigmented. In L., hageni alno,
the apical spot appeqrs sooner fhan the dark ecaleg in the
middle o*® tlie wing beyond the tip of the firat dorsal streak.
Such specializaticns as these can not however have orig-
irated very early in the evolution of a species; and the obwe- -
sorved phenomcnon of their unduly precocious appearance and
rapid development in theo ontogeny requires additional explan-
ation. In L. crataegella, ostryaefoliella, lucidicostella,
hageni and morrinella these wereo the first dark markings to
appear, The firat tinge of gray appeared Before the ground
color itself had reached iis adult shade or rarely even hefore
it had reached its adult configuration. It is poesible that
physiological causss act directly toward this end. In the
racial developzent, the segregation of black scales over a
limited area and the later modification of these scales struct-
urally has been accomplished gradually; the recults have become |

permanent in ths species, and the scales when first formed )
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befbre any pigment hags enteared them, have a structure idénticnl
with that acquired late in pﬁylogenetic development, It is
suggented in explanation of the phenomenon of the early appearange
of black pigment in them, that the concentration of piguont-
form&ng substances within a smaller space — the interior of
thege smaller scales -- results in a more intense chemical
action over a localized arca and thus hastens developnment.

. The general conclusions which have been drawn from
the study of pupal development may be summarized as followe:

1, The primitive type of color pattern consists of o
series of geven transverse bands, which, except the first,
crong the wing perpendicular to the costal margin and are not
wider than the unpigmented fasciao between them. Their

"positions are determined by the course of the longituaunal
nervures.

2, In the evolution of the genus, changes in extent
alone of bands are brought about by the uniform spreading of
the pigment toward the base, the edges of the tands rem&ining
straight. Changos in the extent and form of these bands
have taken place throuvh the acticn of any or all of the three
following dynamic proceéses: (a) Thoe middle portion of a band
mny be produced distally until 1t comes in contact with the
band beyond it, (b) The exﬁremities of a band may be broad-
ened by being produced proximally; (c) The extremitios of

& band may be narrowed by the retraction of pigment from their
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outer edges. The action of the first two may he observed
directly, the third is an inferonce from a comparison of adult
markings.

. "3, The'bands, either in their primitive shape or as
modifled ﬁhrough the course of evolution, constitute the
ground colbr upon which a second darker series of transgverre
characters 1s superimposed. These are properly termed the
markings, and appear at the limits betwseen ground color and
unpigmented areas. Thelr relative time of appearance on-
topenetically is dependent upon the time when that portion
of the edge of a band has become fixed in the phylogeny. '~

4. Later in the phylogenetic history,-spota and longi-
tudinal black markings may appear. For reasons not fuliy
understood; certain of these markings appear earlioest in the
ontbgeny. |

5. Recapitulation in the ontogeny is at most only
partial and is confined to those aspecies or to those parts

of the.wings in which there has been the least advance from
a primitive condition. Hore also a distinction must be made

. between ground color and markings.

7%,
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Legend to accorpany fipgures,

Fig. 1. Hypothetical primitive color pattern of the forewing
of Lithocolletis.

Fig. 2. Early stage in the development of color in the wing
of L. tiliacella.

Fig. 3. Lator stage in the development of color in the wing
of L. tiliacella.

Fig. 4. Tarly stage in the develorment of color in the wing
of L. tritaenianellsa . .

Fig. §. ~ Early stage in the development of’ color in the wing
of L. crataegella,

Fig. 6. Later stage in the devolopmént of color in the wing
of L, crataeogella.

Fig. 7. Early staéo in thé development of color in the wing
of L. ostrymefoliéliﬁ. | |

Fig. 8. Later stage in the developrent of color in the wing
of L., ontryaefoliella. '

Fig. 9. Early stage in the development of color in the wing
of L, morrisella.

Fig. 10. Later stage in the development of color in the wing

| of L. morrisella,
Fig; 11. Wing of L. hageni at the first appearance of the

dark markings.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

13.

14.

15,

16.

17.

18.

Early stage in the develcpment of
of L. aesculisolla,

Early stage in the deovelorment bf
of I.. bethunella.

Early stage in the developrent of
of L. hamadryadella.

Later stage in the developnment of
of L., hamadryadella.

Ving of L. hamadryadella near the
state.

Early stage in the development of
of C. ignota.

Forewing of L. tiliacella.

Legend to accompany figures (continued).

color in the wing
color in the ﬁigg
color in the wing
color in the winé

end of the pupal

color in the wing
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Plg.

Fige.

Fig.

Pige.

Fig.

Fig.

Fig.

Legend to accompany figures (continued).

12, Early stage in the develcpment of color in the wing
of L. aesculisella,

13, Early stage in the deovelcmment bf color in the ﬁigg
of L. bethunella.

14. Early stage in the developrent of color in the wing
of L., hamadryadella.

15, Later stage in the development of color in the winé
of L, hamadryadella.

16. Wing of L. hamadryadella near the end of the pupal
state,

17. Early stage in the developnent of color in the wing
of C. ignota.

18. Forewing of L. tiliacella.
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